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Fig. 2 Schematic diagram of particles aggregation and growth



20194 551201/5%68%

s A /.—\-|\ '- ‘i
IS5 Founory [ 7] Be]

EEEE ST TN TN, FEG— e
BFISIEE EBRUE TR TR A S AL HINT . AR SRS
ERTH R hOLI TR

Hch ERES AR F IR0 2 BWSERES, d,
AP BETRFi. ER, METERESRY, u &

TRLFIHIEIIRE , up im AL T IRFRBITIEE o
HRTPEN AL THEBNIRET, EREL
RLREMHRIRITR T, DI RKLF RIS EEE S
BATHIE, AR FRiEsAREES EHESIIT
BINE . B3R FE=HENENNEEEHE .

F1 FZENTFREERAXAREY
Table 1 Constrain conditions of particles aggregation and growth

4 Syt Syst A
1
BER LR L=od+d) k. Hi=1 S IR T2 BB N T4 Tk G Fe & 4
SR LR 4, | <[ty i BT T AR

BF

E3 MR FE= = EREEE R E
Fig. 3 Motion tendency of two particles in 3D space region

FERATENIEE S INFR, B MR FRIEXS
RENRKERUENAMIRE, LB mAd, F2FRR
PR F x5 B IE R B HIE -

X xRS ETT A EROAARS w,, o wy

Uy in Upy s Uy v Uy, SOBURTRALF i jfEx. vy 230

FROREDE . u i HEFENERE, HABRSH, 5
BHES. REREFEX. fFEyk 0 EAYFIT
TiER L,

R2 WHFFETT EEXIEEhE B FITE

Table 2 Motion trend criterion of two particles in x direction

AN Fa FilHis
PR AHIEE S, ATLRA u, ;*w, <0H (x-x) - (u, -~u, ;) <0
Wik TARRS 23, AEL w, i, <OH (x—) - (u, ~u, ;) =0
Ui * Upe 20,5 futy 1>l | HL
PR E 8l , SR R AR B Nk, ATRARG i (xm) <08Ku,, |<|u,, |H.

WKL I2 3l , HU% /NSRBI R AR T, ARG

Uy ;i * (x[—xj) >0

Upy_i

L b N T g =N

px_j px_i i

Uy ; ° (xi_x/) >OEZ|upxii|<|um7j|E-

i

T (xi—xj) <0, H~|u];x_i_upx_f|<u1_|im




F

Vol.68 No.12 2019

‘!t S —t—
{EE rounory LG EHFS

2 BHHEESHRAFENTGE
21 FRHBHEHRRELZS
AXUUFHFEHENRARNSE, RATFFREH
EBMENHREL, BeRRAEIEFSEAS
e DRKE, REBEHAREXBEMNFIE. HHMR
A ZL102 &%, REAWEEES, ®TIREN680 C,
FEENRE 0.3 kgls. I3 RA A MIER FRERITAN
BRI EELIINRRL T, —SHENTENRZER
0.6 mm, ZEH2.3 glcm®, JIANEAR5 g, FERFZ
#2992 40080, FHHFESKRIRFR S UELFR,

(a) =4l

2.2 $HBEESH

SRRSO (I T 7 RE T B BN B RE
M, BESAEER LN FREXIS EE S E SRR A .

NESHFEILUEL, HEHEAERI T KSNFEEH
¥, BRFEESLHEHEFNCARMNOAXE, EF
2BIFEA. B. C. D. Etxd, MEHHENEMUER
EXEFBER D, NESb-5ehE]LIEE], FA. B. C.
DXigF, SNKEZRZMHDBIRE, BENFEEY
HENZESMERNFREMMA. BSHEMBER T H0
CAXERN T AERESHR 7, NFHENRER

(b) BEIERGRTIE

E4 HH=#HEERRIE

Fig. 4 The 3D model and dimensions of hand wheel casting with gating system

(d) CIXI

(e) DX,

(f) EXIF,

Es HHNEEEERRER
Fig. 5 Aluminum alloy hand wheel casting and regions containing inclusions



LTS = ‘Et
20194 H128/E68% ILISHAST Founore

EirsTHMXI ., BIXNEHEERERWNAI, 4
xyéﬁzi%EM%ﬁELﬁiA%?&TTEﬁ, RAOEIFK
RENENMIF . B6ER 7 HFHIRERLSHTIRY .

B+ 2N XigHFAENPEEX, RL. R4
Xig 2 ~ 3gru FREMAL, R2. RIXIFHH6~9 Ft
FIFREMA (B FERE) . KNFZBEGE
%, BERSENSHM.

2.3 RERRESERNFEHTES T

ETHFRERA-EACHBEHFER, UF
TR B AR BT AR R, l779ﬁ§£ﬂ$z¢% E6 HTRAT
HEEmS TN FNEN RS TEE . Fig. 6 Morphologies of aggregated particles

/K - R/
c e lm” : = .u
% ’ w0 ;] A\ . \ 20
VE. ~-n wece | Mt Il
- e : v -’7 o7
0 19 Rl -

(a) FEAIR=20%
WA/ K

519

(b) FERIH=40%

MK
#5300

sy

(c) FuHI%=60%
W/ K

a0 08
L]

"1

l’\!l’f{iﬁa"-

-

07
o

(d) FuHIH%=80%

K . HF i mn
. #5300 4= ey l2.6
s 5
804 09 ,‘5“* S '~
I LT h" I
5019

(e) FoHI%=100%

LB RiE

(f) SEAxBEl

E7 SHHEED. RFHITRNEDS
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Slag Particle Trajectory Tracking Based on Particle Aggregation Growth-
Motion Coupling Model

BAI Xue, RAO Lei, MIAO Tian-yu, YOU Kai
(College of Mechanics and Materials, Hohai University, Nanjing 211100, Jiangsu, China)

Abstract:

The inclusion defects in the castings destroy the continuity of the metal matrix, and it is easy to cause local
stress concentration during the service process, thus promoting the initiation and expansion of fatigue cracks.
Accurate prediction of the position and shape of the slag inclusions in the castings is very important for
the failure analysis of the parts. Based on the mathematical model of dispersed particle motion, the growth
of slag particles is considered in the process of slag particle flow, and the particle-growth-motion coupled
mathematical model of the whole process of mold filling and casting solidification is constructed. Taking
aluminum alloy hand wheel castings as an example, the whole process of movement and polymerization of
foreign slag particles in the mold was studied, and the final distribution characteristics and morphological
characteristics of the slag inclusions in the castings were analyzed. The results show that using the dispersive
particle polymerization growth-motion coupling mathematical model can accurately track the motion
trajectory of particles in the process of casting forming, which will be a reference for the improvement of the
prediction accuracy of the slag inclusions in the castings.
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