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A study on the response surface model and the neural
network model to optimize the suspension characteristics for
Korean High Speed Train
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ABSTRACT

In design of suspension system for KHST, it was applied the approximated optimization
method using meta-models which called Response Surface Model and Neural Network Model
for 29 design variables and 46 performance index. These models was coded using correlation
between design variables and performance indices that is made by the 66 times iterative
execution through the design of experimental table consisted orthogonal array 132 and
D-Optimal design table. The results show that the optimization process is very efficient and
simply applicable for complex mechanical system such as railway vehicle system. Also it was
compared with the sensitivity of some design variables in order to know the characteristics
of two models. This paper describes the general method for dynamic analysis and design
process of railway vehicle system applied to KHST development, and proposed the efficient
methods for vibration mode analysis process dealing with test data and the function based
approximation method using meta-model applicable for a complex mechanical system. This
method will be able to apply to the other railway vehicle system in oder to systematize and

generalize the design process of railway vehicle dynamic system.
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Table 1 Design variables

No Type of suspension
for bogie

Design vriables

X1

Elastic joint Kx, Kz

_X2 | Primary Suspension | Elastic joint Ky
X3 | of MTB and ATB | Elastic joint Kt, Kw

X4 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
X_l() Secondary Vertical oil damper Cx
X11 | suspension of MTB | Anti-yaw oil damper gl
X12 | Anti-yaw oil damper g2
X13| Anti-yaw oil damper g3
X14 Anti-yaw oil damper g4

_X15| Primary suspension | Double coil spring Kz

X16 of ATB Vertical oil damper Cz
X17] Air spring Kx, Ky
_X18| Air spring Kz

_X19| Secondary Anti-yaw oil damper gl

X20 | suspension of ATB | Anti-yaw oil damper g2

X2 | Anti-yaw oil damper g3
X22 Anti-yaw oil damper g4
_X23 | Fixed and carrier ring Kx
X224 | Fixed and carrier ring Ky

X5 Fixed and carrier

Fixed and carrier ring Kz

3NN hx); = A

= rin
X26 & Fixed and carrier ring Kt
X27 Fixed and carrier ring Kw
Secondary . .
X28 suspension of MTB Anti-roll bar Kt
Secondary . .
X29 suspension of ATB Anti-roll bar Kt
Table 2 Performance index
Performance Index Description
Group
Ride rl~r5 | Lateral acceleration of trailer
Comfort | r6~r10 | Vertical acceleration of trailer
.\ dl1~d12 | Drailment Ratio of right wheel
Safety _ -
wl~w12| Dynamic vertical wheel force
Stability | s1~sl12 | Lateral displacement
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Table 3 Cost function values for each models

Methods initial optimum improvement
Response | Analysis -3.73 -24.01 20.28
Surface | Model -4.36 27.7 23.34
Neural | Analysis -3.87 -24.72 20.85
Network | Model 3.97 26,84 22,87

Table 4 Optimized design variables

design | initial | optimum value | design | initial optimum value
variable | value rsm nnm | variable | value rsm nnm
X1 49.45 |49.01998 | 46.55 X16 0.006 | 0.006151 0.007
X2 14.405 | 13.35625 | 13.822 X17 0.187 | 0.169196 0.201
X3 0.0653 | 0.071375 | 0.0524 X18 0.26 | 0.273661 0.21
X4 0.0072 | 0.007365 | 0.0077 X19 8.712 9.453 10.379
X5 1.3453 | 1.404092 | 1.6122 X20 3.318 | 3.722113 3.159
X6 0.007 | 0.007998 | 0.006 X21 24 2.618226 23
X7 0.154 | 0.158716 | 0.152 X22 3.6 4.315748 41
X8 ]0.29632 | 0.249891 | 0.27008 | X23 45.0 | 40.93969 36.3
X9 0.014 | 0.011836 | 0.011 X24 111.5 | 89.21068 89.2
X10 | 0.0237 | 0.023025 | 0.0198 X25 76.63 | 63.92095 63.84
X11 | 7.7007 | 8.752762 | 8.3444 X26 1.61 1.45391 1.80
X12 0.6 |0.558188 | 0.53 X27 0.026 | 0.029852 0.030
X13 04 0425571 | 048 X28 3.8 4.054746 3.90
X14 7.0 743085 | 721 X29 3.3 3.590684 3.59
X15 ]0.62964 | 0.713033 | 0.62951
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