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Abstract 

 

Aluminum alloys are becoming increasingly important available data were utilized to prepare maps that are intended to serve to 

design Al Alloys with desired combination especially in the automotive and aerospace industries aluminum alloys AA6061 T6 is 

subjected to several combinations of solution treatments to correlate their mechanical tensile properties to hardness and 

conductivity measurement Additional the AA6061 T6 alloys were thermally exposed to several temperature to simulate heat 

damage effects the thermal exposure was correlated to the tensile properties and hardness and conductivity measurement 

however these materials tend to have poor wear resistance during working conditions study was to evaluate the wear behavior of 

Al  alloys with various parameter by using pin-on-disk machine the wear rate was decreased then after database were created to 

consolidate the information about microstructure mechanical properties and corrosion behavior for Al Alloys.  

Keywords: AA6061 Alloys Thermal Exposure Wear Test Microstructure Age hardening tensile strength correlations 

between mechanical and physical properties 

_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Aluminum alloy aircraft components may experience overheating due to thermal exposure during service, because of operational 

factors, or during maintenance procedures such as the application of composite bonded repairs that may involve high temperature 

curing cycles. Other factors contributing to high temperature exposure, resulting in thermal damage to the tailored microstructure 

of metallic components of aircraft [3, 6] 

AA6061 T6 Alloy The effect of thermal damage on metallic materials is a degradation of static strength (yield and tensile 

strengths) at the exposed temperature, a degradation of static strength at room temperature after exposure to a higher 

temperature, the relaxation of beneficial compressive residual stresses and, potentially, some degradation of environmental 

cracking resistance of the affected material. The degree to which the thermal exposure will affect component material properties 

is dependent upon several factors including temperature and duration of exposure, thermal conductivity, alloy temper, surface 

treatment (e.g. peening and corrosion protection schemes used), and the thickness and configuration of the component the 

introduction of the paper should explain the nature of the problem, previous work, purpose, and the contribution of the paper. 

The contents of each section may be provided to understand easily about the paper [6]. 

II. LITERATURE SURVEY 

 Introduction  

The tensile  properties of Al, Cu, stainless steel  and its alloy  examined  in  the high temperature the need for materials with 

useful strength above 1600k has stimulates the interest in refractory alloys .Cast aluminium alloys have found wide application 

to manufacture lighter-weight components of complex shape in automotive and aerospace industries. To improve the strength 

and ductility of cast aluminium alloys, it is necessary to study their fracture properties by conducting a series of tests. 

E.W. Lee et al. [1]   conducted experiment on 6061-T6, 7076-T6 and 7249-T76 alloys at different temperature range 177℃ to 

482℃ and thermal exposure time is 1min to 20 days. The experiment was performed to measure Effects of Various Thermal and 

Environmental Exposure on the Mechanical Properties of Aluminum Alloys. Aluminum alloys 6061-T6, 7075-T6 and 7249-T76 

were subjected to several combinations of solution treatments, quenching media, and age hardening treatments to correlate their 

mechanical tensile properties to hardness and conductivity measurements. Additionally, the 6061-T6 and 7075- T6 alloys were 

thermally exposed to several temperatures to simulate heat damage effects. The thermal exposure was correlated to the tensile 

properties and hardness and conductivity measurements. 
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J. Jabra et al.[2]  employed six materials at different mechanical properties of 2099-T6 Die Forgings, 2099-T83 Extrusions, 

7075-T7651 Plate, 7085-T7452 Die Forgings, 7085-T7651 Plate, and 2397-T87 Plate Aluminum Alloys were thermally exposed 

at temperatures of 180°C, 230°C, and 290 °C for 0.1, 0.5, 2, 10, 100, and 1000 h. The purpose of this study was to determine the 

effect of thermal exposure on the mechanical properties and electrical conductivity of these alloys. The data shows that higher 

temperatures and longer exposure times generally resulted in decreased strength and hardness and increased percent elongation 

and electrical conductivity. 

B. Obert et al. [3]    investigated of the Reduction in Tensile Strength and Fatigue Life of Pre-Corroded 7075-T6 Aluminum 

Alloy the objective of this study was to quantify the effects of corrosion, in terms of mass loss per unit area, on the static strength 

and fatigue life of 7075-T6 aluminum alloy. After testing, the fatigue life, ultimate tensile strength (UTS), and hardness of the 

specimens were observed to drop significantly with small amounts of corrosion. After the initial decrease, the UTS were 

observed to decrease linearly with increasing corrosion levels. The fatigue life of the specimens decreased in an inverse 

exponential fashion as mass loss per unit area increased. The hardness values of the corroded surfaces were also observed to 

drop. 

Shen Kai et al. [4] studied the effect on microstructures and properties of 7050 aluminum alloy during thermal exposure the 

microstructures of 7050 aluminum alloy under different thermal exposure conditions were investigated by means of transmission 

electron microscopy (TEM), high resolution electron microscopy (HREM) and tensile test. After 7050-T7651 alloys are 

thermally exposed at different temperatures for a long time precipitates in the alloy grow up and coarsen, which results in 

reducing the strength of the alloy. Moreover, it is the elevation of the thermal exposure temperature that makes the broadening of 

the precipitate-free-zone (PFZ) near the grain boundary in the alloy clearer. The presence of precipitate-free zone (PFZ) may 

cause plastic relaxation, which will result in the degradation in strength and elevation in ductility. 

XIA Feng et al. [5] analyzed experimentally the performance of Microstructure Evolution and Mechanical Properties of an 

Al-Si-Cu-Mg-Ni Aluminum Alloy. After thermal exposure at 350 ºC for time intervals up to 1000 h. Experimental results 

showed that, with increasing the thermal exposure time, room temperature ultimate tensile strength, elevated temperature 

ultimate tensile strength, and Brinell hardness firstly decreased remarkably (up to 100 h) and then decreased slightly to a certain 

constant value (100-1000 h). Before thermal exposure, room temperature ultimate tensile strength, elevated temperature ultimate 

tensile strength, elevated temperature elongation percentage, and Brinell hardness of the alloys are 203.5 MPa, 48.7 MPa, 9.2%, 

and 82.3, respectively. With increasing the thermal exposure time, eutectic silicon grows up steadily, and the amount of Q phase 

with a flower shape increases. 

Q. Liu et al. [6] carried out experiment at Air Vehicles Division Defense Science and Technology Organization (DSTO) 

Experiment on the Mechanical Properties of Cold Expanded Open Holes in 7050-T7451 Aluminum Alloy the experimental are 

investigation results, (1) For a given exposure temperature of 177℃, the fatigue life of the specimens decreased with increasing 

exposure time, probably due to relaxation of the beneficial compressive residual stresses. When the exposure time exceeds 3 

hours, the fatigue life remained relatively unchanged; (2) The fatigue life of the thermally exposed cold expanded specimens was 

found to be 3~4 times that of the non-cold expanded open hole specimens despite the high temperature exposure of 177℃; (3) At 

the exposure temperature of 177℃, the yield strength of the specimens decreased linearly with increasing exposure time and fell 

below the minimum allowable value (SAE, 2003a) after 1 hour exposure. After 8 hour exposure, the yield strength was about 

19% lower than that of the specimens without thermal exposure 

III. OBJECTIVE 

The effects of heat damage on aluminum alloys and to determine the correlations existing between the static mechanical and 

electrical conductivity properties. Results indicate that at the temperatures below 300℃ .all alloys showed clear correlations 

between the mechanical and physical properties doing testing and thermal exposure on the mechanical and wear properties of 

aerospace Al alloys at different temperature exposure like 100,150,200,250, 300 ℃ 

Al Alloy grade AA6061 Heat treatment T6 Temperature of exposure 100, 150, 200, 250, 300 deg ℃ Time of exposure 1 h, 5 

h, 12 h, 24 h 

 Testing:  

1) Tensile testing at each condition to measure yield strength, tensile strength, ductility 

2) Hardness - Brinell or Vickers hardness 

3) Microstructure - Optical microscope 

4) Fracture surface/mechanism - Scanning electron microscope 

5) Wear test - Pin on disc wear tester                                                       

6) Wear mechanism - Optical and Scanning electron microscope 

7) Electrical conductivity measurement to find out stress corrosion cracking susceptibility 

8) Salt spray corrosion test to measure corrosion rate 
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IV. EXPERIMENTAL METHODOLOGY 

 Tensile Strength Test 

A universal testing machine (UTM), also known as a universal tester, materials testing machine or materials test frame, is used to 

test the tensile strength and compressive strength of materials.  

Tensile Test is Clamp a single piece of anything on each of its ends and pull it apart until it breaks.  This measures how strong it 

is (tensile strength) how stretchy it is (elongation), and how stiff it is (tensile modulus). [4] 

 Testing setup 

 
Fig. 1: Universal testing machines (UTM) 

 Principal of operation 

Operation of the machine is by hydraulic transmission of load from the test specimen to a separately housed load indicator. The 

system is ideal since it replaces transmission of load: through levers and knife edges, which are prone to wear and damage due to 

shock on rupture of test pieces. Load is applied by a hydrostatically lubricated ram. Main cylinder pressure is transmitted to the 

cylinder of the pendulum dynamometer system housed in the control panel. 

 
Fig: 2- principal of operation 

The cylinder of the dynamometer is also of self - lubricating design. The load transmitted to the cylinder of the dynamometer 

is transferred through 

leverage to the pendulum. Displacement of the pendulum actuates the rack and pinion mechanism which operates the load 

indicator pointer and the autographic recorder. The deflection of the pendulum represents the absolute load applied on the test 

specimen. Return movement of the pendulum is effectively damped to absorb energy in the event of sudden breakage of the 

specimen. 

 Wear Test (Pin-on-disc) 

The pin-on-disk wear test, two specimens are required. One is pin with a radiuses tip, is positioned perpendicular to the other, 

usually a flat circular disk. The test machine causes either the disk specimen or the pin specimen to revolve about the disk centre. 

In either case, the sliding path is a circle on the disk surface. The plane of the disk may be oriented either horizontally or 

vertically. The pin specimen is pressed against the disk at a specified load usually by means of an arm or lever and attached 

weights. Other loading methods have been used, such as, hydraulic or pneumatic. Wear results are reported as volume loss in 

cubic millimeters for the pin and the disk separately. When two different materials are tested, it is recommended that each 

material be tested in both the pin. [7] 
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Fig: 1Pin-on-Disc Apparatus. 

V. RESULTS AND DISCUSSION 

The wear test is done by using ASTM standard G99. In pin on disc apparatus here specimen is the pin which attached to a holder 

and is slides on the disc both are contact to each other’s. It is computerized apparatus so the result is generated by the computer. 

The wear loss is calculated by using the following 

 Equations: 

Volume loss = Height loss (microns) × Area (mm2) 

Wear rate = volume loss/sliding distance (m) 

Specific wear rate = wear rate/ load (N) 

Wear resistance = sliding distance/volume loss (mm3) 

 
Fig:(a) 100℃ at 1hr material wear loss vs time 

 
Fig:(b) 100℃ at 5hr material wear loss vs time 
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Fig: (c) 200℃ at 1hr material wear loss vs time 

 
Fig: (d) 200℃ at 5hr material wear loss vs time 

 
Fig: (e) 300℃ at 1hr material wear loss vs time 
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Fig: (f) 300℃ at 5hr material wear loss vs time 

 
Fig :(g) Murge graph for all condition wear vs time 

Here all result graph are shows clear co-relation between wear vs time, when time is increase wear loss also increase in this 

last graph (g) clear that all thermal exposure condition 100,200,300°C at different exposure time 1, 5hr, and through graph (g) 

300°C at 5hr is less wear comparing to all condition clear that thermal exposure temperature increasing wear is slightly less or 

decreasing. 

VI. CONCLUSION 

Propose to do experimental work done only wear testing (pin on disc type) results are shown in graphs Here all result graph are 

shows clear co-relation between wear vs time, when time is increase wear loss also increase in this last graph (g) clear that all 

thermal exposure condition 100,200,300°C at different exposure time 1, 5hr, and through graph (g) 300°C at 5hr is less wear 

comparing to all condition clear that thermal exposure temperature increasing wear is slightly less or decreasing. 

Mechanical tensile strength test depended on exposure temperature caused greater decrease in tensile strength. Alloys exposed 

at 290 °C had much greater reduction in strength. A strong correlation between tensile strength and hardness was observed for all 

the alloys. The alloys became more ductile with longer exposure times and higher exposure temperatures. as measured by the 

percent elongation at fracture in tension a conclusion section must be included and should indicate clearly the advantages, 

limitations, and possible applications of the paper. 
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