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EFFECT OF SURFACE ROUGHNESS ON THE FORMATION OF SHEAR BAND IN
Ti-6A1-4V ALLOY CYLINDRICAL SHELLV

Yang Tao Liu Longfei”? Yang Zhicheng HuLi Lu Liwei Shi Xiankun
(College of Materials Science and Engineering, Hunan University of Science and Technology, Xiangtan 422101, Hunan, China)

Abstract Shear band is one of the special deformations and damage forms of materials under high strain rate loading.
The research on the sensitive factors and mechanism of shear band formation in metal materials has always been one of
the key issues in scientific research and engineering design. In the process of high-speed collapse of cylindrical shell,
the shear band nucleates preferentially in the inner surface, and its nucleation and propagation behavior are significantly
affected by the mesoscopic state of the inner surface. In the presented study, the detonation loading of Ti-6AL-4V
alloy cylindrical shell was carried out by thick walled cylinder collapse experiment. Combined with surface treatment
technology, microstructure characterization technology and shear banding analysis model, the effect of inner surface
roughness on the law of mesodynamics of shear band formation in Ti-6AL-4V alloy cylindrical shell was studied through

the shear band pattern in samples. The experimental results show that the inner surface roughness has a significant effect
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on the formation of adiabatic shear bands in Ti-6AL-4V alloy cylindrical shells under high strain rate. The number, length
and nucleation rate of adiabatic shear bands in the specimen increase with the increase of the inner surface roughness under
the same deformation condition. The results indicate that, the larger surface roughness leads to a stronger shielding effect
for the shear bands. Furthermore, the propagating velocity and length of partial adiabatic shear bands in the specimen
increase with the increase of the inner surface roughness. The experimental results of shear band spacing are in good
agreement with the prediction of W-O model and M model, but the spacing values are influenced by the inner surface

roughness of the specimen. With the increase of the inner surface roughness, the experimental results are gradually smaller

than the prediction of models.
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Fig. 1 Schematic diagram of the device
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Fig. 2 Contour curve of surface roughness (R;) in Ti-6AL-4V alloy cylindrical shells

K 3 TC4 8k & &8 RIMFREE (Ry) T3 (a) 0.92 um; (b) 1.83 um; (c) 2.96 um; (d) 3.90 um; () 5.04 um
Fig. 3 Surface roughness (R,) morphology of Ti-6Al-4V alloy cylindrical shells: (a) 0.92 um; (b) 1.83 um; (c) 2.96 um; (d) 3.90 um; (e) 5.04 pm
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Fig. 4 Shear band pattern characteristics of cylindrical shells with different surface roughness:
(a) 0.92 um; (b) 1.83 pum; (c) 2.96 um; (d) 3.90 um; (e) 5.04 um
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Fig. 5 Schematic diagram of shear bands in cylindrical shells of different surface roughness:
(a) 0.92 um; (b) 1.83 pum; (c¢) 2.96 pum; (d) 3.90 um; (e) 5.04 um
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Fig. 6 Distribution of shear band lengths and positions of specimens with different surface roughnesses
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