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SUMMARY OF REVISIONS INCORPORATED

The author is grateful to the examiners for their
learned comments and suggestions for improvement of the
thesis,  He has carefully gone through the comments and
has revised the original manuscript by incorporating the

following alterations:

(i) The thesis has almost been completely rewritten.

(ii) Literature survey has been updated,

(i1i)} Finite Blement Formulation has been changed from
the less stable elasto-plastic to the more stable

visco-plastic {or the following rcasons:
(n)  To tackle the problem of folding or dynamic
contiact at the work-tool interfaces

(b) To svlve the problem upto very high compression

ratios

(¢} To deal with problems involving high aspect

ratios

(iv) As mentioned above, theoretical results have also been
obtained for larger compression ratios. It was,
therefore, considered advisable to carry out experiments
also upto corresponding larger compression ratios for
verification purpose. This, however, necessitated

mechanical tests on the new batch of steel specimens.



(v) The present work has been inspired by and built upon
the contributions of other colleagues of the Computational
Plasticity group of the Applied Mechanics Dept. at 11T,
Delhi, cspecially, the two Ph.D. theses entitled :

(a)y  "Finite Uniaxial Compression under Static Loading"
by Dr. K.85. Shishodia and (b) "Mechanics of
Axisymmetric Closed-die Cold Forging Process', by
Dr. P.C. Sharma.  The present asuthor has, however,
made several improvements and additions to the
carlier computer simulation procedures. For
crample, new cxpressions for element interfacial
arcas and incremental element rotations in the
finite differences formulation., Also, variable
smoothening technique has been used for lending

preater stability to the solution procedure.

The visco=plastic {ormulation has been used in place
of the clasto~plastic formulation for the finite clement
simulation approach.  Mesh rezoning and variable interpolation
have been used for tiding over numerical difficulties. The
dynamic cuntact (folding) phenomenon has also been carefully
tackled,  Of course, as their titles suggest, the previous

theses Jdid not deal at all with the heading problem,

A tinite differences computer program, in sharp
contrast with a finite celement program, suffers from the
disadvantages that for a new problem, it has to be developed
almost from scratch and debugged. The reason is that the

new boundary conditions have to be incorporated and
{iv)



integrated within the basic equations, The author had to do

the same,

Lven the finite element program developed by the author,
bears little resemblance with that of his predecessor
Dr. P.C. Sharma owing to the use of the visco-plastic
formulation (in place of the eclasto-plastic formulation) and
in incorporation of several new fcatures mentioned in the
foregoing paragraph. Computer listings based upon the present
formulations are enclosed in a separate envelope attached
herewith, The listings of Dr. Sharma's finite element

and f{inite differences programs are also enclosed.
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ABSTRACT

An important objective of the study of the mechanics
of any metal-working process is to analyse the deformgtion
pattern of the work-material. The deformation pattern in
the case of the cold heading process is influenced by several
factors, for example, the mechanical properties of the work-
material, geometry of the blank, fixity conditions and
severity of friction at the sliding interfaces. The deformation
pattern governs both the state of stress and the forming load.
Determination of the forming load is needed for the design and
improvement of tools and equipment for production. Study of
the mechanics of the production operation also helps in
arriving at the range of process parameters for the manufacture
of defect-free components and for real-time adaptive control

of the given process.

A literature review on the cold heading process shows
that most of the available analytical solutions are approximate
or conventional. They are based upon simplifying assumptions
on e¢itheor the state of stress in the work material or mode of
deformation or both. Exact solutions of cold heading operations
on wire or rod are quite scarce. Probably, a major hurdle in
the way of obtaining an exact solution to the problem of cold
heading of a real work-material has been the mathematical
complexity involved in solving the non-linear governing

cquations of the problem. Whilst several rescarchers have worked



in the field of axisymmetric compression or plain upsetting,
only a few have worked on the problem of the cold heading
process. The effect of different process parameters during the
cold heading process has not been tackled adequately with the

help of the powerful technique of computational plasticity,

The present study deals with the computer simulation

of the cold heading process which is modelled as follows:

A cylindrical workpiece having a uniform cross section along
its length is held in a long tight fitting cavity of a, rigid
die., A portion of the workpiece projects upwards from the
die. A rigid flat die (platen) is brought into contact with
the plane top end of the workpiece. The platen is slowly
moved downwards in order to produce a "head" on thé workpiece.
The {inite c¢lement (visco-plastic) and finite differences
(elasto-plastic) techniques have been employed for simulating
the process. The distinguishing features of the proposed
clasto-plastic finite differences formulation include the

use of simplified cxpressions for element interfacial areas
and incremental rigid-body element rotations. Also the computed
incroemental radial displacements ;re smoothened in order to
obtain better starting values for the next increment of defor-
mation. Among the noteworthy features of the proposed visco-
plastic finite element model are,automatic mesh rezoning,
interpolation of c¢ffective strains and strain rates,and
incorporation of an overall volume correction into the

computational algorithnm.
(vii)



To verify the validity of results predicted by the above
simulation procedures, experiments were conducted on specimens
made of two materials, namely, low carbon steel and electrolytic
copper,  The computed heading loads and the bulge profiles were
compared with those obtained cexperimentally on workpieces
having different aspect ratios. A reasonable agreement was

found between the predicted and experimental results.

The proposed simulation models were used to study
the effect of the important process parameters of the heading
procvess (namely the material constants and aspect ratio of
the workpicce and the coefficient of friction at the work-tool
interfaces). Main conclusions of the present study and

computational results have been discussed.

(viii)
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