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Question 1 (Include as much detail as possible for example drawing relevant pictures)
(25 marks)

a) Explain the difference in extrusion pressure between direct and indirect extrusion.

b) Compare advantages and disadvantages between flat faced die and conical die in
extrusion.

¢) Compare and contrast including advantages and disadvantages of the stretch forming

over stamping processes.

d) Explain the following terms:

1) Reverse redrawing

2) Ironing

3) Stretcher strains (or Lueder's bands)

4) Clearance in Sheet Metal Cutting

5) Cluster mill or Sendzimir mill

6) Springback in bending operation

7) Tube sinking

8) Defect that would occur if the approach angle is too small in wire drawing
process.

Question 2 (20 marks)

i) Aluminum sheet (Im wide) is cold rolled in a 2 high mill from an original thickness of
2.5mm down to 2mm in a single pass with a roll speed of 20 revolutions per minutes.
The roll diameter is 0.55m. Using given information, calculate the roll gap required, in

order to achieve a final sheet thickness of 2mm.

Mill stiffness = SMN/mm
_F
h - h

mill

Mill stiffness (Epiy) =

where hy = final thickness
hmiy = roll gap

The rolling force (F) under plain strain conditions can be given by:-

F=yw&, [R(h,— 1)



4 = factor allowing for friction (~1.2 for cold rolling)
w = width of sheet
R = roll radius
h, = initial sheet thickness
final sheet thickness

|
I

= mean flow stress of material

)

The strain rate during rolling is given by:-

. V.In(h,/h,)
R R ee—————

Where Vr = the surface speed of the rolls
Normally the speed of the rolls is referred to in terms of the number of revolutions per
minute (N). The surface speed of the rolls (Vr) can be calculated as:-

v = 27.RN
60

Stress Strain Data

True plastic strain (&) s™! True stress (6,) MPa
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ii) Give an example of defect that could happen in metal rolling operation and explain it.



Question 3 (15 marks)

i) Consider extruding an aluminum alloy billet through a flat-faced die from a diameter
of 100 mm to a new diameter of 18.9 mm. The extrusion is to be performed on a 2MN
press, operating in the indirect mode, with a ram speed of 5mm/s and flow stress of 32
MPa. The billet/die chamber lubrication is very good.

Using the data given below, suggest whether it is possible to perform an extrusion at an
initial billet temperature of 475°C without any major surface defects on the final extruded

product. Carefully explain your reasoning with relevant calculations.

Extrusion pressure (P) is given by: P=0,(0.8+ 1.8 InR)
where O, is the flow stress

R is extrusion ratio

The temperature rise during indirect extrusion is given by the following equation

0.9 P=p.Cp.(Te— Ti)

where P = Extrusion Pressure
p = Density of the material
Cr = Heat capacity of the material
Te = Exit temperature after extrusion
Tt = Initial billet temperature

Density of Al = 2700 kg/m’
Heat capacity of Al = 1180 J/kg.K
Melting point of lowest melting point phase in alloy = 525°C

ii) There are several types of defects that could occur in extrusion. Explain these terms
and suggest any alterations that could be made to the extrusion conditions in order to
eliminate these problems.

- Surface cracking

- Pipe

- Chevron cracking



Question 4 (10 marks)

(a) In order to make a cup-shaped product, a cold-rolled steel sheet is deformed by a
deep drawing operation and earing sometimes occurs. Explain the term “earing” and

what causes it.

(b) Two pieces of low carbon steel sheet which are produced by rolling under different
operating conditions are to be deep drawn into cup-shaped products. Using given
information, which material will exhibit the worst “earing” and suggest which of the two
alloys would you select for the deep drawing operation? Explain your reasoning with

relevant calculations.

Tensile samples are cut from each alloy at 0°, 45° and 90° to the rolling direction. After
subjecting all samples to the same tensile load, the samples plastically deformed and the
width and thickness for each alloy is measured and the normal anisotropy (R) for both
alloys are calculated with the following results:

Cut Normal anisotropy (R) for alloy A | Normal anisotropy (R) for alloy B
At 0° 0.35 1.0
At 45° 0.45 1.5
At 90° 0.22 2.0
Data:
Average normal anisotropy ( R )= (Ro + 2R4s + Rgg)
4

Planar anisotropy (AR) = (R - 2R4s+ Rop)
2
where Ry, Rys, Rgg are normal anisotropy for the 0°, 45° and 90° directions to rolling.

Good Luck !!!
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