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Fig. 1 Discretization of material point method
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Fig. 2 A quarter of cold spray MPM model (the case in which

particle and substrate both contain the oxide layer as an example)
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Fig. 3 Construct Delaunay tessellation, identify the solid filled

region by a-shape algorithm and extract its surface

3 SENHHIR T

3.1 xR E AR RN

T e i T v 4 T 1) A K S A R K A
R TR B A7 AR BELAS T 4 )R 8] A9 T 4 ol
P4 25 T AUBORE 3% T A7 78 S AL P A () o o 5
JE T UKL 1D S AR G 5 B A O

e

— H’:E.i_ih'-:‘.&f-'f:-

Z0lh s G0N s

T mu's

(a) BB
(a) View angle B

500 mis

(b PLEEC
(b} View angle C

4 AUBORL Ak P i R TR) o B TR BORLRS T L AR
% B R 7 UKL 4 i B ORE Ak )
Fig. 4 Oxide residues on the bottom surface of the particle under
different impact velocities when only the particle contains
the oxide layer (only the metal and oxide of
the particle are shown)
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Fig.5 Oxide residues between the particle and the substrate under
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different impact velocities when the particle and substrate both
contain oxide layers (only the metal and oxide of the particle,

and the oxide of the substrate are shown)
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Fig. 6 Front view of the morphology (left) and equivalent plastic
strain distribution (right) near the impact crater under

the impact v=700 m/s
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Fig. 7 Evolution of volume ratio in the extreme plastic
deformation zone of the metal within particles under

different impact conditions
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results from view angle B
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Effect of surface oxide in cold spray with the material point simulations

CHEN Cong, SU Hao, LIU Yan”
(School of Aerospace Engineering, T'singhua University.Beijing 100084 , China)

Abstract: Cold spray is a technique utilizing the plastic deformation of materials under impact to achieve
solid-state bonding between metals. It has great importance for engineering applications such as surface
repair, preparation of special materials,and additive manufacturing. The oxide on the raw materials is one
of the major factors influencing the bonding efficiency and adhesive strength in cold spray. The effects of
the oxide on the bonding between the particle and substrate are investigated with the simulation of
material point method. The volume ratio of extreme plastic deformation zone in the particle is defined.
Based on the residue of oxides at the interface and the aforementioned definition, the conclusions of the
effect on the contact area and the plastic deformation under various impact velocities are drawn. Under
the existence of oxides,increasing the impact velocity of the particle can simultaneously enlarge the fresh

metallic surface and increase the plastic deformation.

Key words: cold spray;oxide;material point method;additive manufacturing



