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Fig. 2 Schematic diagram of excitation point and measure points: Arrow Q indicates the hammer point;

No. 51~No. 58 and No. 61~No. 68 indicate the positions of the measure points
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Tab.1 Natural frequency, damping ratio and of vibration mode description of DSA380 pantograph head
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Fig. 3 Frequency response function curves of the collectors: The constraint states of the pantograph head are

(a) free suspension; and (b) rubber boundary, respectively
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Fig. 4 Modal assurance criterion (MAC) values: The constraint states of the pantograph head are

(a) free suspension; and (b) rubber boundary. respectively
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Fig.5 Vibration patterns of DSA380 pantograph head: (a) pitching motion of the pantograph head; (b) vertical/
longitudinal vibration of the pantograph head; (c) cross side rolling of the two carbon strips; (d) relative slip of the
two carbon strips; (e) first-order bending vibration in vertical direction of the pantograph head; (f) first-order
reversed bending vibration in the vertical direction of the two carbon strips; (g) side rolling of the pantograph head;

(h) small angle swing in horizontal plane and vertical vibration of the pantograph head
1 ZEig

FH A H B AR 10 R4 5 0 2 28 0 5 190 43 ok P D 00 R B9 32 WL 5 5 Sk 2R, SR T g R 9 )
DSA380 5 i 37l 5 F AT AL B2 06 4K A3 T 60Hz AN I B AS S50, T Sk S8 1% 28 1 3% B4
HlAE 40Hz LN 5 3k EZONNIRAR SN . 40 ~60Hz P BUIR AR T M S MR 3. 5 A b AR L 76 3 AR
Abjiti i 80N iy BIRRBA FAETE . £\ T Z 5 7E 11Hz AN R BRI B . 5 Sk AE ARG [l Py A
RAR8h 5 5 Sk BB AT 7, B S Sk A HCIRES 28200 5 3k (9 [ A Ik s R FBLES R 89 L 76 5 Sk 45 M it
ASEFH AR LA 1

S Uk

[1] RBUK. ZHESS5EMMARSGEIM]. WS . Ph R3¢ K2 iRtk , 2010 (WU Jigin. Pantograph and catenary
system[ M]. Chengdu: Southwest Jiaotong University Press, 2010 (in Chinese))

(2] Z#HRM. ZdS5EDNFEXEOE D] WA . 7R 328 K4%, 2012 (LT Dongyang. Experimental study on
pantograph vibration characteristics{D]. Chengdu: Southwest Jiaotong University, 2012 (in Chinese))

[ 3] Collina A, Lo Conte A, Carnevale M. Effect of collector deformable modes in pantograph-catenary dynamic
interaction[ ]J]. Proceedings of the Institution of Mechanical Engineers, Part F: Journal of Rail and Rapid Transit,
2009, 223(1):1—14.

L4 2B, RBUK. K@k, DSA250 852 i 5 iR s R M5 505 K0T ], A gka . 2012, 23(4).7—10 (LI
Dongyang, WU Jiqin, GUAN Jinfa. Simulation and test of vibration characteristics of DSA250 pantograph[]].
Electric Railway, 2012, 23(4) :7—10 (in Chinese))

(5] RWEe. 325 & TR 3h 7 2 d B B H AR R M BEBL 3 J1 = R M43 BT (D], BU M. Wil K%, 2014



72 5o s (2020 4F) 45 35 %

(SONG Yaguang. Dynamic modeling based on vibration testing and nonlinear stochastic dynamic analyzing of
pantograph system[ D]. Hangzhou: Zhejiang University, 2014 (in Chinese))

6] @0, DA%, DRERE, %, DSA380 B w5 2 d SRS /AT [T, R%E 3Tl R4, 2015, 36(6):24—
28 (GAO Wenbin, MA Guolei, MA Siqun, et al. Modal analysis of DSA380 high-speed train pantograph[ ] ].
Journal of Dalian Jiaotong University, 2015, 36(6):24—28 (in Chinese))

7] THREHE. SRMSAR, WMk, 4. B TRUSHOCH M @ B2 0 5 R L ). PULMRIT 5 TR, 2018, 47(5)
23—27 (MA Siqun. ZHANG Pengcheng. HU Yue, et al. Static strength analysis of high-speed pantograph based
on modal correlation[J]. Machine Design and Manufacturing Engineering, 2018, 47(5):23—27 (in Chinese))

(8] IR ®Oefh. 4/ME, & BETHEIEKR RS2 S5A RITHEBIEIELT]. RVRS S EM IR, 2017(4):11
—15 (MA Siqun, ZHAO Guangwei, NIU Xiaowei, et al. Verification of finite element model of high-speed pantograph
based on modal test[J]. Agricultural Equipment &. Vehicle Engineering, 2017(4):11—15 (in Chinese))

[9] #Jefl. w2zl S EMErE Eadr[D]. KiEZCE K4, 2017 (ZHAO Guangwei. Structural characteristics
simulation analysis of high-speed pantograph[D]. Dalian Jiaotong University, 2017 (in Chinese))

[10] A, skocqs, SR, JRah G5BT BEIE 3000 5 0 M. R R % AL, 2001 (CAO Shugian,
ZHANG Wende, XIAO Longxiang. Modal analysis of vibration structures: theory. experiment and application
[M]. Tianjin University Press, 2001 (in Chinese))

[11] Mg, ARk, BEAS e 5N HIM]. 138 K% k. 2000 (FU Zhifang, HUA Hongxing. Theory
and application of modal analysisf M]. Shanghai Jiaotong University Press, 2000 (in Chinese))

[12] Xk, B TSR 4 S5 AT (D] . 7R 328 K%, 2011 (LIU Bin. Study on modal-based
structural optimization of body-in-white[ D]. Chengdu: Southwest Jiaotong University, 2011 (in Chinese))

(13] /NGt S0 A A MBS I 05 W 9E L) ). 5% 24, 2008, 29(4) 1474 — 477 (DONG Xiaorui, YANG Shiwen,
Research on modal testing methods for complex structures [ J]. Acta Armamentarii,2008,29(4) ;:474—477(in Chinese))

[14] Bart P, Herman V D A, Patrick G, et al. The PolyMAX Frequency-Domain Method: a new standard for modal
parameter estimation? [J]. Shock and Vibration, 2004, 11(3-4):395—409.

[15] Yu Wenwen, Tian Hao, Zheng Haiqi, et al. Tower modal parameters identification based on polymax method[ J].
Applied Mechanics and Materials, 2012, 229-231.1823—1826.

[16] Pastor M, Binda M, Harcarik T. Modal Assurance Criterion[ J]. Procedia Engineering, 2012, 48(1):543—548.

Experimental study on natural vibration
characteristics of high-speed pantograph

WEI Xiang-dong'*, JIAO Jing-pin' , WU Rong-ping’, ZHANG Zhi-qi*, XU Xiang-hong’
(1. College of Mechanical Engineering and Applied Electronics Technology, Beijing University of Technology, Beijing 100124 ; 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: During the high-speed train travel, the pantograph-catenary resonance increases the
amplitudes of the pantograph and the catenary, which may cause pantograph-catenary disconnection
and decline in current-receiving quality, and even damage the pantograph and the catenary.
Experimental studies on the inherent frequency and modal shape of the pantograph under different
operating conditions to avoid the pantograph-catenary resonance are crucial for pantograph-catenary
optimization design of future electrified railways. This work simulates two boundary conditions of
DSA380 high-speed pantograph head by free and rubber boundaries to obtain the inherent frequency
and modal shape of the pantograph head. The experimental results show that the natural vibration
characteristics of the pantograph head are closely related to the pantograph-catenary contact state.
Keywords: DSA380 high-speed pantograph; natural vibration characteristics; boundary conditions of
pantograph head



