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6. Draw a typical engineering stress-strain diagram of a tensile test for low carbon steels. Mark and
identify on the diagram the following mechanical properties or terms: (1). tensile strength, (2). yield
strength, (3). breaking stress, (4). elongation, (5). elastic region, (6). plastic region, (7). Young’s modulus, (8).
necking, (9). strain hardening, and (10). toughness. (10%)

7. Mold and pattern are important elements of a casting process. In Table 1, five common casting
processes are listed. Redraw the table on your answer sheet and mark an ‘X’ for the type of pattern and
mold used by each casting process. (10%)

8. Calculate the force required in direct extrusion of 1100-O aluminum from a diameter of 450 mm to 50
mm. Assume that the redundant work is 25% of the ideal work of deformation, and the friction work is 30%
of the total work of deformation. ( The 1100-O aluminum material properties K=180 MPa; n=0.2 ). (10%)

9. A 150 mm-long, 12.5 mm-diameter 304 stainless-steel rod is being reduced in diameter to 12.0 mm by
turning on a lathe. The spindle rotates at N=500 rpm and the tool is travelling at an axial speed of 200
mm/min. Calculate the cutting speed, material-removal rate, cutting time, power dissipated, and cutting

force. (specific cutting energy: 4.0 W-s/mm” ) (10%)

10. Figure 1 shows the residual stress of a material to be ¢ = 150 MPa and ¢ . =-150 MPa. The material
is steel (E = 200 GPa), and the length of the specimen is 0.5 m. (1) Calculate the length to which this
specimen should be stretched so that, when unloaded, it will be free from residual stresses and (2) explain
via a stress-strain diagram to show why these residual stresses can be eliminated or reduced by stretching.
Assume that the material is elastic, perfectly plastic and has a yield stress of 300 MPa. (10%)

Table 1 Types of mold and pattern used in various casting processes.

i Permanent |Expendable-|Permanent-|Expendable-| No

-mold mold pattern pattern |pattern

Tensile

Sand Casting

Centrifugal Casting

Siress

g.«
“f‘g" Investment Casting
o) .
a Evaporative-patter
= ,
8 ¥ n Casting

Die Casting

Fig. 1 Residual stress




