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Abstract

This study presents an analysis of the induction hardening method applied to Mattock with teeth for roots. The
analysis involves solving thermal diffusion problems coupled with eddy currents to ensure that the required

parameters align with practical applications.
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INTRODUCTION

Mattock with teeth for roots are crucial
tools for the scarification process, with their
cutting area requiring optimal linear and
angular parameters tailored to the specific
terrain conditions. It is essential for Mattock
with teeth for roots to have a homogeneous

structure  that meets the necessary
specifications (T. Leuca, 2002).
The induction hardening simulation

method is versatile and adaptable to various
metal piece geometries. This method accounts
for changes in both electromagnetic and
thermal parameters in response to temperature
variations. Of particular interest is the
temperature-dependent B-H relation,
transitioning from an iron-magnetic
environment to air. In this context, the interplay
between eddy current problems and thermal
diffusion becomes prominent around the Curie
point.

The B-H relation is linear, and magnetic
permeability adjusts based on the highest
effective value of magnetic induction. We
employ a linear pattern and the B-H relation in
our approach (G.R. Cheregi, 2006).
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MATERIAL AND METHOD

We employed the FLUX 2D software
package for our simulation. The analysis
necessitates solving the electromagnetic
problem within a parallel-plane structure. The
magnetic field problem is simplified to
determining a potential vector with a single
component, which satisfies an analogous
equation of the scalar potential. The core
challenge of this hardening method lies in the
coupling of thermal diffusion problems with
eddy currents.

To ensure a comprehensive analysis, we
must derive the results for eddy currents
(power density) and temperature (thermal
capacity and thermal conductivity).

RESULTS AND DISCUSSIONS

The numerical simulation conducted
using FLUX 2D software provides an accurate
determination of the relationship between the
chosen frequencies, the desired treatment
depth, and the power density. Understanding
the desired treatment depth is vital for mapping
the entire hardening process.
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Figure 1. The Mattock with teeth for roots

Figure 2. Positioning of points A and B where the temperature field is analyzed
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Figure 3. The temperature in point A
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Figure 4. The temperature in point B

CONCLUSIONS

The thermal transfer to the workpiece's
surface is characterized by a convection
coefficient (a) of 20 W/m?/°C and a radiation
coefficient (g) of 0.75, which influences the
temperature-dependent  thermal transfer
coefficient (ae).

The numerical simulation of the
hardening process is inherently complex due to
the nonlinear nature of eddy current problems
arising from the nonlinear B-H relation. The
thermal problem's nonlinearity stems from the
dependence of thermal parameters on
temperature.

Our simulation demonstrates that the
coupling of these two problems results from the
strong temperature-dependent relationship of
the B-H relation. Through the proposed heat
treatment, we achieve a homogeneous structure
for the Mattock with teeth for roots (T. Leuca,
2007, 2009, M. Arion, 2008, M. Marincaru, P
Minciunescu, 2011, F.I. Hantila 2012, A. Burca
2012, 2013, 2014).
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