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Special Issue on Recent Advances in Modelling on

Microstructural Evolution and Properties of Steels
Recrystallization, Grain Growth and Precipitation

A model for the recovery and recrystallization of hot de-
formed austenite considering structural heterogeneity
By G. ANaN et al.
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Monte Carlo simulation of grain growth
By Y. Sarto et al.
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Generalized Nb (C,N) precipitation model applicable to

extra low carbon steel By S. AkaMaTsu et al.
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Computer model for prediction of carbonitride precipita-
tion during hot working in Nb-Ti bearing HSLA steels
By S. OxkacucHi et al.
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Transformation

Computer simulations of diffusional reactions in complex

steels By J. Acren

The development of software package DICTRA for
simulation of diffusional reactions in multicomponent
alloys and a databank for multicomponent diffusivities is
described. Applications concerning heat treatment of
low-alloy steels and martensitic stainless steels are
discussed.

Prediction of TTT-diagram of proeutectoid ferrite reac-
tion in iron alloys from diffusion growth theory
By M. Enomoto
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Computer modeling of phase transformation from work-

hardened austenite By M. Umemoro et al.
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Mathematical mode coupling phase transformations and

temperature evolutions in steels By S. Denis et al.

A mathematical model for calculating phase trans-
formations in steels during fast heating and cooling is
presented. It is based on a rule of additivity. The
isothermal kinetics are modelled by Johnson Mehl Avra-
mi law. The model describes the kinetics of austeni-
tization during heating, the state of austenite at the end
of heating (carbon content, grain size), the kinetics of
transformations during cooling, the final microstructure
and hardness. The model is worked out firstly on dila-
tometric specimens without thermal gradients in order
to validate the modelling and the input data. Then the
application of the model to massive cylinders heated up
and cooled down with high thermal gradients is pre-
sented.

Mathematical modelling of transformation in Nb micro-
alloyed steels By K. J. LEE et al.
Thermodynamic and kinetic modelling was performed
to describe the decomposition of austenite and the pre-

— N81—



IS1J International I5#CEBE

4

ISU1s8#% Y h7—7 FHAFE2B5

cipitation of alloy carbides in Nb microalloyed steels.
Phase analysis of the Fe-C-Mn and the Fe-C-Nb sys-
tems was carried out considering local and paraequilib-
rium, their nucleation behavior (matrix/grain boundary)
and the shear energy during transformation. From the
analysis, local and paraequilibrium transformation
temperatures of each phase, the Gibbs energy changes
for nucleation and compositions of elements at the phase
boundary were derived. The transformation kinetics
were formulated using classical nucleation and growth
theories. Both local and paraequilibrium conditions
were considered to evaluate the partitioning of Mn dur-
ing growth. The calculated TTT, CCT diagrams and
the volume fraction of each phase were compared with
the experimental results, and the most probable be-
haviours of 7/a transformation and NbC precipitation in
Nb steels were discussed.

Mechanical Properties

Influence of microstructure on yielding behavior of
heavy gauge high strength steel plates
By N. SHikanal et al.
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Prediction of mechanical properties of multi-phase steels

based on stress-strain curves By Y. Tomota et al.
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Integrated Models and Applications

A technology for the prediction and control of micro-
structural changes and mechanical properties in steel
(Review) By O. Kwon
Computer modelling of microstructural changes and
the relationships between microstructure and mechanic-
al properties of hot rolled steel products has been
under active development in the research community.
A new technonlogy emerges from the modelling studies,
attempting to predict the microstructural changes

occurring during hot rolling and cooling of steels and to
control their mechanical properties so that production
is carried out under the optimum processing condition.
This computer aided prediction and control technology
is practiced using the mathematical models based on
physical metallurgy. The model describes quantitative-
ly the transformation behaviors during hot working and
cooling, such as recrystallization, grain growth, pre-
cipitation and phase transition from austenite to ferrite.
It also clarifies the relations existing among the pro-
cessing condition, microstructure and the final mecha-
nical properties. Various models of alloyed steels as
well as plain carbon steels have been developed for the
last 10 years. It has been expected that the models
would widely be applied to practice in the steel industry
in the near future and make a great contribution to
quality control and process optimization. Some pros-
pect areas where the models are applied are guarantee
of mechanical properties throughout the coil length,
elimination of tensile tests, decrease in property varia-
tion, automatic resetting of processing conditions, save
in alloys, and developing new process control models.
However, in order to meet this expectation, there are
many obstacles to be cleared with regard to model re-
fining, strengthening mechanism, failure mode and sen-
sor development. It was also suggested that a close
cooperation among researchers and engineers from
different disciplines would be indispensible to accom-
plish the goal.

Modelling microstructure and its effects during multi-

pass hot rolling By J. H. BEynoN et al.

By collaborative work the Sheffield Leicester Inte-
grated Model for Microstructural Evolution in Rolling
(SLIMMER) has been developed for hot rolling of flat
products. The background physical metallurgy is pre-
sented together with the expressions used to describe
microstructure evolution for a range of ferrous and
non-ferrous metals. The finite difference thermal
model at the heart of SLIMMER computes heat loss to
air,descalers, rolls and water cooling while allowing for
oxidation and deformation heating. The use of temper-
ature compensated time enables isothermally determined
equations for microstructure evolution to be applied to
practical non-isothermal conditions. Rolling loads and
torques are calculated using Sims theory with an accu-
rate prediction of mean flow stress. Examples of roll-
ing niobium microalloyed steel plate and the effect of
initial grain size illustrate the capabilities and the
effect of initial grain size illustrate the capabilities of
SLIMMER and show some of the validation of the pre-
dictions.

Modelling of microstructure evaluation during recrystal-

lization controlled By T. Siwecki

The static recrystallization characteristics (grain
size, kinetics) have been established for Ti-V-(Nb) au-
stenites and used as the basis for a theoretical evalua-
tion of microstructural evolution during hot rolling of
plate. In this context, particular attention has been
focussed on so-called recrystallization controlled roll-
ing, whereby a fine as-rolled ferrite grain size is
obtained via transformation from an austenite which has
been substantially grain refined wvia static recrystal-
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lization. The model is shown to forecast a behaviour
which is in acceptable accord with practical plate-roll-
ing experience. Furthermore, the rolling model has
been used in a systematic theoretical investigation of
the effect of principal rolling variables on the degree of
microstructural refinement during processing of Ti-V-
(Nb) steels via recrystallization controlled rolling.

Prediction of microstructure distribution in the through-
~ thickness direction during and after hot rolling in carbon
steels By S. NanBa et al.
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Computer modelling for the prediction of microstructure

development and mechanical properties of HSLA steel

plates By A. Kern el al.

Computer models for the simulation of grain size de-
velopment during thermomechanical rolling and the re-
sulting strength properties have been developed for the
prediction of the material properties of microalloyed
HSLA steel plates. The main input variables for cal-
culations are steel composition, deformation-time-
temperature schedule during rolling and cooling rate af-
ter rolling. A comparison of calculated and exper-
imentally determined grain sizes as well as strength
properties shows a good consistency. The models can
therefore efficiently support the development of new
steels and the planning of altered production conditions.

Modelling of microstructural evolution and mechanical

properties of steel plates produced by Thermo-

Mechanical Control Process By A. YosHiE et al.
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Integrated model for microstructural evolution and prop-

erties of steel plates manufactured in produection line
By Y. WATANABE ei al.
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Computer simulation of microstructural evolution in
thermomechanical processing of steel plates
By Y. Sarro et al.
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Mathematical model for predicting microstructural evolu-

tion and mechanical properties of hot strips (Review)

By T. SEnuMA et al.
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Application of mathematical model for predicting micro-
structural evolution to high carbon steels
By M. SutHiro et al.
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Application of mathematical modelling to hot rolling and

controlled cooling of wire rods and bars By E. Aneru

A set of integrated mathematical models for simulat-
ing hot rolling and controlled cooling of wire rods and
bars has been developed through extensive laboratory
research work and validation against carefully moni-
tored results from industrial mill.

Experimental tests have been carried out on C-Mn
and eutectoid steels, selected as representative for the

various applications of wire rods and bars.

Static and dynamic recrystallization of austenite,
fraction of transformed austenite, final microstructures
and mechanical properties are all calculated by modell-

“ing physical phenomena and using quantitative rela-

tionships between the microstructural and kinetics pa-
rameters and the process variables, i. e. strain, strain
rate, temperature and time.

The models have been applied to predict the micro-
structure evolution during hot rolling by investigating
the effect of working conditions and recrystallization
mechanisms on the formation of heterogeneous austen-
itic microstructures.
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