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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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1 DSA380
Tab.1 Natural frequency, damping ratio and of vibration mode description of DSA380 pantograph head

/Hz /% /Hz /%
3.75 1.32 1 2.91 5.83
2 4,81 1.01 /
3 5. 70 1.04
3. 88 1.72 / 4 7.31 1.28 /
5 10. 10 0.50
15.78 5.46 6 18.05 1.04
25. 41 2.45 ( ) 7 30. 35 1.10 (
5 45. 38 1.14 3 44. 21 0. 82
49. 57 0. 64 9 49. 30 0.69
3 . (a) ;(b)

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

4 MAC . (a) ;3 (b)
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
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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



