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and Technology Beijing, Beijing 100083, China)

Abstract: Flying-start is one of the key technologies used in the traction electric-drive system of a sensorless
permanent magnet synchronous motor, and one of the common methods is to short-circuit the motor through triggering
zero-voltage vector pulse to realize the flying-start below the rated speed. To accurately select the short-circuit pulse
time and the parameters of short-circuit pulse time interval, a flying-start method with adaptive adjustment of
parameters at different rotation speeds is proposed, which estimates the motor’s approximate rotation speed by injecting
a test zero-voltage vector pulse under various free rotation conditions. According to the obtained approximate rotation
speed, the short-circuit pulse time and the parameters of short-circuit pulse time interval are adjusted adaptively. As a
result, the contradiction that the traditional fixed parameter method is unable to strike a balance between the inverter
overcurrent and the estimation accuracy of rotor position is solved, and the estimation accuracy of rotor position during
restarting is significantly improved. Finally, the correctness and effectiveness of the proposed method was verified by
simulation and experimental results.

Keywor ds: Permanent magnet synchronous motor; sensorless control; flying-start; short-circuit current method

R BEE: 2023-03-21;
2023-10-11;

EEIAH: 2023-07-20; FABRH:
MEEEZBHE: 2024-01-12

P T K ) 2 R LA o 28R A o ) R
SERE A, TERUESSE SURAG R 1)z ok, R —

EE&WH : WR A RP I 2P E SR AR AT R
O3 AR A IS IR B B B H (U2368205)

This work is supported by National Natural Science Foundation
of China-China Railway Group Corporation Railway Basic
Research Joint Fund Project under the grant U2368205

BB SE A AL s R G K R U2, FEk
RERBLAE 5 | AL S R GER BRI P, RE TN B
FRIEAS I B 0 B85 B, (B T B AL A A TE

TAREHERE K . AR B H T SRR S Bl e B



284 i, b

SRRy A AR R e i B 25
HUAEAR 51 A rp AN Rl 6 Ml 2 7 A DT FR Bl i e
SFTOL, B RAUE—E R M ETIE T,
FAOL R XK AR T B4 R AL R S B T 9 4
ARET I B AL AR A5 1A% 3 R G i S i
PRZ—. HAET, KB Rl B SR O
I R A A FEL LIS AT BT 0 T T A S5 L
SC NP4 i d b e =0k - ER G s e U R TR L

SCHR[8-9Nid i E AU PR A T s EE 4, 1207
SRR IR AR T 5 AR BB T L, i
P A T AL B R R A 507 o A
7 B DL BRI A BR A, B — e i e
HE UL BHLIA B B fo R (L, IO oIk AR S 15 5
R, HOE VR R, ARESS i AL LR 1Y
Al UE B BRI B RLRIA R 2 L
SAR K o A AR T L B A B R e R e T
SCHR[10-13 T3 1o 19 Y L 5 L D AR BT L TS 1R
& TR T3 S0 BT B, IZ0TAR
S P i) T o R ] — P PR, LA A e g
DXy S BT oK s U R AT 3 %
PR P SR A Jk vk ox P AL A R B A ) 2 T M 1
FEL, SCHR[14-1518 T (0 FH = YR 35 F J ok i R
LR DR T B g 5 (), (20712 kA
SR IRV, R A [ MR B [ [R] B [ 7 ,
BOLAR L B A TR AR

AR SO A = R R B P I 0 P R ) 1
iRIEENEE S Y enmed b S VR R e S = BV
RERAT B T I o TR G = U LRI
SERE -, A 2 2 2 AN AR AR st ik
FESC LA RS 1, FHRE Lo fliH4%58 A 1E
O8] 8 RS o ) RS P ] D A S, A ki 1
vy 8 DX S Y MR DX Slons BEAR A i, S 1 %
AN i R E

1 ZREBEREERFRE

FK A [\ 25 H L PMSM(permanent magnet syn-
chronous motor ) 7EF%FTieh# Aebn R LR 7 B

¥ 524 45
v [R ool i) [to]afu],[ o

v, ol, R | 0L, |de|i, oY,

(1)

ot v, Ay, S50 d B g LIRS R OB T
B o, JRE TR LRI L SY50% d B
g L R AR d R g B v,
KR K TR B
FEALIEATIRA R, I SIS [
SRR, LRI T R, KL= A
G, SRR R, PR )T Y

HEbo e e

= + —| "+

0] |oL, 0 | 0L, |dt|i, oY,
(2)

PRI e T A R R A, T

KGRI AL FBILAL TR B AR S BORFEE T AT, e 1 i
FERABR AT dg B e L Ry

Vi1 - cos(w )]

.d t Ld
r(q= 3)

ky @ —ﬂsin ot
7 (o)

=R % HL AL i T o LR N 3
FL S S Bk ity SRS P, i 17 A Al 332 3k B AT
RS R, RS K b B o 2 an e 1 pr
Ro K, T TAIT, g = L RO ik i g
[]5 7, 8 — IR E B R Kol 558 Rk
SR kb Z TR I TE] DB 5 7,y o IR LR R
gk v 2R = R TR AR e K e 2 ] B4 R ) ] 5
Ty 4 7y, Ml 7y, 3% 2 Y E] AT B R 220

i ‘—TLH T2 ﬂiﬁ LS PN l‘iﬂ T=T,=T,

T; ‘é‘iﬁ(: i ik #75(: o e HL U :;-:' 4?5(: gﬁ@g
= - G = phit=

Ry T iy | i

®o : L R

t
E1 FREXSHTE
Fig. 1 Schematic of zer o-voltage vector pulse
JEL i L DR N 7S AN 2 s, 3 L LR
BBk 1 | R TE S T IR AR R B B B AR
Bawilvs]



55 230 SEREEE, S HTILREE )L R B JE Al o E R 285

i
6, = arctan ﬂ]

g, = arctan lﬂ—zj (4)

6, = arctan ﬁ]

B, i, My, 2300 1, (=1, 2, 3) 76 o HliRT B 4L
R LR 208 o

AT
«—L> T2 2>

B2 EHERmERE
Fig. 2 Schematic of short-circuit current response
R ANIE 3 iz, s LA TS

o, = (‘913 _4912)_(4912 _911) (5)

B3 BRX=E
Fig. 3 Current vector

MU AT IS 2 T rUR R B 1 7[R AP T
At 2 H AU B A

L, sin(@,1;) }

L [1-cos(o,Ty)] (©)

0,, = arctan{

PAFRAAUE T8
0, = 6,3 - 90”3 (7)
ETrET, ATk, R
[r] 12— 5
ﬂ=E:E<%A (8)
Y,
b o, WRPUBUERE; 1, NHRHUEUE L
[ ESF , 7B A FILTE 7, SO0 A - aok 1) 1 2

/NT180°, (HILIHALELHUR, R ERIA LI
PR R RGBS R 25, B

@, T <T 9)

max

AT, 0, AHHLIIELE RO
2 BHBEEMNERBIRE

Pt = S i AL I B — AN RV AE 7,
W, Fer g R MBLLAE 180° LI, #7ELL
WAL 1 i fa BE RIS 180° , Mok AR Al
S S TR S B o PRI, el AR AT F AL A 552
o P A 2 AP 5 3 1 L A N 1) % L e I 1] ] o
JE UL LRI A OCHE . FET LA AN, AR
T 1 RSEOA E  BSE B RLAS o
2.1 FREXEKHMMIKFERSHHEHE

I R e O A JK i st SR P B 2 v s R
ok spoxg AL LB R S e R 1 B ke
ELNIS . SUID M PU RN M A 22 R g AL
PG AL E A5 B, B T2 AU A%
HL R A A TR, SRR T 5 7= AR iR
2, HigIrikARenE AL Bese I i, RIixIy
LI AL

MU, A2 R i Pk i 1] AR B8,
VU LR SR A | 7E T, 916 dg 3 AR 1o

0
@]
'°‘ngo]‘—@mn%f (10
B, LA o, T
_Lnl (an
test l//f 7-;)

X T A A0, FLAGTS 1T R
R, AR AL R A, Ui AR A T 2 S 2
B (HAPR R (R B, UM T A
R/, LU TASREERG T s LAY S
RN R, I H e O Mk i o 5 S ) Af
WAEKEE,

e, Bk, IR R i ]
ARG () AT L E, A 21 A Jed e i it aod



286 i, b

E 4 %524 %

ANBE, R TFRAE R ZE SRR, RS A J % E G T
RERZERR, M 52 S80TR . Fkt X
FRESL, FTLARER R L e Ok f ) Bk et ], 8
i % P S B P ML E LI Y 40% 26410, D

T, = £ 12

ol 1, (12)

3N B R 1, BEAS ERBL I s ek
a)testﬂ‘l/‘/{%%/j#_\‘ﬂ\j
Lo

Dot =— (13)
w1y,

22 ZRERBREBENSHBE
AR, S TSRS T 3R T B L
F14) Jod B FEL Y T8 38 FR AL A FL L 1Y) 40% LA i
SESRA R LD, = R U 32 0 S ) T LA
e A
0.4L,1,

T1 :T2 :T3 =
l//fwtest

Rl , () A BRI 2% n] LAl I e i3 Q
BB R, Al
W Ty <T (15)

N T RGNS AR R 22 R BORALTE 7,
[ TR MM BER T 1807, —MefeitH o, B,
T BRI TR LA 1| MR, BRIk
FRRTSERE , P ORI LA H L et s ] i) e 22 (A 315
W)

(14)

T
120,
TE =R R o, — AR, (HE
Z SR B AUIE T TR 52 2 BRI AF R ) - BHUE TR,
it 7, WEAEE K,
R LR, B B vk B TR N
4 7R o 7R EE I R R = ke s 1T
FAILA A T RS Y BB , DI R AR i B i AL
SR RIS A T R S SR e . AR
& 558 7 A FH FA L KA N i AR R S48, AR SC
P& IO AR R BRI B A5 AR IR s, AT USR]
REH 0 B L T R SR B BB 58, 7R A %7 1k
AL TR 4[] B R T AP S % F Ot SR R, Al

(16)

LS A RUR S, LI A T 1 B 2
K, RELURS R I A8 B S8 iU DA 0 i
B, e TG IEAET Ik A PRIEA TR RE
[T X LA )
JFIR
| mRWiREE R |

£ T L0 2 75 2 W7

@
[ e R OB o 1) |
|

o'
| VR |
l

AR IR FLE R E =
S LTI S
!
| SERAHL R |

CaEEO

B4 BHENERERERE
Fig. 4 Flow chart of adaptive short-circuit current method

3 (FEMETHER

3.1 HEER
HRUEAR SCHT i IER T, BET A
RS {5 BN S50 A T R FH 0 7k i [R) 20 LS 5
W21,
*1 HERZBBENSH

Tab. 1 Parameters of motor used in simulation

and experiment

2 il

FIFLFH R /Q 0.11

d iR L /mH 0.944

q b L /mH 1.04
XA " 4

e TR BEVRRESE ¥/ WD 0.19
WUEMR Hz 200

WUE LI 1 /A 30.6

P B e B IEAT AL EE R 300 r/min, 535
it PS8 5 1 RN 250018 335 17 6 6 P TR 2R A 4 3
HRAGEL, 45RAE S FE 6 iR, mE 5 A,
LG R R I B/, U BRI
Bl 6 Frm iS50 A 1 I FL S T AR IR



552 1

BRI RIS BIRHER NS B LT, A A TR 22 A
XN SRIG T E A TR A 1200 r/min, 435I
it AL 58 05 1 PN S 500 38 I 0 6 F vk R A ol
FRAGE, SR E 7 ME 8 Fin, ATLUEH, fE
PRSI N R A R ZE AR AN . B
JE B TEFT AL R N 2 250 r/min, [REE I H
1R85 75 1 RS0 38 o [ PR T A T T A
DFEL, S5FnE 9 FE 10 fiR, WLIEN, 755
ST /N7 NN = BB I 58 42 R TR U S K Y A D)
3.2 LWHER

SRR TR T e S R FH A R, R
THEF DSP28335 b A 14 kW [ PMSM 77 g 4
TG, LT EAILSEOLE 1,

~ 400 %Fi\ﬁﬁ Iﬁiiﬂ\ﬁﬁ
T"F' = 200 -
*8
” o~ 6F T | T
s 96" \\?\W
Y | f
= ‘: 300 —] -
BE ol s \ .
w = 1500 HREE b ;
= bR ot
< 10 TN ]
o E———N I,
210 01 02 03

t/s
B 5 f%hiE 20Hz FEKER
Fig. 5 Simulation waveforms obtained using traditional
method at 20 Hz

PBRALE AL
~400 — eruﬁ
52200/~ -
<1 T T
25 wEr—
oK 0 | vaw
@_‘gaom :
m = 158 SRR TV
= | b*lﬁ C*ﬁl
< 10 o fat é(\ J
£ 0 } X T 7(
B_10- | M \X/ Q(

t/s
6 SYHENERBIRE 20Hz HEKE
Fig. 6 Simulation waveforms obtained using par ameter
adaptive short-circuit current method at 20 Hz

SUEEE, . HTRUKREE S ALTGA B AR By R 287
. 200 | iwﬁ AL
&i@ 07 1 { M/ //
- = T T T T PR
g O o . SPSVZ e i
| 4 0.4 $R7E0.8 o~
ﬁﬁrﬁg—o.si i i j I
\_—T; 12007 u N w :
®E O g PEHEE
= 0 bl of
< r T e T VT TTY TOVTR T
< i {we KA
5 ol
0.1 0.2

t/s
B 7 %A% OHZIGEHEE
Fig. 7 Simulation wavefor ms obtained using traditional
method at 80 Hz

_ SRR i
e 400 ; F i 3 e
B
= - T H— 1 1
=~ 0 ; : :
- = T T T T T T
B odf — A
E;@ —O:8i i i L%ﬁo'% i i I
21 200F ; : ‘ : :
= £ 600 SR Tt
= 0 . . | ! |
20 bj‘tﬁ o
% i i i ‘ T ( YW " ——— ‘!
o {1 AR
0.1 02 0.3

t/s
E 8 SHBEMBEMANRE 80 Hz TERE
Fig. 8 Simulation wavefor ms obtained using parameter

adaptive short-circuit current method at 80 Hz

H,":/ 100 | TR ﬁﬁ‘ﬁ?ﬁ /
=8 T T
@;T:ﬁ s wE ]
S B T S——
%% %gégi i@@ﬁ | 1Eii+iz}& |
:: 20, 2t bi;ﬁ; o T T
% _28“""‘""’”’ — ‘i’a“&*@*&*&*&*&*ﬁ&%"xW&*&’W
0.1 02

t/s

B9 &4k 150 Hz AR KR
Fig. 9 Simulation waveforms obtained using traditional

method at 150 Hz
AR SCO7 P 7 12 0 0 I A R T S 400k
WCSES T AR, R RN A SO 3 5155 )5



288 i, T

E 4 %524 %

2 Sk, S2aerp ik 300, 1200 A1 2 250 r/min
AR LA R X Fp s XOR i o X R A 556 B

~400 FFRALE i i
e W D LT
L S T
%% % %é% i i%ﬁg ( ‘ mﬁ;m

< ar L o >

I — r~*-*'ﬁ'*af;s:'&*x*&*x*&*&*&?’w»*&*«’W:

A t/s

B 10 S¥AEMEGHBIRE 150 Hz HEKE
Fig. 10 Simulation wavefor ms obtained using parameter
adaptive short-circuit current method at 150 Hz

RS B EAT R ALEEE 300 r/min,
PEATELAILE S = A i — A RN, A BB AL B
T3 RSB 35 I B R VA A T R AR
FHIE 11 AT, AR5 =R S B it s e e A 1
B TRZEAE 6° 2247, FEALAT X HLATL I o th A G
B s ARSI FH A 20 19 7 e % e I AR
12 Fos, dml A B RS 1 A2, i
AR W AT

& LB B

Br - /

&3

< B

Ke B (\

h iR

8= SR e \//MM\M”””

S¥E \

% f PR

_g [

:E =

2 é el
s [6]/(20 ms/#%)

B 11 f&%7% 20 Hz LK
Fig. 11 Experimental waveforms obtained using traditional
method at 20 Hz

SRIG BB AT HALEEE M 1200 r/min, HHHE
THMLAL TR A, A 5lE LS ik AEs e
T I S R A A T R A 13 AT,

G = RS I WL U Tl I A T IR 2R A 2°
ZEA 5 AR SO A2 80 3 I B P R R A
K 14 s, irsE RO E A TR ETE 1 25,

R
_E TR
& % ) V
=
= VL
E EpE
|@ 52 i g
SE \
T e
= E i
®L L o
S ﬁ_ﬂﬂqﬂ.ﬂ-
jq’g =
23 ] | o

it J/(20 ms/4%)
B 12 S¥EEMEGHEBIRE 20 Hz LWIKE
Fig. 12 Experimental waveforms obtained using parameter

adaptive short-circuit current method at 20 Hz

SRR fhvt

- = ‘ \VE
NV |
g/ Yar |
?Kﬂg‘ \ {\/\/\v/%
ko) frEiss
g& e
< SEAE vt e
w £
& | o
B ‘
H |

= ohf ﬁ

I} []/(20 ms/#%)

B 13 &4k 80 Hz RW K
Fig. 13 Experimental waveforms obtained using traditional
method at 80 Hz

AT F AL BE I E N 2 250 t/min, L
B AT RAILAL T BURAS 4300 F 24008 38
JoL 6 LR AR B T v AT S AR R .
15 AIOL, A% 40 =k i v Tk s o B AR Ak T
LB R ZETE 3° 247 s A STl A 2400 A 3 1
PR IARCR I 16 FrR, i BUE A B AT
WRZEETE 1° A A, HAE i RS R A M OOk
WAL 5+



SEREEE, S HTILREE )L R B JE Al o E R 289

521

_ S fiivh
T
. | /| e / / // /
= VIV TV
;“E% RREs “NW"‘\,,,M«
B,
:‘\av
%% ;p,f\%;g A - 5
%f .{ ol

S &
B3 r

= atf

st 1E]/(20 ms/#%)
B 14 SHAEMEIEIRE 80 Hz LI iKH
Fig. 14 Experimental waveforms obtained using parameter

adaptive short-circuit current method at 80 Hz

NIF R TEA TR, 1A 3o IR B R U 12 P S K
FAGTERAL B FE LR IR 2, R8T Mt
() LABE R 3 000 r/min Sy BRI S04 FT 5 E 1Y
SRR B FR LR IR 3.

HERT AR T LUE ), st RAET 2 Fhor
R RCRAR T B 338 R (6 P UV B TR 22 A X4
AN, ABTEARGE DR, A R S R TS
BOEHTE, MiTRZEBEVDN, Wl ERACRE
ELy)IE7e; a8

x2 BEMEHBREIWRER
Tab. 2 Experimental results obtained using adaptive

short-circuit current method

’S)él%}{iﬁ

B L /(1 500

il Ve B

\ N
S g

N\ ol

s 'ka
|

1

sy B E%Nmﬁﬁzgﬁﬁﬁﬁﬁﬁﬁﬁ

(rmin) Z/MHz  T,/ms . /ms f.Hz 6, /(°)
300 20 0.8 40 19.9 0.9
600 40 0.4 10 40.2 2.1
900 60 0.2 8 60.5 2.2
1200 80 0.2 6 81.1 1.1
1500 100 0.1 5 101 2.1
2250 150 0.1 3 151 1.5

EE&‘IL/

(10A/K%) (5° /#%) r - min Y4#%) (180° /4%)

K
s [E]/(10 ms/#%)

B 15 1£% 77k 150 Hz SRIG iR

Fig.15 Experimental waveforms obtained using traditional

K3 BEHELHRER
Tab. 3 Experimental results obtained using
traditional method

method at 150 Hz

A=Y

Lol S LSS LA/ /
/ / / 4

/ /
/ /A / K |
Qé}iﬂiﬁ R
i ,
SRR e e

AN
BRI | ol /
|

M (LED

PR/ HH/(1 500 ]
(10A/K%) (5° /%) r - min V#g) (180° /4%)

e

B )10 ms/4%)

s B @%w@ﬁﬁi@ﬁﬁﬁ%ﬁﬁﬁ%
(rmin) ZF/Hz  T/ms ¢, /ms f,Hz 6, /(°)
300 20 0.1 2.5 26.6 6.9
600 40 0.1 2.5 473 5.2
900 60 0.1 2.5 61.0 49
1200 80 0.1 2.5 81.1 2.8
1500 100 0.1 2.5 101.5 2.4
2250 150 0.1 2.5 152.0 3.2
4 £

E 16 S¥BIEREWBIRZE 150 Hz LW
Fig. 16 Experimental waveforms obtained using par ameter

adaptive short-circuit current method at 150 Hz

ARSCERI T 1 BhiE T2 LR A7k () A5
FUHLA ) 380 240 e e e
PONEAERAUETT T T, a5 AMRKE i R



290 i, b

E 4 %524 %

sk SEEA T R LA KB, AR F R A

i 7 IR B B ) A R B (R (I B S, ke T A%

B 75 W AE B 1k 3 U N ORE A TG BE =2 ) X DA e

Eﬁ“ﬂk_o FALALRGE )7, AT A e A R 102 &
I LA AR A RIS, DA At G R S T 5
HUAN R, SRR, A7k iR

= T%ﬁu?E@W@Eﬁﬁﬁffi\f%fﬁﬁﬁ@{ﬁi‘l‘%g ,

FERAR T R R vl L O AR A S AR |
U I R TS

SE k-

(1] FERUZ, Ju%, T Ma, 5. FERUKRER AL B pLE e
SIREIETI AR, AL UEAAAR, 2024, 22(2): 378-385.
Zhang Huixuan, Fan Tao, Ning Puqi, et al. Flux-
weakening control strategy for permanent magnet synch-
ronous motor used in electric vehicles with high perfor-
mance [J]. Journal of Power Supply, 2024, 22(2): 378-
385. (in Chinese)

(2] WHEZ, BRohil, A, 55 —FhICH g AoKmEIR DA
HUAIRBH PRk (). Hiﬂ?é%%&,zozs,zs(S):216-226.
Xie Shihong, Chen Jinfan, Yang Zhihao, et al. Active
damping control strategy for permanent magnet synchr-
onous motor without electrolytic capacitors [J]. Journal of
Power Supply, 2025, 23(5): 216-226. (in Chinese)

(3] #EIEEE, 4P, KB, 55 — MRS N

K WG 1) A5 L BIL B 18 DUAS LI 8 (7], L T AR 2741,
2019, 34(2): 236-244.
Yuan Guofeng, Niu Zenong, Zheng Chunyu, et al.
Discrete-time luenberger observer for interior permanent
magnet synchronous motor with low-frequency-ratio [J].
Transactions of China Electrotechnical Society, 2019,
34(2): 236-244. (in Chinese)

(4] S, BR, 254, 4. BT R IE S BUHERAY K fE ]
A RULIC A B AL AR R (0] F T HOR 224k, 2024,
39(2): 475-486.

Wu Xiang, Chen Shuo, Li Jia, et al. Sensorless control of
permanent magnet synchronous motor based on improved
quadrature phase-locked loop [J]. Transactions of China
Electrotechnical Society, 2024, 39(2): 475-486. (in Chinese)
(5] FME. KREIRID R ShHLIC AL B AL I as P il 5 v g i

FEORME T FE[D]. BUM: WK%, 2017.

Sun Wei. Research on sensorless control and high-perfor-
mance operation strategy of permanent magnet synchro-
nous motor [D]. Hangzhou: Zhejiang University, 2017.
(in Chinese)

[6] Seo D W, Bak Y, Lee K B. An improved rotating restart
method for a sensorless permanent magnet synchronous
motor drive system using repetitive zero voltage vectors
[J]. IEEE Transactions on Industrial Electronics, 2020,
67(5): 3496-3504.

[71 Chen Wei, Zhu Lixiang, Wang Sai, et al. Rotating restart
method for TPFS inverter-fed sensorless PMSM drive
system based on dual effective voltage vectors injection
[J]. IEEE Transactions on Power Electronics, 2024, 39(9):
11708-11722.

(8] AjALUE. BUIEAZIE 4 7R 5 | AL ICA B/ A A

%'Ji’fﬂﬁ?kﬁﬁﬂt 1. dEst: dERtsgiE Rer, 2021,
Gou Lifeng. Research on key technologies of position/
speed sensorless control for traction motor in rail transit
vehicle [D]. Beijing: Beijing Jiaotong University, 2021.
(in Chinese)

[9] Choo K M, Won C Y. Flying start of permanent-magnet-
synchronous-machine drives based on a variable virtual
resistance [J]. IEEE Transactions on Industrial Electro-
nics, 2021, 68(10): 9218-9228.

[10] Takeshita T, Usui A, Watanabe J I, et al. Sensorless PM
synchronous motor drives at reclosing electric supply [J].
IEEJ Transactions on Industry Applications, 1998, 118
(12): 1443-1449.

[11] REARL. ARG R AL L A% IR 4 ) M Holy it o

FREEHFED]. Eat: Jb Tl k2, 2021.
Wu Sihang. Research on position sensorless control of
permanent magnet synchronous motor and restart prob-
lem with speed [D]. Beijing: North China University of
Technology, 2021. (in Chinese)

(12] BAF, wRbC, RS, 45 i T msUK el A L
A BRI ()], HLA LT EOR, 2021, 55(6): 19-21.
Zhao He, Huang Keyuan, Zhou Jiaxin, et al. The speed
sensorless restart strategy of high-speed PMSM [J].
Power Electronics, 2021, 55(6): 19-21. (in Chinese)

(T4#5 311 W)



%2 BRI, 5. Jh/RmEE U b MU T REBTF NP R 7S 311

2025, 23(6): 10-22. (in Chinese). suspension [J]. Chinese Journal of Scientific Instrument,
[14] EIEFF, Mz, ARibag, % TR N ICHR 2018, 39(8): 185-194. (in Chinese)

AL ARSI, P21 TAL, 2016, 23(11): 1730-1734.
Wang Zhengqi, Zhou Yunhong, Zhu Zhiying, et al.

EHE BN

BRZRIE(1999— ), 9, Bit-HF5E
o ST I TRl ARG E Uk LR
#l, E-mail: 210120058@fzu.edu.cn.

A Ea9T— ), 5, hERIR
oMM, WEER, WA, iR
g7 . BRI RS, HraeiiLh
A%, E-mail: zhty 75313@sina.com,

Decoupling control of bearingless induction motor based
on inverse system internal model [J]. Control Engineering
of China, 2016, 23(11): 1730-1734. (in Chinese)

(151 ARAE K, JE37 18, J 10 1) Jg e VAR [ A A S 1) B
LR TCh AR L8 D) FE LR S 45 SRR SR [D]. AR
X3R4, 2018, 39(8): 185-194.

Zheng Mengfei, Zhou Yangzhong. Drive control strategy WRAR I JEEE(1995— ), B, Bit. B
of single-winding bearingless flux-switching permanent S5 0] s TGl AR R S B e e ML ]
magnetic motor with decoupling control of rotation and E-mail: 170127085@fzu.edu.cn,

(BTG4 Bk

e e o e e e e e e e e e e e e e e e e e e A e A A A e O A A A N )

(L% 290 W)

[13] ShAe, XU, REFE. ML BTG B AL R
HERMIT[I]. TR 2ER, 2016, 31(S2): 255-261.

Guo Xizheng, Liu Shuai, Song Yumei. Research on restart at

EE B

TEEE01979— ), B, HEBHE
Fovosbn, EEEHE, W, SRR
i, BEFEITIR : ALZEZE B s il AR
S5 . E-mail: ygf@ncut.edu.cn,

XTFA997— ), B, ft., oF
FJy1): LR ILEER] . E-mail: 85267
1566(@qq.com,

HIEA991— ), F, fit., FE
Jrlal: EHLEILHE ] . E-mail: 118499

coasting condition for rotation sensorless permanent magnet
synchronous machines [J]. Transactions of China Electro-
technical Society, 2016, 31(S2): 255-261. (in Chinese)
[14] Lee K, Ahmed S, Lukic S M. Universal restart strategy
for high-inertia scalar-controlled PMSM drives [J]. IEEE

Transactions on Industry Applications, 2016, 52(5):

9018@qq.com,
4001-4009. ZEHRTF(1986— ), B, Wit #F
[15] Taniguchi S, Mochiduki S, Yamakawa T, et al. Starting 55 . ML HAER . E-mail: 3288
procedure of rotational sensorless PMSM in the rotating 5245 ?@qq.como ‘
dition [J]. IEEE Transacti Industry Applicati ART(1987— ). B, BB
condition [J]. ransactions on Industry Applications, ML WRGETTIA: HL AT TS AL
o PN L1 T o
2009, 45(1): 194-202. Email: zhengchunyu@ncut.edu.cn,

(BTG BKis)



