50 H3IM
2021 4 3H

BAEEERMBSIRE
RARE METAL MATERIALS AND ENGINEERING March 2021

Vol.50, No.3

AALIESE XS 5052 0 S ERM N FERERI SN

Re R, A

FE] ) /f{%'% %

(P ML K2 WU 7 TR 0e, YL9F B 210037)

i E: LLS052-H32 A v SLBCNWEFON B, A5 B T 3 g fr k0« A8 S D00 Ons AN ) AR BB B 1 R 10 ) 2 P e
BEATHTSE, p T AN FRRAE B T ZZ 00 5052 a1 A e S Hn g m gl 45 R 38W]: X 5052-H32 & &7
UCHAKL BRI, wT DU 5 M PRI AR f s, SR AR ARTERE s 7E b B R b (0 I A R RS BRI, A B A
Ak B RN CRAR IS ) 4640, ¥ 3007 AT 5052 S5-5 - psR AL . BRI S AN K. FELIEAL I, % B Johnson-Cook %Y

BN T AR FT G 5052 455 SN R AR R A

KRB Hde: PUCBL; iRt WARN ) AR

REESES: TG146.21 XERFRIRED: A

XEHS: 1002-185X(2021)03-0963-10

A HAs AR, TR, W, o s
LA, SR SRR R R AR, (R B2
JRIE S A 4210 ) 2 R S R A & i A A FIR ZS
R TEAF R MAR R . BRI, IRIUAS (R B AL R 4% A
LA B IS G G I BEA ) 24k g S R 9 1 B ),
Eivani 25158 i $01 45 3056 6 7020 454 &8 il B i)
ICAT A, 3RAF T AR N AR 1408 AR LS 4 1 T
7020 A A IITAE N g 2k FIA R BER . Zuiko 25D
XF 2519 454 G e I R A B M HE AT b R ) 2 g
BEATHIESE, SRAF T AN ) IR 20 i 3 RIS 28 i 1) % 2519
MO &EmE. SMRmEm. 5500 T
Al-Mg-Sc-Zr &4 B MR . 4L EW, &
Al-Mg-Sc-Zr £ 4 ¥ AR o it F2 vh B 2R T 3h A5 1T 45
s R INEATT HH 0 38 AR 1 T DA 28 i ALK 1)
KoK Zhu 25U RE AT 2050 FH A 4 1 AR
JEAT NHEATHETT, ST T R4 5% At 0L 22 % it 30 . )
SO, 3RAS T 2050 O 4 10 A6 AN (7] 2L 8 N N AR S
ZAE R BI N F) . Zhang %51 i 45 LA H 4518 50
WL T Al-Zn-Mg-Cu £ 4= 75 AN 7] B R AR T3 56K 1)
r RN ke, R T AR B &R
Al-Zn-Mg-Cu & & MR PE . Liv ZPLE @ 5
Bt MRy R A5 T v, U IR b B T
SR 7075 BA A RGRE RE ), BETTAE R
I 250 FE AR 100~140 C G [l 4, 7075 4536 AR 1) Al 52
UL HINE AR AR a3 . B &S A K e
A AR TR R N AR X 2E12 FR A S ARAT N

IF= HEA: 2020-03-10

M REI, 3RAG T AN (R AR TRl B AR AR S #4544~ 2E12
A SImAR . %m0 7039 4544
TERE A 5 A T AR TEAT A RS A I . A8 Tt B A
N AR T 256 7039 H5 G A AR N IR/ 23 s,
Bl A T 3 S R T AR N sk s AR [ ) AR T U R
S A Bt A T A 2R 1) 38 0 AR R ) 32 W R K
SREAEET Al-Mg 64, BRI EIEMN
TEREFIPUR M RE, BT N TR REREL
EASEAURI . 5052 A 4R S R A ST
NI Z A TN N R G4z —, HAWmAER.
PRPEREATIN TR R OL R S5 A, T3 A T
AT O B A A R D R g, 4 5052 B 4
MIPERESR T sk . Rk, BFSY 5052 Hi A ek
B B I g % 4 J8 PR PEAR B T2 il R B
M. Wang USRI A U0V Bh S b 0 45 ) o0 BT
AT 2 PERE MR, XA ) &L AR TV & K s SR K
MEFLZAE TR 5052 8545 &AL R 5 RE T 9T, Sk
TAFELHISAEFR K T EEAMF T 5052 B &amdih:
SRIE . ISIIEARER . RERESE S ke s . BN ERY
WFFE T ANFIA FLASTERRRE 38 K A il i 1) 258 1A
FEAF 5052 G e ) S HERER I, g T 5052
A4 H32 REWM 477 TS5 MR IS
[ A2 T o AR T T 55 AF T 5052 B8 & &R 13t
ARy HEATHES, HF HAEE T Zener-Hollomon Z 41
Arrhenius X IESZ ¢ RV T Sl &4 F 5052 #er
AR . N FIRBF TR ] BUE Y, 5052 54

EEWME: LA K BARRARE ST _LIH (18KIB460020); B MOl K 2= 5 AR FE S (CX2018027); s MRML K2 15 E IR (22 1))

AFBENF4S (GXL2018020)

TEBEN: SR, 55, 1987 44, i+, YR, ROl RN TRE22BE, V195 P95 210037, E-mail: jiaxd.good@163.com



* 964 - Mty @A RS TR

50 %

& 1) 7 2 PEREAR bR T2 B 52 dae 4 B AL BROIR S 1 5% i 4R
Ko N T e A BERIEIE T T2, Db 250 B iff AN ] 44
Wb FR AT T 5052 FRA Ax I f1E M RE S AL AR ARAIE
S FEEHR AR R T4 T R A5 5 K A A 20 0 DR UE 28 M O T
AP R

AU, AHFFELL 5052 #i4 4 Wi si 0 %, 58+
B R ARG S IR A [ A B S A A
JPEVERRHEATBEST, 23 AT AN IRl FAA B T 22 500 5052
RS I L e - D AP 1N P e o S i o a2 S 2
I UCGRAE R S 5052 45 SRR B AS R AR
1 % I

DLVG R ER 4277 1 5052-H32 7 AR S & 5L
TR S, IR R 2 3R 1 Bis. KA D)%)
W& VAR B LA 7 i DR, 3FRE RS sl 1a
B o Bl e B T 1b B i 2 #u ik 2
FE7s AL B T 22800 5052 a4l R HEAT IR
AL B o 8 Bl A CCRE I B A (W] 1e) FTHLF T REAS
BRAIS AL 1d) 73 AARASAS [H] $ A BE T2 S 404 A
T B A R SRR A Y, g i, T SR A A [ Ak
TESEEMT 5052 8584 m f1# e 5.

2 HERESH

2.1 HAIEREX 5052 A E N FMHESKBE M
211 #ALIRR 3T 5052 45040k E MR

LEAR A ORI I TR (1 )R J I E (B ) R, &
TEAS [ A A BN AL 25 A1 R 1 5052 £5 A S i
Jeb Tt FEE R P b i P ) AR Ak th e i ] 2 P I,
AL TR IAEFR ) 5052-H32 454 SR I AR
£ 0.001 s {9 IRBESEAE 100 MPa LA L, iy o878
180 MPa UL b, 4% T 400 P A kb B )5 3R 45 1

F 1 5052-H32 iR L E 5
Table 1 Chemical composition of 5052-H32 (/%)

Mg Fe Cu Mn Cr Zn Al

2.50 0.03 0.10 0.08 0.32 0.10 Bal.

K2 5052858 EMNIBTZHE

Table 2 Heat treatment process of 5052 aluminum alloy

Heat treatment

Process temperature/'C Holding time/h Cooling mode
350, 370, 390, .
1 410, 430, 450 ! Air
2 430 1,2,3,4,5 Air
3 430 2 Air, water,
furnace

controller o

S Heating
furnace

Temperature

Acquisition.

B BB B 5 R alae
Fig.1 Test equipment and tensile specimen: (a) tensile specimen,
(b) heating furnace, (c) Vickers hardness tester, and

(d) material testing machine
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Fig.2 Influence of heat treatment temperature on strength:

(a) yield strength and (b) tensile strength
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Fig.4 Influence of heat treatment temperature on o/ay
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Fig.5 Influence of heat treatment temperature on hardness



* 966 ° Mty @A RS TR

%50 %

AR SR AT S o B FA A BRI FAL R 1 12
Fhisr, PRSI SR BN B Ok, B Bk el T FL
Pk e U TR 3] S L (R VA o A T T B/ g
A MgySiv AlsFe K /EARAEIS, 5052 484 4 (1) J il o
JEEFIARE 5 BRAIG, 5950 S A 2 88 T 38K
2.2 {RIBREIF 5052 SR EENEHESHNEI
2.2.1 PRIBEFEIXT 5052 4864 5% B 4 0k

T A 30 AR FE R T ) AL b, XF 5052 A
SAEURE 430 CN, &I AR I ] )5 (19 07 2 1
RE 2 B AT WE 5T o T PR [r) P o 56 3R A5 7 Ak BE U
iR 430 C. R KM, Sk A [F LRI I A] S 3k
319 5052 45 Er <o (1) Jek I i 56 0 Bz 5ig 52 1 6 s
6 TLLEH, MO A 1 h K F 2 h i,
5052 BRI Je I i S N Ty i R 1) e 3 gk N 1 B
%o MLRELETT A 2 h iEKF] 3 h B, 5052 A&
et I 58 5 RN B A7 3 5 A Ak AN W A8 o {4k 8 2 K R N
(Al 42 4 h, WTCLE HBEAE ORI IS TR 3G 00, e il o 5 3
A, MHTRLSRE AR A . Y AREIN RN 4 h
HmF 2] 5 h i, 5052 B85 4 1 IR s 5 AN ST by o
s Fhase . xR 6a A 6b uf LLE Y, 5052-H32
A O v FLACFT IR AL FE I, SiE K R i TR 3 2 5
Wi 5052 B e BORA (1 Jee AR5 S5, T R BT 7 5 J8E 5 1)
BN

35
S0l —=— £=0.0001 s
© —e— £=0.0005 s
& 25 . -1
g —a— £=0.001 s
S L
H 20
= 15-
2
% 10f
B
= 5t
0 1
1 2 3 4 5
180
b
§150- i%
5" 120}
)
5 90f
A . ¥
o 60r —=—£=0.0001s
2 —e— £=0.0005s"
£ 30t . 1
—+—£=0.001s
0

1 2 3 4 5
Holding Time/h

K6 b B LRI I T X 5 JBE 1) 5% Wi
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Table 3 Values of A, C under different strain rates

A/MPa AC/MPa C

17.56 0.4672 0.0265
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Fig.14 Graph of variation of Ing’ with Ing,

=4 FEANTEZEMET B, n BUA

Table 4 Values of B, n under different strain rates

1

Els 0.0001 0.0005 0.001 Average

In(B/MPa) 5.5525 5.5998 5.5712 5.57
B/MPa 257.8815  270.3723  262.7492 263.67
n 0.4653 0.4953 0.503 0.4879
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Cook #5211 £ 2 %5 [ 4 4k 3L 0 ARl J52 1) R 280 0% 3% 4 =X
6)~ X, WA MEWE 16 Prox.
A(T)=-5X10°T" +0.0083 T —5.1196 T2

+1393.7 T— 41605 (6)
B(T)=2X%X10" T*—0.0326 T, + 19.125 T;*
-4969.6 T+483232 (7)
C(T)=-4X10°T* + 6X10° T —0.0344 T2
+9.18227,—913.86 (8)
n(T) =-3X10°T*+4X10° 7°—0.0261 T
+6.7404T,—652.09 9)

Horr, TAREKXS 5052 456 e EAT P O AR Ak BRI 1) 4

M 16 7T LLE H, K 4 U2 15X R BAKE A [ 4
MRS R Ay By C R n HEEAT LG . U 2k
55 8 P R P A R T B S O R B R Wk 6
e XHAHKRE, 4 REMAKNSE A, C. n 1
AR = T 25 B IR AR .

¥ 23 2 (6)~ 2 K (9) BT L I AR R 2 50k BUAR N 2
K@), B r g 20 R B 5 5052 FR A A
M ARET . AKX (10)FiR.

o= (4(m)+B(1)4™)(1+c(r)ms)  (10)

FR 4 22 5 (10) T 7 (1 T30 455 784 43 531 3K 43 6 kb
I K 4104 430, 450 C, ¥R 2h, FA LKL TR
TSN - AR ih e n ] 17 o o

W 0 SR AT I L 52 N g - AR il 2 5 T it 2 n)
ELr] %01, Johnson-Cook A5 284 mJ DA#Efff 70 28 3sk P 7K
AR ER S 5052 BRI AR N TIRAS

£S5 TREKRNEBEESZEHET 4. B. ¢ n A

Table 5 Values of A, B, C, n under different strain rates

Temperature/’C ~ A/MPa  B/MPa C n
H32 50.93 317.35 0.4919 0.2466
350 47.08 326.895 0.4353  0.2413
370 55.13 332.43 0.3409  0.2696
390 37.58 324.61 0.1131 0.3066
410 18.60 316.62  0.0561 0.3880
430 17.56 263.67  0.0265  0.4879
450 19.80 338.70  0.0581 0.4225
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Fig.15 Variation curves of Johnson-Cook model parameters with heat treatment temperature: (a) 4, (b) B, (c¢) C, and (d) n
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Table 6 Correlation coefficients (Rz) of different parameters
A B C n
0.9974 0.9187 0.9896 0.9992
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Fig 17 True stress-strain curves of 5052 alloy after re-heat treatment: (a) 410 ‘C, (b) 430 C, and (c) 450 C
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Effect of Heat Treatment Parameters on Mechanical Properties of
5052 Aluminum Alloy

Jia Xiangdong, Zhao Yang, Xu Siqi
(College of Mechanical and Electronic Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract: Take the 5052-H32 as the research object, the mechanical properties were studied under the condition of different heat treatment
parameters by uniaxial tensile test and hardness test, and the influence mechanism of different heat treatment parameters on mechanical
properties of 5052 aluminum alloy was analyzed. The results show that the deformation resistance of 5052-H32 aluminum alloy can be
significantly reduced and its plastic deformation ability can be improved during re-heat treatment. The heating temperature plays a major
role in the process of heat treatment, and the cooling mode has little influence on the strength and hardness of 5052 aluminum alloy under
reasonable heat treatment temperature and holding time. On this basis, the constitutive model of 5052 aluminum alloy after re-heat
treatment was established by Johnson-Cook model.
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