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Progress in Casting Numerical Simulation Software Technology and Application

Yin Yajun, Liu Zhenwei, Zhang Yongjia, Li Lechuan, Shen Xu, Ji Xiaoyuan, Zhou Jianxin
(State Key Laboratory of Materials Processing and Die & Mould Technology,
Huazhong University of Science and Technology)
Abstract: As an important material forming method, casting has a long history, and improvement of the quality
and production efficiency of castings has been pursued in the casting field. With continuous development of com-
puter technology, casting numerical simulation technology reflects significant advantages in casting design and
process optimization. Casting simulation software technology and application were systematically reviewed from
the perspective of theory and practice, including the mesh generation technology in the pre-processing process,
the computational analysis technology in the simulation, data visualization technology in post-processing, parallel
computing technology, and process intelligent optimization technology. The extensive application of casting nu-
merical simulation software in various materials and casting processes was demonstrated through typical simula-
tion case analysis. The current flourishing development of casting simulation software were summarized, and fu-
ture development trends were prospected.
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Fig.2 Tetrahedral mesh generation
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Octree mesh generation
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Fig.4 Application of octree mesh generation technology
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Fig.9 Simulation of solid phase ratio of velocity or carbon solute distribution for large steel castings solidified for 800 s
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Fig.10 Residual stress and strain distribution on the fixed end pendulum!**]

3.4 HHBMARBEEMUPTRL
e i o v < e TS DL ) S R R T AR Y
BUER AR E 2 BIR AT . (H55 15 1 o 21 21
RELALIAR X T 5 i 7 A0 % o [ R A RSB Sy A A
FIAT» SO AR BT Ak T 2 8 B B2 O 2 48 i s i A
O e B B I D) A L R BB B Y A R
T ARZ W H O AL SUR B © 22 ] LUASE 0L 41
RO ES FA (9 T A% B A AT 3 5 SO 2 2 ] 94k
G0 A T 3 BT L2 B R S S A BORAL TR B TR
Bl 11 2k T CAE BOFEAT I ALTSI 5 6 85
PETEAN ) 8 25 10 1 B AR TR 35 L % 338 5 A A5 480 14 ]
AR BT o SR A K I S 25 IR A 1 52 i W) 4R
1304

() ZF@ERRAHH

(d) #AEHHH

B ok LEAR BN BT 5 A

W20 A DAL R — AN IR R T . i v AR
NI S RS R L OR B T S B A v R R A R A
b FF 72 A s UL 11a, 4k 2R84 B B
TE S SEON J3  HB = UCRE o At RS 7 A S
BGE . v BEB/INIE B A AR G0 ] RS T R TR
PO SR A G I ] 2E AT PR LI 11b, B S
JEEBE R B A RO 9 B RO 8 00 AR R T
HBLE R L REGIE R BE— A . 2 OB AT
VA B HOR I R D T R 7 B — R A PR 2 4
JE MR, A et M A s . B A LS R T ROIG ik
HEH T B B 2 T RlOUL 2 LRy T LA o0 #r s 22
BT B 8] 2o e o R A K A T8 A S R A ST B X T
A3 B 5 PR PR RE B BUR 8 .



Bt U B BOR S Bk e RO F %%

28K 33K 38K

3K 48K

(a) *iwﬂ ‘}f/

4 HEAunFE K

4.1 FITIHEHEAR

RSP (T R B BB R a6k, & R I
R R X TSR AL DL R AR T S P R AR T A e
Ko FERIR Y BB 1R Y i B b Bl i B oW 4l
Lt I RE R BREE S, X8 LI TERE AR
BN 2 S R ORI A T B D E U F ik
JetaH . JEATIH B BRI [F] i 7E 2 A T R R 1R 5 Ak
FEAL B A7 R B AT 45 ok S B B A VR SR g — A
BT F5 [m) R 3k B . 3 o R AR B R R O 4y AT
55 o RE T i D KRBT S AL 0l R AN T K 1 1R
B RE Y 752K

] 4/ s (A 0L B A U 5 9 & A 6 B
B TE LT ) s LR 2 S T IR T Is B
A, i1 MAGMA Soft fl ProCAST % , H 1 MAGMA

(b) & A
B 11 RRABAREAT ALTS 4448 H AL a8 A
Fig.11 Microstructure simulation of Al-7Si alloy castings under different undercooling melts
Soft f8f Fl 3 A A IFA7 40 3 J5 20 7T RLKAT: 55 W] i 4 e 7
BIFENL BB, IF 5 T AE M 4 % Ok PR 58

[55]

B HEAE B AL BAT: 55 . HIFAT 197 & 5 SMP, 2 4k
HZE Unix TAE# DL & Linux YLEEE . ProCAST # 4
() A el T A 2 A O 47 07 X O 1 B9 A B A B
44— Bo i ) 9 AT LA 3EAT 2l 9 B B 43 i . Pro-
CAST #4347 7] AFE IBM UNIX,SGI £ b3 25 LA M
Linux ##E#F & Ligfr. mMERNIFITEREHEARARL
M. 8% CAE SR8 H T 5T de ib 38 4% (Central
Processing Unit, CPU) 5 3t F K JE &b 3 £% (Graphics
Processing Unit, GPU) P FF 17T H A . O & 5
HEH CPU JEATIF B AR, R W 175 F
Open MP AR 1) % 1 i B2 3 5 ) 44 BUE A 0 F 47
TR RIER S TR ACE. 5T Open MP 27 1%
T BAR R s AT HLEIE e b 1 R R A S T
P B st R WL E 12, O % BUE L GPU
AT R HR AR BH W $R  T T GPUSK fig 2

double A[1000];

- A |||| |I||

[RARislE ‘9‘. "R'q 114 1 EFAHIEMAEHAHIE

I" I@"‘%fihﬁ*ﬁﬂ‘f‘tﬂ TEIEHIE I omp_set_num_threads(4);

| Double A[1000] |

#pragma omp parallel

{

int ID = omp_thread_num();
worker(ID,A);

|omp_set_num_threads(4) |

l

AMHE | |
wwin |
i |

PATRITTENE

FRE LR -
s o RIRIER

(a) &Itz

}

| [worker1,a)] [worker(2,8)| [worker(3,a) |

| FEsRELRS (o Fp) |

| FTEL, ST SRR I SPMDEE 1 |

(b) EATRAR

B 12 Open MP 3 4742 5%
Fig.12 Open MP parallel program"*]
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Fig.15 Simulation of shrinkage cavity and porosity of [[-type steel castings
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Fig.16 Simulation of shrinkage cavity and porosity of a large ductile iron casting
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Fig.17 Temperature field distribution of low-pressure upper box casting during the filling process'?*

1307



iR B i A

B4 2023 4F5E 43 HH 10

MG oA BELAE R B R % T2 S R A se
Ao R PR Al AR K I A e ) 1 B Ak A5 o BRI L B
G K Ty M BLGEAS AL VR B 35 5 T R B+ A S B A 7 R A
JE TR AU IR i e R A M D7 e ) [ B A A B R A ik
B o 2% B i AE
53 SRASENBE

H SRR A WP EENRIE T AR

() R ¥ F% (b)) Z#trTEF%

JHITRS A B < 409 1 10 K » 58 T P00 9 1 i 12 L RST LA L
SFAN T IHABSRE TR R H AT AL B
MFART S ER AR & SR iE . R 86 05 5 )™ L2 45
P45 AL AR A e i V8 IR 25 45 3t e I

Pl 18 Jg Ko & 4 E ) 85 1 1 B I i R AR ALL . T LA
S T AT - 5 AR AT 1R B i A 4 L XK
i T AR ZEM G 1L 86 0 B A e B A

(o) RE¥ETZEELAZEMER (D AT LB dREMER

B 18 4844454 oy st B G A2 A Y
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