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Parameter Estimation in Heat Conduction Problem of Casting Processes Based on Data Assimilation

Yukimi Oxa, Munekazu Ouno and Kiyotaka MATSUURA

Synopsis

: Heat transfer analyses of casting processes offer an effective way of understanding solidification processes which is important for prevention

of formation of casting defects and for control of segregations. The accuracy of the simulations depends on the accuracy of input parameters

such as thermal conductivity and heat transfer coefficient. It is not straightforward to evaluate such parameters, especially thermal conductivi-

ties of bulks and heat transfer coefficient with high accuracy. It is very important to develop a reliable method for estimation of these parame-

ters. In this study, particle filter, which is a method of data assimilation, is applied to estimation of thermal conductivity of melt and heat trans-

fer coefficient during alloy solidification in mold casting and its applicability is systematically investigated on the basis of twin experiments.

It is shown that a constant heat transfer coefficient can be accurately estimated in this method by utilizing a single cooling curve measured in

the mold or in the melt near the mold, while the thermal conductivity can be accurately estimated from a single cooling curve measured in the

melt. In addition, this method can be utilized for estimation of time-dependent heat transfer coefficient without any assumption and/or approx-

imation on its time dependence. Importantly, the thermal conductivity and time-dependent heat transfer coefficient can be estimated simulta-

neously with high accuracy.

Key words: casting; data assimilation; parameter estimation; heat transfer coefficient; thermal conductivity.
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Fig. 1. Schematic illustrations of (a) whole area of mold and alloy and (b) one-dimensional calculation area.
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Table 1. Parameters employed for heat transfer analysis.

Value
Parameter Mold Alloy
(cast iron) | (Al-4.0 mass%Cu)

Initial temperature (7,/K) 298.15 950
Liquidus temperature (7,/K) - 924.78
Solidus temperature (7,/K) - 905.91
Density (p/kgm?) 7000 2800
Thermal conductivity (//Wm™'K™") 65.4 Estimation
Heat transfer coefficient Mold/Alloy Estimation
(WWm?K™)
Heat transfer coefficient Air/Mold 120
(W/Wm?K™)
Air temperature (7/K) 298.15
Spatial grid spacing (4x/mm) 1
Time step (4t/s) 0.1

Table 2. Standard deviation of noises for particle filter.

Parameter Value
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1% (Estimation of constant parameter)

T or 10% (Estimation of time-dependent parameter)
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Fig. 2. Calculated cooling curves in the alloy at 34 mm, 16
mm and 1 mm from the mold wall. The plots are the
calculated values at 1 second interval with addition of
noise. These plots correspond to measured values in this
study.
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Fig. 3. Schematic illustrations of (a) time change of particles (b)
time change of cooling curves.
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Fig. 4. Time change of heat transfer coefficient estimated from
cooling curve (a) at the center of melt and (b) at the mold
near the mold wall.
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Fig. 5. Values of heat transfer coefficient estimated by using
a cooling curve at different distance from the mold
wall. The plot represents the average value of 5 times
estimations and the error bars indicate the maximum and
minimum values of the estimations.
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standard derivation of error in temperature measurement,
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