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Abstract

In this work, the influence of varied deformation percentages on the
hardness and grain size, effective strain variation during simple upsetting
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is studied. Also, hardness variation in a typical cold upset forging process
1s predicted by relating hardness and effective strain evolution in a simple
upsetting operation empirically. Five different deformation percentages,
(13%, 17%, 32.4%, 41%, 50%), are considered for experimentation.

In order to predict the forging behavior of any material, it is necessary to
quantify friction factor during the forming process. Ring compression
tests were conducted to determine the friction factor "m". Pure copper
standard ring compression samples of outside diameter: inside diameter:
height ratio = 6:3:2 i.e. (24:12:8 mm). The friction factor "m" found that
was equal to 0.36.

The upset-forging tests were conducted at 30°C and for different
deformation percentage on the pure copper cylindrical specimens of 30
mm diameter with aspect ratio (ho/do) of 1.0. Since the hardness is the
direct measure of resistance given by the material to plastic deformation
and hence is a better candidate to measure the deformation behavior of
any cold forged product, the distribution of hardness in the cold upset
specimen was measured using the Brinell Hardness Tester. Also, this
work discussing metallographic study of the upset specimens. The
micrograph of samples is processed with the "Adobe Photoshop CS2"
program and then applying the "Image J" program for estimating the
average grain size.

The upsetting operation was simulated using a commercial finite element
code, ANSYS verl1.0. Finite element analysis of deformation behavior
of cold upsetting process of cylindrical specimen was carried out for the
given frictional condition. The geometry of the specimen has prepared
according to experimental work where cylindrical specimens of 30 mm
diameter with aspect ratio (ho/do) of 1.0 using in this analysis. The
analysis can also be extended to non axisymmetric problems using half
portion of 3D model. For such analysis, rigid tools need not be meshed.
The billet geometry was meshed with 10-node tetrahedral elements (solid
92 in ANSYS Library). The FE simulations were conducted for the same
experimental different deformation percentages. The main aim of this
ANSYS analysis is that to find the variation of effective strain at the
same locations where the hardness (BHN) values were obtained through
experiments. Effective strain values were measured for certain points
from the surface center to periphery for the distance 2mm between each
point and ether on the top compressive surface of the upset specimen.
The effective strains were obtained at this point by path operation in the
ANSYS program.

The results show that the finite element procedure is effective procedure
to simulating cold upsetting process with maximum error (7.7%). Also,
results indicate that the hardness increasing with increase deformation
percentage because grain size refinement which occur during forming
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process. ANSY'S results show that the effective strain increasing from the
surface center to periphery in the same points at which the hardness
increasing experimentally and from this finding relationship between the
hardness and the effective strain to predict the hardness distribution at the
design stage, without performing experiments, one can monitor and
control the cold forging process in the design stage. This relationship
gave excellent results which were very close to the experimental results
with average error of (15%).

file:///D:/march2013/abstengzaenabh2011.htm 3/3



