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Abstract. The occurrence of drain softening of prestrained metals as a result of cydlic deformation has been previoudy
observed in terms of tensle mechanical properties and some microgtructural aspects. The investigations have revealed
the posshility of using these results in order to improve multiple-stage forming processes. In this paper, the effects of
cydic tordon on the drawing sress of metalic bars in multiple-pass drawing operations have been investigated.
Drawing was performed with five passes. Cydic torson was carried out at room temperature, between the lagt two
dages of drawing. Two materials were used in the experiments, 304 dainless sed and 6063 aluminum alloy, alowing
the analyss of the influence of the sructural features of the metal on the results. Cydlic dtraining led to a decrease in
the dress levd of the aluminum samples, whose magnitude depended on the number of drawing passes previoudy
conducted on the naterial. On the other hand, for 304 dainless sed bars drawing dresses remained almost
unaffected by cydlic torson, which confirms the dependence of the strain softening on metal characteridtics.
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1. Introduction

One of the mogt important characteristics of cold forming operations is the work hardening of metds, whose
magnitude increeses as plagic monotonic deformation passes are conducted. On the other hand, under specific loading
conditions, its possble to have less hardened sructures or even to remove the effects of prior draining. Strain pah
change experiments, covering multiple dage operaions (Wegoner and Laukonis, 1983, Doucet and Wagoner, 1989,
Fermandes and Vieira, 1997, Rauch & d, 2002, Bala & d, 2003) or cycdic deformation processes (Coffin and
Taverndli, 1959, Armdrong e d, 1982 , Richert and Korbe, 1995, Lukés and Kunz, 2002, Corréa e d, 20033 have
reveded the phenomenon.

Previous invegtigations have shown the effects of cyclic torsion on the tensile behavior of 6063 duminum dloy and
low cabon sted drawn bars (Aguilar et d, 1999, Aguilar e d, 2000). For both materids, strain softening was observed,
whose magnitude depended on the previous drawing deformation and on the torsion parameters employed in the
experiments. Figure 1 shows some examples of these studies. The percent changes in the mechanica properties, taken
with reference to the maerid not twisted, are displayed. Cycdlic torsion led to the decrease of the yied and tensle
strength, aswell asto theincrease of the ductility of the metds.

The am of the present paper is the andysis of the effects of cyclic torson on the drawing sresses of metds in
multiple-pass drawing operation, conddering the influence of the dructurd charecteristics of the materids on the
results.

2. Materialsand M ethods

The maeids used in this sudy were the 6063 auminum adloy and the 304 danless sted, whose chemica
compositions are presented in Tab. 1. The specimens, bars with 6.40mm of diameter and 390mm of length, were
anneded a 400°C for 3600s (6063 auminum dloy) and a 1000°C for 1200s (304 dainless sted), and furnace cooled to
room temperature. Final homogeneity was verified through metalography and Vickers hardness.

Two groups of experiments were carried out in the work. The first one corresponded to the conventiona multiple-
pass drawing operation. The second involved the use of cyclic torson between the last two stages of drawing
considered inthe andysis.



Drawing Pass Drawing Pass

2nd [ 1st 2nd

172
<

=3 I ]

o [ 1 48
& ]

F + 24
12 | -\

a5 L Lo -5 L lo

Percent Changein
Strength
Percent Changein
Total Elongation
Percent Changein
Per cent Changein
Uniform Elongatio

—s— yield strength —s— yield strength
—a— tensile strength —a— tensile strength b
—»— total elongation @ —»— uniform elongation (0)

Figure 1 — Percent change in the tensile properties of drawn bars asaresult of cyclic torson (10 cycles, strain amplitude
per cycle=2.8%): (8) 6063 duminum aloy and (b) low carbon sted (Aguilar et d, 1999, Aguilar et d, 2000).

Table 1. Chemical composition (weight percent) of the 6063 duminum alloy and the 304 Sainless stedl.

6063 duminum dloy 304 dainless sed
S Fe Mg Mn Zn C Cr Ni Mn S
0431 0.151 0472 0.068 0.007 0.050 17.960 8.350 1.360 0.124

Drawing was peformed with five passes in an Instron modd 4482 maching, with a specidly designed system for
the process, a a crosshead speed of 6.67x10 mm/s. The parameters employed in the tests were anadogous to those used
in previous invedigations (Aguilar & d, 1998, Corréa et a 2001): die sami-engle = 8° and reduction in area = 20%.
L ubrication was performed with a Molybdenum disulfide paste.

Tordon was conducted in an adapted bench lathe, whose detals were reported elsawhere (Aguilar e d, 1998). Ten
cycdes of deformation were applied to the drawn bars, with a plastic shear strain amplitude per cycle = 2.8%, leading to
the torsgon angles shown in Tab. 2. Smilarly to the drawing operation, torson conditions were chosen according to
previous results (Aguilar et d, 1998, Corréaet d 2001).

Table2. Torson angles.

cyclic sraining between
1M and2 passes | 2™ ad3passes | 3%and4 " passes | 4" and 5" passes
115° 128° 144° 160°

3. Resultsand Discussion

Figure 2 presents the effects of torson on the drawing stress of the 6063 duminum dloy bars. Cyclic straining led to
a decrease in the dress level, whose magnitude depended on the number of drawing passes previoudy conducted on the
materid. In addition to some irregularities observed in the curves, probably associated with Iubrication problems a
pronounced increase in the sress vaues of the drawn/twisted samples a the end of the experiments is verified. These
results are related to the sections of the bars tha served as gripping regions during torsion and, therefore, remained
dmogt unaffected by the test. In order to compare the four situdions, average drawing stresses for both types of
experiments, conventiona drawing and drawing/cyclic tordon tests, are shown in Fig. 3, as wel as the percent change
in the origind vaues (connected to the purdy drawn metd). In generd, the effects of cydlic deformation became more
pronounced as the number of forming passes incressed (except for the 4™ drawing pass): the reduction in the stress
values varied from ~ 3% (2" pass) to ~15% (5" pass).

The reaults displayed in Figs. 2 and 3 are smilar to those aready reported for low carbon sted bars (Corréa & d,
2001). For this metd, however, the maximum decrease in the drawing stress as a result of cyclic torson was reached in
the 4" pass This strain softening phenomenon, previoudy observed in tensile experiments (Fig. 1) and confirmed in
Figs 2 and 3, was found to be rdated to the restructuring of the didocation arrangements in cyclic sraining, which
sems to promote a reversble didocaion motion mechanism, leading to the mechanicd recovery of the materid
(Corréa e d, 2003b, Aguilar e d, 2000). The reduction in the didocation density, the formation and propagation of
microbands and the development of asubgrain like microgtructure are the main features observed in the anaysis.



Proceedings of COBEM 2005
Copyright © 2005 by ABCM

Drawing Stress (M Pa)

Drawing Stress (M Pa)

100 (a)
80
60
40
drawing - 2" pass
20 —— not twisted
o f. ., ——_— twisted ] .
0 60 120 180 240 300
Extension (mm)
100 (C)
80
60
40 .
drawing - 4™ pass
20 — not twisted
— twisted
o] P : |
0 60 120 180 240 300

Extension (mm)

Drawing Stress (M Pa)

Drawing Stress (M Pa)

18th International Congress of Mechanical Engineering

November 6-11, 2005, Ouro Preto, MG

(b)
drawing - 3 pass
not twisted
— twisted
0 6‘0 ll20 1:30 2;10 3(‘)0
Extension (mm)
(d)
drawing - 5" pass
— not twisted
— twisted
ll) 6‘0 1;0 1;30 240 3(‘)0

Extension (mm)

Figure 2 — Effect of cydic torsion on the drawing stress of auminum bars— cydlic straining conducted between: (g) 1%
and 2", (b) 2" and 39, (c) 3% and 4" and (dl) 4™ and 5" passes.
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Figure 3 — Effect of cyclic torson on the drawing process of duminum bars. (a) drawing stressand (b) percent change
in drawing stress.

The effects of cydic draining on the drawing dresses of the 304 danless sted bars are shown in Figs 4 and 5.
Contragting with the results exhibited in the duminum experiments, no sgnificant changes are observed between the
twiged and the non twisted samples. The maximum percent change in the stress values was less than 2%. Therefore, no
softening effects were obtained through the cyclic straining of the drawn 304 stainless stedl.

The differences in the results originating from drain path changes for the two metals consdered in this work are
connected to their distinct structura characterigtics. Aluminum is a face centered cubic maerid with high stacking fault
energy, marked by the intense occurrence of crossdip, which leads to the establishment of a cdlular didocation
structure (Bay et d, 1992) and low work hardening rates during plastic deformation. Its behavior can be compared with
low carbon ded, which is a body centered cubic dloy and, thus dso related to the cross-dip deformation mechanism.
On the other hand, the 304 danless sted is a face centered cubic metad with very low stacking fault energy, associated



with lower leves of dynamic recovery and then with the development of planar didocation arrangements (Bay e d,
1992). Moreover, a phase tranformaion of audenite to martendte induced by plastic deformation is observed in this
materid, leading to the occurrence of very high work hardening rates. Therefore, it seems that the dtrain softening of
prestrained metals as a result of cyclic draining is related to the previous formation of a cdlular didocation Structure,
whichis sengtiveto strain path changes.
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Figure 4 — Effect of cyclic torson on the drawing stress of 304 stainless sted bars— cyclic straining conducted between:
() 1 and 2", (b) 2" and 3¢, (c) 39 and 4™ and (d) 4™ and 5 passes.
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Fgure 5— Effect of cyclic torson on the drawing process of 304 gainless sted bars: (@) drawing stress and (b) percent
changein drawing stress.

4, Conclusions

The effects of cyclic torson on the drawing stress will depend on the sructurd and strain hardening characterigtics
of themeta congdered in the experiments.
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Cydlic torson led to a decrease in the dress levd of the 6063 duminum dloy bars during drawing operation. The
strain softening effects became more pronounced as the number of deformation passesincreased.

No relevant changes in the drawing stresses as a result of cydlic straining were observed in the 304 dainless sed
tests.
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