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Abstract: [Objective] To address the issues of low-speed
integral  drift, high-speed parameter mismatch, and
insufficient robustness of the traditional hybrid model flux
observer ( HMFO ) in surface-mounted permanent magnet
synchronous motors for new energy buses under complex
operating conditions such as sudden load changes and wide-
speed-range operation, this study proposes an improved
HMFO control strategy that integrates closed-loop sliding
mode correction and feedforward extended state observer
(ESO) compensation. [Methods] Under the voltage-current
hybrid model architecture, a compensated first-order low-pass
filter cascaded with a high-pass filter was first employed to
replace the pure integrator for the elimination of DC bias and
integral saturation. Secondly, a closed-loop feedback with the
active flux linkage difference between the two models as the
sliding surface was constructed, and the error was driven to
converge in finite time by using sliding mode control. Finally,
an ESO was introduced to compensate for parameter
perturbations and load disturbances in a feedforward manner,
which effectively suppressed sliding mode chattering and
improved steady-state observation accuracy. [ Results ]
Simulation results showed that under sudden load change and
speed step conditions, the peak speed errors of the improved
HMFO converged to +0.4 r/min and = 0. 6 r/min,
respectively, and the dynamic adjustment times were
compressed to within 4 ms and 10 ms, respectively. The
transient error peaks of the position angle were reduced to
below 1.6% 107° rad and 2.5x 107 rad, respectively. No
obvious high-frequency chattering was observed in the steady-
state error, and the observation stability was significantly
superior to that of the traditional scheme. [Conclusion] The

strategy successfully balances high dynamic response and

strong robustness, effectively overcoming the integral drift and
saturation problems of traditional HMFO. Simulation results
preliminarily verify the application potential of this method
under complex operating conditions of new energy buses.

Key words: surface-mounted permanent magnet synchronous
motor; hybrid model flux observer; integral drift; extended
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Fig.1 Schematic diagram of stator flux linkage

estimation with compensated LPF-HPF cascade
2.2 HE-BR&REK HMFO %t

PR A TR A v v S ORGSR
GG B e SR, %58 HMFO SR JH P15 #4%
THES IR RS, P A R PR,
BG5BT T RGBS TERE . PRI, 48 3¢
PATE R A0 PLIA Y 2%, £ B AR L M U e
FHEFETH R GRS HCE H e, BT SE iR 25 A
BIR A ] PR B, AR i e L L AR B g A
SR Y RS 3R, R G R I N

Kl 2 Fis
HARE R
p, =u, — Ri — Lpi +ug, (9)

s ugy o AIBRMEE
B (2) AR (S) o, AT A5 s R A AL B3 1Y
BIUsEFRIR 8 A DIREBEAL SR 25 T A
AR et DU S 1T R I
s=¢" - )" (10)
As=1[s, sB]T Ha.B %E"J{%*ﬁﬁ@ﬁ,'/f&w\
O\ oI H A | RS B A D
KA A, s (1) fis .
s =—k - sign(s) (11)
Aok IR 55 5
WA (9) ~ (11), 15 M BEAME I 1Y) R K
X

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



R A TGRS LB HE LI £ Y SPMSM Je A% B g4 il
1098 Guo Guangfa, et al; SPMSM Sensorless Control Based on Improved Hybrid Model Flux Observer

B2 HMFO REE
Fig.2 Schematic diagram of the HMFO
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estimation and noise suppression
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Fig.5 Block diagram of sensorless control for SPMSM
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Fig. 9 Rotor position observation of improved
HMFO under sudden load change
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Fig. 10 Speed errors of HMFO before and after
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Fig. 11 Position errors of HMFO before and after

improvement under sudden load change
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Fig. 12 Speed observation of the improved HMFO

under speed step
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Fig. 13 Rotor position observation of the improved
HMFO under speed step
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