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Abstract: [Objective] To enhance the operational efficiency
and dynamic performance of interior permanent magnet
synchronous motor ( IPMSM ) employed in electric vehicle
drive systems under complex operating conditions, this paper
presents an improved search-based maximum torque per
ampere ( IS-MTPA) control strategy under the China light-
duty vehicle test cycle (CLTC) driving cycle. The proposed
strategy is developed to address the critical drawbacks of
conventional MTPA control schemes, including heavy
parameter dependence, degraded steady-state efficiency
caused by parameter deviations, and unsatisfactory dynamic
response inherent in conventional search-based methods.
[Methods] Firstly, based on the CLTC driving cycle, the K-
Means clustering algorithm was employed to cluster 913
operating points under driving mode, so as to exiract six
representative operating points. Subsequently, the lumped
parameters of the MTPA solution corresponding to the
representative operating points were taken as the initial search
values, and the lumped parameters were adjusted online to
compensate for motor parameter variations, thus achieving fast
and efficient optimization. Finally, the proposed IS-MTPA-
CLTC control strategy was verified through both simulations
and experiments. [ Results ] Both simulation and
experimental results demonstrated that, compared with the

conventional MTPA control strategy, the proposed IS-MTPA-

CLTC control strategy could achieve superior current
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allocation under typical vehicle operating conditions, with an
average reduction of 28.6% in copper loss, thus effectively
reducing motor energy loss. In comparison with the lumped
parameter search-based MTPA control strategy, the proposed
IS-MTPA-CLTC control strategy could significantly accelerate
the self-optimization process of the search method under
sudden load change conditions. The convergence time of d-
axis and g¢-axis currents was shortened by 70% , which
effectively improved the dynamic tracking performance and
enhanced the dynamic response performance of the system.
[Conclusion] The proposed IS-MTPA-CLTC control strategy
can balance the requirements of high steady-state efficiency
and rapid dynamic optimization, which is well-suited for
IPMSM drive control in the actual operating scenarios of
electric vehicles. Moreover, it demonstrates considerable
potential for practical engineering applications.

Key words: electric vehicle; interior permanent magnet
synchronous motor; maximum torque per ampere; China
light-duty vehicle test cycle ; K-Means clustering algorithm

lumped parameter search
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Driving Cycle
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Fig. 14 Experimental platform
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Fig. 15 Experimental current waveforms under typical

operating condition switching
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Tab.4 Comparison of i, under two control strategies

i/ A
T
&4 MTPA IS-MTPA-CLTC
ZEAH IR 0.006 0.005
i AP -4.09 -3.55
IRER AL -0.49 -0.26
rh R AT -1.03 -0.63
Jom i e 4 -6.91 -4.74
R R -1.95 -0.72

RS FIIEHEIREET i, Xttt

Tab.5 Comparison of i, under two control strategies

i,/ A
T
&4 MTPA IS-MTPA-CLTC
KRl 0.15 0.14
R A 13.12 11.47
IR AT 4.93 3.95
rh R AT 6.31 5.30
Jo i e 4 17.65 15.47
TR 8.82 7.56

F6 FFIZHIREET i, XfLL

Tab. 6 Comparison of i, under two control strategies

i/A
TH
&4 MTPA IS-MTPA-CLTC
2R L 0.15 0.14
i A5 13.74 12.01
IR AT 4.95 3.96
rh R AT 6.39 5.34
Jn i 4 18.95 16.18
TR R A 9.03 7.59
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Fig. 16 Response curves of i, and i, during switching
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Fig. 17 Response curves of i, and i, during switching
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