ISIJ International, Vol.39 (1999), No.10

25} TERE 2

Review

Neural networks in materials science
H.K.D.H BHADESHIA

There are difficult problems in materials science
where the general concepts might be understood but
which are not as yet amenable to scientific treat-
ment. We are at the same time told that good engi-
neering has the responsibility to reach objectives in
a cost and time-effective way. Any model which
deals with only a small part of the required technol-
ogy is therefore unlikely to be treated with respect.
Neural network analysis is a form of regression or
classification modelling which can help resolve
these difficulties whilst striving for longer term solu-
tions. This paper begins with an introduction to
neural networks and contains a review of some ap-
plications of the technique in the context of materi-
als science.

Mechanical Properties

Statistical modelling of mechanical tensile proper-
ties of steels by using neural networks and multi-
variate data analysis

C.DUMORTIER et al.

Both Neural networks NN and Multivariate Data
Analysis MDA techniques were used to determine
mechanical tensile properties of steels. NN appar-
ently proved better in dealing with non-linearity ef-
fects and complex interactions between the predic-
tors. However, MDA was found essential in improv-
ing the quality of the prediction and providing inter-
pretation to the results from NN modelling.

Petri neural network model for the effect of con-
trolled thermomechanical process parameters on
the mechanical properties of HSLA steels
S.DATTA et al.

The effect of composition and controlled thermo-
mechanical process parameters on the mechanical
properties of HSLA steels is modelled using the
Widrow—Hoff’s concept of training a neural net with
feed-forward topology by applying Rumelhart’s
back propagation type algorithm for supervised
learning, using a Petri like net structure. The data
used are from laboratory experiments as well as
from the published literature. The results from the
neural network are found to be consistent and in
good agreement with the experimented results.

The application of constitutive and artificial neural
network models to predict the hot strength of
steels

L. X.KONG et al.

Many constitutive models have been successfully
used to interpolatively and extrapolatively predict
the hot strength of metal materials and artificial
neural network (ANN) models have recently ap-
peared to be an alternative for constitutive model-
ling due to the strong capability of the ANN in pre-
dicting and correlating nonlinear relationship be-
tween inputs and outputs. In this work, the constitu-

tive and ANN models will initially be used to pre-
dict the complex stress strain behaviours of an
austenitic stee! with carbon content ranging from
0.0037 to 0.79 wt%. Due to the limitations of the
models and the complexity of the material proper-
ties, both the constitutive and ANN models cannot
accurately predict the effect of chemical composi-
tion. As both models have their advantages, the inte-
gration of constitutive and ANN models significant-
ly improves the prediction accuracy and the com-
plex influence of the chemical composition is more
accurately predicted.

Estimation of hot torsion stress strain curves in
iron alloys using a neural network analysis
VNARAYAN et al.

The hot torsion stress-strain curves of steels have
been modelled using a neural network, within a
Bayesian framework. The analysis is based on an
extensive database consisting of detailed chemical
composition, temperature and strain rate from new
hot torsion experiments. Non-linear functions are
obtained, describing the variation of stress—strain
curves with temperature and chemical composition.
Predictions are associated with error bars, whose
magnitude depends on their position in the input
space. From the population of possible models, a
“committee of models” is found to give the most re-
liable estimate. The results from the neural network
model where found to be consistent with known
models, and reasonable estimates are obtained be-
yond the scope of the experimental data.

Application of neural networks to mechanical
property determination of Ni-base superalioys
JWARDE et al.

In this work the application of a neural network,
within a Bayesian framework, to the prediction of
tensile properties has been critically assessed. Fol-
lowing optimisation of input parameters a series of
neural networks were trained to predict tensile prop-
erties of a range of polycrystalline superalloys as a
function of temperature.

Once trained the models have been subjected to
several metallurgical tests in order to demonstrate
that they predict the trends expected from ex-
perimental observations. Generally it is found that
the models are in agreement with expected trends.
In addition areas of uncertainty are highlighted
through the production of large error bars, which act
as warning signals.

Use of neural networks for alloy design
JWARDE et al.

This paper demonstrates the application of a
neural network model to an alloy design process for
a Ni-base polycrystalline superalloy. The network
model used had the ability to predict tensile proper-
ties for polycrystalline superalloys as a function of
temperature and chemical composition.

Given set mechanical property targets and com-
positional limits it is possible to use the model to
narrow down the choice of potential composition to
those combinations which achieve or exceed the set
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levels. This process can dramatically reduce the
number of melts that would need to be produced in
an experimental process. Further considerations
such as TCP formation or cost can be combined
with this method, to further contract the number of
alloy compositions requiring production for evalua-
tion purposes.

Through such an approach a more cost-effective
and rapid alloy development route has been demon-
strated.

Comparison of artificial neural networks with
Gaussian processes to model the yield strength of
nickel-base superalloys

ETankLET et al.

The abilities of artificial neural networks and
Gaussian processes to model the yield strength of
nickel-base superalloys as a function of composition
and temperature have been compared on the basis of
simple well-known metallurgical trends (influence
of Ti, Al, Co, Mo, W, Ta, of the Ti/Al ratio, ¥’ vol-
ume fraction and the testing temperature). The
methodologies are found to give similar results, and
are able to predict the behaviour of materials that
were not shown to the models during their creation.
The Gaussian process modelling method is the sim-
pler method to use, but its computational cost be-
comes larger than that of neural networks for large
data sets.

Data pre-processing/model initialisation in neuro-
fuzzy modelling of structure-property relation-
ships in Al-Zn-Mg-Cu alloys

O.PFEMINNELLA et al.

The paper deals with the application of multiple
linear regression and neurofuzzy modelling ap-
proaches to 7xxx series based aluminium alloys. 36
compositional and ageing time variants and subse-
quent proof strength and electrical conductivity
measurements have been studied. The input datasets
have been transformed in two ways: to reveal more
explicit microstructural information and to reflect
some empirical findings in the literature. Neuro-
fuzzy modeliling exhibited improved performance in
modelling proof strength and electrical conductivity
cf. the multiple linear regression approach. Electri-
cal conductivity is best modelled using the explicit
microstructural input dataset, whilst proof strength
is best modelled by a further modification of this
dataset, decided upon after inspection of the subnet-
work structures produced by neurofuzzy modelling.
Neurofuzzy modelling offers a transparent empiri-
cally based data-driven approach that can be com-
bined with pre-processing of the data and initialis-
ing of the model structure based upon physical un-
derstanding. An iterative modelling approach is de-
fined whereby data-driven empirical modelling ap-
proaches are first used to assess underlying data
structures and are validated against physically based
understanding, these then inform subsequent ini-
tialised neurofuzzy models and input data transfor-
mations to provide both optimal subset and feature
representation.




Phase Transformations

Effects of carbon concentration and cooling rate
on continuous cooling transformations predicted
by artificial neural network

JWaNG et al.

Employing 151 continuous cooling transforma-
tion (CCT) diagrams, an artificial neural network
(ANN) has been modeled and trained. The CCT dia-
grams of a class of Fe-xC-0.4Si-0.8Mn-1.0Cr—
0.003P-0.002S (x within 0.1 through 0.6) steels are
predicted by the model developed. It indicates that
an increase in carbon concentration (C%) gives rise
to a decrease in ferrite start (Fs), bainite start (BS),
and martensite start (MS) temperatures, but the car-
bon concentration has weak effect on the pearlite
end (Pe) temperature. The rate of decrease, JFs/dC,
further depends on the carbon concentration. The
carbon dependence predicted by ANN is consistent
with what is predicted by thermodynamic models.
The Fs temperature is also affected by the cooling
rate (v), especially for high carbon steels and
v>0.1°C/s. C prolongs the incubation period of fer-
rite formation, but accelerate the overall growth ki-
netics of the pearlite reaction. The Fs and Pe tem-
peratures at low cooling rates predicted by the ANN
model are in agreement with those predicted by
thermodynamic models. The deviations of Pe and Fs
from their thermodynamic equilibrium counterparts
are nearly independent of the carbon concentration.
The minimum undercooling for both ferrite and
pearlite reactions is around 50°C. It increases up to
100°C at higher cooling rates. Pre-bainite decompo-
sition of austenite retards bainite formation. Em-
ploying the Ms temperature, the critical driving
force for heterogeneous athermal nucleation are also
estimated and related to the Ms temperature. Ms
temperatures predicted by this model prove to be
consistent with those predicted by several empirical
linear models. It can be concluded that the current
ANN model is reliable and effective.

System Control

Forecasting heat levels in blast furnaces using a
neural network model
Y.Ortsuk4 et al.

Heat level is one of the important factors influ-
encing the stable operation of blast furnaces, and it
is especially important to accurately forecast de-
creasing heat levels in order to stabilize the heat
level.

A forecasting model for decreasing heat levels
which occur accompanied with a sudden rising of
wall temperatures has been developed using neural
network technology. Wall temperatures are mea-
sured at various points in the vertical and circular
directions. Temperature rising points are measured
as a distributed pattern, and neural network technol-
ogy is used in order to recognize this distributed pat-
tern.

Neural network models are classified into two
groups according to their learning style, one is
called the supervised learning model and the other,
the unsupervised learning model. The operators no-

tice that a decrease in heat level sometimes occurs
after a rise in wall temperature, but there is no
knowledge of what patterns cause the heat level de-
crease, which means there is no teaching data for
the supervised model. The forecasting model is built
using one of the unsupervised neural network mod-
els, the self orgahization feature maps model, which
recognizes and classifies the wall temperature rising
patterns. A new method of shift invariant recogni-
tion has been developed in order to put circularly
shifted wall temperature rising patterns together in a
class.

It has been established that the heat level forecast-
ing model using the classified wall temperature pat-
tern gives better forecasting accuracy for heat level
decrease than a forecasting model using the total
amount of wall temperature rising points. Further-
more, this heat level forecasting model, which uses
a classified wall temperature pattern and solution
loss C, has sufficient accuracy for heat level opera-
tion guidance.

Mold level control in continuous caster by neural
network model
T. WATANABE et al.

In continuous billet casting, keeping the mold
level steady is one of the most important technolo-
gies for maintaining steel quality. Using convention-
al methods, it is difficult to attain precise control of
the mold level because of the nonlinear characteris-
tics of the process. We have developed a control sys-
tem using a neural network model to overcome this
problem. In this paper, control problems of a contin-
uous caster are introduced first. Next, the structure
of the control system is proposed. In our proposed
system, the neural network model recognizes the
temporal patterns of inlet flow and controls the stop-
per stroke for a main control loop with a PI con-
troller. The problems involved in construction of a
valid neural network model that has good general-
ization and robust properties, are discussed from the
viewpoint of optimizing the number of hidden layer
units by the information criterion. Finally some re-
sults of its application are described.

Welding

Application of neural networks for quality evalua-
tion of resistance spot welds
U.DILTHEY et al.

A neural network based system was developed to
perform non-destructive quality evaluation of spot
welds. The spot welds are classified with a high reli-
ability of 100 %, taking variations of the welding
parameters and electrode wear into account. The
classification was carried out by the means of pre-
processed data from the course of welding current
and voltage.

Using Al-methods for parameter scheduling, quali-
ty controi and weld geometry determination in
GMA-welding

U.DILTHEY et al.

At the [SF-Welding Institute at Aachen Universi-
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ty neural networks have been used for some years,
for developing effective quality control systems of
GMA welding. Also artificial intelligence methods
are applied to recognise the quality and to calculate
the seam geometry (seam height and thickness). In
addition the neural networks are used as target func-
tions for genetic programming in order to find out
an optimised welding parameter set.

Primary welding parameters and statistically eval-
uated transient signals of the welding process are
taken as an input data record for a neural network.

Since it is very time consuming to obtain a com-
prehensive information about the quality of the
whole weld beat by evaluating numerous metallo-
graphic images, a software tool which calculates the
beat geometry from the data supplied by a laser
scanner, has been developed.

Recognition rates of neural networks between 90
and 100% have been achieved for short and pulsed
arc processes in online quality control and in offline
parameter optimisation. The error in the geometry
prediction by the neural network was found to be
within the range of 2—-12%.

Measurement of molten pool shape and penetra-
tion control applying neural network in TIG weld-
ing of thin steel plates

YSuG4 et al.

An intelligent welding robot system with visual
sensors is developed in order to realize full automat-
ic welding of thin mild steel plates including auto-
matic seam tracking and automatic control of weld-
ing conditions. A system to detect the shape and di-
mension of molten pool using CCD camera and a
penetration control system using Neural Network in
TIG arc welding are investigated. In order to charac-
terize the shape of molten pool, width, length and
area of the molten pool were measured, and are used
to form the contour of the molten pool as shape pa-
rameters. These parameters are input to the neural
network, which outputs optimum welding condi-
tions to control the penetration of the molten pool.
Consequently, if unexpected changes occur in weld-
ing conditions, such as root gap, welding speed and
so on, the welding system can optimumly control
the welding conditions. The constructed system is
tested and found to be effective for penetration con-
trol in automatic butt welding of thin mild steel
plates.

Application of artificial neural network to discrimi-
nation of defect type in automatic radiographic
testing of welds

K. Aoki et al.

The X-ray radiographic testing method is often
used for detecting weld defects as a non-destructive
testing method (NDT). Due to the difficulties in
identifying small defects from the X-ray film,
skilled laborers should be trained. However, recently
it has been difficult to employ skilled laborers.
Moreover, for the identification process, not only the
laborers skill influence the testing result, but also it
is difficult for skilled laborers to assess small flaws
within a short time. In comparison, computer visual
image processing system have some good character-



istics, allowing objective assessment, high speed
judgment, non-human’s error etc. Therefore, an
image processing system allows weld defects to de-
tect using X-ray radiography in the presence of
background noise. This paper deals with an image
processing method for displaying defects by com-
puter graphics. Furthermore an application of neural
network to discriminate the type of defect was tried.
As the result of the investigation, it was seen that the
system constructed is effective to the detection and
discrimination of small weld defects clearly.

Neural networks applied to welding: Two exam-
ples
JM.VITEK

Neural network analysis provides for a powerful
means for non-linear regression analysis that can be
applied to a wide variety of problems. This paper
describes the application of neural networks to two
welding areas. The general approach for the devel-
opment of the back propagation neural networks is
described, including the method that was used to

identify the optimum neural network architecture
and the best neural network. The first application
considers the weld profile shape in pulsed laser alu-
minum welds and the prediction of the profiles as a
function of weld process conditions. It is shown that
the neural network predictions are reasonably accu-
rate in most cases, in spite of the fact that the train-
ing data set was quite small. The second application
considers the prediction of Ferrite Number in stain-
less steel welds as a function of weld composition.
For this application an extensive training data set
was available. The neural network that was devel-
oped was compared to conventional means for pre-
dicting Ferrite Number and it was shown that the
neural network was considerably more accurate than
other currently available methods.
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A neural network approach to the prediction of
submerged arc weld metal chemistry
R.C.THOMSON et al.

A neural network technique has been employed to
predict submerged arc weld metal chemistry, using a
database for which a previous linear regression
model had been developed. Thus, a comparison may
be made of neural network and regression approach-
es. Weld metal chemistry is a complex function of
interactions between the welding electrode, base-
plate and shielding medium. It is demonstrated that
simplifying assumptions made in the regression
analysis, i.e. that the final weld metal composition is
largely dependent on the plate and wire chemistries,
are justified when the dataset is restricted to similar
weld process variables. However, for a wider range
of flux chemistries, for example, the neural network
recognises the more complex interrelationships
within the data. Similarly, complex models are gen-
erated by a neural network to predict properties such
as weld metal toughness for which a simple relation-
ship between input variables can not be derived.



