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Abstract: A finite element method was employed to evaluate the residual stresses in W/FS (ferritic steel) joints, and the 

influences of V/Ni and V/Cu composite interlayer on residual stress distribution of W/FS joints were discussed. The 

results show that large residual stress is generated in W/FS diffusion bonded joints. The maximum compressive residual 

stress is presented in the tungsten near interlayer, while large tensile residual stress is shown in interlayer and steel near 

interlayer as well. The residual stress of W/FS direct diffusion bonded joint is the largest, the residual stress of 

W/V/Ni/FS joint is lower, and the residual stress of W/V/Cu/FS joint is the least. The tensile strength of the joints and 

fracture characteristics verify the accuracy of calculation results of the FEA. 
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Fig. 1  Schematic diagram of assembled sample for diffusion 

bonding 
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Fig. 2  Schematic diagram of standard tensile specimen (Unit: 

mm) 
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Table 1  Physical and mechanical properties of materials employed in FEA 

Material Temperature/  Elastic modulus/MPa Poisson ratio CTE/10�6  �1 Yield strength /MPa 

20 397938 0.275 4.65 1360.5 

200 397270 0.28 4.71 1154.17 

400 394480 0.283 4.86 947.86 

600 389508 0.286 5.0 764.79 

700 386210 0.289 5.07 681.67 

900 377970 0.292 5.22 531.74 

W 

1050 370370 0.3 5.31 433.09 

20 217260 0.31 10.4 500 

200 207327 0.31 11.2 453 

400 197123 0.31 11.9 402 

600 177589 0.31 12.5 194 

700 161024 0.31 12.6 100 

900 155800 0.31 12.8 21 

FS 

1050 130000 0.31 12.9 15 

20 208000 0.31 15.45 148 

127 204000 0.31  153 

227 197000 0.31  140 

327 190000 0.31 16.1 138 

427 183000 0.31  115 

527 174000 0.31 16.65 100 

627 166000 0.31  69 

727 158000 0.31 17.75 59 

827 150000 0.31  45 

Ni 

1100 142000 0.31 19.85 20 

20 127600 0.365 7.8 380 
V 

1050 110000 0.365 10.0 100 

20 130000 0.35 17.2 350 

200 106000 0.35 18.5 150 

400 70735 0.35 20.0 80 

600 20151 0.35 20.1 10 

800 7000 0.35 20.2 5 

Cu 

1050  0.35 20.3         
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Fig. 3  2D model and grid of W/Steel joint 
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Fig. 4  Residual stress distribution of W/V/Ni/FS joint:     

(a) Radial stress �X; (b) Axial stress �Y 
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Fig. 5  Residual stress distribution of W/V/Cu/FS joint: (a) �X; 

(b) �Y 
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Fig. 6  Comparison of residual stresses of three different 

interlayers in W/FS joints: (a) �X; (b) �Y 
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Fig. 7  Tensile stress distribution of two interlayers in W/FS 

joints 
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Fig. 8  SEM image of joint fracture (a) and schematic 

representation of joint fracture model (b) 
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