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Hopkinson Bar Pulse Width Extension Test Method Based on
Polyurethane Wave Shaper

Li Xiangyu', Zhao Rui'", Shi Yunbo', Chen Yunan®, Zhang Peng', Chen Liang', Guo Tao'
(1. Key Laboratory of Electronic Testing Technology, North China University of Technology, Taiyuan 030051, China;
2. Shanxi Institute of Mechanical and Electrical Engineering, Changzhi 046011, China)

Abstract: In traditional Hopkinson bar impact tests, the interaction between the projectile and the bar pri-
marily involves transient elastic collisions. This limits the controllable range of the incident stress pulse
width, making it difficult to meet the testing requirements for mechanical overload impacts at the hundred-
microsecond scale. This paper proposes a controlled pulse width expansion impact testing method using

8800M polyurethane as the waveform shaper material. This method introduces a polyurethane waveform
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shaper at the bullet-impact rod interface to modulate initial contact conditions and stress wave formation.
This transforms the transient elastic collision into a non-transient contact behavior with significantly
extended duration and controllable process, thereby achieving a smoother rise of the impact pulse and
effective pulse width expansion. A finite element model of the bullet-shaper-impact rod system was estab-
lished using the finite element method. Key parameters such as shaper thickness (from 1 to 10 mm) and
bullet initial velocity (from 14 to 20 m+s™') were systematically analyzed to investigate their influence on
pulse peak and width. Thickness was identified as the dominant parameter for pulse width control, with a
linear effective range of from 1 to 5 mm for pulse width expansion when the waveform shaper diameter is
10 mm. Simulation and experimental results demonstrate that the polyurethane waveform shaper achieves
a relative standard deviation of 3.28% in pulse width during repeatability tests, enabling significant pulse
width expansion while maintaining stable waveform characteristics. The average pulse widths obtained
under various operating conditions exhibit excellent consistency with simulation results, with a maximum
relative error of 3. 25%, thereby validating the established model and research methodology.

Key words: Hopkinson bar; pulse width-peak; polyurethane; waveform shaping; mechanical overload
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conditions without adding a waveform shaper
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Tab.3 Conditions generated by each pulse width in the experiment
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Fig. 7 Increased pulse signal generated by the polyurethane waveform shaper at a bullet velocity of 14 m-s™
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