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Abstract

The design of current collection system of high speed train requires the fundamental
understandings for the dynamic characteristics of catenary system and pantograph. The stiffness
of catenary system of high speed train has the varying characteristics for the change of
contact point with pantograph, since the supporting pole and hanger make the different
boundary conditions for the up-down stiffness of a trolley wire. The wvariation of stiffness
results in Mathiue equation, which characterizes the stability of the system. However, the two
-term variation of the stiffness due to span length and hanger distance cannot be solved
analytically. In this paper, the stiffness variations are calculated and the physical reasoning of
lincar model and one term Mathieu cquation are reviewed. And the numerical analysis for the

two-term variation of the stiffness is done for the several design parameters of pantograph.
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Fig. 1 Current collection system of high speed train

132 / st=& T 8/38/=2E / M3H | X835 [ 20001



AlHZEd A9l Edds

HEOULT LY

(WS NY

detaxcs(m )

Fig. 2 Stiffness variaton of caten-
ary system of the Shinkansen

Table 1 Design parameters of the

Shinkansen
Catenary Contact
B wire wire
Density, (kg/m) 0.71 0.988
Tension, (kN) 245 14.7
Span length, (m) 50
Vbrr();per distance,(m) 5
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Fig. 5 Displacements and contact
forces of 2 DOF pantograph with
time-varying stiffness
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Table 2 Performance of current collection vs,. static lift force

() : deviation
L Displacement (mm) I Contact Force (N) -
Po(N) - Pu(N)
(Vl(erlr“’/‘ﬁry) 0 50 100 150 0 50 100 | 150
100 00 25.0 50.0 75.0 0 53.3 106.5 1597
(0.0) (0.3) (0.6) 0.9) (0.0) 9.3) (18.6) (27.9)
- 0.0 25.0 50.0 75.0 0 532 106.4 159.6
(0.0) 0.0) (0.2) 03) (0.0) ©.1) (18.3) (274)
0.0 25.0 50.0 75.0 0 532 106.4 159.6
B 300 (0.0) ©.0) 00 | ©1 (0.0) (9.0) (17.8) (26.8)

Table 3 Performance of current collection

vs. average stiffness of catenary system

() : deviation
‘ Displacement (mm) Contact Force (N) -
( K, (N/mm) K (N/mm)
(\I/frll:’;;:ry) 1000 2000 3000 1000 2000 3000
0 538 %9 18.0 60.8 576 | 563
(0.6) 0.3) 0.2) 19.7) (10.0) (6.8)
00 53.7 27 17.3 60.7 57.2 56
0.2) (0.1) (0.1) (19.3) 9.8) (6.6)
200 53.8 27 18 60.5 575 562
| 0.1) (0.0) 0.0) (19.3) ©.7) (6.5)
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Fig. 6 Displacements of pantograph
with the variation of K; and K,
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