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Theory and 
Experimental 

Procedure



Friction in metal forming



Ring test



Ring test



Friction factor obtained 
from ring test



The deformation model in 
backward extrusion



A new friction test



Nosed
Punch



Nosed Punch and Flat Punch





Reduction in area in the cup - cup 
extrusion process



Lower and upper punches



Die set-up



Universal compression machine



Billet and final shape



Results and Discussion



Ratio of cup heights (h1/h2) vs. 
punch stroke

lubricant: Castor Oil
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Punch stroke vs. (h1/h2) 

lubricant: Motor Oil
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reduction in area: 25%
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The force - stroke curve
lubricant: MoS2
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The force - stroke curve
lubricant: Glycerine
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reduction in area: 48%

0
2
4
6
8

10
12
14

0 2 4 6 8 10 12

Punch Stroke (mm)

Fo
rc

e 
(to

ns
)

Glycerine m=0.65
Motor Oil
Paraffin
Castor Oil
Stearic Acid
Graphite
Vaseline
MoS2
Foam m=0.04
Soap Paste



Deformation

model



Upper - bound equation



relative 
extrusion 
pressure



Original grid before deformation



Experimentally grid distortion



Conclusions



The following conclusions are 
drawn from this thesis:

 A new test method has been proposed for 
the evaluation of friction and lubrication.

 As the reduction in area decreases, the 
cup height ratio (h1/h2) increases.

 For studying friction, r = 25% is 
suggested as a proper reduction in area.

 Friction calibration curves have been 
plotted for various lubricants in cold 
extrusion process.



Conclusions:

 Present work has shown that in cold 
extrusion, the solid and semisolid 
lubricants are generally more effective 
than liquid lubricants.

 Friction has a strong influence on the 
extrusion force.

 The deformation force increases with 
reduction in area increasing. 



Conclusions:

 The upper - bound approach was 
used to determining relative 
extrusion process.

 The comparison of the experimental 
grid distortions and analytical 
results showed excellent agreement.



Recommendations:



Future research should be 
aimed at:

 Finding ratio of cup heights (h1/h2) 
versus punch stroke at the 
temperatures above the 
recrystallisation temperature.

 Finding ratio of cup heights (h1/h2) 
versus punch stroke under impact 
forge extrusion conditions.(the strain 
rate will be important)



 The study of cup - cup extrusion process 
by the finite element method(F.E.M.).

 fabrication of composite components by 
using the cup - cup extrusion process.

 Investigation of cup - cup extrusion 
process by means of the noncircular 
punches.


