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Abstract: With the advancement of technology and increasing
attention to safety, the design of automobile bumpers has also been
continuously improving. The structural design needs to meet a series of

strict standards, while also considering key factors such as weight,



durability, and safety.Firstly, as the foremost or rearmost structure
of a vehicle, the primary function of the bumper is to absorb impacts,
preventing damage to the passenger cabin in the event of low-speed
collisions. Modern bumper designs increasingly consider how to
minimize harm to pedestrians. This requires that in design, not only
structural strength must be considered but also its protective effect on
pedestrians. In terms of material selection, composites and high-strength
plated thin materials are widely used. These materials can provide the
necessary rigidity and strength while maintaining a relatively light
weight. Through careful design, the bumper can effectively disperse
energy upon impact, thereby minimizing damage to the vehicle's internal
structure. When the vehicle undergoes a frontal or rear collision, the
bumper beam will deform or absorb energy according to design
requirements, dispersing the impact force across the bumper beam and
the bumper support rods onto the left and right front frames. This design
can absorb most of the impact energy, thereby protecting the safety of the
occupants. Moreover, the choice of materials for the bumper is crucial.
Materials such as polyurethane, polyamide, or their mixtures with
fiberglass are widely adopted due to their good strength and structural
rigidity. These materials have shown good performance in both static and
dynamic analyses, providing effective protection for occupants. In the

final stage of design, finite element simulation technology can be used to



couple the finite element mesh of the bumper system with a
simplified model of the car. This simulation analysis helps to further
optimize the design, ensuring it meets the expected performance
standards under various collision conditions. Overall, an excellent
automobile bumper structural design needs to consider various factors,
including safety, weight, durability, and cost. Only through continuous
innovation and optimization can we design bumper products that meet
standards and are competitive, contributing to the development of the

automotive industry.

Keywords: Automobile bumper design, structural design, composite
materials, high-strength plated thin materials, bumper beam, bumper
support rods, left and right front frames, polyurethane, polyamide,
fiberglass mixture, finite element simulation technology, optimization

design.
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