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Design of Polymer Composites for Effective Shockwave Attenuation

Gyeongmin Park*, Seungrae Cho*, Hyejin Kim*, Jaejun Lee*'

ABSTRACT: This review paper investigates the use of shockwave attenuating materials within composite structures to
enhance personnel protection against blast-induced traumatic brain injury (bTBI). This paper also introduces
experimental methodologies exploited in the generation and measurement of shockwaves to evaluate the performance
of the shock dissipating composites. The generation of shockwaves is elucidated through diverse approaches such as
high-energy explosives, shock tubes, lasers, and laser-flyer techniques. Evaluation of shockwave propagation and
attenuation involves the utilization of cutting-edge techniques, including piezoelectric, interferometer, electromagnetic
induction, and streak camera methods. This paper investigates phase-separated materials, including polyurea and ionic
liquids, and provides insight into composite structures in the quest for shockwave pressure attenuation. By
synthesizing and analyzing the findings from these experimental approaches, this review aims to contribute valuable
insights to the advancement of protective measures against blast-induced traumatic brain injuries.
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Fig. 1. Shockwave pressure profile as a function of time [3]
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Fig. 2. Brain injury mechanisms caused by explosions [2]

Fig. 3. Schematic diagram of the mechanisms of blast-related
traumatic brain injury [8]
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Fig. 4. Metal projectile technique using pressurized gas [16]
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Fig. 7. Laser-induced shockwave generation technique via the
rapid evaporation of metals [29]
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piezoelectric crystals [14]
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Fig. 10. Electromagnetic induction technique for the measure-
ment of shockwave pressure [14]
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Fig. 13. Schematic depiction of Heterodyne interferometer sys-
tem [43]
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3.2 Nanophase separated polymers
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Fig. 15. (a) Chemical structure of NIL 5-6, and (b) XRD patterns
before and after shockwave impact for NIL 5-6, where
peak | increased significantly after the impact [28]
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3.3 Composite laminates
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Fig. 16. Schematic depiction of stress propagation through a
multi-layered structure via transmissions and reflec-
tions at the interfaces [55]
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pression experiment for periodically layered composite
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