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Problem statement: design a cable that will support a 60 ton vehicle. The cable is 25 foot long and can have an elastic deformation of no more than 10%. 

Introduction: In order to design a cable that will meet the required criteria as described above, I will need to know material information, the required diameter for each material based on their Modulus of Elasticity, and the calculated stress based on the diameter sizes. Stress and diameter will be shown on a separate plot. 
Results: Component Elements


Calculated Diameter for each material
To find the minimum diameter required for each material based on their Modulus of Elasticity, it is first important to understand what you are given. First, you are given a load of 60 tons, which is equivalent to 120,000 pounds. The length of the cable is 25 feet, and it has an allowable stretch of 10%. Knowing this, the maximum length this cable can reach is 27.5 feet, which makes the strain equal to 0.1. First, you must calculate the stress of each material by multiplying the Modulus of Elasticity by the strain. You can then use this information to find the CSA (Cross Sectional Area) that will be required for each material by dividing the stress by the load. Finally, now that you know the area, you will be able to find the minimum diameter required. The minimum required diameter for aluminum is 0.39 in, 0.23 in for steel, 0.32 in for copper, and 0.36 in for titanium. Of all the selected diameter sizes, I would choose a ½ in. diameter for aluminum, a ¼ in. diameter for steel, and a 3/8 in. diameter for both copper and titanium. 
Stress Calculations
Using the minimum diameter of each material, it is now possible to find the cable stress and the lateral stress generated by each material. 


Stress vs Diameter Plot

Fatigue Analysis
[image: AAFDLYJ0]
For a selected diameter of 1.75 in, the stress generated for aluminum and steel would be about 49.890 *10^3 psi. For aluminum, this metal would survive approximately 10^4 cycles, but steel would probably survive 10^6 cycles. 
Thermal Expansion
The cable has a length of 25 feet, which is 300 inches. Assuming the cable originally starts at standard temperature, or 68 F, this can be used to calculate the change in the length of the cable over a range of different temperatures. Along with the coefficients of thermal expansion, the following information can be generated:

 
Temperature vs Change in Length for each material:




Conclusions
Each of the aforementioned materials have a specific cable diameter size that will meet the requirements for it to support the 60 ton vehicle. The diameter size picked must not be too big or too small. Aluminum had a minimum diameter size of around 0.39 inches. Anything smaller would not be enough to support the vehicle, so the next biggest size should be picked, which is 0.5 inches. Anything bigger than that would not fit. This goes likewise for all other materials. Steel had a minimum diameter size of about 0.23 inches, so it would be wise to pick a 0.25 inch cable diameter. Copper’s minimum diameter was roughly 0.32 inches and titanium’s was about 0.36 inches, so for both materials, a cable diameter size of 0.375 inches should be used for both materials. 
[bookmark: _GoBack]Out of all four materials, I would choose steel. It has the greatest modulus of elasticity out of all the materials, making it the strongest material. It has the second lowest coefficient of thermal expansion among the other materials, making it very stable under a vast range of temperatures. It requires the smallest size diameter that would meet all the aforementioned requirements. This means that steel has the greatest tensile strength of all four materials. 
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Temp vs length change (aluminum)

Temp vs length change	0	20	40	60	80	100	120	140	160	180	200	220	240	260	280	300	-0.26724000000000003	-0.18864000000000003	-0.11004000000000001	-3.1440000000000003E-2	4.7160000000000007E-2	0.12576000000000001	0.20436000000000001	0.28296000000000004	0.36156000000000005	0.44016000000000005	0.51876	0.59736	0.67596000000000001	0.75456000000000012	0.83316000000000012	0.91176000000000013	Temperature (F)


Change in Length (in.)



Temp vs length change (steel)
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Temp vs length change (copper)

Temp vs length change	0	20	40	60	80	100	120	140	160	180	200	220	240	260	280	300	-0.21012	-0.14832000000000001	-8.652E-2	-2.4719999999999999E-2	3.7080000000000002E-2	9.8879999999999996E-2	0.16067999999999999	0.22247999999999998	0.28427999999999998	0.34608	0.40787999999999996	0.46967999999999999	0.53147999999999995	0.59328000000000003	0.65508	0.71687999999999996	Temperature (F)


Change in Length (in.)



Temp vs length change (titanium)
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Temp (F)ΔT (F)ΔL (in) (Al)ΔL (in) (Fe)ΔL (in) (Cu)ΔL (in) (Ti) 1.31E-05

0 -68 -0.26724 -0.147288 -0.21012 -0.109956 7.22E-06

20 -48 -0.18864 -0.103968 -0.14832 -0.077616 1.03E-05

40 -28 -0.11004 -0.060648 -0.08652 -0.045276 5.39E-06

60 -8 -0.03144 -0.017328 -0.02472 -0.012936

80 12 0.04716 0.025992 0.03708 0.019404

100 32 0.12576 0.069312 0.09888 0.051744

120 52 0.20436 0.112632 0.16068 0.084084

140 72 0.28296 0.155952 0.22248 0.116424

160 92 0.36156 0.199272 0.28428 0.148764

180 112 0.44016 0.242592 0.34608 0.181104

200 132 0.51876 0.285912 0.40788 0.213444

220 152 0.59736 0.329232 0.46968 0.245784

240 172 0.67596 0.372552 0.53148 0.278124

260 192 0.75456 0.415872 0.59328 0.310464

280 212 0.83316 0.459192 0.65508 0.342804

300 232 0.91176 0.502512 0.71688 0.375144


Microsoft_Excel_Worksheet3.xlsx
Sheet1

		Temp (F)		ΔT (F)		ΔL (in) (Al)		ΔL (in) (Fe)		ΔL (in) (Cu)		ΔL (in) (Ti)		0.0000131

		0		-68		-0.26724		-0.147288		-0.21012		-0.109956		0.00000722

		20		-48		-0.18864		-0.103968		-0.14832		-0.077616		0.0000103

		40		-28		-0.11004		-0.060648		-0.08652		-0.045276		0.00000539

		60		-8		-0.03144		-0.017328		-0.02472		-0.012936

		80		12		0.04716		0.025992		0.03708		0.019404

		100		32		0.12576		0.069312		0.09888		0.051744

		120		52		0.20436		0.112632		0.16068		0.084084

		140		72		0.28296		0.155952		0.22248		0.116424

		160		92		0.36156		0.199272		0.28428		0.148764

		180		112		0.44016		0.242592		0.34608		0.181104

		200		132		0.51876		0.285912		0.40788		0.213444

		220		152		0.59736		0.329232		0.46968		0.245784

		240		172		0.67596		0.372552		0.53148		0.278124

		260		192		0.75456		0.415872		0.59328		0.310464

		280		212		0.83316		0.459192		0.65508		0.342804

		300		232		0.91176		0.502512		0.71688		0.375144
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Material GivenAluminum Steel Copper Titanium

% Aluminum 90.4-95% 5.5-6.75%

%Iron 0.70% 98.90% 0.40%

%Copper 3.9-5% 100%

%Titanium 0.15% 87.725-91%

%Other 0.15% 1.10% 0.30%


Microsoft_Excel_Worksheet1.xlsx
Sheet1

		Material Given		Aluminum		Steel		Copper		Titanium

		% Aluminum		90.4-95%						5.5-6.75%

		%Iron		0.70%		98.90%				0.40%

		%Copper		3.9-5%				100%

		%Titanium		0.15%						87.725-91%

		%Other		0.15%		1.10%				0.30%




























image2.emf
D (in)CSA Poissons RatioLat. StrainStress  Stress/StrainLateral Stress

Al 0.5 0.196349541 0.32 0.032 611155 6111549.822 195569.5943

Fe 0.25 0.049087385 0.3 0.032444620 24446199.29 733385.9786

Cu 0.38 0.110446617 0.34 0.0341086498 10864977.46 369409.2337

Ti 0.38 0.110446617 0.32 0.0321086498 10864977.46 347679.2787


Microsoft_Excel_Worksheet2.xlsx
Sheet1

				D (in)		CSA		Poissons Ratio		Lat. Strain		Stress 		Stress/Strain		Lateral Stress

		Al		0.5		0.196349541		0.32		0.032		611154.9822		6111549.822		195569.5943

		Fe		0.25		0.049087385		0.3		0.03		2444619.929		24446199.29		733385.9786

		Cu		0.375		0.110446617		0.34		0.034		1086497.746		10864977.46		369409.2337

		Ti		0.375		0.110446617		0.32		0.032		1086497.746		10864977.46		347679.2787






