IET 307: Materials Science 

HW 4 (Based on Chapter 7), Due on September 26 by 11.55 PM, 2010 

100 points 

1. Explain in depth the process of deformation by twinning. (10 points) 

Shear force can produce atomic displacements such that on one side of a plane, atoms are located in mirror image positions of atoms on the other side. This causes the lattice structure to change. It is observed as wide bands under a microscope and it is when the atoms only move a fraction of an interatomic space.

2. What is recovery, recrystallization and grain growth? Explain this with figure 7.22 that shows the relationship between tensile strength, annealing temperature and ductility. (10 points) 

Recovery: some of the stored internal strain energy is relieved by virtue of dislocation motion (in the absence of an externally applied stress), as a result of enhanced atomic diffusion at the elevated temperature

Recrystallization: the formation of a new set of strain free and equiaxed grains that have low dislocation densities and are characteristic of the precold worked condition

Grain Growth: the strain free grains will continue to grow if the metal specimen is left at the elevated temperature

3. A cylindrical specimen of cold-worked copper has ductility (% elongation) of 25%. If it’s cold-worked radius is 10 mm (0.40 in.), what was its radius before deformation?(10 points)

10.6mm

4. What is the difference between the slip and twinning mechanisms of plastic deformation of metals? (10 points). 

Slip deformation is when the atoms all move together. Twinning is when each plane of atoms moves a definite distance. Slip appears as thin lines on a microscope whereas twinning appears as broad lines.

5. A sheet of aluminum alloy is cold-rolled 30% to a thickness of 0.080 in. If the sheet is then cold-rolled to a final thickness of 0.064 in., what is the total percent cold work done? (10 points) 

43.9%

6. How would you manufacture large propellers for large ships? What factors would influence the selection of material for this application? (10 points) 

7. Why is it difficult to improve both strength and ductility simultaneously? (10 points) 

Because as a material becomes more ductile it also becomes more brittle.

8. A 2 in. diameter copper rod is reduced to a 1.5 in. diameter, and then reduced again to a final diameter of 1 in. In a second case, the 2 in. diameter rod is reduced in one step from a 2in. to a 1 in. diameter. Calculate the % cold work for both cases. (10 points) 

The answer is 75% in both cases.

9. Cold-working can’t be used as a strengthening mechanism for materials that are going to be subjected to high temperatures during their use. Explain why. (10 points) 

The high temperatures will reverse the effects of cold working.

10. Explain why a tungsten filament used in an incandescent light bulb ultimately fails, based on what you have learned in this chapter. (10 points)

The tungsten filament fails because it will eventually burn out. It doesn't last as long as some other products on the market, such as compact fluorescent lightbulbs.

