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Analysis of the Major Design Parameters of a Pantograph-Railway
Catenary System for Improving the Current Collection Quality
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*

Yong Hyeon Cho

Abstract Stiffness variations and wave propagation/reflection in railway catenaries are the primary sources of contact
loss between a pantograph and a railway contact wire. This paper analyzes which design parameter is more important for
200km/h conventional rail and 300km/h high-speed rail, in order to effectively reduce the contact loss. For the high-speed
rail, the wave propagation and reflection in the overhead contact lines are more influential than the stiffness variation over
a span. When the high-speed rail needs to speed-up, it is necessary to develop higher strength contact wires in order to
increase the wave propagation speed. In addition, the dropper clamp mass should be reduced in order to alleviate the wave
reflection. However, it is noted that the increase in the tension to a messenger wire could deteriorate the current collection
quality, which contrasts with expectations. For the 200km/h conventional rail, the stiftness variation over a span is more
influential than the wave propagation and reflection. Therefore, shortening span length, increasing the tension in the contact
wire and optimizing the location of the droppers are recommended for a smoother stiffness variation over the span.

Keywords : Overhead contact lines, Pantograph, Current collection quality, Contact force, Design parameters
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Fig. 1 Receptance of the KTX-GPU pantograph dynamic model
represented using three levels of mass-damper-springs
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Table 1 Variation of the design parameters of KTX GPU
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Pan-head spring, X, 7200N/m | 9000N/m | 10800N/m
Plunger spring, K, 960N/m | 1200N/m | 1440N/m
Damper between a frame | -1\ | 140N | 168Ns/m
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Table 3 Factorial design for the sensitivity analysis of the parameters with a contact wire and a messenger wire

T. T | P | P | TTw | Tepe | TePm | Tupe | Tubm | PP | TeTwpe | TeTwPun | TePebm | TPePm | TeTmpePm | Values
1 -1 -1 -1 -1 1 1 1 1 1 1 -1 -1 -1 -1 1 48.6
2 1 -1 -1 -1 -1 -1 -1 1 1 1 1 1 1 -1 -1 33
3 -1 1 -1 -1 -1 1 1 -1 -1 1 1 1 -1 1 -1 59.8
4 1 1 -1 -1 1 -1 -1 -1 -1 1 -1 -1 1 1 1 27.7
5 -1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 1 -1 68.9
6 1 -1 1 -1 -1 1 -1 -1 1 -1 -1 1 -1 1 1 374
7 -1 1 1 -1 -1 -1 1 1 -1 -1 -1 1 1 -1 1 60.7
8 1 1 1 -1 1 1 -1 1 -1 -1 1 -1 -1 -1 -1 38.1
9 -1 -1 -1 1 1 1 -1 1 -1 -1 -1 1 1 1 -1 41.1
10 1 -1 -1 1 -1 -1 1 1 -1 -1 1 -1 -1 1 1 25.1
11 -1 1 -1 1 -1 1 -1 -1 1 -1 1 -1 1 -1 1 51
12 1 1 -1 1 1 -1 1 -1 1 -1 -1 1 -1 -1 -1 28.2
13 -1 -1 1 1 1 -1 -1 -1 -1 1 1 1 -1 -1 1 67.4
14 1 -1 1 1 -1 1 1 -1 -1 1 -1 -1 1 -1 -1 38
15 -1 1 1 1 -1 -1 -1 1 1 1 -1 -1 -1 1 -1 66.6
16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 39.7

Coeff|-12.31| 0.8 | 639 |-1.07| -0.74 | -149 | -042 | -1.59 | 097 | 1.89 | 2.17 0.21 -0.69 0.08 -1.01
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Table 4 Simulation results of the KTX GPU pantograph-KTX
railway catenary with wire tension exchanged at

300km/h
. . KTX overhead .
Comparison items . Variant
contact lines
Input Contact wire tension 20000N 14000N
data Messenger wire tension 14000N 20000N
M lue of contact
ean value of contac 197.0N 200.9N
force
— ¢
Standard deviation o 415N 50 AN
contact force
Statistical i f
atistical maximum o 315N 379.IN
contact force
Result Statistical mint ;
tatistical minimum o 725N 227N
contact force
Vertical displ t at
ertical displacement a $1.6mm 121.0mm
support
Strain of tact wi t
ain of contact wire a 136ue 1104ue
support
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Fig. 5 Effect of the parameters of the pantograph-overhead
contact lines on the standard deviation of the contact
forces at 200km/h (left: -20%, center: baseline, right:
+20%)
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