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1. Introduction 

Cold Spray (CS) is a process whereby metal 

particles are utilized to form a coating by means of 

ballistic impingement upon a suitable substrate [1]. The 

numerical method plays an important role in researching 

the cold spray deposition process. In these numerical 

methods, the most commonly used space discretization 

are Lagrangian, Eulerian, ALE, and SPH. In this study, 

the particle deformation behaviour is investigated by 

using the four numerical methods mentioned above. The 

capacities and reliabilities of them are discussed after 

that. Finally, simulation result of multiple impacts is 

presented, giving a tool to estimate the porosity rate and 

residual stress induced by cold spray within the coating 

and the substrate. 

 

2. Results and discussion 

Four different numerical methods, which are 

Lagrangian, ALE, CEL, SPH, are applied to single 

impact and then multiple impact simulations. Figure 1 

shows the contour of the equivalent plastic strain 

(PEEQ) for a single 25µm copper particle after impact 

on an Aluminum substrate at 500m/s by using these four 

approaches. The other group of materials Al-12Si 

against Steel was also investigated after impact at 

1000m/s by using the four methods. Their PEEQ 

profiles were given in Fig. 2. The Lagrangian method is 

computationally efficient (Fig. 1-a), but the severe 

element distortion located at the contact surface 

(Fig. 2-a) could lead to adverse effects on the integration 

step and accuracy. Convergence issues are more 

pronounced at high temperature and high impact 

velocity, i.e. when the material tends to flow. An 

additional computational step of remeshing is employed 

for the ALE step. The results (Fig. 1-b) largely depend 

on the choice of frequency and remeshing sweeps per 

increment. This dependency is more significant when 

the impact velocity increases, leading to unsound and 

unreasonable results (Fig. 2-b). The CEL method 

permits to avoid problems of excessive mesh distortion 

and unrealistic deformed shape (Fig. 1-c), as for high 

speed impacts (Fig. 2-c). However, the cost of 

computing is more expensive compared to the SPH 

reference frame (Fig. 1-d, Fig. 2-d). In the current 

version of ABAQUS (v6.11), the analysis step of SPH 

outputs the stress-strain data without considering 

thermal effects. Comparing with experimental results 

(Fig. 3) [2,3], the CEL was chosen for the simulation of 

multiple impacts for its robustness and despite the 

computational costs. The modeling results of multiple 

impacts of two group materials are displayed in Fig. 4. It 

is possible to reproduce the creation of voids or pores as 

shown within the red circles in Fig. 4. It will be very 

interesting to study how the temperature, velocity and 

contact angle affect the porosity rate of cold spray 

coatings. One of the promising applications of our 

simulation work is to simulate the abrasion and erosion 

of materials. 

 

 (a) Lagrangian  (b) ALE  (c) CEL  (d) SPH  

Fig 1: PEEQ simulation results of cu/al by  

(a) Lagrangian, (b) ALE, (c) CEL and (d) SPH. 

 (a) lagrangian    (b) ALE  (c) CEL  (d) SPH  

Fig 2: PEEQ simulation results of Al-12Si/Steel by  

(a) Lagrangian, (b) ALE, (c) CEL and (d) SPH. 

(a) (b)  

Fig 3: Experimental results of (a) cu/al at 500m/s [6] and 

(b) Al-12Si/Steel at 1000m/s [7]. 

(a) (b)  

Fig 4: Multiple impacts simulation results of (a) cu/al at 

500m/s and (b) Al-12Si/Steel at 700m/s by CEL. 
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