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Solidification Phenomena of Al-4.5wt.% Cu Alloy under Moderate Pressures
In-Sung Cho and Chun-Pyo Hong
Abstract

Solidification of aluminum alloys under moderate pressures has been investigated. Interfacial heat
transfer coefficient at the casting/mold interface varies with time after pouring the molten metal into
the die cavity, and therefore plays an important role in determining solidification sequence. The heat
transfer coefficients were evaluated by using an inverse problem method, based on the measured tem-
perature distribution. The calculated heat transfer coefficients were used for solidification simulation in
the squeeze castiﬁg process. The effects of applied pressuré and positions of insulation in the mold have

also been investigated on solidification microstructures and on the formation of macrosegregation of Al
-4.5wt.%Cu alloys. (Received February 14, 1995)
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Fig. 1. {a) Schematic diagram showing the mold assembly and (b) 4 cases of experimental conditions showing
the position of nsulation, porous sleeve and thermocouples.
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Table 1. Thermal and physical properties used in the numerical analysis.[16 ]

Density Specific heat Thermal conductivity Latent heat of
(kg/m?) (kd/kg) (W/mK) fusion(kJ/kg)
Metal 2706 0.7494+4.442x 10T 1925 (T<<502C) 397.5
1.287-2.5x107*T 818.67-0.808T (502°C <T<648C)
1.059 52.56+0.033T (648°C<T)
Mold 7860 0.574-5.708 X 10~*T 59.37-0.03126T
| +8.9369%10-"T* |
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Fig. 4. Bffect of porous sleeve on heat flux and IHTC value of Al-4.5wt.%Cu at the side of the mold
wall in case (i) and case (ii); {a) the variation in heat flux with time and (b) the variation in IHTC
value with time.
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Fig. 5. Calculated and measured cooling curves of
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diecasting and (b) squeeze casting under the
pressure of 50MPa.

In case gravity

42 2t ol e FES ST
Al-Cugtz 9 Al-SigZ9 Hena ¥ %
%o WYY AFSuRA BARE $5F

(50)

flowel Wiz L=Fepdeds] FARGy Ba
st ¢it}. freckleo] yAEHL o} Zr}.
v- VT

% > 0, stable solidification

-1 = intermediate solidification (5)
YV

v T T <-1 unstable solidification

o] 7] 4 v interdendritic fluid flow velocity

olm}, VTE LEF), T: WA&EEodh oy
v D' Arcy®) A4 FHAAN tew g
[4].

—

V=

(VP+ag) (6)

HEL
37|14 p= AAte] HL g2 WAL gL
Aarel AL gL FHIIET oY, LETRA]

27l dBHE(VP)RT 3 orderAEE
ooz (6)4H FHH(og)E& FAIFL (5)
Alo]] tfqd3led A2,
C=B(VP-vT), B= a (7)
I7:3)

olt}. o] Aol 95l freckle C<-19 74
of A 4 Ut

getckzg Al-4.5wt. % CugrFoll4 AA|HA
A A BAE A2 U
AN Fde %%ﬂﬂﬂ %ﬂ

oo

G//R%M 05°l shel %
t+ ol2id T ANRA
Holgtz A= Yo},

A%, Fig. T4 2 uielzrol

sl 3

0 l"-l-u 30 - N'



=Z 4156 H A 2 £(1995.4)

—161—

(b)
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Fig. 6. Solidification structure and macrosegregation of Al-4.5wt.%Cu of squeeze cast under the pressure of
50MPa in case (i); (a) macrostructure and segregation pattern, (b} vector plot of the temperature gradi-
ents when f,=f, ... and (c) contour map of the distribution of G/ R values.
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Fig. 7. Solidification structure and macrosegregation of Al-4.5wt.%Cu of squeeze cast under the pressure of

50MPa 1n case (iv); (a) macrostructure and segregation pattern, (b) vector plot of the temperature gradi-
ents when f,={, ... and (¢) contour lines of the distribution of C values.

o] freckle2 C<

Fig. 7(b)e} 7(c)&
S AAAHE o

e

—

2|E

(51)

2 50MPacj4] 150MPaZ 7}tag £7}A
ol

—t

2]
—
A2 freckleo] &5l FGo

o BAsE A%E Bch

Ny

=
=
T

=

I‘ﬁ



_162— Totalel] 48] Al-45wt%Cudt2 o] A=A, EFH

T T — G = =N

ML R A - 5

| . - N1 R

&“k .i 'll g ’ll_ p .-i‘

BN e

B R I N /

' i

i R Y S 2 i N -4 _3:;://':/

i S P ol -‘i W _,'/‘

- — - - A el 1 /,.2*3,//\

l—0 —u —» - - e -eE— w l« e

= o o S [} . L Mo T —'/

| - I e o

B AP B S W R

),_.? ~ _.-’ ’ * l‘t \'« N

Er T A B B B N NN

Ead .::f ;’ + l‘l - "“\- b |

A I B B L B

(a)

(b)

Fig. 8. Solidification structure and macrosegregation of Al-4.5wt.%Cu of squeeze cast under the pressure of
150MPa in case (iv); (a) macrostructure and segregation pattern, (b) vector plot of the temperature gradi-
ents when f;=f ... and (¢) contour lines of the distribution of C values.
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