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Process Analysis for Rheology Forming Considering Flow and
Solidification Phenomena in Lower Solid Fraction

Young-Jin Jung*, Ho-Sang Cho* and Chung-Gil Kang**

ABSTRACT

Two-dimensional solidification analysis during rheology forming process of semi-solid aluminum alloy has
been studied. Two-phase fluid flow model to investigate the velocity field and temperature distribution is proposed.
The proposed mathematical model is applied to the die shape of the two types. To calculate the velocity and
temperature fields during rheology forming process, the each governing equation correspondent to the liquid and
solid region are adapted. Therefore, each numerical models considering the solid and liquid region existing within
the semi-solid material have been developed to predict the defect of rheology forming parts. The Arbitrary
Boundary Maker And Cell (ABMAC) method is employed to solve the two-phase flow model of the Navier-Stokes
equation. Theoretical model on the basis of the two-phase flow model is the mixture rule of solid and liquid
phases. This approach is based on the liquid and solid viscosity. The liquid viscosity is pure liquid state value,
however solid viscosity is considered as a function of the shear rate, solid fraction and power law curves.

Key Words : Semi-solid materials(¥H-88 Al 5), Two-phase flow(¢]’ %), Liquid Segregation(} &+ 2]),
Semi-solid forging(¥H8-§THx)
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Fig. 6 Flow chart for numerical simulation of

semi-solid filling

Table 1| Material properties used for calculation’'?

Property Symbol Unit Value
Density o kg/m3 2685
Specific heat c 1/kegK 963
Conduction
coefficient A W/mK 159
Solidus TL T 565
Liquidus Ty T 615
Viscosity u“ Pa « sec 0.00447
Partition ratio ko - 0.1111
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Fig. 9 The calculated filling pattern and velocity

profile on initial conditions that fi=30% with
V,=400mm/sec and Tg=250C model I

(c) t = 0.15 sec

598‘11\ N 591; ) |
R N R T o —sgral h S
: . s | [} ;
ok | I
2 2P doels
(a) t = 0.05 sec (b) t = 0.10 sec
1
{J o
so8 77 m Hsm e is;,_ W ,%a;@
b ;’\"/ \"'""J 595;7 L el 1
=R fﬁf%
(¢} t = 0.15 sec (d) t = 0.50 sec

10 The calculated temperature distribution on
initial conditions that f=30% with V=400
mm/sec and Tuc=250C in model II

Fig.

163

‘Fig. 10(a)~(d)= Model 119] 7% Z7]|%710)
25 Tue=250C, BH&HE V,=400mm/secd o

AFol Mg 2EEXE et dr} Aol
SRR o] EokFig. 991 ONY 2%E7F T=593CH
Ae g AT

Model 19 7%= siriolo] A HES Ao
Eo} FHERE Fd Over Flow?} & 4ot}
E3] AoE ¢FAME FHYeY 57} &4
B, Alo|ER B A e £xmlo] gl

of¢ all

t
i

£O L oft

JLL
=3
Q

3l

i
L
hd

=

W ehdich EE 2 PE F9E WA
FAR H w2 LR Bad A GREY

> UEbdz glvh
io}‘; BB (Fig. 901 SR, ON, K)) A= &
P e P e

wol wjokr) 7] wiio) WA &Est FEe] v

ol

EEX RIS
223 ol&S
E thew g

MEVA IR
of &4o0] %ZH’SHL: e
dojrty] HH-F%OJ} @%*l?&oﬂ U
ol 7t gleh # 25
= 27| e 1}017}06C73~L§1
BEFoE HAAH2L9 Aolv) F
FR3=3
3) Model I, It o] i3l S 2 xsM S 4
BE] 2o ARRERELS T Ad A
FTHo] gAY REAM AzEHol Yrtes
= *f‘ﬂe} 2% AA S HLX]
F 37 o Fol Fd3e] %

Ca9 aaee o 71%@5@%%;*%@

}-J
~
oL
!



=k

BB

A3 A A18H AoE

3 Model 13} 2-& S0l ditiojoa F=

o] 5o} A5 LAY 38 FYTANA Yo

= 27 AR FAA d3gem F}ed Qo ¢

chgith whelb A Model 1 3 22 48 7kA AE

& MAFE A9 FAF AL WA AT
Hnoez AR g

=

=

# AT pudan 4UgE 2 234 4
FAES A9 9@ AT G¥EAUTH

1. Flemings, M. C., "Behavior of Metal Alloys in the
Semi-Solid State,” Metallurgical Transaction, Vol.
22A, pp. 957-981, 1991.

. Pits, H. E., Atkinson, H. V.,
6061 Al Alloy for Automotive Components,”

"Thixoforming of

The

Sth Int. Conf. on Semi-Solid Processing of Alloys

and Composites, pp. 97-104, 1998.

Mullins, A. M., Walker, D. J.,, "Modelling
Solid/Fluid Interactions in a Dendritic Semi-Solid,"
The 4th Int. Conf. on Semi-Solid Processing of
Alloys and Composites, pp. 104-109, 1996.

. Barkhudarov, M. R., Bronisz, C. L., Hirt, C. W,
"Three-Dimensional Thixotropic Flow Model," The
4th Int. Conf. on Semi-Solid Processing of Alloys
and Composites, pp. 110-114, 1996.

. Paradies, C. J., Rappaz, M.,
Gabathuler, J. P., "Simulation of the Pressure Die
Casting of A Thixotropic Aluminum Alloy," The
4th Int. Conf. on Semi-Solid Processing of Alloys
and Composites, pp. 115-119, 1996.

. Burgos, G. R., Alexandrou, A. N., "Two-Phase
Model of Flow of Semi-Solid Materials," The 5th
Int. Conf. on Semi-Solid Processing of Alloy and
Composites, pp. 217-224, 1998.

. Modigell, M., Koke, J., "Two-Phase Model for
Metal Alloys in the Semi-Solid State” The S5th Int.
Conf. on Semi-Solid Processing of Alloy and
Composites, pp. 317-326, 1998.

. Kang, C. G,, Jung, Y. ],

Imwinkelried, T.,

"Comparison of Single

164

Flow and Two-phase Flow for Numerical Analysis

of Semi-Solid Forming Process,” The 7th Int. Conf.

Methods Industrial
Processes in press, June 2001.

9. Kang, C. G, Kim, Y. D. "A Finite Element
Analysis on the Upsetting Process of Semi-Solid

on Numerical in Forming

Aluminum Material,” J. of Materials Processing
Technology, Vol. 66/1-3, pp. 76-84, 1997.
10. Ohnaka, 1., Introduction of Compute Heat and
Solidification Analysis,” MARUZEN, pp. 167-208,
1985.
Kang, C. G., Lee, Y. C.,, "Effect of Viscosity
Variation on Flow Characteristic in Thixoforming

11.

Process of Semi-Solid Aluminum Alloys," J. of the
Korea Society for Technology of Plasticity, Vol. 8,
No. 2, pp. 188-199, 1999,

12. Metal Handbook 10th Edition, ASM, Vol. 2, pp.
2-19, 1990.



