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A. WHHH (50%)

1. Magnesium (in hexagonal close-packed crystal structure) and aluminum (in
face-centered cubic crystal structure) are two popular materials in the manufacture of
cell phones due to their low density.

(a)Even though magnesium is lighter, it is more difficult to fabricate (especially in
forming). Briefly interpret the difficulty of fabrication for magnesium based on the
crystal structure. (5%)

(b)For corrosion concern, magnesium alloy belongs to active galvanic series than
aluminum alloy. Which one is more resistant to corrosion? (5%)

2. (a) What is the IT (isothermal transformation) diagram for a plain carbon steel? (5%)

(b) What is the CCT (continuous cooling transformation) diagram? (5%)

(c) What is the difference between them? (5%).

3. Fig. 1 is the tin-gold phase diagram, for which only single-phase regions are labeled.

(a) Specify temperature-composition points at which all eutectic, eutectoids, peritectics,
and congruent phase transformations occur. (6%)

(b) Also, for each, write the reaction upon cooling. (9%)

4. For the 40 wt.% Sn- 60 wt.% Pb alloy, phase diagram shown in Fig. 2, calculate the
relative amount of each phase present in terms of mass fraction at 150°C (5%).

5. When making hardness measurements, what will be the effect of making an indentation
very close to a preexisting indentation? Why? (5%)
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B. H#H%E (50%)

1. (5%) By referring to the Fig. 3 where Mohr’s circle is shown for plane stress, derive the
equations for the transformation of plane stress
o, =0,c08 0+0,sin’ §+27, sinfcosd
Ty = o, - o, Xsiné’cos@) +7,, (cos2 0 —sin’ 6’)
Note that 26 is the angle between points X (o; ,—rxy) and X ’(0'{ ,—rx,y,) counted
counterclockwise along the circle.
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2. (10%) Draw the shear-force and bending-moment diagrams for the beam and loading
shown in Fig. 4. (Show your work in detail)

3. (10%) A prismatic bar suspended from one end carries, in addition to its own weight, an
axial load P, seethe Fig. 5. Derive the strain energy U stored in the bar, that is,
}’ZAL3 +}POL2 .\ POJL
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where A4 is the cross-sectional area of the bar, £ and y the Young’s modulus and
the specific weight of the material, respectively.
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4. (10%) A hollow circular shaft and a solid circular shaft of the same material are to be
designed to transmit the same torque 7 with the same maximum shear stress. If the
inner radius of the hollow shaft is 0.85 times the outer radius, find: (a) the ratio of the
outer diameter of the hollow shaft to the diameter of the solid shaft, and (b) the ratio of
the weight of the hollow shaft to the weight of the solid shaft.

5. (15%) A projecting arm in a mechanical device is modeled as a cantilever beam 4B (see
Fig. 6). The arm is loaded at the free end by a force P =900 N. The cross section has
the dimensions shown in the figure. If the length L is 0.15 m, what are the maximum
normal stress oy and the maximum shear stress 74,0, due to the load P?
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