Vol.46 No.06
Jun. 2025

FHiERA

FOUNDRY TECHNOLOGY <507

DOI:10.16410/j.issn1000-8365.2025.5095

ETHERTENFHERESD/N 15 TE
TAWHRHEBEFE

HESEIHEFR,KEEH L BB IR, BIER K
(1. P HEKRE A FE L TRSFR, H4 XX 43007452, —F(FEm)ER L LA RN, W) M8 618013)

7 2

T AP TALECE A SL AR A E RS R OR O 4 i TR BT S A B S AT TR R R T
RS R =T B A A Sk A BT R L T A5 B RIRE S / N0 A RTT 05 L e B R i e a5 04 iR R 37 1
TL, 5 ANSYS PS5 R L 45 SRR B, de AR R 15225y 0.789% , FL 4% MR g il B 34— B0, S0 0F 7 1L B 3 485 Bl vl it PR v
IS BT 0 g AE ST e AR(E A AL S Ao A 5 0 g ATE S AR W Ao AR b i AR TR B0 | 0N ) I8 AR 43 A N A R ] | I A
TR G R FEE 0 2 0 SO ) TE A R AT S 3 S AR e 2 S MR SR A T T R e A PR R B, O 5 5
P B 3 77 i AT F e A TR B 32 T A A B AR SR RE A S 52 R AL 5 T e R SR I A AR

KB R 5 0 A IR OT Ik B E A Y

HESES: TG245 XEFRIREE A X EHS :1000-8365(2025)06-0507-13

Numerical Simulation of Casting Temperature and Stress
Fields via the Finite Element Method
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(1. School of Materials Science and Engineering, Huazhong University of Science and Technology, Wuhan 430074, China;
2. Erzhong (Deyang) Heavy Equipment Co., Ltd., Deyang 618013, China)

Abstract: To address the national strategic demand for self-reliant industrial software, a unified-mesh-based one-way
thermomechanical coupling algorithm was proposed, and dedicated finite element simulation software for casting
temperature-stress analysis was independently developed, providing a reliable numerical tool for process optimization.
Through air-cooling simulations of a stepped test block, comparative results with ANSYS demonstrate a maximum relative
error of 0.789% with consistent cooling trends, validating the high accuracy of the temperature module. Numerical
simulation of a grid-shaped stress framework reveals deformation behavior, stress-strain distributions, and hot tearing
tendencies during solidification, confirming the correctness of the thermomechanical coupling algorithm and mechanical
boundary model. For a combustion chamber shell casting case, the predicted hot tearing defects match actual cast products,
confirming the software's industrial applicability for optimizing practical large-scale casting processes.
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Fig.3 Flowchart of the numerical simulation module for temperature/stress fields in the casting process based on the finite element
method
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Tab.1 Chemical composition of the TA1S5 alloy
(mass fraction/%)
Al 'V Zr Mo Fe Si C (6] N H

6.61 233 1.87 1.78 0.065 0.017 0.019 0.11 0.016 0.0031
R2TAISHRAEMHESH
Tab.2 Physical properties of the TA15 alloy
Thermal conductivity Specific heat Density
/[(W-m'-C") /(J-kg'-CT) /(kg-m?)
46.05 700 4300
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Fig.4 Hexahedral mesh discretization diagram
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Fig.5 Comparison of the temperature field results: (a~c) self-developed software; (d~f) ANSYS

K6 A B rifef il iy &
Fig.6 Locations of points A and B in the step-shaped test block
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Fig.7 Temperature variation curves at two points on the step-shaped test block: (a) point A; (b) point B
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Fig.8 Geometric model of the grid-shaped stress framework
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Tab.3 Temperature comparison of the maximum/minimum values at different time instants

Maximum temperature/ ‘C

Minimum temperature/'C

Timers Self-developed software ANSYS Error/% Self-developed software ANSYS Error/%
10 1350.00 1350.00 0.000 1260.68 1262.62 0.154
20 1349.97 1349.81 0.012 1219.07 1221.47 0.197
50 1348.29 1347.20 0.081 1 128.06 113043 0.209
100 1335.58 1333.89 0.127 1013.40 1015.93 0.249
200 1286.27 1285.15 0.087 841.26 844.32 0.363
300 1225.44 1224.83 0.050 711.64 714.94 0.463
500 1 098.05 1098.33 0.025 526.93 530.16 0.608

1 000 817.96 819.21 0.158 281.88 284.12 0.789

2 000 447.79 449.29 0.335 112.08 112.99 0.802

3000 246.66 247.94 0.519 59.09 59.50 0.686

5000 82.45 83.08 0.765 28.91 29.02 0.381

7 500 32.29 32.48 0.598 21.64 21.67 0.126

10 000 2241 22.46 0.229 20.32 20.32 0.033
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Fig.9 Tetrahedral mesh of the grid-shaped stress framework: (a) casting; (b) mold
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Fig.10 Temperature-dependent thermophysical properties of ZG25 steel: (a) density; (b) specific heat; (c) Poisson's ratio; (d) thermal
conductivity; (e) coefficient of thermal expansion; (f) Young's modulus
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Fig.11 Selected analysis points on the grid-shaped stress
framework
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Fig.12 Temperature evolution at centers of thick/thin rods in a
grid-shaped stress framework
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Fig.13 Temperature field distributions of the grid-shaped stress
framework at different time instants: (a) 100 s; (b) 300 s;

(c) 600 s; (d) 1 000 s; (e) 1 600s; (f) 2 500 s
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Fig.14 Deformation and y-direction stress distribution at the
midplane under the low-stiffness mold
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Fig.15 Deformation and y-direction stress distribution at the
midplane under the high-stiffness mold
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Fig.16 Hot tearing criterion of the grid-shaped stress framework under various mold conditions:(a) 8,=1x10% (b) B,=1x10’
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Fig.19 Combustion chamber casting: (a) actual casting; (b) simulation model
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Fig.21 High hot-tearing tendency zones in the combustion

chamber

BEFR 73 i e AR AP, AR S AT B [T W, A R
R, W e el T A o BE S S AT 24 o BEL 154
A, SECRIN ) R, Y RE X IOR SZ 1 3L )
T v Ul SR RE AR BRI, PR T RE W AR YT
JE, TBL 23 SRR BE A ST A Y e I B B A RO AR A3 AT
A LA WLAE v BRI S AR T S RE 3 0t B A5k
IIASE S E SIE WA S iR R E VAN E S
JEH A, BRI TR0 G B, a5
BN PR 1) (149 F) 2 AR T

NP 24 B  #Abe = s AR S B A ) vh T BE
SN DX 8 B T 2 9 PR RS BB X - R AU
45 2 TN Y g L L g A P XA B A U L DX A

& 22 BRB = FEIRAE 1=3 000 s B 55— 32 0 ) R/
Fig.22 First principal stress distribution of the combustion chamber at =3 000 s
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Fig.23 Equivalent strain distribution during the high-temperature stage
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