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ARTICLE INFO ABSTRACT
Article Type This research delves into the influence of shot peening on the mechanical behavior of three-dimensional metal-polymer-
Original Research metal composites when subjected to high-velocity impacts. The primary objective was to assess how the compressive

residual stresses induced by shot peening contribute to enhancing the mechanical resistance, increasing the ballistic
limit, reducing crack propagation rates, and augmenting energy absorption capabilities of these composites. We
prepared specimens with varying nanoclay content (0%, 3%, 5%, and 7%) and tested them in two distinct states: shot-
peened and unpeened. High-velocity impact tests were executed using a helium gas gun at a consistent impact velocity
of 235 meters per second. The results unequivocally demonstrated that shot peening significantly reduced the impact
crater diameter, enhanced surface toughness, and mitigated the growth rate of radial cracks. Notably, the 5% nanoclay
specimens that underwent shot peening exhibited the most superior performance, recording the smallest impact locus
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ePublished: October 24, 2025 irregular radial cracks. In contrast, the shot-peened specimens exhibited shorter and more densified crack networks.

Consequently, we propose that shot peening, when combined with a 5% nanoclay concentration, serves as an effective
strategy for improving the impact resistance of multi-layered composites against high-velocity projectile threats.
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Table 1 mechanical and Structural properties of ceramic
microballoons

Out
Thickness to radius . uter True density = Microballoon
ratio (%) diameter (g/cm3) type
(1m)
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Fig. 1 Stacking sequence and geometry of the 3D Fiber Metal Laminates
(3D FMLs) specimens
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Fig. 4 Schematic illustration of a high-velocity impact apparatus
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Table 2 Findings derived from the high-velocity impact assessment of 3D
FMLs

Residual Limit Absorbed
code velocity velocity energy

(m/s) (m/s) 0

A1(No shot blasting 0% nanoclay 0%) 137.4 190.6 54.5

A2(No shot blasting 3% nanoclay%) 114.1 205.4 63.3

A3(No shot blasting 7% nanoclay) 130.1 195.7 57.4

B1(With shot blasting, 0% nanoclay 0%)  124.9 199.1 59.4

B2(With shot blasting, 3% nanoclay 3%) 102.1 211.7 67.2

B3(With shot blasting, 7% nanoclay) 118.4 203.0 61.8
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Fig. 5 Comparison of ballistic limit velocities for 3D composites in the
baseline and shot-peened conditions
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Fig. 7 The effect of shot peening on the energy absorption capacity of
composite targets during high-velocity impact
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Fig. 8 Microscopic analysis of the projectile impact site: Diameter
measurement for the baseline sample (unpeened, without nanoclay)
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Fig. 9 Diameter of the projectile impact site in the unpeened composite
sample with 3% nanoclay reinforcement
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Fig. 10 Diameter of the projectile impact site for the unpeened
composite sample containing 5% nanoclay
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Fig. 11 Crack length measured via microscopy in the baseline sample
(without shot peening and without nanoclay)
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Fig. 12 Crack length measured via microscopy in the sample with 3%
nanoclay and without shot peening
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Fig. 13 Crack length measured via microscopy in the sample with 5%
nanoclay and without shot peening
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