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ABSTRACT: Extrusion is a critical operation in the thermoplastic processing industry since all commercial polymers
are compounded. In polymer extrusion, the delivery of a melt which is homogenous in composition and temperature is
paramount for achieving high quality extruded products. During the process of extrusion, the quality of the product
fluctuates within a certain range due to the variation in the properties of materials, or the operating environment
including the system disturbances. This may introduce defects to the end product. A number of control methodologies
have been proposed to regulate the product quality in literatures. A simple methodology can be a model-based interval
type2 fuzzy logic control (IT2FLC) control linking the output at the die to the input parameter. However, advancements
in process control are required to reduce temperature variations across the melt flow which can result in poor product
quality. The majority of thermal monitoring methods provides only low accuracy point/bulk melt temperature
measurements and cause poor controller performance. Furthermore, the most common conventional Proportional-
Integral-Derivative (PID) controllers seem to be incapable of performing well over the nonlinear operating region. This
paper presents a model-based interval type-2 fuzzy logic control (IT2FLC) approach to reduce the die melt temperature
variations across the melt flow while achieving desired average die melt temperature. Simulation results confirm the
efficacy of the proposed controller.

KEYWORDS: IT2FLC, Prediction, Polymer properties, Polymer Composites Properties, Effective Thermal
Conductivity (ETC)

. INTRODUCTION

The extrusion process is used for the production of commodities in diverse industrial sectors such as packaging,
household, automotive, aerospace, marine, construction, electrical and electronic, and medical applications. Despite this
success, it seems that effective thermal monitoring and control still remains an issue. Use of polymer materials has
greatly increased over last few decades due to their many attractive properties such as ease of forming into complex
shapes, lightweight with high tensile/impact/tear strengths, high temperature resistance, high chemical resistance, high
clarity, reprocesseability and low cost. This has resulted in new industrial applications for polymer materials while
enabling products to be more cost effective, flexible, and efficient. However, conventional technique is not efficient as
the product quality is greatly affected by the flow history inside the extruder. Further complication includes the strong
interactions between process parameters. For example, changes in the screw speed can lead to changes not only in the
melt temperature, but in the flow rate as well. Consequently, a feasible control methodology shall consider the process
as a multivariable and distributed parameter system. The design of an appropriate controller requires a dynamic model
of the extrusion. In this paper, the interval type2 fuzzy rule-based system (IT2FFRBS)is applied as the models to
approximate the operational-sensitive parameters. A brief description of the extrusion process is given, to be followed
by soft computing applications in developing an IT2FLC model. The model evaluation is performed from the
predictions on the melt temperature. Then, the usefulness of IT2FLC in approximating the operational-sensitive
parameters is further investigated.
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The extruder consists of a barrel, which is heated by a series of wall-mounted heater sand a rotating screw; the latter is
linked to a gear system and a motor. Polymer particles are fed in through the hopper, by gravity into the helical screw
channel. The screw has a varying channel depth along the axial direction. The melt flowing through the die is formed
into an end product. Interval Type-2 Fuzzy logic controllers (IT2FLC’s) are one of useful control schemes for extrusion
process having difficulties in deriving mathematical models or having performance limitations with conventional linear
control schemes. Error e and change of error e are the most used interval type-2 fuzzy input variables, regardless of the
complexity of controlled process. Also, either control input u (PD-type) or incremental control input Au(PI-type) is
typically used as a fuzzy output variable representing the rule consequent (“then” part of a rule). Most of the critical
comments to fuzzy control are due to the lack of a general method for its stability analysis. But as Zadeh often points
out, fuzzy control has been accepted by the fact that it is task-oriented control, while conventional control is
characterized by set point oriented control, and hence do not need a mathematical analysis of stability. And as Sugeno
says, in general, in most industrial applications, the stability of control is not fully guaranteed and the reliability of a
control hardware system is considered to be more important than the stability. The success of fuzzy control, however,
does not imply that we do not need a stability theory for it. Therefore, many researchers have worked to improve the
performance of the IT2FLC’s and ensure their stability. Li and Gatland proposed a more systematic design method for
PD and Pl-type FLC’s. Choi, Kwak and Kim present a single-input FLC ensuring stability. Ying present a practical
design method for nonlinear fuzzy controllers, and many other researchers have results on the matter of the stability of
FLC’s. This work is based on Margaliotresults, we use the Margaliot criterion to built an Stable Type-2 Fuzzy Logic
Controller for a Nonlinear Plant, in this case, the Inverted Pendulum. The same criterion can be used either linear or
nonlinear plants/proesses.

1. THE DEVELOPMENT OF DYNAMIC EXTRUSION MODEL

An analytical dynamic model of the extrusion process is available. However, its application in the controller design is
limited since it is not adaptive to the varying operating conditions. The variation could be due to the instability of the
power supply affecting the screw speed and the barrel temperature, the changes of ambient conditions such as humidity,
temperature, etc. In addition, the properties of the polymer to be processed may vary from batch to batch, depending on
the regrind level, drying condition, etc.A number of process parameters are sensitive to the variation, particularly the
polymer viscosity during the extrusion. The viscosity of melt is approximated by means of a power law model in the
analytical model.

Analytical Model ™~ IT2FRBS Model

Simulated Data

1] iy

Dynamic Extrusion Model

1§ 1T

Model Prediction > Model Adaptation

Fig.1 Development of Dynamic Extrusion Model.

The application of the power law model to describe the viscosity of melt has several shortcomings. In the present study,
an extrusion model is developed by extending the analytical model so that the interval type-2 fuzzy rule-based system
(IT2FRBS) is applied as a model to approximate the operational-sensitive parameters.Fig.1provides an overview of
development of the semi-physical model for the extrusion process. The analytical model provides simulated data only
for the initializations of the IT2FRBS model. The optimal sub-models thus obtained are incorporated into the analytical
model forming the semi-physical model. The model is then simulated and the predictions are compared to the
experimental measurements on the melt temperature. In existence of prediction error, a model adaptation algorithm will
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commence to minimize the error by tuning the parameters of the IT2FRBS model. The adaptation process is
incorporated into the dynamic Extrusion model for further adaptation. The commencement of the adaptation process is
dependent on the errors of the model predictions when compared with the actual melt temperature. The model
adaptation is complicated since the adaptation process approximates only the operational-sensitive parameters but not
directly the melt temperature.

Polymer extrusion process

There are two basic types of polymer processing extruders known as continuous and batch extruders (Rosato, 1998).0f
these, single screw continuous extruders are the most commonly used in the plastics industry (Spalding and Hyun,
2003). The basic components of a single screw extruder are shown in Figure 2. The screw is the key component and has
been divided into three main functional/geometrical zones (i.e. solids conveying, melting and metering) based on their
primary operations. The material fed into the machine through the hopper is conveyed along the screw while absorbing
heat provided by the barrel heaters and through process mechanical work. Eventually, a molten flow of material is
forced into the die which forms the material into the desired shape. More details of the mechanisms of polymer
extrusion can be found in Rauwendaal (2001).

Screw zomes: {1)- Solids conveying {2)-Melting [3)-Metering
Fig.2Basic components of a single screw extruder

Extrusion melts thermal control

In polymer processing, melt temperature is one of the most important process variables and even small variations can
cause poor product quality (Dormeier and Panreck, 1990). Under poor thermal conditions, several processing problems
can occur, e.g. thermal degradation, output surging, poor mechanical properties, dimensional in stability, poor surface
finish and poor optical clarity (Rauwendaal, 2001; Maddock, 1964; Fenner, 1979). Diemelt temperature homogeneity
depends on the selection of processing conditions, machine geometry, and material properties (Brown et al., 2004b;
Kelly et al., 2006;A beykoon et al., 2010b,a). Moreover, it has been found that melt temperature non-homogeneity
increases with screw speed. Therefore, it is a challenging task to run extruders at higher screw speeds although the
process energy efficiency then increases (Abeykoon et al., 2010c).An ideal controller would minimize poor thermal
conditions such as melt flow non-homogeneity and achieve the highest possible thermal and energy efficiencies
enabling the extruder to run at high speeds. Varying degrees of success have been achieved in the area of extrusion melt
thermal control by manipulation of barrel temperature and screw speed settings using empirical modeling techniques.
The majority of schemes have been concentrated on transfer function models mostly in combination with proportional-
integral-derivative (PID) approaches (Fingerle, 1978; Muhrer et al., 1983; Previdiet al., 2006). Some other work has
used linear time-series regression techniques in process disturbances rejection and melt temperature control (Parna by
et al.,, 1975; Kochhrand Parnaby, 1977; Hassn and Parnaby, 1981; Pattersonand Kerf, 1978; Costin et al., 1982;
Germuska et al., 1984;Lin and Lee, 1997). Mercure and Trainor (1989) proposed time dependent partial differential
equations to formulate a first principle mathematical model for the extruder barrel temperature control.

1. INTERVAL TYPE-2 FUZZY LOGIC CONTROLLERS

Fuzzy Logic Controllers (FLCs) are known as the universal-approximates and have various applications in
identification and control designs. A type-1 fuzzy Controller consists of four major parts: fuzzifier, rule base, inference

Copyright to IJIRSET DOI: 10.15680/IJIRSET.2015.0402069 594



@ ISSN(Online): 2319 - 8753
I

]] RSET ISSN (Print) :2347 - 6710

International Journal of Innovative Research in Science,
Engineering and Technology
(An ISO 3297: 2007 Certified Organization)
Vol. 4, Issue 2, February 2015

engine and defuzzifier. A type-2 fuzzy Controller has a similar structure, but one of the major differences can be seen
in the rule base part, where a type-2 rule base has antecedents and consequents using Type-2 Fuzzy Sets (T2FS). In a
T2FS, we consider a Gaussian function with a known standard deviation, while the mean (m) varies between m; and
m,. Therefore, a uniform weighting is assumed to represent a footprint of uncertainty as shaded in Fig. 3. Because of
using such a uniform weighting, we name the T2FS as an Interval Type-2 Fuzzy Set (IT2FS) also called Foot Print of
Uncertainty (FOU). Utilizing a rule base which consists of IT2FSs, the output of the inference engine will also be a
T2FS and hence we need a type-reducer to convert it to a type-1 fuzzy set before defuzzification can be carried out.
Figure 4 shows the main structure of type-2 Fuzzy logic Controller (IT2FLC).

By using singleton fuzzification, the singleton inputs are fed into the inference engine. Combining the fuzzy if-then
rules, the inference engine maps the singleton input X = [Xy, X»,...x3] into a type-2 fuzzy set as the output. A typical
form of an if-then rule can be written as:

R, =if x; is F{ and x, is F} and .....and x, is F} then G' (1)

-
1

7 . L
Fig. 3: Interval type 2 fuzzy set (IT2FS) or FOU

Where Fy are the antecedents (k = 1,2,...,n) and G'is the consequent of the i"™ rule. We use sup-star method as one of the
various inference methods. The first step is to evaluate the firing set for i"rule as following:

Fi(x) = Il um (10) | @
As all of the Fi’are IT2FSs, so F'(x) can be written asF'(x) = [£ i(x)f (5)]
Where:

fix) = e pe, () @)
F (@) = e By, () (4)

The termsur and i are the lower and uppermembership functions, respectively (Fig.2).In the next step, the firing set

Fi(x) is combined with the i"consequent using the product t-norm to produce the type-2 output fuzzy set. The type-2
output fuzzy sets are then fedinto the type reduction part. The structure of type reducing part is combined with the
defuzzification procedure, which uses Center of Sets (COS) method. First, the left and right centroids of each rule
consequent are computed using Karnik-Mendel (KM) algorithm. Let’s call them y,and y, respectively.

The firing setsFi(x) = [f(g)fi(g)]computed inthe inference engine are combined with the left andright centroid of
consequents and then the defuzzified output is evaluated by finding the solutions of following optimization problems:

yi(x) = min_ fke{fkdyk}(Z?il yif'(x) /ZH £(x)) (5)

v (x) = maxvfke{fkfk}(zngl wf'(x) / Eia () ©)

Define f(x) and fer) as a functions which are used to solve (5) and (6) respectively and let
§(x) = AR/ fi (x) , 4

And §(x) = A/ f (x)

Then we can write (5) and (6) as:
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y(x) = syl (x) = 075 (2) @

yo(x) = S oyl (x) = 0,75, (x) ®)

TYPE-2 FUZZY LOGIC 5YSTEM

S a OUTPUT CRISP
i i PROCESSING QUTFUT
| [ puininehdnibbminiu B Y 1) 4
cris g i:m-
INPUT i 1 !
| FUZZIFIER : ¢ 1[T¥PE- REDUCER |—'—: _—
xEX : EL_--_.“_ _______ YRE
E ; REDUCED
FUZZY  INPUT L | INFERENCE J' FUZZY OUTPUT SET
SErS T TTTTTTTTTTTT SETS
Fig. 4: Main structure of type-2 FLC
Fig. 5: Computing right and left centroids for an IT2FS
Where
&a(x) = [6 (0)¢f (x) .- ()]
Andé, (x) = [e1(x)&2(x) -.... £ (x)]are the fuzzy basis functions and
0,(x) = [y (2)yf () - ¥ (2]
And 6, (x) = [y (x)y?(x) .....yM(x)]are the adjustable parameters.
Finally, the crisp value is obtained by the defuzzification procedure as follows:
y(@) = s [n(x) + 3 ()] =5 [67 &(x) + 676, (x)] = 5676 (x) )

Where

6 = [6/6]]"and¢ = [¢/&]]"

Interval type-2 fuzzy set is used to model uncertainty and imprecision in a better way. Interval type2 fuzzy set is
introduced at the first time at 1975 by Zadeh and developed by Mendel with characterizing interval type2 fuzzy set as
Footprint of Uncertainty (FOU). FOU is limited by superior (Upper) and inferior(Lower)type-1 membership function.
The development of fuzzy set from typel to interval type2 in most cases always shows a better result. In order to
control the polymer extrusion process, Interval Type2 Fuzzy Logic Controller (IT2FLC) is proposed.

Input Membership Function

Each of input variables e (error)& de(change in error) are classified by Input membership function consists of
trapezoidal membership function and triangular membership function, described in Fig. 6.
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Fig.7 Second Input (de)Membership Function
The linguistic variable of first & second input memberships are shown in Fig. 6 and 7 can be described as follows:
A. First Input=e
[1euBN], [ BN] = Input e upper & lower membership function for Big Negative
[euMNT],[eL MN]= Input e upper& lower membership function for Medium Negative
[1euN],[eL LN] = Input e upper & lower membership function for Low Negative
Similarly [peuLP],[1e LP] [HeuMP][pe MP]and [peuBP],[1e  BP] are Input eupper &lower membership function for
Low Positive ,Medium Positive and Big Positive respectively.
B. Second Input=de
[1aeuBN], [1ge BN] = Input e upper & lower membership function for Big Negative
[1aeuMN], [1ge MN] = Input e upper& lower membership function for Medium Negative
[aeuLN], [pge LN] = Input e upper & lower membership function for Low Negative
Similarly [peeuZ].[peecZ] [MaeuLP].[aer LPT. [HaeuMP][1ae MP]and [paeuBP], [1ge BP] arechange in input eupper&lower
membership function for Zero, Low Positive, Medium Positive and Big Positive respectively.
Output Membership Function=u
Output membership function also consists of triangular membership function, described in Fig. 8.
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Fig. 8 Output u Membership Function

The linguistic variable u of output membership shown in Fig.4 can be described as follows:
[uBN], [, BN]= Output u upper & lower membership function for Big Negative
[LuMN], [y MN] = Output u upper& lower membership function for Medium Negative
[uuLN], [ LN]= Output u upper & lower membership function for Low Negative
Similarly [p,oLP] [t LP] [muMP][weMPland [p,uBP],[p, BP] are Output uupper & lower membership function for
Low Positive ,Medium Positive and Big Positive respectively.
Rule Base
Then the rule base can be developed by relating each value of e, change in e (de) and Ucontroner t0 its maximum
membership class and IF — THEN rules are developed.
The rulel is obtained as below

IFeis [euBN],[1e BN] AND de is [tdeuZ], [mderZ] THEN Ucontrotter is [1uuBN], [pu BN]

controller is converted by the center of gravity (COG) method into a single value and may be applied by.
_ Zin:1 H(Xi)-xi
AU = e (10)

V. APPLICATIONS OF IT2FLC IN EXTRUSION THERMAL CONTROLIT2FLC CONTROLLER
MODEL

For the development of the melt temperature controller, five process inputs (i.e. screw speed and four barrel zone
temperatures) were used as the manipulated variables. Two fuzzy logic controllers (named as IT2FLC 1 and IT2FLC2)
provide the required control commands to these process inputs to reduce the die melt temperature variations across the
melt flow while achieving desired average die melt temperature. Three error signals (i.e. the melt temperature variance
error:e(T,), the average die melt temperature error:e (T,,), and the mass throughput error:e (M)) are given as the inputs
to the controllers and they make decisions to minimize these errors based on 50 knowledge-based linguistic if-then
fuzzy rules (i.e. 31 rules for FLC1 and 19 rules for FLC 2). Errors are determined by the following equations.

e (Tv)=Ty,act- Tv,max (12)
e(M)=Maer-Mger (12)
€ (Tm):Tm,act'Tm,set (13)

Where T, 4 is the actual melt temperature variance, T, max iS the maximum allowable melt temperature variance, Mg
and Mg are the actual and set mass through-put rates, Tma: and Thet are the actual and set average die melt
temperatures. In practice, it is very difficult to measure a die melt temperature profile without disturbing the melt flow
and hence a specially developed nonlinear polynomial dynamic model (T,-model) is used to predict the melt
temperature profile. The actual average die melt temperature (T 4) at each speed was determined by taking the mean
of the measured temperature profile. Also, the temperature profile prediction accuracy is corrected from an error
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generated by a measured (T\gr) and a predicted (IR) IR sensor readings. The IR temperature prediction model (T r-
model) takes six inputs for its prediction (i.e. N, Tyact, T1, T2, T3 andT,) and the 2nd order 6 terms dynamic T g-model.
The proposed controller structure with all of these models and IR sensor feedback is shown in Figure 9.

Interval Type2 Fuzzy logic (IT2FLC) has been widely used in industrial control applications and is becoming
increasingly popular in modern process control. Taur et al. (1995) proposed a fuzzy PID temperature control for
extruder barrel temperatures which exhibited good control capabilities. Tasi and Lu (1998) developed a single-loop
fuzzy supervisory predictive PID controller also for extruder barrel temperature control. Recent work by Yusufet al.
(2010) used fuzzy genetic algorithms in extruder barrel temperature control. In this work, an attempt was made to
reduce die melt temperature variations across the melt while achieving desired average die melt temperature by
manipulating the screw speed and barrel set temperatures. Feedback from an infrared (IR) temperature sensor was used
to ensure the accuracy of temperature profile prediction. The control decisions were made by an interval type-2 fuzzy
logic set of knowledge-based fuzzy rules. The work was focused on a single screw extruder which is the most common
extrusion machine in industry.

Set T4 imeasured;

values
N
1,
I

: A

|.. Temperamre feediack

Fig.9 the purposed controller structure signal of outputs from both IT2FLC controllers makes necessary adjustments to
the manipulated variables to maintain the process thermal stability.

Controlling Melt Temperature

A main objective of controlling melt temperature is to develop a thermal control framework based on temperature
profile measurements, which manipulates screw speed and individual set temperatures together to reduce undesirable
melt temperature variations while maintain the required average temperature levels. Obviously, this type of controller
will have to handle the complex nonlinear behaviors of the process. This study uses a model-based control approach
and hence the performance of the controller depends on the accuracy of models. In this type of work, use of a control
technique like interval type-2 fuzzy logic (IT2FLC) may be advantageous as it does not require fully accurate models.
Another major advantage is that interval type2 fuzzy logic (IT2FLC) controller can handle process nonlinearities with a
set of linguistic IF-THEN rules which do not require exact numerical boundaries. Due to these and its other
advantages, interval type2 fuzzy logic (IT2FLC) was selected as the control technique for this study.

V. THE MODEL SIMULATION

Fig.10 illustrates the simulation path of the extrusion model. The program is initially provided with the following input
data:a).Geometry parameters such as channel depth; b). Material properties such as density of solid polymer;
c).Settings of screw speed w (t) and barrel temperatureT, (t) as a function of time; d). Initial profiles at time t, for the
solid bed, X (z, tg)and the melt temperature T (z, tp);e).Location where the melting process commences; f).initial
estimation of the output flow rate, G (to).

The output flow rate G is initialized with the flow rate taken from the previous steady-state condition. When the
operating condition changes with time, the program is iterated until a new steady-state condition is reached. The
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estimation on the output flow rate improves during the iteration. The relationship between flow rate and pressure-drop
at the die APy is:

AP gie
G = Kdie Pm Udtje (14)

Where Kgie and py, are the die constant and the density of melt, respectively, while 74 is the apparent viscosity of the
melt at the die.

WhereX is the solid bed width and T is the melt temperature;p is the melting coefficient; gy is the heat transfer rate
through barrel wall and g, is the viscous dissipation rate. The process parameters that are sensitive to the operating
conditions are gand q,.. Similar concern is applied for g, due to the uncertainty in the heat transfer duration. These
parameters have been expressed in the analytical model as the following functions:

¢ =f¢(a),Tb,X,G,a) (15)
Qer = fqtr ((1), Tb'X' T, 0.’) (16)
Qve = fg,. (@, T,X,G, ) (17)
n=fy(T06) (18)

Where o is the screw speed, Ty, is the barrel temperature,G is the total mass flow rate, « is a set of parameters
specifying the physical properties of polymer and the geometry of the extruder including the viscosity of melt . The
value of # is expressed by the power law model with reference to the local melt temperature and a set of coefficients 6.
where @ is the coefficient set predetermined by the offline experiments on a rheometer. The deterministic equations
(Egs.(15)-(18)) used in the analytical model to approximate those varying operational-sensitive parameters are
considered inappropriate, since they are not adaptive when the actual parameters are varying. The IT2FRBS is
introduced as an alternative to describe the behaviors of those parameters.

The model evaluation

Evaluation of the developed model is performed by first checking the consistency of the model prediction with the
theoretical analysis. The model is simulated when step changes in the screw speed and the barrel temperature are
applied separately. Fig.11showthe response of the temperature at the die when the screw speed is changed. The dashed
lines represent the steady-state responses of the process; the dotted lines denote the responses of the system to a
positive step change, whereas the solid lines are the responses to a negative step change. The model is also evaluated
for an ideal case of altering the melt temperature at the die by manipulating the barrel temperature; assuming that step
changes in the barrel temperature can be achieved in practice. The barrel temperature settings are indicated in the
legend of Fig. 12.
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Fig.10 Model Simulation diagrams.
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The model predicts an increase in the melt temperature when the barrel temperature is set to a higher value. The higher
barrel temperature results in more heat energy being transferred from the barrel wall to melt the solid polymer.
Consequently, the melting mechanism commences earlier and the solid is completely melted sooner than the case
where lower barrel temperature is applied. The model has been tuned automatically to approximate the operational-
sensitive parameters in the new operating environment. The model is further evaluated when it is employed as the
predictive model in the control Scheme namely as the interval type-2 fuzzy logic controller (IT2FLC). Fig.13indicates
that without the adaptation, both of the plant outputs at die diverge if the prediction error exists. When the model
adaptation commences, specifically when the approximations of the models have been tuned automatically according to
the varying operating conditions, the melt temperature is regulated within tolerances as shown in Fig.14,respectively.
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Fig.13 Extrusion control of melt temperature at die Fig.14 Extrusion control with prediction error with
with prediction error without model adaptation. model adaptation melt temperature at die
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V1. RESULT AND DISCUSSION

The IT2FLC controller was implemented in MATLABSIMULINK to check its performance on a set of unseen data.
All fuzzy rules were formulated by studying the experimental results and they were implemented by using triangular
shaped membership functions. The Mamdani inference method (i.e. also known as a singleton output) was used with
centre of area (i.e. centroid) fuzzification technique to construct the controller (Mamdani and Assilian, 1975). Measured
vales of screw speed, barrel set temperatures and IR temperature was used as inputs to the controller. The set values of
the average die melt temperature (i.e. by taking the average of measured die melt temperature profiles) and the mass
throughput at each speed were determined from experimental results. The maximum allowable melt temperature
variance was set as zero to achieve the minimum possible melt temperature fluctuations. The controller performance of
achieving desired average die melt temperature is shown in Fig. 15.
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Fig.15 Variations in average die melt temperature with and without FLC at 40rpm with setting A (Table 1)
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Fig.16Controller adjustments to the manipulating variables from their set values by the IT2FLC controller

Adjustments made by the IT2FLC controller (i.e. combined outputs from both IT2FLC1 and IT2FLC2 for each
manipulating variable) to each process variables to achieve above results are shown in Figure 16.The experimental
extruder was not instrumented with any melt temperature controller and only PID controllers were available to maintain
each barrel set temperature in its set value. However, simulation results show that the proposed controller makes
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necessary changes to the screw speed and all barrel zone temperatures to maintain the desired average melt temperature
while minimizing the melt temperature variance across the melt flow. The barrier flighted screw geometry used in these
experiments seems to give good melting conditions in comparison to the conventional gradual compression screw
geometry. The authors observed relatively larger melt temperature variances with a gradual compression screw
geometry(the screw geometry most commonly used in industry)and temperature fluctuations increased as screw speed
increased (Abeykoon et al., 2010a).

VII. CONCLUSION

The paper highlighted some of the problems associated with the polymer extrusion modeling for real time control
applications. A dynamic model has been developed to estimate the melt temperature and the pressure at the die. These
parameters are regarded as the quality indicators of the extrusion operation. Interval type2 fuzzy rule-based (IT2FRB)
model is applied as a means to capture the non-linearity characteristics of the operational-sensitive parameters. An
interval type-2 fuzzy logic (IT2FLC) control framework to achieve the desired average die melt temperature was
proposed and the simulation results confirmed its efficacy. The controller determines the average melt temperature
based on a radial temperature profile of the die melt flow rather than a point-based measurement which is less accurate
although common in practice. It is shown that interval type2 fuzzy rules based controller (IT2FRBC) provide good
control capabilities to maintain the melt temperature homogeneity within desired limits by manipulating screw speed
and barrel set temperatures in parallel. The controller performances can be further improved by improving the models
accuracies, adding more fuzzy rules etc. Therefore, this may offer a new method to operate extruders at high screw
speeds whilst achieving both high energy and thermal efficiencies.
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