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Fig.1  Finite element model of the hybrid manufacturing 
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Fig.2  Size definition of double ellipsoid heat source model
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Table 1  Physical properties of Ti-6Al-4V 

Parameter Value 

Thermal conductivity/W·(m·K)

-1

 6.7 

Thermal expansion coefficient/K

-1

 

9.7 10

-6

 

Young's modulus/Pa 

1.138 10

11

 

Density/kg·m

-3

 

4.43 10

3

 

Specific heat/J·(kg·K)

-1

 526.3 

Poisson’s ratio 0.342 
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Table 2  Finite element simulation parameters for hybrid 

forming process of Ti-6Al-4V alloy 

Parameter Value 

Heat source power/W 4000  

Rolling reduction per layer/mm 0~0.844 

Energy efficiency 0.8 

Deposition speed/mm·s

-1

 10  

Wire feed speed/m·min

-1

 1.6  

Distance between roll and heat 

source/mm 

80  

Height of each layer/mm 2  

Roller shape Cylindrical roller  

Diameter of the rollers/nm 50  

Coefficient of friction 0.2

[16]

 

Dewell time between 2 layers/s 20  

Front length a

f

 

Rear length a

r

 

Rear ellipsoid 

fourth 

Front ellipsoid fourth 

Depth d  

Width b  

Motion direction 

Roller 

 

Substrate 

The 10th layer

The 1st layer 

Bearing 

Deposition metal 
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Table 3  Parameters in Arrhenius type constitutive equation of  

TC4 Titanium Alloy 

n α/MPa

-1

 β/MPa

-1

 Q/kJ·mol

-1

 A/s

-1 

3.12 0.011356 0.059166 540.84 7.19×10

22
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Fig.3  Temperature field in the WAAM +Rolling Process 
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Fig.4  Deformation of the first layer of deposited metal under 

cylindrical rollers: (a) the shape of the first layer as 

deposited; (b) equivalent plastic strain during rolling;   

(c) after the first layer is rolled and the second layer just 

has formed 
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La 

Fig.5  Equivalent plastic strain after final forming with different 

reductions by cylindrical roller: (a) 0 mm, (b) 0.344 mm, 

(c) 0.546 mm, and (d) 0.844 mm 
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Fig.6  Equivalent plastic strain on the cross section of the 

deposited metal by cylindrical roller 
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(ÂÃ�¤¥)  

Fig.7  Cauchy stress on the cross section of the deposited metal 

after rolling on the mid-line 
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Fig.8  Deformation of the substrate in height direction with 

different reductions (cylindrical roller, the displacement 

in y direction) 
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Fig.9  Deformation of the substrate in height direction with 

different reductions (cylindrical roller, average 

displacement of the both ends) 
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Finite Element Simulation of Hybrid Manufacturing of Ti-6Al-4V by Wire Arc 

Additive Manufacturing and Rolling 
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Abstract: In wire arc additive manufacturing (WAAM), residual stress is easily generated during solidification and subsequent cooling, 

which affects the formation and use of the components. In this paper, finite element simulations were carried out to investigate the 

influence of roller reductions on the temperature, stress, strain and residual stress distribution in components during the hybrid forming of 

Ti-6Al-4V alloy by WAAM and interlayer rolling. The results show that interlayer rolling reduces the residual macroscopic stress 

significantly in the deposited metal, and at the same time reduces the overall stress on the substrate. Increasing reduction can reduce 

significantly the macroscopic residual stresses and distorsion of the components. The residual stress can be significantly reduced by 

profiled roller and increasing rolling reduction, which leads to a new route for the optimization of process in wire arc additive 

manufacturing. 

Key words: additive manufacture; rolling; residual stress; finite element simulation 
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