H51% 8
2024 48 10 H

HLAIL-S 4 A O

Electric Machines & Control Application

Vol.51 No. 8, August, 10, 2024

CCBY-NC-ND 4.0 License

DOI:10. 12177/ emca. 2024. 069

XEHE1673-6540(2024)08-0020-10

FE S TM 351 XHkFRERD A

£ F EKF ) IPMSM F {i B & 2 38 42 I 5 i
REAMET %
MR A, xlE s, EEM
[P EGMkF(EE)HRRFR, LA F85 266580]

Estimation Error Compensation Method for Sensorless Control of Interior

Permanent Magnet Synchronous Motors Based on Extended Kalman Filter

SHI Suixiang, LIU Hanwen, WANG Yubin "
[ School of New Energy, China University of Petroleum ( East China), Qingdao 266580, China ]

Abstract: In the sensorless control system for interior
permanent magnet synchronous motor based on the extended
Kalman filter (EKF) approach, accurate estimation of motor
speed and rotor position is important. To address the issue of
decreased estimation accuracy for speed and rotor position due
to phase current gain errors, a method for compensating
position estimation errors is proposed. Firstly, through
theoretical derivation, it is shown that phase current gain
errors can cause estimated speed and rotor position to oscillate
at twice the supply frequency during the EKF estimation
process. Secondly, a novel structure for the EKF observer is
designed by adding a gain error coefficient solving section to
the traditional EKF observer, which reduces the pulsations in
estimated speed and rotor position caused by phase current
gain errors, thereby improving estimation accuracy. Finally,
simulations and experiments validate the feasibility of the
proposed compensation method.

Key words: extended Kalman filter; interior permanent
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In the sensorless control system for interior
permanent magnet synchronous motor ( IPMSM )
based on the extended Kalman filter (EKF) observer
the

information required can be obtained by computing

method,, motor speed and rotor position
the current state estimate and measurement values in
conjunction with the previous state correction. The
accuracy of the estimation not only depends on the
selection of various coefficient matrices used in the
computation process, but also on the accuracy of the
state measurement values, such as current gain errors
caused by the precision issues of current sensors.
The presence of current gain errors will cause
pulsations in the estimated motor speed and rotor
position at twice the frequency of the power supply is
derived theoretically at the paper. To address this
issue, a novel EKF estimation method is proposed.
In this method, based on the traditional EKF-based
IPMSM sensorless control system, an additional step
for solving the gain error coefficient is introduced.
By incorporating real-time torque observation values,
the current gain error coefficient is calculated to
enhance the estimation accuracy of the following

motor speed and rotor position information. During

computer simulations, gain errors are set artificially

S3

to mimic actual conditions, and the specific control

strategy block diagram is shown in Fig.1.

n

N :
6. i solve i
EKF [e—is Teu dq /] Ui
» d
U b,

Fig.1 Improved EKF control block diagram

Both

indicate that compared to traditional methods, the

simulation and experimental results
proposed method can effectively eliminate pulsations
in the estimated speed and rotor position, and
improve estimation accuracy. The specific data are
summarized in Tab.1.

Tab.1 Comparison table of motor speed and rotor

position changes under different gain errors

Gain Speed fluctuation Rotor position fluctuation
error/% amplitude/ (r*min -l ) amplitude/rad
5 7 0.4
2 3 0.2
0 0.1 0.01
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