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Abstract— The purpose of this work is to characterize the 

pure tungsten material at higher temperature for high heat 

flux or plasma facing components in divertor application in 

fusion reactor. The objective of this paper is to develop the 

finite element analysis method to compare the results with 

experimental results. True stress- true plastic strain data of 

tungsten at 900°C are considered for developing finite 

element method. Strain rate of 0.001 s-1 was given as an 

input and load-displacement curve obtained from tensile test 

considered as an output. In finite element analysis, true 

stress-true plastic strain plot is generated by giving strain rate 

to the tensile specimen as same in experimental situation and 

also compare with theoretical values. Ultimate tensile 

strength is calculated as 529.5 MPa. Finite element analysis 

was carried out in ABAQUS software. 
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I. INTRODUCTION 

Tungsten is the key material as a plasma facing material 

(PFM) for plasma facing components (PFCs) such as 

divertor targets and dome [1].In fusion reactors, plasma 

facing materials are subjected to high heat loads radiating 

from the plasma. In particular, divertor components are 

subjected to steady state heat loads of ~10 MW/m2 [2]. 

Tungsten has been selected as armor for the divertor upper 

vertical target, dome, cassette liner, and for lower base 

because of its unique resistance to ion and charge-exchange 

particle erosion in comparison with other materials [3]. 

There is a very limited database for the tungsten grades 

within the temperature range of interest to ITER [3]. Asif 

Husain et al., [4] have been worked on an inverse finite 

element procedure for the determination of constitutive 

tensile behavior of materials An experimental and a 

computational study of small punch test using circular disk 

shaped miniature specimen, through inverse finite element 

procedure. An inverse finite element procedure is developed 

and clubbed with ABAQUS computer code for the 

determination of constitutive tensile behavior of materials. 

G. Partheepan et al., [5] have been worked on finite 

element application to estimate in-service material 

properties using miniature specimen. The studies have been 

conducted in a chromium (H11) steel and an aluminum alloy 

(AR66). The output from the miniature test viz. load-

elongation diagram is obtained and the finite element 

simulation of the test is carried out using a 2D plane stress 

analysis. The results are compared with the experimental 

results. Sunil Goyal [6] has been worked on Finite element 

analysis of shear punch testing and experimental validation 

at Indira Gandhi Centre for Atomic Research, Kalpakkam. 

In this work, finite element analysis (FEA) of the shear 

punch testing is carried out to study the specimen 

deformation up to yielding and the results are compared and 

validated with experimental data for four different materials. 

II. FINITE ELEMENT ANALYSIS PROCEDURE 

The finite element modeling were conducted using the finite 

element code, ABAQUS. For finite element analysis of high 

temperature tensile testing, ABAQUS explicit dynamic 

analysis is used The 3 Dimensional finite element model of 

tensile test specimen used for simulation. 

A. Assumptions 

 Materials are considered as homogeneous 

 Pins are considered as a rigid body 

 Coefficient of friction between pin and specimen is 

assumed as zero 

 Temperature is considered as uniform throughout in 

the specimen 

 Pre-stresses are neglected 

 Effect of gripping force on the specimen is neglected 

as it does not affect the stresses at the gage section 

B. Geometric Modeling 

3 dimensional geometrical model of tensile test specimen 

was prepared in ABAQUS. Assembly consists of a pin 

loaded specimen and pins. Fig. 1 shows the dimensions of 

the specimens as per. 3 dimensional model of tensile test 

specimen is shown in Fig. 2. 

 
Fig. 1: Dimensions of tensile test specimen 

 
Fig. 2: Assembly of tensile test set-up 

C. Boundary Conditions 

 
Fig. 3: Boundary conditions 
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Finite element problem can be described by following Fig. 

3. In this problem one loading pin is fixed, while other pin is 

constrained to displace in X direction according to strain 

rate given to the specimen as in experimental condition. For 

example, 0.001 /sec strain rate with 40% elongation. 

D. Meshing 

The tensile test specimen is modeled with C3D8R 

ABAQUS elements (8 noded linear, reduced integration 3D 

elements). In the specimen, stresses are the functions of 

planner coordinates alone and normal and shear stress to the 

planner surface is zero. 3 dimensional elements are 

considered to represent the behavior of ductile damage 

while necking occurs after exceeding ultimate value of the 

material when triaxial stresses are generated. Mesh 

refinement is taken in circular holes, fillets and gage section 

of the specimen. In gage section, mesh size of 0.1 mm is 

used. Fig. 3 shows the mesh model of tensile test specimen. 

The model consists of 9450 nodes and 7164 3 dimensional 8 

noded elements were created. Fig. 4 shows the mesh model 

of tensile specimen. 

 
Fig. 4: Mesh model of tensile test specimen 

C3D8R elements consists 8 node at each corner of 

the brick with 3 degree of freedom in x, y and direction 

respectively. 

E. Material Modeling 

In the simulation of elastic behavior, the material properties 

of are defined by density, elastic modulus and Poisson’s 

ratio. In the plastic deformation stage, material nonlinearity 

or plasticity was included in the FEM using a mathematical 

model known as the incremental plasticity model. In the 

finite element simulation of high temperature tensile testing 

specimen, the plastic properties are defined together with the 

isotropic hardening rule. It means that the yield surface size 

changes uniformly in all directions such that the yield stress 

increases in all stress directions as plastic straining occurs. 

In incremental plasticity model, true stresses and true plastic 

strains are defined from experimental value. The following 

material properties of pure tungsten at 900 °C as given in 

table 1. 

Material Tungsten (at 900 °C) 

Temperature 900 °C (900+273 = 1173K) 

Co-efficient of thermal 

expansion 
4.68 × 10−6 𝐾−1 

Thermal conductivity 110 W/m K 

Density 19254 kg/m³ 

Modulus of elasticity 372 GPa 

Poisson’s ratio 0.292 

Isotropic plasticity 
Experimental true stress-

plastic strain data 

Table 1: Material properties of pure tungsten at 900 °C 

III. RESULTS AND DISCUSSION 

Figure 5 shows the maximum von-mises stress observed 

during elastic and plastic deformation. Maximum stress 

observed as 529.5 MPa which is ultimate tensile strength of 

the tungsten at 900°C. The theoretical value of ultimate 

tensile strength at 900°C is 517.9 MPa. There is a slight 

variation in von-mises stress due to assumptions taken in the 

analysis. From the results of elastic-plastic analysis of 

tensile testing, true stress-true plastic strain curve were 

obtained.  

 
Step time, t= 0.1 (15 sec) 

 
Step time, t= 0.15 (22.5 sec) 

 
Step time, t= 0.3 (45 sec) 

 
Step time, t= 0.8 (120 sec) 
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Fig. 5.5: Step time, t= 0.85 (127.5 sec) 

 
Step time, t= 0.9 (135 sec) 

Fig. 5: Results of von-mises stress 

Equivalent plastic strains are shown in Fig. 6. 

During plastic deformation, shear band at 45° angle is 

generated as shoen in figure (d). Element deletation option 

was selected to show the fracture of the specimen.  

 
(a)    (b) 

 
(c)    (d) 

 
(e)    (f) 

Fig. 6 Results of equivalent plastic strain 

Fig. 7 shows the comparison of finite element 

analysis results with theoretical values of true stress-true 

plastic strain. 

 
Fig. 7: True stress-true plastic strain at 900°C 

IV. CONCLUSION 

From finite element analysis of high temperature tensile 

testing of pure tungsten at 900°C, true stress-true plastic 

strain curve is obtained. Ultimate tensile strength of tungsten 

at 900°C is obtained as 529.5 MPa. True stress-true plastic 

strain curve obtained from FEM is matched with theoretical 

true stress-true plastic strain curve of tungsten 900°C. So, 

finite element analysis technique can be used for further 

validation of experimental results obtained by high 

temperature tensile testing. 
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