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Abstract. Based on the idea of integrated computational materials engineering ICME), the process of preparing 7050
aluminium alloy ingots with a diameter of 254 mm by semi-continuous casting was optimized by using a digital integrated
computing platform, ProCAST simulation software and MATLAB numerical analysis software, and the sequential (step by
step) quadratic programming method (SQP) as the optimization method. The optimum casting temperature is 690 C, at
which the residual stress in the ingot is the lowest. Compared with the traditional optimization method of adjusting the
process parameters step by step and analysing the simulation results, the efficiency of the digital integrated platform for
iterative process optimization is doubled. The yield strength and tensile strength of the ingot are 218 and 336 MPa,
respectively.

Key words: 7050 aluminium alloy; semicontinuous casting; integrated computational materials engineering; process

optimization

7050/ —FHAl-Zn-Mg-Cu R B 55, FAEm SRR S, 45 fb R EE X TR 08 | R 1) e S S i )
(i B2 RN R AF BN TR RE  AEMU R L= il . B, O HLBE A T 5E AR I3 K TR i o R b 2
ACI A URAS ) T N N, 705058 A G S W s Bl 1 R 7R M SRR 52 B B T

Ye#s B #3:2023-12-11

ELWBA: HE AR SRS L0 H(52171030) ; 1 4> & 7E 35 H (GDTXCL-QYGL-kjcx-2022-002)

B3 8 A1 5K I A5, 1999 4R 2 A AIF 58 A= L BIF 5 7 ) Ay e ik ) R < i Y o e R ARO(EL R JBLATE 5. Email: 1109031207 @qq.com

WBWAER M U, 1969 4E4E  HEZ. WF5E T 0] 9 B/ A 4 2 ) 2% 5 4 i 55 45 T 5. Email: haohai@dlut.edu.cn

S AR IR B AR S S, ERTER, ERHAE BRI, SRR O T AR ST 3 e s R R B TR, B
R ,2024,45(5): 479-486.
ZHANG Z S, HE S P, ZHAN L, WANG X Z, WANG X N, WANG Y S, SHAN C Z, HAO H. Optimization of a high-strength and
toughness aluminium alloy semi-continuous casting process based on an integrated computing platform[J]. Foundry Technology,
2024,45(5): 479-486.

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



+480 - FOUNDRY TECHNOLOGY

Vol.45 No.05
May 2024

RN RARRE i R
SR TR AR P A H v B T R SRR U SRS
RE 77 HE S R R R A B A R B
JEE S0, S O VR B # 5 BE 7 22 HLIA R AR R R
AN B HE B 0 00 6 180 4 s 4 L B v B 5 i o 114
TE R U 2R Tl R e o S R R AR 2 AR A Y
WU BETC KUK RS, B T A BE PN AR AL Lk kA
TR 3G R A s 4 LA R I B R 2 1Y
Pk RLRE PR IR B I MR B T 22 A A Y
A 55 3 5 R P IR SR IR N 2 T R B AR
AT W AT 5 4 ) il B A EE WIS PN
71, TR i o R A TR 2L

H i 7 g il 2 T 228tk X
20 AP ik 1 7 LR AU ) 3 R I TR
Y (I 1 5 55 R G RN o3 A 1 O vk | 0E T 0B A T
ML EZ5, Bl B P E R T LS8R WA
SRR AR I [F) RORS 7 7R 20084F 38 [ [§ 5K
FARRBR ) 22 5% 2 b E AR T 4R O RR R T AR
S, B AR TS A T AR AR Y A
A3 A TR R, DT ik 2D MAATF S 380 A 7 g B[] 11
WA o AR AR R SRR TR A R R o 5 TR
UL N R Z  GuodE P R T — R AU
UL 7 125 o T I B 1 1 TROWL AL L BB R N ) 2
£ B8 ; Martin 5515 H] 48 BT 5344 8} T #2 (integrated
computational materials engineering, ICME) ¥ A T #f
2P 2% N A B e, O T T A
AT R 4535k 1) Ti-6 AL-4V 1) 77 % 1 BE ; Chang 55 M H
ICME & T 865 4 7 BLAE W T 15 (MASIP), SEHE T
M CADHE R 3 g A 2] i B2 - 25 h - PR RE B9 A
SACHRAE DL 1A 3 B 5 4 v B [ A TR A
PG IR 45 T A 24

R, A4 b i s il B rh A B T2
MIRLE T4 TR A e TR AR AR SOl AR &
4 B T B F & 9 ProCAST 17 2485 $0 5% 4 A
MATLABEUH 7 BT 8K 1, 3 P i Se b5 i 1 T2 S
-1 71381 B sh AR5 25 R A A i AR, AT T 8%
T ik B2 7E.675~705 “C X [H] X p254 mm #7050 [ 5 %
e % S 1 I RE R, BB T A G A5 ) R LR % (se-
quential quadratic programming, SQP), L &4 11 K
F AR i SR 98 I/ NS RN )T #5381 RE 04 S AR
1 E£RiTERE

A & HE BT 6 i Python I AR S LA K
dostir 2 HHZE A 1 7=, SC8 A sh ik BB RE .
B BT 5 AE R ICHE R I A 1 T2 AR i bR e
Jei , VR RSO B A A S92 B X 5 A B AL 5, A A
WEE G Vi) H bR A8 ft, 0 AR AR 53 %0 g Ay
T AAR R AT A JE 2 AT — kR A
PRI I AT T 2078 B — H bR AR i 22 ] 3 4R
T AR B T2 A - H A, Bk %48
B AR A 4 AR U3 (5 A R

-6 0] LU ANSYS  ProCAST %5 {5 EL 5 411
BAF MMATLABSE BUE 73 M 0k JF BF 6 AW P
G GBE ) R LA 1 (BFGS) S 8 Ak 503
S EES T 2S8R A sk, B
KI2F 7R, 1 SE B PR 2 ) T2 A 0 i 1%
FRICTH], AT DA — D3 A~ 5 98 5 IR A48 05 LA
7, i ANSYS . ProCAST4E , 76 I I Z 1, 75 K 452 45
JIT FIASE R S AU A5 LA A v i 8 i S5 A B
S8 A SN ES S IR FEUE 73 A 4 AnMAT -
LAB#RIFAE , X RS, o5 5 1 0 B0 R A7 Ak 38 %
TRATE s B Ja e B AL S N H AR A8 i ST ©5 A

B R AR O & A

Fig.1 Interface of the aluminium alloy integrated computing platform
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Fig.2 Integration platform flow chart
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Fig.3 3D finite element model
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Tab.1 Chemical composition of the 7050 aluminium alloy
(mass fraction/%)

Ctr Cu Fe Mg Mn Si Ti Vv Zn Zr Al
0.018 2.27 0.112 1.8 0.018 0.136 0.025 0.01 6.28 0.102 Bal.
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Tab.2 7050 alloy casting process parameters

Time/min 0 43 53 110 142
Casting speed/(mm-min™) 40~60 50~60 65~80
Water flow/(L-min”) ~ 90~100 100~150 - - 150
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Fig.4 Thermal properties of the 7050 aluminium alloy: (a) conductivity; (b) density; (c¢) Poisson's ratio; (d) Young's modulus
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Fig.5 Heat transfer coefficient between liquid aluminium and
the crystallizer
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Fig.6 Relationship between the secondary cooling zone heat
transfer coefficient ingot and surface temperature
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Fig.7 Script recording of ProCAST simulation software
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Fig.8 Flowchart of the aluminium alloy integrated platform
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Fig.9 Temperature field and solidification field distribution and sump depth: (a) temperature field and solidification field distribution;
(b) sump depth variation with casting temperature
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Tab.3 Mechanical properties of the tensile specimens
Sample 1 2 3 Average value
Yield strength/MPa 221 217 216 218
Ultimate tensile
335 339 334 336

Strength/MPa
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Fig.10 The stress distribution at 690 ‘C: (a) stress field distribution; (b) relationship between the equivalent stress at different locations
and time
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Fig.11 Stress results at the (i) position of the ingot: (a) stress at different times; (b) local enlarged diagram of (a)
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Fig.12 Stress results at the (ii) position of the ingot: (a) stress at different times; (b) local enlarged diagram of (a)
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Fig.13 Stress results at the (iii) position of the ingot: (a) stress at different times; (b) local enlarged diagram of (a)
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Fig.14 $254 mm 7050 alloy ingot and tensile sample diagram: (a) $254 mm 7050 alloy ingot; (b) position of the tensile sample,
(c) diagram of the tensile specimen size
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