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Abstract: Hot cracking easily occurs in the semi-continuous casting of 2024 aluminum alloy, further seriously affecting its
industrial production and comprehensive performance. Numerical simulation technology is an important method to solve the
problem of hot cracks. The CAFE (cellular automata finite element) module of ProCAST casting analysis software was used
to simulate the solidification microstructure. First, the macroscopic temperature field of the semi-continuous casting process
is simulated by the moving boundary method. Macroscopic temperature fields are used for microstructure simulation. The
actual grain size is consistent with the simulated grain size. Therefore, the model is proven to be reliable. Principle stress,
equivalent stress and shearing stress on the ingot were simulated based on the thermo-elasticity model. The causes of cracks
were analysed by stress field simulation. In addition, the hot tearing indicator (HTI) was used to judge the crack tendency

in ProCAST. The results show that the cracking tendency is greatest along the radius direction at a distance of
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approximately 40 mm from the edge and in a ring shape. The crack location and shape in the simulated ingot are consistent

with those in the actual ingot. Based on the third strength theory, the optimal process of semi-continuous casting of 2024

aluminum alloy with $254 mm was explored. A casting temperature of 685~695 C and a casting speed of 59~62 mm/min

are the most reasonable process parameters. After test verification, 2024 aluminum alloy ingots with good surface quality

and no cracks are obtained.

Key words: 2024 aluminum alloys; cellular automata finite element; hot tearing indicator; hot crack analysis
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Fig.1 Semi-continuous casting process of 2024 aluminum alloy
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Tab. 1 Chemical composition at different positions of the 2024 aluminum alloy

(mass fraction/%)

(A S Cu Mg Mn Si Zn Cr Fe Al
s 3.86 1.10 0.65 0.12 0.03 0.04 0.26 Bal.
172 B 42(R) 4.04 1.15 0.65 0.07 0.03 0.04 0.27 Bal.
UL 4.02 1.16 0.65 0.11 0.03 0.04 0.27 Bal.

3 FRARALLL: () FRRREUCE WL, (b) REURuEmIESR | (c) B8ORS, (d) 28093 &R

Fig.3 Annular crack: (a) macroscopic morphology of annular crack, (b) crack surface profile, (c) crack tip, (d) middle of crack tip
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Tab. 2 Calculation parameters for the numerical
simulation of the solidification structure
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Tab.3 Thermal properties of 2024 aluminum alloy

WEEIC EE(g-om?®) AL FIE/(W-m-K") # KA &E/GPa

650 2.60 0.48 83.94 0

600 2.70 0.42 104.44 1.34
500 2.81 0.34 156.73 41.25
400 2.85 0.34 154.41 63.92
300 2.88 0.34 149.92 69.36
200 2.90 0.33 143.95 74.28
100 2.92 0.32 135.63 78.69
50 2.93 0.32 131.29 80.70
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Fig.4 Geometric meshing
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Fig.5 Comparison of actual and simulated grain morphology: (a~c) OM image at the center, 1/2R and edge, respectively,
(d~f) simulation diagram of the solidification structure at the center, 1/2R and edge, respectively

P 6 0 5 DL R
Fig.6 Comparison between the actual and simulated grain
TR HE A RN ), BRI AR ), Y
THEAHEARIE I R I K BB 2 Bl O BR AR N
T, BITE B 1 R 45 RS I 2 A — W A 2 R
(9 RE 77, I HLAR B AE B b o FAE g S Bk A% 1 D 1Y
— R, R A IRALVE AN [ 1R i 4 AN
], S0 R 22 1R AH EL A 249 DA 7= A2 f8 0 0, J2
B 7 A R F2 B RUAL
31 REMBHEAARNFGE
—BORUL, B 1T Rl TE B o ST
B, 4 AR B AR A I AR R — D RN RO R A
PIK Ve 4 e Az A2 T | AR <8 BT AR 23 4 1% ot it
ey RS I N s s B S R SIVE R S i A e
R AT PR Y PSR RS A R
Perzyna A4  PRGHIB YRR R 25 5 25 FEE ] 1 7 b
B2 15 B, 24 PN 1 BN R R & AR TR R
T T SO s A T SR B B 2 RO T BER
IF, AR A AR S i, Ak T 28 B B
Wy AR e A AR 4 g, L T AR A LR R
AL R AR
{o}=[D]{ee (6)

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

e, (o) g BRE B A1 5 fo o RE RIS 5 (D). o B
Bk RS GOR 2 0 2 R R R
(e}=B1(6} %)
S8} K74 K R RS F I 5 (B A R RS, i
DURCEVCETR
{o}=ID1IBI5} ®
e 1 R

o= g V(o =0 Ho -0y Hos-0) ©)
;Titqj,o'l\a'z\ok ﬂ‘] 3 /I\j:{@jjo
TE SRR PR R | SRS R N T A5 AR b

ATIIRAT 5 3(6) , PR ASE Y 7 g 0 7 A8 49 AT LA 3
2R

{do}=[D]({de}—{de,}-{der}) (10)
K, {dey IR AR R 5 {de,) N SRR AE 34 i {der)
3.2 BEERENAGER
& 7 A5 B 65 mm/min, 45 EE 690 C
-3 F2 0 T3 43 A i B . 1Bl Ta HAT LUE Y 5 5 4
JEV-35 F 0 0 A SR R S L AT, IR A2 RN T
4 T W ELAT IV 8 (A M T, YR e A 2R A AR
T, AL, B AR R — X%
G REA — & BRI R EEe, 28T B0 07
] B FE R 7 [T H N AN AN ] 7= A 3 2%
4 0k 32 T AR AV vl R TR e A 5 T 4 o 4
[ X5 2 [ 25 X SR LA 4 T i, TR e s e
SRS DATAIK (S LN
G FIBTH1.2.3 ERi Iy, @it EE L
B €6, T LB b 4% 20 0 ) e R X sk, MR 8a 1]
B TR AR K AR RN 1O 119 MPa, 85 #4548 11
#B LY 40 mm Ak fe KAERON 7] 129 MPa, H1a0 e K

http://www.cnki.net



(EEIE A )12/2023

ZYE, S . 5RINE ST EFRE T BHERMRARIERNERE

<1105

Pl 7 i dok A v T 8 2 6 43 A < () [ — AT A ()6 2 N A (b) AN [m) s T A48 T 52 1z g (B
Fig.7 Principal stress distribution during the casting process: (a) principal stress values at different positions of the same cross section,
(b) average normal stress value of the vertical section at different time
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Fig.8 Distribution of equivalent stress during the casting process: (a) diagram of equivalent stress changed with temperature,
(b) diagram of equivalent stress changed with time

9 PR LU AEUEAE RN P < (a) 59 U0 g B8 R ] A8 1 (b)) 28 i 1] P4 A 40 45 2R 15 8 B PRAR BLEB0N L
Fig.9 Hot crack sensitivity criterion diagram: (a) shear stress changed with time, (b) crack tendency simulation results compared with
the annular crack of the ingot
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Tab.4 Different working conditions

T LS B3 R C % 3 ¥ B /(mm - min™)
T4 680 59.62 .65
T2 685 59.62 .65
T3 690 59 .62 .65
T2 4 695 59 .62 .65

ORIV 70 N s AT = B O G e
LR TR 45 5 77 e 0 40,

WE 1a iR, ARG E N, VN A2 AR
K, i B SCAT N, T 5 s R AR AN AR R
T B ) 3 YRR X T W TR B I s AN, AN )
T U BT B BE MR B AR B AR AR K 5 s X )
IV 3 R M R, 2 5 i R AR R, 5 B A 1 1
JERRBERE T, A5 ) SO AN DRI 1 TR 3R 1T R 1z T AN W
NPT 31 s | LS B TN E A VA B B NS
PR L L M BUERR G . B 11 AT, Y
5 1% B 4 59 mm/min B, YR F3 /0N T ARG

10 A T B TRIE  (a) 162375 BE 35 00 A LA SR 7GR (b) A8 [ 00 B8 7R
Fig.10 Sump under different working conditions: (a) temperature field and solidification field distribution and sump depth,
(b) sump depth under different working conditions

BT ST T80 I8 14346 (a) 55800 J3IE A (b) 59 mm/min, (¢) 62 mm/min, (d) 65 mm/min
Fig.11 Shear stress distribution under different working conditions: (a) summary of the shear stress, (b) 59 mm/min, (¢) 62 mm/min,
(d) 65 mm/min

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



(EEIE A )12/2023

ZYE, S . 5RINE ST EFRE T BHERMRARIERNERE

<1107

255 5k 1 O 62 mm/min B IR E O 695 °C VIR
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12 FAREL BRI < (a) J5UC B0 HTT A8
(b) AL J5 HTI H# 4
Fig.12 Judgment for hot crack sensitivity: (a) HTI criterion
diagram under the original working condition, (b) HTI criterion
diagram after optimization
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Fig.13 Ingot of 2024 aluminum alloy
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