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A Study on Efficiency Improvement of the Catenary-Pantograph Dynamic
Interaction Analysis Program using Shift Forward Method

olzlg| - uEhe*

Jin-Hee Lee + Tae-Won Park

Abstract In the electric railway vehicles, securing stable current collection performance is an important factor which
determines the quality of operation and the maximum speed. In order to predict such current collection performance, various
analysis methods have been proposed for a long time. Also, investigations for improving the accuracy of the results and the
efficiency of the analysis process have been performed. In this paper, a method for the efficiency improvement has been
proposed. This method is based on the basic concept that the system equations of motion of a catenary numerical model
include only interactive range with a pantograph. In this paper, an algorithm and generalized process for applying proposed
method are introduced. Also, validity of the results and utility of the method was verified and studied.

Keywords : Catenary, Pantograph, Current collection performance, Shift forward method, Flexible multibody dynamic
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Fig. 1 The absolute nodal coordinates on a beam element j on the
large deformable body i
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Fig. 3 Shift forward method (N, =3, N;=1)
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Table 1 Pantograph data

Mass (kg) | Stiffness (N/m) | Damping (Ns/m)

Upper 7.2 4,200 10

Lower 15 50

90

- Aerodynamic force, F, =0N
- Static uplift force, Fs = 120N

Table 2 Mechanical value of catenary wires

Tension (N) | Mass/unit length (kg/m)
Messenger wire 16,000 1.07
Contact wire 20,000 1.35
L
L m
K, C,
L™
©E |

S S S S S
Fig. 5 Pantograph reference model (EN 50318)
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Fig. 6 Catenary reference model (EN 50318)
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Table 3 Simulation results (vehicl speed: 250km/h)

(Unit: N) EN Original | N,=5, N=1 | N,=3, N~1
Fm 110~120 113.44 113.21 112.6
o 26~31 27.6 28.89 29.27
Fut3o 190~210 196.24 199.88 200.41
Fu-30 20~40 30.64 26.54 24.79

Table 4 Simulation results (vehicle speed: 300km/h)

(Unit: N) EN Original | N,=5, N~=1 | N,=3, N~=1
Fin 110~120 113.01 113 112.51
o 32~40 33.58 35.11 35.25
Fnt3o 210~230 213.75 218.33 218.26
Fn-30 -5~20 12.27 7.67 6.76
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Simulation time (sec) 8.64 7.2
CPU time (sec) 9571.12 5008.42 2783.13 8310.62 3839.21 2240.43
Relative error (%) 0 4.67 6.05 0 4.55 497
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