
Special lssue 1 li,,, 

OUNDRY ENGINEERING -.* r 
# r  a 

Publrshd quartarty as the organ of the Foundry Commission ofthe Polish Academy d S d e n ~  

Numerical predicting of the structure 
and stresses state in hardened element 

made of tool steel 
A. Bokotaa, T. ~ o m a r i s k i * ~  N. Sczygiola L. Sowa " b .  "nsstitute of Computer and Information Sciences, Inshtute af Mechanics and Machine Design, 

Czestochowa University of Technology 42-200 Czgstochowa, 73 Dqbrowskiego stt., Poland 
*f20rresponding author. E-mail: domanski@irnipkm.pcz.czest.pl 

Received 07.03.2008; accepted in revised form 01.04.2008 

Abstract 

The paper presents numerical model of thcrmal phcnomcna, phasc transformation and mcchanical phcnomcna associated with hardening 
of carbon tool steel. Model for evaluation or  fractions OF phases and their kinetics bascd on continuous heating diagram (CHT) and 
continuous cooling diagram (CCT). The stresses generated during hardening were assumed to rcsult from ~hermal load. stntcturaI plastic 
deformations and transformation plasricity. Thc hardened material was assumed to be elastic-plastic, and in ordcr to mark plastic strains 
the non-isothermal plastic law of flow with the isotropic hardening and condition plasticity of Huber-Misses were used. TherrnophysicaI 
values of mechanical phenomena dependent on bo~h the phase composition and temperature. In the numerical example thc simulated 
estimation of the phasc Fraction and strcss distributions in the hardened axisimmetrical elemcnt was performed. 
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1. Introduction 

The last dccadc saw strong cvolution of numcrical methods 
whose aim to a greater or smaller extent was to design processes 
of heat-treatment. Every work deating 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 tooIs 
improving heat-treatment processes [ I d ] .  

Thc 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. Thc correct 
prediction of the final proprictics of thc clcmcnts trcatcd 
thermally is  possible after defining the type and the property of 
[he nasccnt microstructure of the steel element in thc hardcning 
process. To achieve this, it is necessary to establish equations 

describing: fields of thc temperature, phase transFormations in the 
sotid state, as well as strains and strcsscs generated during the 
hcat-tmatment [3,5-71. 

The cdculation of residua1 stresses during hardening dcpends 
on how prccise thc computer calculations of the temperature 
ficlds are. Subsequently the kinetics of the phase transformations 
determined strcss distributions. In numerical simulations of 
hardcning pmccsses of stccl i t  i s  required to indude 
!ransformation plasticity in the models of heat treatment [7-101. 
To implcrnent this typc off gorithms onc usually applies thc FEM 
which makes i t  possiblc to take Into account both nonlineartties 
and inhomogeneity of the matcrial [3,5, 1 I ] .  

The presented model includes thermal phcnorncna, phase 
transformations and mcchanical phenomena. The designed 
computer programme cnablcs hardcning simulation of thc steel 
considcred md for thc steel with a similar chemical constitution. 
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