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Abstract  Since electric multiple units obtain electricity from the catenary through the pantograph, a good pantograph-
catenary contact is essential for ensuring current collection quality for the train. With the increase of the running speed of
the train, the issue of the pantograph-catenary dynamic characteristics becomes increasingly noticeable. As the traveling
speed increases, the elastic modes of the pantograph and the high-frequency interaction between the pantograph and
catenary will be excited by high-frequency excitation such as catenary irregularity and aerodynamic effects. The three

lumped mass model that only considers the three vertical free degree of the pantograph is no longer suitable for high-
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frequency pantograph-catenary dynamics analysis. In order to design the dynamic parameters of pantographs at higher
speed and evaluate the current collection quality of the pantograph-catenary system, a full flexible model of the
pantograph that reflects the structural elastic modes is required. In this paper, an updating method based on the full
flexible model of pantographs is proposed. Firstly, a new single-strip high-speed pantograph was tested, and modal
characteristics of two vertical coupled vibration modes and six vertical elastic modes within 260 Hz were obtained. Then,
an analysis on the sensitivity of the modal frequency of the pantograph to material parameters was conducted. It was
found that the elastic modulus and density of the strip, upper arm and lower arm, and the spring stiffness of the pan head,
have a significant influence on the eight vertical frequencies of the pantograph, and thus the model parameters to be
updated were determined. Finally, by using particle swarm optimization, an updated full flexible model was obtained,
which was in good agreement with the experimental results, with a deviation of only 5.2%. In addition, a modal

identification method based on modal assurance criterion was proposed, which can achieve automatic modal

identification in the process of model updating with 100% accuracy.
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Fig. 1 Modal test of single-strip high-speed pantograph
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Fig. 2 Modal shapes of the target modes. (a) Vertical vibration of the
pan head R1; (b) Side rolling of the pan head R2; (c) Vertical 1st bending
vibration of the pan head F1; (d) Vertical 2nd bending vibration of the
pan head F2; (e) Vertical 3rd bending vibration of the pan head F3;

(f) Vertical 1st bending vibration of the upper arm F4; (g) Vertical 2nd
bending vibration of the upper arm F5; (h) Vertical 1st bending vibration
of the lower arm F6. Columns 1 and 2 show the experimental and
calculated results, respectively
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Table 1 Modal frequency of the target modes ©) @® @
Modal test  Initial full flexible model Updating full flexible model ®
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R2 12.5 13.6 8.2 13.8 9.8 z
y X
F1 48.4 50.2 3.8 50.6 4.5
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Fig. 3  Full flexible model of pantograph
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decision vector

sensitivity analysis: X
engineering feasibility: value range
normalized map: X

!}

optimization problem
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