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Constitutive relationship and microstructure evolution of
Al-8. 79Zn-2. 16Mg-2. 11Cu-0. 12Zr alloy

Zhuang Dayong, Ren Dawei, Li Yang, Pan Hongwei, Feng Xiang, Zhou Lili
(CSIC Guanghan Gas Turbine Co. , Ltd. , Harbin 150070, China)

Abstract: In order to solve the unqualified phenomenon of extrusion, stamping and forging of high-strength aluminum alloys in the process
of industrial mass production, for Al-8. 79Zn-2. 16Mg-2. 11Cu-0. 12Zr alloy, its isothermal compression deformation test was carried out
by thermal simulation machine, and the thermodynamic behavior characteristic and microstructure evolution of alloy at high temperature
were analyzed. Then, two constitutive relationships of Al-8. 79Zn-2. 16Mg-2. 11Cu-0. 12Zr alloy with and without considering strain com-
pensation were established, and the rheological siress prediction was conducted. The research results show that the rheological stress is
very sensitive to strain rate and temperature, and continuous dynamic recrystallization occurs under low strain rate conditions. The consti-
tutive relationship considering strain compensation has a higher prediction accuracy, the fraction of recrystallization under the deformation
condition of 390 °C/5 s™" is the largest, which is about 17%, and the critical stress value of recrystallization is the largest, which is 65.28 MPa.
Key words: Al-Zn-Mg-Cu alloy; thermal compression; constitutive relationship; microstructure; recrystallization

Al-Zn-Mg-Cu & @ AL B s L L W R AJTRIBEIRAIR 2, O T pexX — R, A

TR AL & B PERE R IZ I T TS L iR
ARG, R e I e AR PUIE % 42 00 A R
R REICHE S R T AT R A 4 8, g i
R b PR R P A PR 2 4 P A e A Y R A
RO fef i 240 5 B 70 i o 0 B8 Y R IF,  K S B30I
TIEVEAE 2, FERRAE TR = E R, B
MBS R R A SIS, SEOCE M

W B 2023-11-16; EITHEI: 2024-02-15

E€WmB.: &ASEMMER ARSI E (2016YFB0300900)
EHE™N, FKB (1985-), 5, #it, TREIH

E-mail: zhuangdayongyong@ 163. com

F B —Fh ] S A AR OC R REAE TUIN ALY It A2 1V )
PSS AR T A O ZH 23 A8 . Lin Y € 451
Liang R Q CRE B N EN DY BN E ik
. MRFAM LR, YIEAM SR MET AL
MR AT R, Hh BLGR 22 AR 5C 2 0 o
Nz, FEMNT RS T L dR AR
JETHROESR, B, CakEl TRZMAE
FARMSE TR, FEALEE Johnson-Cook A 3¢ R
Khan-Huang 2'—‘1’@3\%/%:4] . Khan-Huang-Liang VN A
Z 7 . Khan-Liang-Farrokh A Mk R . Fields-
Backofen 7Z< 14 5 & ¥ . Molinari-Ravichandran 7 #4 5&



240 B

kO OR

5549 %

Z1 Vocekocks A< ¥ 5 M2 Arrhenius A< K 56
RIPUR— S HA (G AR S R AR Y
K ZA MR 22 2 54 BR TR LA A A 25 6 SR B0
EBHASIEAT N, ENINE A REZEE TR T M
REEHY AR 7 AR R R AS K e R AN AS T AT
AR EIRFTE, R T KENIFFRAR, HR%E
55 T Ti6AIdV S &AM C R, 15 HIZAMLER
REALHERG R AE AR BB TR A 15, Song C N 451
WFSE T JCHU I L T AR C R, IR T4
ST A BN AR G 2R BB 0% T 1 M U0 R R RE AN
TAERY A7, SRARGET Y T R AN A I AR A R R
AR KZ, 5 HIET Abaqus FIFNZ 28 FZE G RO A
A 5% 25 B A% VA Affy T 000 AL 4 IX R L ) L SR AR AT R
RSB T ZLIAA A4S MAN KR, F5iH
FA LR R A 56 22 1T LIRS fE b 38 ZL114A 5R A
G AE KV AE R AR R R AR T, AR
5 T EAAT A& MR AR, FBHRA Ar-
rhenius 7S P45 7Y 153 A% 53 1 AH 25 19 77 2 RB A8 B 47
HuT5 M EAAT & 4 ) & iR 22247 ., Rokni M R
S0 FESY T Al-Zn-Mg-Cu &4 AR X2, 45113
TR ASEME Y Al-Zn-Mg-Cu & 4 A ¥ 5 22 LA Bk
VBTN G SR g [ 4 BT Arrhenius S R
RIBFGE T TCHUm L TR A &R, FR 3T Ar
rhenius 7% Fa) A5 7R HE 48 2 2 110 A A4 5 2R RE AN 11 1 Tl
WA RN T g, Hor, B ETX Arthenius 4544
KR BRIPN N S IAT Z A SRR, B airL
BT TVEAG, W T & FlobRE A A A OC 2R 1
ST, N 7085 A4 AA2030 B A4 1291
BAED | ALL A2 AAI070 A& %, &
T, — BB P 3R i JRTEA Zener-Hollomonon 24§
(ZZ8) R FAHhEFLS M AL, Quan G Z
AR Dong Y Y AP RYESE T X — A, AR
B a SN kA, Wi, TR AR
RAASTEAT R 5T I T ARk e A At ) T4

FEARICHR, BF5E T Al-8. 79Zn-2. 16Mg-2. 11Cu-
0. 12Zr & WIBHEARTAT R, 57 T % BN AR #ME
FNAE 2 S A M2 Arrhenius ARFYEFR, WRAFFR
TARTE SO AR N ) FNGEOWZE ¥ LA B T 45 o 43 8
AT

1 S AT RAR 7 ik

TG, Al-8.79Zn-2. 16Mg-2. 11Cu-0. 12Zr & 4
R KV R 2 W 3 7 2N T pie, - W 9 3

725 C, HFIEHMEHR 1 mm - 57" AKIRIFHILE 15 C
KA, WG, PRI A SHEE4LD T 420 €/
12 h+470 “C/72 h W50 Ab 3, R)5, 7Ed5%E b
BRI A, g or ek A T EDE IR
Fo TE4ERFE N HIAG K @6 mmx9 mm Y [RATIRAE
AR G5 S5 3 FETE Gleeble-1500 J7 fESZ 8 ML 1 ik
17, ZSTEHIE R 310 ~350 °C, RiAF# KA 0. 005 ~
557, AR Y, KT EN 60%, I 5ER
(1 12 F R PR A =R K, DI EiRIE S
7E 350 °C/0.005 5™, 350 C/5 ™' 1390 C/5 s 41
TGRS AR D Rl O O R R, H
FHL 75 BT S (Electron Back Scatter Diffrac-
tion, EBSD) Zr#r, Jr Bk 4 D7 200#, 500 #,
10004711 2000485 48+ & FHL A L K H i 4ok
LA A% A 40 mL HC10, A1 160 mL C,H,OH,

2 LR HER

2.1 ENA-BEMNITHL

Bl 1 AN R ZS T 2540 S50 b R BL 0 ) -
AR, NEL 1 HRT LA Y, AR IR R AR
RXTAR R 1K KA RE M, — B 2 1o A8 ek
SR RIS T B Bl /)y, A N B, AE
AR B By, AR N 2 g, AR5k F)
WE(E, fJeaT PRa B A AR T A A2
FEHT, ShAMERVIE, 255 1485k
WERY, X —IE RS shA Fas A o,

2.2 XERMEL

SEASCHR [33]~3CHk [38] WISSINER G4 Ar
rhenius 77 F2 L A SCHY SEE0 508, 4531 Arrhenius J7
FEMRE R BT R AR

B2 BRI AR R ) o, N AR R e FIAE
IR T ZIE R R K, MR En, 1B H Ine-lno
il Ing—o A IMLAPE Y RRR(E 1, & 2a AT
2b iR, G, n, =8.79657, B=0.100454 MPa™',
R, MEFE a=/n,=1.142x107 MPa™', & 2¢
Hlne-In[sinh(ac) ] KR, MEEE o G0
I AR E LG I RPRTS, n=6.561344,

J T IR I o # i IR R BOE e Q fH,
FHE In[ sinh (ao) ] —1000/T L4 8 197 2 1%
B, i 2d pron, PR, Y0 SE 50 Y 2R T 0 fig
Q=117.816 kJ - mol™", #FK}H %L A=4.3662x10" s',
AT AL-8. 79Zn-2. 16Mg-2. 11Cu-0. 12Zr 4545 1Y /& ik
ENIPER



%64

FERBE%, Al-8.79Zn-2. 16Mg-2. 11Cu-0. 127Zr 4543 (AN 56 R IO 213878

241

Fig. 1

100 120
I 100 }
80 583 K
s 6o 583 K s 80
623 K
E 623K E 60 663 K
& 40 3k 2 0 703 K
g 703 K g
ol 83K
183K 20
0 02 04 06 08 10 0 02 04 06 08 10
N BN
@ (b)
160 180
140 583K :68 [ 583K
120 40 ¢ 623K
€ 100 623K g120¢ 563 K
S o e — 663K & 100 703K
R R 80
B 60 2l 60
i g 743 K
40 Y
20 20 |
0 02 04 06 08 10 0 02 04 06 08 10
BN HMNAE
©) @

B 1 AFEAEE ST Al-8. 79Zn-2. 16Mg-2. 11Cu-0. 12Zr & 4 LI 7 —FL 0 7% i 4%
(a) 0.005s"  (b) 0.05s'  (¢) 0.5s7'  (d) 557!

True stress-true strain curves of Al-8.79Zn-2. 16Mg-2. 11Cu-0. 12Zr alloy under different deformation conditions
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Fig. 2 Fitting curves among flow stress o, strain rate & and deformation temperature T
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Fig. 3  Fitting relationship curves between various material constants and strain
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Fig. 4 Comparison between calculated and experimental flow stress values under different deformation conditions
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Fig. 5 Microstructure and grain size distribution diagrams of specimens under different deformation conditions
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