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Fig.1  Vehicle-rail coupled collision dynamic model
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Table 1 Model parameters

Variable/(unit) Physical meaning

m, /(kg) Body weight

m,/(kg) Bogie weight

m, /(kg) Wheelset weight

k, /(N/m) One serious stiffness

k,/(N/m) Two serious stiffness

k,,./(N/m) Stiffness under the rail

k,,./(N/m) Under-rail support stiffness

ke /(N/m) Stiffness of energy absorbing Anti—climbing device
k,/(N/m) Stiffness of hook-relief device

¢,/ (N-s/m) One serious damping

¢,/(N+s/m) Two serious damping

¢,,./(N+s/m) Damping under the rail

¢, /(N+s/m) Under-rail support damping

¢;/(N+s/m) Damping of energy absorbing Anti—climbing device
¢, /(N+s/m) Damping of hook—relief device
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Fig.4 Wheel-rail contact profile
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Fig.5 Non-linear hysteresis characteristic curve of hook buffer device
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Table 2 Simulation parameters

Parameter /(unit) Numerical values

) 30998(TC)
Body weight / (kg) 2817700
) ) 2456(TC)
Bogie weight / (kg) 45570
Wheel weight / (kg) 1304

One serious longitudinal stiffness/ (N/m) 1515900

One serious horizontal stiffness/ (N/m) 1515900
One serious vertical stiffness/ (N/m) 1337200
Two serious longitudinal stiffness/ (N/m) 155000
Two serious horizontal stiffness/ (N/m) 155000
Two serious vertical stiffness/ (N/m) 383000
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Fig.13  Acceleration results given by finite element model
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Fig.14  Acceleration results given by parametric model
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DYNAMIC MODELING AND SIMULATION OF A PARAMETRIC
VEHICLE COLLISION PLATFORM *

Wu Qifan'  Xiao Shoune' Yang Chao® Zhu Tao'" Yang Guangwu' Yang Bing'
(1.National Key Labortory of Tracion Power ,Southwest Jiaoning University , Chengdu 610031, China)
(2.School of Mechanical , Electronic and Control Engineering , Beijing Jiaotong University , Beijing 100044, China)

Abstract During designs of rail vehicles, modeling is complicated and the period is long for finite element collision
simulation. In order to calculate accurate train collision response quickly, a parameterized train collision platform is es-
tablished based on vehicle-track coupled dynamics and Matlab. The physical vehicle model is converted into a mathemat-
ical model according to actual parameters, and the continuous track model is discretized into an elastic point support
model; the vector method is used to establish the wheel-rail interaction model based on Hertz contact theory; the coupler
buffer device, energy absorption anti-climbing device, suspension device, and the mechanical characteristics of the
model are transformed into a mathematical model of nonlinear hysteresis characteristics. A modified two-step explicit in-
tegration algorithm is used to solve the parameterized model in time domain. By comparing the finite element simulation
results with the parametric simulation results in terms of speed, acceleration, and maximum wheel lift, the results show
that two different models have the same speed change trend, the absolute error of acceleration is less than 1m/s*, and the
relative error of the peak lift amount of the wheelset is 1.67%. The relative error of each index was kept within 10%, and
the accuracy of the parameterized train collision platform is verified. The results establish a simulation basis for revealing
the response mechanism of a train after a collision, and provide a certain theoretical support for selecting parameters in

the crashworthiness design of rail vehicles.

Key words vehicle collision, collision dynamics, numerical simulation, parametric design
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