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Alnalysis of Cold Workability at the Al6061 Bulk
Material by Tension and Compression Tests

K.J. Kim’", J.S. Park™

Abstract

When workability at the a certain bulk deformation process is defined as the maximum plastic
deformation capability that the workpiece can sustain without causing any cracks or fracture, the
workabhility is dependent on the microstructure, initial workpiece shape, stress state developed during the
deformation process, strain rate, and presence of the interfacial friction between workpiece and tool. For a
review purpose, the workability definition and test methods are summarized depending on the applied
stress state at bulk deformation process in Table 1 at the text. In this study, the cold workabilities of
as—cast Al606]1 bulk material have been measured and comparatively analyzed at the primary tensile
stress state by using tensile specimens, the primary compressive stress state by using cylindrical

specimens, and the forming limit diagram by ductile fracture.
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Table 1 Workability definition and test method
depending on the applied stress state at bulk
deformation process.

Stress state| Workabhility definition | Test method

PHIMAY s, = tn(Ao/A) :
tensile BA = (1~(Ay/Ac)}x100(%) | Lension test

stress state

Primary ‘{ -
compressive |&ye = In{hy/ho) Gomxt)égasxon
stregs state

g = ln(hf,g/bc,z) -
: t X-axis ,

Fracture 4 Cormpression

S ey = In(wig/Wog)
criteria g‘at V-axis test
(forming limit diagram)
strgsk;ezrtabe no of rotation to failure Torsion test
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Table 2 Chemistry of the as-cast Al6061 alloy. (w/e)

Blement] Si | Cu | Mg | Cr | Mn | Zn

06 [0z | 10 | 020 | 015 | 035
Nominal} 405 | G2 | 090 | 015 | max.

max.,
Analysis| 076 | 031 | 090 | 018 | 002 | 001
] U other element

Element{ Fe Ti oach ) Al
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Fig. 1 Typical microstructure at the longitudinal plane
of as-cast Al6061 alloy.
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Table 3 Average tensile test result in the longitudinal
direction of as-cast Al6061 alloy.
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Fig. 2 Intergranular fracture at the tensile-fractured
cross-section of as-cast Al6061 alloy.
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Table 4 Effect of relatively slow strain rates on the
workability of as-cast Al6061 alloy by
compression test at a rough die.
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Table 5 Effect of friction condition on the workability
of as-cast alloy at the relatively slow strain
rate range from 1.99x10/sec to 2.56x107/sec

Friction . . Graphite

condition Rough die | Smooth die lubricant
_Hravg (mm) 863 778 694
, 19x10°  [214x107°  [2.26x10°

& (/sec) |"7) oo |"~251x107 | ~2.56x107)
Eweay -1.246 -1.350 -1.464

V(mm/min) 1 10 100
hi,avg(m) 839 880 870
ex(1/sec) 1.99x10° | 189x10% | 1.92x10™
Ewe = _ - _

In(htavg/hOav) 1.274 1.226 1238
Ewcavg -1.246
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ig. 3 Forming limit diagram of the as-cast A16061 alloy
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Fig. 4 Forming limit diagram of the as-cast Al6061 alloy
at 10mm/min press speed.
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Fig. 5 Forming limit diagram of the as-cast A16061 alloy
at 100mm/min press speed.
(8 19 to 2.6x10"sec)
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Fig. 6 Typical intergranular crack path at the harrel
area of compressed as-cast Al6061 alloy.
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