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Reliability of drivetrain components is critical in demanding environments such as the Dakar Rally, where extreme loads and harsh operating conditions are common. To investigate this, tensile testing was carried out on an aluminium alloy sample to evaluate its mechanical properties, including yield strength, ultimate tensile strength, and Young’s modulus. These properties are essential in assessing the suitability of materials used in rotating components subjected to cyclic loading. The results obtained from testing are analysed and compared with expected values for aluminium alloys and the known operational stresses. Based on this analysis, the likely cause of failure is identified and potential preventative measures are proposed.

 

1. Literature review

Properties of the material 
Aluminium alloys are lightweight materials with a high strength to weight ratio and they are corrosion resistant. Mostly alloyed with copper magnesium manganese and silicone to achieve certain properties. Like its ductility high thermal/ electrical conductivity, and density. 
The young’s modulus of a very common aluminium alloy is 69-72GPa while strength varies with alloying elements the stiffness/young’s modulus remains relatively consistent across different aluminium grades.
With the right composition aluminium alloys can be manipulated to increase the yield strength dramatically. For example, pure aluminium has a yield strength of 7MPa and aerospace alloys can get up to 500MPa.

Tensile testing standards
ISO 6892‑1 is an internationally recognised standard for tensile testing of metallic materials, widely used across Europe and beyond. It specifies specimen geometry, test conditions, property calculations, and reporting requirements to ensure consistent results between laboratories. A key feature of the standard is its use of controlled strain‑ and stress‑rate test methods, which account for strain‑rate sensitivity—particularly important for aluminium alloys, whose mechanical behaviour varies with loading rate.





2. Methodology

 ES6 Tensile Tester Kit – used to apply a uniaxial tensile load to the specimen until fracture 
 Test Specimen (Aluminium Alloy) – material sample provided for mechanical testing 
 Dial Calliper – used to measure specimen width, thickness, and gauge length prior to testing 
 Dial Indicator – used to measure specimen extension during loading 
 Load Nut Mechanism – used to incrementally apply tensile load to the specimen 
 Safety Guard – fitted to protect the operator during testing 
 Ruler / Vernier Scale – used to measure original and final specimen length after fracture 
 Data Recording Sheets / Laboratory Notebook – used to record force, extension, stress, and strain data

Setting up the experiment

Using thumbscrews, I attached the supports to work panel. I then Mounted the Tensile tester onto the face of the work panel using four screws. I then took reading of the dimensions of the specimen before the experiment. I fixed the first specimen piece to the Tester using the chucks and some screws, making sure it was secured tightly. Then by turning the load nut at the top clockwise until the dial indicator showed very slight movement and setting the dial to zero I could take data. By turning the load nut by one full turn the apparatus is pulled up by 1 millimetre so I took a reading every two increments (every 0.2mm) until the specimen failed. 

Safety considerations 

Guard on the tensile tester
to prevent any debris from flying out and hitting someone when the specimen fails.

safety glasses
worn at all times to prevent eye injuries form debris.

laboratory coat
worn at all times to prevent debris hitting exposed skin.






3. Test results 

Preliminary information 
Material: aluminium alloy 
Cross-sectional area: 2mm² 
Original gauge length: 31mm
Final gauge length: 38mm

Test one data 

	load nut movement
	dial indicator
	force
	extension (mm) 
	stress
	nominal strain 

	X
	X
	X
	X
	X
	X

	0.2
	16
	1600
	 
	0.0032
	 

	0.4
	34.5
	3450
	 
	0.0069
	 

	0.6
	52
	5200
	 
	0.0104
	 

	0.8
	70
	7000
	 
	0.014
	 

	1
	88
	8800
	 
	0.0176
	 

	1.2
	106
	10600
	1
	0.0212
	0.000000032

	1.4
	124
	12400
	 
	0.0248
	 

	1.6
	142
	14200
	 
	0.0284
	 

	1.8
	159
	15900
	 
	0.0318
	 

	2
	177
	17700
	2
	0.0354
	0.000000065

	2.2
	195
	19500
	 
	0.039
	 

	2.4
	218
	21800
	 
	0.0436
	 

	2.6
	232
	23200
	 
	0.0464
	 

	2.8
	249
	24900
	 
	0.0498
	 

	3
	267
	26700
	3
	0.0534
	0.000000097

	3.2
	284.5
	28450
	 
	0.0569
	 

	3.4
	302
	30200
	 
	0.0604
	 

	3.6
	320
	32000
	 
	0.064
	 

	3.8
	336.5
	33650
	 
	0.0673
	 

	4
	354.5
	35450
	4
	0.0709
	0.000000129

	4.2
	371.5
	37150
	 
	0.0743
	 

	4.4
	388
	38800
	 
	0.0776
	 

	4.6
	405
	40500
	 
	0.081
	 

	4.8
	420.5
	42050
	 
	0.0841
	 

	5
	433
	43300
	5
	0.0866
	0.000000161

	5.2
	441
	44100
	 
	0.0882
	 

	5.4
	451
	45100
	 
	0.0902
	 

	5.6
	456
	45600
	 
	0.0912
	 

	5.8
	465
	46500
	 
	0.093
	 

	6
	466
	46600
	 
	0.0932
	 

	6.2
	471
	47100
	6
	0.0942
	0.000000194

	6.4
	473
	47300
	 
	0.0946
	 

	6.6
	479
	47900
	 
	0.0958
	 

	6.8
	482
	48200
	 
	0.0964
	 

	7
	485
	48500
	7
	0.097
	0.000000226

	7.2
	488
	48800
	 
	0.0976
	 

	7.4
	490
	49000
	 
	0.098
	 



Test 2 Data

	load nut movement
	dial indicator
	force
	extension (mm) 
	stress (N/m2)
	nominal strain 

	X
	X
	X
	X
	X
	X

	0.2
	14
	1400
	 
	0.0028
	 

	0.4
	30
	3000
	 
	0.006
	 

	0.6
	48.5
	4850
	 
	0.0097
	 

	0.8
	66.5
	6650
	 
	0.0133
	 

	1
	82
	8200
	1
	0.0164
	0.000000032

	1.2
	93.5
	9350
	 
	0.0187
	 

	1.4
	109
	10900
	 
	0.0218
	 

	1.6
	120.5
	12050
	 
	0.0241
	 

	1.8
	135.5
	13550
	 
	0.0271
	 

	2
	151.5
	15150
	2
	0.0303
	0.000000065

	2.2
	168.5
	16850
	 
	0.0337
	 

	2.4
	185.5
	18550
	 
	0.0371
	 

	2.6
	204.5
	20450
	 
	0.0409
	 

	2.8
	222.5
	22250
	 
	0.0445
	 

	3
	239.5
	23950
	3
	0.0479
	0.000000097

	3.2
	257
	25700
	 
	0.0514
	 

	3.4
	275
	27500
	 
	0.055
	 

	3.6
	292
	29200
	 
	0.0584
	 

	3.8
	309
	30900
	 
	0.0618
	 

	4
	328.5
	32850
	 
	0.0657
	 

	4.2
	344
	34400
	4
	0.0688
	0.000000129

	4.4
	360.5
	36050
	 
	0.0721
	 

	4.6
	378
	37800
	 
	0.0756
	 

	4.8
	395
	39500
	 
	0.079
	 

	5
	412
	41200
	 
	0.0824
	 

	5.2
	432
	43200
	 
	0.0864
	 

	5.4
	446
	44600
	5
	0.0892
	0.000000161

	5.6
	478
	47800
	 
	0.0956
	 

	5.8
	4942
	494200
	 
	0.9884
	 

	6
	504
	50400
	 
	0.1008
	 

	6.2
	513
	51300
	 
	0.1026
	 

	6.4
	520
	52000
	 
	0.104
	 

	6.6
	522
	52200
	 
	0.1044
	 

	6.8
	529
	52900
	 
	0.1058
	 

	7
	533
	53300
	6
	0.1066
	0.000000194

	7.2
	534
	53400
	 
	0.1068
	 

	7.4
	541
	54100
	 
	0.1082
	 

	7.6
	542
	54200
	 
	0.1084
	 

	7.8
	
	 
	FAIL
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4. Analysis

Calculated information 
Test 1
Young’s modulus = gradient of line of best fit = 0.4187
Length of test section after test = 38
Elongation = (final length – original length) 38mm -31mm = 7mm 
% elongation = ((final length – original length)/original length) x 100 = 22.58
Tensile strength= (max force/original cross-sectional area) =49000N/2x10-6= 24.5GPa

Test 2
Young’s modulus = gradient of line of best fit = 0.5745
Length of test section after test = 37
Elongation = (final length – original length) 37mm -31mm = 6mm 
% elongation = ((final length – original length)/original length) x 100 = 19.35
Tensile strength= (max force/original cross-sectional area) =54300N/2x10-6= 27.15GPa

Looking at my results now and some sources from the internet my calculated value of the ultimate tensile strength is unrealistically higher than what It should be.to put it into perspective 6061 aluminium a common aluminium alloy has a tensile strength of 310MPa. This is most likely due to a data handling problem. However, if this value was real it would defiantly meet the operational stress required by the Dakar rally car. Other characteristics like ductility are a factor in choosing a material for a crucial part of the car as the torque applied during the acceleration of these cars is a lot more than any standard road car. Measuring the elongation before and after can start ma database for what kind of ductility will end up being optimal. 







5. Conclusion and recommendations

Likely failure cause 
I believe the failure was due to insufficient yield strength despite the fact that I have calculated the yield strength to be 25 -30 GPa that value is unrealistic I believe it was much lower like 25-30 MPa which if it is correct is not sufficient enough for the Dakar rally car. 
The remedy for this is using a new alloy with a higher yield strength a higher yield strength is achieved by adding different amounts of different elements to the alloy, the treatment method like heat treating and tempering. And production method like wrought alloys or casted. 
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