FLSEVIER

Contents lists available at ScienceDirect
Engineering

journal homepage: www.elsevier.com/locate/eng

Research
Rail Transit—Article

SR EATIEEFSBMRFZIT RESFREAHERE

RARHAR

a,% b b

’ ’

* China Academy of Railway Sciences, Beijing 100081, China

® Beijing Zongheng Electro-Mechanical Technology Development Co., Beijing 100094, China

ARTICLE INFO HE

Article history:

Received 10 October 2004

Received in revised form 5 November 2004
Accepted 1 December 2005

Available online 14 February 2005

X7

44 (EMU)

B g3 5 B R 40 (TCMS)
BR3P 265

A Fg g AR

FERFG

Mk &

i 5

TR AL i

AW T ) R e B —— 8, dliE . WS, @ E MR B, LKA, A
FEA T4z 5 R 88 (TCMS) JF &4
B A A 6. AP e T EMU 27561 8 RGIF40EfE — k. TP afaF T

EMU 475 i W B HL A EMU 4> 77 i Ja 17 #4100 55 2221 0 4
© 2017 THE AUTHORS. Published by Elsevier LTD on behalf of the Chinese Academy of Engineering and
Higher Education Press Limited Company. This is an open access article under the CC BY-NC-ND

MHRAFNIEF & 3)7E4 (EMU) 2 5 0] 57 6 Moz e

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1.518

FeE ) 4 AL e 2 At S b S R R T AR I R 4
Z—. BEHJLHNRGEH T RS JLAMBE. JLTH
FEAFAR . BRI RGN T RGN IEERET] 3 F1 A
ARG, MERKIERG. THRG. WU, 3)
FHLGE TR BA. RN Asith. YU
FREZREOR . BB RS BN, BR T E
frvett s WA AR, pra oy i = AL I, B4R

* Corresponding author.
E-mail address: zhaohongwei@rails.cn

EHL Qe e TR EEE.

K ZERTIT. TERMN, o EEER AT
Btk T RO A AR HTE L T — B3 R a5 A
WMEM ARG, ShHelamANE RS ks FHB'
ihy i, Mk, 28 B LF e AR A . AR
ZIRMEE AT i 5 AR GH(TCMS) AR B
(BRSBTS TFA WK, IR UEFNZE S )AL F R A 41 5)
FHEMU)EGaFAPE RS, WAEHRIEAR,
THARF& .

2095-8099/© 2017 THE AUTHORS. Published by Elsevier LTD on behalf of the Chinese Academy of Engineering and Higher Education Press Limited Company.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

: Engineering 2017, 3(1): 122-129

: Hongwei Zhao, Zhiping Huang, Ying Mei. High-Speed EMU TCMS Design and LCC Technology Research. Engineering, http://dx.doi.org/10.1016/

J.ENG.2017.01.004



134

TCMSH A I &~ & H T % 24 3l 22 25 (1) ) 46 By
Bt. TCMS&EZNFEHM KK, EEHBEMITAE T R%
MBS NTHRIAR B, NMUEEEIFEH R
QAT RGO, BT REZ A EHZHE, mH
WEFE WD MAEE R, WA TR0
i WAIRDS, & XTCMSHI T R G i 4 0 B ) p
RAG. FEEMUME T ARG SN, AT M. ar4e
P PE R 22 A (RAMS) T 3K, H b5 o2& T U6 B B 22
SN RAE I AEGE 0 ELAS B A A R AR A R e A
E3

TCM SHMRANGSIE - & H T30 45 2H 4= 75 v Jo A 4 3
BB B . AT LI Ash R i, Sk B AN FEE RN
PRI R G0N SR R AE . AR AN IGAIE T R G842 T AN
P21 Ty B8 7 75 3 J2 2% BT TCM S BE B R AT R G A4t I8 i ik
BRI WS &0 T LS SO AR Ol i A 55, R4
e FAL TCM SH il 32 %6 Dy fig I 12X A2 W o 8 W 1K
i FH TCMSIIRF & 16 F T EMU4 75 J& A B, [A]
e AT DA 4 B0 4 2H 1 T R R TE]

B AW BV &, BT TCMSIHE R AN &
ML, B4R T =4I R I3 4 RS he
R, ARG BEFW. DGR, fEHE AL
PRI IE I = e AR R . RIS R 2R B U T
NGB AN TR AN B 2 A T Ry EAR R b, B
R TR AR H e iy HE A = 4R UARE RS T R o
W, S EA RN . Bh R H W B S AT
FHLAILES N BRI

4 FE AR L S A 4E b T & H T sl B E4E N
BTN G I ) T s LB ZE A IS A TR S SRR B
Hiz B AHERES BB S . ANEH b2edl T infs
TR E, Y RIERRRAR SN TARREIH
HOmfe P s s B . 4i97 A\ R X 865 B 0 Be iz
1158 HAE BN B 2H R IR 8] B 78 PR A 2 0 ZE I 4EfE T A
PRI T #3044

MEAIRTFE. WIKTF & B0 ETF6 ki
FEBUE AL S A e 4~ & 21 T 3 245 20 4 75 o ) 00 3
RGN ERGE . W% R G TR A] DL it
B B 2 i2 B 4 I BOGE S E A A AW A . Z R
G B FRIPLR4Ed N R, EieEM &, uf
FI TN EBGAE TAE. S5, WA EBRRNGEER
oot A 4 22 56 i N B e R O A S AN 4E B & A A
TR B E M Ak, i R T 32 = A AL 2 3%
TCMS# A2 Wi Dh e LA K& F RS e fivERe .

2. hEAF R MHFMLIEF &

TR MAGGAEF 5 2 TCMSHE A it 56
WE BB E RN R SR —F & % PFEIFREH
AT A IR AN AR AN SE I $RAE R GE Bl A
LR B ICHE RSB IT A W RS IR AT [F] 25 0T
KA R

2.1. TCMS M & F &

TCMSE—NEH RS, HIZEHAEAZE L
H LT & & FIhRE R 4T . TCM SR F AL n]
BY (AR AR AR T RE R, BRI A R 1
Ko FETEHIAE ML, TCMSES T 554 #Fx
NBNZER B A IR S A SIS B

TCMSHAFTF K G B LA HRFAE -

(1) $RAL i g 4b 3 2% (CPU) A N\ #6r H (1O) B A A2
K5

(2) $R LT R PE SCA

(3) $RALL W He Th e R A 5 Th Rg s

(4) E B IE BEREAN AR AT BRAT AR 5

(5) PRALAE LR WAL T B T R4

TCMSHEAF I R & &t an 1 TR .

TCMSEAFTT ¥ & I K% T ControlBuild, ‘& /&—
ARG TR T E, "TRASCEFIEC 61131-3 (SFC, LD,
FBD & ST)H T EIEAMRMIEES . HiE NLIHTCMSM
MBI R, B, BB BB AT 4
MIThRET K .

H bR WL 2R 3K 2 GLHE W 356 4, — 2 5 N Fi R 0K
By, RRANREL N S SRS 5 S AL 43 R A
i S—FRIEEE D RIS, KRN ELHRY
EMEMA(TCN)EAR, ERRHZIREEMHMVB)ELE
SCHL RS R E R AES, 4P E(WTB)E LS
B 250 B R AV A e . A 42 LIRS 759 7T LA
MVBFIWTB & £8 | & 326 Al IS R B0 A S 4R 5.

ThEE L F 3 S G R AR ThRE B AN P, GG
VRPE. PEHIE. B E A TCONIEAS L%, TRATAE 5)
A EEGEAEE ", B, 25T s
W EHE LN IR . RPN EWHIIT. )
EmE A, R4S E SR B A%
5 FEEEHIIERET S AL, XPE LT AT LA
TERL R ANDIZH, MATE iR %410 2
i, e ES . KR T 58 sh 418



TCMS software development platform

A

A

v

A

A 4

input/output

send/receive

Analog ¢

Control library (€

MVB data —

Logic library —

Fault code ¢

data base

Fault code record
and storage

Hardware Software Diagnostic Tasks Online
driver function libraries function libraries management monitoring tools
o Real-time
Dl Ital .. . . . . .
inpugoutput '— | Arithmetic library <€— Diagnostic library «¢— — operation system —» Software upload

> Tasks —»| Variable setting
management
Compilation, Variable online

> linking, and
generation of

TCN library l—

executable code

observing

Variable record

135

WTB dat_a <
send/receive

and display

1. TCMSEAFIF AT B 45K o

R, Y28k . 2. @AE MR
BB Re R TR ZEIF K

TR A7t ThRE 0 7 L2 W Thise, SREEH
TR B B E A AR . 0 SR
ARG LS g g 2 A B[RRI 5 P 4 2508

H Bl FEHEFN AR BT AT SO D RE S 18 S 4
1ERGRUT S ENLHI e B, Sk 7Rz, B
TEACGR AR R A, A BnT T 3AITE B AR R HAT AT
AT A

LM T REH TS Bis Rau S 5 HAER 4
i EASALEAR RS, E R BE R N RS
B BAEBNZE ARG MY B T s 47 5

TCMS AT R-F G I E 2 s .

TEFF RTCMSHE T & I, f R HE 1) ) 8t 2 4 A
FBDYREHE — VB ThRe b, B RE/E RGuisTHT 4b
TAFBEIZATEES, wiiath. BEELE .. SHREM
IEFIBATH B . (FUR I H & — NP HAT R DhRefs, 4o
R R FBD Y B T AN BeR G dm e A 2, FR T
SRR, a5 HCPURIBIR, RGBT RE.
N T RRGZIA R, 5 e U7 E A . 4 FBD# S 1F
IF AN [5] (1) BERE o3 T BUAS R R %, R A B0 2 A4 1 o 1%
FBEFE RIS o FTA FEAE FH 2B 74 1 2 G4 i R 5 550
EENASINFNEAT o %8 LOTERE AR T FBD
AT H 2 AT R o i), T HAB ARV T CPU S H R &
) I 20

2.2. TCMS MHAAI IS UEF- &
AWHFEBBMTCMSINR &, —FF NS RS
MR G5 5 — PR AR DhRe 0 B & . B R
ST & 0 T R GuRE AR SR R A A N S
SR W EERPTA M TCMSAE:, WCcCcUd s
HIER TG, HMIANLE DEIRBE . GWIRSE, i N\ 4 AR
Be. MVBHZRER, —27 Rl oo sE.
AT S bR 2 2 1 L B A, AR BT IR 2 B84
Can B AR RS LR34 KRG E, B R A
WS & ] DA X 44 1 i A 77 THD LA B TR 245 S50 A2F T g
WS . BAFEThEEDT I & R A ENTCMSHEA,
WCCUMHMI, (HZiXPHA FEETCMSE % % 1] LA
Re# 5 A AR R R A AT B R B
SERTA HAR P TCM S % 4 107 BB R, B AT BT $a il 1)
W& LIRS THEERAT A BRI & AT LA
MR A 4= ETCMSM. H 8 i 2 45 . 12 W Dhde,
H2 B A 3 At ) i A
FEF56F LB AR T A R A PR, FRATTER
TCMS - S2W 7 MR- 6 H R T 5. EA R T APl
WG OL A, AT CAR IR A, R ARSIt
TCMSEF R4 1. BEMIEE, a5, s,
1. RS BBt — S IERS FEHB R Tk =,
TCM S SEP AR & B DYAS HLAGER 7 2 A, L4
MRS G AR (55 A BAE AT B d O
F ML G RN & =B, FovshdEd bk



136

“EEFT a\a e LRI 8% ]
Project Bl com test(CCUM) | Bl Variable st (&) ms_sel 3|
Functional view | system view | HIL view | | @ poc ions | Naming attributes | Pre-condidons B Diagram |post-condivons | © Metrics | @ PLC Code |

T

E
(2] ax_work okl (zw_work ok) —
E

) cou_sys_timel (ceu_sys_tim J

[#/2] check conl (check con) —— [

B en_conml (ow_c u) —-> Pl

4] av_sta_tkl (ge_s ) —> i
r-gn_..m cp._pa...n >

B mvb_rest (b _res) ——> i ([l
1 Blms_sell (ns_sel) —>C

-ﬂ s el (ns_horn) === (

m

5] p002_y eqalarnl (p002_reqularm) -
B p13T_requanl (137_reqnan) —>

7B 001 _noulcecrl (p001_moulcecr) -
# BlmouZeeerl (noweser) ——=> CFUT,  [Tree:
& B mondeecr] (moudeecr) —> £FIL, -

21| par

Messages | Errors |

cter | Physical |

fpes '|°"‘P t| InputyOutput | Loc
-

Mresoni ¢

| Typa | Value |

wltemsl

EITE 0

, - \
\Standard fMapping fCommunication / al ]

()

B2. TCMSE i FIIF R & -

M)A HLE e — A B X I, LLIRAS A WL 148 2 I
BRI AARAS Hin M (5 2. TCMSH E 2% % (10
CCUFHMDAL T X 35k, Rt h T 43 42 41 7% 3 58
W, MmN EH, FNIEH G S dMmA
WA S| /A shiEH TR T mIFoe. TH/E 5
v o0 G EWsHIAT . TPRBOR ] DG A0 A . i %
FAFEERIT . BER. RER. FAPLE RS,

HEMH P EWEHERIREE, FRTEEERN
ML 15 5 0 AR X B AR BT 43 A B Al & G AR .
TCMS/ A ARG E T i <, g A\
MVBRELE . 75 25 A0 Hh 8 A 0 He 7 9 92 1) 2 15
WA 43 ] 5 4 TR DO L S BRAIG R 4% 1| BRI 45

S EAE AR B A LSRR RS, ERHTE
WA EE S . WREEFHBESHE TR AR
W, TEA55 A EAE PSR Hr &, B e DU B
2 1) o R LA 1 i 2 I 1) 2R 205 F SR o AN S

Fo [FFE, WARERESHEE R, fEE 5 A BHE
RO SR di N 1B A ISR R SR B RS S R R BT B
il o

{5 FAEH ORI G O . B E LA R
B, AMVBAILUKME T, MVBH#: O H T #E#MVBA
RS IFIER A EAMVBE . LUK M3 1
TIEBAF B BT EHL H B 5 A AR th 1 Bk
%, T RGN AR R ASAE S B IS AT R
AL E.

FR A A S B AN TR, TCMS T4 AT LA 43 Bl 9 3568 47
— B4y T H N 2 RS S R R R I s, bl ER F
FICCU. HMI. GW. H N, dlrasss: 5—
oy e T RGEMES RN, WaEs RE. HEME
W EEREFIMVBER R L EH et T, £
M6 b, B0 2 L g, TR0 2
T AT . 7 R G AR L FE A ) S C DI RRAT N K

N

He T



PN

HPHI R & B AT R T BAT . T RGM HAR A
MRYEIMA T M. WERMIMATCMS S 7 RS 4%
F, s M B i s AR A mT DL SR RG] 5o
WA EMGE, BREZEGIRIT, P iz ool
PIAR B T E A . RS T AT RAE KA
JEIRIT AR i, A5l RGEIEFHEE, 5TCMS
DigeAVFZ IR, B — DN E RIS/ (hardware-
in-loop, HIL)W 2= 5| ARG AR @ v, 585 R
AL, $IB RGN, T 5 TCMSH R HIE SR,
A5 FH — A 5 BRL p 42 SR 3gf AT DA

HH TS 07 P & I3 Bt 5 92 bR g 42 A
[, BT UG BB FEHIE S FIEAT T, e
A A AR 5]/ B AR, I TCMSHT T 5 St 1 fi
K M RN, WA A BB A AL S S LT IRAE
ITAT N, W N3 5] R G0 0 s ik 2% A, TCMSHIF
FA G0 1) AT Bk v DA AN BT

H T TCMS 505 B G R H, KZI185%HI K
132 55 F012 W Dy e AT DA AR, B m] R BT

137

Bl DA LA, T DAY S s RO A B A I K ]
B E R PR AR . PRI TCM S SEA Y- & A R
T M Tz dn R RAE B, B M sh 4 475 iy A
WP RS —E )

TCMS+ LW 57 &G a5k K3 R, S sem i
PG 4FTR.

3. EMU BRI ETF 54

3.1. EMU Z 3 T &

EMU 3¢ 45 20 & ] DLES Y #/E 3 2h R i Ve LR
Je BARBAE VGG AT AR 85 Bh R AF & JniE {5 5 A
TCMSE T RGBT 2 n] LARF I ATTE 3 4240
HREDL T IHRAE, BV AT A AR I BRI &
T, AT AR 5 B A R 2 2 A A

AEAF HAWE WG 7 &, 1% TG0 EREI
TCM ST R MR FI IR & 107 B AE, & 5 B H%E
— R AR R 2 8. M A2 B h e AR R 1

N ST S S T PRSI o 7 — — N - e
— S KBS AT AEMNCT & e, SESEPRE) HMLIRI R, E3ZEA R 707 BRI REAl B, = 4ERfE
Physical parts WTB Physical parts
Mve T TR T MVB
! Unit 1 Unit 2 T
! Subsystem Subsystem .
! on vehicle on vehicle '
Unit 1 i >| HVAC | | HVAC |<— ; Unit 2
Unit 1 Cabinets on vehicle | Cabinets on vehicle Unit 2
Driver CAB @ 5] 5] 5] : >| Door | | Door I k] k5] ? ? Driver CAB
SIE|5]|5] AR RIRRIE
8 8 8 8 " || Fire Fire 8 8 3 3
ceut ‘z.: o o o v 7L_alarm | | alarm | “%) o > o ceut
=2 o o o 1 =2 o o o
= = = = ] | Passenger Passenger | = = = =
CCuU 2 2 2 2 2 | information information |\ 2 2 g g Cccu2

| Light |
HMI 1

| Light I\

HMI 1

BiEiEIE

{

{

Unit 2 HMI 2

Cabinets under vehicle

Electrical
signals

J|CIEIEIE

ATP HMI

HMI 2 Unit 1
Cabinets under vehicle . .
Electical — — — | Simulation
signals 2 2 2 center
Qo Qo Qo
8 8 8
------------- o~ ® < [ ——
\ o @ @ \Simulation parts;
| ATP HMI 2 o S 5 A
' g(l5|s
. > > ] || Electrical signals
! 2

Vehicle 5 cabinet
Vehicle 6 cabinet
Vehicle 7 cabinet

!

Traction control | |<—|

Power supply
Brake control
Brake control
Power supply

° ©°
= =
= =
aQ Q
o o
I g
© ©
o w
o o

Traction control | (S~

Device under
vehicle 4

Device under
vehicle 3

Device under
vehicle 2

Device under
vehicle 1

Traction control | [<—>

Power supply
Brake control
Brake control
Power supply

©° °
=3 =
= =
<] e}
o o
g g
© ©
w w
o o

Traction control

Device under
vehicle 8

Device under
vehicle 7

Device under
vehicle 6

Device under
vehicle 5

B 3. TCMS - 52417 -7 & 454



138

E4. LI ET G () AlEG: (b) TiESEH TG (o) M) s RFE 5 AL B S (d) BEARAERIR.

IAEE (CLFE B A WU B AN B AR R s vr, R %
Jiid, ACAT BT 6 T A B, i B AT BAORAIE
Jo R R R I R

A E B ET G h A, SFEEA
AINUERIE S0 ShFEHREvERe i B B4 IE
B AT IR AN 47 B DA K 3 A A R AR A

A A HLIRAE T & 07 HARRE R LR A 125 2850
PE, w7 gl S H AN, 2 SRR J7 st
Ky HAbIZH a5 54T . ANLEIR B 4 d o Bl
A B A = 4ERA R BOR, SRS T T )
A e . AR I R NLRAE R, A BE &

I PR TR, R A AR R N 2 A 3K R A LR
T ER.

NFEABRAEVEREDT M S TCMSH K AR 1IEWfr
K, TCMSHT ST ML Eh A A5 f#3h. &k,
WAL E L A 1T, TR Al T R G, PR
B VE RE A BCHE 4y HE ETCM S B THRTINR SF & 11 £t
NEAERE B TCMSH 1 5 G 2 37 8 2 i A 1 1 )
AN A

A B AT BRI By, IRAEEh 42
PR LRE, SR OERO0T AT 5 R LS PR AR I AR ),
i bEd RH dhE. EEL X R AUE A
FIRIA L, AR, B3R, BRIESE, AT LAERAL =ML
S, 7 EIALAT DOWLEE I 3h 2 20 A 37 57 S BN
THIBATIT M B AR, T AR OEEE =4, A4
MEEN B EHNINE K ILISATIE, 18173753 #i
S EHBA R KRG R &, S SREA 5] 7).
il 50 73 KR FEAE A R KA, IF HP AR AR LA AR B 07

R

MR 48 2 2 2H W B i g, 93 SIS S TR B 2 A i B
FEHL . 8 ST RSSO AR, X O AR 2R N g e
IF, AT DA 2] 47 ) 4 423 i) 2R G o s — 22 4 IR i 4
AE R, FEINUAT LR R BRI R, AR R
B NS ST M ] A AR, SRR B MRk,
MLAT DAHERR Z 0%, i ] DU S N &A1, =IAL
AT ALK SRR E BN R0 AT B0 B afl DA BR iR A 21 ik
RSB, T I 0 E] AR BT B 0 43 18 4 B B iz AT
WA AH B ZE LB AT 210 77 v A

TCMSZ i 5 &5 25 an & SR, TCMSZ 3
HVEE 6 R,

3.2. EMU i 8L A 4401 &

HTHE R, ShEHAFEARBGEKERE L, Ll
HIEHBNBITH, BHALKERZ . gEBRE. &N
AR S N B E RSk . Bl 4 21 I R H i A e A 4
PV G AL IR AR T v R B PR X HAR 2 T A
R SERTMALRGE WA EHEREREATIRE, fRftinfs
HARZFH TR 2 EAEIE T, Wi T8
P s BE S FHAEE, BT H0E A R P v] 5k AR
) B

RO KA EBRMB AR MR, GPRST
AL AR . WLANTG LR JR) 388 X 456 AR L% Hb T B ) 4%
Ao BHRERA, HEEETCg Lk B 5w Ao a3
RGP . TR e o8 AL i e B 2 42 2 A Hh [ d
FERMRE, BAEHEVHAMVBE: N5 E5 RS
¥, 1 GPRSHIWLANIGZL fmydgk o422 11 5 4[] 5 G0 %



139

Driver operation console Running circumstance
simulation simulation
Command device Displayer Track condition Circumstance
simulation simulation simulation simulation
Driver Panto MCB Direction HMI Instruction Up Down Track -
. N " Buildings Trees

key up/lower open/close switch left light slopes slopes switches
Traction Brake Auto speed HMI Neutral .

handle ‘ handle control handle \:’ | right ‘ B! \:’ \:’

EMU function and
performance simulation
I 1
- Passenger
Main control Auxiliary CAB Monitoring relative
system power instrument system systems
I |
Traction Brake Network Battery and AC power Wiper and Sanding Lubricate Coupler
system system system DC power horn
[ [ [ I I |

Measurement Signalling ‘%‘i‘;ﬁmgic Data and Passenger Video and Radio Fire Bogie Safety loop

protection system device communication information CCTV device alarm monitoring monitoring
Door system HVAC Lighting Toilet and Kitchen

system water system
[ [
Entry Interconnecting Drlv_e_r air Passen_ger air Heatl_ng _and _Inslfie Quts_lde Toilet Water system
door door conditioner condtioner ventilation lighting lighting

El5. TCMSZ 3 71 5 45K o

El6. TCMSZ 3 4jj 5P 5 .

by TR £ 40 Ak R R Gt DL v/ 55 4 1 B0 bl B AR X
BT mES B ITIRES T . SEREES. EL
HIZEAT B R ER A PR S T 5 AT S5 D RE

T FAE e B (WTD) 223 T3h 44, RgGEid
MVBMZIREUA G S, G2 B 5/ EWkss
PG /W A25] 1. B EaR KH FH ) 3l it N 5 2% i

W, IR AR BN R R IR E 5 2, I BHEGPS
P AR S o 3 I DA 0 B A £ 47308 15 SR A5
2 R R P B R N AR K

Kl Rk AR SOR R BRI T R G SR, P
Z AU A IE T3 (UM SE I A 36 AN E R AL ) £ 22 st 44
SR R IR e AR B S vk (an Hdls S AN B E A A



140

MLtHH T RS, BT L BTk, SER, fa
SE - ESAIE  E BEEE. 1e . AR NEL
ValE. M FEPE N A, BT REai. M
) D1 SRR AT RS R AT RS 5

T TR A R AR A P, A AR R A H R [
AR A, I A7 e i K] 4 A AR e e i A2 o A AR A5 ek
RRZE Gy o MREE DT S A . W B A 4R 5 KA
R, BEZHW S CAERT DU RRAI4RSE, gt I st £ds
B I Ty I A R s SR A S AU R &R, I HAR
TN T 7 1R A R U R A TAESE

K B/S(Browser/Server) 444 4 F P 3 (L F5 i 5
W SRR, EIXME T, M TAES 2
I WW WISk S B, AR 2 38 4 = 5% 08 4 A8 T
(Browser)SEHL, fH & EH 5B 11 AR 55 2R i (Server)
SEPR, TEEUITE =2 (3-tier) 45 My . IXAERE KR fIL T %
Pt SRS, R T RGYEY S T AR T A
&2, BT EAERA. AR, AAFE R
Mo, DAASIE 82 N 5 sU(ELATLAN, WAN, Internet/
Intranet®5 ) Vs [ AR AEIL R OO s i Re A Rl pr 3
7 & A0 B ] SRR .

TCMSIZ F& 6 A% 4 A1 447 & 45 89 0 147 BT s
TCM Sz FE B AL S A4 57 & B 8 T

4. 4538

TCMSH 4 H & “F &+ TCMSHll ik A1 56 iF 7 4.
EMUZ B1jf 57 & I EMUIZ FE i A& f e 37 & 2
WNHTHZ0H. TCMSEATF A& TCMSHHER
IR 5 4 87 FH - R [E CRH3 2 51 3h 42 20 A AL s
350 kmbriES)ZE A I R MRS UET H o 7EVF 2 H 2k
FOP S WKL ITIEE E MUE AL B A A N i Y L
TCM SN ZELH AT & LA SR S8 F & 78 B 4
R . TCMSHIT R Ge 42 D A sh ek, Bz s 1
B mER T R 23 BT RO A AR ok 7 R 6 UE R R T AR
H o BhZE 402 3) 11 & 0] DARF I AR 3 AR R R LR i
A, BEAREAEREAN R MERE, FEMBAT TS 5
A B A % B 2 4 N 2 A B it . EMIUSZE 2 200908 A%
MLV S LN EHRIBAT IR TR E AR SR, —
G At R P i) R T AT AN R R B B i a4 N
RS, IS T g, s B %

Data
user
China railway Railway bureau Railway depot EMU manufacture  Research institute ~ Subsystem supplier
Dat Expert Expert Operation Expe_rt EMU
ata Itati department operation ;
analyze consutation knowledge fi depart t maintenance
system database meeting epartmen consultation
management meeting
' ' Maintenance
Remote task assign
Data maintenance Historical data
use system retrace
Database server Emergency handle Maintenance manage Web server
Data input
Remote
Data diagnosis ; :
Fault diagnosis
Data input server Database server Fault code dictionary Diagnosis model
Speed Lestio Axle bearing | |Gear box bearing| | Safety loop Fault Drlve_r
Remote temperature temperature status record operation
Data status
acquisition supervision High voltage Traction power Brake Auxiliary power Door control
system system system system supply system system
device status device status device status device status device status

E 7. TCMSIZREE AL s A 441 6 4584«



HEEHEEEEEEEEEEEEEE

Tie | mewm

& 8. TCMSI A H IR L fmMgEy V& .

JEEA G 7y BU4EAE T AR I 52 71 s 4R AR T
TP 6 AT N IR SRAG T R B CR

HTF UL G DUABETHB BB 4R B B — B AL
AU XL SRR T B4 A A A o A A B AR GOF
HIPEAE . BTG &AM T 475 a4 98 2OF HL
N AT i A B AR GE I B A R oy . RREEST
SIS HIER RS . sh A BB
G W LLS E TCMSHA T A A ARG E T 65 R T K
g R sh A I IT A, I BT S0 G w] LU T
WA AR AT . EMUSE F2 S04 1% 4 A 4 47 -1
Xt — PR, BEE D R ARR, Sh A R
LR 3T i s ST Th e RS AT RESE L. BEAE BH D,
FeE N B LRI 22 e AR 5, 3 4R 2 4 7 i o) Bk
ACRE R KA -

141

= CCU &3
w R R
= |O A
= MVB i {5 H
= \WTB JE {5 i
= FRER AR 2Y
(P& |
u R

HR 4 2
= RS

Compliance with ethics guidelines

Hongwei Zhao, Zhiping Huang, and Ying Mei declare
that they have no conflict of interest or financial conflicts to
disclose.

References

[1] Zhao H, Mei Y. EMU TCMS digital design and validation platform technical
report. Beijing: China Academy of Railway Sciences; 2015 May. Project No.
2013DFA82220. Chinese.

[2] Zhao H, Wang L, Zhu G. High-speed train network control system half-physical
platform technical report. Beijing: China Academy of Railway Sciences; 2010
Jun. Report No.: TY2861. Chinese.

[3] Zhao H, Xie B, Xia F, Zheng X, Gao F. Research report on fault oriented safety

control and integrated testing and simulation technology for traction system

of high speed train. Railway Technical Innovation 2015;(2):31-9. Chinese.

Wang H, Huang Z, Hu H, Wang L. High-speed train remote diagnosis mainte-

nance mode research. China Rail 2012;(4):41-4. Chinese.

[5] Lu X, Zhao H, Huang Z, Gao F. High-speed train running safety monitoring
technology. Rail Locomot Car 2011;(2):34-7. Chinese.

[4



