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Damage mechanisms in hot metal forming processes are accelerated by mechanical stresses arising during Thermal and mechanical properties variations, because it consists of the materials with different thermal and mechanical loadings and swelling coefficients. In this work, 3D finite element models (FEM) are developed to simulate the effect of Temperature and the stresses on the model development, using a general-purpose FE software ABAQUS. Explicit dynamic analysis with coupled Temperature displacement procedure is used for each model. The purpose of this research was to study the effect of both temperature and stresses on the damage property of metal forming processes, such as metals, and corresponding behavior in brittle materials, such as intermetallic and ceramics.

Introduction

Thermo-mechanical fatigue (TMF) is one of important phenomena deciding upon the cracking processes in machine components and devices exposed to mechanical and thermal influences in the power, in aviation and transport [START_REF]Fatigue under Thermal and Mechanical Loading[END_REF][START_REF] Hähner | Code-of-Practice for Thermo-Mechanical Fatigue Testing, Project funded by the EC under FP5 Growth Programme[END_REF][START_REF] Sehitoglu | Thermal and Thermo mechanical Fatigue of Structural Alloys[END_REF][START_REF] Kuhn | ASM Handbook, Mechanical Testing and Evaluation V[END_REF][START_REF] Okrajni | Chemical pipelines material fatigue[END_REF]. In order to identify the properties of materials used under cyclic temperature changes and mechanical load, it is also important to consider the interdependences mentioned as well as characteristics of individual process consisting of conditions of use in individual elements. Therefore, there is a difference between a fatigue life evaluation that uses power cycling and one that uses temperature cycling [START_REF] Shinohara | Fatigue life evaluation accuracy of power devices using finite element method[END_REF].

One of the important aspects of TMF is due to the fact that most materials are heterogeneous and comprised of multiple phases with different coefficients of thermal expansion.

Thermal fatigue, alternatively, corresponds to the case where constraints are internal, as encountered mostly in components. In ductile materials, when temperature increase, the number of cycles to failure tends to decrease at increasing temperature, except in high-strength materials, where ductility may increase at high temperature and anomalous temperature variations may occur with some materials causing a reduction in life.

TMF of cylinder heads was studied by Thomas et al. using the energy model and elasto-visco -plastic law [START_REF] Thomas | Thermo-mechanical design in the automotive industry[END_REF][START_REF] Thomas | Thermo-mechanical design in the automotive industry[END_REF]. Plastic deformation is observed in structures like cylinder heads which bear high temperature fluctuations and assembly loads. Classical models are used to obtain steady response of these structures. Namely, the maximum stress occurs at the minimum temperature and the minimum stress occurs at the maximum temperature.

The major objectives of this research work were thermomechanical characterization of fatigue mechanisms involved during deformation of 6061 Aluminium Alloy and, in particular, identification of the energy content. The prediction of failure of structures is one of the main problems in mechanical engineering and has been the subject of major efforts in the last few decades.

The corresponding stress analyses were conducted using 8-node brick elements. The higher temperature structural design criteria provide conservative but simple rules to prevent progressive deformation (cyclic creep-ratcheting) on the basis analysis by using either the Bree-diagram rule.

Local approaches of ductile fracture are aimed to relate the fracture resistance of a specimen to the mechanical behavior of its constitutive material by analyzing the deformation in the vicinity of the crack tip. The local approach of fracture has several interesting features. However, the problem of spurious strain localization and pathological mesh sensitivity is an important issue of this approach. In Abaqus the onset of damage is detected by the Hashin and Rotem damage initiation criterion [START_REF] Hashin | A fatigue failure criterion for _ber-reinforced materials[END_REF] in terms of apparent stresses, which is calculated by the FEA code.

Research Methodologies

The materials used in this study were obtained from commercial sources. The 6061-T6 alloy was received as a hot, cross-rolled plate in the T6 temper and with length L= 30 mm and the depth D=10mm and the width 5 mm. In the context of thermo mechanical model with internal variables, and to get a more complete understanding of the thermal and mechanical damage effects and study mechanical properties of materials during testing, numerical simulations of the 6061-T6 aluminum alloy were performed, to evaluate thermal loads at different set as well as within the plate. The numerical analysis using explicit dynamic finite element based on the ABAQUS Software, in order to reproduce the surface thermal loads and to obtain the temperature evolution in the plate. Finite element modeling is performed by assuming 3D deformation. The main mechanical and thermal Properties of tested specimens are summarized in Table1.

To obtain a thermal stress loading under homogeneous uniform temperature distribution, the 6061-T6 aluminum alloy was restrained against axial expansion by creating an interaction boundary condition at its outside edge. In order to determine thermal strain in the analysis we have need to the thermal expansion coefficient α [START_REF] Amri | Measurement of dynamic fracture in hot forming processing: Effect of steel elongation and temperature[END_REF] .Poisson's coefficient does not depend on temperature and takes the constant value υ=0.3. A displacement boundary condition was applied at the outside extremity of the tensile specimen. The displacement was smoothly ramped up in the first portion of the test and then held constant. 

Damage Evolution Model

The ABAQUS FEM framework provides flexibility by enabling to couple sophisticated materials with the FEM analysis models in an integrated fashion. The damage evolution models are determined with the assumption that this extra damage evolution has not been influenced by the damage that was already present in the material due to the tensile experiment. For elasticplastic material with isotropic hardening, the damage manifests itself in two forms: softening of the yield stress and degradation of the elasticity. The overall damage can be summarized in the following equations:

pl pl f Δε ω= ε          (1) 
Captures the combined effect of all damage mechanisms and is computed in terms of the individual damage variables i d .

The value of the equivalent plastic strain failure, depends on the characteristic length of the element and cannot be used as a material parameter for the specification of the evolution law, instead, the damage evolution law is specified in terms of equivalent plastic displacement pl u , or in terms of fracture energy dissipation, f G , this energy is required to open a unit area of crack, and it is a material parameter. With this approach, the softening response after the damage initiation is characterized by a stress-displacement response rather than a stress-strain response and can written as:
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The fracture energy is then given as:

pl pl 0 f pl 0 ε u pl pl f y y ε 0 G = Lσ dε = σ du   . ( 3 
)
Where, L is characteristic length. This expression introduces the definitions of the equivalent plastic displacement, 

p l p l u L ε   (4) 
The evolution of damage variable with the relative plastic displacement can be specified in tabular, linear, or exponential form. Instantaneous failure will occur if the plastic at failure pl f u , is specified 0.

In this work was assumed an exponential damage evolution of the damage variable given as:
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The exponential formulation of the model ensures that the energy dissipated during the evolution process is equal to f G . In theory, the damage variable reaches value of 1 only asymptotically at infinite equivalent displacement. In practice, when the dissipated energy reaches a value of 0.99 f G ,  will be set equals to 0.

To implement the model in a finite element code, we replace the deviatoric plastic rate of deformation with the total rate of deformation in the recovery terms of the hardening rate equations

Results and discussion

Fig.1.: Energy Variation under time cylices

Energy storage reflects internal energy changes induced by inelastic transformations. An essential feature of this stored energy is that it remains in the deformed material, at least temporarily, until possible unloading or restoration processes. Generally, the stored energy amounts are computed as the difference between the deformation energy spent during the material transformation and the dissipated energy. In the following, the mean deformation energy rate and dissipated energy as well as the stored energy, averaged over each complete cycle, were computed and plotted as a function of the mean strain in Fig. 1.

Fig.2.: Stress variation with temperature effects

In Fig. 2. the different values of temperature tested on numerical specimen is the effective plastic strain, and one can find that high plastic strain distribution remains on the crack surface, which is the typical feature of ductile fracture. The final fracture configuration of the specimen in numerical simulations is juxtaposed in Fig. 2. One may find that they are compared well. In fatigue, the maximum and the minimum peaks stresses and strains were monitored cycle by cycle, using the stiffness modulus E, defined as the ratio between the tensile stress range and the axial strain range. Cyclic tests cannot be considered as isothermal mechanical tests from a modeling standpoint. When the plastic flow begins, the plastic strain will cause work hardening in the material as dislocations interact with each other. The fracture of the materials framework is shown conceptually in Fig. 5. The number density of voids can change and growth of voids can occur independently or simultaneously. The density of voids is counted after the specimen is located to a certain level of a temperature or pressure and then unloaded. Fracture of ductile materials is often due to the nucleation, growth and coalescence of microscopic voids. The typical progression of damage evolution for wrought materials in notch tensile tests arises from void growth at the center of the specimen. Actuality, stress triaxiality starts at the notch edge and at the start of the deformation, because the stress concentration moves rapidly to the center as deformation proceeds. The stress triaxiality is nonuniform throughout the cross section of the specimen and reaches a level sufficient to start void growth when its peak reaches the center of the notch specimen. The phenomenological models do not have actual physical meaning, but they try to simulate the behavior of a real material using empirically designed relations.

In the project called "Identification of ductile damage parameters for nuclear facilities" the phenomenological material model was used. These models can be classified into two groups. The first one is formed by uncoupled models where the plastic response and ductile damage are separated and the other one contains coupled models where the plastic response is modified according to the evolution of the damage.

Conclusion:

The purpose of this paper was to study the thermomechanical fatigue model and the mechanical properties of 6061-T6 Aluminium. The obtained thermal states were then exploited to determine, the effective plastic strain, from which the number of cycles to failure was estimated for solder layer. The maximum Von Mises stress computed by the thermo-mechanical analysis is lower than the ultimate tensile strength of materials. Finite element calculations of notch tensile bars were performed to illustrate the use of the model. Then the model is very appropriated to study the thermomechanical fatigue ant its properties according to changing the temperature and pressure action.

plu

  , as the fracture work, conjugated of the yield stress after the onset of damage. Before the damage initiation, definition of characteristic length is used because the direction in which fracture occurs is not known in advance. The damage evolution based in effective plastic displacement, pl u , is defined as:

Fig. 3 .

 3 Fig.3.: Damage criterion and Temperature evolution with time Figure.3 shows the variation of the damage criterion and the temperature evolution with time during thermalmechanical cycling for a material at a curing pressure of 0.33 MPa. The temperature was repeatedly increased to various levels. At the higher temperature (110°C) of a material, a damage increase occurred successfully.

Fig. 4 :

 4 Fig.4: Stress variation with temperature cycling Figure.4.: shows the variation of the stresses during temperature cycling. The temperature variations initially indicated a steep rise due to an increase in inelastic strain. Then these temperature variations started to display a steady state region characterized by thermal stabilization throughout the 1 Hz fatigue test. When the temperature becomes greater than the inelastic flow transition temperature, the materials change it properties.

Fig. 5 :

 5 Fig.5: (a) displacement distribution during test cycling (b) temperature distribution

Table . 1

 . . Mechanical and thermal properties of the 6061-T6 Aluminium.

	Tensile modulus GPa	20.7
	Tensile strength (MPa)	276-310
	Yield stress (MPa)	690
	Thermal conductivity (Wm-1K-1)	167
	Poisson ration	0.3
	Linear hardening modulus (MPa)	1.540
	Initial void fraction	0.050
	Final void fraction	0.70