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A new experimental technique of dynamic compression-shear combined
loading based on metamaterials

REN Qingfei, ZHANG Yongrou, HU Lingling, YIN Ziji

(School of Aeronautics and Astronautics, Sun Yat-sen University, Shenzhen 518107, Guangdong, China)

Abstract: The mechanical properties of materials or structures under dynamic compression-shear combined loading
conditions significantly influence their engineering applications. However, existing experimental methodologies for dynamic
combined loading confront challenges, such as the difficulty in synchronously applying compression and shear waves to test
specimens, in addition to the high cost of experimental equipment. This study introduces a novel experimental technique that
utilizes compression-torsion coupling metamaterials for the conversion of stress waves, enabling synchronous dynamic
compression-shear combined loading on a one-dimensional Hopkinson pressure bar. This technique offers several advantages,
including precise load synchronization, a controllable shear-compression ratio, simplicity, convenience, and low cost. A
detailed discussion is presented on the issue of triangular torsion signals that arise when the amplitude of torsional waves
converted from compression-torsion metamaterials reaches considerable levels, coupled with insufficient inertial confinement
in the transmission bar of the split Hopkinson pressure bar system. Additionally, corresponding solutions to this issue are
proposed. Experimental tests were conducted on three materials with distinct yield stresses: titanium, 304 stainless steel, and
316L stainless steel, validating the effectiveness of this experimental technique. Furthermore, leveraging finite element models,
an in-depth analysis was conducted on the influence of the geometric parameters of the compression-torsion coupling
metamaterials on their compression-torsion coefficients and load-bearing capacities. By integrating these findings with

experimental results, the applicability of this experimental technique was discussed, predicting its capability to test materials
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with strengths up to approximately 1 GPa and to apply shear-compression ratios up to 1.18 to specimens, providing a reference
for its application in a broader range of fields. This innovative integration of metamaterials with traditional experimental
equipment opens up new avenues for realizing more complex dynamic loading experiments.

Keywords: dynamic compression-shear combined loading; compression-torsion metamaterials; split Hopkinson pression bar;

conversion of stress waves
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Fig. 1 Dynamic compression-torsion loading technique achieved by combining the compression-torsion
metamaterials and one-dimensional split Hopkinson pressure bar*!
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Fig. 6 Relation of bearing capacity and compression-torsion coefficient with the tilt angle of inclined rods
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Fig. 13 FEM results of SHPB systems with different diameters of inclined rods and different diameters of transmission bars
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Fig. 16 Cloud maps of compression strain and shear strain obtained from DIC for a thin-walled cylinder titanium specimen
in elastic strain range (compression strain 0.002 8) under dynamic compression-torsion experiments
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Fig. 17 Cloud maps of compression strain and shear strain obtained from DIC for a thin-walled cylinder titanium specimen
in plastic strain range (compression strain 0.004 9) under dynamic compression-torsion experiments
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Fig. 18 Strain rate-strain curves of titanium under dynamic compression-torsion experiments
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Fig. 19  Stress-strain curves of titanium under dynamic compression-torsion experiments
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Table 2 Dynamic compression-torsion experiment results of titanium

SrVaT Rl 0/(°) o/MPa 7,/MPa oy /MPa
1 70 453.58 117.01 496.80
2 70 42949 126.49 482.15
3 60 37431 174.72 481.34
4 60 382.43 180.40 493.84
5 50 346.23 198.34 487.74
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Fig. 20 Compressive stress-strain curves of 304 stainless steel
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Fig. 21  Stress-strain curves of 304 stainless steel under dynamic
compression-torsion experiments
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Fig. 22 Stress-strain curves of 316L stainless steel under dynamic compression-torsion experiments
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Table 4 Dynamic compression-torsion experiment results of 316L stainless steel
ViR R 6/(°) os/MPa 7/MPa oy/MPa
1 70 471.19 172.86 558.27
2 60 440.02 221.21 583.45
3 50 402.85 237.92 576.28
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