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Fig. 1 3D model and dimension drawing of casting
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Fig. 2 Temperature distribution of casting, sand coating and iron mold section
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Fig. 4 Thermophysical propertyies curves of QT700-2 material
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Table 2 Thermophysical parameters of HT250 gray cast iron
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Fig. 5 Filling process of traction wheel at different times
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Fig. 6 Solidification sequence of traction wheel at different times
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Fig. 7 Isolated liquid phase area, shrinkage porosity and shrinkage cavity defects appear at the hub
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Fig. 8 “Three major and one medium” pouring and caving system
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Fig. 10 Optimization curve of heat transfer coefficient at casting / sand

coating interface
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Fig. 9 Volume of shrinkage cavity and distribution of isolated liquid phase region using constant heat transfer coefficient

1 400
1200 N\ #pprBumie
Looo | W
% 800
800 1 ww ez
400 R ER R
200 +
0

0 500 1000 1500 2000 2500 3000 3500
i fal/s

P11 RDIRLEE 2R 5 S BRI e 28 L AR
Fig. 11 Comparison between simulated temperature curves and actual

temperature curves

AR AVBIE RIBEL, B BILRERTURED T
5.2%, #EFLIRFRE/D T27.51% ., 2 BIEEY T g EIT TR
FA752.52. 815.77. 1297.27 s=ESZI, MEL3TILIE
FERBAERERARAREEIFRE MR
HEXFE,



20234 E108/8E 725

B 1%

100.000
9333  FtaEfLEIAEN82.04 em?
86.67  HALIKBLI3.86 cm’ ®
80.00
7333
66.67
60.00 1
53.33
46.67
40.00 ‘g
33.33
26.67 L
20.00
13.33
6.67
0.00

P12 T E b A T TSR R B A AR AT LA
Fig. 12 Shrinkage cavity volume using interface heat transfer coefficient

of temperature function

B %
1.000
0.933

0.867
0.800
0.733

0.667
0.600

0.533 X
= e
0.400

0.333

0.267

0.200

0.133

0.067
0.000

(a) 1=752.52s

(b) 1=815.77s

— FyH
IRIE AR FDI.INDRH-’

4  EFEIGuE

ERUENHEEN TRt E@d e~
IIE, RINERSIREFBRME, WMELFRR,
HHEXGIERACNAR G . GEFLERIG, FRBRILE
SRE. AIE.

5 HRiE
(1) SEBDHESHTHEBENIEYF, S5
BRHRER, IRnoMBasEtRIKAEREBNER
tE, EFAFREEGRAARTZHALMIRE~E,
TEAHE . IANFEEERKNBSIHKEY, 7
FELETTE BAMERIINSZIATS, HEE R NER .
(2) RE—FIEUBIEESE, BREBDE

¢ ® (v |®

(e)t=1297.275s

P13 IR s S RSP R EOR Hh BLIRS IBAH IX

Fig. 13 Using the temperature function interface heat transfer coefficient, there is no isolated liquid region

P14 SEBRA R e
Fig. 14 Actually produced castings

SEXE:

EBEANHE. BREREEETZRIT, =AU
g2t RERFLHNBYERLEZIRE, %K
RAEGE, A TDOREBRRZ . IWHENEE
BIIRIRTC IR HUBHSCIAR R, BURRSREEE
MR FHEILE RATERRIE o

(3) FHBEVERERARMOEICEHER
ERNFASMIER, SEREMHEIZAIIEEZDREIL
o, RS DB FLERFE AR T75.2%,
PIRSHABIEEI R EREE.

[1] Z|FUEE, BAEA BEBDHRSTERENA [J]. $5i&, 1999 (2) : 40-42.

[2]1 BER, @28, ENT, € $ABWHET SERERNRIREEFAEF EAIMNA [J]. %S, 2014, 63 (2) : 162-165.
[81 R{EfQ, &8, WERK, & REBEDKEFHERERBLRK ETRETN D). SMEakEEEasE, 2001 (5) @ 25-27.
[4] F|IUEE, EEAN, U218, S $HBEDHERELRE (] TR, 2006 (3) : 12-20.



OV —
{EE Founory 113G 5T Vol.72 No.10 2023

[6] EHEN, KE, B/NI, F HKEBWHISEBERKHIEIFCHIE A [1]. 518, 2019, 40 (9) : 961-964.

[6] FEXLW, . ZL1025EITZESREDAVEIISIGIE [1]. 515, 2008 (7) : 674-677.

[71 MENEGHINI A, TOMESANI L. Chill material and size effects on HTC evolution in sand casting of aluminum alloys [J]. Journal of
Materials Processing Technology, 2005, 162 (none) : 534-539.

[8] #ok, &IIEE, EEREN, & BRTEESTREEGEBENHSRNEFAPIINA [J]. #1&, 1998 (12) - 31-33, 35.

[91 ZHANG A, LIANG S, GUO Z, et al. Determination of the interfacial heat transfer coefficient at the metal-sand mold interface in low
pressure sand casting [J]. Experimental Thermal and Fluid Science, 2017, 88: 472-482.

[10] &EVEf, EEr, EREA, & KRBV REEEXNHHERERSE [J]. YIEBTE, 2012 (2) : 163-166.

[11] B/NT. B EHSEREF R ER AR FLAOEDLE [1]. %518, 2020, 69 (2) : 187-190.

[12] OKA'Y, OHNO M. Parameter estimation for heat transfer analysis during casting processes based on ensemble Kalman filter [J].
International Journal of Heat and Mass Transfer, 2020, 149: 119-232.

[13] CHEN L, WANG Y, PENG L, et al. Study on the interfacial heat transfer coefficient between AZ91D magnesium alloy and silica sand-
ScienceDirect [J]. Experimental Thermal & Fluid Science, 2014, 54 (4) : 196-203.

[14] VACCA S, MARTORANO M, HERINGER R, et al. Determination of the heat transfer coefficient at the metal-mold interface during
centrifugal casting [J]. Metallurgical and Materials Transactions A, 2015, 46 (5) : 2238-2248.

[15] WOLFF N, ZIMMERMANN G, VROOMEN U, etal. A statistical evaluation of the influence of different material and process parameters
on the heat transfer coefficient in gravity die casting [J]. Metals-Open Access Metallurgy Journal, 2020, 10 (10) : 355-367.

[16] GUGLIELMI, PASQUALE, TRICARICO, et al. Determination of interfacial heat transfer coefficients in a sand mould casting process
using an optimised inverse analysis [J]. Applied Thermal Engineering: Design, Processes, Equipment, Economics, 2015, 78: 682-694.

Numerical Simulation of Temperature Field and Precision Improvement in
Sand-Lined Metal Mold Casting Process of Traction Wheel

HU Xue-shuai', WANG Dong-hong®, WU Wen-yun', ZHU Guo®, XIA Xiao-jiang®, QIU Zhong-hua’, HUANG
Lie-qun®, SHU Da’

(1. School of Materials Engineering, Shanghai University of Engineering Science, Shanghai 201620, China; 2. School of Materials Science
and Engineering, Shanghai Jiao Tong University, Shanghai Key Lab of Advanced High-Temperature Materials and Precision Forming,
Shanghai 200240, China; 3. Zhejiang Institute of Mechanical&Electrical Engineering Co., Ltd., Hangzhou 310051, Zhejiang, China; 4.
Huzhou Dingsheng Machinery Manufacturing Co., Ltd., Huzhou 313000, Zhejiang, China)

Abstract:

In the process of sand-lined iron mold casting, the process parameters are difficult to control and the heat
transfer is complex. In order to improve the accuracy of numerical simulation calculation of temperature field,
a numerical simulation pretreatment method of “accurate model-accurate process parameters” is proposed-
according to the unique model thickening process design, accurate geometric modeling of iron mold, sand
coated layer, castings, gating system and so on is carried out, and the thermal physical parameters of materials
are calculated using ProCAST database. The interface heat transfer coefficient of the temperature function is
obtained by using the inverse calculation module of ProCAST, and the parameters varying with temperature
are used as boundary conditions to replace the constant boundary conditions. In this paper, taking a certain
type of traction wheel as an example, aiming at the subtle defects that still exist after optimizing the pouring
system, using the above precise pretreatment method, the internal shrinkage defects, shrinkage cavity defects
and isolated liquid phase area of the casting disappear, and the volume of shrinkage cavity at the riser is
reduced by 5.2 %. The simulation accuracy is improved after the actual production verification.

Key words:
sand-lined iron mold; temperature field simulation; process optimization; interface heat transfer coefficient;
inverse optimization
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