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in Fig. 3. The lower die was fully constrained while upper die 
was displaced in OY direction by 6 mm to limit computational 
time during the inverse analysis. 

The 92000 of 8 node linear brick, reduced integration and 
hourglass controlled elements (C3D8R) were selected for the 
discretization purposes. 

The GTN coefficients q1,q2,q3 were then identified dur-
ing the inverse analysis based on simplex optimisation method 
[19,23] by minimising the goal function defined as a square root 
difference between measured and calculated loads. After, series 
of optimisation stages a set of model parameters was obtained 
as presented in Table 2.

TAB LE 2

Identified parameters of the GTN model for the Distaloy AB.

Porous Volume Fraction q1 q2 q3

15%, 20%, 25% 2.2 0.3 4.84

The agreement between measured and calculated loads for 
the identified parameters is presented in Fig. 4. 

 Fig. 4. Comparison of load-displacement curves from compression test 
obtained from experimental and inverse analysis

The identified GTN model, was then validated during nu-
merical simulations of more complicated deformation process 
involving superposition of cyclic reverse torsion and compres-
sion tests. 

4. Validation of the GTN model parameters 

The compression with reverse cyclic torsion test was se-
lected for validation purposes to prove that the developed GTN 
model properly describe material behaviour under such complex 
stress state. Laboratory tests were again realized with universal 

 Fig. 1. Universal machine for testing materials under complex loading 
conditions

 Fig. 2. Load-displacement curves after compression tests for samples 
with three different porosity volume fractions (PVF)

  Fig. 3. Model assembly with the applied boundary conditions
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it is necessary, the movement of the mesh and material can be 
then independent. 

Developed model includes also temperature changes as 
a result of heat generation induced by deformation. With the 
presented model a fully coupled thermo-mechanical analysis 
was performed. Time of the calculation was set as 40 s what 

corresponds with deformation of 25%. The parameters from 
Table 2 were used to validate the predictive capabilities of the 
identified GTN model. Examples of obtained results are shown 
in Fig. 9-11.

Comparison of the experimentally measured and calculated 
loads by the GTN model are presented in Fig. 12.

Fig. 12. Comparis on of load-time curves from compression with reverse 
cyclic torsion test obtained from experimental and numerical analysis

As seen in Fig. 12, the model predictions for the three dif-
ferent samples with increasing initial porosity level agree well 
with the experimental observations. However, at the later stages 
of deformation some clearly pronounced oscillations, higher than 
in the experimental measurements, appear at the load curves in all 
three case studies. Most probably over time, the contact surface 
between the tool and the sample in numerical simulation increas-
es slightly faster than in experimental investigation, contributing 
to the increase of torque. Nevertheless it can be concluded, that 
the developed model can be used not only to simulate simple 
deformation conditions, but also sinters subjected to complex 
loading paths. The model will be used during further research to 
investigate material behaviour during compression with cyclic 
horizonal reverse shearing.

5. Conclusions

Based on the presented research it can be concluded that:
• GTN model parameters can be properly identified based 

on conventional compression test performed for a set of 
samples with different porosity volume fractions.

• GTN model can properly capture sinters behaviour under 
complex loading paths. Load reduction during the compres-
sion with cyclic reverse torsion in comparison to conven-
tional compression is clearly visible. 

• Due to mesh degeneration, occurring especially when cyclic 
reverse torsion is superimposed on the compression, the 
ALE technique should be used during simulation. 

Fig. 9. Equivalen t stress distribution after compression with reverse 
cyclic torsion test

Fig. 10. Equivale nt plastic strain distribution after compression with 
reverse cyclic torsion test

Fig. 11. Temperature distribution after compression with reverse cyclic 
torsion test




