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Abstract

Microwave-assisted casting is a growing technology in the field of manufacturing. This technique
utilizes microwave radiation as a heat source to melt and shape materials. Microwave-assisted casting is
promoting a sustainable manufacturing approach. This technique is faster, green-manufacturing and
energy-efficient in comparison to the traditional methods. It generates quality cast with enhanced
mechanical properties due to volumetric and uniform heating characteristics. Conventional casting
methods are based on external heat sources whereas microwave radiation generates heat within the
material through microwave-material interaction. In the present work, a 3D simulation model is
developed to microwave cast an aluminum door handle. The model is developed using COMSOL Multi-
physics software. The simulation incorporates thermal, electromagnetic, and mechanical physics to
represent the complex interactions during the casting process. As per simulation results, the exposure
time to cast an aluminum door handle inside a domestic microwave applicator through selected
parameters is predicted as 2310 seconds. The microwave heating process during casting is analyzed
through electric field strength, resistive heating, and time-temperature distribution.
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1. Introduction

Microwave-assisted casting has appeared as a promising approach for casting of variety of materials
[1]. Tt offers numerous benefits such as reduced energy utilization, rapid heating rates and enhanced
microstructural properties of cast [2]. Previous reported research has explored the potential of this
novel technique for producing metal and ceramic components [3-5]. Microwave is a type of
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electromagnetic radiation. The casting of materials through microwave radiation is governed by the
electromagnetic environment and dielectric properties. The interaction between microwaves and
materials relies on their penetration depth [6]. Based on the penetration depth, materials are
categorized as transmitters, absorbers and reflectors. Metals, due to their low penetration depth,
cannot be penetrated through microwaves as they reflect the microwaves. In order to process metals
using microwave energy, Microwave Hybrid Heating (MHH), is employed [7]. In MHH, a
microwave-absorbing material [8], is used to raise the temperature of the metal through conduction to
its critical temperature (T.). T. isa point where metal can starts absorbing the microwaves.
Microwave-assisted casting is a technique that employs the MHH phenomenon to cast those metals
into variety of shapes [9].

While performing microwave-assisted casting experimentation, it is challenging to analyze the
thermal environment and microwave interaction behavior inside the microwave cavity. In such
situations, numerical simulations give better idea about the thermal history and heating process.
Numerous simulation studies are present in the literature regarding modelling and simulation of
microwave casting process [10,11]. It is observed from the literature review that microwave casting
of materials relies on several parameters and operating conditions. Microwave casting technique has
been utilized to cast variety of materials into diverse shapes. This technique to the specific case of
door handle has not been thoroughly investigated earlier. In this regard, in this study, the technique of
microwave casting has been utilized to fabricate an aluminum door handle. The aim of this paper is
to design a computational model to microwave- cast a door handle using COMSOL Multi-physics
tool. By simulating the microwave heating process, that aim is to predict the optimal exposure time
of cast and to understand the microwave heating phenomenon. This study will contribute to the
advancement of microwave casting technology and provide insights for the design and fabrication of
such components using microwave heating.

2. Geometric Model

COMSOL Multi-physics software tool has been used to simulate the in-situ microwave-assisted
casting. A 3D model, replicating the experimental setup, is developed.A multi-physics model is
utilized to simulate the microwave casting process. The model is developed by defining the different
domains and boundary conditions. Figure 1 represents the three dimensional model of the
experimental setup.
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Figure 1: 3D Geometric Model.

The model geometry consists of microwave applicator with rectangular port waveguide. The
casting setup is designed and placed within the oven. The casting setup is positioned at the center of
oven to get the maximum microwave heating effects. The mold is designed with a door handle
shaped cavity. The aluminum powder is packed within the cavity of mold to get the shape of desired
product. Mold is considered to be made up of microwave absorbing graphite material. The mold
packed with aluminum powder is then covered with a graphene sheet which prevents the direct
exposure of microwave radiation to aluminum powder within the mold cavity. A transmitter alumina
casket with cavity is designed to hold the graphite mold and microwave-absorbing susceptor. Then
casket cavity is again masked with alumina bricks having cylindrical openings. The openings in the
brick permit the selective heating of susceptor within alumina casket.

The entire model geometry is discretized into numerous smaller geometric elements to get accurate
meshing. A physics-controlled fine meshing has been utilized to get the accurate simulation results.
The assumptions for designing simulation model, material properties and governing equations are
taken same as that of finite element model developed by Kumar and Bagha [12]. Figure 2 depicts the
meshed geometry. After meshing port and impedance boundary conditions are applied to the
simulation model.
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Error: Reference source not found Meshed geometry.

3. Results and discussion

This section explains the findings from the present study.

3.1 Electric field dispersion

Distribution of electric field inside the microwave oven is important for heating the casting setup
efficiently. Hot spots, where the electric field is strongest, are created when these microwaves
interact with the material. To heat the specimen effectively, it should be placed in these hot spots.
Figure 3 shows the electric field dispersion at 2310 seconds. The red areas indicate the heating
zones, while the blue areas are the no heating zones. The hot spots are majorly around the graphite
mold.
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Figure 2: Electric field dispersion inside oven at 2310 seconds.

3.2 Resistive Heating Effects

Microwaves are absorbed when they strike on a microwave-absorbing material, such as a susceptor.
This causes the material to heat up. Figure 4 shows the resistive heating losses in all domains. Red
color represents the maximum heat dissipation while blue and green areas are having low heat
dissipation. The highest heat dissipation takes places near the susceptor, with a maximum value of
6.05 x 108 W/m?. This will raise the temperature of the mold and hence the casting material. This will
help in achieving the T.of metallic material at a rapid rate.
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Figure 3: Resisting heating losses.

3.3 Thermal Profile

As the susceptor temperature increases, it conducts heat to the graphite mold, which in turn heats the
cast material. When the cast material reaches a certain temperature, it starts to absorb microwaves,
which helps it melt faster. Figure 5 shows the volumetric temperature of the aluminum door handle
cast. The material is heated evenly throughout and reaches a temperature close to its melting point
(around 1570 °C) in about 2310 seconds.
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Figure 5: Volumetric temperature distribution of cast.
4. Conclusions

This study successfully developed a microwave casting setup using COMSOL Multi-physics tool to
cast an aluminum door handle. The casting of aluminum door handle is successfully achieved
through microwave energy in this simulation study. The exposure time to cast the aluminum door
handle is predicted as 2310 seconds as per the selected parameters. Simulation results demonstrated
the consistent heating of the cast specimen. The simulation results revealed that the highest electric
field strength of 4.45 x 10* V/m, primarily concentrated around the graphite mold and susceptor. The
maximum heat dissipation through resistive heating with a value of 6.05 x 108 W/m? is also noticed
in the susceptor region.
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