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Autonomous life extending control for PMSM rail vehiclesunder
demagnetizing fault

Niu Gang, Liu Senyi
(' Institute of Rail Transit (IRT) , Tongji University, Shanghai 201804, China)

Abstract:To relieve the increased damage of inverters and guarantee reliability and safety of PMSM-driven rail vehicles suffering
demagnetization fault, this paper presents an advanced life-extending control strategy through hybrid model. The proposed strategy
conducts online remaining flux estimation and offline control law reconfiguration, to decrease the input power of PMSM with
demagnetization. It regards PMSMs-Inverter as a whole electromechanical system for closed loop control to autonomously extend the
operation life of inverters. The feasibility and benefit of the life extending control strategy is validated through a simulated experiment of
Syntegra PMSM rail vehicle. The simulation results show that accurate monitoring and damage prognosis of demagnetization can be , and
the life of inverters is extended effectively without influencing operation performance.
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Fig. 1  Structure of hybrid model
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Fig.2 Dynamic equation
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Fig.3 Relationship of damage and demagnetization
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Fig.4 Damage distribution with demagnetization
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Fig.6 The panel of the simulation platform
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Table 1 Parameters PMSM simulation
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ETHLR/Q 0.975
TS R,/ Q 0.83
d e L,/ mH 3.58
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Hifui & U/ V 750
SRR I/ (kg - m?) 78
Pt r,/m 0.42
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Table 2 SBM Features
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TEL B B i J32 4 AL R
751 ; HE I fL A
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Table 3 Training conditions
SEYNIER w/ME [t Kokt
BT AW3 AWO - 4
T3 3.05 Wb 2.55 Wb 0.1 Wb 6

Horr , AWO0 ~ AW3 Sy 81 ZEAR HE AT 00, 43 51 % i
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(375. 52 t) L. 1 HAF 5 & H, 51 % 2 2
70 km/h, I£425] 5] 600 m Ji5 58 B0 FUE 5o
3.3 (hEERSH

TR RGN , B AR A A T, B A E L T
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T,2.775 Wh [ ff 8 f R B0 T AR JE A4 i 5 W 4 51 %
TR A AL IGBT Fifgs LM IGBT 5200
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EXS T % 5 T GEERRE A /) IGBT - A7 31 BH (2 iy s il , A ¢
F AL 4 PR RRTE— 2 1 T [, S 302 5 | e [ s el AE
e, T BRE Pl AL 5 e 23 B T o



2256 Bow o % % M %388
D B RGH D, WA AR ¥

210’9 y = (D, - D,)/D, (17)

f‘ ‘ 17 SBM LS 5 4 7 i R 0 2 4 T, M 4

£, AT LU i, SBM 50 T LIRS B 0 X A 3 75 A

R1, B AU TR T — 2 5 B LT I

. 60 . 1C - 20
Wity 4° Wi g

B 7 fLALRin)s IGBT $FERYXS H
Fig.7  Comparison of IGBT damage
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Table 4 Evaluation of demagnetization estimation and optimal control results
BRI =z Tl BRI 3 FiE
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¢/ Wb @e/ Wb Error/% n (x107%) (x107%) (x107%) v/ %
2.9750 2.978 1 0.10 0.967 3 1.49 1.43 1.44 3.36
AWO 2.8750 2.880 2 0.18 0.915 8 1.58 1.43 1.45 8.23
2.7750 2.775 6 0.10 0.8722 1.68 1.44 1.47 12.50
2.9750 2.968 2 0.23 0.967 0 1.64 1.57 1.58 3.66
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2.7750 2.776 8 0.06 0.8712 2.87 2.46 2.51 12.54
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