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Abstract— Aluminium alloys are becoming important 

material especially in the automotive and aerospace 

industries. In this study aluminium alloy 6061-T6 is subjected 

to various combination of solution treatments to interrelate 

their tensile properties to hardness and conductivity, the 

aluminium alloy 6061-T6 is exposed thermally to various 

temperature to simulate heat damage effects on its properties. 
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I. INTRODUCTION 

A. What is thermal exposure? 

It containing two words ‘thermal’ and ‘exposure’. ‘Thermal’ 

is related to’ heat’ and ‘exposure’ means ‘having no 

protection from something harmful’. Together it may be 

termed as ‘heat damage’. It can also be describe as heat 

treatment when we cooled it down at room temp after heating. 

Following are mainly three types of heat treatment 

 Annealing 

 Quenching 

 Hardening 

In annealing material is heated up to its 

recrystallization temperature and cooled down in atmosphere. 

In quenching material is up to its recrystallization 

temperature and cooled down in some quenching media like 

water, any other fluid etc. In hardening material is heated up 

to its critical temperature and cooled down in atmosphere. 

Heat damage mainly occurs in aerospace material due to 

sunlight and heating due to engine and wind friction etc. 

Required properties of Aerospace material: 

 High strength to weight ratio 

 High tensile strength 

 low density 

 fracture toughness 

 Hardness 

 Lightness  

 High electrical conductivity 

 High thermal conductivity  

 Corrosion resistance 

 Non-Toxic 

This set of properties is available in different series 

of aluminum alloys such as 2XXX, 6XXX, 7XXX. In which 

2XXX and 7XXX series are widely used .In these series 

numbers are indicating major alloying elements in its 

composition. Different series have different compositions 

and its main elements are as followings. 

 
Fig. 1: AADS (CEN) 

B. Why we have selected AA 6061 T6 ? 

Aluminium Alloy 6061 & 2024 is used in wing and fuselage 

structures because of the tension they receive during 

operation. So we want to study change in this material’s 

properties due to heat damage because that’s effect so much 

on its properties. 

AA6061 T6 series shows following details, 
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Table 1: AA6061 T6 series 

II. PROBLEM IDENTIFICATION 

Aluminium alloys are widely used in aircraft manufacturing. 

Due to its properties 6061 T6 also used in manufacturing of 

wings and fuselages but not whole structure. We know that 

due heating there must be some change in its properties. 

Which may affect the structural strength .which we want to 

find in this study. 

As well as from the research papers we found that 

Aluminum 6061-T6 alloy has weak correlation between the 

conductivity and strength value and between the hardness 

measurements and tensile strength values. On the other hand, 

for the 7075-T6 and 7249-T76 alloys, they had an excellent 

similar linear correlation between the hardness and tensile 

strength and a weak correlation between the conductivity and 

tensile strength. 

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 I want to do testing and thermal exposure 

on the mechanical and wear properties of aerospace Al alloys 

at different temperature exposure like 100 to 300 ℃ 

Al alloy grade 6061 

Heat treatment T6 

Exposure temp. 100ºC, 150ºC, 200ºC, 250ºC 

Exposure time 1hr, 5hr, 10hr, 12hr 

Testing 

Tensile testing at each condition to 

measure yield strength, tensile 

strength, ductility 
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 Electrical conductivity 

 Hardness (BHN) 

Table 2: Requirement Grades for testing. 

IV. WORKING METHODOLOGY 

A. Specimen Geometry (Tensile Specimen) 

This test method may be applied to variety of material. The 

only required is that specimen having the specified 

dimensions can be prepared with the specimen is ASTM 

standard B221 in fig .as this standard follow and going to 

machining with lath machine operations as per standard. 

 
Fig. 2: the specimen nomenclature 

Where, D1=gauge diameter, G=gauge length, 

A=reduced section, D2=diameter of grip section, B=distance 

between shoulders 

B. Thermal Exposure  

In order to simulate a variety of possible heat damage 

scenario, the alloys were processed at a series of times and 

temperatures indicated in table 3.2 the alloys were thermally 

exposed in an ovens and furnaces. For exposure times below 

24hr, the samples were heated in an oven or furnace. 

Hardness, electrical conductivity, yield strength, ultimate 

strength, and % elongation were obtained. 

All samples were air cooled after the thermal 

exposure was completed 

Exposure  

Temp. 
Exposure Time 

Cooling  

media 

100ºC 

1 hr 

Air 

5 hr 

10 hr 

12 hr 

150ºC 

1 hr 

5 hr 

10 hr 

12 hr 

200ºC 

1 hr 

5 hr 

10 hr 

12 hr 

250ºC 

1 hr 

5 hr 

10 hr 

12 hr 

Table 3: Thermal Exposure 

C. Tensile Test Process and Test Matrix 

In this test process specimen placed on the (UTM) testing 

machine and slowly extending it until it is fractures. During 

this process, the elongation of the gauge section is recorded 

against the applied force. The elongation measurement is 

used to calculate the strain and machine also does these 

calculations as the force increases, so that the data point can 

be plot the graphs. 

 
Fig. 3: UTM machine 

D. Measurements of Hardness Test and Process 

 
Fig. 5: Brinell hardness testing machine 

Thermal exposure on hardness and consequently any signs 

material degradation, Brinell hardness measurements were 

performed using a calibrated Brinell hardness tester on 

specimen’s representative of the various thermally exposed 

and room temperature conditions. For each condition, at least 

three indentations (measurements) were made in accordance 

with E10 standard using Brinell hardness tester with a ball 

indenter of 2.5mm diameter and a load of 62.5kg and the 

average hardness value computed.  

 
Fig. 6: Specimen set up 

Using the air control valve to adjust the load to 

62.5kg for soft materials then place the sample to be tested on 

the anvil and turn the capstan hand wheel until the sample 

touches indenter apply the load by pulling the release valve 

knob then release the load by pushing in the release valve 

lower the anvil and remove the specimen place the Brinell 

microscope over the indentation and read and record its 

diameter in mm. 
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E. Measurements of Electrical Conductivity 

 
Fig. 7:  multimeter 

Electrical conductivity can be measured using following 

equation, 

ρ = RA / L 

Where R = resistance 

A =gauge area 

L = gauge length 

Where resistance will measured using multimeter 

which further utilized to measure the electrical conductivity. 

V. RESULT AND DISCUSSION 

A. Results for Electrical Conductivity Testing  

Here result are for electrical conductivity at different 

exposure time and temp shown in graph and tables. 

1) Measured Resistance in ohm(Ώ).  

Exposure 

temperature 

Exposure time 

1 hr 5hr 10 hr 12 hr 

100ºc 0.79 0.81 0.72 0.75 

150ºc 0.55 0.70 0.68 1.07 

200ºc 1.45 1.55 1.37 1.69 

250ºc 1.968 1.696 1.696 1.696 

Table 4: Measured Resistance in ohm(Ώ) 

2) Calculated value of electrical conductivity in Siemens / 

meter (s/m) or (1/ Ώ.m) 

Exposure 

temperature 

Exposure time 

1 hr 5hr 10 hr 12 hr 

100ºc 1.1285 1.1008 1.2384 1.1880 

150ºc 1.6213 1.2730 1.3113 0.8570 

200ºc 0.6149 0.5750 0.6508 0.5276 

250ºc 0.4530 0.4528 0.4528 0.4528 

Table 5: Calculated value of electrical conductivity in 

Siemens / meter (s/m) or (1/ Ώ.m) 

 
Fig. 8: Graph of electrical conductivity vs exposure time for 

100°C, 150°C, 200°C, 250 °C 

 From this graphical representation it is clear that as 

temperature of the exposure increases value of electrical 

conductivity decreases. 

 With increase in exposure time value of electrical 

conductivity decreases. 

 At higher temperature value of electrical conductivity 

remains constant for different exposure times 

B. Results for Hardness Testing 

Here result are for electrical conductivity at different 

exposure time and temp shown in graph and tables. 

1) Measured hardness in BHN 

Exposure  

temperature 

Exposure time 

1 hr 5hr 10 hr 12 hr 

100ºc 80 83 81 81 

150ºc 83 84 85 84 

200ºc 82 84 84 80 

250ºc 82 83 83 81 

Table 6: Measured hardness in BHN 

 
Fig. 9: Graph for BHN vs exposure time 

 From this graphical representation it is clear that value of 

hardness increases with increasing exposure time and 

temperature it reaches up to maximum value of hardness 

and then decreases. 

 Value of hardness is increasing with increase up to 

certain temperature and then decreases with increasing in 

temperature.  

C. Results for Ultimate Tensile Strength 

1) Here results are for 100ºC 

Exposure 

time 

Load 

(p*0.25) 

in KN 

Stress 

in KN/ 

mm2 

Elongation 

in mm 
Strain 

1hr 27.75 
1.0131

4 
13 

0.1857

14 

5hr 26.75 
1.0488

33 
12 

0.1714

28 

10hr 27 
1.0224

4 
10 

0.1428

57 

12hr 26.25 
0.9288

7 
12 

0.1714

28 

Table 7: Results are for 100ºC 

2) Here results are For 150ºC 

Exposure 

time 

Load 

(p*0.25) 

in KN 

Stress in 

KN/mm2 

Elongation 

in mm 
strain 

1 hr 23.5 1.065730 11 0.15714 

5 hr 23.75 0.96475 13 0.2 

10 hr 23.75 0.840410 10 0.14285 

12 hr 25.25 0.99 12 0.17142 

Table 8: Results are for 150ºC 

3) Here results are For 200ºC 

Exposure 

time 

Load 

(p*0.25) 

in KN 

Stress 

in KN/ 

mm2 

Elongation 

in mm 
strain 

1 hr 21.25 0.96369 9 0.12857 

5 hr 29.25 1.07044 13 0.185714 

10 hr 23.5 0.92140 11 0.15714 

12 hr 25.75 1.0843 12 0.171428 

Table 9: Results are for 200ºC 
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4) Here results are For 250ºC 

Exposure 

time 

Load 

(p*0.25) 

in KN 

Stress 

in KN/ 

mm2 

Elongation 

in mm 
strain 

1 hr 27.5 0.82915 13 0.185714 

5 hr 27.5 0.94149 15 0.21428 

10 hr 28 0.99079 13 0.185714 

12 hr 28.25 0.93619 14 0.2 

Table 10: Results are for 250ºC 

 
Fig. 10: for UTS vs exposure time 

 From this graphical representation it is clear that with 

increase in exposure time at any particular exposure 

temperature value of tensile strength is decrease. 

 And also decrement is maximum at highest temp. 

VI. CONCLUSION 

Mechanical tensile strength decrease with increase in 

exposure temperature and for 250ºc decrement is maximum. 

As well as with increase in exposure temperature value of 

hardness is also increasing but after getting maximum value 

it will decrease. Here, value of electrical conductivity also 

decrease with increase in exposure temperature but at higher 

temperature it remains constant for exposure time .there is 

strong correlation exist between hardness and tensile 

strength. 
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