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Abstract With the improvement in the speed of high-speed trains, the dynamic interaction between pantograph and cate-
nary, a basic mechanical problem, has attracted more attention. Good pantograph-catenary relationship is a basic premise
to ensure the security and efficiency of the train operation, the stability and reliability of the current collection and re-
duce the wear of the contact line and pantograph slide. The coupling performance of the pantograph-catenary system
mainly depends on its kinetic parameter. In this paper, the stochastic statistical characteristics of the contact force of the
pantograph-catenary system are adopted as the optimization objective function, and the sensitivity analysis and optimiza-
tion design of pantograph dynamic parameters are carried out. Firstly, a dynamic model of 2D stitched catenary and three

lumped parameter pantograph is established, and the validation of dynamic analysis of the model is verified according to
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British Standard EN50318:2018. Secondly, based on dynamic simulation of the high-speed pantograph-catenary system,
a dynamic sensitivity analysis on three lumped nine dynamic parameters of DSA380 high-speed pantograph is carried out,
and the sensitivity level of the parameters is determined. The sensitivity level of the equivalent mass of the pantograph
head is the highest, followed by the equivalent damping of the lower frame and the equivalent mass of lower frame and
the equivalent damping of the upper frame are the third. Finally, the effect of joint variation in equivalent stiffness and
equivalent damping of the pantograph head on the pantograph-catenary coupling dynamic performance is studied, and a
dual-parameter optimization scheme of equivalent stiffness and equivalent damping of the pantograph head is proposed
to improve the current collection quality pantograph-catenary system. It is suggested to reduce the equivalent damping of
pantograph head and increase the equivalent stiffness of pantograph head at the same time, and the dual-parameter opti-

mization scheme can achieve a better quality of the pantograph-catenary system than the single parameter optimization

scheme

Key words pantograph-catenary system, current collection quality, sensitivity analysis, parameter optimization
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Table 1 Sensitivity analysis of three lumped mass parameters

Item Ao/N AFmax/N AFpin/N  Suggest Grade

m3 = 5.00 kg -6.70 -13.54 19.94  decrease 1
¢y =240.00 N-s/m -3.13 -18.88 11.82  increase 2
m; = 3.00 kg 130 -1.73 6.90  decrease 3
ky =8000 N/m -1.14 -5.80 0.35 decrease 3
c» =50.00N-sym -0.23 -0.19 0.30 increase 4
k3 =4000 N/m -0.07 -6.40 2.17 decrease 4
c3 = 100.00 N-s/m  0.08 -0.38 1.09 increase 4
ki =200.0N/m -0.37 -9.04 —4.86 maintain 5
my =500kg -0.06 2.65 2.12  maintain 5
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