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Abstract

With the widespread application of robot technology in service and industrial fields, the issue of
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human injury caused by collisions between robots and humans has become increasingly prominent.
The head, as one of the most vulnerable parts of the human body, poses a significant risk of injury
in human-machine interaction environments, making its injury risk assessment a crucial aspect in
the field of human-machine safety. This article focuses on head injuries in robot-human collision
scenarios. Through collision simulation analysis using LS-DYNA software, it explores the impact of
different collision parameters on head injuries. The experiment set different collision speeds and
selected four different collision directions. Using head injury criteria such as HIC as the core evalu-
ation basis, the impact of collision speed and collision location on head injury was analyzed. Reduc-
ing the harm of robots to humans by covering them with viscoelastic materials. The research results
indicate that there is a positive correlation between collision speed and the severity of head injuries,
with higher speeds posing greater risks. Significant differences exist in head injuries caused by col-
lisions at different locations, the hazards of frontal and rear collisions are significantly higher than
those of side collisions. For the SN10A 10 kg payload robot used in this article, its speed limit of 0.5
m/s will not cause excessive harm to the human body. In addition, it was also verified that wrapping
the robot in viscoelastic materials can effectively reduce the harm the robot may cause to humans.
This study provides theoretical support and data reference for robot safety design, collision risk pre-
vention and control, as well as the formulation of human-robot interaction safety standards. It also
enriches the research findings related to robot-human collision.
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Figure 1. Robot-human collision model
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Table 1. Robot material parameters
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Figure 2. Collision process. (a) 2 ms; (b) 17 ms
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Figure 3. Head centroid acceleration curve
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Figure 4. Stress nephogram of brain tissue. (a) Pressure; (b) P1; (c)Von Mises.
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Table 2. The impact of collision velocity
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Table 5. Calculation of viscoelastic outer layer of package
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