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Evolution of Solidification Structures of Al-Si Alloys in a Vertical
Centrifugal Casting

Sung-Rak Chang, Seung-Ho Huh and Chun-Pyo Hong

Abstract

Al-Si alloys were solidified in a rotating cylindrical mold by a vertical centrifugal casting process. Under a certain casting
condition, there are four distinct zones such as the chill zone, the primary fine columnar zone, the equiaxed zone, and the second-
ary coarse columnar zone from the mold wall. The columnar-equiaxed transition (CET) and the equiaxed-columnar transition
(ECT) were measured as functions of solute content, flow rate (mold velocity), pouring temperature and mold temperature.
Within the critical value of solute content, as the flow rate increases, the columnar-equiaxed transition were found, but not the
equiaxed-columnar transition. The aspect ratio of the primary columnar zone was more affected by the solute content than the
flow rate. However the aspect ratio of the equiaxed zone was more affected by the flow rate than the solute content. The aspect
ratio of the secondary columnar zone was affected by both the flow rate and the solute content.
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Fig. 1. Schematic diagram of the vertical centrifugal casting
apparatus.

(48)

o) M&ex= Zbz}t 150, 300, 600 2 1200 mm/seco]
R

duidy A3}, FH4 & EFUE99.5%) = T
A QA T2 T SARA] M E FAK Y] Hfo
FHAE7] ool v|ETES] JFE FHE viA|
37 93l TeT AFnE(99.99%, Alcarh)S AF
B3l 7] 3RS TAYAFEE ST
SighFFE 0.5, 1.0 2 2.0wt%E A3 A)ejslr] ¢
slo] RIH(AL25wt%Siye AHEsld Z37re) A4 E
ANA AAFEE 3lgon, B A AR AEH
2} AFYFE7H-L Table 13} 2t

AiFEs XS A2E 25831, 712 e
A gt FAAREA]Y] oJ3FS Al sl W
AN oF 40 mmel AF-AAS Al 2k dvlal
¥, Keller&28(20 m/ H,0+20ml HCl+20ml HNO,
+5ml HFy2 AH83le] oA, %A1 5219
=719} Yol mpE) F2|GYL] 7)) G| BR F
79| u7del] digt 7t A JHe] 7 ulE&S FA9Y
H-&-(aspect ratio)= A8l JIL2A|JHe| WHIE
Aeslsiet. -$axA] Aoyl viehbe F39] AL
ZAedde] 779} AAYEE FEn)PE o] 83l
FA s SR EE SN Le] HAM )
AAL71RDE doldr] Y3l AHAZA S 7EeE &
x2S A3 A v, EPMA(Shimadzu,
EPMA-1600)% W23} A-8A S 3.

3. alfdat & u&

3.1 XigxHe| Ha}

W25 = Zo gt A - vt
R E F3ol| F8 e AR FAEA
el uia} Q) v o2 Ak 4 Qi w7
7} 9 fsAke] glol sAska = 73A3A (rigid
body rotation)ele} 7Fd3ba e JAE Y
o2 of|&3 4 ot =3 HEHTul= 4719 JA
A= FislEE AAAteeld $avF vk A
FHe] Aol G3S- vXA] =t o] 7F, ¢
Tul= el F¥el 3l o8] (1A FiAl
t}H17].

Vp=2L k+% T p@-2) = p(-gh+re’ 1)
(1)



Vol. 20, No. 3, 2000

Journal of the Korean Foundrymen’s Society

- 199 -

Table 1. Experimental conditions for the centrifugal casting

Solute composition Rotating speed Pouring temp Mold temp
Sample designation | Alloy system

[at?o] (Wt [rpm] [°C] [°C]
AS00M0700 0
ASOOMO705 50
ASQOMO710 0.00 (.00 100
ASOOMO0720 200
ASO0OMO0740 400
ASO5M0700 0
ASO5SMO705 50
ASG5SMO710 0.50 (.52 100
AS05M0720 200
ASO5M0740 400 0
AS10MO0700 0 760
AS10MO705 . 50
AS10MO710 Al-Si 1.00 1.04 100
AS10MO0720 200
AS10M0740 400
AS20MO0700 0
AS20M0705 50
AS20M0710 2.00 2.08 100
AS20M0720 200
AS20M0740 400
ASI0OMO0120 200 10
AS10M1520 200 150

1.00 1.04

ASI0L.0120 200 710 70
AS10H1520 200 810
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Fig. 2. Analytically calculated free surface of the melt with
various mold velocity.
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Fig. 3. Free surface and longitudinal cross-sectional macro-
structures of Al-1.0wt%Si alloy with various mold
velocity ; (a) 100 rpm, (b) 200 rpm, and (c) 400 rpm.
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Fig. 5. Macrostructures of an Al-0.5wt%Si and Al-1.0wt%Si
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(a) 0 rpm, (b) 50 rpm, (¢) 100 rpm, (d) 200 rpm, and
(e) 400 rpm.
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Fig. 10. Variation of grain size in Al-Si alloys with various
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constant mold velocity (200 rpm).
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Fig. 14. Aspect ratio of macrostructures in Al-1.0wt%Si alloys
centrifugally cast at constant mold velocity of 200 rpm
, (a) with mold temperatures and (b) with pouring
temperatures.
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