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Abstract: In this study, a simulation model to estimate the current-collection performance of a high-speed train was
developed by using a commercial finite element analysis software, SAMCEF. A three-dimensional springdampermass
model of a pantograph was created, and its reliability was validated by comparing the receptance of the model to that of
the actual pantograph. The wave propagation speed of the catenary model was compared with the analytical wave
propagation speed of the catenary system presented in the UIC 799 OR standard. The length of the droppers was
controlled, and the pre-sag of the contact wire due to gravity was considered. The catenary and the pantograph were
connected by using a contact element, and the contact force variation when the pantograph was moved at velocities of
300 km/h and 370 km/h was obtained. The average, standard deviation, maximum, and minimum values of the contact
force were analyzed, and the effectiveness of the developed simulation model was examined.
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Table 1 Material properties of 3 DOF pantograph model

N S IR EA P

Upper Middle Low
Mass (kg) M, =6 M, =12 M; =10
Stiffness (N/m) | K;=12340 | K,=13600 K;=0
Damping(Ns/m) Ci=30 C;=0 Cy=649
10’
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Fig. 5 Receptance comparison of simulation and experiment
result
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Table 2 Finite element information and material properties
of the catenary model

Properties

¢ Element type : 3D liner Beam
¢ Length of one beam : 0.5 m
¢ Elastic modulus : 110 GPa
 Density : 1.07 kg/m
« Bracket stiffness : 2x10° N/m

Messenger wire

« Initial tension : 16 kKN

» Element type : 3D liner Beam
» Length of one beam : 0.1 m
« Elastic modulus : 118 GPa

¢ Density : 1.35 kg/m

Contact wire

» Registration arm stiffness : 200 N/m
« Initial tension : 20 kN

 Tension only spring
Dropper ) 5
(Dropper stiffness = 1x10™ N/m)

Stagger

« Initial displacement: & 0.2m (Z-direction)

Messenger wire %
' to
o Drlﬂpper Encumbrance: 1.2m
1 ¢ | i
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Fig. 6 Catenary system model
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Table 3 Statistical analysis of contact force results

Speed (km/h)
300 370
Average contact force (Fy,) [N] 179.8 179.8
Standard deviation (o) [N] 159 22.7
Statistical Max. (F,+o) [N] 2275 2479
Statistical Min. (Fy,-0) [N] 132.1 111.8
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