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Aluminum alloys are widely recognized as highly advantageous materials for various 

engineering applications, including pistons, valve components, brakes, engine blocks, 

and impellers. In this study, our objective was to investigate the mechanical 

characteristics and surface behavior of the Aluminum alloy (AlSi8Cu3). To achieve this, 

torsion tests were conducted to analyze the material's response to shear and high 

deformation, while mitigating instability phenomena. Specifically, torsion tests were 

performed on annealed aluminum alloy specimens until rupture, at 1/3 of the rupture, and 

at 2/3 of the rupture to evaluate crucial material properties, such as the modulus of Young 

and shear modulus. Through these tests, we also examined the hardness of the specimens 

and analyzed the microstructural state at both the center and periphery of the deformed 

sections. Additionally, we determined the hardness, microstructure, and values of the 

strength coefficient (K) and the strain hardening exponent (n) within the plastic domain 

of the alloy. Our experimental results demonstrated that increasing deformation on the 

specimens led to a reduction in grain size. Furthermore, this deformation resulted in a 

decrease in Young's modulus, attributed to the initiation of cavity coalescence. Based on 

our investigation, we conclude that the obtained results are excellent and hold significant 

implications for further research in this field. 
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1. INTRODUCTION

The reactivity of materials to external stresses, both 

mechanical and thermal, varies considerably due to the 

inherent characteristics and manufacturing methodologies 

employed. These influences shape the evolution of a material's 

behavior, essential for modeling structural behaviors [1-4]. 

The microstructure, processes of solidification, and chemical 

composition significantly influence properties, casting ability, 

corrosion resistance, and weldability [5-9]. 

Aluminum, due to its non-toxicity, high thermal 

conductivity, low density, remarkable corrosion resistance, 

and ease of formation, casting, and machining, finds extensive 

applications [10-12]. The metal's non-sparking and non-

magnetic characteristics, along with being the sixth most 

ductile and the second most malleable, add to its widespread 

usage [13]. A mechanical engineer requires a comprehensive 

understanding of the mechanical behavior of materials used 

for manufacturing various structures. Mechanical tests provide 

crucial data for forming process development [14]. This data 

elucidates the plastic behavior of materials, which is exploited 

to induce significant yet permanent distortion during shaping 

procedures like rolling and stamping. The laws governing this 

behavior are defined flexibly and generally, corresponding to 

the studied material. These behavior-modulating parameters, 

derived from mechanical tests, have been the subject of several 

studies [15]. 

One such study [15] demonstrated that, in a frictionless 

rough contact between a slug and an axisymmetric punch, the 

billet material flows akin to a viscous lubricant near the 

contact surface. This has been corroborated by experimental 

evidence and precise numerical modeling measurements. 

Izabela et al. [16] studied the hardness measurements, tensile 

tests, and microstructure analysis results of friction stir (FS) 

welded sheets of AA5083 and AA7075 alloys. 

Further research by Goodall and others [17-18] proposed an 

empirical expression that yielded excellent results. Arfa et al. 

[19] based their study on the mechanical properties and the

microstructure of aluminum alloys reinforced with Al7075 at

6, 9, and 12% by weight of WCCo. They used liquid

metallurgy to create the composites, and SEM and EDS

analyses for material characterization.

Wallgram et al. [20] observed good mechanical and 

metallurgical connections with flawless micrographs during 

microstructure, structural analysis, microhardness, and tensile 

testing by X-ray diffraction. Kodancha et al. [21] emphasized 

the importance of anisotropic variations in the compressive 

and tensile properties of the aluminum alloy AA2050-T84. 

They indicated a decrease in crack driving parameters and a 

stress parameter with decreasing temperature at the plate 

surface and the central location. 

Azadi and Aroo [22] investigated the fatigue behavior of 

aluminum alloys in bending. They concluded that defects 

during the shaking molding process led to increased fatigue-
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corrosion and fatigue life of aluminum alloy reinforced with 

heat treatment and nanoparticle process by 114% and 128%, 

respectively, under high stress levels compared to aluminum 

alloy. Shahraki et al. [23] proposed a severe plastic 

deformation method called constrained groove compression 

(CGP) to study the submicrocrystalline structure in 

commercially pure Al, using a hollow cylindrical aluminum 

specimen exhibiting a semi-elliptical crack to study the 

variation in crack growth behavior under pure torsion loading, 

cyclic axial tension combined tension+torsion fatigue loading, 

and pure cyclic tensile loading. They found that the crack 

propagation paths differed with various forms of initial defects. 

Shoja-Senobar et al. [24] chose Aluminum alloys AA7075 

and AA6061 to study the hardness of these two alloys. They 

recorded the minimum hardness at around 70.1 BHN and the 

maximum hardness at around 121 BHN compared to 170 BHN 

for the base alloy. The researchers compared two plane strain 

finite element models of the same die-stamping process using 

the Abacus software, concluding that the choice between an 

implicit quasi-static regime and a dynamic explicit regime is 

not trivial. 

Raufaste et al. [25] applied a severe plastic deformation 

method to produce an ultrafine-grained microstructure in IF, 

steel sheets. They used hardness, electron microscopy, and 

uniaxial tensile tests for evaluating the microstructure and 

mechanical properties of CGPed IF steel sheet. The 

researchers proposed a variational formulation of the contact 

problem in large transformations with Coulomb friction. This 

mixed formulation employed both the field of displacements 

and the field of multipliers as the unknown fields, where the 

weight functions were the field of virtual displacements and 

the field of virtual multipliers. For a particular application, 

heat treatment of 2205 duplex stainless steel allows the 

development of microstructure and properties in an efficient 

manner [26]. Mohammed et al. [27] used Raw Materials 

Alumina, Titania and Silica Fume were used to prepare 

Aluminum Titania /Mullite Composite. 

Our work aligns with this framework, aiming to study and 

validate the torsion tests of annealed specimens in aluminum 

alloy (AlSi8Cu3) at 1/3 hardening rate. We employed a 

numerical model based on the finite element method to 

simulate torsion tests, and the results were compared with 

experimental data. The primary objectives were to find the 

correlation between the torsion test results and the numerical 

model and to provide a deeper understanding of the material 

behavior under torsion loading. 

 

 

2. MATERIALS AND METHODS 

 

The specimens shown in Figure 1 are made of aluminum 

alloy of AlSi8Cu3 grade, with a diameter Ф=6mm, a total 

length L=115mm and an inter-dead length l=75mm. 

AlSi8Cu3 is mainly used for die-cast parts (engine blocks, 

crankcases, cylinder heads, pipes, complex mechanical parts). 

The aluminum alloy has experienced very significant 

development thanks in particular to its use in industries 

relating to transport: aviation, automotive, marine. It is also 

used in packaging, construction, electricity, mechanics etc. 

The mechanical characteristics: 

Low density: 2.7kg/dm3, Melting point: 658℃. 

Low Young’s modulus: 70000 MPa. 

High elongation at rupture>=1.0%. 

Brinell hardness: 75. 

Poisson’s ratio: 0.34. 

Shear modulus: 26000MPa. 

 

  
 

Figure 1. Test specimens for torsion 

 

Table 1. Real chemical composition of AlSi8Cu3 alloy 

 
Elements Percentage (%) 

Aluminium 89 

Silicon 8 

Copper 3 

 

Table 2. Heat treatment conditions 

 
Alloy Heat Treatment Maintaining Time 

AlSi8Cu3 320℃ 8 hours 

 

The chemical composition of the AlSi8Cu3 alloy is given in 

Table 1. 

The machine tools used to machine the specimens are: a 

parallel lathe and a vertical milling machine. 

The machines used for the heat treatment are: electric oven 

(controlab), micro-hardness tester and microscope. 

For the heat treatment of the torsion specimens, we 

performed annealing with the heat treatment conditions listed 

in Table 2. 

Heating of the electric oven to 320℃ at ±5℃. 

Placement of the 11 test pieces in the electric furnace (9+2 

safety test pieces: see Figure 2). 

Removal of the specimens from the furnace after 7 hours 

and 20 minutes of annealing and cooling to room temperature. 

 

 
 

Figure 2. Arrangement of test specimens inside the oven 

 

To measure the hardness of the specimens after annealing, 

we used a DM2D type digital hardness tester illustrated in 
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Figure 3. The measurement is carried out in HV and will be 

converted into HRC. 

The microscope used to perform the Microstructure study is 

an EUROMEX microscope. The specimen is placed under the 

microscope objective on a micrometer table with crossed 

movements as shown in Figure 4. 

 

 
 

Figure 3. Digital micro-hardness tester 

 

 
 

Figure 4. Optical microscope (EUROMEX) 

 

The torsion bench used is a torsion test machine, 30Nm WP 

500 which is used to study the torsion of the specimens during 

a load until their destruction. 

In addition to the equipment mentioned, we also used a 

caliper and a digital camera. 

 

 

3. TEST PROTOCOL 

 

The machining of the aluminum alloy specimens necessary 

for the realization of our work, were carried out in the hall of 

technology within the Laboratory of metal cutting. As for the 

heat treatment tests (annealing) and the Microstructure study, 

they were carried out in the Materials Science Laboratory 

(SDM). The torsion tests were carried out at the Strength of 

materials Laboratory RDM. All tests were carried out at May 

8th 1945 University, Algeria. 

 

3.1 Torsion tests 

 

The tests were carried out at room temperature. 

Performing 3 torsion tests until failure; 

Realization of 3 torsion tests at 1/3 of the rupture; 

Carrying out 3 torsion tests at 2/3 of the rupture. 

 

3.2 Heat treatment 

 

Carrying out annealing (It aims to modify certain properties 

such as resistance in general). 

 

3.3 Microstructure study 

 

 
 

Figure 5. Polished surfaces 

 

 
 

Figure 6. Hardness test 

 

For the realization of the Microstructure studies, we 

proceeded to five stages: 

Step 1: Cutting of the deformed specimens into two parts 

along the normal to the axis of the specimens. 

Step 2: Polishing of the sections of the deformed specimens 

with sandpaper in three phases (600, 1200, and 2400), (Figure 

5). 

Step 3: To bring out the grains of our aluminum alloy we 
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used the following chemical composition: Keller’s solution: 

0.5ml of HF, 1.5ml of Hl, 2.5ml of HNO3, 95ml of H2O, this 

is to obtain a contrast between the different grains. 

Stage 4: Hardness test (Figure 6), an AFFRI 

Microdurometer was used to observe the evolution of the 

hardness at the center and at the periphery of the cut section of 

the specimen as a function of the deformation. 

This Hardness test is carried out on four specimens having 

undergone different deformations during torsion: 

Specimen deformed at 0% rupture, Specimen deformed at 

1/3% of the rupture, Specimen deformed at 2/3% of the rupture 

and Specimen deformed at 100% of the rupture. 

Step 5: Microstructural analysis of the specimens: Taking 

microscopic images to see the Microstructure of the different 

deformed specimens. 

 

3.4 Determination of the hardening parameters and the 

resistance coefficient 

 

From Eqs. (1) and (2) (Holomon’s hardening law), we can 

determine the strain hardening exponent n and the strength 

coefficient K, by putting the natural logarithm operator on 

both sides of the equation, we will have: 

 

𝜎=K.(𝜀𝑝)𝑛 (1) 

 

So: 𝑙𝑛 ( 𝜎)=ln (𝐾) + n.ln (𝜀𝑝) (2) 

 

𝜎 represents the applied true stress on the material, 𝜀𝑝 is the 

true strain, and K is the strength coefficient and n is the strain 

hardening exponent [28]. 

 

 

4. RESULTS 

 

The torsion test was initially developed for the analysis of 

the behavior of metals under shear and at high deformation, 

while making it possible to avoid the phenomena of instability 

(constriction). In this test, the deformation of a cylindrical 

specimen is imposed by the rotation of one of its ends. 

 

4.1 Evolution of the torque as a function of the angle of 

torsion tests 

 

 
 

Figure 7. Evolution of the torque as a function of 𝛂 

 

By analyzing the graphs in Figure 7, it can be seen that the 

rupture of the specimens takes place after 150 revolutions of 

the hand, wanting of the machine, i.e., a torsion angle of the 

specimens equal to 871 degrees with a maximum torque of 

12.5 Nm. 

 

4.2 Evolution of the shearing stress according to the unit 

angle of torsion 

 

Calculation of the shear stress by Eqs. (3)-(5): 

 

𝜏𝑚𝑎𝑥 =
𝑀𝑡

𝐼0
.r (3) 

 

with: 𝐼0 =
𝜋.d

4

32
 (4) 

 

The calculation of the unit angle of torsion is given by Eq. 

(3). 

 

𝜃 =
𝛼

𝐿
 (5) 

 

where, d: Diameter of the specimen, Mt: Torque detected by 

the machine, α: Angle detected by the machine, L: Distance 

between jaws. 

1st rupture test: τMax=303.26MPa and θ=0.19583rd/mm; 

2nd rupture test: τMax=306.68MPa and θ=0.20249rd/mm; 

3rd rupture test: τMax=304.44MPa and θ=0.17558rd/mm. 

It can be seen that the average maximum tangential stress is 

305 MPa and that the unit torsion angle θ is equal to 

0.20rd/mm (Figure 8) [29]. 

 

 
 

Figure 8. Evolution of τmax as a function of θ (rd/mm) 

 

4.3 Determination of shear modulus 

 

 
 

Figure 9. Zoom in small deformations: 1st rupture test 
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The analysis of the readings shows that the elastic zone 

present in the diagrams above consists of only two points. We 

cannot therefore guarantee the reliability of the measurements 

of the Shear and Young’s modulus. 

Calculated values: Shear Modulus, G varies from 32729 to 

33249MPa (straight line equation of the trend curve of Figure 

9 and y=36498x which corresponds to τ=G θ, by identification 

we obtain: G1=33249MPa and G2=32729MPa) with a 

correlation coefficient R2 varied between 0.984÷0.969 

(Figures 9 and 10). Since we have a very good superposition 

of the curves, the calculated values of G are the same for the 

other tests. 

 

 
 

Figure 10. Zoom in small deformations: 2nd rupture test 

 
4.4 Evolution of the von mises equivalent stress as a 

function of the hencky strain 

 

In order to translate this stress into equivalent tensile stress, 

we will diagonalise the deformation matrix applied to the 

specimen Eqs. (6)-(8) [30]: 

 
[𝑀] = 𝜆.I (6) 

 

So, [

0
𝛾

2
0

𝛾

2
0 0

0 0 0

] − [
𝜆 0 0
0 𝜆 0
0 0 𝜆

] = 0 (7) 

 

Consider the diagonalised matrix: 

 

[𝜀] = [

𝛾

2
0 0

0 −
𝛾

2
0

0 0 0

]  (8) 

 

Being in large strain, more complex definitions are required: 

such as logarithmic stress, Green Lagrange stress and Almansi 

stress. The logarithmic deformation ε, also called Hencky 

deformation, will therefore be used here by Eqs. (9)-(11) 

 

𝜎Hencky=ln (1 +
𝛾

2
) (9) 

 
with: 𝛾 = 𝜃. r (10) 

 

For ductile materials 𝜎equiVM = 𝜏. √3 (11) 

4.5 Determination of the modulus of elasticity (young) 

 

To calculate the Young’s modulus, we take any two points 

and we apply Eq. (12): 

 

𝐸 =
𝜎𝑒𝑞𝑢𝑖𝑉𝑀2−𝜎𝑒𝑞𝑢𝑖𝑉𝑀1

𝜀Hencky2−𝜎𝐻𝑒𝑛𝑐𝑘12
  (12) 

 

In the area of small deformations for curves: σequiVM =

 εHencky  (Figure 11) and according to the equations of the 

trend curves of Figures 12 and 13, it can be seen that the value 

of the Young’s modulus E is between 57587 and 73960MPa. 

That is:  EAverage =65773.5MPa (by identification with the 

equation σ=E.ε) with a correlation coefficient R2 of 98.4% and 

95% respectively. 

For the different tests, the curves are very similar and the 

values of E are identical. 

The comparison of the values of the mechanical 

characteristics determined experimentally with the values 

indicated in the literature (Table 3) shows that the Young’s and 

Coulomb’s modulus are fairly close, which can lead to 

significant differences between the values. It is for this reason 

that we smoothed the experimental curve. 

(σequVM (Mpa)=Equivalent Von Mises stress, 

εHencky=Hencky strain) 

 

 
 

Figure 11. Equivalent von mises stress as a function of the 

hencky strain 

 

 
 

Figure 12. Zoom in small deformations first rupture test 
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Figure 13. Zoom in small deformations (3rd rupture test) 

 

Table 3. Theoretical values taken from: www.matweb.com 

 
Aluminum Alloy AlSi8Cu3 Values 

Brinell Hardness (HB) 75 

Elongation % >=1.0% 

Young’s Modulus 70GPa 

Poisson Coefficient 0.34 

Shear Modulus 26.0GPa 

 

4.6 Test of torsion at 1/3 and at 2/3 of the rupture 

 

The two tests presented in Figures 14 and 15, correspond to 

1/3 and 2/3 of the elongation at rupture, i.e., 50 and 100 turns 

of the hand wheel. As for the first two tests, good correlation 

is observed. 

 
 

Figure 14. Torsion test at 1/3 and at 2/3 of the rupture 

 

 
 

Figure 15. Torsion test curves at 1/3 (2 test) 

 

Table 4. Evaluation of hardness according to percentage of deformation 

 
Deformation % 0% 33% 66% 100% Rupture 

Vickers Hardness at the Center 

test 1 79.88 81.00 96.90 99.40 86.54 112.75 86.94 80.46 

test 2 82.5 81.75 74.98 79.24 72.19 93.37 94.77 82.62 

test 3 79.88 80.25 101.11 98.83 84.90 104.01 99.63 114.21 

Average Center 80.88 HV 90.08 HV 92.29 HV 93.11 HV 

Vickers Hardness at the Periphery 

test 1 79.88 81.00 100.77 94.99 79.36 117.20 94.89 96.12 

test 2 82.5 81.75 98.26 87.70 85.75 108.11 102.55 98.10 

test 3 79.88 80.25 92.48 102.03 106.63 88.21 99.33 91.92 

Middle Heriphery 80.88 HV 96.04 HV 97.54 HV 97.15 HV 

Total Average 80.88 HV 93.08 HV 95.23 HV 95.13 HV 

 

4.7 Hardness test 

 

Hardness is a parameter used to characterize materials. 

Vickers hardness (HV) was developed in the 1920 by 

engineers from the Vickers Company in England. It is 

characterized by the imprint made by an indenter under a given 

load. The indenter has the shape of a square-based diamond 

pyramid whose opposite faces make an angle of 136°. Table 4 

presents the evaluation of the HV hardness at the center and at 

the periphery of the specimens as a function of the percentage 

of deformation. 

It is interesting to see the rapid increase in hardness at the 

start of the deformation with a rapid stabilization (Figure 16). 

In addition, there is a different level of hardness between the 

center and the periphery of the specimen. This is easily 

explained by a higher level of hardening on the periphery 

during the torsion test. 

Finally, we can see a saturation of the hardness at the level 

of the periphery with a drop in the hardness while the hardness 

continues to increase in the center of the specimen. 

 

 
 

Figure 16. Evolution of hardness (HV) according to 

percentage of deformation 
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Therefore, similar to the variation of Young’s modulus 

noted in the previous paragraph. This therefore confirms the 

beginning of the deterioration of the material and the 

coalescence of the cavities reducing the mechanical 

characteristics. 

 

4.8 Microstructure result 

 

Microstructure studies will only be made on annealed 

specimens with 33%; 66% and 100% elongation compared to 

the elongation at rupture. 

 

4.8.1 Annealed specimen deformed at 33% compared to the 

elongation at rupture 

Figures 17 and 18 show the Microstructure state of a torsion 

specimen annealed and deformed at 33% with respect to the 

elongation at rupture, they show a heterogeneous of the grain 

size. If we analyze Figure 17a and b, we can easily guess the 

grains while in Figure 18, no grain is dissociable. 

 

4.8.2 Undeformed annealed specimen 

Figure 19 is the Microstructure state without deformation of 

the specimen. The grain size is significantly larger. If we 

analyze Figures 20-23 more carefully, we can see in the 

periphery of the specimen the flow of the material caused 

during the torsion test. 

 

  
(a) (b) 

 

Figure 17. (a) Annealed specimen deformed at 33% (center 

zooms X100); (b) Annealed specimen deformed at 33% 

(center zooms X40) 

 

 
 

Figure 18. Annealed specimen deformed at 33%  

(periphery zooms X40) 

 
 

Figure 19. Undeformed annealed specimen 

(center zooms X40) 

 

4.9 Determination of the strength coefficient (K) and the 

strain hardening exponent (n) 

 

The tensile test is often chosen as a reference test to 

establish the hardening curve connecting the evolution of the 

elastic limit σ0 to the internal variable of hardening (the plastic 

equivalent strain εp). 

Although the first Hollomon’s law has the advantage of 

being the simplest, however it presents a certain limitation in 

the description of the curve of work hardening for the weak 

deformations: 

 

𝜎=K. (𝜀𝑝)𝑛 (13) 

 

 
 

Figure 20. Annealed specimen deformed to 66%  

(periphery zooms X40) 

 

 
 

Figure 21. Annealed specimen deformed to 66%  

(center zooms X100) 
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Figure 22. Annealed specimen deformed until rupture 

(center zooms X10) 

 

 
 

Figure 23. Annealed specimen deformed until rupture 

(periphery zooms X10) 

 

The parameter n represents the strain hardening exponent, it 

takes into account the capacity of the material to deform 

plastically. The parameter K represents the strength coefficient 

of the material (expressed in MPa). 

For the first rupture test (Table 5a). From Eq. (14), we 

obtain: 

 

𝑙𝑛 ( 𝜎)=ln (𝐾) + n.ln (𝜀𝑝) (14) 

 

Consider the equation of the straight line of the trend curve 

obtained in Figure 24, by identifying, we have: 

 

𝑙𝑛  ( 𝜎)=6.796 + 0.282.ln (𝜀𝑝) (15) 

 

And we have y=0.282x+6.796 (trend line equation), from 

where, 𝑙𝑛 ( 𝐾)=6.796, So: 𝐾 = 894.26 𝑀𝑃𝑎 and 𝑛 = 0.282, 

with a correlation coefficient R2=99.2%. 

For the second rupture test (Table 5b) we obtain: 

 

𝑙𝑛 ( 𝜎)=ln (𝐾) + n.ln (𝜀𝑝) (16) 

 

Consider the equation of the straight line of the trend curve 

obtained in Figure 25, We have: 𝑙𝑛 ( 𝜎)=6.710 +

0.261. 𝑙𝑛  ( 𝜀𝑝) ; From where,  𝐿𝑛 (𝐾) = 6.710 . So: 𝐾 =

820.5𝑀𝑃𝑎  and 𝑛 = 0.261 with a correlation coefficient 

R2=99%. 

From the same procedure we find after calculation and by 

identification (Figure 25) we obtain that K=820.5MPa and 

n=0.261 and the correlation coefficient R2=99%. Table 6 

shows us that the values of the strain hardening coefficientand 

the resistance coefficient are very close for the two first 

rupture tests. 

 

Table 5a. Values of ln (σ) as a function of ln (ε) 

 

Ln(εHencky) Ln(σequVM) 

-5.11 5.37 

-4.82 5.42 

-4.6 5.47 

-4.42 5.54 

-4.25 5.59 

-3.91 5.68 

-3.51 5.82 

-3.23 5.92 

-2.83 6.03 

-2.44 6.13 

-2.17 6.19 

-1.79 6.23 

 

Table 5b. Values of ln (σ) as a function of ln (ε) 

 
Ln(εHencky) Ln(σequVM) 

-5.8 5.17 

-5.51 5.27 

-5.29 5.33 

-5.11 5.37 

-4.82 5.43 

-4.6 5.49 

-4.42 5.54 

-4.25 5.6 

-3.91 5.7 

-3.51 5.83 

-3.23 5.92 

-2.83 6.04 

-2.44 6.13 

-2.17 6.15 

-1.79 6.24 

-1.53 6.27 

-1.33 6.28 

 

 
 

Figure 24. Transformation of the stress-strain curve 
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Figure 25. Transformation of the stress-strain curve 

Table 6. Values of the strength coefficient and the strain 

hardening exponent 

K n 

First Rupture Test 894,26 𝑀𝑃𝑎 0.282 

Second Rupture Test 820,57 𝑀𝑃𝑎 0.261 

Analysis of the torsion test experimental values reveals that 

the measurements of the shear and Young’s modulus and those 

suggested in are sufficient. 

5. CONCLUSIONS

The examination of the experimental data from the torsion 

test demonstrates that the measurements of the shear and 

Young’s modulus and those suggested in the literature are 

sufficient (excellent result). The following conclusions can be 

drawn from the measurement of the hardness at the cross-

sectional level of specimens that have undergone torsion 

testing for the different deformations: 

This is analogous to the variation of Young’s modulus 

because we observe a saturation of the hardness at the level of 

the perimeter with a decrease in hardness, while the hardness 

increases towards the core of the specimen. 

The total deformation is not important enough. 

The beginning of the deterioration of the material and the 

coalescence of the cavities reduce the mechanical 

characteristics. 

The Microstructure condition of the torsion specimens 

shows that the increase in deformation on the specimen causes 

a reduction in the size of the grains. It is very important to 

propose a polishing in order to minimize the surface defects 

which can cause the premature rupture of the specimen and to 

analyze the interval of the large deformations with precision, 

this increases the hardness. Finally, the results indicate that the 

scheme is feasible and useful for extracting the mechanical 

characteristics of aluminum alloys (AlSi8Cu3). 
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