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ABSTRACT – Intermetallic Nickel Aluminide are 

having good electrical and mechanical properties. The 

current material that is used in wheel hub requires heat 

related influence. Intermetallic aluminides can be 

consider to replace this annealed at suitable temperature 

to replace the existing material. The sample are tested for 

mechanical properties with respect to various heat 

treatment. The result shows that intermetallic aluminides 

is a good candidate material for wheel hub application. 

The annealing temperature used specifically 400°C, 

500°C and 600°C provide or maintain the strength to 

weight ratio. Result show that as the value of Young’s 

Modulus are 0.0758 MPa at room temperature, 0.0819 

MPa at 400°C, 0.0956 MPa at 500°C and 0.078 MPa at 

600°C. The value of tensile strength are 96.44 MPa, 71.01 

MPa, 63.72 MPa and 59.98 MPa as the temperature 

increase. Lastly, the value of tensile strain are 2.16 at 

room temperature sample, 1.48 at 400°C, 1.00 at 500°C 

and 1.27 at 600°C. This shows that heat treatment 

samples affect its mechanical properties. 

 

1. INTRODUCTION 

 Wheel hub plays an important role in tyre 

mechanism. Studies had concluded that spokes region are 

the most risky for failure of hub. Furthermore, when there 

is an excessive force acting on the tyre, the spokes of the 

tyre may able to break, thus the hub will also break 

causing the wheel to be immediately instable [1]. 

Material and design plays an important role for wheel 

hub performance. Aluminium is a lightweight material, 

unfortunately its physical strength is relatively small 

which will affect the hub structure and performance. 

Hence, to overcome this issue, a light weight material and 

good in other properties is needed. 

 Intermetallic aluminides are not only lightweight 

but also possess superior properties such as resistant to 

corrosion, less fuel emission, high physical strength etc. 

[2]. This proves that the intermetallic aluminides has 

appeared to be as one of the material having high 

potential for a wide range of technological application in 

some of the essential areas. 

 Heat treatment involves the heating and cooling 

process through time of metal without altering the 

specimen shape. This process affect the mechanical 

properties thus microstructure of the material after heat 

treatment process can be observe. Based on the literature 

[3], one of the function of heat treatment is to improve 

the performance and properties of the materials. This  

process consists of different stages which mainly 

includes annealing, tempering and quenching.  

 

 Tensile testing is essential in mechanical testing as 

it can provide many result that shows the materials’ 

characteristics and mechanical behaviour. In applying 

material for wheel hub in simulation, tensile test result 

are needed as the input data for finite element analysis. 

For this testing, the material is held on universal testing 

machine (UTM) and pulled until it breaks. This 

procedures can give a result of stress-strain curve. From 

this curve, results such as Young Modulus, yield strength, 

ultimate tensile strength and more can be obtained. 

Hooke’s law is about the relationship between stress and 

strain of material. This property of material is called 

linearly elastic [4]. In stress and strain curve, the phase 

can be divided into elastic and plastic.  

 

2. METHODOLOGY 

 

2.1 Material 

Nickel Aluminide plate had been casted into 

200mm × 140mm × 6mm with the composition of 75% 

nickel and 25% of aluminium. 

 

2.2 Heat Treatment 

The procedure starts with heat treatment of the    

samples by using furnace. The temperature were set at 

400°C, 500°C and 600°C. The reason those temperature 

were selected because temperature during a collision can 

increase up to 500°C. Thus, 400°C and 600°C is the 

upper and lower value of the above state. For annealing 

on alloy material the sample need to soak for 1 hour. 

 

2.3 Tensile Test 

For tensile testing, the sample had been cut into dog 

bone shape following ASTM E8 Standard Test Methods 

for Tension Testing of Metallic Materials.  Figure 1 

shows the Nickel Aluminide samples that had been cut 

by using water jet machine. 

 

 
   Figure 1 Tensile test sample 
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3. RESULT AND DISCUSSION 

         Figure 2 shows the stress-strain curve for all the 

four parameters. Each shows similar curve pattern but 

different limit of stress and strain values. 
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Figure 2 Stress and strain curve for a) non-heat treated 

b) 400°C c) 500°C d) 600°C 

 
Figure 3 Young’s Modulus of heat treated and non-heat 

treated Nickel Aluminide sample 

Referring to the results obtain from Figure 3, the 

value of Young’s Modulus is generally increase as the 

temperature of the heat treated samples increase. Since 

Elastic modulus means the rate of elasticity of the 

material, this indicates that the Nickel Aluminide tend to 

be more elastic as the temperature increase. 

 

 
Figure 4 Tensile strength of heat treated and non-heat 

treated Nickel Aluminide sample 

 

Based on Figure 4 the results shows the tensile 

strength tend to decrease the temperature of the sample 

went higher. The higher the value of tensile strength 

shows the harder the material. 

 

 
Figure 5 Tensile Strain of heat treated and non-heat 

treated Nickel Aluminide sample 

Figure 5 displays the tensile strain pattern that is 

decreasing with temperature. As the temperature increase 

the material expand less or in other words less elongation. 

 

4. CONCLUSION 

Different temperature of annealing shows different 

mechanical performance. As the temperature of the 

sample increase, the Young’s Modulus increase, the 

tensile strength and strain decrease. 
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