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Optimization of Design Variables of Suspension for Train using Neural Network
Model

e

T s I = E R L b
Y. G. Kim, C. K. Park H. S. Hwang and T. W. Park

Key Words : Railway Dynamics(B=A3 $9%), Experimental Design(4 @#1¥), Neural Network(4173]& 1), Back
Propagation( 93 3}), Differential Evoluation(Z73}), Suspension(®7}33]), Optimization(#33}), Ride
Comfort(537}), @444 (Derailment Quotient), &% 74 (Unloading Ratio), 443 (Stability), 4524
(Performance Index), A8 (Design Variable),

ABSTRACT

Computer simulation is essential to design the suspension elements of railway vehicle. By computer simulation,
engineers can assess the feasibility of a given design factors and change them to get a better design. But if one
wishes to perform complex analysis on the simulation, such as railway vehicle dynamic, the computational time can
become overwhelming. Therefore, many researchers have used a mega model that has a regression model made by
sampling data through simulation. In this paper, the neural network is used a mega model that have twenty-nine
design variables and forty-six responses, After this mega model is constructed, multi-objective optimal solutions are
achieved by using the differential evolution. This paper shows that this optimization method using the neural
network and the differential evolution is a very efficient tool to solve the complex optimization problem.
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Fig. 3 Train model and axis system

21-3ap-1990
VAMP IRE VEHICLE PLOTTING PRE-PROCESSOR '*°*
Thadr Springs _am.. GRasr/Aie Springs O Constracate
npors ez Fristion Elemants Bush Elensnts
xystaps o uPinlinug

VEHICLE FILE Mo tgv 8¢ w2 81
YEKICLE  TEV-K {frant PROWANTA+IATBNTE(vack ) Radul

Fig. 4 VAMPIRE Train Mode!

kel FAAFA F83F 43FE uHr) Wi
g7 dde] Fgol W mdsyg ggE @,

< A ¥HFQQ AxunL£A A 9 F
43 ¥4 NFF 01-1127 44 wet rdadg 3§
9o Fig. 49 =z

g9 FRISHEEZE Add HLg3lm Y
UIC 60 @Yol wat Fig. 59 2& Ze2ads 2
488 R

VAMPIRE WHEEL PROFILE PLOTTING

RN

-aed -T30 ~1ee -850
o i s .

PROFILE TGV WHEEL 0aTE
LEFT WHEEL PROFILE ( mm )

19/ 3736

VANPIRE _WHEEL PROFILE PLOTTING

Fig. 5 Wheel Profile Model

VAMPIRE RAIL PROFILE PLOTTING

—

-850 -880 -750 ~708
. " PR . "

PROFILE  UICSD Reil inclined ot 1 10 28 BATE 14,8590

LEFT RAIL PROFILE Cmm )

&

VANPIRE RAIL PROFILE PLOTTING

Fig. 6 Rail Profile Model

3.2 AEAY

2 AFAA ol&HE HAWMSsE FAUAY
HAGA ] 1A R 23 @rFFAC ALEHE &)
822 Table 13} Zo] 2970olt}, E3§ AH5A$
€ Table 29 ol Az 10, 84AF 12, &5
2 12, A 1242 F 46707 A E

A7NA, A% FAF BAYYH JEE Ay
(Root Mean Square)3t-g, @AX £ Ho 243}
T 7Y HY9 vz EFEAgS, 85734
(Unloading Ratio)e= B3 26 gidt 53
Hee] w2 HUpe, MBA (Stability)e 27)
7R gAste dHdFAHNMY 3w
EFHAGS AHESET. A3 dAESsS 4%
A+E olftd A=Y 2dL QA3 9
T AEAYLE 29709 HAMS R 1329
wafg 338 Awstd A1 H2g(-1]19
THEY [-05, 05] digt 33358 Fotsly £
6632 3yt

33 MHs|2e oy

2978 AAWEg 4674 ASAFA o
VAMPIRE S/Wst OPTIMUS S/W?g £ o
ol 6639 AMEY AIAE $3Y, SdHAS,
5L E A 4] A Eepdr FEIY
AZZzY 2dg AFsA) AF32Re 9y
3, 29% 2 g 2YFoz pHsigon, &
HE g ==8E AN ®ol AlEHI
AE HAFR2y NPPe o) gsty HAES
g Aok i@ AsAFd FEH9 g B
LEE EAE :AElY ZASYT. Fig. 70A
2 F dxe vie) Zol £X7, SAAE, £F7A
X AR ds v Ast doiAe ), &
g8 7t S/ wel RS g gas

-1089-



Table 1 Design variables

No Bogie

Design variables

X2 |Primary Suspension
X3 |of MTB and ATB

Elastic pint Kx, Kz

Elastic pint Ky

Elastic jint Kt, Kw

Elastic joint Kp

X5 | Primary suspension

Double coil spring Kz

X6 of MTB Vertical oil damper Cz
X7 Air spring Kx, Ky
X8 Air spring Kz

X9 Vertical oil damper Cz

X10] Secondary

X1] suspension of MTB
X1z
X13
X14

Vertical oil damper Cx

Anti-yaw oil damper gl

Anti-yaw oil damper g2

Anti-yaw oil damper g3

Anti-yaw oil damper g4

X15| Primary suspension
X16 of ATB

Double coil spring Kz

Vertical oil damper Cz

X17
X18

X19/ Secondary
X201 suspension of ATB

Air spring Kx. Ky

Air spring Kz

Anti-yaw oil damper gl

Anti-yaw oil damper g2

X21| Anti-yaw oil damper g3

X22 Anti-yaw oil damper g4

X23] Fixed and carrier ring Kx
X2 . Fixed and carmier ring Ky
X25| Fixed ?31% Camer | Fixed and carrier ring Kz
X26/ Fixed and carmier ring Kt
X27 Fixed and carrier ring Kw

Secondary
X28 suspension of MTB

Anti-roll bar Kt

Secondary
X2 suspension of ATB

Anti-roll bar Kt

Table 2 Performance indices

Index Responses Description
Ride r1~15 Lateral acceleration of trailer
comfort 16~110 | Vertical acceleration of trailer
Derailment dl~d12 Ratio of lateral and
quotient vertical force of right wheel
Unloading - Dynamic wheel force
ratio wi~wl2 of left wheel
- - Lateral displacement
Stability s1~sl2 of wheel center

Fig. 7 Clustering result for performance index models
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Table 3 Errors for performance index models

Ride |Derailmen| Unloadin

comfort {t quatient| g ratio Stability
Abs. mean
error 0.025 0.027 0.005 0.009
Abs, max.
orror 0.123 0.090 0.025 0.038
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Table 4 Design variables at initial and optimized state

Design Variable Design Variable
No. | Tnnitiat | Optimized | NO- |Innitial| Optimized

Value | Value Value| Value
X1 | 4945 4655 | X16/ 0006 | 0.007
X2 | 14405 13822 | X171 0.187 0.201
X3 | 0.0653 0.0524 | X18| 0.26 0.21
X4100072 ] 00077 |X19]8712] 10379
X5 | 1.3453 16122 | X201 3.318 3.159
X6 | 0.007 00059 |X21| 24 2.3
X7 | 0154 0152 |X22| 36 41
X8 0.29632| 0.27008 |X23} 450 36.3
X9 | 0014 0011 X241 1115 89.2
X10[ 00237 | 0.0198 |X25{ 7663 | 6384
X111 7.7007 83444 | X26) 161 1.80
X121 060 0.53 X271} 0.026 0.030
X13] 040 0.48 X28| 380 3.90
X14| 7.00 7.21 X29| 330 3.59
X15(0.62964 [ 0.62951
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