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Summarz

A Finite Element program (Code No. 1} was initiated
for calculation of nonuniform elasto-plastic defor-
mations to simulate upset forging problems, using
9-nodes isoparametric gquadrilateral elements with

3 x 3 GAUSSIAN integration order, taking into consi-
deration the non-linear plastic behaviour with strain
hardening, the effect of strain rate sensitivity and
deformation heat and its influence on the mechanical

behaviour.

This program was made to deal with plane stress, plane
strain and axisymmetrical problems using an iterative
procedure for the nonlinearity. The boundary conditions
for upset forging problems are simulated as applied
stresses or displacements. It was found that the most
influencing factor for the bulging profile in upset
forging is the external friction which was modelled

as a proportional friection.

An experimental study was made to compare the results
with the wvalues predicted by the computations. These
experiments, including the determination of the mate-
rial flow curves consist of upsetting the specimen un-

der different frictional conditions.

On the other hand another Finite Element program

(Code Mo. 2) was written and modified to be applicable
for high strain rate deformaticnh problems and calcula-
tion of plastic wawve prcpacgacticn. Apnlicaticon examples
for the study of the effect

tion were done Cemtrdiditgary ifin SHands Ueperdignoths and for
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a free moving cylinder with a semisphere end using
SEEGER and linear medels.

In order to ensure the theoretical consideration,
experiments were carried out on ecylindrical specim-
ens with different height-diameter-~ratios, which were
impacted by falling hammer using lead foils as lubr-
icating layers. The non-uniformity of the deformation
distribution in the impacted specimens was found to
have similar forms as those expected from the finite

element models.
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Introduction

Strain rate sensitivity of materials has been major
subject of concern for all involved with metal wor-
king preccesses, particularly in recent years with the
development of high energy rate forming processes which
result in great plastic deformaticn at high strain rates,
Therefore it has become essential firstly to know to
what extent materials are sensitive to strain rate

and secondly to estimate the strain rates involved
accurately encugh in any particular metal forming
operation so that necessary provisions can be made

for designing tools and equipment. The Finite Element
Method (FEM) is considered as one of the most power-
ful calculation techniques which was originally de-
veloped for problems in structural analysis and is

now used in many applications among which are also
metal working problems.

The objective of the present study is to predict the
mechanical behaviour of materials under quasi-static
and dynamic loading taking intc consideration the dif-
ferent constitutive equations which relate the flow
stress to the strain, strain rate and temperature. In
chapter one the boundary wvalue problems are classi-
fied into time independent problems and time dependent
problems. The first type is usually Kknown as equili-
brium steady state problems and the second as propa-
gation or transient problems. The different methods

to solwve these probléms are discussed and the basic

formulaticns for the FEM are explalned.

As applications chapter two deals with the first type
and chapter threc deals wich the second type. In chap-
ter two a Finite Zlement program is introduced to si-
mulace upset forging. The flow curwve of Al 99,958 has

Deen experimentaily dezermined and the flow curve of
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steel X 12 CrNi 20 12 has been evaluated. Both flow
curves are implemented into the program to predict
the deformed mesh and effective stress, effective
strain, radial strain, tangential strain and tempera-
ture increase distributions during deformation with
different reduction ratios. Comparisons between ex-
perimental results and FEM predicticons are alsc shown.

In chapter three another Finite Element pfogram is

used which was modified tc deal with different con-
stitutive equations which describe the material be-
haviour under strain rates up to impact and shock wave
conditions. The strain and strain rate distributions at
variocus times are calculated using SEEGER- and linear
models, An experimental determination of the deforma-
tion distribution has been done for Al 9%,98 c¢ylinders
with different heights under different frictional con-

ditions, using a falling hammer.

The general conclusicns are collected in chapter four.
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1 Finite Element Fermulation

The finite element method has been first presented in
1956 by TURNER, CLOUGH, MARTIN and TOPP /1/, applying
simple elements (pin-jointed bar and triangular pléte
with inplane loads) for the analysis of an aircraft
structure and representing one of the key contributions
in the development of the finite element method. The
digital computer provided a rapid means of'performing
the many calculations inwvolved in the finite element
analvsis and made the method practically wizable. Along
with the development of high speed digital computers,
the application of the finite element method alsc pro-
gressed at a very impressive rate. The survey paper by
ODEN /2/ summarizes some of the important mathematical
contributions to the finite element method. ZIENKIEWICZ
and HOLLISTER /3/ presented the finite element method

as applied to the solution of stress analysis problems
whereas ZIENKIEWICZ and CHEUNG /4/ presented the broad
interpretation of the method and its applicability to
any general field problem.

Over the years several papers, conference proceedings
and books have been published on this subject /5-25/.
Although the finite element method was developed ori-
ginally for the analysis of aircraft structures,. the
general nature cof its theory makes it applicable to

a2 wide wvariety of boundary wvalue problems in enginee-
ring. A boundary walue prcblem is cne in which a sc-
luticn is scught in the domain of a bhody subiect to
the satisfacticon of prescriped beundary conditiens on

the dependent variasles or their deriwvatives.
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In the last years the finite element method has become
one of the most important methods used to predict the
mechanical behaviour of engineering materials under
service conditions, The increasing demands toc higher
safety especially inveolwed with nuclear reactor design
nade the application of accurate calculation methods
over very wide ranges of loading conditions of the ma-
terials an essential request for giving the working
allowance of reactors. Therefore the finite element
method was essentially modified and exteﬁded tc deal
with material loading problems which differ over a
wide range of strain rate starting from creep up to im-
pact and shock wave propagation under temperatures va-
rying up to 0,6 of the melting point,

The two major categories of boundary value problems
which are especially interesting in production and en-

gineering are:

i) Equilibrium steady state or time independent pro-
blems. In these problems it is usually needed to
find the steady state displacement of material

points or to determine stress distributions.

ii) Propagation or transient problems which are time
dependent. This type of problem arises, for example,
whenever the response of a body under time varving

forces or moments is to be determined.

1.1 &oluticon o Zguililsriam Proplexs

The governing finite slarent sguazticns for the eguili-

a
arium problems can be expressed as Zcllows
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k] & =F ' (1.1)

subjected to the boundary conditions

[aA]d =8 (1.2

in which 3 is the wector of unknowns, f and 5 are vectors
of known constants.

[K] and [A] are matrices of second order.

d1 . FI
d2 FE
] = 4 E g : E =4 E ¢
{nx1) . (nx1) .
d F
n n
) / .
(1.3)
Kll K21 cesrane Kln
K21 K22 e KZn
®l = {0 :o
{nxn} . . .
Knl an er e s eae Knn

The methods available for the solution of large systems

of equations can be divided into two types: direct and
iterative.

1.1.1 DPirect Approach

BEg. (1.1} represents a system of n linear eguatiocns which
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