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Study on compensation method of the nonlinearity of the propulsion inverter for
railway traction motor
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Abstract In general, there exist voltage differences between the voltage commands and the output
voltages of the propulsion inverter for railway traction motor, which are caused by the intended dead-time to
prevent the arm-short of a leg and the nonlinearities of switching devices. This phenomena is clearly shown
up at low speed region and reduces the entire system efficiency and performances. In this paper, a simple
observation and compensation method of the nonlinearities of the propulsion inverter is proposed. The
proposed method is based on MRAS technique and able to simply observe and compensate the differences
between the voltage commands and the real output voltages. To show the effectiveness of the proposed
method, the experiments are carried out for the digitally controlled drive system.

Keywords : Propulsion inverter, nonlinearity, traction motor
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Fig. 1 Current control block diagram using the proposed voltage distortion observer for the compensation of the nonlinearities of the

propulsion inverter

23 A8 24
AR 3 AHEE G E71A%719 setvlelst QuEd] g AHg w9
2}u] Bl S Table 17} Table 20 YERNSATE Fig. 2% G744 7105715 AL FGedA
SANAEA ALNHE WA ke Wl AF FPolvh AR Ayl hol st
As A 5 deon, Bl dF= T iw AFE ¢ @] dAste] EA9
gFol WATE BT F Ak Fig 32 ATH WO AGINTS B AU
Table 1: Specifications of the test PMSM

Rated Power 750 [W] # of poles 8

Rated Torque 2.4 [Nm] Rated Speed 3000 [r/min]

Phase Resistance 0.49 [Q] Rated Current 6.0 [A]

Linkage Flux 0.0667 [Wb] Phase Inductance 6.9 [mH]

Table 2: Specifications of the Three-phase PWM VSI

DC-link Voltage 300 [V] Switching Frequency 11 [kHz]
Dead-time 2.8 [usec] Switching Device IGBT
Turn-on Time' 25 [nsec] Turn-off Time' 115 [nsec]
Saturation VoltageT 2.5[V] Forward Voltagefr 1.95[V]

"Fairchild datasheet (FGH40N60SFD)



LeCroy

v ias

v las

AR N o St o A AN s A s A ATAS A S

10ms/div
Fig. 2 Experimental results of the current waveforms without dead-time compensation
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Fig. 3 Experimental results of the current waveforms with the proposed voltage distortion observer
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