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Traction Rectifier Resonant Inductance Short Circuit Fault Diagnosis and Fault-tolerant Control

DANG Yihan, XU Chuanfang, WANG Shaozu

(School of Automation and Electrical Engineering , Dalian Jiaotong University , Dalian 116000, Liaoning , China)

Abstract: Usually, the DC side of the traction rectifier requires a series LC resonant circuit to filter out the
pulsating component of 2 times the grid frequency. When the resonant inductor on the DC side had a short-circuit
fault, the pulsating component would be transferred to the motor side, the problems such as torque ripple and noise
would occur in traction motor. Therefore, aimed at the short-circuit fault of traction rectifier resonant inductor, the
corresponding method of fault diagnosis and fault-tolerant control was proposed. First, on the basis of establishing
the mathematical model of traction rectifier and analyzing the second harmonic generation mechanism, the fault
diagnosis method based on notch detector was introduced. Secondly, the fault-tolerant control algorithm of
combining voltage dynamic compensation with low-pass filter was proposed. Finally, the proposed fault diagnosis
and fault-tolerant control method was studied by simulation. The results show that the fault can be found accurately
and quickly by the fault diagnosis method, the second harmonic content of the output voltage on the DC side also
can be reduced effectively by the fault-tolerant control algorithm and improve system stability in case of failure.
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Fig.1 =~ The structure of the traction converter system
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Fig.2 The main circuit schematic diagram of traction rectifier
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Fig.3  Vector diagram of a traction rectifier
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Fig.4 The simulation model of L, short-circuit
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Fig.8 The structure of circuit fault diagnosis

when L, is short-circuited
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Fig.9 The control block diagram of DC voltage dynamic

compensation combined with low-pass filter
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Fig.11  The simulation model of resonant inductor short-circuit fault diagnosis and fault-tolerant control

RGIEH TAE N Bt el e i % an i
12 7R, B 13 58 R GE I F T AE I B0 )
WS HT . R 12 0] LA Y B e 0 i R
REM LR FETE 400 V 2247, HLEsh /s i B 13 1]
DLt WA i i A e O ) A AR
g %wﬁlﬂ)ﬁ%?"fﬁ%lﬂ%_ﬁ?ﬁx&

450t

400

350 4
300

> 250

=200
150 :

100 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, B S U S——

50

Of—1— I I
0 020406 08 10 12 14 1.6 1.8 2.0
t/s

P12 RYEER CARR B i 3T

Fig.12 Waveform of DC voltage when the system is working normally

0 50 100150200250300350400450
i/ Hz

P13 RGEIEH TAEN B H H A% 434
Fig.13  The frequency spectrum analysis of DC voltage

when the system is working normally

R R AR S B AR 2 W S A A A
A B A R R R H R 1 s IS A e B B
FIE LT o ] 14 AR P i a5 kB s
e MAZEERIAEIS , R G A e
WL 1S s, B U 00t vl F 0 40 33 43 A 151
16 7 .

1.0

0.8

#
o6

0.4

W

0.2

0

0 02 04 06 08 1.0 1.2 1.4 1.6 1.8 2.0
t/s

B 14 iR L aR S i e bR A

Fig.14  The short circuit fault of resonant inductor

450
400
350 4
300
Z 250
200
150

100
50

0 T
0 0.2 04 06 0810 1.2 14 1.6 1.8 2.0
t/s

15 AR ST IS B 00 U ST
Fig.15 The voltage waveform of DC side after adding

fault-tolerant control

87



wAEF 2025F £55K H114

SolC ik, S R R B R B AR R T S S AR R

WL T
5 2 2 8

[}
(=]

0 50 100 150200250300 350400450
$i % /Hz

Fl16  IMAZ S R B0 RIS 547
Fig.16 ~ The frequency spectrum analysis of DC voltage

after adding fault-tolerant control

i 15 S B 16 T LA Y AR i W
AR EG 7S IR d B B, RS RE
e B A ) 381 6 e & 2B I A B flk e e S R 4
Bk, HLREWS A S AR B O S b R ik sl e
JEBIEAE . & 16 51 7 FE 13 X T LA
AR T BB A R I 1 5 i, AR AR SO R
AR R AR S, GRS B B R,
ARG RGIEH TAER U8 A S A A .
4 ZEi

AR SCBE X A2 51 AL A T ik P JES R S
R GRS HAEC R | B2 W7 i A
BRI IEIEAT T ARG AT R

1) i B 73 B 45 LR W AR s i
LR M P U Y e, EL LR
SHIEHE] 5

2)F TR e B2 Wi 7 ik, I B {ELE
LRGN VA IR P SRR B e, L RE RS PR VA 12
L TR PR B e 5

3) 4 A R s M2 5 R B R AR AT 4 A Y
FEAEPEWITTE | RENE A R IR P R e il s
P 0 PR ) S B SEI R G
WO AR E AT IR REAS S R 5 0 A R as AT IR AS 1Y
FLAY (B0 T AR UG B A RS B A4 ) 410
IR

S 3k

[1] CHEOK A D, KAWAMOTO S, MATSUMOTO T, et al. High
power AC/DC converter and DC/AC inverter for high speed
train applications[C]//2000 TENCON Proceedings Intelligent
Systems and Technologies for the New Millennium, IEEE,
2000, 1: 423-428.

[2] GONG Z,HUANG D,MA L,et al. Grid voltage sensor fault-tol-

erant control for single-phase two-level PWM rectifier[J]. TET

88

[10]

[11]

[12]

[13]

Electric Power Applications, 2022, 16(7): 776-788.

GONG Z,HUANG D,JADOON H U K, et al. Sensor-fault-esti-
mation-based tolerant control for single-phase two-level PWM
rectifier in electric traction system[J]. TEEE Transactions on
Power Electronics,2020,35(11): 12274-12284.

XIE D, PU J, GE X. Current residual-based method for open-
circuit fault diagnosis in single-phase PWM converter[J]. TET
Power Electronics,2018,11(14) : 2279-2285.

AL D AR R I e B A2 W 5 A S T R R B SE[D].
JCHR - DY RS SS3E K, 2016.

GOU Bin. Research on fault diagnosis and fault tolerance con-
trol technology of electric traction converter[D]. Chengdu:
Southwest Jiaotong University ,2016.

SONG W,SMEDLEY K, FENG X. One-cycle control of induc-
tion machine traction drive for high speed railway part II:
square wave modulation region[C]//2011 Twenty-Sixth Annual
IEEE Applied Power Electronics Conference and Exposition
(APEC),IEEE,2011: 1003-1009.

VKT, A WA, A5 . BT B3 N UL 4 1 e Bk
A 5| RO PR S T BRI . e S
I J11,2023,40(11) : 1920-1930.

XU Shuiqing, WANG Jian, HU Yougiang, et al. Open-circuit
fault diagnosis of single-phase three-level rectifier in high-
speed train traction system based on adaptive sliding mode ob-
server[J]. Control Theory & Technology,2023,40(11):1920-
1930.

GOU Bin, PU Junkai, GE Xinglai, et al. A fault diagnosis and
fault-tolerant control method based on state observer for sen-
sors in single-phase PWM rectifiers[J]. Journal of the China
Railway Society,2017,39(2): 44-51.

Ve AT, 320 A, 45 L T A G A R s 22 R LRI
LWL F L ,2019,45(12) : 2294-2302.
TAO HongWei, PENG Tao, YANG Chao, et al. Joint fault diag-
nosis method of multiclass faults for traction rectifier in high-
speed train[J]. Acta Automatica Sinica,2019,45(12): 2294—
2302.

KLIMA J, CHOMAT M, SCHREIER L. Analytical closed-form
investigation of PWM inverter induction motor drive perfor-
mance under DC bus voltage pulsation[]J]. IET Electric Power
Applications, 2008, 2(6): 341-352.

LI H B, ZHANG K, ZHAO H. DC-link active power filter for
high-power single-phase PWM converters|J]. Journal of Power
Electronics,2012,12(3) : 458-467.

LIU J L, ZHANG Y. Current pulsation suppression method
based on power current closed-loop control for a PMSM under
fluctuating DC-link voltage[J]. IEEE Transactions on Power
Electronics,2021,37(1): 761-770.

GOU B,GE X, PU J, et al. A fault diagnosis and fault tolerant
control method for DC-link circuit using notch filter in power
traction converter[C]//2016 IEEE 8th International Power Elec-
tronics and Motion Control Conference (IPEMC-ECCE Asia) ,
IEEE,2016: 3230-3235.



SN, 5 R R Bk R B AR RS S S A e

WA 20255 H554 H11M

[14]

[15]

[16]

[17]

[18]

XU, X SCAE T HUR PWM R G K Y H A I I A )
TP HbL, 2018,51(4) : 55-61.

LIU Tong, LIU Wensheng,ZHAO Wei. Research on low-order
harmonic current elimination method of single-phase PWM rec-
tifiers[J]. Micromotors,2018,51(4): 55-61.

SR FRURTE SR IEAE . BN K T 98 ) AL e Il e
WS ARSI 8 T HOR 4], 2017,32(20) : 160-
170.

XTA Jinhui, GUO Yuanbo,ZHANG Xiaohua. Sensor fault diag-
nosis and fault tolerant control for single-phase PWM rectifier
[J]. Transactions of China Electrotechnical Society, 2017, 32
(20): 160~170.

SHIMIZU T, WADA K, NAKAMURA N. Flyback-type single-
phase utility interactive inverter with power pulsation decou-
pling on the DC input for an AC photovoltaic module system[J].
IEEE Transactions on Power Electronics,2006,21(5): 1264-
1272.

SRAHR . A2 5| AR AR ) PR B R K Sl ) 2 A
FE[D]. HHS : PRI S K, 2016.

ZHANG Donglin. The research on the method of suppressing
the ripple of DC-Link voltage for the middle term of traction
converter|D]. Chengdu: Southwest Jiaotong University ,2016.
KRG, BB SRR AR TR R R B 9 1
BrEsiAntsel)]. B 5], 2018,48(11): 34-38.

ZHANG Chengchang, LUO Jianchang, ZHANG Huayu, et al.

Research on cascaded H-bridge rectifier based on sliding mode

[19]

[20]

[21]

[22]

voltage control[J]. Electric Drive,2018,48(11): 34-38.

RE UM, AR R, B, A . TR ST PWM 2 3¢
i HE UL AR TS 534 0. WAL R 22 4R, 2020, 24
(11):93-101.

XIONG Chenglin, SONG Zhiwei, HUANG Lu, et al. A virtual-
flux-linkage model predictive control of single-phase PWM rec-
tifier based on harmonic compensation[J]. Electric Machines
and Control ,2020,24(11):93-101.

CHEN H, JIANG B. A review of fault detection and diagnosis
for the traction system in high-speed trains[J]. IEEE Transac-
tions on Intelligent Transportation Systems,2019,21(2): 450-
465.

CHEN H T, JIANG B, DING S X, et al. Data-driven fault diag-
nosis for traction systems in high-speed trains: a survey, chal-
lenges, and perspectives[J]. IEEE Transactions on Intelligent
Transportation Systems,2020,23(3): 1700-1716.

KREM] RS, Ao . BT 5 Ja 1 i 22 5 | e LTI
LB AT BI). T E AL TR =4, 2019,39(10)
3007-3015.

SONG Yuming, SONG Wensheng, YU Bin. Digitized imple-
mentation of beat-frequency suppression algorithm based on
one-cycle control for traction motors[J]. Proceedings of the

CSEE,2019,39(10) : 3007-3015.

Wk H 399 . 2024-05-20
ks H 1 :2024-08-29

89





