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Case-Based Reasoning for Adaptive Aluminum Extrusion Die
Design Together with Parameters by Neural Networks

S. Butdee and S. Tichkiewitch

Abstract Nowadays Aluminum extrusion die design is a
critical task for improving productivity which involves with
quality, time and cost. Case-Based Reasoning (CBR) method
has been successfully applied to support the die design pro-
cess in order to design a new die by tackling previous
problems together with their solutions to match with a new
similar problem. Such solutions are selected and modified
to solve the present problem. However, the applications of
the CBR are useful only retrieving previous features whereas
the critical parameters are missing. In additions, the expe-
rience learning to such parameters are limited. This chapter
proposes Atrtificial Neural Network (ANN) to associate the
CBR in order to learning previous parameters and predict to
the new die design according to the primitive die modifica-
tion. The most satisfactory is to accommodate the optimal
parameters of extrusion processes.

Keywords Adaptive die design and parameters - Optimal
aluminum extrusion - Case-based reasoning - Neural net-
works

1 Introduction

Aluminum extrusion is a hot deformation process used to
produce long, straight, semi finished metal products such
as bars, solid and hollow sections, tubes and many shapes
of products. The hot aluminum extrusion process is pressed
under high pressure and temperature in a specific machine. A
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billet is squeezed from close container to be pushed through
a die to reduce its section [1]. A profile shape is deformed in
order to be adapted to the die orifice shape on an aluminum
extrusion press. The main tooling of aluminum extrusion pro-
cess is a die which is performed aluminum profile shapes.
The die design is a critical task for improving productiv-
ity which involves with quality, time and cost. Case-Based
Reasoning (CBR) method has been successfully applied to
support the die design process in order to design a new die
by tackling previous problems together with their solutions
to match with a new similar problem. Such solutions are
selected and modified to solve the present problem. However,
the applications of the CBR are useful only retrieving previ-
ous features whereas the critical parameters are missing. In
additions, the experience learning to such parameters are lim-
ited. This chapter proposes Artificial Neural Network (ANN)
to associate the CBR in order to learning previous parameters
and predict to the new die design according to the primi-
tive die modification. Artificial neural network methodology
applied to solve the complex or specific problem in engineer-
ing works [2]. The case study of an example die design is
discussed.

2 Aluminium Extrusion Die Design

Die design is one of crucial task in aluminum extrusion
process. The success and failure cases are studied and ana-
lyzed in order to use their information from these cases for
improving a new die design to avoid failure case. In prac-
tice, a die may be tested many times before the extrusion
profile is satisfactory. If the extruded profile shape is not per-
fect, die geometry will be modified such as bearing length
to balance extrusion speed of the section for obtaining good
quality profile shape. The quality factors include a less num-
ber of testing, long life of the die, high productivity and
so on. In general, die design process consists of selection
of a die type and size, calculation profile section shrinkage,
determination hot aluminum flow controlling, determination

DOI 10.1007/978-3-642-15973-2_50, © Springer-Verlag Berlin Heidelberg 2011
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of die orifice dimension and deflection of tongue, calcula-
tion of the bearing lengths, supporting tool design. Each die
design process should be focused on the parameters that have
effect to die efficiency such as shape factor, extrude abil-
ity, extrusion ratio, etc. In fact, die design or die geometry
will be modified following the profile characteristics, espe-
cially, profile shapes and dimensions. In term of efficient
operators, they should have a thorough understanding of the
different functions of each die features (i.e. leg, sink in, port-
hole, bearing etc.). These features will be modified to interact
with the process parameters and each of the product char-
acteristics. The complex flow of material in the extrusion
die or container often creates different deformation condi-
tions in various regions of an extruded product. Die design
has to imagine the metal flow pattern in die and container in
order to make decisions for the definition of each die feature.
Especially, die orifice and bearing length are the important
features, which have directly affected with metal flow veloc-
ity. In theory, flow velocity of each point on the section
should be balanced to avoid the extruded profile twist.

The die design is based on skills and experiences from a
die designer, who accumulates the knowledge of die design
for using this knowledge to solve the die design problems.
Decision making for designing he die consists of selection
of the suitable press, selection of type of die and its materi-
als, laying out the profile(s) on the die in order to optimize
the extrusion yield, handling with unbalance velocity of the
metal flow on each point of the sections, the consolidation
of the tooling to withstand in extrusion process, etc. CAD
is used to associate a designer to improve productivity not
only be able to reduce time but also can ensure a quality of
die design. Feature based technique is one of the most pop-
ular used to support the CBR method in the phase of rapid
modification.

3 Feature Based Library

Traditionally, CAD tooling offered for three methods; Solid
modeling, Wire-frame modeling and Surface modeling.
Solid modeling is one of the effective modeling which is
the most similar object to the real part [3]. However, the
solid model is still needed to develop in the aspects of fast
design respond and design based on the previous parts or fea-
tures. Therefore, the feature based technology was emerged
[4]. The principles of feature can be several characteris-
tics. They are form features, function features, tolerance
features, assembly features, material features and property
features. The original concept of feature base is derived vari-
ant approach of process planning which is believed that the
similar parts are should have the similar process plans. The
variant approach contains four steps. First is collected the

existing process plans and stored in the library. Second, the
stored plans are classified, coded and indicated. Third, the
new part is input and matched to the system library with
the same or similar parts. The matched parts are retrieved
and shown. The information is shown which are not only
the parts, but also their process plans. Fourth, one or many
of the shown process plans are selected and modified to fit
with the new part. This concept can save a lot of time and
can be applied to many fields of industrial manufacturing;
design, planning, production, etc. Feature-based design tools
have been applied to many applications. Thomson [5] stated
the applications of the feature concept to reverse engineer-
ing to machine maintenance. The paper explained that the
method of using CMM in order to get machine part fea-
tures and then recorded them in the library. Gayreti and
Abdalla [6] expressed a feature based prototype system for
the evaluation and optimization of manufacturing processes.
A feature is defined as generic shape carrying product infor-
mation, which aid design or communication between design
and manufacturing.

Die geometry can be classified into three categories. They
are solid, hollow and semi-hollow die. The difference die
geometries provide the various shapes of the end product pro-
files. Figure 1 shows the example of feature based extrusion
die which is recorded in the case library. The die assembly
(AC245/1) composes of three components. They are feeder
plate (FPAC245-01), die plate (DPAC245-01), and back plate
(BKAC245-01). Each component has their own feature class,
whereas some of them shares with the common class. For
example, the open pocket, The close pocket, the edge cham-
fer feature class can share with the three components. By
constant, the tap hole is specifically used for the feeder plate
feature class. The class benefits to manage on the process
planning method selection. The feature based die library

Die assembly | Die parts [ Feature classes
= OPEN POCKET CIRCULAR
EDGE CHAMFER
— BLIND HOLE
TAP HOLE
= CLOSED POCKET PLANE
Die no. AC245/1 Part no.
FPAC245-01
5 OPEN POCKET
. CIRCULAR
/ EDGE CHAMFER
"‘\“"- —_ . THROUGH HOLE
. PROFILE HOLE
Pamro. CLOSED POCKET PLANE
DPAC245-01 OPEN POCKET
= ; CIRCULAR
\ EDGE CHAMFER
" THROUGH HOLE
= COUNTERBORE
CLOSED POCKET
Part no. PLANE
BKAC245-01

This
figure
will be
printed
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Fig. 1 Example of feature based extrusion die




SPB-212375

107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

141

This
figureiss
will he
printed

in b/w"

149

150

151

152

153

154

155

156

157

158

159

Chapter ID 50 December 22, 2010 Time: 16:55 Proof 1

Case-Based Reasoning for Adaptive Aluminum Extrusion Die Design

has advantages when they are stored with a well-structured
approach. The main component is the die plate, whereas the
back plate and feeder plate can be shared with different die
plate in the same class. The case library is normally orga-
nized together with case-based reasoning which is explained
in the next section.

4 Case-Based Reasoning Method

The concept of case based reasoning can be defined in the
way to organize information or data, and this concept is
applied to either ‘idea’, innovation or any other kinds of
information that is to be stored and used in the future.
Case-based reasoning (CBR) has applied to several domains.
Design is one of the areas which is used in order to reduce
design lead time together with to capture knowledge from
experts and reuse such knowledge when the experts are not
available. The basic idea of case-based reasoning is that new
problems can be tackled by adapting solutions that were used
to solve previous problems [7]. It is shown by many papers
that are more efficient to solve problems by using previous
similar solutions than to generate the entire solutions from
scratch. The example applications are in the areas of architec-
ture design [8], in chemical process engineering [9], and in
mechanical design [10] as well as design for mass customiza-
tion [11] etc. CBR consists of four main elements; case
problem identification, case retrieval, case adaptation, case
storage. All of the cases are linked to data case library that
is accepted as knowledge-based library. In addition, there are
another two components that assist the case retrieval and the
case adaptation. They are case indexing method and case
modification rule respectively.

Figure 2 shows the cycle of case-based reasoning.
Primitive cases of die features are collected and stored in the

New die design

Case
Retrieval

Case
Storage

Case

Reuse :(

Fig.2 Cycle of case-based reasoning (CBR)

Case Base
Library

Adaptation

Case
Modification

This
figure
will be
printed
in b/w

Fig. 3 Feature comparison and matching

case library. Such die features are classified and indexes in
order to simply retrieve whenever it needed. New die design
attributes are identified and put into the CBR cycle. The case
retrieval is matched and retrieved the same or similar die fea-
tures. If the same die is fortunately found, it will be adapted
and used for the new die design. If it is not, the similar
cases are taken into account. The most similar die is selected
and adapted. It is then modified by an expert designer. The
modified die is tested and reused for the new order in the
extrusion process. The successful and failure are observed as
well as recorded inside the case library for the future use.
Figure 3 shows the case-based reasoning program which has
been developed by Visual Basic which links to a MS access
database and CAD (Solidworks®). The new aluminum pro-
file is drawn on the CAD and export to the CBR program
with it attributes. They are thickness, width, height, CCD,
section-area, perimeter, tongue ratio, and extrusion ratio.

The program output shows the matching result in the
degree of percentages. The most similar case or the most
desire is selected. This program is able to bring the user to
access to the CAD automatically in order to do a modifica-
tion. Although, the CBR method is helpful, it can associate
on the symbolic pattern matching. The significant numeri-
cal parameters are loosed. Therefore, the ANN method is
considered to corporate.

5 Adaptive Parameters With Artificial Neural
Networks

Artificial neural network is a mathematical model for paral-
lel computing mechanisms as same as biological brain. They
consist of nodes, linked by weighted connections. Neural
networks are constructed by hierarchical layers, which are
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Fig. 4 Hierarchy of neural i Clais ffication sl
network procedure / Inmput 1, Output
[ Input2
( \ Production
Input N _| N
iy 1 " e

input, hidden, and output layer respectively. Neural networks
learn relationships between input and output by iteratively
changing interconnecting weight values until the outputs
over the problem domain represent the desired relationship.
Praszkiewicz [12] purposed the application of neural network
to the determination in small lot production in machining. A
set of features considered as input vector and time consump-
tion in manufacturing process was presented and treated as
output of the neural net. Scholz et al. [13] presented case-
based reasoning for production control with neural networks,
whereby expert knowledge about neural production control
could be processed and structured in such a way that con-
trol strategies and according to, the applicable and adjusted
neural networks could be selected and implemented for new
production situations. The case-based reasoning enables the
output of a solution for existing cases or the adding of new
cases of neural production control.

Figure 4 shows the hierarchy of neural network proce-
dure when it is applied to assist the CBR. There is divided
into two steps. The first step is performed for classification,
whereas the second step is used for prediction. The first result
is considered together with the new data input. The classical
concept of ANN is explained as the followings.

The mathematical model of the biological neuron, there
are three basic components as presented in Fig. 5. First,
the synapses of the neuron are modeled as weights. The
value of weight can be presented the strength o the con-
nection between an input and a neuron. Negative weight
values reflect inhibitory connections, while positive val-
ues designate excitatory connections. Second component is
the actual activity within the neuron cell. This activity is
referred to as linear combination. Finally, an activation func-
tion controls the amplitude of the output of the neuron. An
acceptable range of output is usually between O and 1, or
—l and 1.

= Output 1

——— Output 2

———» Output 3

Prediction phase

Wy=b, (bias) Activation

@ function
X; O——»
Output
p() —>
X, O— Vi
Summing I
junction
k
i Threshold

Input signals

Fig. 5 A perceptron neuron model

Each neuron calculates three functions. The first is propa-
gation function as shown in Eq. (1),

V=) wij + b ()
where wy; is the weight of the connection between neuron
k and j, yi is the output from neuron k, and by is the bias.
The second is an activation function. The output of a neuron
in a neural network is between certain values (usually 0 and
1, or =1 and 1). In general, there are three types of activa-
tion functions, denoted by ¢(e). Firstly, there is the treshold
function which takes on a value of 0 if the summed input
is less than a certain threshold value (v), and the value 1 if
the summed input is greater than or equal to the threshold
value.

o) = {oi%0 @

The proposed structure of neural network for die design
and process planning is shown in Fig. 6. The input
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Profile specification
Thickness —» //
X7
Widh —» OO '
patoS \\\ — Billet length
Heigh —» 5 “{‘3\'?(
S ..
: \ ) ’ ‘g"\{";( 3 Finish good Qty.
o / () A
Tongug ratio —p» .‘ ‘ >_>“.|| Yield
Input laye Output layer

Hidden layer

Fig. 6 The structure of neural networks

parameters consist of the characteristics of aluminium pro-
file including type of profile, profile shape, dimensions,
cross-section area, extrusion ratio, CCD (Circumscribing
Circle Diameter), tongue ratio etc. The output layer con-
tains billet length, profile finished length and degree of
yield.

The neural network has been trained by using the standard
propagation algorithm. This work uses supervised learning,
which is one of three categories of the training method.
Supervised learning may be called associative learning, is
trained by providing with input and matching output pat-
terns. These input-output pairs can be contributed by an
external teacher, or by the system which contains the neural
networks (self-supervised). The learning process or knowl-
edge acquisition takes place by representing the network

Table 2 The output parameters

Table 1 The sample test input parameters

Item Value
Thickness 2.3
Width 24
Height 15.3
CCD 28.5
Area 1.7
Perim 20.32
Tounge ratio 4

ER 20
Number of die hole 1
Extrusion ratio via number of die hole 20
Workpiece weight(Kg/m) 0.654
Backend length 8
Allowance 4
Finish good length 18

with a set of training examples and the neural network via
the learning algorithm implicitly rules. The topology of the
proposed neural network model applies feed forward archi-
tecture. Each variable is the input value at a node of the input
layer. The input layer of neuronal node is designed in such
a way that one node is allocated for the feature type, and
one node is allocated to each of the above sets of feature
attributes.

Table 1 shows sample test input parameters, whereas the
Table 2 shows the output parameters. There are three parts;
actual data, prediction and errors. The ANN gives the best
solution for extrusion process. It is clearly investigated that
the actual yield is improved from 85 to 95% if the parameters
are changed.

Figure 7 shows the training and learning process. There
are 36 data are trained. The epoch is assigned by 1000. The

Actual Prediction % Error
Billet length  Finish good % Yield Billet length Finish good % Yield Billet length Finish good % Yield
qty qty qty
13 5 85 14.11613 2.944283 99.31667 8.58 41.11 16.84
MSE versus Epoch
0.6
0.5
0.4
w
0 03 Training MSE
=
0.2
0.1
0 : : : : : : : : : ;
Fig.7 The training and learning 1100 199 208 397 496 595 694 793 892 991
process Epoch
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best network is 616 epoch. The hidden layer is 6 layers. The
error is 0.010586894.

6 Summary

This chapter presents the methodology of case-based rea-
soning which is applied to adaptive aluminium extrusion die
design on feature-based pattern matching. Instead of design
from scratch, this approach search previous similar design
problems and bring their solutions to solve current problems.
However, the CBR is lack of dealing with numerical calcu-
lation and prediction. Therefore, this chapter is highlighted
on applied the neural network to associate optimal extrusion
processing parameters. It is clearly shown that the CBR is
performed rapidly for feature die pattern matching together
with the ANN can perform to give the best productivity of
the yield.
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