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Inverse Heat Transfer Analysis at the Mold/Casting Interface in the
Aluminum Alloy Casting Process with Precision Metal Mold

Su-Dong Moon, Shin-ill Kang*

Abstract

Precision metal mold casting process is a casting method manufacturing mechanical elements with high precision,
having heavy/light alloys as casting materials and using permanent mold. To improve dimensional accuracy and the final
mechanical properties of the castings, the solidification speed and the cooling rate of the casting should be controlled with
the optimum mold cooling system, and moreover, to obtain more accurate control of the whole process interfacial heat
transfer - characteristic at the mold/casting interface must be studied in advance. In the present study, aluminum alloy
casting system with metal mold equipped with electrical heating elements and water cooling system was designed and the
temperature histories at points inside the metal mold were measured during the casting process. The heat transfer
phenomena at the mold/casting interface was characterized by the heat flux between solidifying casting metal and metal
mold, and the heat flux history was obtained using inverse heat conduction method. The effect of mold cooling condition
upon the heat flux profile was examined, and the analysis shows that the heat flux value has its maximum at the
beginning of the process. (Received January 16, 1998)
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Table 1. Thermal properties of mold material
Mold Material : H13 (ASTM Standard)
Densit . 7760 kg/m’
Mold - ¥
Specific heat : 0.104 kcal/kg-K
Thermal conductivity : using average value as 0.00681
Heat I kcal/ms-K
flux g Temperature °C W/m-K kcal/ms-K
215°C 28.6 0.00684
350°C 28.4 0.00679
475°C 284 (0.00679
Temperature 605°C 28.7 0.00681
profile e
—* [*— Air gap b A FEE Fask: FHL AAST A%t

Fig. 1. Nature of the Thermal contact between the mold and
the casting.
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Fig. 2. A schematic illustration of experimental apparatus.
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Table 2. Thermocouple position in the mold

Thermocouple Positions Mold
from the Interface (mm) 17 4.5
Thermocouple Number 1, 3, 5 2, 4, 6
9, 11, 13 10, 12, 14
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Fig. 4. A schematic diagram of an inverse heat conduction

problem.
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Table 3. Thermal properties of chill material

Chill Density | Thermal Conductivity | Specific Heat
Material | (Kg/m®) (W/m-K) (J/Kg-K)
Copper 8960 363 423
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Table 4. Location of the thermocouple in the chill

Chill Thermocouple Positions from the Interface (mm)
Dimension
(mm) Thermocouple 1 Thermocouple 2
50 x50 x50 2 38
400.00 —
300.00 —| — T
8 — U(t)
o _
>
Tﬁ 200.00 —]
L
o
E p
QO
'—
100.00 —
noe | | | | |

0.00 50.00 100.00 150.00

Time (sec)
Fig. 5. Temperature history curve inside of the chill.
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Fig. 6. Estimated curve of the heat flux on the wall of the

copper chill.
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Table b. Various cooling conditions in experiments

Case No.|Cooling condition Cooling type

Case 1 | Natural cooling Air cooling

Case 2 | Forced cooling | Water cooling starts in 30
seconds after filling

Case 3 | Forced cooling Water cooling starts

right after filling




Vol. 18, No. 3

Journal of the Korean Foundrymen’s Society

—251 -

23 o8 7R 2R F¥-& Y7 A7l 7
Wzt 27L& Table 50 Jehligich F2APA] A
ol A Ve £ 54 K YA 2402549 1%
73A 0 = yhol5oq 2}

4.2 38 2xolH

Fig. 7, 8, 9= 2} ¥z 2ol W& F2AH A <]
2xo]HE bl Zlolth B A= 8 &
EAL Fol7lflsle] 3 ddsin 488 4%
3l ot BE AN FULER 99 2 A8+
£ SEE Al ¥ 5 A7l A AY v} 278
%9 x}o]7} 9l o]+ heat flux 2% 2] F}o]oll = o
& Tt

Fig. 7o) Afddzte 2 338 A3 759 24027
9] 2 W3S elggich TC 1, 2+ siulElQ) ARR
oA 2A3 LT o2 TC 12 sWn] el 7}7to]d)
A, TC 2= Yz 7P7tololx] A" LxFAlo]
o} 22 "hal 0 2 TC 3, 4= sulE]S] F7F H-9ellA,
TC 5, 62 74R]El9] 3ol A A% L& TAE Y
epdicl. 23 278X T3 7hde] olgix 9
F-oke] ghgo] Fo] §IA| gdot &2 ko] B
A57F 7V G dxdgke] AL ) M E
of Ab-e} 39| 2EAfelE 20% A=) AulE
o] g-go] zlo}l Fxlo] 7kl o] Fo] FH 7)ol L]
27125+ AulEL A, F, 3ol A T3l o]H
AEoA Fx 2719 FA4 2 58] AvlEd B2
A &= W3E Awjng Fqlo) Aa|A}nial F

rlo

480.00 —

Temperature (C)

320.00 I T T I T I 1 I T —1

D.00 50.00 100.00 150.00 200.00 250 00

Time (sec)

Fig. 7. Measured temperature histories in the mold (air
cooling).
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Fig. 9. Measured temperature histories in the mold (water
cooling starts right after filling).
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