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Abstract: [ Objective] In position servo applications of
interior permanent magnet synchronous motor ( IPMSM ),
accurate detection of the rotor’ s initial position is essential for
ensuring absolute position control precision. However,
traditional sensorless control algorithms commonly face two
limitations; the starting position is constrained to specific
points, and mechanical angle deviation occurs during the pre-
positioning process. [Methods] To address these issues, an
initial mechanical angle identification strategy without pre-
positioning was proposed for IPMSM. Firstly, the inductance
mathematical model of the self-sensing topology IPMSM was
established, and the mechanical fundamental frequency
characteristics of the self-sensing IPMSM inductance were
analyzed. Secondly, the mathematical model of high-
frequency response current after line-to-line injection was
derived, and the initial mechanical angle of the rotor was

detected by utilizing the correlation between the high-

frequency response current and the rotor’ s initial mechanical
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angle. Finally, the proposed strategy was verified on a self-
sensing IPMSM test platform. [Results] The experimental
results demonstrated that, compared with the conventional
strategy, the proposed control strategy achieved arbitrary
position identification across four sectors without requiring
multiple pre-positioning steps. [ Conclusion] The proposed
solution addresses the starting and pre-positioning travel
limitations of traditional methods, providing a superior
approach for pre-positioning-free startup of IPMSM.

Key words: sensorless control; pre-positioning; mechanical

angle identification strategy; high-frequency response current
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Fig. 1 The relationship between electrical angle

and mechanical angle
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Fig.2 Topology structure diagram of conventional IPMSM
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Fig.3 Topology structure diagram of self-sensing IPMSM
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Fig. 4 Waveforms of line inductance for
conventional IPMSM model
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Fig.5 Waveforms of line inductance for
self-sensing IPMSM model
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Fig. 6 FFT comparison of line inductance between
conventional IPMSM and self-sensing IPMSM
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Y Y HUBUAL B TERG B AR G TR iy 8k Rt
A N7 FRL I TR A 0 R HLAR AT A SR AE

12 E—5X 20°/8 305 500 R R ik
Fig. 12 High-frequency response current at
the 20° startup in sector I
&458 IPMSM 5 Tl i 2 0°,90° ,180° 1 270°
PO H A B U B ETUE Lo 3 163
TEA IR R Al BE 5| Al B, LA R £ BE 80° X 1
YA HILB A B (20°,110°,200°,290°) k{51, Xf

This is an open access article under the CC BY-NC-ND 4. 0 license.



HIPL SR, 55 53 &, 45 2 )
Electric Machines & Control Application, Vol. 53, No.2, 2026

207

B 13 FIHBEX 110° 33 SMMmE B R
Fig. 13 High-frequency response current at
the 110° startup in sector II

B 14 FE=FFX 200° /3 3 5 S0 AL F 7
Fig. 14 High-frequency response current at the
200° startup in sector III

B 15 AKX 290°/3 3 570 5L B 7
Fig.15 High-frequency response current at the
290° startup in sector IV

LU T GE U 57 15 BT £ SRS B RRCR,, AN &l 16~ 19
JIT7R , AT ASAS SCRIT B2 R W T 5 $90 5 Ao BV AT A o
SERI RS BE

®2 AMERIAI IPMSM EXSH
Tab.2 Basic parameters of self-sensing topology IPMSM

SRR ZHUH
W K/ Mg 8/9
R DI/ kW 0.75
BUEHRE/V 220
BUE R/ A 3
WU/ (romin") 3 000
e/ (N-m) 2.03
A J/ (kg-m?®) 1.82x107*

A 16 (a) RTAL, 3 WS s AR §
FHUBR A 2 0 I 8 A % A8 Ak s th 1B 16 (b) 1T
A1, >R FH T3 SR s JC BH S Az , TE S T JE T 6 3R
AT

’ 20~23 435 & T DA AS R ALK B X
NG BIY , ALFETG AU WA X TR

B 16 F—REEX 20°F313tLE
Fig. 16 Comparative analysis of startup performance

at 20° in sector I

E17 EFZREKX110°EsixttEE
Fig. 17 Comparative analysis of startup performance

at 110° in sector II

LA B AL

SR FIAUME Ff1 B2 B R SRE IS 1) il T iR 22 B 3R 3
Jrs, de RAGTE R 22 9 0.26°, iR 2N
0.17° W] 1 JE WUE 7 9] B LA AR 3 B iR SR s
O

WNIEL 24 Fi 7, A% 58 150 A0 SR W 72 55 — J X
110° )3 BB, 7544 5 Fhr 2 Jc i 11990° 2 s v, Tl
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E20 F—REX20°E83~EE
Fig.20 First sector 20° startup schematic diagram
18 F=BX 200° 530t LLE

Fig. 18 Comparative analysis of startup performance
at 200° in sector III

19 FMEX 290° 33133 L E
Fig. 19 Comparative analysis of startup performance
at 290° in sector IV

x3 HHREIHIREMHITRE
Tab.3 Mechanical angle mapping strategy estimation error
- ¥ bR Al -
HUR B X GrEfs (o) RrEf(0) itz (°)

1 20.04 20.22 0.18
2 110.09 110.02 0.07
3 200.05 200.16 0.11
4 290.51 290.25 0.26

B 21 FZHEEX 110°/F3hE

Fig.21 Second sector 110° startup schematic diagram

22 FZBEKX200°0233REE
Fig. 22 Third sector 200° startup schematic diagram

23 FEMEEX290°BshrEE
Fig.23 Fourth sector 290° startup schematic diagram
SENATREN 200, 5% TR XA, 1 0 SRS B9 B K
TENATRE Ny 450, T KL 20 JF 7R 5% 1 HLA A B2
PR AT 44.8°, HICwH BUENL,
UNZ% 4 P A GETUE o7 AW A2 DU A4 Bt X T
FRORTUE SLAT R N 450, T ALAR AR 2 B R S s -
PIREAR T 99.34% TUE AT R, X HLit e 7850 ik
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W T TEAE AR BE T 5 T W0 AR LA A 38 A R s
AR AT AT PN R R

E24 EEREM 10 EIHTEE
Fig.24 The schematic diagram of traditional
pre-positioning 110° startup

H AL TPMSM 55558 TPMSM i H 5% (9 Xt
FeanpE 25 fros, B, A AR TPMSM (197 244
W HE S 1.574 4 Nom, AHEL T 15 58 IPMSM 1
1.725 N-m BEA N B, {H 5% 56 Bk 2h D 0.35% 35 =
10.13% . X FPAERSFREG 1Y mARSE B T 4% 77 B
AN ER IR NI TP N R b 2= R = @ 3 28
e 26 s, 3 B 8 B 9 Bir S5 I 5 i {EL =5
I, BT BT RISl R3S R

F4 WEMITEIL

Tab.4 Pre-positioning stroke comparison

fegifieg WU R

e O Ok
1 22.5 0.23 99.48
2 22.5 0.31 99.29
3 22.5 0.29 99.35
4 22.5 0.34 99.24

B 25 BfE>& IPMSM 545 IPMSM #i 3 4E
Fig.25 Comparison of the output torque between

self-sensing and conventional IPMSM

26 H1&E IPMSM 554 IPMSM 4 #4E FFT
Fig. 26 FFT of output torque for self-sensing IPMSM
and conventional IPMSM

4 i

AT AL BN TPMSM G 1 5E 137 %1 4R
BB HHREIFTIE . B Se s b T iZda b T LA A
FERHEEALEE I 2 (5 SR 1 BRI bT
THAR P s Y, TR B S TR
TR AR T ST T W AT R R AR AR | I
2t — i [ 4 5 4 TPMSM %% 73 iR WL £
PERENE . IR AE 0.75 kW RSF- & E kA, 1
ASHLAEE DX P9 R0 R B S S4 R  22 R 0.17°
S5, 4R R m T T o7 B T AE 4 JE
] PN S IR v A 0 0 AR FE R AR G T ik I B
2 B 55 7 10 5 A0 47 A [ R4 3 1 VR A Mo e
% AT RS AT A e % B i S
Pk, RSO IR AR Tl i AR X R ES A I
MRG0 FEPER N RN R, A5
PR BT RCR

Al k=i
A1 75 BAAEAE R 25 vh2e
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