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Control of the Casting Defects in the Gravity
Tilt Pour Casting Process

Ki-Dong Yeom and Chun-Pyo Hong

Abstract

Gravity tilt pour casting can effectively guarantee the reduction of various casting defects by controlling the rotation speed
and the ftilting angle of the mold during tilt pouring. The relationship between casting process parameters and the soundness
of castings has been investigated in order to determine the optimum process variables in the gravity tilt pour casting process.
In order to evaluate the effect of rotation speed on mold filling patterns, a video camera was employed to visualize the
in-situ fluid flow behavior of the molten metal, and the relevant fluid velocity was also estimated. X-ray and mechanical
tests were also performed to evaluate the effect of fluid velocity on casting quality. With the rotation speed lower than 0.5
r.p.m., which is nearly corresponding to the critical velocity of stability in the fluid flow, sound castings were obtained
without having any casting defects. It can be concluded that the gravity tilt pour casting process is an effective process for
manufacturing sound casting products with enhanced physical and mechanical properties. (Received February 5, 1998)
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Fig. 1. The schematic illustration of the experimetal
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Fig. 2. The schematic illustration of the mold assembly.
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Fig. 4. Four stages of filling pattern in the gravity tilt pour casting of a pure liquid Sn with a rotation speed of 0.25 r.p.m.;
(a) 20.21 sec, (b) 22.06 sec, {c) 24.00 sec, and (d) 25.12 sec.
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Fig. b. Four stages of filling pattern in the gravity tilt pour casting of a pure liquid Sn with a rotation speed of 6.00 r.p.m.; (a)

1.03 sec, (b) 1.10 sec, (c) 2.00 sec, and (d) 2.10 sec.
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velocity of the free surface [10].
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Fig. 10. Radiographs of the gravity tilt pour castings with various rotaion speeds; (a) 0.25 r.p.m., (b) 0.75 r.p.m., (¢) 6.00 r.p.m.,
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Fig. 11. The effect of pouring temperature on the macrostructures of the gravity tilt pour cast AC4C Al alloy with a rotation
speed of 0.75 r.p.m. and a mold temperature of 400°C; (a) 620°C, (b) 720°C, and (c) 900°C.

(60)



z=x A 187 A3 35 (1998. 6)

VFFEZYY

—269 -

45

*— G600 rp.m.
4.0 A 075rpm.
35
Aor

25

20F

Grain Size { mm )

1.5

10

0.5

150 200 250 300 50 400 450

Temperature (?3)

Fig. 13. The effect of mold temperature on the grain size of
the gravity tilt pour cast AC4C Al alloy.

o] FUFUNA W= F]ls= L7 AL
2 Jolx 7] ulFoletx A7t}

Fig. 13 £ 5o wd xR 2] A7|H3=
velicl. $3)9] 2 sl a}E 3L {E2E
W 3}to] ofgfy} o] F3o| 2xy} ZUIRMTE A
] 32717t 27k 73 3 viep Ko

3.5 7|HIH 54 E7}

Fig. 149} Fig. 15+ 77 $82% 720°C, 539
<5 400°CE A H5E5xdd o0& 53 A3
o} AANE WIE Jepsid. drig s A%
F23F Al 7S dut FHFEE A He vl ¢
73 AAS Jepdligl ey, 53] A5&Eert dE

400
380 4
360
= - '
S 340 I S
el |
= 4
g’ \
o 320 A ]
7]
o
5 300 4
280 A no tilting (278 3 MPa )
260 4
0.75 1.00 3.00 6.00
Rotation speed ( r.p.m. )
Fig. 14. The effect of rotation speed on the 3-point bending

strength of the gravity tilt pour cast AC4C Al
alloy.

(61)

200

190 7
gradual increase from 0.25 to 1.5 r.p.m.
166 MPa

180

170 |-
] R

160 ] - om
150
140

130 7

U.T.S. (MPa)

no tilting 127 MPa
120 7

110 7

100

90

BO t T T
Q.75 3.00 6.00

Rotation speed (r.p.m. )

Fig. 15. The effect of rotation speed on the tensile strength
of the gravity tilt pour cast AC4C Al alloy.

(r
Y,

Z Aol oz ohd 93 7]AIA AR Ho)
o2 A o) oE Rol A& HFF
735 28] IS AR R 237 o9

o]
of

M PN

Fig. 16. Fracture surface of the tensile-test specimen.



- 270 -

FHFZY A3t F2AF A -dr)F - FER

el 23 FE 2] 3719 /13 Abshte)
4ol 23 HEAF BAo] A, FYTERLE
9] A FALTE B} A o2 453 5 9lA F
o] Wioll 53 WAL gt Al & 5 9]
o Fol] A o2 8 7AA AAS Jehldd
Ao 2 AZHc}. Fig. 162 AAA|H Idhd o] A
o] &A™ Tt 2¥A] L Tl A%t
SEM Apzlec}. 3512 2]e] I8 vl (3}94 %

$AY 712 4 5530 &% WAl Bol 2A
&A% FEE AU 2L FA A Zoha, e

A k3R] 33 71AA AL YehiA "ot 3k
B A= 27] FYESEE 025 rpm. 22 A
A F AFHEr)L 45014 EHe dwHE
15 rpm. 7}A] AL 07 Z7 A7 5ol 9)o]A
v wH 743 53 A b S el o
= 8§89 FEEIt 7 A e ke AE
E£5F G A8t 8- AdAH ez FYATH
A A AHxe] FAl0] o] FA] F HEEEE SV
Ao 2s 3 AbSFollx 2] &5 F3lo| &3}
Al ol FoH 7] wFolzta AzEich

.4 E

4 % ACAC §29) ATA FHFZ glolA
AFEE, FULE W FYLESE FaM4v) 3
A% % AR vIAE dake 2 o)
e AR Ak

1) AC4AC 39| AEFEA], A5 FS5-5
AR e g o3 Z|AIA AAE velhll oy, met
A 5T g AF, GielAe] JdF gy o
gk 3] ?_'—"\JJ—} Abstet £4]15-0] Zhasle] FEAF

o] %2 o2 gql & 493l

2) AESEE 050 r.pm. o)3tE FAFF o 24 W
HFFEAT ] TP AL 33 FES 4 UA
o, gAY olFExr) SuEHe A
3 JAFEUSE 0.5m/sec B} 2HA| {25
gl & 4 919.14

3) AEEEE F3Y AEYE 45 o] ollA] 0.25
me——i‘rrz]/qf’] 15 rpm o2 QA5 Z:]._.i-——-
7R 7S, FEAF ] A3, 7)|AA Aol £43)

E‘L..

(62)

& Q& 4 ek met §ue)
£ olE X35, AESEE WA
o] $AAT HET F8 Aol 489 2
271 $% & 4 gl BaH <l uelel e skl
g % 93tk

4 A5 FHFzA 45} Fe Lx) B
AES T} 258 AAR0) ZHAXE AR e
sdc

TUEES o

L

—

| .

F 7

£ e 19749E =il A ) A
Yol gste] 8= 2n ool A=}

&

[1] M. C. Flemings : Solidification Processing, McGraw-Hill,
(1974).

[2] J. Campbell : Casting, Butterworth-Heinemann Ltd., Ox-
ford, (1991).

[3] J. Campbell : Journal de Physique IV, Colloque C7, sup-
plement au Journal de Physique III, Vol.3, pp. 861-872,
(1993).

[4] G. W. Stahl : Proc. of AFS International Conference, Per-
manent Mold Casting of Aluminum, Miami, (1989).

[5] G. W. Stahl : AFS Trans. vol. 69, (1963), pp. 476478.
[6] T. T. Nguyen and I.F. Carrig : Final Report INCRA Pro-
ject No. 390, (1986).

[7] o121, A7, RS
pp. 353-362, (1994).

[8] H. Nieswaag and H.J.J. Deen: Paper No. 10, 57th
World Foundry Congress, Osaka, (1990), Oct.

[9] P. Gilotte and R. Hamar : Proc. of Modeling of Casting,
Welding and Advanced Solidification Processes V, TMS-
AIME (1991) pp. 57-64.

[10] S. B. Kim, K. D. Yeom, C. P. Hong : Int. J. Cast Metals
Res., (1997), 10, pp. 49-56.

[11] S. B. Kim, E. S. Kweon, C. P. Hong : Proc. of the 3rd
Pacific Rim International Conference on Modeling of
Casting and Solidification Processes, (1995).

[12] S. B. Kim, C. P. Hong : Proc. of the 3rd Asian Foundry
Congress, The Korean Foundrymen's Society, (1995).

[13] Z143¥] - “wx WA 23 F2THYe) 3349 o, H5
U $3a”, DAt AR EE, (1997)

(14] A3 “BFH FHFRA AFE=d e 34 &
R e, A HARR=E, (1995).

= 9

=

(EFETEHEA 141 43,



