MatSE 259 - First exam Fall 2005

Put student number on answer sheet

Only one correct answer for each question

Below is a macrophoto of the fracture surface of a railroad car axle shaft which was responsible for derailing 25 cars in Quebec in 2001.

1.  Type of failure


a. creep failure


b. overload (load greater than design value) failure


c. can’t tell


d. fatigue failure


e. ductile tensile failure (tensile along shaft)

2.  Point of fracture initiation


a.


b.


c.


d.


e.

3.  Beachmarks


a. yes


b. no


c. can’t tell
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4.  For the three fracture surfaces on the next page


a. 1, 2, 3 are all ductile fractures


b. 1, 2, 3 are all brittle fractures


c. 2 & 3 are intergranular fractures


d. 2 & 3 are transgranular fractures


e. can’t tell

1.
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2.
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3.
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5.  Restricting dislocation motion will strengthen materials; which of the following IS NOT a method for restricting dislocation motion

a. solid solution hardening

b. grain size reduction

c. solution heat treating

d. strain hardening (work hardening)

e. precipitation hardening


6.  Which is false


a. if material is loaded up to a point 


    on the curve between points 2 and 


    3, necking will be observed.

b. material is not deformed

    permanently upon loading up to 

    point 1.

c. plastic deformation starts at point 

    2.


d. If the slope of the linear region is 

decreased, the resistance to 

elastic deformation is decreased.

7.  Precipitation hardened alloys 


a. are not aged


b. are aged at room temperature or somewhat above room temperature 


c. are aged at the solution treat temperature


d. must be aged at temperatures below room temperature


e. are always quenched to temperatures below room temperature

8.  How many phases in this Al-Si alloy microstructure, which has been imaged at a magnification of about 500X
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a. zero


b. one


c. two


d. three


e. four

9.  Which is correct


a. greater hardness means greater tensile strength


b. greater hardness means greater toughness


c. greater tensile strength means greater ductility


d. greater hardness means greater ductility


e. greater elastic modulus means greater toughness

10.  A practical reason for deforming an alloy


a. to form a solid solution


b. to soften it

 
c. to strengthen it


d. to anneal it


e. to destroy dislocations

11. According to the Aluminum Association numbering system for aluminum alloys, 2024 indicates


a. an Al-C alloy


b. an Al-C alloy with 0.24 % C


c. an Al-C alloy with 2.4 % C


d. an Al-Cu alloy with 2.4 % Cu


e. an Al-Cu alloy

12. Dislocations:


a. move along a slip plane


b. move in a direction perpendicular to a slip plane


c. cannot be destroyed


d. move in response to a tensile force in the direction along the slip plane


e. can move in any direction in a slip plane

13. Which is false


a. no dislocations = extremely strong material


b. no dislocations = extremely ductile material


c. many dislocations = strong material 


d. the presence of dislocations weakens a material

14.  Chevron marks


a. point to the beach


b. point to the beachmarks


c. point to the benchmarks


d. point to petrol stations with cheap fuel


e. point to the start of  crack

15.  This three-dimensional drawing shows the relative orientations of the slip planes in which metal crystal structure


a. “bcc” metal structure


b. zeolite


c. hcp


d. ccp


e. alpha uranium

16.  For the slip planes in question 15, how many slip directions in each of the slip planes


a. one


b. two


c. three


d. 12


e. none

17.  Identify


a. fracture toughness specimen


b. Charpy bar


c. 505 bar


d. Rockwell hardness specimen


e. fatigue crack bar
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18.  How many phases in the arrowed region of the phase diagram on the next page


a. none


b. one


c. two


d. three 


e. 12
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19.  Yield strength


a. the elongation of a material

 
b. the maximum stress a material can stand without fracture


c. a measure of the elasticity of a material


d. the stress required to initiate plastic flow

 
e. the stress required to initiate elastic flow
20. A dislocation is:


a. a defect which involves interstitial atoms on a slip plane


b. a grain boundary which can slip


c. responsible for the inability of steels to be plastically deformed


d. a pileup against a grain boundary


e. a wonderful structural defect that is present in essentially 


    all metals and alloys

21.  Resolved shear stress


a. shear stress along the slip direction in the slip plane of a single 


    crystal of a material


b. shear stress along a direction in the grain boundary of a material


c. does not vary when angle between slip planes in a single 


    crystal and the tensile loading axis


d. is greatest in slip planes in a single crystal that are oriented


    parallel or perpendicular to the tensile loading direction

22.  Which is correct


a. 1340 is a plain carbon steel and 4340 is an alloy steel


b. 1340 is an alloy steel and 1040 is a plain carbon steel


c. 1340 and 4340 are plain carbon steels 


d. 1040 and 4340 are alloy steels


e. 1040, 1340, and 4340 steels all contain 4% carbon

23.  Which is correct


a. the elastic modulus for ceramic materials is less than that for

    polymer materials

b. the yield strength of a ceramic material is greater than that for a steel

c. all polymers deform elastically in a linear fashion

d. all polymer materials exhibit very high ductility

e. the elastic modulus for steels is greater than that for polymers

24. Which is correct

a. the yield strength for all types of materials is determined from the 

    stress-strain curve in the same manner

b. the yield strength for a number of steels is not determined by the 

    0.2% offset method

c. the yield strengths for ceramic materials are unknown

d. the impact energy for most steels is less than that for ceramic

    materials

25.  Best definition for “heat treatment”


a. a process in which a material is softened


b. a process in which a material is strengthened


c. a process in which a material is quenched from a high temperature


d. a process in which the structure of a material is changed by subjecting


    it to a series of temperature changes 


e. a process designed to change the elemental composition of a material
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