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Using Artificial Intelligence in the Configuration
Design of a High-Speed Train

Lee, J. Y.* and Han, S. H.**

ABSTRACT

Artificial intelligence has been used in the configuration design stage of high-speed train. The trac-
tion system of a high-speed train is composed of transfommers, motor blocks, and traction motors of
which locations and number in lhe trainset should be determined in the carly stage of the tain concep-
il design. Components ol the traction system are heavy pasts in the teain, so it gives strong influence
10 the wp speeds and overall tain conliguration of high-speed trains. Top speeds have been predicted
using the neural network with the associated data ol the traction system. The neural networks have been
learned with data sets of many commercially opesated high-speed trains, and the predicted results have
heen compared with the actual values. The contiguration design of the trainset of a high-speed train
deterimines the basic specification of the train and Jayout of the traction system. The neuwral networks is
a uscful design tool when there is not sufficient data for the configuration design and we need to use
the cxisting data of other train for the prediction of trainset tn development.

Key words : High-speed train, Configuration design, Trainset conliguration
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Table 1. 7+o] A agk galo] dAds:

71 % 2} o] 9
J Wheel moment Kg-m
{e fnput lorque N-m
r Wheel radius M
b Viscosity resistance kg - m/sec
w Train weight kg
¢ Aerodynamic coefficient m'fsec
g Gravity nvsec
Table 2. v} 3 Al 23 b
o B 14 X
Wet condition | 0.54 1.2 0.29 0.29
Dry condition | 0.54 1.2 1.0 1.0
4 (5)% 2ol RHA,
slip=@-r-v>0 (4)
# =y exp(~a-slipy- x -exp(-f- slip) (5)
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Table 3. %5 o) Zo] €] I(TGV. Shinkansen, ICE)
input nodes 0:55:1
No. of | No. of Top
s Weight | Length | Power [Massisear| O™ | motor | wailerr | N . | service
class i seal ) traction |
(ton) (m) {kw) {ton} (kw) carftotal | 1otal motor Speed
train train (km/h)
TGV-PSE 385 200 6450 1.046 17.527 020 0.80 12 300
TGV-Atluntique | 484 238 6450 0998 13.299 0.17 0.83 8 300
—_— TGV-Reseau 386 200 8800 1.024 | 23342 0.20 0.80 8 304
TGV-EuroStar 752 394 | 12200 0.947 15.365 0.10 0.90 12 300
TGV-Duplex 380 200 8800 0.697 16.147 0.20 0.80 8 300
TGV-Thalys 385 200 8800 1.021 23.342 0.20 0.80 8 300
500 1264 404 | 18240 0.955 13.776 1.00 0.00 64 300
Shin 400 5759 148.66 5040 1.443 12.632 0.86 0.14 24 240
kan- 300 1037.4 402.1 | 12000 0.784 92.070 0.63 038 40 270
sen 200 1785 4003 | 11040 | 1451 | 8976 | o088 0.13 48 240
100 1428 402.1 | 11040 1.083 8.37 .75 025 48 220
ICE-V 296.1 113.42 560} 3.567 | 67470 0.40 0.60 350
ICE ICE 1 906.2 410.72 2600 1.405 14.884 0.14 0.86 280
ICE 2 418 205.36 4800 1.130 12.973 0.13 0.88 4 280
Table 4. 3 1 5% o ZHo]¥ 2KHST-K. KHST-11, KHST-21)
input nodes output node
Weight Length Power Mass/no. of | Power/no. of | No. of cars
(ton) (m) (kw) seat {ton) seat {kW) of a train
. Top speed
No. ol P.m.p ulsion Traction force Adhesion cocfficicnt oiﬁi{phcc
] No. of resistance 2 2L ) 2 tkm/h)
motor car/ . o (kN at (42 A )
total 1rain |A€tion motor (-8 43 350 ken/h ¢ 150 knvh
olal frasa (kN at 350 km/h) i} (ac )
704 387.2 13200 0.82 4.1 | 20
KHST-K 330
0.2 12 131.0 1712 0.07
458 218.9 13200 1.0 29.0 l 11 )
KHST-11 385
0.36 12 81.6 1324 .07
780 3935 17600 0.86 19.3 | 20
KHST-20 385
03 16 1314 176.5 0.07
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R = 0.77./10nM + 0.008 Mv
+(0.02225 + 0.00352 )" x 10 %)

n . Number of axles of bogies in a train.

M : Weight of a train (ton)

T :Number of passenger cars including motorcar
that has passenger seats.

v :Speed of a train (km/h)
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Table 6. KHST-212] 2 2% | Z417H), ICE, TGV dlo]

SR RARSY.| 227

Power car Motor car
/

:‘ 4 ||“’ Pasikngelﬂcar Jl >
o0 OO0 OO O

Power bogie @@ @)  Trailer bogie O‘D

Fig. 7. Test wain A of KHST-21.

HE &)

N e A B8 (%) Table 7. Prediction of top speeds(tcst train A of KHST-21)

WY 308.6 350 88.2 of =gk REE A3 2 (%)

ICE 314.6 350 89.9 Test train A 3727 385 96.8
TGV KLY 350 85.7

P 350 93.3 FUALE AT TOVEARS] Aasert we
= - ZAgk7] wEo] Yol L2, TGV B dlolg
Ao e sguole2A Bk 47 63

#2712 A7 gke Table 500 VERAA=E, TGV-
K, ICE3, 217H17002) H &5 o) &2 47—} A4l

e R G2 HelER g, 3709) A3
goll ofsted offo] A} Al o TGVKE UF
73T a5E 98to) TGV BAHE9) dlolg & ol &

shsict.

Table 52| ZA3olx HARjSo) &8 Hxts) o
FHlolEE AF T X7 M2 FFHo] BolA, o
4 AL 0] Aoert 4E =)

20024 F=toll A Al A 24 HE(KHST
21%=, #3EE 350 kmvh7} A A BiEx)o|u). Table
3| Jepd dlo|El§ ol &-3sle] shs5dt QdgAALLe
E3] KHST-219] #2458 o239y 1 2AnS
Table 62l VFERASLT)

Table 694 ICE-V, ICE 1, TGV Eurostar%},
TGV-K/| AAA)=99 540 e} 8 J54 4
Az AEEAY, B S0 TGVKYT $20%2) ¢
A FollA AJALHE 4719) Aol JF o] A
a2 FEEARA G20 A7) 7002 16
grel G FollM 12702 Aol A9 Lo] Bt
o} 9ot

KHST-218 & 20%F2] 23 3 e ap3el] A
Ar|xefe] Qlov s Fd YF a2 B5E 5
Ao o2 FAKY mWio), Table 60l Yehls
ol, 58 AT A} 259 ulelglz 535 212
Aol KHST219 X452 di} 383 o=
A

SHE el AMEY TGV ¥a59) HaLEr =
= 300 kmvho| 22, o] Hjo|ElE dt4d Q12T
o «iS ZHE 300 knvhE Rojupx] E3hr} o)zl

RFOICE 2 41z o] 888 7499 JYEiR
HILE o Foj| 7|edshs np7) ke SdAy. F
g AF4 43 259 A9ele, MR 457t o
& gAER T 22 B8 54U KHST21
o] HILEE of F3 ]

M GAZ2HAIA 2= ARt s RHhEEe] A4
52 A" 2 AEsl7l sk AMEREC g 79l
SelvEolM lekdl KHST-2183ke] A2} A(Test
train A)— VeElgIT) RS 73ke] Ao g
A2 e 22} 2uke] 532l Power car) @ 37
21-(Motor car)s} 3ake] Z) A (Passenger cany® A

it

P TEHY dloJE S (Table 4 &%) o] -5t
St AFAA NN A AR} AL ARETE S5
&, 2 Aol A4 S Table 7904 YeRATH

AL} A9 el a5 dlolE & A
H M&£EANL] At U3 xpkow pAF|goH
B ARRE QTR EE T2 Al AR} B4
of &l B} A5 52 =9 5~ ) E3
gl=o] L] A Hsl] Y B}

Aol 714420 dolve m o) S0 3l
oo AFNAGE FH AT A2 AGgAA ©
ANAT AR TS of -85 wga % gk,
4. ASHBLF 0|88 HRje} 74
A
FYAAE o) AT e TH 24TS %
3k, A Bao) Pk A2 FAe
W R Jmlgepee olxe T AAE AEel

BCAD,/CAMBR] =53 AW AM43E 20039 129



228 oj 3%, st

RgAA AN e Qe AT 2
Alzlell whet v}z Gh2A A AYE *”f- Sict.

=R L Gap rAAI) RRE, 93] 4
o], Zuk w AelAAg)e| wixjol AAY A} 9o
2 Attt & 5o, FHA ¥ AAHF7)9
S22he}, dap dale) 9 % o], FHE A ske
7o)t}

FHARY A A@AAl dAAM, 7)1E
of g3l y&A o] 4A diojHE A, §
FEEE AV 5 AQA =R &3 W 7S A
st2, o) Hal @Akl AA A 3k=Atrainset
configuration) 710) A F7}2] 2] YLHE1 A At

A543 We )88 FAAAE st 2719
input node®t 6702} output node, 3719 hidden
layere zhe Q1FA7ZARE 23812 backpropagation
L afialA e, ol 23te] Qnet ZZES )7} o] &
L el 8

o)g g 213412499 input node?} output node2|
2)a]Z Table 8ol YERAAT). Input node® '-H%—
il s S A 2 27, HAXER 2 5
2 47} A2, output node= G212} HA A 14
2, AN AR ] wjA] g B3 ER °|—r-°1’»3‘:¥

TAAA ARE deg) ool Ed AANE =
23}7) 94311*1 Table 85} 7o) QU3 ALe| st58
HANA vl Ao o] AF gol AgHALY, F
3 343 5 B9 diojel = 77} akga Q1
AR AL FaEAM, MR O AU
2go) w8 E s wasl
VEA7AGL o] &3t A7Hd 7004 F 232 +
dAAE 8T 43S Table 901 JepA=el, 1
AR g delEs 700 AIE BAE A
A7k 2159 wjolBE o] FoH

Table 90l W) u}o} o] Q1F A Gl A ¢
A2k 700 AQ dxbel FF R 2AME7)Y A7
7t AL grk o & olge, 700 Ald 2217t 7]

>

Table 8. 212] -FAHAE 18 1 F A7) 9

Table 9.A1H 700 AR e} 744374 A Hlojez
aha)
Axd 2a|  AA
T4 At da 74
Weight 1136 1120
Length 403.0 404.7
Power 15989 13200
Motor carftotal train 83% 75%
No. of traction motors 55 48
Na. of total trains 16 16
279l A7 PSR A EEHOR A
g3tod, y_q —3-%%*91 AAzgow U A

FECE s, e o] $AL do]l UE 5
917] W Rolt)y. = A7H700 AID Bx}o] ZSUA) A
Ho| ZlgAo e 7|Ee 47Hl HAUA£R 2ot 3
RF7| o) Fof), o) Fel Axprv} A2 0] A2
do) ARg-ES .

AR dolel 9} T YFH DA 159 Hlo|H
£ o)g3l Gd M2 vl 9] AFAZE YA
z}z} Dozl KHST-212) 747274 A= Table 100
YERR AT

8 24 ARl ﬂ?&*ﬁlﬁi e 9133
o) FA4AA ARE, ¥4 AFA ¢ e
ZAnpol vlsled ANHE7|9} FHA7L %l*‘_l
ol & ol f= T B A} 2 H
e Yk, 3 T2l vy QE% 3}:'-, KAt
T Be A ager -‘.MJEM al | wfjiol},

ol g AN ARe] AHY Y $A414] A=,
FEIE S 4& 57} °‘°U§ 3R] ¥t
52 AZAdl vlste] A FAe] =2k Bk A7l

n;‘R J
)
M
g
(=3
-~ ¢
2

1»]

’z

Input s

nodes Hia &5
di FTF
aat 2o]

Quiput %3

nodes | SR AR 2N AT N8

Aa) A FY ke

AA @3 5

Table 10. KHST-212] #4344 fM(*I e 3
Gz} dolEHE By
NS E S fﬂ e
: = 2
ﬂ 71-4) ‘%eﬂd B Rt-_’_a;é} 'J }“
Weight 1341.6 687.5 712
Length 407.6 385.5 394.6
Power 19809 .4 134758 17600
Moter carflotal | g0, 25% 0%
train
No. of traction 69 12 16
moiors
No. of total 16 2 2
rams

SZCAD/CAMELE =& A8 A4E 20033 129




omne %‘@! A2k
T ak(16H)

w_«cb-“

Fig. $. KHST-23 %Ak 74,

of 2534t
KHST-219F $8) a4 @3 289 HIAEY
d)x)o} FAME wiiol], B9 JAEA 43k 289
KHST-219f 3t 3344 3, Table 10044 Y
Ehjsiof ) FAdel Bl rHs Aok
KHST-219) 47 24 72 S Fig 8o JepId

o} KHST-2t& #h$ o<l ""M FgA 9 S5
7t glen], 7b FHuiAel el ALAEIE A
A&k ol
5.8 B

ol A vjsA e 4—°} glolefst B3t
U8 e TRE 5:4 e npEA Faae
& 7R glenw, - «~zas;94 G AA GAteM
88 Tty :‘,t% *ﬁ golel s v s ¢

B

}.
L AFAAGE o) §sle] FoH AABE F 8
AESE d5Y 4 Uk Wbl 84 934
A AL dolelF ol e o
FAARE ST, s 2ol 43
ainset 7L L4 ASE 4 ek E§
Fol7l dlagte AT ATARLS s vloEl Al
St HstseE, GA AEe BFNRBE T
AR AAE SR - A0, YAL S o
9} -
Aoled

Q

I
=
b

0
i
L-J H

e
el
0[’4

>IELr

X b o2y

- A

= HlolE) serof st l ’F— HE A}

A vl Eie - 2R, ICE,
TGV, KHST-21)9] '%!z o]4-3| §ha 2 AE
N, 29 e %ﬂoi RN
= ATEES S, ol Huds AoAls
B dhole dels) gz} Az vigel) wlgels)

B3] @A g e, Q3] wol
B o8y A e ARE FAEUL trainset
o} ARk th27) diEol, S o o] JHAE7}
R wre Ae-9) v =} 2 FA 7L o]
| AP} Lo FH-2 o] 74 trainset A
of e AMEANE B o, A3 A F U
ol

AF273Yg Eot date} ~AAQA e F

.“o-—L

fl. 1

Ag sk Aeatde] AF, FHA B AAHE
719) R4, Fake] BAEH 2 AYeyt
ANFAAgo g AR} +HAE FR617) A
M, AAE 2A1e) 290 A0] 38 HENF F
g 4 FolA ofd Balg +&BAE nlY 43
B, 39l gk wiolg 2 g 3 NTE
3 AAAE sk 2ol AR} olge st
BA g Bzt oleig ddA BRER
B, A 258 7H 427 Gl FHA}
of z2ab gl A A Fajelr whalsle I:‘*I. Ry el B
g 912, ¥7ieh AABE7Y oA 52 B 4
Ho=Z g:'g '__}- P ol l’
BE T8 ol Ao 7S XHHEEE
A s 2Rt WA oleigt 5t
4A Az AA dAle] g Z gl 28 oz
& o] Y. &3] FALARE A 3G T 4
Ao o] Y= AAE REs7] i, £9 @
AA7} ainsete] PG W} HES) A sok &
2t Ak, o E YaiMe dEElolgE o Fotet
L (o g0l U5 Fika2 JeElE HlolHE
F7 o didh 29 4% B gAs] Algsiol &
Zlojtt,
¥R AR AU e A wEUR
A=Yl 1 5 FolE ar%s_i shd, 42
Aste 3EEE Y s s A5 A5sa, 3
ARG 3 7}11 FRCEE AFNFH T 222
of A whE S fA] A4 B, ME7ke] A S
24 s S-85hA 288 4 A, 53] AsAiar
= A ol Hysjol AR ol ol EHY
S 57 23F Aol (A EE “‘Z}TB(H*L
FEA UE £ WIS AF), AHRske Aot wiy
st

ZAe) 2
7o) vigol 4

F4 44

PFCADCAMHE =73 AsT A4E 2003d 129



230 o|4R g

= |

—

AE, CHEAAL o3 A4olrtdn), 1997,

2. Andrews, H. L., “Railway Traction”, Elsevicr Science
Publishers. 1986.

3. 0148, TReE, 71T #8l9 TRIZ oS o3
HE tizpe] PAALA dFIA TR, vol. 29,
No. 3, pp. 230-238, 2003.

4. Hagiwara, Y., Tanaka, M. and Ucno, M., “Evaluation
of Advantages of High-speed EMU in Case of Senes
700 Shinkansen High-speed Train with IGBT Applied
Traction Systcms,” Proceedings of the World Con-
gress on the Railway Research 2001, 2001,

5. Tto, Satoru, and Heumann, Klemens, “Optimal For-
mation of Trainset,” Proceedings of the World Con-
gress on the Railway Research '99, pp. 961-966, 1999.

6. Murdoch, T. N. S. and Ball, N. R., “Machine Lecaming
in Configuration Design.” Artificial Intelligence for
Engineering Design, Analysis and Manufaciuring,
Vel. 10, pp. 101-113, 1996.

7. P24, TF, FAZEA AR LA T
44A WYL, CADICAMEE) =23, A1, A
2%, pp. 163-172, 1996.

8 Koo, D-Y.,, Han, S-H. and Lee, S-H., “An Object-

oriented Configuration Design Method for Paper

Feeding Mechanisms,”  {nternational  Journal of
Expert Systems with Applications, Vol. 14, pp. 283-
289, 1998,

9. Munakata, Toshinord, “Fundamentals of the New
Artificial Intelligence,” Springer-Verlag, 1998.

10. Hoffmann, Achim Guather, “Paradigms of Artificial
Intelligence,” Springer-Verlag, 1998,

11. Garg, K. Y. and Dukkipati, R. V., "Dynamics of
Railway Vehicle Systems,” Academic Press, 1984,

12 Ishikawa, Y. and Kawamura, Asuo, “Maximum
Adhesive Force Control in Super High Speed Train,”
Proceedings of the World Congress on the Railway
Research '99, pp. 951-954, 1999,

13 MeE, 8, “DIATA 71 GAlA A
4 g wold dAele] AR CADICAMES)
=2, A4d, A2E, pp. 100-109, 1999. 6.

14. Russell, S. J. and Norvig, P., “Aatifictat Intclligence
- A Modern Approach,” Prentice Hall, 1993.

15. Snavety, Gary L., “An Abstraction-based Method-
ology tor Mechanical Contiguration Design,” PhD
thesis, University of Michigan, 1992.

16. Snavely, Gary L. and Papalambros, Panos Y,
“Abstraction as a Configuration Design Methodol-
ogy,” ASME, Vol. I, pp. 297-305, 1993.

o & &

1987 WA|UIEEE 7 A FEka} SHA)

198913 QA g 7] A shap AL

19913 ~8A] e, A9
T4

T 2ok CADICAM, Expert system,
TRIZ

A

&t 3

19773 M &) 2=H-Fshat At

19793 M &) N384 AL

1985% A= Newcastled] 43 A}

19900 712 Michigant] %A}

1979%3~ 199213 &A}7 AT 34 7)
Ay

1993319951 a8tz |=9 Ag 3t
2 dA 253t

19963314 =875y 2)Agela
2T

BA Rol CAD &Y X IYSTEP),
Intelligent CAD, 371 H &7}
Nag gandsy 7

#-CAD,/CAMEE] «=E3 A 8d A45 20033 129



