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Optimization of a Train Suspension using Kriging Model
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Abstract

In recent engineering, the designer has become more and more dependent on the computer simulations
such as FEM(Finite Element Method) and BEM(Boundary Element Method). In order to optimize such
implicit models more efficiently and reliably, the meta-modeling technique has been developed for solving
such a complex problems combined with the DACE(Design and Analysis of Computer Experiments). It is
widely used for exploring the engineer's design space and for building approximation models in order to
facilitate an effective solution of multi-objective and multi-disciplinary optimization problems. Optimization
of a train suspension is performed according to the minimization of forty-six responses that represent ten ride

. comforts, twelve derailment quotients, twelve unloading ratios, and twelve stabilities by using the Kriging
model of a train suspension. After each Kriging model is constructed, multi-objective optimal solutions are
achieved by using a nonlinear programming method called SQP(Sequential Quadratic Programming).
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Fig. 1 Train model and axis system

Table 1 29 design variables

No Bogie Design Variables
X1 Primary Elastic joint Kx, Kz
X2 Suspension of | Elastic joint Ky
" X3 | MTBand ATB [ Elastic joint Kt, Kw
X4 Primary Elastic joint Kp
X5 suspension of | Double coil spring Kz
X6 MTB Vertical oil damper Cz
X7 Air spring Kx, Ky
X8 Air spring Kz
X9 Secondary Vertical oil damper Cz
X10 suspension of Vertical oil damper Cx
X11 MTB Anti yaw oil damper gl
X12 Anti yaw oil damper g2
v s T T
X13 Anti yaw oil damper g3
X14 Anti yaw oil damper g4
X15 Primary Double coil spring Kz
X16 suspf;l;llaon of Vertical oil damper Cz
X17 Air spring Kx, Ky
X18 Alr spring Kz ,
X19 suSs:ce(:xr;?;r:yo ¢ Antj yaw oil damper gl
X20 ATB Anti yaw oil damper g2
X21 Anti yaw oil damper g3
X22 Anti yaw oil damper g4
X23 Fixed and carrier ring Kx
X24 . Fixed and carrier ring Ky
X25 le.ed a.nd Fixed and carrier ring Kz
carrier ring - —
X26 Fixed and carrier ring Kt
X27 Fixed and carrier ring Kw
X28 Secondary
suspension of | Anti roll bar Kt
MTB
X29 Secondary
suspension of | Anti roll bar Kt
ATB




866 L 2]

Table 2 Dynamic performance indices

Index Responses Description
Y1~Ys Lateral acceleration of
Ride trailer
Comfort Ye~Y10 Vertical acceleration of
trailer
Derailment Ratio of lateral and
Quotient Yy | vertical force of wheel
Unloading Dynamic wheel force of
Ratio Y7y left wheel
Stability yi3s~Y4e | Lateral displacement of
wheel center
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