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ABSTRACT

With increasing in global consumption and retreating of natural resistance,

concern is growing over widespread plastic waste.

Plastic waste threatens the environment when buried in landfills. Further, when
such plastics are burned, quantities of harmful gases are emitted and this can increase

chronic diseases.

As a result, the project works on the design and manufacture of an extrusion
device by CATIA, in addition to all the components that it chooses, it has a transition
system (screw), the storage System (Hopper), (PID temperature control) to control the
temperature of the system as required, and the variable frequency driver, in order to
control the speed of the motor that rotates the screw.

The selection of plastic materials was (high-density) was to do experiments on
it and on the results, and that by put these thermoplastic in the hopper of machine after
this machine reaches to proper working temperature, then these materials enter the
machine and its temperature will increase by heaters and by friction with the boundaries
of chamber until it reaches to 200 degrees Celsius , this will transform it into a plastic
paste , then it will go to nozzle by the rotation motion of screw and it will output as a
continuous lines of raw plastics in various diameter as want , these can be exploited in

various areas such as 3d printing filament

Xl
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CHAPTER ONE

Introduction



1.1 Overview

Waste is now a global problem, and one that must be addressed in order to solve
the world's resource and energy challenges. Plastic is a material of a wide range of
synthetic or semi synthetic that are moldable. These are made from limited sources of
a petroleum. Huge advances are being made in the development of technologies to
recycle Plastic waste among other resources. Plastic pollution involves the
accumulation of plastic Products in the environment that adversely affects wildlife,

wildlife habitats, or humans. Many types and forms of plastic pollution exist [1].

Plastic pollution can adversely affect lands, waterways and oceans. Plastic
reduction efforts have occurred in some areas in attempts to reduce Plastic consumption
and promote Plastic recycling. The prominence of Plastic pollution is correlated with
Plastic being inexpensive and durable, which lends to high levels of Plastic used by
humans, as shown in figure 1.1, it describes the effect of Plastic materials at the

environment [2].

Figurel.1: Effects of plastic waste materials on the environment [2].



1.2 Project Motivations

The project aims to design and build an Extruder machine to recycle waste Plastics and
produce a continuous line of raw plastic, which can reduce of Plastic pollutions and
helps to make a good beneficial management of Plastic waste. This solution is starting
by design and build an Extruder Machine by using mechatronics approach, by using
CATIA software in order to design the components of machine and making a
simulation, and using controllers, that will able to control the speed of a motors and the
temperature of heaters through the feedback of the thermocouples, To get an integration

system that can give a specific production.



+ Economic issues relating to recycling:

Critics dispute the net economic and environmental benefits of recycling over its
costs, and suggest that proponents of recycling often make matters worse and suffer
from confirmation bias. Specifically, critics argue that the costs and energy used in
collection and transportation detract from (and outweigh) the costs and energy saved in
the production process; also that the jobs produced by the recycling industry can be a
poor trade for the jobs lost in logging, mining, and other industries associated with
production; and that materials such as paper pulp can only be recycled a few times

before material degradation prevents further recycling.

The National Waste and Recycling Association (NWRA) reported in May 2015,
that recycling and waste made a $6.7 billion economic impact in Ohio, U.S., and

employed 14,000 people [4].

Generation and recycling recovery (million tons) of MSW in

USA
|
‘ [
150 i sGenecaton
\ | = Recovery for recycing

Source: EPA, 2013

Figurel.2: Generation and recycling recovery (million tons) of MSW in USA [4].
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Figurel.3: Percent of waste generation recycled in USA [4].

1.3 Methodology

This project is using the methodology analysis through its process. At first,

researchers studied and analysed the recycling steps, process that consists of [4]:

a) Selection: The recyclers have to select the suitable waste for recycling.

b) Segregation: The plastic waste must be separated according to its nature,
corresponding to BIS guidelines.

c) Processing: After segregation pre consumer waste can be directly recycled
whereas post consume waste has to be washed, shredded, agglomerated and

granulated.

Key steps during recycling

process
» Collection and Sorting
» Cleaning
» Size reduction

W

} * Processing

Figurel.4: Steps during recycling process [4].



This project will process Plastics by using extrusion, Plastic Extrusion is the
process of applying heat and pressure to melt Plastic polymers such as polyethylene,
PVC and ABS to name a few. Once heated to a homogenous melt, the polymer is forced
through a die to produce continuous shapes of the profile or pipe that is required. There
are many shapes that can be produced by extrusion and the dimensions of these shapes
are dictated by the size of the die, which is the shaping tool that is bolted onto the front

of the extruder machine [5].

BEARING
HOUSING

Figurel.5: Extrusion machine Construction [5].



1.4 Design Aspects of extruder machine

The design concept consists of the following:

a) Maximum volume of the melt needed to fill the mold. This entails length of the screw

conveyor (I), diameter of the barrel (d), melt density (p,,) and melt mass (m).
b) Design of barrel, which entails diameter of the barrel.

c) Design for screw conveyor.

While the design analysis entails the following units:

a) The Extruder unit consists of the hopper, barrel, band heater, nozzle, screw conveyor,

bearing housing and gearbox.
b) The clamping unit consists of the mold and clamping for locking device.

c) The electrical panel including temperature control box, and thermocouple.

Plastic granules External electrical

heating elements

,H

o
5 ?—— Die

L1 1T I 1 |

Motor Molten plastic —»I

Figurel.6: Extrusion machine structure [5].



1.5 Block diagram of Extrusion process

This figure 1.7 shows the relationship between the components to each other.

Figurel.7: Block Diagram of Extrusion process.

1.7 Literature Review

1.7.1. History of Polymer Extrusion

Plastic raw
materials
v
Hopper
\ 4
Plastic Extruders f€ nozzle barrel |€ screw [¢ Gear box
F. N ~
motor
N
Heaters [€ controller

The first machine for extrusion of thermoplastic material was built around 1935 by

Paul Troester in Germany [6]. Before this time, extruders where primarily used for

extrusion of rubber. These earlier rubber extruders were steam heated ram extruders

and screw extruders, with the later having very short length to diameter (L/D) ratios,

about 3 to 5. After 1935, extruders evolved to electrically heated screw extruders with

increase length. Around this time, the basic principle of twin-screw extruders was

conceived in Italy by Roberto Colombo. He was working with Carlo Pasquetti on

mixing cellulose acetate. Colombo developed an intermeshing co-rotating twin-screw

extruder. He obtained patent in many different countries and several companies

8




acquired the right to use these patents. Pasquetti followed a different concept,

developed, and patented the intermeshing counter rotating twin-screw extruder [7].

1.8 Project Schedule, Time Plan and cost table

Tables 1.1 and 1.2 show the process through the first and second semester and their
times.

Table 1.1: the first semester time -table

Week #

Objective | 1 [ 2 [ 34|56 |7 ]8[]9]10]11]12]13]14]15

16

Project
Selection

Collect
information

Writing
Introduction

Analysis of
system
components

Design
machine
(catia)

Presentation




Table 1.2: The second semester time -table

10



1.8.1 Total Cost for the Project

Components

Machine parts

Inverter

Motor and
gear box

PID
Controller

SSR
Thermocouple
Band heaters

Power switch

Circuit
Breakers
M

Table 1.2. Total cost of the project.

Quantity

Price(NI1S)

1500

800
250
50
40
70
30

20

11

Total (NIS)

1500

800
500
100
80
350

90

60

3480
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Plastic material
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2.1 Plastic material definition

Plastic is the general common term for a wide range of synthetic or semi-synthetic
materials used in a huge, and growing, range of application from packaging to building;

from cars to medical devise, toys, clothes etc. [8].

The term “plastic” is derived from the Greek word "plastikos” meaning fit for
moulding, and "plastors” meaning moulded. It refers to the material's malleability or
Plastic during manufacture that allows it to be cast, pressed, or extruded into a variety

of shapes — such as films, fibres, plates, tubes, bottles, boxes, and much more [9].

There are two broad categories of plastic materials: thermoplastics and
thermosetting plastic. Thermoplastics can be heated up to form products and then if
these products are reheated, the plastic will soften and melt again. In contrast, thermoset
plastics can be melted and formed, but once they take shape after they have solidified,

they stay solid and, unlike thermoplastics cannot be remelted [8].

2.2 Type of plastic material

Everywhere you look, you will find plastics. We use plastics products to help make
our lives cleaner, easier, safer and more enjoyable. You will plastics in the clothes we
wear, the houses we live in, and the cares we travel in. The toys we play with, the
television we watch, the computers we use and the CDs we listen to contain plastics.

Even the toothbrush you use every day contains plastics!

Plastics are organic, the same as wood, paper or wool. The raw materials for
plastics production are natural products such as cellulose, coal, natural gas, salt and, of
course, crude oil. Plastics are today's and tomorrow's materials of choice because they

make it possible to balance modern day need with environmental concerns.

13



The family is quite diverse, and includes ABS/SAN, Epoxy resins, Expandable
Polystyrene, Fluoropolymers, PET, Polystyrene, PVC, PVDC, Styrenic polymers, and
Unsaturated Polyester Resins (UPR) [10].

All these types of plastics can be grouped into two main polymer families:
Thermoplastics, which soften on heating and then harden again on cooling, and

Thermosets, which never soften when they have been moulded [11].
Examples of Thermoplastics:

1) Acrylonitrile butadiene styrene — ABS
2) Polycarbonate — PC

3) Polyethylene - PE

4) Polyethylene terephthalate — PET

5) Poly(vinyl chloride) — PVC

6) Poly(methyl methacrylate) - PMMA
7) Polypropylene — PP

8) Polystyrene — PS

9) Expanded Polystyrene — EPS

Examples of Thermosets:

1) Epoxide (EP)

2) Phenol-formaldehyde (PF)

3) Polyurethane (PUR)

4) Polytetrafluoroethylene (PTFE)
5) Unsaturated polyester resins (UP)

A range of additives are used to enhance the natural properties of the different
types of plastics to soften them, colour them, make them more process able or longer
lasting, today not only are there many different types of plastic, but products can be
made rigid or flexible, opaque, transparent, or coloured; insulating and conducting, fire-

resistant etc., through the use of additives [13].

14



2.3 Properties of plastic materials
Plastics have numerous properties that make them superior to other materials in
many applications. Plastics generally have [12, 13]:
1) Strength:

The plastics are sufficiently strong and can be used for load bearing structural
members. The strength of plastics can further be increased by reinforcing them with

various fibrous materials.
2) Weather resistant:

The plastics, prepared from phenolic resins, are only good in resisting weather
effects. Certain plastics are seriously affected by ultraviolet light.

3) Fire resistance:

Plastics, being organic in nature, are combustible. However, the resistance to fire

temperature depends upon the plastic structure.
4) Durability:

Plastics generally possess sufficient durability, provided they offer sufficient
surface hardness. Thermoplastic varieties are found to be attacked by termites and

rodents.
5) Chemical resistance:

Plastics offer great resistance to moisture, chemicals and solvents. Many plastics
are found to possess excellent corrosion resistance. Plastics are used to convey

chemicals.
6) Thermal resistance:

The plastics have low thermal conductivity and therefore foamed or expanded

varieties of plastics are used as thermal insulators.
7) Ductility:
Plastics, generally, have low ductility and hence plastic structural members may fail

without prior warning.

15



o Effect of molecular weight:

Increasing the molecular weight of the material increases many of the properties of

the material by increasing the entanglement of the molecules [14].

e Increases the chemical resistance.

e Increases how far the material can stretch before rupturing.

e Increases the impact resistance of the material.

e Increases the viscosity of the material — makes it harder to process the material

using conventional methods.

T 1
I |
I Commercial 1
| polymers
I
|

|

I
1
i
Tensile and 1

impact strength
1

Property

Viscosity
] i
1 1
104 107
Molecular weight, degree
of polymerization

Figure 2.1: Effect of molecular weight and degree of polymerization on the strength, and
Viscosity of polymers [14].
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o Effect of Temperature:

Glassy 100% crystalline

o

2 | Leathery Increasing
_ crystallinity
=

=

g

o Rubbery >

- O)o’b/,

w oll.s

Viscous
1 1
Tg 15
Temperature

Figure 2.2: Behaviour of polymers as a function of temperature and degree of
Crystallinity [14].

o Deformation of Polymers:

Rigid and
brittle
(melamine,
phenolic)

Tough and ductile
(ABS, nylon)

Stress

Soft and flexible
(polyethylene, PTFE)

Strain

Figure 2.3: Stress Strain analysis of General terminology that describe the behaviour of three
types of plastics [14].

17



o Viscosity of Melted Polymers:

104

Viscosity (Ns/m2)
2

R

10 1 | 1 1 1 1 | |
140 160 180 200 220 240 260 280 300 320
Temperature (°C)

Figure 2.4: Viscosity of some thermoplastics as a function of temperature [14].

o Polymer Behaviour in Tension:
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Figure 2.5: Load-elongation curve for polycarbonate, a thermoplastic [14].
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o Physical properties:

Table 2.1: Physical properties of plastic [14].

Plastic Thermal Properties Strength Density

Abbreviation - Brand name Tm | Tg | Td Cte | Tensile | Compressive |
°C | ° | °C | ppm/C | psi psi glec
PET - Polyethyleneterephthalate ;z: g 2 65 :gggo };gg 1:3
LDPE - Low density polyethylene 19?5 25 ﬁ ;gg lggg gg;;
HDPE - High density polyethylene gg ;3 ??0 ﬁ% gzgg ggzg
- prer L o e
C sl R e e
5 plyen P R

Where:

Tm: Crystalline melting temperature.

Tg: Glass transition temperature.

Td: Heat distortion temperature under a 66-psi load.

Cte: coefficient of linear thermal expansion.
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2.4 Classification of different types of plastic.

Plastic is an essential component of numerous consumer products, including water
bottles and product containers. However, not every kind of plastic is the same. In 1988,
the Society of the Plastics Industry (SPI) established a classification system to help
consumers and recyclers properly recycle and dispose of each different type based on

its chemical makeup [15].

Today, manufacturers follow a coding system and place a number, or SPI code, on
each plastic product, usually molded into the bottom. Although you should always
verify the plastic classification number of each product you use, especially if you plan
to recycle it, this guide provides a basic outline of the different plastic types associated

with each code number.

Plastic marked with an SPI code
of | is made with polyethylene
terephthalate, which is also
known as PETE or PET.

Figure 1: As one of the most recycled plastic materials. Used to make many common
household items like beverage bottles, medicine jars, peanut butter jars, combs, bean

bags, and rope, softens at 80°.
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The SPI code of 2 identifies
plastic made with high-density
polyethylene, or HDPE.

Figure 2: As one of the most recycled plastic materials, used to make containers for
milk, motor oil, shampoos and conditioners, soap bottles, detergents, and bleaches,

softens at 75°.

Plastic labeled with an SPI code
of 3 is made with polyvinyl
chloride, or PVC.

Figure 3: The most dangerous types of plastic, is not often recycled and can be harmful
if ingested. Used for all kinds of pipes and tiles, but it's most commonly found in

plumbing pipes. This kind of plastic should not come in contact with food items, softens

at 60°.

Plastic marked with an SPI code
of 4 is made with low-density
polyethylene, or LDPE.

Figure 4: a relatively safe and recyclable, making it a safe choice for food storage.

Plastic cling wrap, sandwich bags, squeezable bottles, softens at 70°.
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Consumers will find the SP!
code of 5 on plastic items made
with polypropylene, or PP

Figure 5: one of the best kinds of plastic and most safe, it is used to make plastic diapers,
margarine containers, yogurt boxes, syrup bottles, prescription bottles, and some

stadium cups, softens at 140°.

Plastic marked with an SPI code
of 6 is made with polystyrene,
also known as PS and most
commonly known as Styrofoam.

Figure 6: danger and unsafe, used in coffee cups, plastic food boxes, plastic cutlery,

packing foam, softens at 95°.

The SPI code of 7 is used to
designate miscellaneous types
of plastic that are not defined
by the other six codes.

Figure7: These types of plastics are difficult to recycle. Polycarbonate is used in baby
bottles, large water bottles (multiple-gallon capacity), compact discs, and medical

storage containers.
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2.5. Plastics Processing

Because of the properties of polymers, it is possible to mould them and change
their shape using a number of different repetitious manufacturing processes. The most
important of these are extrusion, injection moulding, blow moulding, vacuum forming,
extrusion blow moulding, rotational moulding, calendaring, foaming and compression

moulding.

About Extruders machine:

A machine or device that forces ductile or semisoft solids through die openings of
appropriate shape to produce a continuous film, strip, or tubing. Most of them takes in

electrical energy and convert it to heat during the process.

Types of extruders:

There exist different types of extruders in the polymer industries. Extruders may
be distinguished by their mode of function; continuous or discontinuous. Continuous
extruders are equipped with rotating parts whereas discontinuous extruders extruded
plastics in a recurrent manner and this type is suited for batch type processes such as
injection molding. Extruders may be used in different type of industries such as food
processing industries, plastics industries, metals and aluminium industries as well as
different secondary manufacturing industries. The mode of operation of this machine is
very simple; material enters the hopper of the extruder usually by gravity and is push
down along the barrel by the rotation of the screw, this pushing generate friction be-
tween the barrel wall and the screw hence generating the heat energy required to melt
the material. There is different types of extruders as Single Screw Extruder, Double

Screw Extrude, and Vented Extruder.
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This project is using Single Screw Extruder, this type is the most common of
extruders used, because of it straight forward design, relatively low costing, and it
reliability,. Their screw has only one compression section, even though the screw has
three distinct geometrical sections; the first section (closest to the fed opening)
generally has deep flights. The material in this section will be mostly in the solid state.
This section is referred to as the feed section of the screw. The last section usually has
shallow flights; the material in this section will be mostly in the molten state. This screw
section is referred to as the metering section. This section is called the transition section
or compression section. In most cases, the depth of the screw channel reduces in a linear
fashion, going from the feed section towards the metering section, thus causing a

compression of the material in the screw channel.
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Chapter Three

Mechanical Design of Extruder Machine
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3.1 Introduction

This chapter will explain the three dimensional drawings and design of the
Recycling machine by extruder. There are five main components of an extruder: screw,

extruder drive, barrel, feed hopper, and nozzle.

The helical structured extruder screw is the heart of an extruder, which includes
transport, heating, melting and mixing functions for plastic. An extruder drive, an
electrical motor, supplies power to rotate the screw. The stability and quality of
products and highly dependent on the design of the screw. The extruder barrel is outside
the screw providing heating and cooling capabilities. There is a feed throat connect feed
hopper and barrel. The feed hopper is designed to hold the plastic pellets, and allows
plastic pellets flow into the barrel steadily. The die is placed at the end of the extruder,

and can determine the shape of the product.

Once the material and specification has been determined, we have used the
knowledge of mechanical parts as well as SOLIDWORKS software to develop the

plans and models to meet the project goals.

3.2 Proposed System Description a Specification

The first step in mechanical design is to know the whole operation of the system

and to know how machine is band as shown in figure 3.1 and figure 3.2.
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Figure 3.1: Structure Design of the Extruder Machine in 3D.

Figure 3.2: The machine in 2D.
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In the next sections the parts of the machine will be describe in full details.

3.3 Mechanical Design

In this design the machine, is divided it into fore parts, which are connected to

each other to Cover all stages needed, these parts are:

1) Hopper
2) Barrel
3) Screw
4) Nozzle

Since the machine is used for production of a Plastic and in order to get a good and
clean product, most of the machine parts are made of steel that has resistance to
corrosion; And in order to obtain a good and simple design a set of parameters must be
considered, these parameters are related to the machine itself such as: safety, portability,
cost, design simplicity, availability, work space, easy to move, volume occupied by the
machine. On the other hand, the design must be able to produce a high quality Extruder

machine related into the international standard.

3.3.2 Hopper

It is the first component of the machine, which the process starts through it as
shown in figure 3.4, its capacity approximately about 5kg, which found by the
calculation of its volume and through the density of the Plastic. This. Hopper produced

from stainless steel (304L).
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FIGURE 3.4: Sketch Hopper

To find a capacity of hopper of raw materials we can use the equation

(3.1)

NIES

Where:

p: Plastic density.

M: Mass of plastic.
V: volume of hopper.

Through we use LDPE-low density polyethylene Plastic the density is equal 0.917
g/cm?3, and the volume of hopper [19].

V=2 H* (514 52) + Vsl *s2 (3.2)
Where:

H: height of hopper[mm].
S1: area of first base[mm?].
S2: area of second base[mm?].

From the figure 3.5 can be determine the area of each base
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, 236 ,
263 |

212

NS

Figure 3.5: Dimension of Hopper.

S1=26, 3*23.6=620, 68cm?

S2=9.1*3, 2=29.12cm?

1
Vi =5 %2125 (649.98 +V18074.20)

V,=5543, 23 cm?
By subtracts the size of half the cylinder:
Vo, =(?xm)*1

=(1.6% * 3.14 % 9.1) + 2

=36.57 cm3
V,=5506.66
0.917
M= p + Vy = =%+ 5506.66cm’ (3.3)
M=5049.60 g
M=5.04 k
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3.3.3. Screw

The extruder screw is one of the most important component of the machine, it
design is crucial in the mixing and processability of the polymer in question, with
respect to the type of polymer to be process. Screw extruders are classified as single or
multiple screw extruders. In this project will choose Single conveying screw extruders
are the most common type of extruders used in the polymer industry, because of it
straight forward design, relatively low costing, and it reliability, they are most often
used[17].

The screw is design in to three different sections known as zones. Different types
of polymer may have different screw designs; some designs may not have the entire
zone. Three zones are usually identified in most screw, which are [16, 17];

1. Feed zone: Transport and preheating of the solid material.

2. Transition zone: Compression and plastication of the polymer.

3. Metering zone: Melt conveying; melt mixing and pumping of the melt to the
die.

BN\ O\ AN}

RN /

SHANK —*1*-FEED SECTION —*t=— TRANSITION SECTION ——+1oMETERING SECTION™
CONSTANT ROOT DIA. TAPERED ROOT DiA. CONSTANT ROOT DiA.

Figure3.6: Three-zone screw

The L: D ratio of an extruder screw is define as the length of an extruder screw
with respect to it diameter. An L: D ratio of 24: 1 is common, but some bigger machines
go up to 32: 1 for faster mixing and additional output with no change in the diameter of
the screw. Twin screws usually can measure about 36: 1 to account for the two extra
zones [18, 17].
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Figure3.7: Definition of screw elements.

Where:
1) Channel width: Space between flights.

2) Trailing flight flank: Back edge of flight.
3) Pushing flight flank: Front edge of flight.

4) Pitch: Distance between consecutive flights.

5) Helix angle: Angle flights make from a line perpendicular to the screw shaft.

6) Screw diameter: Distance between furthest flights across the screw shaft.

7) Keyway: End of screw containing the key that fits into the shaft surrounded by
the Thrust bearing.

8) Root diameter: Distance from the channel bottom on one side to the bottom on
the Channel bottom on the opposite side

9) Length: Distance from hopper to screw tip.

10) L/D ratio: Screw length divided by diameter Compression ratio: Ratio of the feed
channel depth to the meter channel depth.

11) Channel depth: Distance from the top of the flight to the root.
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Essential dimensions of extruder screws for processing thermoplastics are given

in Table 3.2 for several screw diameters [16].

Table 3.2: Significant Screw Dimensions for Processing Thermoplastics [16].

Diameter ~ Flight depth (feed) h.  Flight depth (metering) h,,

Flight depth  Radial flight clearance

(mm) (mm) (mm) ratio (mm)
30 43 2.1 2 0.15
40 54 2.6 LTS5
60 1.5 34 22:1 015
80 9.1 3.8 24:1 02
100 107 43 25:1 02
120 12 48 2510 0.2

> 120 max 14 max 5.0 mx3d:1 025
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Figure3.9: Structure Design of Screw.

The solids transport is largely influenced by the frictional forces between the
solid polymer and barrel and screw surfaces. The following example presents an

empirical equation that provides good results in practice.

The geometry of the screw that used in project in (Fig. 3.9) is given by the

following data:

Table 3.3: Geometry of the screw

Barrel diameter (D) 40mm
Screw lead (S) 24mm
Number of flights (v) 1
Channel width (W) 22 mm
Flight width ((Wrwr) 3 mm
Depth of the feed zone (H) 8 mm
Conveying efficiency (ng) 0.436
Bulk density of the 800 kg/m3
polymer( p.)

Screw speed(N) 50rpm
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The solids conveying rate in the feed zone of the extruder can be calculated

according to equations in (3.4) [21].

w
Y = . o . . 2- . — —— 1 . .
m =60-p.-N-ng-n“-H-D,(D, H)W+Wm sing - cos¢p (3.4)

Where

m= solids conveying rate (kg/h).

po= Bulk density of the polymer (kg/m3).
N = Screw speed (rpm).

nr = Conveying efficiency .

H= Depth of the feed zone.

D, = Barrel diameter.

W= Channel width.

wrir = Flight width

®= helix angle.

With the helix angle ¢
O=tan"[s/(m - Dp)] (3.5)

The conveying efficiency ny in Eq. (3.4) as defined here is the ratio between
the actual extrusion rate and the theoretical maximum extrusion rate attainable under
the assumption of no friction between the solid polymer and the screw. It depends on
the type of polymer, bulk density, barrel temperature, and the friction between the
polymer, barrel and the screw. Experimental values of nzfor some polymers are given
in Table 3.4.
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Table3.4 conveying efficiency n for some polymers [21]

Polymer Smooth barrel Grooved barrel
LDPE 0.44 0.8

HDPE 0.35 0.75

PP 0.25 0.6

PVC-P 0.45 0.8

PA 0.2 0.5

PET 0.17 0.52

PC 0.18 0.51

PS 0.22 0.65

Using the values above with the dimensions in meters in Eq. (3.4) and Eqg.
(3.5) we get

m = 60*800*50*0.25*3.14"2*0.008*0.04*0.032*0.88*0.187*0.98

=9.82kg/h= 272 g/s

The maximum flow rate has been calculated for the screw parameter

according to

Qmax = 0 (3.6)
_ 272g/s _ 3 _ 6 3
= oisg/omE = 289cm’/s =289 107" m>/s
After that can be, calculated maximum pressure at Q = 0 from the equation
(3.7)
__ 6mD-L:N7
Fmax = yang (3.7)

Viscosity, n= m(6)™1 where n = 0.39 as shown in Table 3.5
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Table 3.5. Power law parameters for some common plastics. Charles [16]

Polymer m(Pa-s)" n T(°C)
High density PE 2.00x 10 0.41 180
Low density PE 6.00 x 10’ 0.39 160

PP 7.50x 10° 0.38 200
PA 66 6.00 x 10* 0.66 300
PC 6.00 x 10° 0.98 300

In order to determine the shear rate in screw which is given by:

_Txdxn
60+h

Shear rate (6) (3.8)

Where

6 = shear rate in screw channel, is given in secs-1
dgcrew = SCrew diameter in mm

Ngerew = SCrew speed in revolutions/minute

h = channel depth in mm.

In this project, the extruder barrel diameter d = 40 mm, the screw speed n set
at 50 rpm and the channel depth in mm was measured to be h= 8 mm. Then the shear

rate at the barrel zone is given by (Eqn3.8);

Shear rate (6) =222 = 212:0.04%50 _q3 4g o1

60*h 60+0.008
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The rate at which polymers sheared between the end of the screw tip and the
barrel wall is computed using (Eg3.8) above. The shear rates between the end of the
screw flight and the barrel wall are high because the height is small, and low between
the lowermost end of the screw channel and the inner barrel walls because the distance

between them is large there.

Therefore

n=m(6)"* (3.9)
= (6*103 Pa.s) (13.08s71)039-1
=1250.31 Pa.s

Based on the viscosity-shear rate curve if figure below this value is too high.
Since the maximum viscosity for LDPE at 240 °C is 300 Pa.s. The shear rate value of

13.08s~1corresponds to approximately200 Pa.s.

(=
* Pas ;
; 103 F—
2 =
B = _ABS(240°)
Z T - PAG (270°)
S 107 . T ! 158 (220°)
g E PP (250°)
- ~LOPE (240°)
W \ ! |
10 | WENL AR Lol L LIl
100 10 102 103 gt

apparent shear rate 6 —==—
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And Frome Equ (3.7) can be determine the pressure max

6:1t-D-L-N‘1
HZ2-tang

Pmax = (3.7).

_ 6%3.14%0.04*1x50%200
0.0082%0.190

= 3x10°Pa WhenQ=0

This is the maximum pressure obtained when the flow rate is minimum.

3.3.4 Barrel

The extruder barrel hosts the screw internally and the heater and other components
externally. In the feed section is equipped with a hopper design to prevent premature
melting of the polymer resins. Along the length of the extruder barrel is covered a layer
of protective material to prevent heat losses from the inlet. There may be several zones
of heater bands to each section of the barrel wall [18].

Since the extruder barrel is the main component where the plastic is being process,
they are designed to be large enough to hold the maximum possible amount of material,
and also designed to prevent the screw from scraping the walls of the barrel that may

cause damage to the barrel wall.

The change in temperature of each zone is detected by a sensor mounted beneath
the barrel. There are two types of barrel heaters; band and cast. The band type is used
for heating while the cast type has passages to house a flow of a cooling medium, and
thus it can be used for both heating and cooling. The cooling medium is usually water
but at time, oil can be used to prevent thermal shock to the barrel. The geometry of the
Barrel with length 530mm and inner diameter 26mm, outer diameter 34mm as show in
Figure 3.10.
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Figure 3.10: Extrusion barrel.

3.3.5. Barrel holder

Barrel holder use to hold barrel together in the framework, And are linked to

each other by welding as show in Figure 3.11.

Figure 3.11: Barrel holder.

40



3.3.6. Flat

Used to connect between hopper and barrel by welding as show in Figure 3.12.

Figure 3.12: Flat.

3.3.7 Barrel holder-bearing shaft (shaft coupler)

Used to translate the motion from the electrical motor to the screw as show in

Figure 3.13

Figure 3.13: Shaft coupler.
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3.3.8 Bearing

The bearing fixed between the shaft and the gearbox of the machine permit the
rotational motion of the shaft without affecting the whole casing, so the isolate the

shafts from the casing.

Figure 3.14: Bearing.

3.3.9 Nozzle

The Nozzle is placed at the end of the extruder, and can determine the shape of the

product, and it can be used to control the output of Plastic.

Figure 3.15: Nozzle
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Figure 3.16 Explain the basic components of Nozzle.

Figure 3.16: components of Nozzle

Table 3.4: Components of Nozzle.

symbol Name Function

A Body It use as a connector between the flow adjuster and Barrel,
also it consists the filter in it bore.

B Nozzle Filter It has to make sure everything that comes out of the
extrusion is smooth, molten and clean.

C Nozzle flow adjuster Used to adjust the amount of plastic output, and forms the
link between Body and Nozzle screw, It also Contain a
Bolt.

D Bolt It's used to control the amount of plastic output.

E Nozzle screw It's used to control the shape and diameter of the plastic

output.
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3.3.10. Framework

Framework carries the extruder machine, and it is installed in the ground by Bolts,

the frame is made of steel and the surface is made of wood.

Figure 3.17: Framework

3.3.11. Electrical box

Electrical box contains all of the electrical parts in machine.

Figure 3.18: Electrical box.
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The Machine designed using CATIA program. The dimensions and static

analysis executed on it. The sheet metal package use to design model with all required

features such as lathing, cutting and the metal thickness set on it. Appendix A discussed

all designed parts in details.

Some of parts that designed illustrated in the following sheets:
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3.4 Static analysis

The static analysis for fame executed on SOLIDWORKS .The results are good

and no danger on frame and the frame reliable. Small tiny amount of deflection due to

applied load appear and it can neglected. The stress does not make dangerous effect on

frame. The Appendix C discuss the complete simulation report that generated by
SOLIDWORKS. The report show the results with all details.

3.4.1. Study result

Name Type Min Max
Displacement1 URES: Resultant Displacement 0 mm 4.47684 mm
Node: 18523 Node: 9602

Madel name:assem]

Study name:Stabic 1f-Default)

Plottype: Static displacement Displacement!
Deformation scale: 1

Assem1-Static 1-Displacement-Displacement1

LIRES (mm|
4.477e+000
I 4,104¢+ 000
L 373 e-000
. 3.330e+000
. 2,505¢+000
_ 2.611e+000
2,238e4 000
l 1.865¢+ 000
. 1.492e+000
. 111%e+000
7451001
3.751e001

1,000e-070
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Name Type

Min

Max

Straint ESTRN: Equivalent Strain

1.0582e-009
Element: 79668

0.121923
Element: 77821

Model name:assem
Study name:Static 1f-Default)
Plottype: Static strain Stralnt
Deformation scale: 1

Assem1-Static 1-Strain-Strain1

ESTRM
1.21%001

1,16e001

1016001
. B14e002
. B.128e-002
. 126002
6096002
5.080e-002

4030
. 309001
2032602
1.018e.002

1065009
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Mechanical Calculation

Calculation for force required to move the material along the power screw in

order to choose the suitable motor.

The length of power screw equal 100cm, and the pitch equal2.4cm, the speed of
motor is 1400 rev/min, and the rotational speed (W) equal 146.5 rad/sec, the radius of

gear equall.25cm.

Also by experiment, the required force equal 14kN.

F=14kN, W=146.5rad/sec

T=F*R (3.11)

= 14*0.0125=175N.m

Where:
T: load torque. (N.m)
F: Force required for rotate the screw. (N)

R: screw radius. (m)
The chosen safety factor 1.67, so the used force equal 23.5KN.

T=F*R
=23.5%0.0125=294N.m
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After this calculation chose gearbox (worm gear) has a reduction ratio equal to

(2:30) has these specification:

Figure 3.19: Gearbox.

T before =T after*(1/30) (3.12)
=294/30=9.8(N.m)

Where:
T before: motor Torque

T after: load Torque

Pout=T*W (3.13)
=0.8*146.5=1435.7 WATT

Where:

P: power out of motor.

T: motor torque (N.m)

W: rotational speed (rad/sac).
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Power in wat (Pin):

Pin =173V x[* PF =1.7kW

Where:

Pin = Three-phase power in kKW
V = voltage = 380V

| = current = 3.5A

PF = Power factor as = 0.9

Efficiency (%):

Pout
Pin

n= x 100% = 0.84

Horse power = Pout/746

1435.7/746=1.92 hp.

(3.14)

(3.15)

(3.16)

Therefore, the chosen motor will be a 2 hp because there is no motor with 1.92

hp, the motor with this characteristic has been chosen to fit the calculation of the

Table-3.4: Characteristics of Ac motor (Name- plate).

machine.
Type hp Voltage
V)
AC motor 2 230/400

Nrpm

1400

51

Current  Frequency Phase
(A) (Hz)
3 phase
3.5/6.2 50 way
connect



Chapter Four

Electrical Design & Protection
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4.1 Introduction to Electrical Design

This section will explain all the electrical components will be used in this machine,
Basic electronic components:

4.2 AC motor

Three phase AC motor with gear box, the reason to choose this motor because of
its good self-starting capability, simple and rugged structure, low cost and more
reliability,(to control it using inverter). The following table shows the characteristics of
the motor.

Figure 4.1: Electrical motor
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4.3 Gear box

Use gear box 1:30 to reducing the speed of the motor from 1400 rpm to 50 rpm.

Figure 4.2: Gearbox.

4.4 CAM motor voltage frequency driver

The purpose of using the voltage frequency driver is to control the speed of
CAM motor by using multifunction speed, the type of CAM Motor driver is Delta
model VFDO15EL21A shown in figure 4.3 The VFD-EL series is multiple function
new generation micro type AC drive, high precision current detection, overload

protection, and a built in keypad.

The calibration of inverter done by using the datasheet of it, (Appendix D).
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Specifications

Nominal Input VAC: 208; 240 Volts AC
Input Range VAC: 200 to 240 Volts AC
Input Phase: 1

HP (CT): 2 Horsepower

Amps (CT): 7.5 Amps

Max. Frequency: 600 Hertz

Figure 4.3: CAM motor inverter.

To calculate power input of inverter:

P=I*V (4.1)

Where:

P: Power in put (W)

I: Measure current =5(A)
V: Voltage =220(V)

P=5*220=1100W

To calculate the amount of electricity consumption:

Electricity consumption=Power input * price /1000W (4.2)
Where:

Power input=1100W
Price=0.5 NIS

Electricity consumption=1100*0.5/1000=0.55 NIS.
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If don’t use inverter the electricity consumption will be increase because the
power input of motor 1700W¢« And with compensation in the Equ( 4.2) find the

electricity consumption before inverter

Electricity consumption=1700*0.5/1000=0.85 NIS.

The advantages of using an inverter

1. Inverter works to reduce electricity consumption.

2. Get three phase from one phase.

4.5 PID temperature control

PID is the device, which provides the Information to SSR when to turn on and
when to turn off. ID reads the temperature of any system with the help of thermostat. It

functions as the input panel to the system.

General purpose of temperature controllers are used to control most typical
processes in industry. Typically, they come in a range of DIN sizes; have multiple
outputs, and programmable output functions. These controllers can also perform PID
control for excellent general control situations. They are traditionally placed in the front
panel with the display for easy operator accessibility. These controllers have a pre-tune
function to initially calculate the PID temperature for a process, and a continuous tune
function to constantly refine the PID temperature, all details of this controller at
appendix D.
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Figure 4.5: PID temperature control.

4.6 Solid state relay (SSR)

SSR is the device in which the temperature can be controlled with the help of PID.
For controlling the electric circuit to maintain the temperature. The temperature can be
controlled by controlling electricity. So this device acts as the gate keeper for the
electricity .Which means when the temperature is insufficient the SSR will transmit
electricity to the heater and when the temperature reaches the required level it cuts of
the electricity with the help of PID and thermostat.

Figure 4.6: Solid-state relay
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4.7 Thermocouple sensor

The sensor which is used to measure the temperature is known as thermocouple.it
consist of two wires made from different metals. When the two material are subjected
to the heat, it produces some electric voltage, which determines the reading of the
temperature in the system. The thermocouple are used for low cost, durable and high

temperature range.

Figure 4.7: Thermocouple sensor

4.8 Band heater

Band heaters: of all types are used to heat cylinder. They are used on the plastic
extruder, it consist from an electrical resistance ribbon, which are present between two
sheets of mica, it are the combination of the material dielectric strength which are
present between resistance ribbon and outer surface, of the component either mild steel

or stainless steel.

Electric resistance heaters are widely use in extruder machines. The heat generated
by the extruder heaters is made possible by passing a certain amount of current through
a conductor of certain resistance, as the resistance creates barrier to the flow of

electrons, heat is generated.

Figure 4.8: Band heater
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To calculate the amount of current consumption:

I=P/V (4.3)

Where:

I: Current (A).

P: Power input (W).
V: Voltage (V).

1=500/220=2.27A for one band heater, and at five heater 2.27*5=11.36 this is all

current consumption in heaters, to calculate the amount of electricity consumption:

Electricity consumption=Power input * price /1000W

=500%0.5/1000=0.25 NIS at one heater

At all heaters =0.25 *number of heaters
=0.25*5=1.25 NIS

4.9 Klemens

Used to connect wires and a range the connections as shown in figure (3.26).

Figure 4.9: Klemens.
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4.10 Switches

The emergence switch are used to stop the machine immediately when
something wrong happened with the machine as shown in Figure (4.10).The power

switch used to select the system on/off, as shown in Figure(4.11).

Figure 4.10: Emergence switch Figure 4.11: Power switch

4.11 Led indicator

The led as shown in Figure 4.12 are singed the machine operation mode.

Figure 4.12: Led indicator
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4.12 Power circuit of motor

Fuse
U
Phase failure
onnectto VFD
RUREE
R A O
Overload _ _4’_[ _[_ Ei
i g I B
load

Motor 3-phase

4.13 Electrical Panel and Protection.

The electrical panel shown in figure4.13and it is containing:

Figure4.13: Electrical Panel.

61



4.14 Circuit Breakers

Circuit breaker is an automatically operated electrical switch designed to protect
An electrical circuit from damage caused by overcurrent or overload or short circuit. Its
basic function is to interrupt current flow after protective relays detect a fault. Unlike a
fuse, which operates once and then must be replaced, a circuit breaker can be reset
(either manually or automatically) to resume normal operation. Circuit breakers are
made in varying sizes, from small devices that protect an individual household
appliance up to large switchgear designed to protect high voltage circuits feeding an

entire city.

Use 3 circuit breakers in our panel, one of them is the main circuit breakers it have
four poles two inter and two outer (line — neutral), and this breaker allows up to 25
amperes. The other two breakers each of them connected with the relays, one of
breakers 10 ampere used it for motor and the rest one is 16 ampere and used it for

heaters.

-

Figure 4.14: Circuit Breakers.

62



Chapter Five

Manufacturing and Assembly
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5.1 Introduction

This chapter discuss the manufacturing technologies that used in project. The
structure build using four manufacturing process and it is cutting, lathing, welding and
coating. The mechanical parts such as screw, Also, the part assembly and part joined

demonstrated.

5.2 Manufacturing

Two materials used to build the extruder. The first one, carbon steel metal that used
for structure. The structure build in four stages and it cutting, lathing« welding and cutting.
The second one is wood, which used for holding the parts of machine that uses for the

frame.

5.2.1 Structure

The carbon steel metal used to build the structure, it uses due to four reasons. The
first one, it is available in Palestinian market, so no need for import from aboard. The
second one, it is low coast than other materials. For example, the aluminium is ten time
expensive than steel. It is easy to manufacturing. The local factory have required high
quality machines to cut, bend, weld and coating steel. The steel is robust material and have
a chock resistance. In constraint, the plastic is easy to break. Due tis reasons the carbon
steel is the best choice for stricter and cheapest one.
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5.2.2 Cutting

The high quality-cutting machine is used to cut the metal (see Figure 5.1). It is
have 0.1mm resolution. The structure parts designed in CATIA program using sheet
metal module.

Figure 5.1: Nozzle during cutting the metal.
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5.2.3 Lathing

This stage is one of the most important stages of building projects, through which the
work of the most important parts such as screw, nozzle and coupler, also it is have 0.1mm

resolution, (see figure 5.2).

Figure 5.2: Coupler during Lathing.
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6.2.4 Welding

The MIG welding is used to assemble the part together after cutting and preparing
the parts. This technology use Argon and CO2 gas. After welding, the surfaces must

gridding to get smooth surface finish (see figure 5.3).

Figure 5.3: Machine through welding.
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6.2.5 Coating

The black-color and silver-color coating is useing to coat the surfaces (see figure
5.4, and 5.5). It is give metal corrosion and wear resistance against environmental effect.

Figure 5.4: Machine after coating.

Figure 5.5: Frame after coating.
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5.3 Construction Process

The extruder structure was installed with the frame by the bolts as shown in
(Figure 5.6)

Figure 5.6: extruder structure installed with frame.

And then it was installed the hopper with the barrel by the bolts as shown in (Figure
5.7)

Figure 5.7 hopper installed with barrel of extruder.
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The outer shell of gearbox of the motor was taken as the base of the extruder. The
shaft was removed and replaced with the 16mm internal diameter and 20mm outer
diameter threaded steel tube .The tube was perfectly pushed inside the shell of the gear
box, The auger was attached with a coupler to the shaft of the motor as shown in (Figure
5.8).

Figure 5.8: auger was attached with a coupler to the shaft of the motor.
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The next stage is installing heaters with the tube by the cleats; an extruder that

I am making is used five channel heating system extruder as shown in (figure 5.9).

Figure 5.9: five channel heating system extruder.
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The thermocouple was connected to the port 9 and port 10-.This port was the place
where heat sensor was connected. It was able to read temperature of tube after
connecting. SSR is connected on port 6 and port 7 according to polarity. This was able
to switch the heater on and off after obtaining required temperature. The main power
supply of this extruder is port 1 and port 2. The power supply for the heater was also
supplied through port 1 and port 2.This completed the electronics wiring of the heat

control mechanism as shown in (figure 5.10).

SSR outpull

[ Rk

[T N BT &%

FITER C é_;i'ru;
SSR-25 DA uesn Relay
4 oo 8V (open circut voltage)
| E_‘ & g 40mA ( short circut current)
\/ ? Interlod R + - Thermocouple
O =
B &) )]0
67/ 8(9][|10
: )11 13@7‘ J2 Lower Limit
R)12 1463~
1 2 3 4115 | Alarm System |
&) ||| |||

|+ J- |
Ji1
Upper Limit
L +

AC:85V-260V
DC:85V-360V

Figure 5.10 Electronics wiring of the heat control mechanism
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After the assembly of the extruder parts was completed. The machine was left 15
min with turning on the heat of 180 °C. After acquiring the stable temperature, the motor
in drive system was turned on .The pellets were then poured in to the hopper. The motor
was on the speed of 50 RPM .the plastic were driven by the screw along the barrel.
When the plastic reached the heating section, it started melting and the pressure was
created inside the tube. Due to the friction inside the Steel tube and the additional
heating from the heater rises the temperature and melted the plastic completely. The

filament was extruded through the die hole of 3 mm in diameter.

Figure 5.11: Die with 3 mm hole
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Chapter Six

Experimental Result & Recommendations
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6.1 Introduction

This chapter provides experimental result, some recommendations from the

work team for this project. In this chapter we are listing some goals hope to be

accomplished or_ at least_ under attention.

6.2 Experimental Result

We made some experiments on parts of our project and these are some of results:

1)

2)

3)

4)

The structure stress, strain and deformation simulated using SOLIDWORKS
program under simulation module. In addition, the results are as wished and
show very tiny small of deformations due to applied forces. The stress on
structure does not make a critical effect on it. Therefore, the machine can used
without any problem under these results. On other hand, the machine assembled
successfully without any problem. The frame rigid and does not show any

dangerous behavior.

The hopper of machine contains about 5kg and the machine making a process

on it and give output without any problem, as it should be.

The heating process with five channel heating system was enough for the
melting process. In addition, the reasons are to set PID controller to desired
temperature that should be for five heaters. At first the temperature about 150
°C for first three heaters, to increase the temperature of input plastic and making
it homogeneous as possible, the temperature of the last two heaters is 180 °C,
in order to make the input plastic more homogeneous and to output a

continuous line of raw plastic in best shape.

The inside diameter of the barrel and the outside diameter of screw was 40
mm which assume to be perfect for the filament of 3 mm.
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5) At the first experiment, we note that the final product of continuous line has a
large diameter and High deformation as shown in Fig (6.1.a) after that we

calibrate the nozzle screw to achieve the desired size of output diameter of raw

plastic as shown in fig 6.1.b.

Figure 6.1.a: first experiment Figure 6.1.b: product after calibration

The experiment as shown in figure 6.2.
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Figure 6.2: Experiment result.
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6.3 Recommendations

These recommendations are recorded by the tests on project and it should taking

in account to modify it for better:

1)

2)

3)

At first the selection of motor was 1hp but it doesn't work as it should be and
consumes lots of power, and torque has not enough to rotate the screw, so by
making a new calculation , the selection of motor is 2hp as the it shown in design

chapter.

The project faced a problem to select the distance and the operation temperature
of machine, so by making tuning and calibration of heaters through the
experiments on machine, the distance between them about 10-11 cm expect the

distance the haters in nozzle , which about 5 cm.
The operation time of machine about 15 minute to reach the desired

temperature, because the cross section heaters not enough as required, so to
reduce the time, the cross section should be larger than it was.

These recommendations are recorded to people who can create opportunities for

student to make something new and useful, in order to make difference in our country

Palestine:

1)

2)

3)

Once the university administration financially supported graduation projects,
this support must be provided at the beginning of the project work, to enable
students to do their projects according to the time plan, and to test them at the

proper time.

The university should provide the proper toolsets, which enable the Student to
assemble his project and to test it the university campus, so he could get benefit

of experiences in the university.

The metal workshops must have highly trained technician to read the plans, and

to perform the design.
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4) The Environment Department can using our project, to make a studies and tests

on the output of this machine.

6.4 Conclusion

Extrusion is one of the most widely used polymer converting operations for
manufacturing blown film, pipes, sheets, and laminations, to list the most significant
industrial applications. Fig. 3.1 shows a machine for making blown film. The extruder,
which constitutes the central unit of these machines, is shown in Fig. 1.5. The polymer
is fed into the hopper in the form of granulate or powder. It is kept at the desired
temperature and humidity by controlled air circulation. The solids are conveyed by the
rotating screw and slowly melted, in part, by barrel heating but mainly by the frictional
heat generated by the shear between the polymer and the barrel (Fig. 1.6). The melt at
the desired temperature and pressure flows through the die, in which the shaping of the

melt into the desired shape takes place.

6.5 Future Work

The project cover many of smart features can be added to this extruder machine,
such as using SCADA systems, which uses computers, networked data communications
and graphical user interfaces for making a best management, also it can using a cooling

system for output, in order take a desired shape as it should be.
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Appendix A

Extruder machine design sheet
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Appendix B

Extrusion electrics schematics
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Appendix C

Extruder structure static analysis report
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Appendix D

Data sheet of inverter and temperature controller
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