e A e 2 20014 EAS2Us =2 B pp. 501~506 KSME 015241

n&AAe FASA0 ge 544 A/A A4 ke

R UYL

}01*

A Study on the Efficient Optimization of Suspension Characteristics
for Dynamic Behavior of the High Speed Train
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Abstract

Computer modeling is essential to evaluate possible design of suspension for a railway vehicles. By
creating a simulation, the engineers are able to assess the feasibility of a given design and change the design
factors 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
turned to surrogate modeling. A surrogate model is essentially a regression performed on a data sampling of
the simulation. In the most general sense, metamodels(surrogate model) take the form y(x)=f(x)*+ ¢, where y(x)
is the true simulation output, f(x) is the metamodel output, and ¢ is the error between the two. In this
paper, a second order polynomial equation is partially used as a metamodel to represent the forty-six dynamic
performances for high speed train. The number of factors as design variables of the metamodel is twenty-nine,
which are composed the dynamic characteristics of suspension. This metamode! is used to search the optimum
values of suspension characteristics which minimize the dynamic responses for high speed train. This
optimization is a multi-objective problem which have many design variables. This paper shows that the
response surface model which is made through the design of analysis of computer experiments method is
very efficient to solve this complex optimization problem.
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Fig. 2 Bogie systems

Table 1 Charateristics of Inertia
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Table 4 Performance Index
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(b) Main Effects of Design Variables after
Screening for rl

Fig. 5 Sensitivity of Design Variables for rl
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Fig. 6 Result of Object Values during Optimization
FAHE F2 HE FFAE 9e BN
F3lem & Aol vy fdoz AR S
Algtol T Hastthe EHUE Zo gl

E d7e sUe 9AE HH3RE Variable
Matric Method & o]%o}oq Fasgon 72+ o
AR N5 Fe] FolE AMRY Fig. 67 2
=

Fig. 64 X0l Z HA|(Step)e] Z7)o
Z(Object Value)ol FA3 AAEs 7Y
Rew ol zb dAA S| APEA
FogA old fg anst 933 ez

L X9 of )y

& & F At =23 AL §L 47
" ge 71Eor xv] 43690 HH8 3 277
2 A28 A 92e ¢ 5 ATk

Fig.6& 46702 X%x)
om o2 Azt 4%
AW EH Fig. 77 2t}

Fig. 72 Z+ A% A4 (Performance Index)EOI

27130 e g dehim gee B 4

S gozA vz gl
A Y@ FRYER

o =X B
om, $FPAWI ~ WI)ERo] Afyosg
®  initial Value
0.8 o Optimized Value
0.6 —,
0.4 . .
-
= o2 " =g o T s
o 007 o gumanitee _Am
T 02 . 8040 (1543
% s, o LI
S 04 . o - 000 .
g 0640 o ° . an
N
g %0 %o ° L]
E -1.0+4 K - 00
<3 o o
Z 124 600 %0
4]
00
16
ARAR LR

T T T T T T T T IREBARAN
2 14 8 8 110 42 94 98 d8 d10d1Z W2 wi WE WE WIOWIZ a2 34 S8 32 §10 312
Performance Index

Fig. 7 Results of Performance Index Values
after Optimizing for RSM
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Fig. 8 Results of Performance Index Values after
Optimizing for Simulation(Vampire)
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Table 5 Optimized Design Variables

AAE ] %7 H459
5| AANEE | AA¥s @
X1 4945 49.01998
X2 14.405 13.35625
X3 0.0653 0.071375
X4 0.0072 0.007365
X5 1.3453 1.404092
X6 0.007 0.007998
X7 0.154 0.158716
X8 0.29632 0.249891
X9 0.014 0.011836
X10 0.0237 0.023025
X11 7.7007| 8.752762
X12 0.6 0.558188
X13 04 0.425571
X14 7.0 7.43085
X15 0.62964 0.713033
X16 0.006 0.006151
X17 0.187 0.169196
X18 0.26 0.273661
X19 8.712 9.453
X20 3.318 3.722113
X21 2.4 2.618226
X22 3.6 4.315748
X23 45.0 40.93969
X24 1115 89.21068
X25 76.63 63.92095
X26 1.61 1.45391
X27 0.026 0.029852
X28 3.8 4.054746
X29 3.3 3.590684
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