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Problem 1.(Parts 1 and 2 are independent)- (20 pts) 

 

Part 1- (10 pts) 

 

(a) Show that the c/a ratio (height of unit cell divided by its edge length) is 1.633 for the ideal 

hcp structure. (b) Comment on the fact that real hcp metals display c/a ratios varying from 1.58 

(for Be) to 1.89 (for Cd). (You can use the following geometric configurations to solve part a) 

 

Answer: 

 

a- 
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b- 

 

Part 2- (10 pts) 

 

 

 

 

Answer: (10 pts) 
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Problem 2- (15 pts) 

 

We find that 10 h are required to successfully carburize a batch of 500 steel gears at 900oC, 

where the iron has the FCC structure. We find that it costs $1000 per hour to operate the 

carburizing furnace at 900oC and $1500 per hour to operate the furnace at 1000oC. Is it 

economical to increase the carburizing temperature to 1000oC? What other factors must be 

considered? 

Algorithm: 

1- Find the required time to successfully carburize the batch of gears at 1000 oC 

2- Find the cost per part 

3- Compare between costs at 2 temperatures 

 

 

Answer: 
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How to find D: 

���� = ���� 

� = ����	(−��� ) 
So �� = ��	 ���� � ��� − �

���� �� = ��������	(���������.��� � �
���� − �

����� = ������  

 

   Problem 3 (10 pts)- determine for each one of the listed properties if it belongs to an Edge 

dislocation or to a screw dislocation (b=burger vector) 

- Has an extra half plane of atoms    answer: Edge 
-  b is parallel to the dislocation line   answer: Screw 
- Dislocation moves perpendicular to b      answer: Screw 
- Moves on the plane containing b and the line     answer: Edge 
- Moves on any plane containing b and the line    answer: Screw 
- Cannot cross slip     answer: Edge 
- Can Climb   answer: Edge 

 

Problem 4- 20 pts 

 

a. Calculate the diffusion coefficient of carbon in (i) Austenite (= γ-Fe see table 5.2) and (ii) 

Ferrite (α-Fe. See table 5.2) at 920°C. User your knowledge to explain the difference between 

the two values.   (10 pts) 

b. A mild steel component (carbon content 0.2%) is to be case-hardened by placing it in a 

furnace in an atmosphere rich in hydrocarbon gas so that the surface concentration is 0.8% 

carbon. The design of the component requires that at the completion of this process, the carbon 

concentration at 1 mm below the surface will be 0.55%. The furnace is set at 1050°C. Determine 

the time required for the heat treatment.   (10 pts) 
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Answer: From tables 

For γ:    

 

T= 1193 K. 

So D1=7.77 x 10-12m2/s 

 

For α: 

 

So D2=1.95 x 10-10 m2/s 
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Problem 4- (35 pts) 

 

Part 1- (20 pts) 

A tensile specimen is machined to a gage diameter of 0.357-in and is marked with a starting gage 

length of 2-in. When subjected to a test, the following results were found: 

 

 

After completing this test, you are informed that the tensile specimen had been plastically 

deformed some amount before it was machined and tested and that in this stage: 

 

Refer to data found on the following curve describing the history of actions during this 

experiment and answer to the following questions: 
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What is the yield strength Y for this specimen? (7 pts) 
 
 
 How much strain was induced by the unknown amount of plastic deformation at day 1? (7 pts) 
 
What maximum load (i.e. Fu) was reached during the test? (6 pts) 
 
 

Use: 
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Part 2- (15  pts) 

An annealed brass specimen of 0.505-in starting diameter supports a maximum tensile load of 

120,000-lbf at which point the initial area is reduced by 40%. If a second identical specimen 

were loaded until the induced strain was half the magnitude of n, what load would be needed to 

reach this condition? 

 

 

 

 

Use: 

  

 

Answer: 
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