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Numerical determination of plastic localization
during extrusion of metals
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1. Introduction

Plastic localization during metal forming processes creates conditions
for development of structural changes, crack initiation, etc. and. hence' affects the final
productlon The plastic localization zone during extrusion is 'built at the very’ begm—
ning when the process is unsteady When the steady process takes place, the ‘metal
- flows along the existing dead zone.

As plastic strains durmg metal forming processes are much larger compargd with
the elastic ones, the latter are neglected and the rigid-plastic model is assumed In the
case of a perfectly plastic body and mneglecting thermal effects, the basic system of
- equations describing the process is hyperbolic and the method of characteristics is
used for solving it [1]. The large plastic strains cause emergy dissipation , .and heat
production which causes increasing of temperature, especially in the plastic localiza-
tion zones. The yield limit is sensitive to temperature and decreases considerably.
This makes necessary the investigation of the coupled thermomechanical problem.

The extrusion of metals, neglecting thermal effects is considered in: [2 3, 4,9].
In [4,5] the extrusion of thermo-elastic-plastic bodies is investigated. In [6, 7, 8] visco-
plastic .materials are considered. The numerical method, given -in [10] will ‘be applied
here for simulating the extrusion of a r1g1d plastic hardening, rate-sensitive and tem-
perature-sensitive material. The method is based on a combination of -the finite-ele-
ment method with the free-point-method .and is suitable for solvmg unsteady problems
The program system TFARM, mentioned in [10] will be used.. ‘

2 The Boundary value problem
} Consider the two-dimensional problem of plane and axisymmetric extru-
sion (fig. 1). The relation
R;
@y |81_1—(-1§)

defines the reduction degree. Oz is the symmetry axis. Initially the material occupies
the region ABCDE. As soon as the piston AB starts to move foreward, the material
flows out of the opening ED and the region EDFE’ gets larger (fig. 1b). There exists
friction along the sides BC and CD. Siebel’s friction law is assumed, 0 << m <1 being
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the friction factor. Due to the symmetry the tfansversél, resp. the radial velocity va-
nishes along AE and AEE': v,= 0. Along the walls the following conditions are
. fulfilled : - .
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Fig. 1
"The velocity of the piston AB is prescribed:
(2.3) v, =7, at AB. |
~The initial temperature of the material is given:
(2.4) T(r; z, 0) = Tr, 2).

Heat exchange with the surroundings takes place du\fing the process along DE
resp. along DEE’, according to the law

25) = 2T 2 £~ Tut)],

where H is the heat transfer coefficient, A is the heat conductivity, T, is the tempe-
rature of the surrounding medium. At BC and CD heat transfer through the walls
takes place. According to [11, 10] we assume that the boundary condition there has-
also the form (2.5) but the coefficient /7 is calculated by means of the thickness of
the wall and the surface of heat transfer. v
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At the symmetry axis the condition

.‘ | C g
26) =0

must be fulfilled.
Due to the great thickness of the piston we -assume that condition (2. 6) is ful-
f1lled also along AB.

3. Discretization of the region

The region, occupied by the material initially is discretized into a final
number of elements by means of straight lines, parallel to the coordinate axes. As the
material in a considerable distance in front of the piston moves as a rigid body dur-
ing the forming process and  the velocities are directed to the Oz axis, it is advi-
sable to assume the length BC shorter than the real one. This leads to economy of
computing time and memory. As the finite element nodes in TFARM [3,10] move dur-
ing the deformation process like material points, the free boundary-DF moves for-
ward with the motion of the piston, e. g. the material starts to flow out of the ope-
ning. During that motion the element at point D), which is a singular point, deforms
considerably. As soon as point £ moves along the Oz axis at a distance of the order
of the finite-element sides, a new mesh is built, which is the same as the initial one .
in the region ABCDE, but has a new column in front of the opening DE. The de-
formed and degenerated mesh around point D is now corrected. As the length BC
is chosen shorter than the real one, e. g. the. piston is far beyond the side AB, we
assume the new region to have the same length BC as the previous one. In this way
the piston is far beyond the opening DL during the whole time of the process. The

values of the effective strain €, the effective strain-rate e, and of the temperature T
are transfered from the old to the new mesh [3]. As soon as the piston covers a di-
stance, causing flow of the material of the order of the side of the finite element,
the inijtial regular mesh is built again, applying a second column of elements at the
opening etc. As soon as the length DF becomes sufficiently large, the material at a
certain distance in front of DE moves as a rigid body and the velocities_have the
Oz direction, This makes possible to stop adding new columns of elements and the
new regular meshes remain always the same. Then conditions (2.2); and (2.6) are ful-
filled at the boundary FE'.

Using one and the same regular mesh in the region ABCDE at certain time in-
tervals enables to estimate the change of the different mechanical variables.oblained
by TFARM at certain space points. In this way the initiation, the place and the move-
ment of plastic localization bands may be investigated.

4, Numerical sblution

The method mentioned above was applied to solve the unsteady cou Ied
thermomechanical process of axisymmetric extrusion of alumlmum The- matenal cha-
racteristics, according to [11] are as follows:

Yield limit:

0y = Lo (T)" 4 Lo{ll — exp(— L] [1 — exp(— LD]
(4.1) o | ‘ o

X ( Tm)LG — Ligebfarctg (e — 3,5 +1,45]},

where T, = 523K and the values of Ly i=10,1;2,.. .‘8 are given in table 1.
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F 1g 2. a— effective strain-rate é-/‘vo
b — effective strain &
¢ — temperature 7/200 o .
1—Ar=4mm, 2—~Ah=8mm, 3— Ak =12mm |e|~=0.84
~ Heat conductivity coefficient :
(42) | A= + AT,

where A, = 238,4 J/(m. deg.s), A, =0,
Specific heat supply: - .

(4.3) ¢ =cy+ ¢,T,

where ¢, = 0,932 J/(deg. 2), bt =0,
Material density: el

(44) ‘ p = const = 2,71 . 106 g/m?
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Fig. 3. a — effective strain-rate &/,

b —effective strain ¢
¢ — temperature 7/20°
1—Ar=T7Tmm, 2—Ah=14mm, 3 —Ak =21 mm || =10,51

~ The coefficient, determining what portion of the strain-rate energy turns into heat:
(4.5) ‘ vy = 0,95.

According to the method, given in [11], the following values of H were calcu-
lated : . : '

BC: H = 27,86 J/(m?. deg. s)
(4.6) cD: H = 58,49 J/(m3. deg. s)
DE, DF and FE' H = 228,00 J/(m2. deg. s).

82



F A £
05
0’4 = . ‘ 6,4 e
3 ,
03 — 03—
02— 02—~ &
081 ! i 01—
. /\ e 0 e

Fig. 4. a — effective strain 'g_’at [e]|=0,84 and = 8,5 mm
' b —effective strain € at |e|= 0,51 and r = 8,5 mm
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Fig.5 Plastic zone development at |e| =084 - ' Figlﬁ Plastic zone development at |&|=0,51
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The boundary conditions are:
Temperature of the surroundings

4.7 Tt = const = 20°C,
Piston velocity : Lo N
(4.8) ‘ v, = 0,001 m/s.
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1 — at the localization band
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. Fig.9. @ —region of fulfilled condi-

Fig. 8. @ — region of fulfilled condi-
tions for plastic localization at | & | =0,51

ions for plastic localization at | ¢ | =0,48

Initial temperature distribution: - o \
4.9 T(r, 2, 0) = const = 20°C.
The problem was solved for two values of the reduction ratio |&|. Fig. 2 and 3

show the distribution of temperature 7, effective strain-rate ¢ and effective Sstrain ¢
at |e| =0,84 and |e|=05], corresponding to R; =10mm and R, = 4 and 7 mm,
at different piston paths Ak. The figures show that the high strain concentration near
the opening causes a high temperature increase there. A band of higher temperature
and effective strain values is observed beyond the boundary CD. The rapidly growing
pick in Fig.4 shows that a plastic localization band is formed there. This band moves
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at the beginning of the process- and takes soon a steady position. The plastic zone
changes at the beginning too and becomes soon steady (Fig. 5 and 6). This pheno-
menon may be explained by.the change of the material properties with the increasing
temperature during the deformational process. Figure 7 shows the change of the effec-
tive strain during the piston movement at three points of the region — onthe localization
line, below it and above it. It is seen, that the deformation outside the localization
band becomes steady, since on the line it grows continuously and tends to infinity. -

Calculations were made at different piston velocities ©,. This velocity has no in-
fluence on the dead zones. It has an influence on the temperature distribution. The
temperature pick is much more expressed at higher velocities v,

The fulfilment of the conditions for. initiation of plastic 1ocahzat10n bands was
proved [12]. Figures8and 9 show the regions where plastic localization may take place.
The comparison with fxguresSand 6 show that these are the reglons between the pla-
.stic and the dead zones. :

5. Conclusions

The numerical investigation of the extrusion process shows that plastic
localization depends at the beginning on the piston path. Due to the coupling of the
thermal and the deformational processes, and their unsteady character, the plastic lo-
calization band, built at the beginning moves and reaches later a stable position.
The sensitivity of the process to the developed temperature is considerable and
should not be neglected. . :
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