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ABSTRACT

The thesis presents investigations in the open and
closed die forging operations. TForging is an age-old process,
perhaps, the first process used by human be ings to form metal
into des ired shapesf' However, it was only in the last two
decades that efforts have been made by many research worlers
to understand the mode of flow and deformation in forging onera-
tions. The . inspiration for these researches has partly come
from the serious compet ition to forging process offerred by
other processes like casting., There is a need to reduce the
mater ial wastage, labour and energy éosts in order to make
forging process more competitive. Governmental regulat ions
in many countris have put limits on the degree of environ-
mental pollution by noise and smoke. All these factors call
for a better -understanding of the metal deformation in forging
" operations éo that improvements may be effected and new

processes may be evolved,

In most of the forging‘ ‘Gperations the material
flow is quite complex and three dimensional in nature. Process
parameters like speed of forging, interface friction and tempe-
rature of work p iece pose additional difficulties, It is
extremely difficult to analyse even the simplest forging process
taking all these factors into account. Even if a solution

is found, it would be too complicated to be put into practice.
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The refore, approximations in equil ibrium equations or boundary
cond itions or both have been the necessary elements in all the
solut ions found so far. Even with such approximations, solu-
tions have been possible only for axisymmetric shapes and for
plane strain condition., Open die forging of polygonal shanes
has: been analysed recently. The studies in this thesis extend
the horizon of aﬁalyt ical solutions for open die and closed

die forging operations. Upperbound technique has been used in =

all these studies,

The first chapter which is an introduction to the
thes is records the historical backgrbﬁnd of forging operations.
It includes thé litefa‘ture survey on the analytical solutions
in forging, operations and the available analytical methods.
It also gives, in some detail, the upper bound method wh ich
has been used in subsequent chapters. This chapter also
includes a historical account of the developments made in
understand ing the nature of friction in metal forming opera-
tions. The recent findings, however, justify the assump t ions

made in the subsequent chapters,

Open die forg iﬁngrofl elliptic discs is analysed in
the second chapter of the thesis. A Kinematically admissible
veloc ity field is determined and analysis for die loads has
been made using upper bound technique. A constant frictional

stress equal to 'mt{where 'm' is the friction factor and
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't' is the yield strength in shear of the softer material) has
been assumed on the interfaces be tween top and bottom dies.

The analysis ofacircular disc is a particular case of this (i.e.
when the two axes are equal). The velocity field has been
determined by minimizing the total energy requirement for each
shape of the disc., The ratio of the mean pressure to the yield
strength of the material of the disc 'Pm/oo' is found for differ-
ent values of 'a', 'b', 't' and 'm', which are respectively
semi-major, semi-minor axes and thickness of the elliptical

disc and friction factor with a range of values from zero to

one. The values of 'Pm/oo' are plotted against 'b/t' for
different values of 'm', for a given family of elliptical dises
(b/a=0.7). These predictions have been verified by experiments.
The value of ‘Pmloo keeps on increasing for similar conditions
of lubrication when we go from a circular to an =21liptic shave.
As the ratio of major axes to minor axes inecreases the load

re qu irement increases.

In chapter three, the problem of rectangular bar
forging with vflat tools is analysed. In this the mode of
deformation is different with the différe'nt values of the ratio
of tool width te worlp jece thickness(b/t). When the thickness
of specimen is large relative to the tool width, the slip 1ine
solutions already found adequately describe the mode of deforma-
tion, which is nearly of plane strain nature. However, when the

worlp iece thickness is small, the deformation is three dimen-
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s ional in nature and the slip line solutions do not fit the

s ituation. An analysis based on upper bound theorem is given
for such cases. For obtaining die loads a constant friction
stress is assumed on too and bottom interfaces between worlkp isce
and the flat tools. In order to exar:\ il.'l(;: the characteristics of
the present solution, the values of ap—ni— have been calculated
for the different goemetr ies of the woro’kpfece and tools. The
range of values talen cover most of the engineering arplications.
Bulging iIs more when the width of the bar is more as compared to
its thickness and the bulging tendencey increases with increas-
ing width of the tool and the value of friction factor. These

theoretical findings have a close agreement with experimental

values.

The fourth chanter of this thesis gives an analysis
of open die forging of any irregular four s ided disc. Exper i-
ments indicate a similar trend. Upper bound technique is used
in this analysis with the assumption of constant frictional
stress on top and bottom faces. The solution tales into account
the bulging of sides during compression as it is exper jenced

in practical forgings.

In chapter five the closed die forging ofahexagonal
disc is investigated, Here the die cavity and punch of similar
profile are taken and a disc of circular shape is compressed

‘to the hexagonal shape of the die. The metal is comp letely
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enclosed in the cavity formed by punch and die. The solution
given in this chapter determines the tool forces near the end
of the process i.e, when the die corners are nearly full,

The kinamatically admissible veloec ity.field chosen for this
case satisfies the flow conditions obtained experimentally by
observing the deformation of circular grids scribed on the -
face of the disc., The forging load is due to the power
dissipation in deformation, and in overcoming the interface
friction on the top and bottom faces, and on vertical side
faces. The solution predicts minimum die loads for different
s izes of the he xagonal disc which is verified by experiments.
The s izes of general purpose hexagonal nuts which give the
min imum die loads are slightly smaller than the st?idard shape
for the hexagonal nuts given in ISO R 272 - 19€2 and

IS 1363-67 for black hexagonal nuts (M & to M 33), Thus the
solut ion provides the direction in which both the material
and the forming energy can be reduced in the commercial

production of nuts and bolts.

In chapter six the velocity field developed in
chapter five is utilized for closed die forging of sgquare
shapes from circular shapes. The basic assumptions are
same as those for the hexagonal shapes. The curves plotted
be tween 'Pm/do' and D/t, show a minimum again indicating an
optimum geometry to minimize the energy cost in forging of square
shapes. Experiments also indicate that there .is an optimum

geometry which gives min imum 'Pmldo' .
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thapter seven gives the conclusions. The

upper bound technique has been successfully used to predict
the metal flow and die loads for different forging operations
as given in the earlier chapters. It also includes the scope

for future work.
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