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Homogenization of Plastic Behavior of Metallic Particle/Epoxy
Composite Adhesive for Cold Spray Deposition

Yong-Jun Cho*%, Jae-An Jeon**!, Kinal Kim**, Po-Lun Feng***, Steven Nutt***, Sang-Eui Lee**"

ABSTRACT: A combination of a metallic mesh and an adhesive layer of metallic particle/epoxy composite was
introduced as an intermediate layer to enhance the adhesion between cold-sprayed particles and fiber-reinforced
composites (FRCs). Aluminum was considered for both the metallic particles in the adhesive and the metallic mesh.
To predict the mechanical characteristics of the intermediate bond layer under a high strain rate, the properties of the
adhesive layer needed to be calculated or measured. Therefore, in this study, the Al particle/epoxy adhesive was
homogenized by using a rule of mixture. To verify the homogenization, the penetration depth, and the thickness
decrease after the cold spray deposition from the undeformed surface, was monitored with FE analysis and compared
with experimental observation. The comparison displayed that the penetration depth was comparable to the diameters
of one cold spray particle, and thus the homogenization approach can be reasonable for the prediction of the stress
level of particulate polymer composite interlayer under a high strain rate for cold spray processing.
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4] 24 (Johnson-Cook (J-C) plastic model)& E3f A= 2]
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Table 1. Properties of cold-sprayed metal particle

G E k

Material P e

aterla kgm) | (GPa) | GPa) | V| (W/m-K)
Pure Al 2710 27 68.9 0.33 210
Material Cp(]/kg-K) C, (m/s) Y I,
Pure Al 904 5386 1.339 1.97
Material A (MPa) B (MPa) n C
Pure Al 148.4 345.5 0.183 0.001
Material m T, (K) T, (K) & (1/s)
Pure Al 0.895 916 298 1

Table 2. Properties of intermediate layer of adhesive film

Material (kg?m3) (Gia) v (1/12;1() (W];ITIiK)
Epoxy 1450 27 0.3 300 1.85
5056 Al 2640 71 0.3 904 117
Adhesive film 2045 3723 | 0.3 602 59.43
Material A (MPa) B (MPa) n C
Epoxy 20.66 110.4 0.5497 0.0441
5056 Al 140 426 0.34 0.015
Adhesive film 80.33 268.2 0.4448 0.0296
Material m T,, (K) T, (K) &, (1/s)
Epoxy - 573 298 1
5056 Al 1 911 298 1
Adhesive film - - - 1
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s = OfepVep + 0. aVai (5)
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