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ABSTRACT

The knowledge of the metal formability limit during the process of cold deformation is very important
from the standpoint of determination of the basic working process parameters, as well as from the
aspect of optimal choice of technology and the use of the formability potential of the materials. This
research carried out shows that by using an optimal scheme of principal stresses components the
potential of metal materials formability substantially increases, which has an exceptional importance
in projecting technology, tools and machining systems. Result of the investigation is identification
stress strain state in the critical area of the work piece and location of a new hydroforming model in
forming limit curve has been defined (FLC).
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1.INTRODUCTION

The knowledge of the metal formability limit during the process of cold deformation is very important
from the standpoint of determination of the basic working process parameters, as well as from the
aspect of optimal choice of technology and the use of the formability potential of the materials
[1,2,3,4,5,6]. The applicable importance of knowledge of formability limit of metals is the fact that for
every forming process examined, we are able to foresee before its realization, with a great degree of
probability, the size of allowed strain.

The formability criterion is the limiting degree of deformation who is determined of principal strain
components in the cracks zone that is in the form of equivalent strain:
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The limiting degree of deformation is used as a practical means in the determination of the
formability limit of materials. The limiting degree of deformation (formability limit) of a metal
depends on stress of state in the deformation zone, id est:
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State of stress index (/) based on the first invariant of the stress tensor (/;) and the second invariant of
the deviatoric stress tensor (J,) is according to [3,4,5] given in the form:
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The first invariant of the stress tensor is defined with the expression:
l,=0,+0,+0;=30,, 4)
where o, is mean hydrostatic stress. The second invariant of the deviatoric stress tensor can be
represented with the expression:
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where o, is equivalent stress.
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2. THE DEFORMATION MODELS
Typical of the deformation models and states of stresses index values are given in Table 1.

Table 1. Deformation models and state of stress index values for various states of stresses.
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3. FORMABILITY LIMIT AND HYDROSTATIC PRESSURE
The hydrostatic pressure to increase of
formability materials in the hydroforming
processes (Fig 1).
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Figure 1. Limiting strain of metals is
dependenton the hydrostatic pressure
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4. FORMABILITY OF MATERIALS IN THE HYDROFORMING PROCESSES
4.1. Formability of thin wall tube of load internal pressure
Fig.2 shows the process of tube compressive load by using internal pressure.
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Figure 2. Schematic outline of tooling in hydroforming of a tube and state of stress

Stress are: o= 01=T'r and 0,= 0,= pz_'tr or o,= o,/2. (6)
Equivalent stress: ¢,= 3 01:%;\/5' (7)
2
Axial strain ¢; = 0, that is state of stress index:
o, +o0,+0 TR
p=11%270% _ t 2t 173 ®)
o, pr3
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where are: r-radius of tube, d, — initial tube diameter and d; —finite tube diameter, - tube wall
thickness.

4.2. Formability of tube hydroforming by using beneficial expansion
Fig.3. shows the process of tube hydroforming by using beneficial expansion.
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Figure 3. Tube hydroforming (a) and schema state of stress (b)

Forming guided zone 1:
-For|o.>|09|>|0,|and o, =p is state of stress index:
—0,—0y—0O
p=—22"90"% _ 5 _3r
ky

e

Forming expansion zone 2:
-The state of stress index for dy< d<d, and | oy [>| 0. | or 09 > o, , that is 6, = g, = 0, in general form is:
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5. FORMING LIMIT DIAGRAM (FLD) BY HYDROFORMING PROCESSES

The Forming limit diagram gives information about the formability potentional of the
materials depending of the state stress @eimiing=f() for practical range of applications -5 < /3
<2

The graphical interpretation of FLD is shown in Fig.4.
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Figure 4. FLD for hydroforming processes @ejimiing=f(})

6. CONCLUSIONS

On the basic of the analysis it can be concluded that the focus of an optimal hydroforming processes
is directed to the values £ >0 so that is they attain greater permissible degree of deformation. The
methodology applied in this work S=f{c;;) and @eiimiine=f(f) is based on the theoretical-experimental
method, where a state of stress index f is based on the theory of plasticity as values of invariant
stress-strain of state, with its equivalent strain ¢, for hydroforming processes determined in the crack
ZON€ Qo= Qelimiting » s limiting of deformation.
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