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ABSTRACT: A sensorless control strategy for the interior
permanent magnet synchronous motor (IPMSM) in the
optimized synchronous modulation region of high-speed
railway traction system was proposed in this paper. Based on
the indirect flux calculation method, the d-q axis current was
estimated, and the flux estimation was replaced by the given
value, which reduced the dependence on estimated flux
amplitude. Considering the influence of parameters variation
on rotor position estimation and system robustness, the
deviation coefficients of permanent magnet flux and g-axis
inductance were calculated by the d-axis-current and -voltage
errors respectively, and the parameters in flux calculation,
dg-axis-currents estimation and load-angle estimation were all
corrected. Thus, the rotor position estimation accuracy under
parameters variation was improved, and RTLAB-based
IPMSM  drive was
constructed. The experimental results show that the proposed

hardware-in-the-loop  system  for
method can effectively reduce the position estimation error
under low switching frequency with SHEPWM, and enhance
the system robustness.
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Fig. 1 Frequency range corresponding to optimize

synchronous modulation in traction inverter
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Fig. 2 Space vector diagram under three
coordinates system
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Fig. 3 Conventional sensorless control based on indirect
calculation from stator flux linkage
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Fig. 12 Calculation of motor parameter correction value
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In rail transit application, the multi-mode
modulation is used to make full use of the DC-bus
voltage in wide speed range and optimize harmonics
performance, which can be summarized as asynchronous
modulation in low-speed starting region, segmented
synchronous modulation in medium and high-speed area,
and square wave modulation above the rated speed.
Remarkably, for flux-based or EMF-based sensorless
control, the parameters mismatch reduces the modeling
accuracy of position observer. It also becomes the key
factor affecting the system robustness.

This paper proposes a sensorless control strategy
for the interior permanent magnet synchronous motor
(IPMSM) in the optimized synchronous modulation

-

Iy

\i

region. Based on the indirect flux calculation method,
the dg-axis currents are estimated, and the flux
estimation is replaced by the given value, which reduces
the dependence on estimated flux amplitude.
Considering the influence of parameters variation on
rotor position estimation, the deviation coefficients of
permanent magnet flux and g-axis inductance are
calculated by the d-axis-current and -voltage errors
respectively, and the parameters in flux calculation,
dg-axes-currents estimation and load-angle estimation
are all corrected. Thus, the rotor position estimation
accuracy under parameters variation is improved. The
proposed robust improvement strategy diagram is shown
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Fig. 1 Sensorless control system diagram with the proposed robust improvement strategy

Compared to traditional method, the proposed
method can eliminate the influence of parameter
variation on sensorless control performance. Then, the
RTLAB-based hardware-in-the-loop system for IPMSM
is constructed. The experiment results show that this
method can effectively reduce the position estimation
error with SHEPWM and enhance the system robustness.

From Fig. 1, in the module of robustness improvement

S29

control, the core part is the estimation of the relevant
variables, which include electromagnetic torque, given
stator flux, dg-axes-currents, and load angle. Under
delay compensated condition, the sensitive motor
parameters error is corrected in real time. In actual
implementation, the  parameters  correction s
accomplished iteratively when the error coefficient is
non-zero.



