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Evolution of mechanical characteristics for Aluminum alloy Al 7075 (heat - 
treated) used in aeronautics, during maturation time and precipitation 
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Abstract. The object of this work is to study the behavior of Aluminum 7075 alloy used in air transport, which is an 

industrial necessity. The aluminum alloy Al 7075 is a structurally hardened alloy and not by hardening. These 

mechanical properties are of particular microstructure obtained by thermo-mechanical treatments. Among other 

things, this is complicated microstructure which is responsible for the mechanical performance. The hardening phases 

are obtained by precipitation sequence that evolves with changing mechanical characteristics during the maturing 

time. Following heat treatment, carried out on this alloy, the evolution of the mechanical properties of aluminum 

alloys is very dependent on aging time parameter. An experimental test of traction companion in different loading 

direction of the heat-treated material (quenching) was our baseline data to fully describe the precipitation kinetics and 

the evolution of the mechanical characteristics (Rp0.2, Rm, and A% ), dice up the cool quenching maturation (state 

T7). The study of the evolution of the mechanical properties of materials has allowed us to identify the complex 

mechanical behavior of law according to the direction of loading and the maturation time and the determination of the 

best point in the axis of the time the material is mechanically efficient vis-à-vis the manufacturing processes for 

plastic forming. 

1 Introduction  

Aluminum alloys, unlike pure aluminum have very high 

mechanical resistance properties [1]. These properties 

combined with its lightweight allowed the diverse 

applications of aluminum alloys particularly in the 

transportation industry. 7000 series Aluminum alloys (Zn 
is the main additive element) are used mainly as 

aerospace alloys [2] [3]. The airbus A380 is composed of 

60% aluminum alloys of which Al 2024 and Al 7075 

make the major part [2] [3]. This material is a 

precipitation hardened alloy not cold worked [1] [4]. 

These mechanical properties result from a particular 

microstructure obtained by heat treatments [4] [5] [6]. Its 

complicated microstructure is at the origin of its 

mechanical performance, among other things [2]. Several 

research studies have concentrated on the description of 

the complex phenomenon of precipitation hardening such 

as Guinier-Preston Zones (Zone GP) [7] which are highly 
dependent on the alloy’s composition and its heat 

treatment. The hardening phases are obtained by 

precipitation sequence that evolves with changing 

mechanical characteristics during the aging time [8] [9]. 

Following heat treatment, the evolution of the mechanical 

properties of aluminum alloys is highly dependent on the 

aging time parameter [10] [11] [12]. Various research 

efforts in this context have led to the identification of the 

mechanical behavior laws of a material (heat treated or 

not) in a microstructural equilibrium before or after 

quenching [13] [14]. The identification of an isotropic 

hardening law that can predict the behavior of this type of 

material throughout the range of the ageing time for 

various load directions remains a subject to be developed. 

An experimental series of traction tests in different 
loading directions of the heat treated (quenched) 

aluminum alloy is our first data source to fully describe 

the kinetics of precipitation and changes in the 

mechanical characteristics (Rp0.2, Rm and A%), from 

quenching until maturation. 
 

Table 1. Mechanical characteristics Al7075 
 

Mechanical characteristics 

Rp0.2 

390MPa 

Rm 

475MPa 

A% 

7 

 
Table 2. Chemical composition Al7075 

 

Chemical composition 

Cu 

1.2- 2.0 

Mg 

2.1-2.9 

Zn 

5.1-6.1 
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2 Results of mechanical tests and 
interpretations    

The prismatic test tensile tests were laser cut from rolled 

sheet provided to the state of Al marketed 7075 T7 

material. These specimens were heat treated by 

quenching. The heat treatment is performed in an electric 

furnace with uniform temperature. The test pieces of Al 

7075 material have suffered a heating to the temperature 

of dissolution 490°C followed by an isothermal hold for 

homogenizing the structure and terminated by quenching 

in water room temperature. 

In this work, we will represent the stress-strain curves 

in 45° directions (0 ° direction: the rolling direction 45 ° 

and 90 ° direction) and dice the fresh quenching until 

maturation (state T7). 

The frequency of achieving the tensile mechanical testing 

for each direction and for each material is as follows: 

- Fresh Trempe (T fraiche). 

- After 1 hour of quench (Ap 1h). 

- After 2 hour of quench (Ap 2h). 

- After 1 day of quench (Ap 1j). 

- After 7 day of quench (Ap 7j). 

We pushed tensile mechanical tests for different 

directions to 7 days after tempering and it is the time 

required to reach the stage of maturation of the aluminum 

alloy. 

 

 

 

 

 

 

 

 

 

 

Figure 1. Experimental curves of tensile tests for the 

direction 45°. 

The variation of specimens loading direction for 

experimental tests of traction and microstructural 
evolution in the maturation time was a remarkable 

influence in the mechanical characteristics (Rp0.2, Rm, 

and A%). Indeed, the fresh quench considerably 

weakened the values of the mechanical characteristics. 

This is explained by the dispersion of the main addition 

elements (Zn to the 7075) within the mass of the material 

of the aluminum alloy to form coherent atoms with the 

substitution of alloy matrix. During hardening and 
tempering from fresh up to 7 days of maturation, the 

atoms of alloying elements are agglomerated to form 

incoherent precipitates with the matrix. These precipitates 

are originally curing microstructural evolution by 

generating increased studied mechanical properties. It can 

be said that the response of aluminum alloys depends on 

the direction of loading of the specimens in the first place 

and the curing time parameter and maturation second. 

3 Modelling-Identification of the 

mechanical behaviour of material law of 

Al 7075  

The Hollomon law (power law) is the law that best 

describes the mechanical behavior of aluminum alloys, it 

is expressed as follows:  

                                                                (1)  

σ and ε are respectively the stress and strain,.K and n are 

parameters of hardening to identify which depend on the 

material. We will determine based on Hollomon model 

the material mechanical behavior from the experimental 

curves of tensile tests for each point in the time axis and 

the three directions. 

 

Figure 2. Identification of the hardening curve of the Al 

7075 for the fresh quenching for Ψ = 45°. 

 

The factors k and n are very time dependent 

parameter and loading direction. This done, it is 

interesting to represent the look of these two parameters 
in terms of t. The following figures illustrate the 

numerical representation and determination of k and n 

expressions based on the natural logarithm of t (t in 

hours) for the three directions 45°. 

 

 
Figure 3. Appearance and expression of k as a function of time 
for Ψ = 90°. 
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Figure 4. Appearance and expression of n as a function of time 
for Ψ = 90°. 

The mechanical behavior model that describes the 

hardening law developed from the Hollomon Law of Al 

alloy 2024 with time t and Ψ loading direction is written 

as follows:   

                                           
                              (2)                

4 Conclusion                                                

In this paper we studied the behavior of 7075 aluminum 

alloy subjected to tensile tests in different directions. The 

change in the loading directions of the specimens and the 

evolution of maturation time showed their effect on the 

mechanical characteristics of this alloy. 

Data from tensile tests were used in the identification 

of the behavior of this material with the most suitable 

model, Hollomon’s. The exploitation of the experimental 

results with digital voice and representation of different 

parameters depending on the maturing time t and Ψ 

loading angle, resulted in the determination and ktΨ ntΨ. 

Following the identification of these two parameters, we 

successfully developed Hollomon law by a complex law 

that can predict the mechanical behavior of this material 

in any point of the range of maturation time and loading 

directions. 
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