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Investigation on Characteristics of Various Mold Packing
Materials in Lost Foam Casting of Alummum Alloy

Ki-Young Kim', Kyung-Whoan Lee* and Kyung-Hwa Rim

Abstract

Silica sand, zircon sand, and steel shots were used as mold packing materials in lost foam casting of the aluminum alloy bar.
Vibration acceleration in three directions and temperatures in the casting and mold were measured, and packing and cooling
characteristics of these materials were investigated. Packing densities increased with increase in vibration magnitude and time,
and were 1.41~1.49 g/cm?® for silica sand, 2.54~2.86g/cnt for zircon sand, and 3.92~4.52 g/cnt for steel shots. Sound castings
were obtained only without evacuation of the flask during pouring. Solidification time became faster in order of silica sand,
zircon sand and steel shot packing because steel shot has the highest cooling capacity of them. Solidification time of steel shot
packing was shortened to about 1/2 of silica sand packing. Cooling capacity of sand mold was generally evaluated by heat
diffusivity of the mold, however could be simply evaluated with specific heat per unit volume of the packing material in lost foam
casting. (Recetved May 9, 2002)
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Fig. 1. Casting Apparatus
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Fig. 2. (a) Measured points of vibration (b) Schematic diagram
of vibration measurement system
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Fig. 3. Variation of vibration acceleration with vibration magnitude

45 2 3
40 » 1.9 2.9
E .
g 35 F 1?, Z 3 23
£P 16 5 £ ig g
g2o5 F " OF ¢ el
(o} 20 | 1.5 DB £y 2.5 @B
et E c
© 1.4 S 2.4 £
x 15 \ Q X &)
% H 1.3 o = 23 ~
o 10 } e 5min 1_20‘ A 2.2&
5 |-—#—10min 11 21
o | =+ 10min 1 2
01 2 3 46 6 7 8 910 012 3 4 567 8 910
Magnitude Magnitude
25 A S 4.7 4.7
(e} Shot bail .37 4.6 4.6
£ R £ -
Rl I 45 3 E 4.5 3
. Fr . 17
515 F 4.4 5 = 4.4 518
@ O3F 2 4.3 o
[ e 4.3 o5 O o e
510 | : 5 42§
3 5 | " 4.1 o 3 4-.1 0.
7 ]~=—10min, 4 4
0 ——{—4—10min_ 3.9 3.9
0 1t 2 3 4 5§ 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Magnitude Magnitude
20 e 4.7 4.7
18 - () Shot ball.1.0mm 4.6 4.6
£ 12 < 45 3 £ 4.5 %
£ 12 4.4 g £ 44§
8 10 4.3 %% 3 43938
C B8 = C © o
5 6 41 & 5 418
2 4 4
0 3.9 = : = 3.9
0 1 2 3 4 6 6 7 8 8.10 0 + 2 3 4 5 6 7 8 9 10
Magnitude Magnitude

Fig. 4. Sunken depth and packing densities of various packing materials with vibration magnitude

(33)



- 140 -

ST Pu DARFFE A9 FYFAA w2 SN} - 374

+ 01748 - 73}

ol SVl sl EAdER S, AF=
717V E75 103 1A 0] SANEE Sk 3
o} a2y 102 o FRIElE 1 o)Ake] W3k
2] A

TAK] A5 25=7] 2 A1zt oeks S5
X 141~149 g/em’, A2 FZALE 2.54~2.86 g/em’,
A7 03 mme] AHLAEEL 401~4.17 glem’, A7
0.5 mm®] 2HXEEL 425~443 g/em’, A7 1.0 mm
o] 2EILEEL 441~452 g/em’, A7 24 mme] &
HHERL 302416 g/em’®] HYe) sk AL
AZZAL 2 A" £EES] AR AdEE= 7b7)
2.63, 4.66, 7.46 g/cm’o|EZ2[6], Wxe] v]E Hr}s)
TAEl 8L 53.6~56.6%, ABEALY] FHEL
54.5~61.3%, 0.3 mm AEIHEES ZH{ L 538~
55.9%, 0.5 mm ~"HAEEL] FHE8L 56.9~59.4%,
1.0 mm SEH&EERS] FH8-L 59.1~60.6%, 2.4 mm
AEILERO] FHEL 525~55.8%0)%F. A2
HE7} vlMEE FA8] e ALE JdE ¢
UeH, B A AREF AR AFSYH =R
66.6C3T=7d 0.25 mm H), AEZAR= 111L.1GET
27 0.1l mm $2), 03 mm AHAEEL 53602
2P} 71 vAsled A4 03 mm AESER
o] 08 ehgdd) =3 ABRKERS] A9 27
1 mmel 757} &0 7F A Jehdet A8t
AR ¥ EAg 948, X2k 43 A
B, £EELS 7o FAHES Yx Pk ohe
Yol = FHPEe= ZoE Hold, & Ak} A 2E
ARe] 735 FHel] ofubde] Qld Howgko o) S
Ho| z oy FAle AR E FHEo] B
AE 7198 4 o ek AA] AARHFE A
2T FAHANE AL AT, SHAE vk o}
2t & x, y, z Z} B8RO B Z]Fo] HYEE= vk
met] S oFde] deEld 4 vl AL ou]did)

A]

3.3 #etel Adss

DA RYHFZ M= FAAY FAYUE Y, 84
T4 T 7klE 55 Siskd T Al B4 E=)
23 W& 7RI Qo O3 5(ays SAAE FA
£ AME3sled 30 £X60 wX250 hmm F7)¢] A356.25)
T o Al FU8E AR, S8k FAlo] s}
A o3l FEHow FHHo| ARAY Hold 7ol
H, (e £EES FHAME ARSI 45E, 0.3 mm

Al o

(34)

(b)

Fig. 5. (a) Surface sink due to the pressure reduction during
pouring (b) Attached steel shot balls to the surface of
castings after solidification
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Fig. 6. Relation between surface sink and pressure reduced
during pouring(silica sand packed)
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Fig. 7. An example of cooling curves at various locations.
(packing material: 0.3mm steel shot ball)

O
L]

Temperature, C

—— 2mm max. temp.

—
Q
o

—Hl - 7mm max. temp.
—@— Solidification Time

zircon sand shot ball

Packing Material

silica sand

Fig. 8. Solidification time of the casting, peak temperature of
the mold with packing materials.

SERS MR AT AT AHER A9 102
$31A]7ke] BEH,

3.5 &M Wis
F2o S > S A1 FEI FE 9A
gofl oJ3}ed x|uf A =l=dl, dA3E Rulls= A
(@) THEH A4 &%), (b) TH-5I5F AHE
o1F AH &%), (c) IA(SLF)Y] A&
A &), (d) T899 225G -s13 &3 A
48459 Ao vRE BREY. AARYFERE
AZANE FAAE AMS3IE2 o] F (1) 73 Ad
&) FPhe EREE 71T 4t QY 734
4559 A5 A mE FE0 SFAXE ¢

o
1.

N
©



G0 E DARYFE A9 FIHFAA o EA

W3} - 7)o - o)A % - A7

Temperature, C

R% = 0.9947

0.5 1 15
Distance, mm

25

Fig. 9. Temperature distribution in the mold with time (Dotted
lines are fitted curves).

= = b vaiue

- Square root of Specific He
per unit volume

—t— Solidification Time

|| —@-— Heat Diffusivity

zircon sand

silica sand shot ball
Packing Material
Fig. 10. Comparison of cooling capacity with packing
materials.
w A1 22 vERfelAle7].
X = 2/m{(T,, - T/ (p, A} AP, C ot
G= 5) &3 &)

Q7N TE &%, Ce ¥Y, px U5, v 94

EE, AR Ao, sl mE Y, s= %
vehdnt. 8 AS By FE &2 edstee, %

A 58 &9 gAE( /4 p, C Pl 23kd A
Ee o 4 U
SAYE 2N 73 &0 ALdES RS o) &

s, ol ARl Yo £ 24 BIE y=ax®
o Hog TARE 4 gled, AR FHANE ALge

7Aool 2 A= 33 99} o) 1L He 2%
Ashe wlEA yoac) A 2 e AE 4 S

aE=d, AR A 2FZAL 9 ARSERS AMEE
Solx Blad 7 gh= Ao® el o] AjeA
T3 F YAl ofE E7]27]= bakell o8l o
&S WA =, A4 %"47‘“9] 735l bk 731
o AR FAHAR 3 HE 12 3ld A=t Ao
I3 10°]ck 23 100 b%’l 2ol 7L, F39
dgiHe W AA o] v|dE 3 A
35S ¥y AL A E2EEAL, LEEL] £0F bhtol
AX=d, & 78 WY 227187171 7IEA H,
o] F89] dFE(/A,0,C, )7 ¥luEd 1 7
o] dRsl = A & g ot SIS bake] A
ALE WelX]=y|, $39] JAE-2 780 feko
2R @2 wisks TEo|E R o o] E5F 3
A7k welR] A o), 29S8 ¥ =3 F3)9] g
ARSI A el widal Aol dAFa i3-S
4 5 -

A AHEOAM ¥]E-E YA Fo] FrelmE KX
olgz] FAtolwdz] ke ZHE JiAIc) g Hlx g

AEEE 2AY A9 I o ke 7P
Uk 2 A A9E DY Auct YT v}

A3 GAEEE g}o}x]yﬂ 5o},

TAE AE2EAL 2 ARILER AL AE)
A x7t 2z 1.64 glem®, 2.96 g/em®, 4.60 g/em®Q]
735l AE A2EAL B A=A EE AR
=52[5] 47t 0.51, 0.53, 0.56 W/(m-K)E FA
7ol TR wetr FREES] Zo|7} I,
A9l Aol Aoz} HE g} 2|1 v|g2 4
dlE o] gk s S BAl|Ql 75olle o
7lo Z¥7| FAUEE F3p DAA B2 Fo=
3AsE 5 it dEARES] Al dAERES] Ao
= AL 7] diel, "X njES ¥ SHAA
3ol v|g3 eI 719 Zelr) @ "o w
A AR EFZAM TS P2 FAAY &
AAH 2] vdE dsiA Fra 4 -

Z

w
O

L1}
b
p

=

h

4. 4

GFu|EEE DARYTE Al F FAANE 7



Vol. 22, No. 3, 2002

Journal of the Korean Foundrymen's Society

E—E—i ‘-‘éi]ﬁ]-‘ﬂ 7—)( —5*7‘43'“«'] 5
= ¢

A}, X2 t*}, __‘a
AEAX
s‘dc}.
1) A57Er)t S5 Eaae A AXS
lst 4 qled], £ Ade Az 5 9
27} 60 HzS! A% 0.14~0.55 mme] HY el gt
2) AF=27)17 E95 108 AT fA 3 =AY

= S7RIEEd, A AT FAREE 141~
1.49 g/em?, A2 FZAR= 2.54~2.86g/cm’, 2EH S EES
3.92~4. 52g/cm34 HY el 2

3) FAAE SIXE FE FATE VIESE

ARE TR 30%, AI2EARE ST __%ﬁ_‘&‘-%f 3 45
2 AEE, SANEZS *}%ﬁi A77F AR AR
3 7A92] 122§ 7] ©EE g

4) sl BN 3 Fof HEdES 2l o
L3P, 2ARY T3 Al T & FIE= y=

ax*9] A2 TARE 4 gled, Ak X|EEAL & E
22 £2F bte] AR, °] btel F4F 34
742 ZolAn},

SARFPFIAM T eI 718 9%

*.lrg olglell T =AY F wld= ISP
37V sl

(37)

~ 143 -
F 7l

B A7 20018 E FHEA7EFAY disE

#Egon] d Ay A7 T8 FA X

e, 0|75, o127 A Ak ZRAk=U

028

1] AFS: Expendable Pattern Casting (1994), 14.

[3] OIT: Metalcasting Industry of the Future(2001), DOE/GO-
1-2-1-1156, 4.

(2] J. Pletka and J. Drelich: Minerals & Metallurgical Pro-
cessing, "Recovery of expanded polystyrene from coated
patterns rejected from lost foam casting”, 19(2002), 25 .

[4] S.Koroyasu and M. Matsuda: J. of JFS, "Effects of Coat on
Cooling Capacity of Mold in Evaporative Pattern Casting
Process Using Steel Shot as Packing", 68(1996), 307 .

[5] S. Koroyasu, M. Matsuda and K. Koike: J. of JFS,
"Compactabilities and Fludities of Various Packings in
Vibration Flask for Evaporative Pattern Casting Process”,
74(2002), 24.

[6] M. Matsuda and S. Koroyasu: J. of JFS, "Effects of Shot
Packing on Mechanical Properties of Aluminum Casting in
Evaporative Pattern Casting Process", 67(1995), 447-450 .

[7] G.H. Geiger and D. R. Poirier: Transport phenomena in
metallurgy(1973), 329-331.



