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1. Fig. 1 showsa (111) slip plane of fcc crystal containing an edge dislocation. (a) Write
down the Burgers vector of the dislocation. (2%) (b) What is the direction of [u,v,W,]. (3%)

(c) Describe the position of the dislocation including direction of the dislocation line and the
Burgers vector in Fig. 1. (5%) (d) In fcc metals, the dislocations are usually dissociated into
an extended dislocation, containing two partial dislocations and a stacking fault. Fig. 2 shows
an extended dislocation in fcc lattice. Describe the position of the partial dislocation
including the direction of dislocation line and Burgers vectors. (5%) (e)The strength of an fcc
metal can be increased by controlling the stacking fault energy. Discuss the strengthening
mechanism. (5%)

2. Three different metal crystals, all of which are cubic (either FCC or BCC) are strained, and
the orientation of the crystal is tracked. Each of them is strained in compression. In the
stereographic projections below, the results of these tests are shown. (a) Identify whether
you think the crystal is FCC or BCC (5%), and (b) explain briefly why in each case (15%).
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3. (a) There is a condition for necking for a true stress-strain curve called Considére’s
criterion. Derive the Considére’s criterion for a true stress-strain curve satisfied
o =Ke", where o is the true stress, ¢ is the true strain, n is the strain hardening
exponent, and K is the strength coefficient.(5%)
(b) Discuss why the strain hardening exponent decreases with increasing stacking fault
energy, as shown in the table below (5%)

Stacking Fault Energy Strain-Hardening

Metal (mJ/m?) Coefficient Slip Character
Stainless steel <10 ~0.45 Planar
Cu. ~90 ~0.3 . Planar/wavy
Al ~250 ~(.15 Wavy

(c)For fce and bee metals, there are different temperature dependence on the flow stress
components, as shown in Figs. 6 and 7. Use the Considére’s criterion to explain the

reasons that cause this difference. (10%)
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4. For a eutectoid composition steel, the TTT diagram is shown schematically below
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(2) Refer to Fig. 8 above, and consider the three temperature histories shown. If you are
trying to design a steel that best takes advantage of dislocation interactions with a second
phase (i.e., strength controlled by bowing), which path is best and why? (10%)

(b) Refer to Fig.9 above, and consider the three temperature histories shown. If you are
trying to produce a microstructure that derives strength through load transfer without
being brittle, which path is best and why? (10%)

5. An undergraduate student carried out his independent study on the deformation and
annealing of single crystals. He had three identical specimens of the same metal, but which

were cut with different crystal orientations. He carefully performed tensile tests to a fixed
level of strain, and then unload them. He finds:

stress stress stress

Specimen A Specimen B

Specimen C

strain strain strain

He then annealed the three specimens at the same temperature for the same amount of time.
However, he forgot to label the three specimens. To identify the specimens, he polished

the three specimens and performed metallography to look at the microstructure. Here was
what he got:

Structure I Structure I1 Structure III

Your advisor asked you to help him to solve the problem. Based on the stress-strain curve
and the microstructure of the three specimens, (a) sort out which post-annealing

microstructure belongs to which sample, (5%) and (b) write a short explanation for your
choices. (15%)



