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Tab.1 Mechanical property parameters of single—layer

composite material
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Tab.2 Performance parameters of countersunk
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Fig.3 Analysis results of aluminum structure and

composite material of car body
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Tab.4 Commands for outputing beam element
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Fig.5 Rivet layout and connector information in the connection area between side wall and chassis
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Fig.7 Rivet layout and connector information in the connection area between head cover and chassis
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Tab.7 Modal analysis results of the whole body part
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Layout and Size Optimization of Connecting Rivets for Composite
Bearing Parts of EMU Car Body
XIE Suming' ,HU Zhiyuan', WANG Yanxiang’ ,ZHANG Qian’
(1. Zhan Tianyou College( CRRC College ) , Dalian Jiaotong University, Dalian 116028 ,China;2. National Railway Vehicle R&D
Center of CRRC Changchun Railway Vehicle Co. , Lid. , Changchun 130062, China;3. Jinzhou locomotive depot of China Rail-
way Shenyang Bureau Group Co. , Ltd. , Shenyang 110001, China)

Abstract ; Using topology and size optimization technology, the strength of connecting rivets of composite car
body of EMU is studied. According to the bearing characteristics of composite materials and rivets, the
strength analysis model of composite car body of an EMU is established. According to BS EN 12663-2014 and
TB / T 3451—2016 standards, the working load of the car body is determined, and the strength of the car
body is analyzed under the working load. The redundant area of rivet connection strength is determined as the
side wall and the hood and underframe area ; taking the rivets in these two regions as the design variables, the
minimum weighted flexibility as the objective function, and the volume fraction as the constraint condition, the
rivet layout optimization is carried out to obtain the new layout of the rivets. The rivet size of the new layout is
taken as the design variable, the minimum mass is taken as the objective function, and the axial force and
transverse shear force of the rivet are taken as the constraint conditions to optimize the rivet size. After optimi-
zation, the total number of rivets in the connection area between the side wall and the underframe is reduced
by 19.91 %, and the diameter of rivets is reduced from 4. 8 mm to 4. 0 mm. The total number of rivets in the
connection area between the head cover and the chassis is reduced by 26. 60 %, and the maximum diameter is
reduced by 50 %. After optimization, the stiffness and mode of the car body meet the design requirements,
and the maximum failure factor of the rivet is 0. 629, which meets the strength design requirements of rivet.

Keywords : EMU car body ; composite structures ;car body strength ;rivet strength ;rivet optimization
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