EN380 – Naval Materials Science and Engineering

Exam #2 – 100 points

Name:






Instructions

You have 50 minutes. You may use your calculator and refer to your 3”x5” card. Good luck!

True or False? If it is not true, it is false. If you aren’t sure, mark it false and provide your reasons.

(2 points/question)

1. When materials are cold-worked, their yield strength increases.

2. Carbon is often used as a substitutional alloying material because its atomic radius is much smaller than metallic atoms.

3. Diffusion is a temperature-dependent property.

4. Non-linear elastic deformation is not possible.

5. Higher uncertainty in material properties can be addressed through higher factors of safety.

Match the terms and conditions. Choose the single best match:

(2 points/question)

6. Young’s Elastic Modulus_____
a. Volumetric phase change

7. Von-Mises Stress_____

b. Multi-axial strain relationship

8. Poisson’s Ratio_____

c. Determines ratios of phases in solution

9. Gibb’s Rule_____


d. Material relationship between load and elongation

10. Allotropic______


e. Determines possible alloy phases

f. Distortional strain energy

11. (2 points) How much carbon is in 1018 steel? Is this a “plain steel” or a “low alloy” steel?

12. (2 points) What is the effect of increasing carbon content in steel? What is the maximum carbon content in structural steel?

Match the terms and conditions. Choose the single best match:

(2 points/question)

13. Martinsite_____

a. Hard and brittle component of pearlite

14. Austenite_____

b. “Islands” of hard, strong plates in ferrite

15. Ferrite_____

c. FCC phase of steel

16. Pearlite_____

d. Fine grained, non-lameller pearlite

17. Bainite______

e. Hard, brittle transition phase formed at low temps

f. Low temp steel with less than 0.008% carbon

18. (4 points) When a metallic specimen is compressed in a uni-axial machine it exhibits a characteristic called “barreling”. Explain the two reasons for this. Where is the specimen likely to fail? Why?

19. (6 points) Describe yield strength, ultimate strength and toughness in terms of dislocations.

20. (16 points) On the axes below, show two materials’ stress-strain curves with the following characteristics.

-Material A’s elastic modulus is twice that of Material B.

-Both materials have the same ultimate strain and yield strain. 

-Both materials have the same ultimate tensile strength.

Which material has the lower yield strength? A or B or they are the same?

Which material has the lower toughness? A or B or they are the same?

Which material has the lower ductility? A or B or they are the same?



21. (20 points) Four 2” diameter steel cables are used to lift your new PC (the ship, not the computer) off a dock. The ship’s assumed displacement is 330 LT. The cable’s modulus is 15 msi, yield strength is 122 ksi, ultimate strength is 160 ksi, the original length is 150 feet and the allowable elongation is 15%.

a) Assuming all the cables are equally loaded, what is the stress in one cable?________ksi

b) What is the factor of safety? N=________

c) What is the elongation? _______ft

d) The procedure is to take all the slack out of the cable and begin winching. While winching it up the crane operator says that he has reeled in 20 feet of cable, but the ship hasn’t lifted yet. Is this a problem? Briefly, why?

22. (20 points) After the PC is placed in the water it slams up against the pier. The plating just below the weather deck now has a dent about 1” deep and 5 feet long. The material spec shows that the metal is a 4130 steel, quenched and tempered. It’s yield is 145 ksi and the ultimate is 149 ksi.

a) The dockyard superintendent offers you the use of any material testing equipment you need to assess the situation. Name the appropriate test(s) in this case.

b) Your testing indicated that the yield strength is now 148 ksi in the dented area. Some of your crew is happy that the metal is stronger than it is supposed to be. Should they be happy? Explain the situation.

c) One of the crew offers to “bang the dent out” so that the ship looks good again. Is this a good idea?

d) Describe your options to solve this problem. As an engineer, what is the best solution? 







