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Abstract

The paper presents numerical model of thermal phenomena, phase transformation and mechanical phenomena associated with hardening
of carbon tool steel. Model for evaluation of fractions of phases and their kinetics based on continuous heating diagram (CHT) and
continuous cooling diagram (CCT). The stresses generated during hardening were assumed to result from thermal load, structural plastic
deformations and transformation plasticity. The hardened material was assumed to be elastic-plastic, and in order to mark plastic strains
the non-isothermal plastic law of flow with the isotropic hardening and condition plasticity of Huber-Misses were used. Thermophysical
values of mechanical phenomena dependent on both the phase composition and temperature. In the numerical example the simulated
estimation of the phase fraction and stress distributions in the hardened axisimmetrical element was performed.
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1. Introduction

The last decade saw strong evolution of numerical methods
whose aim to a greater or smaller extent was to design processes
of heat-treatment. Every work dealing with this topic should
contain thermal, microstructural and stress analysis. Special
emphasis put on the development of this branch of numerical
methods is inspired by the industry, which demands tools
improving heat-treatment processes [1-4].

The numerical modelling of the heat-treatment process, and
then its simulation and control, requires many phenomena
concurrent to such process to be taken into account. The correct
prediction of the final proprictiecs of the clements treated
thermally is possible after defining the type and the property of
the nascent microstructure of the steel element in the hardening
process. To achieve this, it is necessary to establish equations

describing: fields of the temperature, phase transformations in the
solid state, as well as strains and stresses generated during the
heat-treatment [3, 5-7].

The calculation of residual stresses during hardening depends
on how precise the computer calculations of the temperature
ficlds are. Subsequently the kinetics of the phase transformations
determined stress distributions. In numerical simulations of
hardening processes of steel it is required to include
transformation plasticity in the models of heat treatment [7-10].
To implement this type of algorithms one usually applies the FEM
which makes it possible to take into account both nonlinearities
and inhomogeneity of the material [3, 5, 11].

The presented model includes thermal phenomena, phase
transformations and mechanical phenomena. The designed
computer programme enables hardening simulation of the steel
considered and for the steel with a similar chemical constitution.
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Numeryczne prognozowanie struktury i stanu naprezenia w hartowanym elemencie ze stali

narze¢dziowej

Streszczenie

Praca prezentuje model numeryczny zjawisk cieplnych, przemian fazowych i zjawisk mechanicznych towarzyszacych hartowaniu
weglowej stali narzgdziowej. Model do szacowania ulamkow faz oraz ich kinetyki oparto na wykresach ciaglego nagrzewania (CTPA)
i chlodzenia (CTP,). Przyj¢to, Zze naprgzenia generujace si¢ podczas hartowania sa wynikiem obciazenia termicznego, odksztalcen:
strukturalnych, plastycznych i transformacyjnych. Zalozono, ze hartowany material jest spr¢zysto-plastyczny, a do wyznaczania
odksztalcen plastycznych zastosowano prawo nieizotermicznego plastycznego plynigcia ze wzmocnieniem izotropowym i warunkiem
plastyczno$ci Hubera-Misesa. Wielkosci termofizyczne wystepujace w modelu zjawisk mechanicznych uzalezniono zaréwno od skladu
fazowego jak i od temperatury. W przykladzie numerycznym dokonano symulacyjnej oceny skladu fazowego stref zahartowanych oraz
rozktad naprgzen w zahartowanym po pelnej austenityzacji elemencie osiowosymetrycznym.
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