.-

Intemational Joumal of Science & Technology

Volume 1, No 2, 115-123, 2006 ' —

A Neuro-Fuzzy Linguistic Approach in Optimizing the Flow Rate of a
Plastic Extruder Process

S.A. Oke', A.O. Johnson?, O.E. Charles-Owaba’, F.A. Oyawale® and LO. Popoola®
"7'Sl)cpartmcnt of Mechanical I'ngmeering, University of Lagos, NIGERIA
“Department of Industrial and Production Ingineering, University of Ibadan, NIGERIA
sa_okerwyahoo.com

(Received: 1509 2006: Accepted: 15.11.2006)

Abstract: The plastic extruder system is an unportant process in the solid waste reeveling system. This paper
optimizes the flow rate of this process with the apphication of a neuro-tuzzy model. The model identifies a specified
desired output from a large number of mput paramcier . The methodology adoptedfis uctwo fuszzy . The coneept ol
neuro-fuzzy 1s not new as a rescarch methodology but new i its apphed form to plasticdecyching extruder process. The
result obtamed indicates the feasibility of applying the micthodology i this mistance. thus, the study may be extended
to other recycling processes apart from plastic base. 'The study 1s predicated on e need to attain more precision in the
derivation of optimal values for the plastic extruder svstem in reeycling plant. The rescarch has strong economic
implications since it has theory with an applied bias on a problem expcericiieed by the industry. It can be used by
managers in the plastic industry, or practiioners e those supporting. practice such as consultants or software
developers, to mention a few. The work particularhy has an economic justificaton. Intrinsically. the result obtained
being an improvement over what was reported by cavlier researchers i1s noteworthy . The paper 1s new in that it appears
to be the first application of neuro-fuzzy in the systen bemg researched

IKeywords: Plastic extruder. Neuro-Fuzzy

Plastik Piiskiirtme Yonteminde Akis Oram Optimizasyonu igin Bulanik
Mantik Yaklasimi

Ozet: Plastk puskirrtme sistemnn katt atik gert donuguin sistenu igide onemb bir yontemdir, Bu ¢aliyma bulamik
mantik  kullamilarak  yonetmin akig oramni optunize eder. Model ging parametrelerinin bitytik degerlerinden
istenilen spesifik ¢ikis degerlerinin tanmlanmasim saglar. Uygulanan ietod bulanik manuk yontemidir, Bulanik
mantik yéntemi yeni bir arastirma metodu olmamakla birlikte plastik ptiskiirtme véntemine uygulanmas: bakumindan
veni bir metodtur. Elde edilen sonug” verilen bu ormeh e metodun uygulanabilirlipini gosteric Bovicee, ¢abigma
plastik disinda diger geri dontistum yontemleri ¢ gehstirilebilir. Cahgma gen dontgam fabrikalarmdaki plastik
puskartme sistemi igin optimal (degetleri tivetmede daha gergeker deperler  elde etme gereksimine dayamr. Teor
endastriyel deneyimmler sonucirolugan bir probleme davanan uygulama oldugu igin arastimamin ckonomik zorluklan
vardir. Calisma plastik sanayindeki yoneticilere. vaziluncilara, damgmanlara uygulama destegi saglama agisindan
kullanilabilir. Calisma 6zellikle ekonomik agidan hir hakhhiga sahiptir - Ashinda, elde edilen sonug daha onceki
arastirmacilar tarafindan s6ylencn seylerin tzerine b ilerleme olarak elde edihir Makale arastinian sistemde bulanik
mantik yontemimnalk uygulamasi olarak gortinmesi agrsindan vemdir

Anahtar Kelimeler: Plasuk Puskiartme, Neuro-lfuzzy *

1. Introduction

The purposc of the paper is to develop o the growing  concern  among  the  various

neuro-fuzzy approach in the quantification of the stakeholders world over. Governments, consumers
flow paramecters for an extruder process in a plastic and the various stakcholders in - environment
recveling plant [1-4]. The study is motivated by increasingly  pursuc the drive to a  zero-level

polintion. Thus. there 1s a [ocus on controlling the
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cnormous  amount  of wastes  gencrated  [rom
materials cither during the manufacturing process
or at the disposal stage of f{inished goods. In
manufacturing, this cffort has yiclded results with
carcfully  laid-out  programmes to  promolc
“environmentally conscious manufacturing”

The various governments (state and central) in
many parts of the world have adopted mcasures

aimed at  controlling the comphance  of

manufacturing organizations to "environmentally
conscious  manufacturing” by compelhing
organizations to submit statutory reports on
environmental  conscious  manufacturing.  This
requirement  has  mmproved  environmental
iriendliness a great dcal. Thus, the ncgative
impacts  of environmental unfriendliness  arc
ercatly reduced if not climinated i man
mstances.

Conscquently. the government is encouraging
recycling and recycling practices [5. 6] For
example, a strong indication of the “end-of-lifc
directive” endorsed by the European Union States
that if resources are not recycled, a period mayv
come that very limited resources would be
available for mankind [7]. Conscequently. we mas
need to suffer for the shortages of these important
resources.

Recycling industries face serious  ceonomic
problems that increase the cost of recycling |8-11].

ity way of proffering solution, a number

of

management strategics arc adopted over time.  Such
strategies  may include  business - process  re-
engineering, downsizing, system restructuring. lean
manufacturing, ctc. All these strategics arc ammced

towards optimizing the systent variables

through minimization of costs and maximization of
profits. The extruder in a recycling plant is onc ol the
most important. components of the systcm that
dictate the unit cost of production, and conscquently .
the profit made by the system [12]. Adequate design
and control of flow rates is obviously nccessary

G

towards optimization of the recycled product [13-¢
16]. To the authors' knowledge, no documentation

sccms to have been made on this respect. This paper

is therefore an cffort to model the flow rates of an

extrusion with particular reference o the plastic

recycling industry

2. Mcthodology

The approach to this paper is theuse of neuro-
fuzzy model to arrive at a specilied desired output
in the optimization approach  for solid waste
recycling. The ncuro-fuzzy model combines the
fuzzy logic and necural network principles to
generate a model that will result in the evolution of
a specified desired output. The process followed
here is that of comparing the output parameters of
the opumized flow rate ol” an cxtruder to mput
parameters for subscquent processing by the usc of
neuro-fuzzy model. Thus, we arrive at the
specified desired output. Considering the output
parameters from the model we have the following:

0 (Q - h) = Positive (P) = Optimistic (Oy)
(i) (Q - lf) = Negative (N) = Pessimistic (Pe)
Giy  (Q -h)=Zecro (Z) = Normal (N)

where. Q = Rate of flow of the molten solid
waste reeycled

h = paramecter(s)/factor(s) responsible for
the rate of flow of the solid waste

O,, = Optimistic (where solid waste {low is
maximum)

P. = Pessimistic (sohid waste flow is
minimuim) "
N = Normal (solid waste flow is just
normal)

The neuro-fuzzy model recognizes the above
output paramcter as input paramcters and then
processed to arrive at the specified desired output.
Considering the ncuro-fuzzy model structure given
in the figure below (Fig. 1), we have:
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For simplicity, the ncuro-fuzzy model is
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represented with the following schematic diagram
of the model layout (Fig. 2):

Fig. 2: A layout ol neuro-fuzzy model

Note:
X1, X5, X5 represent input parameters
Layers 0, 1, 2 and N;, No. N3 and N,
represent conncctions between the input
and output parameters.
Y1, Y2, ¥ represent the output parameters
yvq represents the desired output

For the processing of the parametersto arrive
at the specified desired output, the following basce-
rules are employced:

(i) IF (Q - h) = PLAND«(Q - h) = P
continues, THEN output = O,

(i) IF (Q - h) =P, AND (Q - h) =P.
continues, THEN output = Nil

IF (Q - h).=N, AND (Q -h) =N, THEN
output = Nil

(iii)

The desired output aimed at is Op, a condition
of optimistic where the flow rate of the extruder is
maximized. With the factor responsible for flow

rate (extrusion chamber) contained in design such
that maximum molten solid waste flow through,
the desired output will be attained, and this is the
objective of the ncuro-fuzzy model. For the sake
of computation, the following system operating
rules are formulated:

System Operating Rules

INPUT # 1. ("Input,” Positive (P), Negative (P.),
Zero (N))

INPUT # 2: (GP — Getting Positive (P), Getting
Negative (Pe), Getting Normal (GN))
CONCLUSION:  (“Output”,  Optimistic
Pessimistic (P.), Normal (N))

INPUT #1: System Status

Input: (Q -h)
P = Optimistic, P, =
Normal

(©Op),

Pessimistic, N =

GP = Getting Optimistic, GP, = Getting
Pessimistic, GN = Getting Normal
OUTPUT Conclusion & System Response
OUTPUT O, = Optimistic, P. = Nil, N = Nil
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The point of interest is attaining output O,, which
is the specified desired output for which the ncuro-
fuzzy model 1s applied.

3, Computational Procedure

The following steps arc taken 1 the
application of neuro-fuzzy model to the
optimization of flow -rates of an extruder. The
conventional model framework of the optimization
of flow rates of an extruder is compared with the
model framework of the neuro-fuzzy model. In
the comparison, it is discovered that the modcl
framework of the ncuro-fuzzy model is morc
favourable compared with the conventional
framework in the sense that the parameters
considered for optimization of flow n the neuro-
fuzzy model is relatively fewer than the parameters
considered in the conventional model framcwork
I'he edge the fewer parameters in ncuro-luzzy
model have over the numecrous ones in the

convectional model framework is that the cost of

achicving an optimized flow rate is greatly reduced
with fewer parameters compared with many
parameters.

Looking at the comparison between the
conventional model framework and that of thc
neuro-fuzzy model we have the following:

‘onventional Modelling Framework
The parameters considered for the optiumal

functioning of the extruding machine arc as
follows:

e  Flow rate of the extruder (QQ)
o Channcl Width (W)

e Screw diamecter (D)

e Helix Angle (0)

e  Screw'Speed (N)

»  Metering Zone Length (L)

o Apparent Viscosity (pa)

e Prcssurc (P)

For cost cffectivencss the optimized model
was devcloped to become a function of a seven (7)
parameters instcad of eight (8) ic. (i) screw
diameter (d), (ii) screw speed (N), (iii) apparcnt

a
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viscosity, (iv) channel width (W), (v) metering
zone length (L), (vi) helix angle (0), (vii) flow rate
of the extruder (Q). Looking at the ncuro-fuzzy
model parameters on the other hand we have the
following:

e Flow rate of the recycled solid waste
matcrial (Q)

e Frictional effect between the surfaces
of the solid material and the walls of
the extruder (internal walls) (Fe)

e Diameter of the extruder (D)

The cost of optimizing the f{low rate is
concentrated at reducing the frictional cffect (Fe)
and mcreasing the diameter of the extruder (D).
This simplicity makes. cost clfectiveness more
encouraging in_applying ncuro-fuzzy model to
optimization of flow rates, which gives the ncuro-
fuzzy model an cdge over the conventional model.

The' neuro-fuzzy model is applied to the
optimization of flow rate of an cxtruder to simplify
the rigours of and the less cffective mathematical
processes involved 1n generating the conventional
model.

4. Case Study

This scction reports a case example of a study
carried out in the process of optimising the {low
rate of substances from an cxtruder in a plastic
rccycling process. The hypothetical company's
name is SOLITECH. In 2004, it was discovered
that the quantity of solid plastic recycled was
dependent on  the diamcter of the extrusion
chamber and the frictional cffect between the
plastic material and the walls of the chamber
which accounts for the flow of the material to be
recycled. SOLITECH SOLID WASTE
RECYCLING (NIG) LTD adopted the usc of
neuro-fuzzy model in controlling the recycling
process to ensure that the condition necessary for
maximum flow of solid plastic material recycled
was attained.

The attainment of maximum flow condition if
termed “optimizing {low rate”. It was discoverced
that drag in the flow of plastic material occurred
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whenever frictional effect between the surfaces off
material and walls of chamber increased. This drag
m flow led to low flow rate of the recyvcled
material. This condition must be avoided to
maximize plastic material flow rate. Although the
parameters affecting the flow rate are f[rictional
cffect and the diameter of the extrusion chamber.
the major determinant of variation in flow ratc is
the frictional effect since the diameter of the
chamber is constant. The ncuro-fuzzy modcl was
thus applied to take carc of these wide variations in
flow rate duec to the variations in the f{rictional
cffect.

Applying the neuro-fuzzy model to maximize
flow rate of solid plastic material recycled. we
have  the  following  ncuro-fuzzy  modecl
components:

Input Parameters: (i) Quantity of sohd
plastic waste materials to be recycled (Q)

(i1) . Frictional
between the surfaces of material and
extrusion chamber (Fc)

cilect
walls of

"Diameter of the

(iii)

extrusion chamber (D)

Output Parameters:
(Optimistic, Oy)

(1) High flow rate (HFR)

(i) Low flow rate (LFR)
(Pessimistic, Pe)
Normal [low rate

.

(iii)
(NFR) (Most Likely, My)

it

Linguistic Variables: (1) {Q. - XFeD}
Positive (P) = HFR = Optimistic (O;)

(i1) {Q - 2FeD}
Negative (N) = LFR = Pessimistic (O,)

). {Q - XFeD} = Zero
(Z) = NFR = Most Likely (M,)

Representing the ncuro-fuzzy model structure with
a nctwork we have (Fig. 3):

Q S
o
D S,
.
(Lavers)
{Q - ZFeD|
Fig. 3: Neuro-tus/v Maodel Structure Networks
Where Q. Fe. D = input parameters. O,

. M; = output parameters, O, = desired output

For more simplicity the ncuro-fuzzy model
can be represented with the use of the following
schematic diagram:
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i High flow .
Quantity of o rate, O,
materials (Q)
s Q- YFeD Low flow
Frictional - tQ } ratc. P, O, >
effect (Fe)
) No flow
Diameter of rat€. M,
. > :
extrusion \ : {Desired {Specific Desired
chambher (D) {Llr}gulSUC {Outputs} output} output}
variable}
{Inputs}
Fig. 4: Schematic Diagram of Neuro-fuzzy Model
Svstem Operating Rules
These neuro-fuzzy components arc combinced
with the use of neuro-fuzzy commands “II7. ; .
“AND” “Continues” and “THEN” to develop a  INPUT #11‘{ Input”, (Q - ZFeD) =P, (Q - ZFeD)
rule-structure followed in the usc of the model as = N. (Q - 2FeD) = Z} _
follows (Fig. 4): INPUT #2: {“Input”, Pcontinucs, Ncontinues,
Zcontinues}

IF {Q - XFeD} = Positive (P), AND P continues
THEN output = O,

IF {Q - TFeD} = Negative (N). AND N continues
THEN output = Nil

IF {Q - ZFeD} = Zero (Z), AND Z continues
THEN output = Nil

Note: The positive (P) output mmplies high
flow rate (HFR) leading to optimistic (Op) output
desired by SOLITECH recycling company. The
negative (N) implies low flow rate (LFR) not
desired. The zero (Z) output implies normal flow
rate (NFR) not desired. The concern of the ncuro-
fuzzy model is to help SOLITECH reach out for
the specified desired output of optimistic (Op)
where the flow rate of the recycled solid plastic
material 1s maximum.

For . computational purpose, a sysicm
operating rule for the ncuro-fuzzy model is given
as follows:

120

CONCLUSION: {“Output”, Optimistic (Oy),
Pessimistic (P.), Most Likely (M)}
INPUT #1: System Status
Input #1: {Q - XFeD}

P = Positive, N = Negative, Z = Zero
Input #2: {Q - XFeD} continues

Pcontinues, Ncontinues, Zcontinues
OUTPUT: Conclusion & System Response
Output: O, = Optimistic, P, = Nil, M, = Nil

Note: the neuro-fuzzy model only recognizes the
optimistic (O,) condition representing the specified
desired output where the flow rate of the recycled
solid plastic material is maximum.

5. Discussion of Results

The neuro-fuzzy model 1s designed to control
a functioning system to attain to a specified
desired output. In this case study of recycled solid
plastic material by SOLITECH SOLID WASTE
RECYCLING (NIG.) LTD, the specified desired
output attained with the aid of ncuro-fuzzy model
is the condition of maximum flow rate of recycled
plastic material (High flow rate — HFR) referred to
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by the model as optimistic (Op) output. The
neuro-fuzzy model converts one of the
fundamentals (fuzzy-logic control model output)
of the fuzzy-logic model to input parameters and
process the parameters to attain to a specificd
desired output. Other fundamentals or basic
components of the fuzzy-logic model are mput.
linguistic variables, rule matrix and system
operating rules.

The components of the necuro-fuzzy model
namely inputs, layers, outputs and desired output
are connected in the neuro-fuzzy structure network
(Fig. 1a) in such a way as to arrive at the specified
desired output aimed at by SOLITECH. The input
parameters are linked to the output parameters by
means of the layers — which are made up of
linguistic command or interrelationship between
the parameters. These layers perform the similar
function as the neurons in the human neural
system where the neurons form a network of links
connecting vital information leading to the desired
destination. The destination in the case of the
neuro-fuzzy model is the specified desired output.
The name neuro-fuzzy got its derivative from the
word neurons in the neural system in human while
fuzzy is coined from the fuzziness with which the
model accommodates wide variations in ‘input
parameters for processing to arrive at the specified
desired parameter (output).

Other vital components of the neuro-fuzzy
model are rule-structure and system operating
rules. The rule structure is made up of neuro-fuzzy
commands of “IF”, “AND, “Continues” and
“THEN” carcfully connected togcther to arrive at
the specified desired output. The system operating
rules contain programmable rule statements for the
sake of computerization. The system operating
rules encompass virtually all the components of
the neuro-fuzzy model m such a way that a
computer program can bc written on them for
computerization. The neuro-fuzzy commands of
“IF”, “AND”, “Continues” and “THEN” have
significant  meanings that account for the
effectiveness of the model. The command “1F”
means if the outcome of the relationship between
input and output parameters is this, the command
“AND” means “and this outcome”, the command
“continues” means “thc outcome continucs over

time, finally the command “THEN” means if all
the previous commands hold “then the system
should prompt the specified desired output”,

The neuro-fuzzy model schematic diagram
(Fig. 2) shows a simplified form, the connections
within the neuro-fuzzy components right from the
input parameters to the specified desired output.
The major link is the connection between the input
parameters and the output parameters represented
by the linguistic variable. In this case study, the
linguistic variable is the relationship between the
quantity (Q) of the solid waste material recycled
and the parameters determining the rate of flow of
the material, These are namely cffective frictions
between the surfaces of the matenal and the walls
of the extruding chamber (Fc) and the diameter of
the chamber (D). The linguistic variable
connecting these parameters is given by {Q -
2Fe.D}. This serves as the major connection
between the input parameters and the output
parameters.. The connections lead to the final
destination of specificd desired output of High
Flow Rate (HFR) of the solid waste material that is
termed optimistic (Op) output. The essence of the
neuro-fuzzy model schematic diagram 1is the
simplicity with which the neuro-fuzzy model
components are interrclated to arrive at the final
destination desired. Hence, the process undertaken
by the neuro-fuzzy model in arriving at the
specified desired output can be viewed at a glance
in the neuro-fuzzy model schematic diagram.

The model is designed such that the most
favourable condition where maximum quantity of
solid wastc material is recycled is attained. The
linguistic variable serves as the engine of the
model in bringing about relationship between the
input and the output paramclers to cvaluate the
outcome of such relationship. In this case study
the linguistic variable is {Q - 2Fe.D}= Positive (P)
or Negative (N) or Zero (Z), where Q = quantity of
solid waste material recycled, Fe effective
frictional force between the surfaces of the
material and the walls of the extrusion chamber
and D = diameter of the extrusion chamber. The
designation 2. denotes summation. The input
parameters Fe and D determine the rate of flow of
the solid waste material to be recycled through the

sy
AR
i
1



S, ALOke et al.

extrusion chamber, The higher the valuc of this
paramcter the lower the flow of solid material and
the lesser the quantity of the solid waste material
(Q) recycled. The major parameter that determines
the flow rate is the Fe effective friction since the
diameter (D) of the extrusion chamber is fixed.
‘the neuro-fuzzy model is thus designed to focus
on the condition where the value of the parameters
{3 Fe.D} is at the barest minimum. At this
condition, maximum flow of the solid waste
material is attained, hence, maximum quantity (Q)
of the material is recycled. This condition is
defined by the linguistic variable {Q - XFe.D} =
POSITIVE (P), which ultimately leads to the
specified desired output of optimistic (Op) where
the flow rate of meter is maximum (HFR). Other
outputs of the model which show deviation from
this specified desired output are designated Nil -
meaning, not recognized by the ncuro-fuzzy
model.

With the help of the ncuro-fuzzy model. the
SOLITECH Solid Waste Recycling (SSWR) Lid.
can design its solid waste recycling facilitics in
such a manner that will cnable it maintain the
condition of lowest {rictional effects. Thesc effects
are between the surfaces of the recycled solid
waste material and the walls of the extrusion
chamber to allow for recycling of the maxiimum
auantity of solid waste materials.

6. Conclusions

The expectations of investors and practitioncers
are changing about the solutions-that researchers
proffer to problems that exist practice. There is
particular interest of investors and practitioners in
the plastic recycling industry of the need to utilize
miproved solution technigues that would gencrate
tetter result than before. This mandates greaic

capacity for sclf analysis and improvements of
models presented by rescarchers in this scector of

<

~

the cconomy. The central aim of this rescarch is to
familiarize practitioners and investors in the plastic
recycling industry with an analytical approach that
could be used to optimize the flow rate of an
extruder in the system. The task has been
demonstrated in the earlicr part of this paper.
Particularly, the paper presents an optimization
process for the flow rate of a plastic recycling
system with the application of ncuro-fuzzy model.

Four interesting questions relating to the
problem solved here, which the current and potential
users of the article may ask arc (i) what are we going
to learn from the article that we do not know now?
(1) Why is it worth knowing? (iii) How do we know
that all conclusions are valid? (iv) What does the
future hold in reformulating and developing the
model?

Prior to thce emergence of this paper, it scems
that no documentation has addresscd the problem of
extruder flow process optimization in a plastic
recycling system. This is new knowledge that the
article 1s_proposing but not yet documented until
now. The article is worth knowing in view of the
cconomic implication that it has in the industry. With
the application of the model, it may be feasible tq
find an optimal value of the flow ratc of an extruder
in a plastic recycling system. In view of the
uncertaintics that may cexist in the measurement of
the flowrate and its associated parameters, and from
the practical case cxample demonstrated in  this
paper, it is obvious that some conclusions useful for
interpreting the results are helpful. The validity of
the conclusion 1s assisted by the empirical data that
arc uscd to test the model. The future holds much
promising results in the improvements of the existing
model. The application of hybrids of genetic
algorithms and artificial ncural networks, genetic
algorithm and fuzzy logic will open a new stream of
research that would engage rescarchers for several
decades to comie.
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