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Fault Testing and Validation Simulation Platform for

Traction Drive System of High-speed Trains
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Abstract As the power system of high-speed train, the traction drive system is one of the key systems to guaran-
tee the safe and stable operation for high-speed train. Fault testing and verification platform is an important way to
ensure the effective application of real-time fault diagnosis methods on high-speed trains. Focusing on the challen-
ging issues in the fault testing and verification platform of the traction drive system of high-speed train, this paper
analyzes the methods and technologies of fault injection, simulation reliability evaluation, algorithm performance
evaluation and simulation platform implementation, and summarizes some solutions to the above problems.
Moreover, this paper further proposes and builds a fault testing verification platform for high-speed train traction
drive system, which integrates real-time simulation of high-speed train, realistic simulation for fault scenarios, ran-
dom fault testing and fault diagnosis algorithm evaluation. Finally, the future research direction of the safety monit-
oring and verification platform for high-speed trains is summarized and prospected.

Key words Fault testing, validation platform, fault injection, testing evaluation, traction drive system of high-
speed trains

Citation Yang Chao, Peng Tao, Yang Chun-Hua, Chen Zhi-Wen, Gui Wei-Hua. Fault testing and validation simu-
lation platform for traction drive system of high-speed trains. Acta Automatica Sinica, 2019, 45(12): 2218—2232

RS G N L A IEAT R R IS AT SRR E

ek B3 2019-05-20 % H I 2019-09-20

Manuscript received May 20, 2019; accepted September 20,
2019

[E 5 B SR B3 4 (61490702, 61773407, 61621062, 61803390),
BB AE I8 Y A AR ) 5 2 4 W T R A e = (2017TP1002),
WRA TR RREIUE (CX2018B041) #l)

Supported by National Natural Science Foundation of China
(61490702, 61773407, 61621062, 61803390), Key Laboratory of
Energy Saving Control and Safety Monitoring for Rail Trans-
portation (2017TP1002), and Hunan Provincial Innovation
Foundation for Postgraduate (CX2018B041)

AT E HiFR

Recommended by Associate Editor DONG Hai-Rong

LR K% H AL SR Kb 410083 2. BLIEAE T Bzl 5
4 TP A B R SRR K 410083

1. School of Automation, Central South University, Changsha
410083 2. Hunan Provincial Laboratory of Energy Saving Con-
trol and Safety Monitoring for Rail Transportation, Changsha
410083

] g O B RAE, AR A E N RO, S
Fl Ah s gk B AR By 51 gk i g A%, RECS
AR T S IRZOHEAR, A 2007 FERFIE 200 A H
RS E L K, B 2017 4 H W) 0 HE
400 ABEMSHEHR KA, SR T G+
B E R AR AR R, BAR AR K3 A 55 3t
70 Wi F] 2020 £ mkizE B IA T
3 AR, PEBEE TR A AT AR T, E A A
IGE B INE & EEEHWEBITHE, KB/ E 2
Y B2 b AR A S A 15 A S5 I IR AR T R i R R
55, AR I AT ORI T e R R

B2 5| A5 3l RGNE N RS R R I R )
0oy, B RS G OIE 2R, BEE i g



12 34 WS oA AR A 5 A% B R GRS BeiE 0 P B WA 2219

BT R G —, WREEESFEE RN
B (1) B R E 2 — 1 — H A 54 5) R G 14T Al
B B 22 4 B BB AN BB SN2 W - 15 21 R s 1E A 1 A
HOACE T RE S REBE N, SR EpaEE, B
225 A i R = 22 Ay RABUR T R PRI il 51 4
()2 458 4T, Bl N AN F 3 60 82 51 A% B R G i s
WS TS AR I T B A,
2015 A1 2018 FFHFK AR FE R E TG NN EK
TH “REd S A5 A6 R G0 SL ) 12 W 5 N A
BOAE” A “rm il Bk B s T I ) S e A R — AR e A
AhEEE 5 RBEROR, YA T [ P iR 12 W 43 Jin 44
1) AR AT 7 [ AN ey Bk Sk AT Al 45 RS () 9 /)
A, Ht A 2 S A R S A ) R R T IR NI
BFF 1), AR ATF 7o) o T g vk [ B R i v
PEF CAF. 8 PG 1 HA) G JnE ok pe B 25
RSB YN 1N Y1

IGAUET & AR S 5 H AR 5 A AT B sk 1) 5
EFRL ONRESLIEE FIB T L & 5, [
B AR I R RS « 4 e T ) JE0 A R 2 b 9 4 ) sk
ANIGUERS R, BT A R AR R NS AT 2 AT,
H I I S A BRGS0 A
PEAGIS20 S57E IE® 21735 R EF & 1 IX )
T2, HBE2 Wb AR R 5 0600 75 B R G i
BAT Y N T WL R MR R RGN
B ASLAUL, DRI R M 2R A B 2 | R G i e v AR L
IR R IR 4, 1 LA A T AR
T JE VAN AN IR 3o 3 S b 157 B8 Ay N A1 S8

e ) 3 A YR T T 2 R R i 2 A% A0
BN 5 o HOREAN RO A RO R JE s R IE AR
VAR I R 40 B A mT B R b o, % AR
X G AT AT PR BRI RN DA, DA U G ]
PEBETH R RE DL AL S5 PR RE SR LA 4, B AR kb
A2 XU, B R R 5 AT 5%, TR, e ik 5 50
6 RN IE T SR FE VS 5N S B N AL 2
AUhngeas. SR, — 77 TH P A ) v i 51 28 e
MR 5 I8UE T 6 I B REMIR N 7T, 55— J7 T,
AT G & K B 2R s AT 564, HAERE
RS ER R B ASE S, P2 ] TR TR EEk
AT % A B 7 1A R A i 5 a6 E S IR
BRI . DRk, T i A J T [ e A A 2R 2 5| A% B
RGN 5 5 E - & BT, 58T Rk g 4
BELMENRA I EBE L R BT /K F ARG EE
=X

Rk, ASCE MR T RS EELME S RS
A 5 0 4K L5 96 A S~ 55 ) R T I () R e Tl s A O
BEROR. SRJE, X E N O B E R Sk

PERE PP AL H B X 562 U S 07 F0F 65 SEBL A T vk
MECARPEAT Z50R . FEBEIER L, B0 _E 3R X A
T B R TS, S IR R — M AR R A 4 S
P L WU AT 47 D938 FOBAU AL B R
B2 W SR VAL T AR AR 5 AL B R Gt S
WALSER 2T 6. fa, SEFRE T mES
274 Y BRAIE T 6 AR KRB T 17,

1 BRSHkE
11 SR SIET & R IR

B AR 5 36 AIE T & 32 G S B JELRT 3 S
WS =l s 7 5K, A SC SRR B R AR
AT /A R0 RO e A7 7 1) fa B e I
R SIZEI P A S 55 25 L J7 T ) = Fh izl 7 20k AT
TXFEE, WiEk 1 FiR.

* 1 PEEIITAMXS L

Table 1  Comparison of platform implementation
schemes
SCHL sk WRH AR e PN Wk e
V%S A5 fap it JA A M5
Bsy| i i i 18 b3
R fi& fiK fiK L v
gy ik ii LS i

SEWDY- 6 B AT B SR N R LR IS AT )
PSRBT 50, F& MR e DR SR i AR E L
(1:1) I B AT RS LRI & . 3238 AR W
JARA AT A SR, SRS E LB K%
AFAE T 5 1 1 Tl 47 4 1) 3¢ s 0 ) R 2 e il 1) 2 ()
WA ) R B T 51 £ 1B 5 84T a0 N A%
2% B E M Th R ANRLS . Tk, I ek
W5 EmREVEER T LW IR TAE, i§HR K
J& R A 8% A O 2 A A [ e A5 B DY B S R 1
1:1 =l B i 2h R 48 L IFJE T o i W L O F
Fi, I % A 7 5K, SR T B R AR
TR I A 1 B A A 2 W B 5 ) A P 3 5
B o IR R N /RO S T Bl A
JIT 02 < 1 11 7 RSB, R b e DA S e B A [
7 E AR B RS N R, HAFAE — o SR %
EN Y

L B & K2 LB, 1 B IRIE IE R 2
ITAT UL R il G i) 22 4 ML R b — 45 %
TN EZH bR, SCHR [25) #8102 %t i
CRH2 M &l s E4 5| KA E &, HTX
B ZE AT R TR BRI AT 3 5 AN YT BE 2 ) L1 A



2220 H 3

S 45 %

B THRIEFT; SCHik [26] 7ERTHE 2 CRH6 2 =ik 41
A6 BT 1IN HI TR BRI AT SCHR [27)
THR 73T oo B s iz s 0 AR, F T
HOAS R, B S A SOk (28] WOt
P H TR A W EE R S 4 B 3hig AT &
GREMT R, ZFEa R T —BEE 4 EE
X a]\ 5 ANl i, FETh 70 R A B il A1 ZEAT
2, JPRL T AN E RPAT A b, b AN R A s
7 EAL, R BT B & TR SE AT 2
IR0, A& A 0 B S PR EE R AN = 1 3
NS IN 1 R s SR B B

W HAV G HCE S A R AT BT B
M SR T IS HIA R, IR A 52 0. sk
Y P 6 32 b S 23 FH SN 7 L 4y LR
MR S N7 3038 23 B 7 FOR B AT 7 g PRk 47 1)
4 (Rapid control prototyping, RCP) 5 {4 1E [H]
#1/j B (Hardware in the loop, HIL) FiFf 7 .
o, HIL HSEY) 8o 9 SEBraz il s, SEIS 47 A8 7
0 EN GONBAE R G, 17 BN B 5 SRR 42 ] 2 i)
B e A — 2. FEAT B 5 S SEG A5 A RCR I [F I
HIL 4355 7 PR I, 520 MR RA, Sege i #2 5
Iz, BATEGYERTT M, B, MLy s
RCP 1 5755\, HIL /5 5 5 & H] T~ S 2 i i
AR TS5 TF R TAER. STk [30] #4 7 CRH3 &Y
R ER G RGN R 6, Tk
RSN SR RO I0AIE ; SCHR [31] #5573 T HIL 1
FA N E g L R LS B &, AT
560 1IF o0 0] R S B AT ) DTV 5 SCHR [32]3R H — A
BT mE RGN — 847 XML (High level ar-
chitecture-run time infrastructure, HLA-RTT) I
S5 PIAE I RIIR & I 2% B GE RAE), IF Jik T- 2R A 45 2
TR CRH2 B w51 (22 5145 5 R 4. ] 5012
il RGN A ] RGBT HAF & XL
R R SR RGO ] & EEES T
RO H B AT AN ) B S BRI, Tk E
P F T b3 S B T ARk, — e A f A
SUEEN RGO AT 6, B E T 5T A
AR HE L R G N BT BE AR B A B R
B, SCHR (8] SEEWL T FRLAH = P22 5] B A8 T I
BRASTAIL, SCRIR [33] X 2 51 AR A% Hh I 0] LA 4 A0 L
Ut F He A% RS A T K 3 2 R P Rk AT 1 AL,
SR, 4 I 3 6 ff B S MR v N IR M, —
T3, M A SR 2 W 2R T B 2 | PRty B O
I RFRBEN /A&, 5—T7H, Toikn 5
BT RGBT IR I 25 52 w3k 47 4 4

b HL A AT, D e ) R B ZE B IE - 2 X
FeIE DL an e 2 s, BT 5ed. e sE i &

AN R RAET &, — U7 sk Z X R /L
HAIEAR R GE RN MW T, A i fm Il Bl A ot
TN i B R R ) AT A A R SR TR 1 7 o T
B PN A SE IR A T A AE & A L. 53—,
tHXE DLIE I 7 5 80 B PR AR T B T B X
THRER SO MBI AT AT R AR AR AR 1 553 5%
22 4x, AT AR JE FOMBLLL. B, 3B e
5 3 LA A2 R 81 A 5K 22 4 AT SE BRI 7T 5 2R 3k
87 FH e 8 xS I e 0 X 12 Wi SR SR R AV Al
(DESERP S

F 2 A EASEEEU T RE ) i 4 R IR & X E
Table 2 Comparison of the existing high-speed train
verification platform with fault simulation injection
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Fig. 1  Diagram of traction drive system
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