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Prediction of Critical Velocity in Cold Spraying Based on Numerically Calculated

Steady Maximum Equivalent Plastic Strain

WANG Fei-fan, LI Wen—ya, YU Min

(School of Materials Science and Engineering, Northwestern Polytechnical University, Xi’an 710072)

Abstract: An Eulerian method available in the ABAQUS software is used to simulate the impact process of
cold sprayed copper particle on copper substrate. Results show that the simulated cross—sectional shapes after
impact are quite comparable to the experiments, which indicates that the developed Eulerian method can effec-
tively investigate the cold spraying process. A steady maximum equivalent plastic strain is found at various im-
pact velocities and almost keeps constant at the impact velocity from 290 m/s to 400 m/s. The increasing im-
pact velocity aggravates particle flattening and enlarges the jet formation from both the particle and substrate
materials. After understanding the effect of impact velocity on the steady maximum PEEQ and the jet forma-
tion, an effective approach for predicting the critical velocity in cold spraying is proposed. The calculated criti-
cal velocity achieving to jet formation is 290 m/s.
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Fig. 1 Geometry model (a) and the local meshing (b)
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Table 1 Properties of materials used in simulationt*]

Parameters Cu 20 steel
Density/(kg « m™*) 8960 7830
Specific heat/(J « kg ' « C™ 1) 383 477
Melting point/ C 1083 1520
Young’s modulus/GPa 124 202
Possion ratio 0. 34 0.3
JC: A/MPa 90 492
B/MPa 292 210

n 0.31 0. 26

C 0.025 0.014

m 1. 09 1.03

EOS: C, 3940 4596

S 1. 49 1.92

T 2.02 1. 67
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Fig. 2 Comparison of simulated and experimental ) shapes of Cu impacting on 20 steel at different velocities
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Fig. 4 Contours of PEEQ after impacting of a 20 pm Cu

particle upon a Cu substrate at different velocities
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Fig. 5 Evolution of maximum PEEQ of Cu particle impac-

ting upon Cu substrate at different velocities
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PEEQ of a 20 pm Cu particle impacting upon a Cu substrate
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