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The Effects of Temperature and Strain Rate on Flow Stress and
Strain of AAS083 Alloy during High Temperature Deformation

Byung-Chul Ko, Jong-Heon Kim and Yeon-Chul Yoo

Abstract

Hot workability of the AAB0O83 alloy was investigated by torsion test at temperature ranges of 350~
520 C and strain rates of 0.5, 1.0, and 3.0/sec. The flow stress and hot ductility of the AA5083 alloy
as a function of deformation variables such as temperature and strain rate were studied. The
microstructural evolution of the AA5083 alloy was studied in relation to Zener-Hollomon parameter
(Z = €exp(Q/ RT)). Also, the hot restoration mechanism of the AA5083 alloy was analyzed and found
to be dynamic recrystallization(DRX) from the flow curves and deformed microstructures during hot
deformation. It was found that the increase of flow stress of the AAS083 alloy was small when Z val-
ues were higher than 1.73x10%/sec(370C, 0.5/sec). In addition, the difference of the flow strain of
the AA5083 alloy was not noticed when Z values were higher than 1.73X10%/sec(370C, 0.5/sec).
However, under the low Z values less than 1.73X10"/sec(370C. 0.5/sec), the flow stress increased
with increasing the Z values. The large dispersoid particles in the matrix grain decreased the flow
strain of the AA5083 alloy because it caused the stress concentration during hot deformation.

Key Words : Hot Workability, Hot Restoration, Dynamic Recovery, Dynamic Recrystallization,
Zener-Hollomon Parameter, Flow Stress, Flow Strain
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Table 1 Chemical composition of AA5083 alloy(wt%)

wt. % Si Fe Cu Mn Mg Cr Ti Zn Al
Al 5083 ~0.40 ~0.35 ~0.10 0.40~1.0 | 40~4.9 | 0.05~0.25| ~0.15 ~0.25 bal.
this work 0.28 0.30 0.025 0.48 2.20 0.07 0.015 0.003 bal.
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Fig. 1 (a)Optical micrographs of the AA5083 alloy
solution treated at 500°C for 1 hour.
(b)SEM micrographs of the AA5083 alloy
deformed at 480 C under a strain rate of 0.5/sec

170 / B AMNBEER/ATH A25, 1998

~60 m oldel g 2P4E 42 5
AAT} Fig. 1(b)e TYE AU 480C, 0.5/secE 32
LW T SEMOZE #AY AoBN ARY A7le
5~10 mZ vAgRL, AFY 279 Hisd 27)
(~5 m)E e U FWIEHEREL F2 £ 4
YA $adoz Bxgg & 5 et AFHA A
ZAste AFBLES EDSE EAE At MgSist
(FeMn)AlL®| E4H49E& 4 == lict.

Fig. 2% AA5083 B3-S YW E 4 %(0.5/sec) 3o
M AP exg dulsle] uHEAAEE Fo £58H
FHOZH, FEFAY YR Bo} 713735 & Ao e

Aol 7V

A (peak stress)®] @Y A (single peak) & 2E Y
3 %’7‘41”7—“3 ‘3‘1"’}13 BojFm ik, dutzog B
AZA ] AL {5309 Feol 8 HgnF oz
E] 7y Fojok E}U} 5 3AAAR ) TG AP 2
o ERY, ARHY A9l 5& FAH 2 3 22 Ao

A AMAE (static recrystallization, SRX)E 23 E9
BAEEo AL A gug ¢S S48 PrEA
£ QA H 00 AA5083 oM FAANE Y HY
g gelslr] sietd n2¥Fskn o Fo) 23/ Y
TEME.2 #33lo] ol& Fig. 3of Jehl%t}. Fig.
3(a), (b)= 22 350, 450°CM 1.0/sec2 W H 5}
3y 39 2Eogd u2HEEct ERE oz o
gt} A Yol olBF o] AT @ F AT A
AEdldle A9t e Ao Hol AASOSS &
A8 31&A387| 7= DRXYE ¢ & vt 283
350l WEE Aeels 289 AFYI A48

0 (©) alloy C

Y
=]

30, 5,886

<=3
=]

~370°C, &89
4007, 57147

430, 5 7183
450°C, s 7164
4807, 27138
~— 500 e =181
N5 6 =151

Effective stress (MPa)

Effective strain

Fig. 2 Flow curves of the AA5083 alloy deformed at
350~520C under a strain rate of 0.5/sec
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Fig. 3 TEM microstrures of the AA5083 alloy deformed at (a) 350 and (b) 450 C under a strain rate of 1.0/sec
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Fig. 4 Failure strain of the AA5083 alloy deformed at
various temperature under strain rates of 0.5, 1.0,
and 3.0/sec
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Fig. 5 Optical microstructures of the AA5083 alloy deformed at (a) Z=5.89 X 10"/sec(35C , 0.5/sec)(b) Z=2.56 X 10"/sec
(450%C, 0.5/sec), (c) Z=1.33 X 10'/sec(480C, 0.5/sec), and (d) Z=1.28 X 10%/sec(500C, 0.5/sec)
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Table 2 Flow stress of the AA5083 alloy deformed at temperatures and strain rates

- e T 3507t 370¢C 400T 430°C 450C 480C 500 520T
ow

0.5/sec ~131 ~128 ~106 ~81 ~T2 ~53 ~50 ~40
stress

1.0/sec ~139 ~127 ~105 ~88 ~76 ~63 ~51 ~47
(MPa)

3.0/sec ~150 ~135 ~118 ~98 ~92 ~78 ~67 ~62

172/ A=A MIIZBE R /A TH A 2%, 19984



AA5083 #ael e AFA #5838

1WA JlES 2E9 HELET) fF
8o X FEE Table 29 #5838 AHE o] &3}
o} B4:4 (power law, € = A,0"" exp(-Q/ RT))3} |
4734 (exponential law, € = A,(8 &)exp(—Q/RT))e.
2 Agslste] 1 AHE Table 30 el €32
TN HE&so ©E AAS083 T wELEe B
AE 95202 FF5e Aol WY 257} Z7kg
uzt 71871 n’ ghel AR & AR en, o]
& AP H4s] 71g71 g g 7 BE
370ce) A& Agsiane vwd A kave. B
=0.09)% vehigich welA, AAS083 HEE& mew
Y Aol LE - HIEE - FE2HI AAE 5
AEthe AFdoe FFslete Ao) uiEAgE &
Adet. 283, AAS083 &Ee 243} duAe A5g
T2 AHE3te dARY L3 oM H 33 (peak
stress, 0,)% W 2=(1/T)e BAZEH 78 +
=, oluf Pojzl At A k& ~203.7 kd/mol®]
At olet2E AsIA] g YA A o) F
o g oliz] A8 YehllEs Ao 2K o] gho] F42
ez nedgsed oM B Azt g 79
tha s B ApelA dojzl gAstalA] e Al-
(2~3)Mg a9 843} uAQd 153 kJ/mol™’ B}
£ 3A JelsEd ol Mgol 9o % Mne] 71x &3l
2EEU7] W Folztn #egch a8z, BxE sl
oA Al-Mg $89 Aole 423 Addas 4
A Mg 3ol B&4E AZY 25l 2o HE 22 ¥
gtz GE 3A JehdE ¢ 5 ded, ol
A%e Mg 2 MnE3S glste AIRSAECAN ¢
A -9z - 4E 59 n2dA FFEHOE AFS AT

Folle A7HdA] 7 2 g o) gdstE: - ¢
-gzEE Tol 2t Aeolghs A 438 &
olt}, AA5083 §EFAH ¥ gAsUA e

ol slolA e HEEE 2 258 FE3] Ao

0} O O

wnua

&xo| P

o} nEAHFE PINY + USE T 5 YAt

+ AME I OlHZ=E

AA5083 359l MH 2= e AP EY ARE
Fig.49 Yetidct. 2dd4X & F e vzl
AA5083 9] AIAYEL F L5 TN HU
& YeblSith &, AP 27t S715el whet ~430¢el
A HAgE 2 ool ~480TAA Zasttrt Tl
~500CoAN HugkE e 43 4L F Ak ¥F
So WX 0.5/secZ AP 4+ ~430TelA 7}

2 w2 AIAFES Ui e 3.0/secE WIS A5
7b 7P e g &S Y.

Fig. 49149} o] ~480¢CelA w2 fg o] sl
£ 9d& gotryl 93le 350, 450, 480, 500°CoIA
0.5/sec] MYEEE AAA 7R 22WPdn GF o
g FEdvd oz wEF AAE Fig 59 Vel
Fig. 5(c)9lA & & Sleutsl Ze], 480coAA HdT A
Foll= 239 2719 v 2712 MHE (cavity) 7} 3
RS & AUt o) T el Ao F84
& ARAN EAste ~5 molde] 2oE BAAAE
(MgoSi, Al,(FeMn))Z <13 $EZ &gl Aoz #
9En (Fig. 1(b), 823 E 239 2= &34
a1 500CA HEse ARt E §& 2 5 2ot of
9}go], FHAAY Fo] BFUE 23 4 Al 2Ae
E ~5m 27|19 BAEL Wy F S¥Y S
3, 2= fAHIES AsTle ddez A43E
gt At} meb, Sxxx AG EF0lE &3 A¢
A& EXo 43g uXE QA B3z Yl EAst
T AVl uhet dabd Zloln olnf 2] Feld] o}
2 BAtel 2371 ol S84 488 <& 4 ik
HEN2HYE| M

AB7HAE AAS083 55 &P T oA /¥

Table 3 Constants of constitutive equations, power law and exponential law, for the hot deformed AA5083 alloy

AA 5083 350TC 370T | 400¢C 430TC 450t | 4807t | 500T 520¢
w
é= AG" exp(~Q/ RT) 13.28 23.69 | 12.44 9.44 6.89 4.65 5.22 4.07
) B avg
£€=A,exp(f 0) 0.09 0.18 0.11 0.10 0.08 0.07 0.08 0.08 0 Oé
exp(—Q/RT) .
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