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Fig. 1 Schematic diagram of DSA380 pantograph and pantograph(a) and its three lumped mass model(b). The bow

head includes front/rear carbon strip, bow head aluminum support and bow head spring, etc; the upper frame includes

titanium alloy bracket, cross bar, balance rod and upper arm, etc; the lower frame includes lower arm, pull rod. etc.

ms vm, and m,; represent the equivalent mass of the bow head, upper frame, and lower frame, respectively;k; .k, and k;

represent their vertical equivalent stiffness,respectively;c; .c; and ¢, represent their equivalent damping,respectively.
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Fig. 2 Schematic diagram of experiments: (a)lower spring method; (b) suspension spring method
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Composition of the lower frame damping
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Fig. 5

Load-displacement relationship of the system measured by quasi-static loading
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Tab. 2 Equivalent damping of the system

koo /(N/m) T../s Ouye Cys/ (N * s/m)
- 30424223 0. 649 0.674 67.41
- 2899489 0.672 0.363 35.83
- 2416168 0. 833 0.592 60. 36
- 2296129 0. 838 0. 288 28. 07
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Fig. 6 Free vibration curve of the system: (a)lower spring method; (b)suspension spring method
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Fig. 7 Contribution of each component to the equivalent damping of the lower frame

400
— BB
350 - UPH JE #%
300
Z 250,
8
&
5 200
=}
g
© 150 -
100
50 I \ I \ T T g
550 605 660 715 770 825 880
Distance /m
8 / DSA380
Fig. 8 Contact force of DSA380 with single/double dampers
4
s (3] ’
1/5, , o ,
3.7%.
[1] ; , . 0. . 2015, 45(1):217 — 460 (YANG

(2]

[3]

Guowei, WEI Yujie, ZHAO Guilin, et al. Research of key mechanics problems in high speed train[J]. Advances
in Mechanics, 2015, 45(1):217—460 (in Chinese))

EN50367—2012, Railway Applications-Current Collection Systems— Technical criteria for the interaction between
pantograph and overhead line (to achieve free access)[S]. Brussels:British Standards Institution, 2012,

Massat J P, Laurent C, Bianchi J P, et al. Pantograph catenary dynamic optimisation based on advanced multibody

and finite element co-simulation tools[J]. Vehicle System Dynamics, 2014, 52(supl) :338—354.



3 : 431

[4] ZhouN, Zou H, Li R P, et al. Dynamic behavior of different pantograph models in simulation of pantograph and
catenary interaction[ C]. Proceedings of the 35th Chinese Control Conference. IEEE, 2016, 6:10242—10247.

[ 51 Vieira R. High speed train pantograph models identification[ D]. Lisbon: University of Lisbon, 2016.

(6] , , .o L1l . 2011, 46(3):398
— 403 (ZHOU Ning, ZHANG Weihua, WANG Dong, et al. Lumped mass model for dynamic performance
simulation of pantograph[J]. Journal of Southwest Jiaotong University, 2011, 46(3):398—403 (in Chinese))

[ 7] Bobillot A, Massat ] P, Mentel ] P. Design of pantograph-catenary systems by simulation[ C]. Proceedings of the
9th World Conference on Railway Research, 2011.

[ 8] Zhou N, Zhang W H. Investigation on dynamic performance and parameter optimization design of pantograph and
catenary system[ ] |. Finite Elements in Analysis and Design, 2011, 47(3):288—295.

[9] Ambrosio J, Pombo J, Pereira M. Optimization of high-speed railway pantographs for improving pantograph-
catenary contact[ J|. Theoretical and Applied Mechanics Letters, 2013, 3(1):013006.

[10] Pombo J, Ambrosio J. Influence of pantograph suspension characteristics on the contact quality with the catenary
for high speed trains[J]. Computers &. Structures, 2012, 110-111.32—42.

[11] , , . [Jl. ., 2002, 15(1):8—11
(XING Haijun, YANG Shaopu, SHEN Yongjun. Optimum design on the damping[J]. Journal of Shijiazhuang
Tiedao University, 2002, 15(1):8—11 (in Chinese))

[12] Vesely G C. Modelling and experimentation of pantograph dynamics[ D]. Massachusetts Institute of Technology,
1983.

[13] . [D]. : , 2012 (LI Dongyang. Experimental study on
pantograph vibration characteristics[ D]. Chengdu:Southwest Jiaotong University, 2012 (in Chinese))

[14] R, J. ( Y[M]. . : , 2016 (Ray Clough, Joseph
Penzien. Dynamics of structures (2nd Edition) [M]. WANG Guangyuan translate. Beijing: Higher Education
Press, 2016 (in Chinese))

Experimental study on equivalent damping of
the lower frame of a high speed pantograph

ZHANG Zhi-qi'*, WU Meng-zhen®*, YAN Yong-zhao*, ZHANG Hao-chen’,
WU Rong-ping’, WEI Zheng', XU Xiang-hong®
(1. College of Mechanical and Electrical Engineering, Beijing University of Chemical Technology, Beijing 100029, China; 2. State Key
Laboratory of Nonlinear Mechanics, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China; 3. Beijing CRRC
Corporation Limited CED Railway Electric Tech. Co. Ltd, Beijing 100176, China)

Abstract: An optimal pantograph-catenary relationship requires that the standard deviation of contact
force is as small as possible on the premise of reaching the mean value of contact force. Previous
studies show that the standard deviation of contact force can be effectively reduced as the equivalent
damping of the lower frame increases. Taking the DSA380 high speed pantograph as the research
object, the suspension spring method is proposed in this work. By combining with the lower spring
method proposed in literatures, we realize the decoupling measurement and analysis of each
component’s contribution to the damping of lower frame, and propose a feasible optimal design
scheme using double dampers.

Keywords: damper; joint f{riction; air spring; equivalent damping of the lower frame; decoupling

measurement



