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Efficient Optimization of the Suspension Characteristics Using Response
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ABSTRACT

Computer simulation is essential to design the suspension elements of railway vehicle, By computer
simulation, engineers can assess the feasibility of the 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 surrogate model that has a regression model performed on a data sampling of the simulation.
In general, metamodels(surrogate model) take the form 3(x)=Ax)+e, where 3(x) is the true
output, Ax) is the metamodel output, and € is the error. In this paper, a second order polynomial
equation is used as the RSM(response surface model) for high speed train that have twenty-nine
design variables and forty-six responses. After the RSM is constructed, multi-objective optimal
solutions are achieved by using a nonlinear programming method called VMM(variable matric
method). This paper shows that the RSM is a very efficient model to solve the complex optimization

problem.
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Table 1 Design variables
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Primary suspension
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Elastic joint Kx, Kz

Elastic joint Ky

Elastic joint Kt, Kw

Elastic joint Kp

Primary suspension

PROFILE TGV WHEEL oaTE
LEFT WHEEL PROFILE ( mm )

of MTB

Double coil spring Kz

Vertical oil damper Cz
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Fig. 4 Wheel profile model

Secondary
suspension of MTB
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RAIL PROFILE PLOTTING

Alr spring Kx, Ky

Alr spring Kz

Vertical oil damper Cz
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Fig. 5 Rail profile model
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Air spring Kz
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Anti-vaw oil damper g3

Anti-yaw oil damper g4

o] Fixed and carrier

Fixed and carrier ring Kx
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Fixed and carrier ring Kz

Fixed and carrier ring Kt

Fixed and carrier ring Kw

Anti-roll bar Kt

Anti-roll bar Kt
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Table 2 Performance indices

e ey e
Ride rl~r5 | 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 wl~wl2 of left wheel
. N Lateral displacement
Stability | s1~sl2 of wheel center
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Fig. 12 Result of object values during optimization

Table 3 Design variables at Initial and optimized

state

Design variable Design variable
No. | Innitial | Optimized| No. | Innitial | Optimized

value value value value
X1 | 4945 4902 | Xi6 | 0.006 0.006
X2 | 14.405 13356 || X17 | 0,187 0.169
X3 | 0.0653 00714 | X18| 026 0.27
X4 | 0.0072 0.0074 | X19 | 8.712 9.453
X5 | 13453 1.4041 | X20 | 3318 3.722
X6 | 0,007 0.008 X21| 24 2.6
X7 | 0154 0159 1 X22| 36 4.3
X8 | 0.29632 | 0.249989 | X23 | 45.0 40.9
X9 | 0014 0.012 X241 1115 89.2
X10 | 0.0237 00230 | X25| 76.63 63.92
X1l | 7.7007 87528 || X26| 1.61 145
X12 0.60 0.56 X27 | 0.026 0.030
X131 040 0.43 X28 | 3.80 4.05
X141 7.00 7.43 X29 | 330 3.59
X151 062964 | 0.71303

&t

o DL SES
naSUESSHI=2Y

2 r4 B (B 10 d2 d4 d6 d8 d10d12 w2 wd4 w6 wB wiow12 52 s4 s6 s8 s10s12
Performance Index

Fig. 13 Performance indices of initial state and
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