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ABSTRACT

Plastic materials are very important in our daily life. They are superior to
many conventional materials, in both their physical properties and variety of
ways in which they could be processed. An extra-ordinary large number and
variety of applications could be made due to the particularly useful chemical
and physical properties of plastics. This fact became recognized particularly
during the period of great economic growth after 1950, and led, during the
rapid development since then, to the present world production of over 50
million tons annually. Despite this large amount, sufficient quantities of raw

materials are available to meat foreseeable future demands of plastics.

Many plastic products are made through extrusion. The processing
involves creating a melt from a resin, which is initially in the solid state. The
quality of the part made from the melt depends on the homogeneity of the
melt, which in turn is closely related to the geometry of the screw which
delivers the melt to the die. Thus it is essential to use a screw which is best
suited to the given properties of the resin and operating conditions of the

extruder.

The usual method used in the pastto design a screw was empirical and
based on trial and error. The screw was designed on the bases of data
gathered over years and tested. Ifthe experiment did not give the expected
results, certain geometric changes are made on the screw and the experiment
repeated. In this way the screw is more or less, so to say, fitted to the resin
concerned. Although this method could lead to positive results, the

experimental effort involved could be considerable.
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Abstract

Furthermore this method had no scientific background and could neither
be scaled up or down with certainty. Quality products could be made from
resins by structuring them through controlled processing which requires a
homogeneous melt at a uniform temperature. This could be accomplished
only by accurately designed screw. Here again the trial and error method has

serious limitations.

These limitations could be avoided by the help of computer-aided
simulation and design. The general steps involved in designing any machine
element used to polymer processing with the computer could be outlined as

follows:

1. Forming a physical picture of the process.

2. Mathematical formulation of the physical process (model).
3. Putting the model into the éomputef language (program).

4, Testing the program with various input variables on a computer (process

simulation).
5. Evaluation of output data and comparison with physical picture.
6. Checking the computer predictions with experiment.

7. Feedback of experimental results into the model (improvement of the

model).

This work gives a picture of how solid plastic granules are being
converted into melt in the extruder, the effect of various factors on extrusion
process, and the necessary changes to be made in the screw geometry and

operating conditions in order to attain complete and uniform melting. The
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objective of the work is to achieve a best performance for plastic extruder

screw, through a successful extrusion process.
The thesis is organized as follows:

Chapter 1: Introduction about the development of single screw extruders,
plastic products, and standard conventional extruder screw. Review
of previous work in the various extrusion sections, such as solid

conveying, melting, melt conveying, and die forming,

Chapter 2: Extruder Hardware including extruder drives, thrust bearing
assembly, barrel and feed throat, feed hopper, extruder screw, die

assembly, and heating and cooling systems.

Chapter 3: The Mathematical Model including a description of the geometry
of the extruder screw and equations of the pressure profile at each

extrusion region.

Chapter 4: Extrusion Pressure Analysis including the parameters of a selected

reference case, and the parameters, which affect the extrusion

process.

Chapter 5: discussions about the effect of some parameters on the pressure

profile.

Chapter 6: The conclusions that were gained from the work, including some
recommendations for getting a good performance for the plastic

extruder screw.
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NOMENCLATURE

Dimensionless melting parameter

Viscosity

Shear rate

Melting parameter

Rate of melting per unit down-channel distance

The angle formed between the flight and the plane normal to
the screw axis.

Bulk Density
The helix angle at the barrel surface

The radial clearance between the crest of the screw flight and
the inner barrel surface

Effective angle of friction of the solid particles
Hopper half angle

Melt Density

Viscosity of the melt in the clearance

Slid Density

The helix angle at the screw surface

Parameter expressing the temperature dependence of

viscosity.

Taper in compression section.

The width of the screw flight in the axial direction
Axial distance between Flights

Width of the screw flights in the axial direction at the barrel

surface
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Nomenclature

Width of the screw flights in the axial direction at the root of

the screw

index relates to convergent sections

Specific heat of the polymer melt

Specific heat of the Solid bed

The inside diameter of the barrel

The root diameter of the screw

The width of the screw flight perpendicular to the flight
Coefficient of friction at the barrel surface

Coefficient taking into account the effect of the curvature of
the screw channel on the melting rate

Correction factors for the effect of the flight clearance

Coefficient taking into account the effect of the flight
clearance on the melting rate

Corrections for the influence of the varying channel height on
the drag and pressure flow respectively

Coefficient of friction at the screw surface
Coefficient of friction at the hopper surface
The gravitational acceleration

Mass flow rate

Thickness of the film

The distance between the root of the screw and inner surface
of the barrel (Channel depth)

Channel depth at the entrance to an axial increment
Channel depth at the exit from an axial increment
Height of solids

Factors depending on the dimensions of the die and step
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Nomenclature

length z.

Thermal conductivity of polymer melt
Thermal conductivity of Solid bed

Axial distance

The axial distance of one full turn (screw lead)
Power Low Constant

Power Low Index |

Frequency of screw rotation

Number of channels in parallel. (No. of starts)
Pressure

Pressure Atmospheric

Volumetric flow rate of the extrudate

Hydraulic radius of the hopper

Temperature

Average temperature of the polymer in the melt film
Temperature of the barrel inner surface

Melting point

Temperature of the solids fed to the hopper

Tangential velocity of the barrel surface relative to screw
Vectorial difference between V,, and Vg,

Velocity of solid bed in down channel direction

Width of the melt pool (in the melting zone) or the width of
the channel (in the metering zone)

The channel width or the distance between the flights alohg a
helical line, which is perpendicular to the flights

The width of the channel perpendicular to the flights at the
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Nomenclature

barrel surface

The width of the channel perpendicular to the flight at the root

of the screw

Widths of the solid bed at the distances z and z;
Downward coordinate along the height of the
Coordinate in the down- channel direction
Helical length at a given radius

Lehgth of the delay zone
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ABSTRACT

Plastic materials are very important in our daily life. They are superior to
many conventional materials, in both their physical properties and variety of
ways in which they could be processed. An extra-ordinary large number and
variety of applications could be made due to the particularly useful chemical
and physical properties of plastics. This fact became recognized particularly
during the period of great economic growth after 1950, and led, during the
rapid development since then, to the present world production of over 50
million tons annually. Despite this large amount, sufficient quantities of raw

materials are available to meat foreseeable future demands of plastics.

Many plastic products are made through extrusion. The processing
involves creating a melt from a resin, which is initially in the solid state. The
quality of the part made from the melt depends on the homogeneity of the
melt, which in turn is closely related to the geometry of the screw which
delivers the melt to the die. Thus it is essential to use a screw which is best
suited to the given properties of the resin and operating conditions of the

extruder.

The usual method used in the pastto design a screw was empirical and
based on trial and error. The screw was designed on the bases of data
gathered over years and tested. Ifthe experiment did not give the expected
results, certain geometric changes are made on the screw and the experiment
repeated. In this way the screw is more or less, so to say, fitted to the resin
concerned. Although this method could lead to positive results, the

experimental effort involved could be considerable.
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Abstract

Furthermore this method had no scientific background and could neither
be scaled up or down with certainty. Quality products could be made from
resins by structuring them through controlled processing which requires a
homogeneous melt at a uniform temperature. This could be accomplished
only by accurately designed screw. Here again the trial and error method has

serious limitations.

These limitations could be avoided by the help of computer-aided
simulation and design. The general steps involved in designing any machine
element used to polymer processing with the computer could be outlined as

follows:

1. Forming a physical picture of the process.

2. Mathematical formulation of the physical process (model).
3. Putting the model into the éomputef language (program).

4, Testing the program with various input variables on a computer (process

simulation).
5. Evaluation of output data and comparison with physical picture.
6. Checking the computer predictions with experiment.

7. Feedback of experimental results into the model (improvement of the

model).

This work gives a picture of how solid plastic granules are being
converted into melt in the extruder, the effect of various factors on extrusion
process, and the necessary changes to be made in the screw geometry and

operating conditions in order to attain complete and uniform melting. The
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objective of the work is to achieve a best performance for plastic extruder

screw, through a successful extrusion process.
The thesis is organized as follows:

Chapter 1: Introduction about the development of single screw extruders,
plastic products, and standard conventional extruder screw. Review
of previous work in the various extrusion sections, such as solid

conveying, melting, melt conveying, and die forming,

Chapter 2: Extruder Hardware including extruder drives, thrust bearing
assembly, barrel and feed throat, feed hopper, extruder screw, die

assembly, and heating and cooling systems.

Chapter 3: The Mathematical Model including a description of the geometry
of the extruder screw and equations of the pressure profile at each

extrusion region.

Chapter 4: Extrusion Pressure Analysis including the parameters of a selected

reference case, and the parameters, which affect the extrusion

process.

Chapter 5: discussions about the effect of some parameters on the pressure

profile.

Chapter 6: The conclusions that were gained from the work, including some
recommendations for getting a good performance for the plastic

extruder screw.
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CHAPTER 1

LITERATURE REVIEW

1. Introduction

Plastic extruded products play a very important role in our daily life. They
are used as major components in many devices and machines. As a
beginning, the word extrude originates in the Latin word ex (out) and truder
(to thrust). This closely describes the process itself as shaping by forcing
through a die. The screw extruder efficiently and continuously converts solid

polymer into melt and pumps it through a die at high pressure.

Plastic Extruder Screws range from 1 to 12" in barrel diameter
(Although extruders with 36" barrel diameter have been built)[1]. These

machines extrude a tremendous variety of products at high rates.

2. Plastic Extruded Products:

Plastic extruded products could be classified as follows:

e Plastic film for bags for packing bags for baking, and construction of

roads and buildings.
e Plastic pipe for water, gas, drains and vents, and chemical plants.

e Plastic tubing for garden hose, automobiles, control cable housings,

laboratories, medical uses, and soda straws.
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¢ Plastic insulated wire for homes, automobiles, appliances, telephones

and electric power distribution.
e Plastic filaments for brush bristles, rope and twin, and fishing line.

 Plastic coated paper (film and foil) for milk cartons, meat packaging,

- and moisture barriers.
* Plastic sheeting for formed products, signs, lighting, and glazing.

* Plastic profiles for home siding, storm windows, and gaskets etc [2].

3. Standard conventional extruder screw:

The performance of the extruder depends on many factors, such as the
screw design and operating’ conditions. In most recent technical papers
dealing with plastic extrusion screws, reference was made to a so-called
standard conventional extruder screw. This screw consists mainly from three
main sections. The first section is called the feed section. The second is
called the transition section, and the third is the metering section. The general

characteristics of the standard conventional extruder screw [3] are:
o Total length 20 D, -30 D,.
e Length of feed section 4( Dy -8 D
e Length of metering sections 5 Db -10 Dy.
e Number of parallel flights 1.

o Flight pitch 1 D, (helix angle 17. 66°).

- -Tanara



Chapter 1 Literature Review

e Flight width 0.1 D,.

* Channel depth in feed section 0.01 D, -0.15 D,
e Channel depth ratio 2-4.

Where D, is the barrel inside diameter.

These dimensions are approximate, but the majority of the extruder
screws in use today have the general characteristics listed above. Based on
these guidelines, the geometry of a standard extruder screw could be

determined in a minimum length of time.

The frequency of screw rotation at which the extruder will operate
depends on the size of the extruder and production rate requirements.
Nowadays, plasticating extruder operate mostly in the speed range of 20-200
rpm and, depending on their size. The limiting factor here is the quality.
Higher screw speeds will produce higher throughput, but will usually result
in deterioration of quality. In this higher range the operation and mechanism
of extrusion are different from that at low screw speeds. Barrel temperature
setting is selected according to the polymer extruded. The temperature has to

be high enough to melt the polymer without causing thermal degradation.

4. Development of Single Screw Extruders:

The idea of screw pumps is very old, often being attributed to Archimedes.
The development of single screw extrusion machines occurred in the latter
years of the 19" century roughly contemporary to non-intermeshing counter-

rotating twin screw extruders. An 1871 US patent to Sturges has a spirally
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arranged flange on a shaft or screw for pumping soap. An 1877 U.S. patent to

Higbie described the use of a screw for conveying and drying grain.

The first patent on screw extrusion of polymers is an 1879 patent of M.
Gray on extrusion with specific application to wire coating. There have been
many applications of single screw extrusion by industrial firms without

patents or publications. Some authors indicate the Hamburger Gummiwerke

used screw extruders for rubber compounds in 1873. In any case it is clear

that screw pumps became common to the process industries in the last 30

years of the 19th century.

Variations in screw and screw bextruder design have a long history.
Desgoff and DiGiorgio within a few years of Higbies and Grays patent
described a single screw extruder with decreasing screw pitch in the machine
direction which was to give both mixing and kneading. The rubber industry

was an early user of screw extrusion

There was considerable activity to develop capability for continuous
compounding of rubber. As early as 1919, single screw extruders were
developed with multiple entry parts, just before each of which there would be
a pressure reducing aperture. The necessity of kneading and mixing rubber
and early plastics led in the 1920s to segmented screw designs and in 1930s
to threaded and grooved barrel liners. Pin barrel designs had along history.

The basic ideas were developed though they were to be often forgotten and

subsequently re-invented.

The patents described above roughly cover the period 1880-1940 during
which many companies around the world became deeply involved in the

manufacture of screw extruders. These involve firms such as Royle and
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