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Abstract

Study on Prediction Technology of Heat Treatment Distortion and
Residual Stress using Induction Hardening Computer Simulation

Takashi Horino

Abstract

Induction hardening is a case hardening method that features induction heating,
rapid heating method, spray cooling, rapid cooling method. In recent years, it has
attracted attention as W-Eco® (Ecological and Economical) heat treatment method
since it uses clean electric energy and has higher economic efficiency. In addition,
there are excellent features such as capability of rapid heating, localized quenching,
application of high compressive residual stress due to case hardening and
automatic in-line processes. It has been applied to improve the wear resistance, the
fatigue endurance and the toughness of steel parts such as automotive, construction
equipment and machine tools.

The heat treatment distortion caused by induction hardening has a large effect on
the final quality and performance of products and the cost of post-process for
improving the processing accuracy. Reducing the amount of heat treatment
distortion is required by the industry. Therefore, it is necessary to predict heat
treatment distortion and optimize the conditions of heat treatment, but the heat
treatment distortion is a complicated phenomenon that involves various factors due
to temperature and phase transformation changes during heating and cooling, and
also includes occurrences of strain and stress. Understanding the generation
mechanism of heat treatment distortion is a difficult problem. Prediction with high
accuracy of heat treatment distortion is a great challenge for the industry. On the

other hand, due to the significant progress of numerical analysis technology and
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computer processing performance in recent years, computer simulation techniques
and software of heat treatment is showing a great development and improvement,
so that heat treatment distortion is becoming predictable by a computer simulation.
In order to further reduce the amount of heat treatment distortion, we need to
predict the distortion with high accuracy. For this, it is necessary to establish
numerical analysis technology that accurately predicts the amount of various
strains such as elastic and plastic occurred during the heating and cooling
processes. Also, it is essential to understand the mechanism of heat treatment
distortion in a computer simulation.

In this paper, with the aim of establishing the prediction techniques of heat
treatment distortion and residual stress in the induction hardening process, I
describe my studies wusing computer simulations to clarify the distortion
mechanism of heat treatment.

First, for purpose of achieving high accuracy in induction hardening simulation,
high accuracy methods of heating and cooling processes were investigated. In the
heating process, the new method of magnetic field analysis considering the BH
curves with a temperature dependence was developed, and it was verified that
heating curves and temperature distribution at the end of the heating process is
closer to the actual measurements in an induction heating simulation considering
the magnetic saturation of the steel parts surface. In research related with the
above, the measurement method of high-temperature magnetism properties in steel
was developed, and BH curves of JIS-S45C steel from room temperature to 750
degree C were measured. Also, by performing the induction hardening simulation
while incorporating changes in the air gap between the induction coil and the

workpiece during the heating, we verified that it is possible to predict the
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temperature distribution of the large steel parts with high accuracy. On the other
hand, in the cooling process, the heat transfer coefficient greatly influences the
accuracy of induction hardening simulation. Therefore, it was showed that the heat
transfer coefficient curve could be automatically calculated with high accuracy
from the cooling curves by an inverse analysis method using optimized support
software.

Next, we examined whether it is possible to explain the generating mechanism of
heat treatment distortion and residual stress using an induction hardening
simulation. Then, it was showed that the generation mechanism of heat treatment
distortion could be clarified by analyzing the simulated distribution changes of the
various strains. It was confirmed that this technique could be utilized to the
investigation of the method of reducing heat treatment distortion in production
components, since it was possible to clarify the degree of contribution of the
various strains of heat treatment distortion. In addition, because induction
hardening wused rapid heating and rapid cooling methods, plastic and
transformation plastic strains occur only near the heated region. In particular, since
the scanning induction hardening involved local heating and local cooling, it was
identified that residual stress distribution was different in stationary induction
hardening.

Finally, an induction hardening simulation was applied to resolving the problem
of quenching cracks; the relationship between quenching crack generation and the
concentration of tensile stress was clarified; and an investigation of how
quenching cracks are generated was performed. An induction hardening simulation
was applied to the quenching crack tests using steel bar specimens with a ring

groove to promote quenching crack generation. Additionally, distributions of
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temperature, stress and various strains obtained from the simulated results were
analyzed at different points during cooling. Our result showed that the occurrence
position of the quenching crack was generated by high tensile stress after the
martensitic transformation. It was confirmed that volume expansion in the inside
region during the martensitic transformation was involved in the concentration of
tensile stress on the surface of the specimen.

Using the induction hardening simulation technique according to these research
results, it was possible to predict with high accuracy heat treatment distortion and
residual stress in the induction hardening process. In addition, clarifying the
mechanism of generating heat treatment distortion and residual stress could be
utilized for reducing the amount of heat treatment distortion in induction
hardening, and also for improving heat treatment quality, developing new heat

treatment technology and avoiding failure in advance.
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6. 1 #KfE
=B OBE N AU . A0 N B T A M A & W 35 2L (TH : Induction
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