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Abstract. Plunge stage is crucial to the success of whole friction surfacing process. To 

investigate the effect of parameters, the CEL modelling method in the finite element software 

model was used to simulate the plunge stage of friction surfacing. The results showed that the 

higher rotation speed would result a smaller axial force but higher the center point temperature 

and frictional dissipation; Besides, a higher feed rate, who can cause higher peek value of axial 

force and the center point temperature rises faster, is inversely proportional to the frictional 

dissipation, and the final axial force and the center point temperature tended to be in the same 

range. 

1. Introduction 

Friction surfacing is a solid phase joining technique that can be used to produce metal coatings. 

Schematic diagram of friction surfacing is shown in Figure 1. Under the axial force, the high-speed 

rotating consumable rod was rubbed against the substrate and the end of the consumable rod was 

heated. With the relative movement of the consumable rod and the substrate, the consumable rod was 

continuously transferred to the substrate to form a continuous deposited layer [1]. The welding process 

parameters, including the feed rate, the rotating speed and the welding speed would affect the thermal 

coupling between the surfacing layers, and consequently the welding quality of the surfacing layer [2]. 

 

Figure 1. Schematic diagram of friction surfacing 

At present, the research on the mechanism of friction surfacing is mainly based on deposition 

process of steel over steel [3-4], aluminum alloy over aluminum alloy [5-6], but there are few studies 

on aluminum/steel surfacing in the literature [7-11]. By means of numerical analysis, the material 

plastic deformation, temperature change of the consumable rod, formation mechanism of the deposited 

layer can be obtained. Liu et al. [12] applied the finite element method to the coupling calculation of 

the friction welding process. But due to the limitations of the Lagrangian method in dealing with large 
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nonlinear deformation, it was impossible to simulate the stable surfacing stage. Other numerical 

simulation studies [13-15] only analyzed the temperature field using a simplified heat source model. 

So the simulation study of the surfacing process is still very scarce. 

Deposition process of aluminum over steel has a wide range of requirements in shipbuilding, 

automotive and aerospace [16]. In this paper finite element software was used to establish a thermal 

mechanical coupled friction surfacing model and to simulate the compression stage and then to obtain 

the deformation of consumable rod in the compression stage. 

2. Modelling 

2.1 Model geometry 

The consumable rod undergo large plastic deformation during the surfacing process, was defined as 

Eulerian body, and the substrate was defined as rigid body. The consumable rod was cylindrical, with 

diameters and heights of 20 mm and 100 mm, respectively. The Eulerian body included two regions, 

‘full’ and ‘void’. The outer region ‘void’ contained no initial AA5083 material properties. The 

substrate diameter and height are 15 mm and 3 mm. As shown in Figure 2 and 3: 

 

 

 

 

 

 

 

Figure 2. Rod geometrical model Figure 3. Substrate geometrical model 

2.2 Material properties 

The consumable rod are AA5083 aluminum alloy, that belongs to Al-Mg alloy, which has high 

strength, corrosion resistance and excellent welding performance [17]. The physical properties of 

AA5083 are shown in Tables 1: 

 

Table 1. Temperature dependent properties of AA5083 steel [18] 

Temperature（℃） 
Thermal conductivity

（Wm-1
K-1） 

Specific heat capacity 

（JKg-1
℃-1） 

Density 

（Kgm-3） 

-20 112.5 924.1 2673.9 

80 122.7 984.2 2642.7 

180 131.6 1039.6 2629.4 

280 142.3 1081.2 2611.5 

380 152.5 1136.6 2589.3 

480 159.5 1178.2 2567.0 

580 177.2 1261.4 2549.2 
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The Johnson-Cook plasticity model was used in the finite element simulation of friction surfacing 

with high strain rate deformation [19]. The parameters of the AA5083 aluminum alloy Johnson-Cook 

are shown in Table 2:  

Table 2. Johnson-Cook Plasticity Coefficients for AA5083 [20] 

A(GPa) B(GPa) n C m  Tm(℃) Tr(℃) 

0.13789 0.21673 0.4845 0.002 1.225 660 20 

2.3 Boundary conditions 

The simulation mainly studied the influence of process parameters on the friction surfacing process. 

Since only the compression stage of the friction surfacing was simulated, the rotating speed and the 

feed rate were merely considered in the experiment. Five sets of simulated parameters were tested, and 

the feed was 7 mm. The specific process parameters were shown in Table 3: 

Table 3. Process parameters of simulation 

Test Rotating speed（r·min-1） Feed rate（mm·min-1） 

1 700 20 

2 900 20 

3 1100 20 

4 900 15 

5 900 25 

3. Results and discussion 

3.1 Axial force 

When the feed rate was 20 mm/min, the effects of the rotational speeds of 700, 900 and 1100 r/min on 

the axial force P are shown in Figure 4. Due to the instability of plastic deformation during frictional 

surfacing. The axial force was in a fluctuating state. The higher the rotational speed, the more heat was 

generated by the consumable rod, and the material at the bottom of the consumable rod was more 

softer, so the lower the axial force; when the rotation speed was 900r/min, the influence of the feed 

rate of 15, 20 and 25 mm/min on the axial force is shown in Figure 5.The peak value of the axial force 

Pmax (25 mm/min) > Pmax (20 mm/min) > Pmax (15 mm/min), but when the surfacing is carried out, the 

downforce tended to be in the same range.  
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Figure 4. Effect of rotational speed on axial 

force 

Figure 5. Effect of feed rate on axial force 
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3.2 Temperature of the center point of the contact surface 

When the feed rate was 20 mm/min, the effects of the rotational speeds of 700, 900 and 1100 r/min on 

the contact point center temperature are shown in Figure 6. The higher the speed, the higher the center 

point temperature rises fast, and the center point temperature T (1100 r/min) > T (900 r/ min) > T (700 

r/min), when the rotation speed was 900 r/min, the feed rate was 15, 20 and 25 mm/min on the center 

point temperature is shown in Figure 7. The faster the feed rate, the more friction between the 

consumable rod and the substrate, the faster the temperature rises at the center point, and due to the 

same displacement, the center point temperature tended to be in the same range as the friction 

surfacing continued. 
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Figure 6. Effect of rotational speed on 

temperature 

Figure 7. Effect of feed rate on temperature 

3.3 Frictional dissipation 

When the feed rate was 20mm/min, the effects of the rotational speeds of 700, 900 and 1100 r/min on 

the material frictional dissipation Qf are shown in Figure 8. The higher the rotation speed, the greater 

the frictional dissipation. When the rotation speed was 900 r/min, the effect of the feed rate of 15, 20 

and 25 mm/min on Qf is shown in Figure 9. The higher the feed rate, the shorter friction surfacing time 

and the smaller the frictional dissipation. 

0 1 2 3 4 5 6 7 8

0

25000

50000

75000

100000

125000

Q
f 
 /

 J

L/mm

 700r/min-20mm/min

 900r/min-20mm/min

1100r/min-20mm/min

 

0 1 2 3 4 5 6 7 8

0

25000

50000

75000

100000

125000

150000

175000

Q
f 
 /

 J

L/mm

 900r/min-15mm/min

 900r/min-20mm/min

 900r/min-25mm/min

 

Figure 8. Effect of rotational speed on frictional 

dissipation 

Figure 9. Effect of feed rate on frictional 

dissipation 

4. Conclusions 

1) The higher the rotation speed, the smaller the axial force; the higher the feed rate, the greater the 

peak value reached, but eventually axial force tended to be in the same range. 

2) The higher the rotation speed, the higher the center point temperature; the higher the feed rate, 

the faster the center point temperature rises, but finally center point temperature tended to be in 

the same range. 
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3) The higher the rotation speed, the greater the frictional dissipation；the higher the feed rate，the 

smaller the frictional dissipation. 
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