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Initial Rotor Position Identification Strategy of PMSM in Subway Under Coasting Condition
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(CRRC Xi’ an Yongdian Jietong Electric Co.,Ltd.,Xi’ an 710016, Shaanxi, China)

Abstract: Permanent magnet synchronous motor (PMSM) has become the development direction of the new
generation of rail transit traction system due to its characteristics of high efficiency and high power density. Among
them, the research on the identification method of the initial position and frequency of the motor rotor in coasting
condition is an important part of the position sensorless control technology of PMSM. Therefore, the zero voltage
vector single pulse method and double pulse method were firstly studied. When the PMSM was in coasting
condition, one or two pulses were short-circuited by all the lower bridge arms of three-phase inverter, and the initial
position and frequency of rotor were obtained according to the short-circuit response current. On this basis,a method
of short circuit time selection of zero voltage vector pulse method and a zero voltage vector compound pulse method
were proposed to ensure that PMSM can stably restart at different coasting frequency. Through Matlab/Simulink
simulation and the test conducted in the test center of CRRC Dalian Electric Traction R&D Center Co., Ltd., the
results show that PMSM under different frequencies can stably restart, the frequency identification error is less than
0.6 Hz, the rotor position identification error is less than 5°.
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Fig.1  Zero voltage vector single pulse method current phase diagram
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current r(‘,‘SpUnSC ‘VaVCfOrm
b AR R T R 5 T i A R 4T
Clark AL bp A8 g 2], an F =K

I_[ia}_zr ~172 —1/2} Ly 0
"Ll 3lo V32 -V3nR z“
K ei,, i 0 0 E FHERIEAPRR T o,
BN 51,505,000 = AT

PMSM 7E d—q [F 20 g e e bR 22 1 7 7

AL R

u, RS + pLd —weLq id 0

|:qu| :[ wl, R+ qu:| L‘j ! L)CWJ (2)

K ewy,u, 73000 E F B RTER D el AR bR R T
1) d, q Bl s 5,0, 53 0 R 8 H U 7E [R) 20 e i
MR R I d, g HELI s L, L, 23 3R TR 25 e A
AT d,q WS OO T REEE  p MY AT

AR R R RISl ), R R o 0, 50

()72 H
H{Rs*p“ """L"}[?d}[ 0} (3)
0 w.L, R +pL, L, o ¥,
A LR O A FH R TE) 738 /N g B B ) R 5K
L,/R R (2) AN
0] | pLy ~w.L, i, 0
M_LLJ pL, }[i,,}r[wﬂfj @
I (4), 7115
63



wAEF 2023F £53K FH 124

5 E E HEATRE T 04 PMSM 2-F 4745 15 B #598 F 0k

W, Lqir/ + Ldpid =0 (5)
o, L, + Lpi, + ¥ =0 (6)
=0 (5), T LIS 3] o b e it i 23k =0 F
. L,pi,
T oL, (7)

WD RAK(6), 15

L
o, Li, + —pi, + 0, % =0 (8)
w(-‘

R R AR (E 8 0, T UA N o, A8 107 AL
Pt R R A R 5 (8) e e ) S I, 443 -

L1, weq/f
w, L1, + S +—=0 (9)
we
i (9), a3 1,2 A 0
] _ _E wf _ W{ (l _ S )
L (S +e)S LS S+ el
(10)

XF 3 (10) R BLFC Sz A8 8, 45 21 o Bl v 37E 7 5
SR ) £ -
'

iy :'f: [1- cos(w,1)] (11)
W (LD AR (7)), A5 g Bl i 8 7 A SR i <
P,
i :_TSin(wet) (12)

WEREREEHNETREE, Ho T2
g/, T LIAE TR S0 -
cos(w, T)=1
{sin(a)CT)z o, T

(13)

PRI, EEABLR g il P 3 7 g

BT E M, R
L
wr
L0 F 30T R0 7 DL Pl 2 T DL s AN AT
A5 RN AN RE N TE R T 1l o T e 7 1l (1)
FI 5K FOBURK i 58 22 ok i SE B0
1.2 HFAERIR
A (11) 2 (12) 158 F LR & T7E d—q
JHE A% M b ZR v R AL 01 A 6,8
L;sin(w.T)

0, = arctan { L,[1-cos(wT)] } e

[, 60, FYHUE TSR .
64

o, =

(15)

; (-m,-m2) w,>0 (17)
"Nwm)  w.<0 17
A (16) A 254 h
T I L, 1-cos(w,T)
tan (6., + 2 )= tanf, L, sin(w,T)
(18)
o T, TYEB /N, WA
tan (6, + %)z 0, + % [mod ()]
o.T oT (19)
tan ) =~ 5

B ORAZ(18) , Il it = BREL A5 A
AAREAAX LR (18) 15

I

)
tan (0, +3)z0(11 + 3 [ mod () |
L, w. T L, oT
=_7t‘ ~ —_
L, T, (20
PRI, AT 7%
L T
i R w.>0
L, 2 2 ’
0. ~
dl Lq (1)CT - (21)
"+ — <0
L, 2 2 ¢

L E 1 HL U R B TTE S IR AR AR R R Y
A

0, = arctan (i,/1,) (22)
R, 55 0 B R 0
6=0,-0, (23)

2 R E K MRk

=X (15) IR ASCR AN Z /s < 1 ik e
B, B8 ) ik SN A2 rL ML g il P BRI 2 T R
WERPERSZ T, JF HL, N 2 H R 2K i BBk s
g s CH R INIL T

R R AN R Ok B B R e R R L R
% g SUITK s SR FH A2 H e O o ik o A A
T, HL R AR e UK e v L S AR e P RT3 )
B ol an 18 3 18 4 s o B H R 2K 1 s
53R T, TS, BT, = T,. 0 TR I8
H T, FE T B RIBE PN, 1 A8 R % St ik o ) v
LI 7 | R 2, DT kS I — A L
Atk

B3 1, L3 5 B A RS 2 A F H R R
et D A FL IR L 50,5 6,0 7301 R SE T HRL T R B
1, 1, 7F d—q JiEG Aebm 22 v R 3 UG 110 450,
0, 7 W NE TR T, L AR 1 AR AR 2 R )



Ho

25 E L EATIRS T 694k PMSM #:F 4745 15 B #5425k

WA 2023F H53K F12H

A o, NHEMAEE ., F49 L1 B EADERE
IR JpK I B FEL YA M O WAL 5 1L, | A B 2 R L R R
B ik e T P 7 R

P32 HL e O At UK i i HL VR A ik ]
Fig.3 Zero voltage vector double pulse

method current phase diagram

P4 22 H e O UK ik v i e B
Fig.4 Zero voltage vector double pulse method

current response waveform
21 HFEREHHR
T WL % 5 Uk v T A K T A 2 T
% LK A 2 AT T e L I R B Y A
FEAR BEATAR S . ANl 3 N, HL R R d ik o
FIA) R 845 Bl I L UG O ek T i L AR R AR R AL A
Sl h 0, %ﬂe,z,ﬂﬁ:
0, = arctan (i, /i,,) (24)
0,, = arctan (i/i,,) (25)
S i, i AP 1 AR IR AR T 0O o B
T 3aas i 73500 LAERRIEARAR R T Y o BHIHEIL
Hrma iAo, A
0, -0,
T T,
3 (26) BE AT HE U )N, SCnT )53 i AL R 7
] o SR, PR BILBE e 1 R VE L ZE T, + T, 4G
D 30 PN B 1 T 2 ) v AR B ARTE Y TR (=, )
PAPA, 75 DA TG 1 0 S T e, D
0, (T, + 1)< (27)
X, AL REAATE 1) fi i LA R
DRIk, 2 v T O UK ik m 9 4 ok v ) i) o P
(] 7, 5 2 AL -

(26)

T
Thoo ST <—-T, (28)

max

7y, o A O S I Ik e ) R I )

IO Y AR N ]
22 HFMEHR
50(16) 260, & T HL LR 1 A8 d—q Jie e A
bR A AT AR 6,
0,, = arctan { Lisin(w.T,) } (29)
‘ L,[1- cos(w,T,)]
PRI 1~ B LI AR 6 oy
=0, -0, (30)
75 Ha, s Ok e RSk o i 3 3 FL i K B T A
O A 5 L BIL A AR O A 6 B Y A SR
ey rE, na(29) s, AL T F i Rk &
B BUBK ik BAT SE A AR AL B B
R

3 KW EKEE AT

TEARSCH BATEE ) T —F T BRI 46 5% 0
RGO EMA T h—F R R EE Sk ihik,
A LA AR S DX o 3 IX 49 B ) AT 1 1) 5 40
LR OACR DT S SN S o =Rt g QUIREN DRV
KN 5 i 207 g BARPA TS B A

1)K = AR AL 45 T AT MR ) el i g — >
ot J 30D T AR A0 7 R 3 R (EL 1, [R] U AT 5
SE W) 7 FEL AL 7,0 X IO ) 2 P s K 3 R i ok o g
LETI S

i

=SS R
P T 6 Bt — 42
JAMT,

v
‘ 5 B P, \
I

\ 4
B K nfr e )
T,=T,=T . *1/1,

v

%%H%E%MW&‘
|

A 4
|ﬁﬂ%m%w%%ﬁl

W N
Y v
| B R | | RMREIEA R

R E UG PRI T

KI5 2R S A ki i e P
Fig.5 Flow chart of zero voltage vector composite pulse method

65



WA AES) 2023 F53K 124

Ho
X3
N

x
B

EOPEATIR A T 69 Hdk PMSM 25T 4545 B #3907 5K ok

2) R 2 L e Ok Bk ik | AR L e i L
R T AR ORI U 00

3)ARIEWIUHERIIAS 0, FIWr % T A A TR
R TR Bl RTINSt S VA R LS LN RPN
BERII AR S AR T 20 Hz CR] LIRS & 90 o e 78 A
TR BIHER R 25 HGZTR ) I R v R AT
(AR SO FEPRIE , BT 225 3CHR(8]) , 2RI 4R
PR TR AR . 7, R 2 A R 4 XL
ki , BRI IR BRI 0 AR

4  Matlab/Simulink 47 &5 X364 &

4.1 Matlab/Simulink {(FESLIE %R

Ry S U2 RS A KR RS AT RS
T B R UR A BRI R B A A, 7F Mat-
lab/Simulink /5 FLIAE T, A48 i b 2K A i ot H
(1) 3= FL K S BRI G )25 LS50, $5 d0 FOAE
BT, FEAMAES SRR RS
Bk HE 25 HE 1200 KV - A B A8 R0 L O ~
273 Hz, fiy HHL K AC 0~ 1 287 V., Iie Ky L It
1 280 A, %l & i AHLIE 1500 V, BACE > 95%,
TR LS ECR < B8 HL R 975 VB A3
126 Hz, DR R %0.88, A HL I 178 A, W X 4 4,
HEBF 96% , € T HLBH 0.037 8 Q, L,=1.67 mH,
L,=4.02 mH,#;5£0.71 Whe

K Z R 2 A Wk ihik , 53 0 #E 15 Hz,
130 Hz 1 180 Hz 1541404 N AT I 8, 15 FL 4G
mEe6 ~ & 8 s o

& 6 AT % 15 He B 5E TR 547
BHORGER . BEW A, B a2t K40.04 )5,
R PR E 1, SE AR R AT, £0.6
BF, B AR 5 07 B IR RE L SCPRE . B AR
HERIRZE/INT 0.2 Ha, B P07 B HRRIR 2N T 20,

& 7 M AT 130 Hz T 4% A% 700K 507
BHRGER, NFTTUAEH, Bahgid Kk
0.08 s & , & IR 5 7 B WG HER 5E B, PR 5E
BOPR A L, B AR 5 A ERBE SRR,
IR B RAR 228 0.2 Hz /2 47, 55 10 B R
WRE R 2L,

& 8 BT R 180 Hz F % 1 5L TR 507
BEHRGER ., NESHTUAM, Bahgid Kk
0.08 s J& , % Wil % 5 v B WG HERSE A, BRRSE
BUPRARE 1, BRI e S A B IR b T SE PR,
DERHAFCR BRI 22 /N T 0.2 Ha, 7 100 B MR
EN 2L A,

66

Eé N 20 ~L 1

T

Ipsg 10 / THRE |

K= o0 =y

g 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

XN

£

M_;,k[ -10 I I I | | |

2 TS [V | R O 0 | | | |

= 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
., 1

42

e Ra— ! ] } } } } } }  S—

= 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

tls
(a)% FHRHERIIY

HPr

bR

0.1 0.2 03 04 0.5 0.6 0.7 0.8 0.9 1.0

~ 100
o 50 + 4 4 | 4 {
< 0 ~~/
0.1 0.2 03 04 0.5 0.6 0.7
0.5/’ i
0.1 0.2 03 04 0.5 0.6 0.7 0.8
t/s
(b)e FAL EHFRBIE
F6  iiHy 15 Ha i 3805 L TE
Fig.6  Reprojection simulation waveforms at a frequency of 15 Hz
200
N

100 S|
4 EantiE S

0.1 0.2 03 04 05 0.6 0.7 0.8 0.9 1.0

(AR
BR2E/(°)

0.8 0.9 1.0

bRk
(=]

AT
==
(8

0.9

-

iR

5t

K/H

1

T

?
7

| D s ™ e B

1R 2%/Hz

0.1 0.2 03 04 05 0.6 0.7 0.8 0.9 L0

it
[

AT
=

¥

0.1 0.2 03 04 0.5 0.6 0.7 0.8 0.9 1.0
tls
(a) FIRHRPIE

FHALLE

BHRSE R BURHER SCpR

SEBR 5 HEA
37 B/(°)

#22/(°)

0.1 0.2 03 04 0.5 0.6 0.7 0.8 09 1.0

BHRSER L E PR

e 1
4
0

0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1.0
t/s
(b)e FL EHFRBIE
P79 130 Ha I A S0 LR
Fig.7 Reprojection simulation waveforms at a frequency of 130 Hz

42 HAERBER

SRy B UE 2 R S o A A ki i A b v b 2k
KA 5 | A R G R BE , 76 P A KGE L Ty 2
I & AT BR A WS G E A TR 56 S IE , B
9 Sy 56 T FH B s v MR A R 22 5 AR 4 e
HLAL

KWL R 5 A bkopik 43 I7E 15 He,
130 Hz #1180 Hz 15473 B N #4175 shiliat , i 4



EFE E HEATRE T 04k PMSM #F 4745 15 B #5498 ok

WA 20235 £534K 12

ju}
4
[~
(=3
=

RS HER
Wi/ Hz
S
S

SR A
BrABR
O—i—

}? I 1 I I I 1 I I 1
‘ 0.1 02 03 04 05 06 07 08 09 1.0
EKN 01. T T T T T T T T =
%i or
ot
=7o02

0.1 02 03 04 05 06 07 08 09 1.0

.;_/1

==
[

b

PR 5E AL
b
j=}

0.1 02 03 04 05 06 07 0.8 09 1.0
tls
()R BHRBOE
B
7

SR

[\ &
f=3 =3
= =

S PR S HHA
{7 E(°)

04 05 06 07 0.8 09 1.0

0.1 0.2 0.3

s

7
/()
(=]

0.1 02 03 04 05 06 07 08 09 1.0

VN

¥

PR TE 1L
™
{8
)
N

o

0.1 ()i2 ()i3 ()i4 ()iS ()iﬁ 0i7 0.8 0i9 1-.0
tls
()i T B HHR BT
&8 $ii% N 180 Hz I dFE 47 UL TK

Fig.8 Reprojection simulation waveforms at a frequency of 180 Hz

PO | 5 R i e P AR A i L

Fig.9 Traction inverter and PMSM for test
R E 10 ~ Bl 12 PR o U5 25 538 i 6 DA
i th 22 DL850 s P A S 7%, O DA 1Y R AL I 2 hy
200 Hz, Joik R i b SEBR MR 100 & PR
RIELER PR,

10 M IEATIHIAR 15 Hz 4 1056 TR 50

B PR EER BB RO IR R R 2=
(FrExrr) $% 100 & HERIRZ (ThetaErr) SEFRAIFER
08 (Fr i EstFr) o i B, SR @A
a0k 1 s 22 A PR HER R 22/ T 0.5 He,
e B HRRIR /N T 40,

FrErr(8 Hz/div) [1.000 s/div]

I
|
)
:,—

| R A T B A

i ThetaErr(8°/div)
h‘—r Lk ]
1
1

F 10 5580 15 He B 9 G

Fig.10  Reprojection test waveforms at a frequency of 15 Hz

| ey

Fr(8 HZ/‘“V)‘—’ L »EstFr(8 Hz/div)

P11 s AP AT AR 130 Haz 8 19 5% 100
R EPRER . hIE iRy
(BRI ARHER S R R FERER 22/NT 0.3 He,
e ArEPRRIRE N T 50,

1 FrErr(8 Hz/div)

PIs B SE

-

— EstFr(60 Hz/div)

[500.0 ms/div]

ThetaErr(4°/div)

Fr
(60 Hz/div)

B B 130 Hz R EHOR 6 08

Fig.11 Reprojection test waveforms at a frequency of 130 Hz

12 F 7R MB350 180 Hz 51 4% 1O 55 745
KRG EPHREE S BRI B FAR
I B HERSE B AR BRI R 22/ T 0.6 Hz,
e E IR ZE /N T 50,

i FrEre(8 Hz/div)

| —-

H 5
W) I B E R
3 g, ThetaErr(4°/div)
|

|

U

|
Fr <«— 1 EstFr(60 Hz/div)
(60 Hz/div) }

[500.0 ms/div]

# 12 i 180 Hz N Y FHHR I I

Fig.12 Reprojection test waveforms at a frequency of 180 Hz

I R, B TR IR 2 W 2 He BT

78 % 25 3 1000, i ) 3 o 5 48 2 e L 2 1)
2B 22 , I 3 2R

5 4

FEVEANDT G T % L e % d B DK o vk OB
VLA b AR SCHR T R R R R S ik o
T i B[] 1) 358 O v N L R R B A ik
B B IRTEA RS T 3T, PMSM 4 5B R 15 ME B
(400 4 BRI BRI, 3 5 Matlab/Simu-
link {5 FL X 7E Th 4R ) A2 51 R oA BRA
FHRE D AT, 25 R AT AR T
(1) PMSM,, ¥4 0] LARS e b 587 3l I sl s il i e
HEIRZE/NTF 0.6 Hz, 70 B HFHIR 22 /N T 50,

Sk

[1] TANIGUCHI S, MOCHIDUKI S, YAMAKAWA T, et al. Star-
ting procedure of rotational sensorless PMSM in the rotating
condition[J]. IEEE Transactions on Industry Applications,

2009,45(1):194-202. n
(F#%737)

67



%3

5 R T I-WNN 69 305 0l & HLR E a5 7

WA 20235 £534K 12

[10]

[11]

[12]

[3

—

[14]

TARBEELATAG 7411 LS 5 IR, 2020,47(3) 51~
56.

LI Liang, HE Ruidong, LU Yangiao, et al. On-line evaluation
method of induction motor rotor temperature based on rapid pa-
rameter identification[]]. Electric Machines and Control Appli-
cation,2020,47(3) :51-56.

AR X BT A K, A5 I CMOS 4 B8 i (R 2
FERCT IR D AR BT, KRR 22 i (A A 5 TR ROR
J),2022,55(11): 1212-1218.

ZHAO Yigiang, ZHAO Xinyu, HE Jiaji, et al. Design of low-
power digital filter for CMOS temperature sensors[J]. Journal of
Tianjin University (Science and Technology) , 2022, 55(11) :
1212-1218.

ALONSO A. DATASHEET: motor-driven and engine-driven
generators and alternators[J]. Welding Journal , 2021, 100(1) :
55-55.

AL, BT, B30, 56 . 5 T 5 B ) i S, i L 45
TR 3 O AR R D). £ 45 B3, 2016, 31(6) £ 1037~
1041.

MEI Congli, YIN Kaiting, HUANG Wentao, et al. Data-driven
adaptive decoupling control of induction motors using multi-
model inversion[J]. Control and Decision, 2016,31(6) : 1037-
1041.

ZEIRAE XTRE , JRR ML, 55 . TR 9K Bl (8 K ) 25 AL
TRBEM 22 M L] AL bLS Pl i, 2022, 26 (1) 115-
125.

LI Yaohua, ZHAO Chenghui, ZHOU Yifan, et al. Deep neural
network control for PMSM based on data drive[]]. Electric Ma-
chines and Control,2022,26(1):115-125.
SRZE sk Pk, SEYH A TR SRS A L R RO

FEIE . H %30 ,2022,52(1) :68-75.

ZHANG Jun, ZHANG Zhongdan, WANG Zhou, et al. Double
layer robust optimal dispatching of micro-grid based on data-
driven[J]. Electric Drive,2022,52(1):68-75.

JERE BB, R 3546 OB K A RISSTLT). THAHL TR
Y ,2023,59(13):317-324.

ZHOU Chenglong, CHEN Yuming, ZHU Yidong. Granular K-
means clustering algorithm[J]. Computer Engineering and App-
lications,2023,59(13) :317-324.

W, SRR, HR . T /N0 23 16 4 F) 78 s g Tl T 7.
LA TFF,2022,60(6) :58-62,124.

YANG Chao, ZHANG Lin, SHEN Jun. Prediction of transfor-
mer oil temperature based on wavelet neural network[J]. Electric

Switchgear,2022,60(6) : 58-62, 124.

(17] A&3CH], S5, OETe 45 . BT e AT Bl 5 e A 0k

A ot ) 0 K P BL 22 AR ARAR BT, L S 4 24
2022,26 (1):39-45.

TONG Wenming, MA Xuejian, WEI Haiyang, et al. Multi objec-
tive optimization design of axial flux permanent magnet motor
based on magnetic field analytical model and genetic algorithm

[J]. Electric Machines and Control ,2022,26(1) :39-45.

(18] HIBEA ARG, BXNUOL, 45 . w78 B 7] A0 L B LS4 K 5 5

BTN P 5 7 360, AL S4B A L 2022, 49(5) - 14-19.
CAO Xiaodong, XU Qing, ZHAO Shuangshuang, et al. Data-
driven model predictive control for high performance synchro-
nous reluctance motor[J]. Electric Machines and Control Appli-

cation,2022,49(5) : 14-19.

Wk H 49.2023-03-13
kR H 191 :2023-07-11

333IFIFIIIFIIIFIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIBIIIIIIIIIIIIIIBIBIBIBIB D>

(EEF67TR)

(2]

(3]

YAMAKAWA T, WAKAO S, KONDO K, et al. Starting proce-
dure of rotation sensorless PMSM at coasting condition for rail-
way vehicle traction[]]. IEE]J Transactions on Industry Applica-
tions,2009,169(2) : 56-63.

MRS R, A SCIR , 45 R I TR A0 R BTG Ao A e o
Ko B TS, F il 5 15 AR, 2022(1) 1 19-25.
CHEN Zhibo, GAO Jian, MEI Wenqing, et al. Simulation re-
search on position sensorless control and high-speed restart of
permanent magnet synchronous motor[J]. Control and Informa-
tion Technology,2022(1) : 19-25.

R e R LR 55 G IR A H LI A2 s S
A E AR T TR 2021,55(2) : 15-17.

WU Weiliang, YANG Hemin, JIAN Youzong, et al.Speed sen-
sorless control and restarting at unknown speed of permanent
magnet synchronous motor[J]. Power Electronics, 2021,55(2) :
15-17.

JEONG S J,PARK Y M, HANG J. An estimation method of ro-
tation speed for minimizing speed variation on restarting of in-

duction motor[C]//8th International Conference on Power Electro-

nics-ECCE Asia,2011:697-704.

ORIE T, KONDO K. Experimental study on a restarting proce-
dure at coasting condition for a rotational angle sensorless
PMSM[J]. IEEJ Journal of Industry Applications, 2014, 3(2) :
131-137.

IURA H, IDE K, HANAMOTO T, et al. An estimation method
of rotational direction and speed for free-running AC machines
without speed and voltage sensor[J]. IEEE Transactions on In-
dustry Applications,2011,47(1):153-160.

E2a i, ], A5 AR R AR 5| PMSM W) 4A oL & HE N
FRA oS B LS IR, 2022,49(12) :67-73.
YUE Xuelei, GAO Chuang, TIAN Di, et al. Research and app-
lication of PMSM initial angle identification algorithm for stan-
dard metro traction[J]. Electric Machines & Control Applica-
tion,2022,49(12) :67-73.

Wik H 49:2023-03-09
e H 91 :2023-07-13

73





