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Abstract

Depending on process design of the bar rolling process, the final microstructure distribution varies. In this final distribution two perspectives
should be taken into account: homogenization and refinement. Most of the studies carried out so far are focused on minimization of the grain
size but the uniformity of the grain size is also important because the locally coarse grain sizes significantly deteriorate the overall performance
of the rolled bar. In this study two criteria are proposed as a measure of the refinement and homogenization of the austenite grain size (AGS)
distribution. The effect of process parameters on these two parameters was investigated to determine the major controlling parameter for better
process design of round-oval-round pass sequence in the bar rolling under the isothermal and non-isothermal conditions. The investigation
revealed that the temperature was the most important controlling parameter and the decrease of initial processing temperature was effective
not only in the grain refinement but also in the grain homogenization.
© 2005 Published by Elsevier B.V.
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1. Introduction Thus, techniques to materialize much finer grains in an
industrial manufacturing process are expected to be devel-
As the market need for environment-friendly light materi- oped to further increase material strength. For this purpose,
als with better mechanical strength increases, the importancebetter understanding of basic phenomena, such as diffusion,
of manufacturing steel with high strength is ever increasing. recrystallization, grain growth, precipitation and transforma-
The importance of high strength steel stands out not only tion is required. Therefore, many studies were carried out to
for social infrastructure areas but also for automobile and determine the microstructure evolution during deformation
aerospace industries. Thus, the challenge lies in developingn the process after the work by Sell§t$.
manufacturing processes to achieve the desired mechanical These studies have focused on the application of empiri-
properties by finding a practical approach to increase the cally obtained mathematical models to predict the properties
strength and toughness of steel. of a material as a function of process parameters during man-
In order to increase the strength of steel, hardening by ufacturing and heat-treatment operatid@s5]. The most
grain refinement was heavily investigated among other meth-important process parameters in the mathematical models
ods since the effect of grain size on hardening by grain are temperature, strain, strain rate and initial microstructure.
refinement was widely known as the Hall-Petch relation- According tothese parameters, steel undergoes different met-
ship. It is known that the yield stress can be increased by allurgical phenomena, resulting in final rolled products with
about 350 MPa due to grain refinement from 20 tai. This different mechanical properties.
increase means that the yield stress can be almost doubled in  In shape rolling areas of investigation, Maccagno g64l.
plain carbon steel. conducted a study on the austenite grain size (AGS) predic-
tion associated with multi-pass oval-round-oval pass rolling
* Corresponding author. Tel.: +82 42 869 3227; fax: +82 42 869 3210.  Sequence under the industrial rolling conditions. This inves-
E-mail addressytim@kaist.ac.kr (Y.-T. Im). tigation revealed that metadynamic recrystallization was the
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dominant microstructure process under the bar rolling condi- microstructure prediction as well as geometric prediction in
tions and the cooling rate and workpiece temperature shoulda simplified manner.
be used as a control parameter for grain refinement. Therefore, the goal of this study is to develop the automatic
To make better prediction of the analysis, Karhausen and design system of microstructure based. In order to do that,
Kopp[7] presented a model offering improved simulation of the major controlling parameter for design for better mechan-
material behavior, using the semi-empirical equations deter-ical property should be identified. As pointed out before, the
mining the state of dynamic recrystallization. In this model, related studies are mainly focused on the minimization of
more accurate flow stress was calculated as a function ofgrain size. The grain size, however, should be controlled in
microstructural state at any given instant of forming. In terms of two perspectives: refinement and homogenization.
this work hot upsetting tests were used to determine the The uniformity of the grain size in the rolled bar is also of
deformation characteristics of Cr-V steel. The developed great importance because the irregular local grain size can
microstruture evolution model was coupled with finite ele- significantly deteriorate the overall performance of the rolled
ment method to predict the microstructure changes in the bar.
break-down rolling of H beams. Thus, two measures for the evaluation of grain refinement
Yanagimoto et al[8] proposed a new incremental formu- and homogenization are proposed in the present study. Based
lation for the AGS modeling. The accuracy of the proposed on the proposed criteria, the effect of major process parame-
model was verified through the analysis of hot upsetting of ters on the final microstructure distribution was investigated
50CrV4 steel. Later, Liu et a]9] extended this work forthe  for the round-oval-round pass sequence in the bar rolling
analysis of phase transformation. In this modeling it was com- under the isothermal and non-isothermal approaches in order
bined with modeling the microstructure variation in and after to expand the capability of the automatic design system devel-
bar and shape rolling processes. To verify the microstructureoped by the authord 9].
change at the austenite state, hot bar stretching experiments
were conducted using a newly developed quenching system.
Recently, Kwon et al. and Lee et §l0-12]have applied 2. Criteria for grain refinement and homogenization
the Hodgson and Gibbs microstructure evolution mddgl
for predicting the micrsostructure distribution for the round- It is necessary to define an average grain size to evaluate
oval-round and square-diamond pass bar rolling using thethe grain size refinement. In this work following criterion for

rigid-viscoplastic finite element approach. They found out grain refinement oF; which means the average AGS value
the microstructure evolution model should be carefully deter- js proposed:

mined in order to improve the solution accuracy.

In the area of process design of bar rolling, some stud- Zg\il(diAi)
ies were carried out after the work of WusatowEKB] in F1 = '_NiA 1)
prediction of the workpiece deformation. Among the sug- 2im1Ai

gested deformation models, the spread model of Shinokura - -
. where the numbeN indicates the number of the finite ele-

and Taka[14] was the most popular one because of its gen- . ) )

erality and accuracy. Recently, Lee et. [@5] proposed a ments In & cross-section of the vyorkmederepresents the

method for predicting the free surface geometry based on theg:z:z z:ig 2;‘1:;5; ZT;EZ?&;?Fggse?%itmifgneem'ezbir_

spread formula. Min et aJ16] have investigated such spread g e AGS value at the four nodal points at the cross-section

models for three-roll rolling system to improve the spread ngrmal to the rolling direction P

formula for better roll profile design. [Fofing ” . .

For more efficient process design of the multi-pass bar . A_nother cntenonforevaluatu.)n.of the grain homog_emza-
rolling sequence, Akgerman et 417] developed roll pass tion is suggested as follows. This is the standard deviation of
desiggn Cg\D sysiemgKim and 18] also dpevelope?j an the grain size multiplied by the corresponding area for each
expert system for roll pass design using the backward chainelement from the value of average grain size muItlplled by
algorithm and Kwon and Irfi.9] proposed an automatic roll the average area of the elements at the cross-section of the
pass design algorithm. In this study, an approximate tempera—rOIIecj workpiece.
ture prediction model based on lumped heat capacity system

and an automatic roll speed balancing module were included N N 4. 2
for the practical process design, respectively. F= Z{diAi — davg (ZNI> } (2)
Although most of these studies have been focused on the i=1 i=1

process design for dimensional accuracy, extensive studies

in the process design considering the local microstructure wheredayg means the average grain size and is the same as
changes have yet to be carried out. Relatively few studies areF; in Eq. (1).

available in this aspect because of complexity of the prob-  Based on the two criteria, the characteristics of AGS dis-
lem. In order to achieve such a goal the system can conductiribution were examined under different process conditions
the microstructure based process design, providing overallof isothermal and non-isothermal approaches.
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