MSE Exam #2

Spring 1998



Name       _______________________________                                         



True/False		Answer 8 of 10	2 points each

1.  _____ A cored microstructure can develop in an alloy cooled from the melt if the diffusion rate of the

  constituent atoms are too low.

2.  _____ Brittle fracture is preceded by necking.

3.  _____ Annealing is performed to increase the hardness of martensitic alloys.

4.  _____ Martensite is a metastable phase of steel

5.  _____ Pearlite is only formed when the overall composition of austenite lies directly in line with the

  eutectoid invariant point.

6.  _____In solid state reactions, the initial slow period of reaction is attributed to the time required for

                nucleation.

7. _____ Proeutectoid ferrite forms before pearlite in hypereutectoid steel.

8. _____ Plastic deformation results from the breaking and reforming of bonds.

9. _____ In partially stabilized zirconia, crack propagation in the cubic zirconia phase is slowed by the

               transformation of a second tetragonal phase to the monoclinic phase.   

10. ____ Phase diagrams give only equilibrium information about the stability of phases.



Multiple Choice		Answer 2 of 3	3 points each

1. Within the elastic limit

	a)_____ Strain is produced by bond breaking and reforming

	b)_____ Stress is proportional to strain

	c)_____ There is complete recovery of strain

	d)_____ The modulus of elasticity is constant

	e)_____ b,c,and d, are correct

	f)_____ a,b, and d, are correct

2. A ceramic is likely to fail under which condition (consider the crack tip radius to be equal  in all cases).

	a)_____There is a surface flaw 2 (m in length with its long axis perpendicular to the stress.

	b)_____There is an internal flaw 1 (m in length with its long axis parallel to the stress

	c)_____There is an internal flaw 4 (m in length with its long axis parallel to the stress

	d)_____There is a surface flaw 2 (m in length with its long axis parallel to the stress

	e)_____There is an internal flaw 1 (m in length with its long axis perpendicular to the stress.

3. The tempering of glass is achieved by

	a)_____ placing the surface of the glass in tension

	b)_____ placing the surface of the glass in compression

	c)_____ exchanging sodium atoms for potassium ions at the surface.

	d)_____ cooling the interior of the glass more quickly than the exterior.





Short Answer I		Answer 3 of 4	5 points each 



1. Give the reactions for eutectic, eutectoid and peritectic phase transitions.









2. Explain why dislocation motion in ceramics is difficult.  What mechanical property does this result in?





3. Label the stress and strain axes and indicate the yield stress, elastic modulus, tensile strength, fracture point and elastic & plastic deformation regimes on the following stress/strain curve for a metal.
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4. In the following composite stress strain curve indicate which metal is:
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���	a) ____ the strongest

	b) ____ most ductile

�	c) ____ toughest

��	d) ____ most brittle

�
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Short Answer II		Answer 1 of 2	6 points 

1. Given the following TTT diagram for a steel alloy in the Fe-C system

a) Fill in the blank phase fields.

b) Using this diagram determine whether it is possible to get a microstructure in a thick steel part

which includes fine pearlite on the exterior and martensite on the interior? Explain your    reasoning!.
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2. Given this microstructure of an Fe-C alloy, the phase diagram below, and that the white phase is cementite, 

a) what is the dark phase? 

b) What kind of eutectoid composition formed this microstructure?

c) Label the 3 main phases in this microstructure. 

















Short Problem 		Answer	     10 points

1. The phase diagram for H20 is given below.

 	a) Determine the degrees of freedom for each of the phase fields in the diagram. 

b) In a glass containing of water and ice, the water maintains a temperature of 0(C regardless of

    the external temperature. Use the phase rule to explain why the water does not begin to warm

    up until the ice is completely melted. 

c) Again, using the phase rule, explain what happens after all the ice melts.

































Problems I		Answer 1 of 2	12 points

1.  A cylindrical specimen of an unknown metal with a diameter of 8 mm is elastically stressed in tension by a stress of  312 MPa.  A reduction in the specimen diameter of 5x10-3 mm is measured.  Compute Poisson’s ratio for this material if it’s modulus of elasticity is 140 GPa. 

























2. Calculate the stress concentration factor for a 1 (m long surface crack with a tip radius of 2000 A in a 20 mm long cylindrical zirconia sample. If the critical stress for crack propagation in zirconia is 12,000 psi, what must the applied stress be on the sample to cause the crack to propagate?

























Problems II	Answer both	17 points each

1. Given the following phase diagram, fill in the table for the overall composition marked at points X.. 



Temperature�Phases Present�Phase Composition�Phase Amounts�Microstructure���Point X





������

��

����

�

�

�

�

���

����



�

�



����������

���

�



2. Railroad track made of steel are to be laid during the time of year when the temperature averages 4(C.  If a joint spacing of 5.4 mm is allowed between standard 11.9 m rails: 

a) What is the hottest possible temperature that can be tolerated without introducing thermal stress

     (i.e., so that adjacent rails never exert a force on each other) given (=12.5x10-6/(C? 

b) If the modulus of elasticity of this steel is 207 GPa and the yield stress is 200 MPa, what is the

    maximum T these rails can withstand without plastically deforming (…and sending the train

    hurtling off it’s tracks! You see, Materials Science can mean the difference between life or

    death)























Extra Credit 		Answer	 2nd Problem in Problem I Section		5 points

IMPORTANT! Mark the Problem to be graded as Extra Credit!!!! 



Equations and Constants

P + F = C + N	Lever Rule: fraction of phase=(length of tie line to other phase)/(length of entire tie line) 

( = (l / lo	lf=l0(1+()      ( = F/A	( = E(		( = G(	  ( =-(x/(z=-(y/(z	       E=2G(1+()

Kt = (m/(o = 2(c/()1/2  	(m=2(o(c/()1/2	(U =((2C2/E + 4C(	(* = 2((E/(C)1/2

( = (l / lo = ( (T
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