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Abstract

In order to investigate the impact of strain temperature, rate, and amount on the high-temperature
flow stress behavior of 5083 alloy during thermoplastic rheology, Gleeble thermal simulation
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experiments were conducted at various strain temperatures (280°C, 340°C,400°C, 460°C, 520°C) and
strain rates (0.01 s-1, 0.1 s71, 1 s71, 10 s71) to systermatically reveal the relationships between the
strain and stress. By analyzing the stress-dislocation relationship and dynamic recrystallization Ki-
netics, a high-temperature rheological constitutive equation for the alloy was established using the
critical strain as a reference point. The results indicate that the rheological resistance of the alloy
increases with the strain rate and decreases with the strain temperature. Microstructural analysis
reveals that the alloy exhibits significant dynamic recrystallization behavior at high temperatures
and strain rates, while finer recrystallized grains are obtained at high temperatures and strain rates.
The developed constitutive equation proves to be effective in accurately predicting the high-tem-
perature flow stress of 5083 alloy.
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TEN Al-Mg HEaA0RI 5083 & & RA R i ot ae LR BT 2 IO AR AL TR 2 B
F Tt & i LA BOs BB A S AU 1] [2]. AR miM R ZRE IR PERE, A 70N Ddid & 4 o3 S o
POM LT ZARA L R FA A 3 o R 551 2 7 SNk AT T 2R K, VAt 5083 & il s 2 it 7 %L
(4R F[3]-[6]. #ELIEH 5083 G MM A =it d B —35, BRI & it A8 o F8 rh S g S AR PR A K
A, SEILE S EIR I AR B RS AE T, 2 R A R AR, i A PR o S I 4 i o AR
IO ZH 25 AR RS 473 OO R AR [ 7] D9 AR S IR IR A N g, BIEFE N Rt 1 22 2R (R A T
F, o] DURE oy N 2 WMEAR 2 8 SO LER R N T A 28 Y [8]-[ 1] SO LB B AR5 B T
G A AL R IZE) . ZhaAS A5 DL AGER S B AE AT RSB R R, H R O 2 AR A
I, BRI M [12] [13].

R R REERR AR I R b B RS, BN AR T EIRAR SR, WAES ST RE T2 A
TAE. Huang 25 \JE T ROUHLERIEAS, 790 1 Al-2.6 Mg-0.5 Mn & 4 7E 300~500°C iR 5 . BT A )9 0.01~10
s VG N B TR B JJRHIE, BT RERE ST A 4 il A AR L RS AE T B ARG T R, RUNIAE S S i
AERZNCHN 3.08% [14]; Zhu S8 NZET Al-Li A4 RO A ZUE A 5] KA S AR 5T 1O I B AVRHE,,
Mg T A i R AN TR, SEIL T A SAE N AR A 360~500°C « RARIH A 0.001~10 571 X [A] R iAT AR 8
FIRERETMI15]; Yan 25 AL T Al-Zn-Mg-Mn-Zr (KBTS A A K 5 FE DL R N TAREE LB, FExd —
FHHEAT T L[ 16]. AHFERIBF T IEHE N FIE Al-Mg-Si[17], AZ91D [18]LA Ti-10-2-3 [19]%4& 4.

5083 fA 4 Al-Mg WAL sz #un T. T2 5500, & & miR B R R h sl 54 &
5[] 5 R R A RARE DA SN TR AR 2 TR0 & i A8t /1 sgia . i T G &ML T2 & S4
1Y DA KA RO ZH 23z ) B B0 S0, =R IR & < mn MR AR SL I R D) (1) G BB il . AL 5083 &4
PEE N TN B, L Gleeble FAVEAFAE LA IR F % & SAENF R TR SHORAT T I ZW 1%
RRAE, ROV 5 AL TR S AR ML, Sl ST 3 T O A S AR (AR N AR M T R, A 5083 &4 Tl b A 7=
AR L S HOR B IR S % .

DOI: 10.12677/ms.2024.1410163 1498 PR R


https://doi.org/10.12677/ms.2024.1410163
http://creativecommons.org/licenses/by/4.0/

i

2. SEEMESTE

SR 1 5083 55 AT A KM B G BR A F R REE, HESRH WK 1 Frx. T
IFi) s 453 O R Rz 8 R T SR IR TR R, S8 A AT R 4 )R 2 B2 ) B 5 SR FH 0 [ B PR ARG B LA ARAIE T
RKERE, HRA RSN o10mm x 12 mm. #UESHIRIETE Gleeble-3810 B SLIGHL FikAT, HUIE K K46
BIRATAZER 60%. NI EEE, S2U0 I R i e R Sk & OB IR A T A SR . AR
ARSI T2 ] 1(a)FTan . SER I FRR N AR S SR IR RS I 7 30, RIS AR BE N 0.01 7 0.1
s s 10 sTHIX 4, T AR TR EE S E N 280°C . 340°C . 400°C. 460°C. 520°CiX 5 Fl. i®FETE %G
PL10°C/s A RJRAFIEE, (R 3 min, 15 1% REBE NAR R BT 46, 48 e B f5 LR EE T 25°C
IKEREN . ORISR 48 5 A B o 5URE F A0 R BH A 78 15 5 AT A L%
R T2 #6RFN 10% &R + 90% /K A8, HIE 20 V, MGE AT 3~6 s. PHARFER T
2 BIREA IR 6 ml IR + 200 ml Z&18/K, HUE 18 V, HIJ/NT 0.1 A, ZEMERT[E2N 10~15 s.
e 55 7 I AR SR B RS F R . &M SR Olympus DSX 500 Y622 8000 B i kAT e M 8% . #6%E
(1 AR R M S AR Q] 1) BT

Table 1. Chemical composition of 5083 aluminum alloy used in the experiments (mass fraction %)

% 1. LA 5083 BESUERD(RENBY%)

Mg Mn Cr Fe Si Zn Ti Cu Al
4.45 0.7 0.16 0.4 0.4 0.26 0.16 0.1 Bal.
A
T=280~520 °C
§ 180
= $ o %,,
@ £=0.01~10 s e
&O £=0.9 ’%
~ ’%
N
t(s) -

(a) (b)

Figure 1. The process route of hot compression test (a) and typical microstructure of the ingot used for experiments (b)

B 1. AELRRIE T Z R E () AR LI A B B S HRZA LA (b)

3. ER5118
3.1. M- M iz

5083 & 4 PR G B b g SRR g RS BRI 2 s . AWHHTRTRAER Y, &A1 2 IR AR
AR DL S AR B = E R . B AR R T, S A AR BB, IR AR R A K 4R T
SRR, BEENAZ RN, &8RP HIAR MBS RSN B, AR
P BRI R E WS, MEEARFEPNAESH T RIMAR, o508 FHE & KME G R
280°C/0.1 s7! &A1), T4 T S B T B (G 520°C/0.01 s7! 26 45)
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Figure 2. The true stress-true strain curves of 5083 alloy under strain rate of 0.01 s™! (a) and temperature of 280°C (b)
25083 ASENTEER 0.01 s (VNRFISRE R 280C (b)FTHIR SR #IL:

)R IR N7 A BN TR AL DU AR 3 BB AL TR AR < A A T SR
Ko INTAEA &5 T, BRI )25 0125 P25 L SR A AL O /N AN A2 DA N A AL R 1
TAGUI G, RIAEFALR ) 2 LR N ) QUG K. R NARGR SR, OB (L SRS T 7%
SRS AR LU AR B A A5 I TN AL e I, Sk A EE N, N ETHE RS .
% B B RS S A A5 0 BARACE T LN ) R B 200 TR A 5 2 A A K 3 AR B ORI B R
S, AN BT AR

Figure 3. Typical microstructure of the 5083 alloy deformed at different strain rate and temperature (a) 280°C/0.01 s™'; (b)
280°C/10 s7%; (¢) 520°C/0.01 s7%; (d) 520°C/10 57!
3.5083 AEENTHRER 105! (URNINRE R 280°C; (b)FTHIR SIRIERIZE; (c) 520°C/0.01s™'; (d) 520°C/10 57!

R RRAR AR GRIASIIE 3 FiR, TUBH, AETLIE GBS0 SR T %
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RAL [FINASR A, RIARE AR, Z R R ST RRAH/N, XFEEE] 3(a) 5 1 3(b) AL E] 3(c) 5
B 3(AfERT RN, RS FIIGE R, (136 &0 GG R E R, JERTE 5 R ARSI FILE &, I PR
Ha iR R o FEFI S NAR SRR T, AR T = N T R AR B A 4G T A0 4 21
X LEIE 3(a) 5 3(c) AR IX A AT CABHE R B, MARE K, &4 RAE T IHEREhASHEL . ERIIK
BETR, A4STEmARE, MHEENIR, (B A A MR H K KON 4G i i . (R TRERIK, &
SRAMIEAFAE—E R, KR E w i sm R 7T, BRI SR KRG R, 2 F s
Al JCIE 78 43 SE L LUK FL AN SR AR

e B AR ZERE, G R RE T R MBS A, BRI &N, MEE
IR B SRR AT RER TR K, B TEAE A7 BEAS L LS R SIS R4S &, MRl 3 B R A 2h A ]
A MR EBN K, B A4 FEANBAHZIA TS, WAL BN, AR T3)
WG MRA, MRS R T &R, (AR AR SR RRE N ER S KA
AL, RIEHS R SRR BN .
3.2. RENDFFE

O HLER YA DA S P46 el AR e 0 SR AL, B IRAR B 7 26 K1 43 SR 5 92 A% i A 5 R AR
JE A B BT A . R I AR T R . ) R AR R I P S P ORI T R A A D A
PO TREAL) ANV BRIE B (Bh A& R B 5345 i) . ARIEAHSCHE AL [20] 7T &1, 0 TREAL . BhAS R LR
L NVAR 5 7 5 2 A1 5% R AT RIS (D) FToR :

42 _y_op )
de

=M dp/de IR FEREINIE A, A0 U 9in TAEAL, RN E R, EH NN UL Qp N3l
SR IERAHR S EH, Hh Q Nah& R E R MDA ARG

_E_ g_ —Qe
p—Q(é %} @)

Forb po MBI AL B3 T o MPRHRAR N 7T o AT RIS N AEAR B 5 p 1) PR KK

o =aub\[p 3)
A o AMPRHRR IR, EFIUE 0.5; w ABTUIELR; b oAfEtiiRE. HNQNRARG)AIREIE R
B BERITRAR N ) o T 5 sURT 3R I

0':[0'2 +(G§—O'2 )8_98}0‘5 (4)

sat sat

Rl o, WERIS, o, =aub U/, « SUETHELIN TR R 0 PR o BRI RLIET)

LR SREALRRARAS, AT SRAT, BLARRARDTEETT WSCHR7]. o0 JBIRRL ), JHETTEIT AR 0, = aubyp,
TSR], T ARy - BAR 4 BB, ASCRM B 77 A5 2.

MBI AT o B I AE AR, BRI NAR o I, MBOTMR R A N, AR
Ko EZEW 2B EEh A S AR AL I 5o ShA A S AR 0 B2 Rk BT e s A 1 45 A
MIEZSEAR, WEHEHLT, HaRERBr hn 2R [21]-[23]iHHA 2

X, =1—exp[—B(%J J ®)
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Horp, ( NIRASHITAL, o NI BV E BALREE T RIS 18], AT DA i 5% TR A% A 5 AR A S A AH 5K bR
B, IF PR R IR N R R A, 3(5) AT BLER ALY

X, :l—exp[—kD(S_g‘} J (6)
8[’

kp A1 np YN SRR ESHL @HBEN N 0<kp<1, 0<np<2.
W FE[21]-[2313 BH A &5 AR AR 4020 Xp v LA a0 R A S48 31

. —0
XD — rec (7 )
O-sat - O-SS

K oo LR AR, B2 AT LGB B ZE N AL AN 25 11 ), i fE s ) ih 53R
o NYARINLTT 5 o NRGAS ST o
256 5(7), e Has R BUTRA N Al B A XS E:

a:am.—(om—%){l—exp{-z«d(‘jgc H } ®
3.2.1. s R HIR B

R (4), ELBNA R B AR, F5 ZRABUIFI. ) o JEIRILTT 00 XA HIE 5L Q.
MR P 2 M ECN g - AR ZR, AT A E RIS IR ) ops MR AR A A, 3 22 it B 43 s AL M) 2 1) 7 7%
(AP IR W22 SCHR(7]), AT RATHE H R AR Zhas Bk di i i 2 RIS 7)) o X THEBEAN AR RE R R
KA EZRRALRIZ, RASEH i 2D i, B RERNE] 1 rhfi AR th 2k 2045 B ) f5 HE A
TR, BT RIS, A SOR AR By el M 2 B AR ) ogare

Zener-Hollomon 4§ Z 1] LA SR AE PRI & 1 6 5 1 B It AR 28 R R 28 6 i

Z=¢exp(Q/RT) )

X, MR ), Q AEMILBEIFAE.mol ™), R NTAEH (831 Jmol K ™), T NLNHRE
(K)o XFSEidtfr 2o MG 24] [25], AT LATFSEAS 2] 5083 & & #MVELIIEREN 174.7 KJ/mol.
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Figure 4. (a) Yield stress oo; (b) Relationship between saturation stress os. and InZ
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(10)
o, =-3.56261-9.22122xIn Z +0.59962 x (In Z)> —0.00567 x (In Z)*

XA () PIILHOS H, FFEAT AR, AT LS.

Qe = 1n[—(7;“f _U‘;j (11)
O-sat -0

BEEU A SN KA DRI RSB EE R Q, W TIREN A L UUR A sh A 45 f AR T %

4, BL 0.9 g, Ko Hoxt B N AR AN Z10)H s X T AT R AE SIS PR AR A, R BN SN A Kl A
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Figure 7. Relation between dynamic recrystallization volume fraction and strain
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Figure 8. Comparison between the experimental and predicted flow stress curves
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