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3. (25 pts) A piece of eutectoid steel will be subject to a case hardening process by diffusing
carbon through a layer on the surface. For this purpose, the piece of steel will be placed in a
carbon-rich (1.5% by weight carbon) atmosphere in a special furnace. The temperature of the

piece will be maintained at 700 °C.

What should be the diffusion coefficient to be used for the calculation of the heat treatment
time? Show data source/numerical justification. Hint: The alloy is eutectoid. Use the phase
diagram for iron-carbon to determine the initial carbon composition. Then use activation
energy and other constants for the steel state at the heat treatment temperature. Your lecture
power point has good phase diagrams/tables that you should use and show here. (10 pts)
Calculate the time that it will take to reach a concentration of 1.0% by weight carbon at a

distance of 0.5 mm from the surface of the piece. (10 pts)
Name at least two (2) changes you could introduce to decrease the necessary heat treatment

a)

b)

time. Justify numerically. (5 pts)
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2. (25 pts) During a sand casting process, the constant C in Chvorinov’s rule is 3 s/mm?’. The
process is used to produce a hollow cylindrical casting with an OD (outside diameter) of 75 mm,
ID (inside diameter) of 50 mm, and a height of 125 mm. The mold contacts the cylinder on both

the OD and the ID surfaces.

a) Estimate the time for the casting to fully solidify. (15 pts)
b) Write the equation used to calculate Chvorinov’s constant C. Based on this equation, name

at least four (4) ways you could increase the time for solidification. (5 pts)

¢) Assume the molten metal will be supplied by gravity, through one sprue. It has been found
that the sprue does not fill the mold cavity before the casting solidifies. Name at least two
(2) changes you could introduce in the molten metal supply system to decrease mold fill

time. Justify with applicable equations. (5 pts)








