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RESUME

Une nouvfílle approche mathématique et une librairie de
programmes pour ordinateur ont été développés pour résoudre
le probleme d'un écoulement plastique bidiraenstionel entre
des moules symmétriques de forme quelconque. Le poids
requis pour initier 1'êcoulement plastique. Ia répartion
des uitesses et des contraintes dans la region plastique du
metal, et la repartition de Ia pression agissant sur le
moule sont ainsi calcules. Cette methode permet de résoudre
le probleme general d'un allongetnent bidimensionei
symmétrique, peu importe Ia complexité du moule. La
solution precise de cette methode peut devenir un
preciéux atout pour le design des moules dans les forges.

ABSTRACT

A method of computation and a computer software package
were developed for solving problems of two dimensional
plastic flow between symmetrical dies of any specified shape
The load required to initiate plastic flow, the stress and
velocity distributions in the plastic region of the metal,
and the pressure distribution acting on the die are
determined. The method can be used to solve any symmetrical
plane strain flow problem regardless of the complexity of
the die. The accurate solution obtained by this efficienc
method can provido valuable help to forging die designers.( Li.
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1. Introduction

Design of dies for both hot and cold forging

operations are usually based on empirical relationship», anil

the result is generally costly, overdesigned dies. In order

to design dies economically, it is necessary to know the

expected pressure distribution acting on the surface of the

die during the forging process. A complete analysis of the

plastically deforming metal is necessary to determine this

pressure distribution. The analysis to determine the

pressure distribution can be performed in a number of ways

using different numerical techniques. One of these

numerical methods is the slip-line field analysis (1), (2)

The slip-line field method is an approximate numerical

technique normally used to solve two-dimensional plastic

flow problems. With the help of this method a set of

equations, the equations of equilibrium and the constitutive

relationship, together with the corresponding stress

boundary conditions are solved with the help of a digital

computer. The method is a numerical application of the

method of characteristics. For the purposes of this

computation a special computer program was written to

perform all required calculations. This program is able to

handle a die of an complexity if the shape of the die can

be described analytically in the computer input. The

density of the characteristic network to be computed is

determined by the user of the program. The results are

not only printed but also plotted by the computer.

2. Numerical Solution
•

On Figure 1 a typical forging between two curved dies

is shown. The dies are symmetrical about both the

horizontal and vertical axes, therefore, it is sufficient

to compute solution for one quarter. The stress boundary

conditions are simple. The axes of symmetry are principal

stress directions. Furthermore, the friction at the die

surface is large, especially during hot forging when no

lubrication is possiblo, therefore the maximum shearing

stress direction is assumed to be parallel to the die face.
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Consequently one family of slip-linea must be or

to the die face, and the axes of geometrical symmetry bisect

the two families of slip-lines.

Figure 1. Typical die arrangement.

The numerical calculation is based on the Henky

equation (3), (4). Repeated application of the equation

leads to the development of the slip-line field network.

Co-ordinates of the slip-line field nodal points are

computed using a set of four different subroutines.

Details of these subroutines are given in.reference (5).

A computer plot of the slip-line field developed

for the forging problem of Figure 1 is shown in Figure 2.

The velocity field is obtained using the Geiringer

equations (6). Details of the computation is given in

Reference (5). Figure 3 shows the computer plot of the

velocity vectors corresponding to the network nodal points

of the sample problem of Figure 1. The non-dimensional

velocity vectors are shown on Figure 3 according to the

scale indicated on the diagram.

The principal stress values are computed at all nodal

point positions using the Henky equations. The computer

plot of the principal stresses are shown on Figure 4 for

the nodal points of the network of the sample porblem of

Figure 1. The vectors on Figure 4 indicate the principal

stresses,, the magnitude of the vectors are proportional

to the stress values according to. the stress scale shown

on the Figure, and the direction pf the principal stresses
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are identical to the direction of the vectors shown.

The total vertical force is obtained by two numerical

integration. One integral from point 0 to d and one from

point d to c, see Figure 1. Details of the computation are

given in reference [5.1. The results are shown on Figure 5.

3. Alternative Formulation

The slip-line field method in an approximate numerical

technique to solve the equations of equilibrium together

with the yield criterion. Normally, with the help of the

yield criterion one of the stress components is eliminated

from the equilibrium equations, leaving two equilibrium

equations to be solved. These equations are hyperbolic,

and the approximate solution can be readily determined

using the method of characteristics. Thus, the yield

criterion is exactly satisfied by the solution, however,

the equations of equilibrium are only approximately

satisfied.

A very promising alternative solution is being

developed. All stress components in the yield criterion

are expressed by a suitable stress function that would

satisfy the equilibrium equations. The yield criterion

would then become a hyperbolic equation and it can be

solved approximately using the method of characteristics.

Thus, the equilibrium equations would be satisfied exactly

by the solution, however, the yield criterion would only

be approximately satisfied. The advantages of this

alternative solution are obvious. It is more important to

satisfy conditions of equilibrium than the yield condition,

especially because the yield condition is only an

approximate empirical relationship. There is considerable

progress in developing the details of the computation

based on the alternative formulation.

4. Conclusions

The method outlined in this paper and the corresponding

computer software provide an accurate/ efficient and

inexpensive method to analyse two dimensional metal flow
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Figure 5. Pressure distribution and forging load
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processes. The method and the corresponding software

can easily be adapted and used as a valuable aid to

forging die design.
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