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Prediction of High Temperature Plastic Deformation
Variables on Al 6061 Alloy

Sung-1l Kim, Tae-Sung Jung, Yeon-Chul Yoo and Soo-Ik Oh

Abstract

The high temperature behavior of Al 6061 alloy was characterized by the hot torsion test in the tem-
perature ranges of 400~550C and the strain rate ranges of 0.05~5/sec. To decide optimum deforma-
tion condition, three types of deformation maps were individually made from the critical strain (€.,
deformation resistance (9,) and deformation efficiency (7). The critical strain () for dynamic recrystal-
lization (DRX) which was decided from the inflection point of strain hardening rate () - effective
stress (o) curve was about 0.65 times of peak strain(€,). The relationship among deformation resis-
tance (peak stress, ¢,), strain rate (£), and temperature (T) could be expressed by
& = 2.9x10" [5inh(0.02565 1 exp (~216,000/RT). The deformation efficiency () which was calculated on
the basis of the dynamic materials model (DMM) showed high values at the condition of 500~5507,
5/sec for 100% strain. The results from three deformation maps were compared with microstructures.
The best condition of plastic deformation could be determined as 500°C and 5/sec.

Key Words : High Temperature Deformation, Dynamic Recrystallization (DRX). Deformation Resis-
tance, Deformation Efficiency (7), Deformation Map
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Fig. 1 The representative flow stress curves of Al 6061
alloy from hot torsion tests
(a) showing the effects of strain rates under the con-
stant temperature of 450C
(b) showing the effects of temperature under the con-
stant strain rate of 0.5/sec

Table2 Critical strain, deformation resistance, and
deformation efficiency at the various deforma-

tion conditions
Deformation Deformation Efficiency
Temperature | Strain Rate |Critical Resistance

(t) (s |Strain MP) Strain 0.4| 1 2
400 0.05 |0.38 4811 0.161 | 0.196 | 0.227
400 0.5 0.39 58.85 0.133 | 0.164 | 0.189
400 5 0.40 68.40 0.104 | 0.130 | 0.150
450 0.05 0.36 29.72 0.215 | 0.219 | 0.252
450 0.5 0.37 3891 0.170 | 0.196 | 0.213
450 5 0.37 48.23 0123 {0171 0.172
500 005 |0.35 25.86 0.200 | 0.206 | 0.253
500 0.5 0.35 33.23 0.194 | 0.213| 0.243
500 5 0.36 4371 0.187 | 0.221| 0.233
550 005 | 033 21.39 -0.040 | 0.187 | 0.239
550 085 | 0.34 26.50 0.211 | 0.234 | 0.274
550 5 0.35 37.18 0.407 | 0.278 | 0.307
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Fig. 2 The plots of (a) strain hardening rate - effective
stress curve and (b) the relationship between criti-
cal strain and Z-parameter
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Fig. 3 The deformation map of critical strain at the various
deformation conditions
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Fig. 4 The deformation map of deformation resistance at
the various deformation conditions
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Fig. 6 The deformation map of Al 6061 alloy showing con-
tours of constant efficiency at the constant strain of 1.0

wa Welez vy 5&L Q) W3
J ez o &3t ujepa] MY
N A = (deformation map)Z ‘/}E} = %15\’1‘4.
20 o] 7kx] W=7 i AP B gt
04, 1, 29 a8l Ztz veRigict. B o] 715
AFHQ EEHL F71EIAEY ole HEFo| 73l

o offt 2
rE
\‘N oﬁt

o2 AL

wa} T2 A% & (fraction of DRX)0| F718t7] o
Roz wotdn), Fig. 60 W3 o] 1.0 5ol gt
HYF LS SAAMER eI HEEEL U =
7o) 550¢C, 5/secd W Hulge BRem 400T,
5/secilld Ha #& JERSITH AAHoRE n2
e ByETe W 20N ¥ WIEES Ve
A3 AL B WYSE] WY 2N e HYR
&€ Vet of ARE2RE n2YFE & HFA
33} 2he Q1A ML Hole go] Aol v usfE o
HE g o] L HP2ANMN AR BHJAAF, & F

A AARo] & wAT = drke e FAF F AU



Al 6061 &F9 112 &

O

Fig. 7 The optical microstructure of Al 6061 alloy 100% hot deformed at the conditions, A, B, C of Fig. 6 (a) A (400, 5/sec),

(b) B (5007, 5/sec) and (c) C (550C, 5/sec)
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