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Car body elastic vibration control in EMUs based on modal contribution
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Abstract: The lightweight design of the car body structure in EMUs leads to an increase in structural flexibility, and with the in-
crease in the operating mileage and the deterioration of wheel-rail wear, the car body suffers from worsening abnormal elastic vibrations
during operation, such as jittering and lurching, which affect riding comfort and operational safety. This paper was intended to analyze the
causes of such abnormal vibrations, from the perspectives of modal contribution, modal design and modal control. Firstly, based on the
modal correction and modal test results of the car body, a finite element model of the car body was established. Secondly, according to the
working conditions, the car body was processed into a free modal, and the structural modal parameters were extracted. Then, based on the
modal analysis theory and the principle of modal contribution, the elastic modal shapes of the car body structure were analyzed, and the
structural modal contribution factor was calculated according to the car body modal displacement. Finally, the modal matching method
and transfer function method were analyzed for the elastic vibration control of the car body. The results show that the modals that contrib-

ute greatly to the vertical vibration of the car body in the order of magnitude are as follows: the first-order vertical bending, the first-order

HAS B 2022-01-21
AAMA . BRAARAFLELRA(51775456); mARL AL F LA B (2019RCO11)
BANEH: & O (1976—), F, W, sl#dk, SR F @A %E4M3) A% ; E-mail: ch_hello@163.com



55 WO, BT ST TR B A2 AR R Sl 73

diamonding, the second-order diamonding, and the first-order torsioning, and the modals that contribute greatly to the lateral vibration in
the order of magnitude are as follows: the first-order lateral bending, the first-order diamonding, the second-order diamonding, and the
first-order torsioning. The main factors that cause the elastic vibration of the car body are the track disturbance, the bogie hunting motion,
the bogie modal, and the suspension parameters of the underfloor equipment. The rigid natural vibration frequency of the wheelset,
frame, car body and other EMU components should meet the vibration isolation requirements, and the first-order diamonding elastic mod-
al frequency of the car body should be effectively isolated from the rigidity and elastic frequencies of the frame, to reduce abnormal elas-
tic vibration of the car body. An increase in the damping ratio of the car body structure can reduce the amplitude of the acceleration trans-
fer function and improve the riding comfort. Specifically, an increase in the damping ratio of the car body structure from 0.015 to 0.150
can improve the running stability index by 13%, so increasing the structural damping can significantly reduce car body vibration.

Keywords: EMU; car body; modal analysis; modal contribution; modal matching; transfer function; high-speed train; track irregularity
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