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Abstract

The Palestine Polytechnie University Industrial Synergy Center (PPUISC) established an internal
plastic factory as a local mdustrial facility withm university campus, as a tool for "ice-breaking”

between the engineering students and machinas thar they will aperate in their practical lifc

This project wmed at establishing a bndge between local Industry and engineerng education at
PPU

The output from this project included technical analysis of hydraulic system, cooling tower,

control system, molds, and including required design calculation,

In adthtion to that. the project raqurad some kind of feasibility studv of the products, Lo

delermune it's retrofit ahility 1f being marketed within the local community
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Chapter One General Introduction

1.1 Project Background

Plastic is the general common term for a wide range of synthetic or sermisynthetic
organic amorphous solid materials suitable for the manufacture of industrial
products. Plastics are typically polymers of high molecular weight, and may
contain other subsiances to improve performance and/or reduce costs. Many
countries produce plastic, but the most important of them are the United States of
America and Japan In Palestine there are various companies that are producing
plastic such as Palestine Plastic Industries Company in Nablus which manufactures
different types of products and Royal Industrial Trading Company in Hebromn,

which produces plastic pipes

As part of ils projects. Industry Synergy Center (ISC) egtablished a new plastic

Factory as one of ifs activity in the ground flour-bwilding C-Wad Alhanah

The machine produces plastic by injection process, so it requires some steps 10
operate it. These steps will be explaned in (section 1.5.1) as the main tasks and

achvites.

The project will answer the question on how to start and operate the factory and

review the design process
1.2 Project Scope

The scope of the project is to operate the plastic injection machine and explore the
posgibility to improve its product performance. This includes the following mim

topics.

e Litcrature review of the industrial operation for manufacturing plastic, and

also a field study of the operalion for making it in Royal Company

s Reviewing the scientific background about the raw materials, processes
and properties of plasiics.

e Technical study and process analysis of exisling factory at (ISC) meluding

redesign of egquipment components.

R L e e e R S, e
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Chapter One General Introduction

¢ Market study, marketing plan, and scarching for possibility of a new
products
= Ticonomic feasibility study, how 1o sell the products.

« Design new molds lor new products,
1.3 Project Goals and Objeclives

Ihe overall aim of the project is to operate the factory and o explore the
possibility to improve the production performance through enginecring review of

| process design.
1.3.1 General Goals

e Operating the purchased factory by (ISC).
' ¢ Applymg the mechanical engineering principles engineering on the various

process compoenents and systems

.

= Creating bridges between engincering education and local industry,

| 1.3.2 Specific Objectives
1) Perlorming engineering review to process design involved in ISC plastic
injection maching, this including .
e Hydrauho system.
¢ Cpoling system.
e Mechanical system-Truss.
+ Pasic concepts of control process
2) Prepanng design document such as engineering flow sheets and plant lavout,

i) Performing marker survey to explore the patential for producing new plastic

products

4) Designing mold for a selected new products choose based on the market
survey

5) Performing economic leasibility study for the new factory at ISC

&) Suggesting a management system for the factory focusing on products

7} Creating aground for guality assurance system




Chapter One Ganeral Intreduction

1.4 Project Choice Justification

1) 1SC requires reviewing process design for the purchase plastic injection
machine which is the focus of this projest

2) This project creates sufficient experience for the student, which assist them in
having an employment opportunity after graduation

3) Such a project provides the opportunity to apply what have been studied in
five years in the engineering college.

4) The availability of obtaining funds from Industry Synergy Center (ISC) for

purchasing the required project componcnts.

1.8 Project Implementation Plan

This project intended to sustain a high level of scientific value, however, the
project has got tasks, goals and objectives, in addition to the time table, thus when

they are achicved, and then the project has accomplished that level
1.5.1 Main Tasks and Activities

The main tasks for the first semester include:

¢ Literaturc review and gaining scientific background on plastic praduction,
raw materials, processes and properies.

* Designing 4 suilable mechanical structure to be used for replacing the molds
(Truss)

e Preparing engineering flow sheets and plant layout.
« Preparing a review about market study.

¢ Redesigning the mold

s Preparing the report for the firsl stage
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1.5.2 Time Table

The time tahle for the first semester is illustrated in (Table 1 1)

Table 1.1: The time table for 1* semester

The main tasks for the second semester include:

* Building and installing the mechanical structure that uscs for replacing the
molds

*= Redesign the cooling tower and the water cycle.

¢ Choosing the ncw product and design its mold,

* Prepare an econumic feasibility study.

* Creating aground of suggesting matcrial testing and quality assurance
system

¢  Apalyzing control system.

¢ Analyzing the hydraulic system

*  Prepanng documentation, summarizing the results and recommendations,

and making presentation about the project
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Table 1 2! Time tahle tor the 7™ semester

Chapter One
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1.6 Preliminary Budget

Preliminary estimates are made for the project companents as listed in table (1.3)

Table 1.3: Preliminary budgel

NO, ’ Item Estimated Cost ($)
1 | Truss -Material 300
-Building

2 Raw Materials 500

3 The Mold S000
- 4 Lubrication Oil 20

5 Hydraulic Ol 100 ]
i 6 | Total coast 5920
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Chapter two plastic properties

2.1 Introducition

Plastic 1s one of the most important materials in our life, we use it in many subjec! in
different shapes and types

Sa, in this chapter we will discuss the plastic; meaning, chemistrv, properties and
tvpes,

Plastic is the pencral common ferm for a wide range of svathetic or semisynthetic
arganic amorphous solid matenals suitable for the manufacture of industrial products.
Plastics are typically polvmers of high molecular waight, and may contain other
substances w improve performance andf/or reduce costs.

The common word "plastic” should notr be confused wath the technical adjective
"plastic”, which is applied to any material which undergoes a permanent change of
shape (a "plastic deformation”) when strained bevond a certain point. Alurninum, for
instance, is "plastic” in this sense, but not "a plastic” in the common sense; while
some plastics, in their finished forms, will break before deforming and therefore are
not "plastic” in the echnical sense.

There are two types of plastics, thermoplastic and thermoset. Thermoplastics, if
exposed to heat. will melt m two to seven minutes. Thermosets will keep their shape
until they are a chamed, smoking mess. Some examples of thermoplastics are grocery
hags, piano keys and some automobile parts, Tixamples of thermosets are kad's dinner

sets and circuit boards

2.2 Chemistry and properties

Plasnc formad bv a collection of atoms which means polymers, plastic has mult

chemical formulas depend on type and shape and structure,




Chapter two plastic properhes

2.1.1 Polymer and its Structures

Word Polymer constructed into two seclions, poly means many and mer which means
repeal umt,

The molecules in polymers are cigantic n compansom to the hvdrocarbon molecules.
Polymer usually consists of monomers.

There are various types of polymers such as Polyethylene(PE), Polyvinvl
chlonde(PVC), and Palypropylene(PP).

22.2 Polymer chemistry

The repeating structural unit of most simple polymers not only reflects the
monomer(s) trom which the polvmers are constructed, but also provides a concise
means for drawing structures W0 represent these macromolecules. For polyethylene,
arguably the simplest polymer, this is demanstrated by the following equation. Here
ethylene (ethane) is the monomer, and the correspondmeg linzar polvmer 15 called
high-density polyethylene (HDPE). HDPE is composed of macromolecules in which
n ranges from 10,000 to 100,000 (molecular weight 2*10% 10 3 *10° )
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2.2,3 Bulk or Commodily Polymers
There are vanous ypes of commodity polymers making as shown in Table 2.1 .

Tablc2.1 A Listing of Repeat Units for 10 of the More Common Polymeric Materials

Polymers Repeat Unit

i" A l.: Pulyc!h}'lerli.' (PE) —é—ll"f—
ﬁ: | |

wli!." " Poly(vinyl chloride) (PVC) -—(I“—(l"—

Ci

i |
I L=l ] I ]I_
'ﬁ Polytetrafluoroethylene (| — =
| |
FF

e ]
bﬁ Polypropylene (PP) R ff g "f =
| CH

'ﬂ' " Polystyrene (PS) -(I"—-f_]“—
“ L A

i0
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i CH
F ) | |
5" Poly(methyl methacrylate) —{l_*—{l‘—
00— |
[
Ll
(6]
i_*_r . . e
u Phenol-formaldehvde [Haﬂ = ra 1
S
[
CH,
|
O H
f i e Poly(hexamethylene it _(I:__ —N—rlLl— —L]'—
30 adipamide) (nvlon 6,6) | | i | '
I . i} h )
¥ #»  Poly(ethylene terephthalat 17— 1 |
-y (PET, a polyester) . Y T ey . ST
hg C \. J C |
.o L L[ b
Nl = ; ; 4 ."'.
" d Polycarbonate (PC) — ,_{ \_{. _..:r' /*,_r}_

—
"The —{ \;-— svmbol in the backbone chain denotes C=C
"o/ an aromalic ring as /
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2.2.4 Moalecnlar Structure

The physical charactenstics of o polymer depend not only on i1ts molecular weight
and shape but also on differences in the struecture of the molecular chains Modern
polymer synthesis techniques permit considerable contiol over vanous structural

possthilitics.
2.2.5 Polymer types of Structure

1) Linear Polymers

Linear polymers are those in which the repeat units are joined tossther end 10 end in
single chains These long chains are flexible and mav be thought of as a mass of
spaghetti, where each circle represents a repeat unit. For linear polvmers, there may
be extensive van der Waals and hydrogen bonding between the chains Somie of the
common polvmers that form with linear structures are polyethylene, poly (vinyl

chlonde), polystyrane, poly (methvimethacrylate), nylon, and the flusmscarbons.

2) Branched Polvmers

Palvmers may be synthesized i which side-branch chains are connected to the mamn
ones_ thesa are fitingly called hranched polymers. The branches. considersd to he
pait of the mn-chain molecule, may result from side reactions that occur during the
synthesis of the polymer. The chain packing efficiency 1s reduced with the thrmation
of side branches, which resulls in a lowering of the polymer density Those polymers
that form linear structures may also be branched. For example, high density
polyethylene (HDPE) is primarily a linear polymer, while low density polyethylene

(LDPE} contans short chain branches,

3) Crosslinked Poly mers
In crosslinked polymers, adiacent linear chains are joined one to snother at vanous
positions by covalent bonds.

Circles designate mdividual repeat units

12




Chapter two plastic propertics

Crosslinkmg is achieved either durmg synthesis or by 2 nonreversible chemical
reaction

Often. this crosslinking is accomplished by additive atoms or molecules that are
covalently bonded 1o the chams. Many of the rubber elastic matenials are crosshnked:

in rubbers. this is called vulcamzation.

4) Network Polvmers

Multifunctional monomers forming three or more active covalent bonds make three-
dimensional natworks and are termad network polymers.

Actually, & polymer that is ghly erosslinked mav also be classified as a network
polymer. These materials have distinctive mechanical and thermal properties; the
epoxies, pelyurethanes, and phenol-formaldehyde belong to this group.

Polymers are not usually of only one distinctive structural type. For example, a

predominantly linear polymer might have limitad branching and crosshinking,

2.2.6 Copolymers

Palymer chemists and scientists are continually searching for new matenals thai can
be casily and cconamically synthesized and fubricated, with improved properlies or
hetter property combinations than are offered by the homopolymers previously
discussed

One group of these matenials are the copolymers.

Consider a copolymer that is composed of two repeat units, Depending on the
polymerization process and the relative fractions of those repeat unit types, different
sequencing amangements along the polvmer chains are possible. For one. the two
different units are randomly dispersed along the chan in what is termed a random
copolymer.

For an allemating copelymer, as the name sugiesis, the two repeat uniis alternate
chain positions. A block copolymer s one in which identical Tepeat units are clustered

i1 blocks along the chain. Finally, homopolymer side branches of one type may be

13




Chapter two plastic properties

prafted to homopolymer main chamns that are composed of a different repeat unit;

cuch a material 1s termed a graftcopolymer

2.2.7 Polymer Crystallinity

The crystalline state may exist in polymenc materials. However, since 1t mvolves
molecules instead of just atoms or ions, as with metals and ceramics, the atomic
arangemenlts will be more complex for polymers. We think of polymer crystallinity
as the packing of molccular chans to produce an ordered atomic array. Crystal

structures may be specified in terms of unit cells, which are often guite complax.

‘Table 2.2 Chemical Repeat Units That Are Employed in Copolymer Rubbers

Repeat Unit Name Repeat Unit Structure 1
. J |
i __r Acrylonitrile _(I-_E_
w' | |
H C=N

| = ¥

Ko .~ Siyrene _é—_tl_-_
u_ _|
'a_.-‘f
T A | [ 4
Butadiene C—C=C—C-
|

ol = T T
'I :-_ Chloroprene _(l- C_C_.;I:«.
|

14
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| Fr" . | C;I 3 Elé EI
M Isoprene
& = =
Ll :I1 C !1'
B L
Vi Isobulylene =
o Tl
'.r .r C‘.’-‘{
J " Dimethylsiloxane e
(" —8i—0—
l
CH:

128 Polymer praperties

The mechanical properties of polymers are specified with many of the same
parameters that are usad for metals that 15, modulus of elasticity, and vield and tensile
strengths, For many polymeric matenals, the simple stress—strain test 1s employed Lor
the characterization of some of these mechanical parameters. The mechanical
charactenistics of polymers, for the most parl, are highly sensitive W the rate of
deformation (strain rate), the temperature, and the chemical nature of the environment
(the presence of water, oxygen, organic solvents, etc.) Some modifications of the
esting techniques and speaimen configurations used for metals are necessary with

polymers, especially for the highly elastic materials, such as rubbers

229 Factors that Influence the Mechanicnl Properties of Polymers
A pumber of factors influence the meachanical charactenistics of polvmenc
maternals, they are.
I Molecular Weight
The magnimide of the tensile modulus does not seem to be directly influenced by
molecular weight On the other hand, for many polymers it has been abserved that

tznsile strength increases with increasing molecular weight.

15
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!-

3.

Degree of Crystallinity

For a specific polymer, the degree of crvstallinity can have n rather significant
ufluence on the mechanical properties, since it affects the extent of the intermolecular
secondary bonding. Increasing the Crystallimty of polymer generally enhances its
strength. In additon, the material tends to become more battle.

Hent Treatment

Heat treating of semicrystalline polymers can lead fv an increase in the percent
erystallinity, and crystallite size and perfection, as well as modifications ol the
sphemulite structure. For undrawn matenals that are subjectad to constant-time heat
treatinents, increasing the annealing temperature leads to the following: (1) an increase

in tensile modulus, (2) an increase n yield strength, and (3) a reduction n ductility.

2.2.10 Polymer Types

1. Plastics

2
.

Plastics are matenials that have some structural rgidity under load, and are used n
general-purpase  applications. Polyethylene, polypropylene, poly(vinylchlonde),
polvstyrene, and the fluorocarbons, eposics. phenolics, and polyesters may all be
classified as plastics They have a wide vanety of combinations of properties. Plastic
matenials may be either thermoplastc or thermosetting: in fael, this is the manner in
which they are usually subclassified However, to be considered plastics, linear or
branched polymers must be used below their glass transition tempearatures (if
amorphous) or below their melting temperatures {if semicrystalline), or must be
grosslinked enough to mantam their shape

Elastomers

Natural rubber is still uhilized to a large degmee because it has an outstandmg
combination of desirable properties. However, the most important synthetic elastomer
i= SBR, which is used predommantly in sutomobile tires, remifvrced with carhon
black NBR, which is highly resistant to degradation and swelling, i1s another common
synthatic slastomer For many applications (e . automobile tires), the mechanical

properties of even vulcanized rubbers are not sphisfactory in terms of fensile sirength,
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abrasion and tear resistance, and stiffness. These characieristics may be [urther
improved by additives such as carbon black Fimally, some mention should be made of
the silicone rubbers. For these materials. the backbone chain is made of altemaling

silicon and oxygen atoms:

)
£S5i—03;
|

where R and R represent side-honded atoms such as hydrogen or groups of atoms
such as CH3. For example. polydimethylsiloxans has the repeat unit

CH,
L
—+Si— 03
|

1
3

m

as clastomers, these matenals are crosshinked

The silicone elastomers possess a high degree of flexibility at low temperatures and
vet are stable to temperatures as high as In addition, they arc resistant to weathering
and lubricating oils, which makes them particularly desirable for applications in
automobile engine compartments. Biocompatibility is another of their assets, and,
therefore. they are often employed i medical applications such as blood tuhing. A
further attractive characteristic 15 that some silicone rubbers vulcamize at mom
remperature (RTV rubbers)

3. Fibers
The fiber polymers are capable of being drawn into long filaments having at least
2 100:1 length-to-diamater ratio. Most commercial fiber polymers are utilized in the
t=xtile industry, being woven or kit into cloth or fabric. In addition, the aramid
fibers are emploved i composite materials, Section 16 & To be useful as a fextile

material, a fiber polymer must have a host of rather restrictive physical and chemical

17 |
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properties, While m use, fibers may be subjected o a varicty of mechanical
deformations—stretching, (wisting, sheanng, and abrasion. Consequently, they musi
hava a high tensile swength (over a relatively wide temperature range) and a high
modulus of elasticity, as well as abrasion resistance. Thess properties are govemed

bv the chemstry of the polymer chains and also by the fiber drawing process.

The molecular weight of fiber materials should be relatively high or the moltan
material will be tou weak and will break during the drawing process. Also, because

the tensile strength increases with degree of crystallinity, the struclure and
configuration of the chains should allow the production of a highly crystalline
polymer

That translates into & requirement for linear and unbranched chans thal are
symmetrical and have regular repeat units. Polar groups in the polymer also improve
the fiber-forming properties by increasing both crystallinity and the intermolecular
[orees between the chains.

Convenience in washing and mamtaining clothing depends primarily on the

thermal properties of the fiber polymer, that 1s, its melting and glass {ransition
tEmperalulies.

Furthermuore, fiber polvmers must exhibit chemical stability 10 4 rather

sxtensive varety of environments. mcluding acids, bases, bleaches, drv cleaning
solvenfs, and sunlight In addition, they must be relatively nenflammable and
amenahble to drying.

1.3 Processing of Plastic
The method used for a specific polvmer depends an several factors: (1) whether
the material is thermoplastic or thermoseting; (2) if thermoplastic, the temperature at
which il softens; (3) the atmosphenc stability of the material baing formed, and (4) the
seometry and size of the finished product. There are numerous similarities between
soma of these techniques and those utilized for fabricating metals and ceramics
Fabrication of polymeric matenals normally oceurs at clevated temperatures and olicn
by the applicanon of pressure. Thermoplastics are formed above their glass transition

temperaturcs, if amorphous, or above their meltng temperatures, if semicrystalline,
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An applied pressure must be maintained as the piece 18 cooled so that the formed
article will retain its shape. One significant economic benefit of using thermoplastics
is that thev may be recyeled; scrap thermoplasuc pieces may be remelted and reformed
into new shapes.
Eabrication of thermosetting polymers is ordinanly accomplished in two stages
Fitst comes the preparanon of a linear polymer (somanmes called a prepolymer)
as a liquid, having a low molecular weight This material is converted into the final
hard and stiff product during the second stage, which is normally camed out in a
mold having the desired shape. This second stage, termed “curing,” may occur dunng
heating and/or by the addition of catulysts, and often under pressure. During curning,
chemical and structural changes occur on a molscular level: a crosslinked or a network
structure forms After curing, thermoset polymers may be removed from a mold while
still hot, since they are now dimensionally stable. Thermosets are difficult to recycle,
do not melt, are usable at higher temperatures than thermoplastics, and are often more
chemically mert
Mblding is the most common method for forming plastic polymers. The several
molding techniques used melude compression, transfer, blow, injection, and extrusion
molding For each, a finsly pelletized or granulized plastic is forced, at an elevated
temparature and by pressure, to flow mio, fill. and assume the shape
of a mold cavity

Compressivn and Transfer Molding
For compression molding, the appropriate amounts of thoroughly mixed polymer
and necessary additives are placed between male and temale mold members.
Both mold pieces are heated: however, only one is movable
The mold is closed, and heat and pressure are applied, cansing the plastic © become
viscous and fow o conform to the mold shape. Before molding, raw matenals may be
mixed and cold pressed info a disc, which is called a perform Preheating of the
perform reduces molding time and pressure, extends the die lifstime, and produces a
morzs ymiform finished piece. This molding technigue lends itself to the fabrication of

both thermoplastic and thermosetting polymers; however, its use with thermoplastics

15
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is more timea-consuming and expensive than the more commonly used exlrusion or
mjection molding technigues discussed below.

I transfer molding, a variation of compression molding, the solid ingrachents are

first melted in & heatad transfer chamber. As the molten matenal 15 injected mio the
mold chamber, the pressure 15 distnbuted more uniformly over all surfaces. This

procegs is used with thermosetting polymers and for pieces having complex

geomeines
l =1 fl
—— Flaten
Heatand = Nioid Dlunger
el ing
Guide Din
L — Moiding compound
He=al ._'m:l i | = — Wigld cavity
COONIRE
Meld = =———pr
base
=—= - Hydrauiic
plunger

Figure 2.1 -Schematic diagram of compression molding apparatus

Injection Molding

Injection molding, the polymer analogue of die casting for metals, is the most widely
used technique for fabrcating thermoplastic materials. The corect amount of
pelletized material is fed from a feed hopper into a cvlinder by the motion of'a plunger
or ram

This charge is pushed forward into a heating chamber where itis forced around a
spreader so as 1o make befter contact with the heated wall. As a result, the
thermoplastic material melts to form a viscous liquid. Next, the molten plastic 1s
impelled, again by ram motan, throush a nozzle intn the enclosed mold cavity:
pressure is maintained until the molding has solidified Finally, the mold is opened,
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tha piecs is gjacted, the mold is closed, and the entire eyele 15 repested. Probably the
most outstanding featurc of this techmque 15 the speed with which pieces may be
produced

For thermoplastics, solidification of the mjected charge 15 almost mmediate;
consequently, cycle imes for this process are short (commonly within the range of 10
to 30 &)

Thermosethng polymers may also be injection molded; curing takes place while

the material is under pressure i a heated mold, which results m longer cycle fimes
than for thermoplastics. This process 18 sometimes termed reaction injection molding

(RIM) and is commonly used for matenals such as polyurethane.

Fesd hopper

Wizld
cavity 4

Heating cramber

Figure 2 2:Schemanc diagram of an mjection molding apparatus

Eutrusion

The extrusion process is the melding of a viscous thermoplastic under prassure

through an open-ended die, similar to the extrusion of metals (Figure 23) A
mechanical screw or auger propels through a chamhber the pelletized maternal. which is
successively compacted, melted, and formed into a continuous chargs of viscous fluid.
Extrusion takes place as this molten mass is forced through a die orifice
Solidification of the extruded length 15 expedited by blowers, a water spray, or bath
The technique is especially adapted to producing vontinuous lengths having constant
cmoss-scctional goometnies  for example, rods, tubes, hose channels, sheets, and

filaments.
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o

EnetT and film
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Etrusturs part

Figure 2.3 5chematic diagram of an exiruder

Blow Molding
The blow-molding process for the fabrication of plastic containers is similar o that

used for blowing plass hottles First. a parison, or length of polymer tubing, is
extruded. While still in & semimolten state, the parison is placed in & two-piece mold
having the desired container configuration. The hollow piece is formed by blowing air
or steam under pressure into the panson, forcing the tube walls to conform to the
contours of the mold. Of course the temperature and viscosity of the parison must be

carefully regulated.

Casting
Like metals, polymeric materials may be cast, as when a molten plastic matenal 15
poured into a mold and allowed to solidify. Both thermoplastic and thermosetung
plastics may be cast For thermoplastics, solidification oceurs upon cooling from the
molten state: however, for thermosets, hardening is 2 consequence of the actual

polymerization or curing process, which is usvally carmicd out at an elevated

temperatore.
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Chapter Three Flastic Injection Factory

3.1 Introduction

This chapter will deseribe the factory components, each onc and its objectives and properties,
the [aclory building and the machines locations, the injection machine hydraulic and clectrical

curcuits, and the production process line.

22 Factory Layout

The layout is shown in Figure 3.1 .1t consists of the following components:

A. Tacilihas
1) Management Office
2) Training Room
1) Storage Room
4} Raw Matenals Room
5) WC

B. Equpments

1) Injection Machine

2) Cooling Tower
3y Mixer

4) Crusher

5) Loader

6) Packaping Table
7) Mechanical Truss
8} Molds
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Figure 3.1 The Tactory Layout

221 Factory Compenents

The factory or the production line contains components that the product goes through 1t.
They are:

1) Mixer

2) Crusher

3) Autoleader

4) Injection machine

1 Mixer
% = one of the most important auxiliary equipment in the factory,
e materials. this process make the plastic raw matenals with a good blending with each |I

which used 1o mixing the

wters 1o handle the desired products.
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The mixer in PPU factory has a specifications that as shown in (table 3.1 ).

Table 3.1 Mixar Specifications

Model SII50 !
Mixture kg 50 .
Volume L 140
Bevolution rimin 85
Timer min 3-20
Power kw 1.5
Power Supply ACHRUV 3 Phases
Weight kg 250
Externs] Dimensions mm BA0AEG0X1200

Frgure 3 2 The Mixer

221.2 Crusher
" musher is anather machine that used in the factory to recvcling the defected products.
& crush the product into small pieces. then fo repeat 1t into mixer.
P90 Factory crusher has a specifications that as shown in (table 3 2):

25
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Autoloader

The autoloader is an auxiliary equipment that used to support the injection machine with raw

Tuble 3.2 Crusher Specifications

Madel AFS 180
Fower 2 2kw
Quantity of rotating blades 4
Quantity of fixed blades ¥
Screen Size 1
Weight 240kg
Max breaking capacity 100-150
Size of feeding inlet 180x125
Exterior dimensian 730x430x900

matenal, it can be in tow forms, cither manually or vacuum

N acuum autoloader used because the injection maching is high, and its location is in the

Sound

“5¢ manually one is in the top right side of the machine, and it exist in most of injection
machmas,

Plastic Injection Factory
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Table 3 3 The Manual Autoloader Specifications

Madel FHD-25
Diametar 350mm
Height 965mm
Capacity 25kg
Heater Power 2. Tkw
Blowear Power Slw
Applicable injectar 6Up-250g

Figure 3 3 Manual Autoloader

Plastic Injection Factory
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Tahle 3 4 The Vacuum Autoloader Specifications

| MODEL ¥T|.-300GN
Motor Type Carbon Brush
Specification 1100w1

Conveying Capacity mﬁfﬁ.’

Static wind pressure [NAX) 1500mmAg

Filter 185590H
Volume of Material Hopper hil
Inside Diameter of Canveying Pipe IBmm

Exterior Dimension A430x4405255mm

Figure 3 4 Vacuum Autoloader
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2214 Injection Machine

ecuon machine is the major part of the factory. It has three basic compunents: the myection
st the mold, and the clamping system The injecton unit, prepares the proper plastic malt
#nd via the injection umit transfers the melt into the next companent that is the mold

The clamping system closes and opens the mold

This machine perform certain essential functions:

1) Plasticizing: heating and melting of the plastic in the plasticator

12) Injection: injecling from the plasticator under pressure a controlled-volume shot of melt
w0 a closed mold, with solidification of the plastics beginning on the mold's cavity wall,

(3) Afterjilling: mamtaining the mected material under pressure for a specified ome to
srevent back flow of melt and t compensate for the decrease in volume of melt dunng
solidification

i4) Cooling: cooling the thermoplastic (TP) molded parl in the mold untl 1t 1s sufficiently
mad © be gjacted,

%) Molded-part release: opening the mold, ¢jecting the part. and closing the mold so it is
s=ady to start the next cycle wath a shot of melt.

Figure 3.5 and 3.6 show the mam parts of the machine and the basic cvcle.

PSETEN L]

r— Clamiping cylinda --L!qlﬂl-::

Figure 3 5 Basic Flements of Tnjection Molding
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Heating  Injecting Molding

Figure 3.6 The Basic Cycle

23 Injection Machine Cycles

The process in the machine is depends on three circuits: The hydraulic, control, and electrical
Since the mjection process requires a high pressure force o inject the plastic in the mold, and
Sz melting plastic raquires a pressure to clamp the tow parts of the mold to form a solid
produet, the hydraulic system 15 very imporntant in the machine.

This system has many components to achieve the suitable pressure, such as main hydraulic
motor, auxihary hydraulic motors, different types of valves, vane pump, special oil, pressure
ssupes and pipes

Ancther important system in the machine 1o keep it working for a long time without any
Seformations of weanny in metal pans, is the lubrication system.

A special kind of vils that used to moving parts smoothly .

This system 15 describad as shown in Fipure 3 7
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24 Production Process Analyzing

Thus section describes the whole technologmcal process with analysis of the full scale Injection
Line; the process consists of many staps (Stages), beginning with the existence of raw
matenals, passing through the mixing stage by means of the Mixer for blending raw materials
with any other substances to handle the desired product. After the completion of blendiny
stape, the mixed material is to be fed o the injection machine by means of which is culled:
#oeder (Loader). Feeding process can be of two forms; either manually or via suction machine

which s similar to the vacuum cleaner in the principle of aperation.

S0 now; the material stans the real targeted operation, and transferred (after being heated in
= feader) to be injected into molds, and injection means that the injected substance takes the
shape of the mold used (Plastic spoons and plastic Trays). After accomplishing the injecting
srocess, the product now is said to be ready for use. It is known that any manufacturing
smocess has problems which in tum results in defected products, hut according to the total
“ne. there is an oppormunity to handle with those defected itern. that there i no need to get rid
#f them, but they can be treated again in a recycling operation This is done using the Crusher
= one of the main components of the whols line. The crusher grinds the defected products
=% uny particles, those particles can be hald into the operation auan as a raw material after
sadmg some additional substances to attain the required quality.

= 15 usual that any technological process hanged with temperature nse, either in used oil_ or
2oz 10 the mechanical movement of the Non-Stable machine parts, and to decrease the level
% generated heat, a Cooling Tower is used, which is composed of 2 Fan and two water pipes,
sne for the hot water as an inlet from the injection machine, and the other is for cold water s
& outlet to the injection machine.

#or further explanation, the whole process of all equipments used is illustrated in Fig 8.
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! Introduction

+  Markeling is identifving, anticipatine, and satisfving customer requirements profitability.

» Marketing is defined by the American Marketing Association as the activity, set of
wstitutions, and processes for creating, communicating, delivering, and exchanging offerings
shat have value for customers, clients, partners, and society at large. The term developed from
2 original meaning which referred literally to going to market, as in shopping. or going lo a

market to buy or sell goods or services.

Everv research problem is unique In some way, and care must be taken to sslect the most

spropnate set of approaches for the problem at hand.

Nevertheless, although every research problem may seem unique, there are usually enough
smilarities among such problems to allow decisions to be made i advance, as to the best plan
% use to resolve the problem and there arc some basic survey designs that can be matched to

wven problems.

Ther= ure three basic ways of obtaining primary data in markefing ressarch: survey,
ebservation, and expenment

Surveys are the most widely used method of data collection in commercial markenng

pesearch.

Compared with observation or other qualitative methods, survey methods allow the collection

2 ausnificant amounts of data in an economicdl and eflicient manner, and they typically allow

Sor much larger sample sizes.
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42 Scope and Objectives
4.2.1 Economical Feasibility Study

%= preparation of economical projects is considered as one of the main steps for those projects

= oe accomplished, that 1s the nght planning for projects msures their success and efficiency. in

wadinon to the good financial profit expected. So when deciding to deal with a certain project, it

Swuld have an economical feasibility study first.

Seaubility study is the process of collecting data and information about 4 proposed project, then

== collected data is to be analyzed to determine whether the project is executable or not, also

Secrease the expected nsks, and so; the range of success or Lalure of a proposed project should

= known in the contrast with the local market.

emce, the local market should be studied and surveyed carefully regarding to 5o main elements

et as: Market, Technical and financial studies.

0 umplement any economical feasibility study, there are some main paints that should be

saesdered, as follows:

Fust: Project’s owner/s should realize the following:

1) what expeniences and skills they have 1o serve the project.

'2) What personal motives they have to insure the success of the project.

3) What personal qualities they have which mav enable them to be project's leaders.

W Sal, persons shanng the project, should be known, their skills (communication, .. etc) are to
determined, also their hehaviors (cooperation, design, supervision, coordination, math, faith,
Susiasm, accuracy and maaimum effort they can afford) have to be knewn, in hand with the

salemic level (scientific degree) they have with experience.

wond Market study according to the type where the goods are marketed, share in the market,

%o determine what actions that make the poods marketabla.
Technical study of the project according to fixed assets that the project requires,
surements of goods production process, the sleps (stages) of the production process,
sportations, machines, location, water and electrcity, labors salanes and so on

o Financial study of the project according to whether the idea is profitable or not, the source

soney (funds, grants, personal pocket, .. efc), and what is the total cost of the project.
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S0 that, the total budgat of the project, monthly and annual profit should be determined.

What s the feasibility study?

It is a method used for determining whether the requirements to exacute and market a project
2= gvnilable or not, and to determine whether it is profitable or not.

Broject's owners petforms an economical feasibility study by means of a collection of serics

2nd successive six step, these steps forms data and informution, discussion and analyze.

the previously mentioned steps are as follows:

Step No. 1 Choosing a product or & service to be sold. At this point there should be some
wnd of thinking about the appropriate idea of' the project which scems meaningful via

salyze, then can be determined what project should be implemented.

Step No. 2 To realiza if the product 15 buyable or not. At this point there should be some kind
»f concentration, by which costumers (real or expected), needs requests should be recognized.
Step No. 3: To decide how the project is to be operated, That is it 15 nacassary to make a
werous  decision of how the project is to implemented and operated.
Step No. 4 Calculating the costs of the project. The fypes of costs should be known and
calculated, and should be taken into account when preparing fhe feasibility study. Costs are
Soaded nto the following two types:

'} Fixed costs such as: salaries, rents, insurance and congumption.

%) Variable costs such as: aw materials, maintenance, transportations, water and electricity.
Step No. 5: Tivaluate the income of sales. This can he calculated by determining the amount
% can be sold within the project during a certain period of ime, in hand with datermmmy the
sale price.

Ssep No. 6; Determining whether the idea of the project is good or bad. To achieve this, the
Sllowmg points should be met.

1) Project's profit size.

21 How W calculate profits and cash flows

'3} What other projects benefits could be achisved

#e preparation of a feasibility smdy of a project is necessary (o make cortain of project’s
success. and to obtain 4 load or grant for funding, and so, there should be clear highlights of

e profitability, and the occurrence of adequale financial resources, skills and expenences.
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i
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422 Directions to perform a feasibility study
'1) Deseription of the project (Proposal), including the name, activities, pwners and share
Solders location and leeal form
%) The market: depends on the market size, sales size and affordable services.
%) Carcers and their arrangement, that is rolé distribution in the production process (s
sonsidered to be on the main factors of suceess,
4} Project's requircments. Any project regardless to the size (small or big), has it's own
sauirements that should be available as a step in the way of success, and so; the production
peocess should be known by recognizing the following

« What the production process implies from the heginnimg to end.

+ What resources required.

*  What are the necded shalls.

+  Who will buy the goods and products (tarseted slide of the society).

« Who are the responsible of production process and what 15 the production size

(capacity),
« Who will be responsible of the financial transactions and who is responsible of sales

and purchases (procurement department),
»  Administration.
S Determining the wotal costs of the project (fixed and variable).

& Determining the competitive companies (prices).
43 Advantuges of using survey methods.
Advaninges

andardization Questions arc preset and organized m a particular arrangement on &
wsonnaire, and survey methods ensure that all respondents are asked the same questions

a7z expossd 1o the same respunse options.

fase of administration Somectimes an interviewer is used, and survey modes are gasily

= 1o such administration.
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On the other hand, the respondent may fill out the questionnaire unatlended (sometimes this
sppraach is referred to as a self-explicated interview)

In either case, the administraton aspects are much simpler than, for example, conducting a

fOCUS Zroup Or INTETVIEWINE,

The simplest method is a postal survey in which gquestionnaires are sent fo progpective
mespandeants,

“1Ability 1o tap the “unseen.” The four questions of what, why, how, and wha help uncover

‘unseen” data

For example, a working parent may be asked to explain ho'\N important the location of a

school was in his or her selection of the child's school.

A researcher can inguire as W how many diflerent schools the parent seriously considered
sefore deciding on one, and go on fo gam an understanding of the person’s financial or work
crcumstances with a few questions on income, occupation, and familv size. Much

=formation is unobservable and requires direct questions.

*Suitability to tabulation and statistical analysis. The marketing researcher ulhmarely

=ust interpred the pattems or themes sometimes hidden m the raw data collected.

Swnstical analysis. both simple and complex, 1s the preferred means of achiaving this goal.

& large cross-sectional surveys perfectly complement these procadures

Ouzlitative methods, in contrast, prove much more frustrating in this respect because of their
secessanily small samples, need for interpretaion, and general approach to answenng

marketing managers’ queslions.

Screasingly, questionnaire design software includes the ability to pedform simple statistical
=alyses, such as tebulations of the answers to each qucstion, as well as the ahilily to creae

emohs summarnzing these tabulations,
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S Sensitivity to subproup differences Beocause surveys mvolve large numbers of
sespondents, 1t is telauvely easy to “slice” up the sample into demographic groups or other

subgroups and then w compare them for market segmentaton impheatons.

L he large sample sizes that characterize surveys fualitate subgroup analyses and compansons

of various groups in the sample.

432 Formes of market research
Market research surveys typically take one of five forms:
! iPersonal surveys, in which face-to-face interviews are conducted at respondents’ homes or

oficas

21 Intercept surveys, in which face-to-face interviews are conducted with people who are

ssopped at a public location such as a shopping centre,
2 Telephone surveys, in which people are interviewed over the telephone

41 Postal surveys, in which people complete self-admimstered questionnaires that are sent o

Bem
*1 Oaline surveys, in which peeple Lill oul a questionnare that 15 sent by e-mal.

Products is composed of three levels

Lavel | - Core benefit your product offers

Cevel 2 @ added features and benefils W ensure that your product offers a differental

sivantage from your competitors.

Level 3 - gdditional non-tangible benefits can vou offer such as after sales service ,warranties,

Selvery
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Differentintion

Differentiation is the key to competitive advantags
Enovation and best husiness practices are the key fo differentiation.
There are six ways to differentiate product:

1) Low prce
2) Shape
3) Weight
4) Packaging
2) Cycle ife
8) Quality
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51 Introduciion

The plasnic Injection machine has many systems that must be redesigned,

One of them is the mold, It has the shape of the product and the molten plastic 1s injected
nside it Tt has a criteria to design it depending on the specifications of the machine.

Each injection machine has many molds to produce different shapes of produets.

I'his mean that changing the mold need to a mechanical truss to camy 1t and replace it by
snother mold. This truss require a special design smee il using to carry a high weight above
the machme,

This chapter will describe these systems bricfly.

=2 The Mold
= 2.1 Introduction

Injection molding is the most commonly used manufacturing process for the fabrication of
stastic parts. A wida varety of products are manufactured using injection meldmng, which
Lary ereatly in their size, complexity, and application. The mjection molding process e uires
sha use of an injection molding machine, raw plastic material, and a mold The plastic 15
maliad in the injection molding machine and then injected mto the mold, whers 1t cools and

olidifies into the final part, Tigure 5.1 show the location of the mold in the mjection machine.

M Ry T
-I.__ g,
e "

—

Figure 5 | Mold Location in Machine
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£2.2 Process cycle

The process cycle for injection molding is very short, typically between 2 seconds and 2
minutas. and consists of the following four stages

1) Clampmg.

2) Injection.

3) Cooling,

4) Ejection.
These processes happened in the mold part, this mean that the mold must be made from a very

special matenals that alforded a hugh strass at very high temperatures.

The injection molding process uses molds, wpically made of sieel or aluminum, as the custom
woling. The mold has many components, bul can be gplit uito two halves as shown m Figure
$2 Each half is attached inside the injection molding machine and the rear halfis allowed to
slide so that the mold can be openad and closed along the mold's parting line. The iwo main
components of the mold are the mold core and the mold cavity. When the mold 1s closed, the
space between the mold core and the mold cavity forms the part cavity, that will be filled with
molten plastic to create the desired parl, Multiple-cayity molds are sometimes used, in which
the two mold halves form several identcal part cavities.

~Mald Core

Pal B
Parung Line—"

Figure 5.2 Mold Main Parts
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=23 Mold Base

T8z mold core and mold cavity are each mounted to the mold base. which 1s then fixed to the
slatens inside the injection molding machine. The front half of the mold base includes a
seoport plate, 1o which the mold cavity is attached, the spur bushing, mw which the matenal
will flow from the nozzla, and a locafing ring, in order to align the mold base with the nozzle,
The rear half of the mold base includes the ejection svslem, o which the mold core is
wached. and a support plate. When the clamping utut separates the mold halves, the ejector
s actuales the ejeclion system The gjactor bar pushes the ejector plate forward inside the
sector box, which in tum pushes the ejector pins into the molded part. The gjector pins push
e soldified part out of the open mold cavity. Figure 53 and 5.4 show the mold base parts

= components

Suppon Plate—. s~ Eprotor Sool
b’ i Wola Con
. " ~Woid Cavity
’ L~ Suppant
Pl

Figure 5.3 Mold Basc
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gg'\
Teip clamping plate i Lecating ring
.-"'"'".- =i
::}i \%R_“ sprue bushing
fi\_ L

i,
.,

Leador pin

Figure § 4 Two Plate Mold Components

2.2 Mald Channels

& arder for the molten plastic  tlow into the mold cavines, several channels are ntegrated
= the mold design. Tirst, the molten plastic enters the mold through the spruc. Additonal
wamnels, called runners, carry the molten plastic from the sprue fo all of the cavities that musi
%o Glled. At the end of each runner, the molten plastic enters the cavity through a gate which
. wcts the flow. The molten plastic that solidifies inside these runners is attached to the part
= must be separated after the part has been gjected from the mold. However, sometimes hot
mener systems are used which independently heat the channels, allowing the contained
weerial to be melted and detached from the part. Another type of chanmel that is built into the
weid is coolmg chanmels. These channels allow water o flow fhrough the mold walls,
b sccnt to the cavily, and cool the molten plastic.

¥ wure 5 4 show the mold channels.
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S22 Mold design

&= addition to runners and gates, there are many other design issues that must be considered n
%2 design of the molds. Firstly, the mold must allow the molten plastic 1o flow easily into all
of the cavities. Equally important 15 the removal of the solidified part from the mold, so a
Zrafl angle musl be applied to the mold walls. The desim of the mold must also aceommodate
v complex {eatures on the part, such as undercuts or threads, which will require additional
mold pieces. Most of these devices slide into the part cavity through the side of the mold, and
ar= therefore known as slides, or side-actions. The most common tvpe of side-action is a side-
wore which enahles an extemal undercut to be molded. Other devices enter through the end of
e mold along the parting direction, such as intemal core lifters, which can form an mtemal
wdercut. To mold threads into the part, an unscrewing device 18 needed, which ean rotate out
of the mold afier the threads have been [ormed. Figurs 5.5 show (a)the mold when it closed,

_~Mioid Cove
Ml Cvily

s~ Sprue

Part A" ;
Coging Chiannai—" "
Pt B— — R

CeCalt

Figure 5.5 Mold Channels

#nd (b) the exploded view




=r Five

Mold Analysis and Truss Design

Suppan Plate—, ~ Bjector Boo
Eiecine : ; "y Mald Corm
Selaing Mois Cavity

Pegter—,_ = —Suppor
Ejactnr \ P,

P " Spna
~Locating
R#g
Ejucior Bar ——
Epecior Pin—"
Pant & — 7 : “—Spiue
Cocling Chamnnal - ) Bushing
Pari B v y =Runner
Parting Ling— —Gate
(a)
A ippon Plate
Ejrctor Bos
#
_—Ec1or Bar
2 4
"-'E-I‘ Coms
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| rSonue
F ﬂ-l"‘ A j"‘. —Mald Cavty
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Ejector Retamng Plate —
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Bjecsor Pin — I ’ '
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Bprue Bushing
Locating Rng
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Figure 5.6 (2)Mold-Closed, (b)Exploded View
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2% Types of Steel Required for Injection Molds

Tais saction provides information on different steel compositions available o manufocture
swids used to producs thermoplastic injection molded products. These steels conslitute the
=ost commonly uscd types of materials in the construction mold mdustry. Other materials
wuch as beryllium-copper, cast aluminum alloy, forged aluminum alloy. cobalt-nickel alloy,
o kirksite are also used, but 1o a lessar exient.

Sasels are fhe workhorse of materials used 10 molds No other materials offer comparable
sersatility for product applications. Steels are produced in the greatest variety of forms and
Saiches. have strengths ranging from 50,000 psi to aver 300000 psi. and can wilhstand a

“woe of tamperatures from cryogemc up 1o 2,000 °F.

Major Steel Families

Because of the sreat range of ste¢l types, properties and applications, steels are calegonzad
=m0 many families based on the chemical composition, heal treamment, surface fimishinge,
cotical properties  (mechameal, thermal, cormosion resislance, clectrical, etc), typical
smcessing characteristics, end vse applications, and other factors. The major familics of steel

e the fallowing.

1. Low Carbon Steels

SAE 1008, 1010, 1018, and 1025 are the lowest carbon steels selected when cold forming
s5ility 15 the primary prerequisite, [hese steels have ralatively low tensile strength values
Strength and hardness merease with carhon addition and/or with cold work, but a decrease in
wuphness or the ability to withstand cold deformation is created.

1. High Carbon Steels

Siecls SAE 1055 to 1095 are the high carbon types, having more carbon than 18 reguired
schieve maximum as quenched hardness. They are used for apphcations where the higher
~arbon is rieeded 10 impove weas resistance, higher stranuth charactenisties for cuting edees,

for springs. and for special purposes. Selection of & particular zrade is allocted by the nature
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of the part, its end use, and the manufactuning methods available, Celd forming is not always
sutable and most parts are heat treatad betore use.

3. Free Machining Carbon Steels

Low and medium carbon steels, in which sulfur, sulfur-phospherus combinations, andf/or lead
are purposely added to improve machinability, are termed free-machining carbon steels. Their
designations are SAE 1108 to 1151 for resulfurized prades and SAE 1211 tw 1215 lor
rephosphorized and resultunzed grades. Leaded grades are indicated hy the letter "L with the
aumber.

Sulfur and phosphorus additions result in some sacrlice in cold forming ability, weldability,
and forping ability. Lead additions have little effect on forming ability and forming abiity. but
impair weldability.

4. Carburizing Carbon Steels

This term is sometimes given (o standard carbon steels, primarily low carbon grades, which
are case hardened by vanous carbunzing methods.

5. Hardening Carbon Steels

6. Carbon Spring Steels

7. Low Temperature Carbon Steels

%. Carburizing Alloy Steels
9. H-Alloy Steels
10, Nitriding Steels

Low Temperature Alloy Steels

12. Tool Steels

13. Electrical Steels

14, Stainlegs Steels

15, Ultira High Strength Steels

These are the highest strength steels produced. The designation is somewhat arbitrary, but
senerally refers to steels having vield strengths above 160 000 psi. The major tvpes of ultra
high strength steels are: medium carbon, low alloy, quenched, and temperad steels such as
AISI 4130 and AISI 4340, 5Cr-Mo-V medium alloy air hardening stecls, martensitic stainless
steals, cold rolled austenitic stanless steels, precipitation hardening stainless steels, 12 and

18% nicke]l maraging steels, and ®Ni-4Co quenched and lempered sicels.

(. alaulh AL 4 st
49 9, T S
S % Polestine Paleinkiie vi
= ¥ [FELE}

Tha by




Dhanter Five Mold Analysis and Truss Desizn

527 Effects of Mold Desien on (he Injection Molding Process
Mold design 15 an important consideration in the injection molding proesss,
e following are peneral concepts for mold design

!  Runner Sysiem

Good runner design includes not only the correct geometry, size, and lavout of the nunner. bul
cooling, ejectability, and minimizing regrinds. A balanced nunmer system is required for flling
2l cavities at the same tume: this minimizes cycle fime and gmves the best dimensional
mteznity to the molded product Long and skinny or half-moon runners require higher
miection pressures so the mold does not cool off prematurely cansing incompleta pans, Long
=d thick runners increase the amount of regnnds. decreasing the cfficiency of the moldng

TIMCARS
- Mobld Cooling System

Maold cooling is one of the most imporlant parameters for controlling dimensianal integrity.

shvsical properties, surface linishing, warpage. weld line strength, and cyele time,

Eiccior System 4
L niform ejecnon 1s cntical to control par warpage Ejector pins, sleeves, nngs, or plates must
sperate without obstructions. A guided cjector system allows ejector pins and cores to be
srecision aligned and will also bear the weight of the plates so that the pins do not wear and
musalign, Early retum systems should be provided as a safety feature.

4 Mold Venting
Mold venting of cavilies and runner systems to remove the entrapped air and polymer melt

wolatles is a must. A mold without venting causes many processing problems.

£ Other Mold Devices

Other mold design devices can also increase the cost of the mold, as well as create difficulty

= injection molding the thermoplastic product. One example 15 the mechanically activated
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side cores or slides. Although sometimes necessary, side corss are expensive mold

compenents and will have high maintenance costs

=28 Mold Cost

Tu calculate the meld cost is very difficult because ol the complexity of the mold design,
manulactunng tolerances, types of taol steels, hardness, finishing, part design, etc. For more
details about molds. Injection molding is a high pressure process. There is a direct correlation
between the process mjection pressure and the mold cost The mold must be ruggedly
designed to withstand the large clampiog [orees and high internal pressures, A cost of $75.000
for a simple, small, high production mold 15 common. Complexilies such as slides, cora
mserts, and hot runner mold systems will add to the cost of the mold,

It is not possible to give the product designer or esomator an accurate or infallible guide for
esimating mold costs. Mold costs will vary widely depending on whether the mold is cast or
mactuned, also on the choice of the construction matenial, the number of cavities. complexity
and size of the cavitics, the surface finishes on the mold. tolerances, and so forth. Products
requinng retractable corcs or threaded seclions may be produced in molds designed with
sutomatic core pulling or unsetewing devices. For the highest dimensional accuracy,
machined and hardened 100l steels are necessary, particulardy for lifehme production runs
Such a mold design wall merease mold cost, but it can usually be justilied by reducing labar

costs in the progessing and fimshng steps.

£3 Mechanical Truss

The main objective of this truss is 1o replace the mold.

Secause the mold and the machme are very sensitive, truss must be designed at high

responsibility with a good factor of safety

3. 1Requirements

Ihe truss design requires to know the machine dimensions, the maximum load that the tuss

@ carry, and how to select the suitable matenial
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Machine Dimensions{l.xMxH) — — 4.08x1.15x1.7
Maximum Load i 15000 N

Materal — HI1{

The material was ezlacted is H10 becanse it available in the market, suitable cost, gond shape,

sood mechanical properties, hardened, and do the specific objective.

The cross sectional arca as shown in Figure 5.7, Smm

‘I_|

100 mm — R Smm

Figure 5.7 Cross Sectional Dimensions

52




Shapter Five Mold Analysis and Truss Design

£.3.2 Design Oulput
Drawing Shape

Figure 5.8 shows the truss shape after designing.

Figure 5.8 Truss Shape

Structure Design Caleulations
8y applying a mechanical engineering methods o design the structure, the resull is

Zm
= -
Reactions Analysis 30cm 30cm
._.| —>
B2 | El
W
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By applying static laws

S M=0

SEx=0

Y Fy=0

W=15000 N

Then R1=43757N

R2—-8751.5 N
R3=13701 N

R4=13701 N

After analyzing the shear forces and moments the results are’

Mmax=>5179 N.m
Vmax— 10950 N

The secand moment of inertia (T}=2.979*10° m’

5179 = .05

-—————— =87 MF
2979=10-6 &

a

From Table A-24 the ultimate stress of A30 is 39962 MPa

Thal mean € = %ur

Tyt 399.62
FactorofSafety="& = B7 =46
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Welding Design

Asthe weldisaline :

A=0.707hd

=) TO7*55%h—38 Oh mm*

_F 1370: 352,

T_A=33.9L = =

Fromtable (9.4} ——» = 035y

=03 +399.62 =199 MPa

3522

b=
1190 = 294 mm.

The electrode should be stronger than the material

55
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Chapter six Cooling Tower

6.1 Introduction

The plastic injection machine needs a device to cooling the mold after injection
plastic through it and to decrease the hydraulic pil temperaturc. One of the mast
affective devices used is cooling LOWers.

Cooling towers are heat removal devices used to transfer process waste heal to the
atmosphere. Cooling towers may cither use the evaporation of water to ICmMOYE
process heat and cool the working tluid to near the wet-bulb air temperaturc or
depend only on air Lo conl the working tluid to near the dry-bulb air temperature.
designing the suiable cooling tower, depends on the amount of drap lemperature.
This chapter will analyses the cooling tower which exist al the factory, and see il

it was the better justification or not.

6.2 Principle of Work

Cooling towers, in reference 10 chemical plants plants work by transferring heal
from one source to another. Water will be circulated to cool the product, and Lhat
water goes to the cooling tower. There it cascades down a series ol slanted steps
torming waterfall. The cooler air is then drawn in at the bottom and evaporation
takes place through the waterfalls. The covler air then becomes wetter than before
and is exhausted cut the top of the cooling tower forming the all to tamiliar steam
rising from the tower. The remaining cooler water is then collected at the bottom
of the tower and recirculated through the chemical plant system.
This principle shown in the figure 6.1.
There are two main types of cooling towers

« forced draught (using fans)

e natural draught
Toth types are based on evaporative cooling.
_Natural draught cooling towers are more dependent on temperature gradients
between air and water and the wind forces than forced draught cooling Lowers.
_The efficiency of natural draught towers are mote variable over time and in

general lower.
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A arout (az)
) -
Wanﬂwatii;l;'l—l i l|l|l|l| (]
Packing
air fn (a1)

Figure 6 1: Sketch of Cooling Tower
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6.3 Rate of Heat Transfer

1)Dry air mass balance

MMM o 1)

mﬂ - Inlet air mass flow rate

?’7’1.: . Oullel air mass flow rame

TTL, =Air mass flow rate
Its measured experimentally by air flow sensor which fixed above the fan after
operating it. the digital screen read that the velocity of the air 15 3 m/'s |
The diameter of the fan of the sensor is 10 em _
it~ p where p is the air density which equal 1.3 Kg/m'
Q=V*A=V*z D%/4
=3*240.1%/4=37/400 m’/s
L =(3/400)* | 3=0.03 Kg/s

2Water balance

it W= Mt O Hy.ooen e SRR (04
mx\*l‘me:ﬁla(mﬂ“ fﬂm):make up water.. (2)*

mw] + Inlet water mass (low rate | its measured experimentally by using a could

s volume is known and a stop watch to measure the period that the could filling and

then calculate the inlet water flow rate, which equal( 2/3 Kg/s) .
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ﬂlwg - Outlet water mass flow rate
(Wy1 & Inlet Air Specific Humidity

;2 . Outlet Air Specific Humidity

3)Energy balance

My wrrhg-Mmyohwe+mahp. oo i(3)
T Rt T hwe =ta(ha- Rag)evvnen oo (3)*
Tf’lw'l hwl‘(ﬁlm -Tl:lm.up) hw?2 =ma(ha2' hal)f , (3)# *
h, 1 s tatet Air specific Bnthalpy

h 27 Outlet Air specific Enthalpy

bwf: Inlet Water specific Enthalpy

hwz: Outlet Water specitic Enthalpy
To find specific humidity and enthalpy values, others parameters needs to be
founded experimentally as below:

1. Inlet Dry bulb air temperature (Ts:=25C)

2. Inlet Wet bulb air temperature (1w, =20 C)
3. Outlet Dry bulb air temperature (T=28 C)
4 Dutlet Wet bulb air temperature (I.:=28 C)

*After this by using psvchomatric chart the values are:

=4
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M, = 0.0136 Kg H;O/Kg Dry Air
g2 =0.015 Kg H,O/Kg Dry Air

h, =57 Kj/Kg

h,»=65 Kj/Kg
From steam tables of thermodynamics (A5) :
Dwi=210 kj/Kg

bwk?? To be founded

Figure 6.2 Psychometric Chart
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The amount of water lost by evaporation is rypically only a very small percentage of
the water inlet flow, therefore

M1 CPultrta = Malbiaha Yoo oo s (4)
pr: Water specific Heat Capacity —4 18 Kj/Ke K
Lyt ¢ Inlet Water Temperature =50 C

Lz - Outict Water Temperature

From equation (2)* :
Make up water flow rate =4 3% 10 Kg/s

Srom equation (3)*

hw2=200.65Ki/Kg

4.4 Couoling Tower Efficiency

e cooling tower efficiency can be cxpressed as
5= (= 1) 1007 (1. - o)

where

= = wooling tower efficiency.

© =inler temperaturc of waler Lo the tower (°C)

. = outlet temperature of water from the tower ("C)

S —wet bulb temperature ol air (°C)

a6l




Chapter six

Caoling Tower

& =350°C

B=25°C

=200

={50-25)100/(50-201=83 33%

B
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Chapter seven Hydraulic System

7.1 Introduction:

One of the mosi impottant parts ol the project is the hydraulic system, the

main

Function of this part is the motivation of the parts, The principle of work depends

on creating force by the Quid w act on the parts und achieve the desired

movament.

The extensive use of hydraulics 10 transmit power 13 due 10 the fact that

a properly constructed hydraulic  system possesses 4 number of favorable

characteristics, These are as follows .

1. Eliminates the need for complicated systems using gears, cams, and levers

2 Motion can be transmitted without the slack jnherent in the usc of

machine pars.
3 The fluids used are not subject 10 breakage as are mochanical parts.

4 Hydraulic system mechanisms are not subjected to great Wear

The basic principles of hydraulics are few and simple and are as follows:
* Liquids have no shape ol their owi.

* ] iquids arc incommessible.

+ Liquids transmit applied pressure in all direcnions.

* Liquids provide greal increase in work foree

7.3 Main Compuonents of the Hydraulic System

The components of the hydraulic system are.

1. Electric mator which drives the main pump, it has & 970 rpm and 13 kW
2. The main pump.

3. 'T'wo hydraulic motors, one to drive screw and the other is to adjust the
within the specitied space.

4 Oil tank, its capacity is 220 L,

5 Hydraulic fluid, its nurmber is 46-48.

& Control valves.

7 Different types of pipes.

63
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7.3 Pipes design

Main hydraulic pump specification,

power— 13 kW

ipm =970

the working pressure (WP) of hydraulic system =16Mpa .

and it’s the maximum safe operating fluid pressure and is defined

Wp=Bp/Fs cevererseiiysseigan KAAL)
where  Wp .. ... working pressure
Bp....... Burst pressure.
Fs ... Faclor ofsafety .

A factor of safety ensures the integrty of the conductor by determining the
maximum safe level of working pressure as
Fs=6 Forworking pressure fom7 to 175 ppa.
To find the burst pressure for the lubing by uses equation (7-1) .
Bp = Wp*ks
= 16*6= 96 Mpa.

The burst pressure (Bp) it's the fluid pressure that will cause the pipe to burst.
From hydraulic pump specification
Pump power — 13 Kw & Wp = 16 Mpa
Hydraulic fluid Mass flow rate = pump power*Efficiency/ hydraulic pressure .
Q =Power* 080/ pressures......oooovvvv i onene 2]

= [3Kw *0 80 /16 Mpa —39 1L/min.

Di = A0/ ccnndT3)
Where 51, Ty e pipe inner diametsr .
2 e, Hydraulic fluid Mass flow rate
Vs average fluid velocity
i 103
Di = .4==39* - +3
\
=16.6mm
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The selected pipe is Rubber Pipe (DTN EN 853 25N SAE 100R2 AT)

Product Description

Tuhe Oil resistant synthetic rubber
Reinforcement: One high tensile steel wire braid
Cover Abrasion, ozone and weather resistant synthetic nibber

Temperamre range (medium): -40° C to +121*C

The selected standard size conductor with an inside diameter equal to or greater
than the value calculated based in flow rate requirements.
Table 7 1 - standard diameter of rubber pipe

inal | Inside

a5

Braid | Outside | Working Test | Burst Bend | Weight
Pressure pressure | pressure radius
mm mm mm Mpa Mpa Mpa mm ki'm
120 27.0 293 215 51.5 100 240 086
T=p*Dif2L........sisiisess (7-4)
Where & ... tansile stress in the pie material,
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P Burst pressure .

Di voocvecenn inner pipe diameter .

t srveren s conductor wall thickness.

o= 100 Mp*19mm/10.3
=184.5 Mpa
Wp =Bp /Fs
=100 Mpa/6

=16.67 Mpa

This pressure is Adequate (greater than the operating pressure of 16 Mp)&

This result (s acceptable.
This design for the main supply of hydranlic lines & any design for any ather

line will be defined as the befure calculations

g6
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Economic Faasibility study

i1 Introduction

To establish a project, economic feasibility study must be done before, to determine whether
this project 1s suceassful or not Economic feasibility is usually based on several factors
which are:

I Provida the nacassary construction 1o contain the projoc!

bt

Tha provision of machinery, equipments and costs.

[T

. Raw materials to pravide what prices are

Choose an appropriale product and what are the conditions of his choice

R

]

How to markel (lus product after production.

The University provided a place to the factory which s now located in Wadi Al — Hariyyah,
building C.

And therefore, i this chapter the study concentrated on choosing the product and design the
apprapriate mold for it, and then caleulate the economic feasibility of the project.

42 Chousing The Product

To choose the right product. sume conditions must be realized, and thev are as follows:
I. The way of manufactunng. injection or whatever

2. Formin terms to be produced, regarding their simplicity and size.

i The raw materials used, and whether is it available in the market or not.

4. The availahility of the new product within the local markel

A sample of different products were caplured as photos, those 1tams are availahle within the
market, and after taking mto account the conditions of the choosing process. Six products
have been chosen regarding that they have achieved the required conditions: Those products

are.



Chapter sight Economic Feasibility study

Figure 8.1: Selectad product
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Economic Feasibility study
Size, Price,
Raw material Simplicity Marketing zalable Total
A 5 6 8 6 25
B 4 2 9 4 26
C 9 4 o 2 29
D . 6 7 1 5 22
E g 8 5 0} 28
F 7 3 ] & 8 26

Caleulation of Feasibility Study

slectricity.
+ 52 caleulations of the breakeven point -

member

Machine cost @ 183,000 NIS
Salanss - 36,000 NIS/year
Renis - 12,000 NIS/year
Wsurance 3000 NIS/year

&5

Note: all thesa products manufactured by injection.

Since dish is a wids available m the market, the cheice is tha product E

The lypss of costs should be known and caleulated, and should be taken into account
prepanng the feasibility study. Costs are divided into the following two types:
* WFixed costs such as: machine cost, salaries, rents. insurance and consumption.

<Variable cests such as: raw matenals, maintenance, transportations, water.

5 have been supposed that the maching produce four producis in a minute and the

packaging and

machine
sraducing time is five hours in a day and so twenty day at a menth 288,000 units/vear, this

when
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Consumption : 18,000 NIS/vear
Raw matenal : 263,808 NIS/year
Mantenance - 5,000 NIS/vear

Iet find the breakeven point by superposition (present worth{purchasing pries), and annval

warth(maintenance, rents, etc. }

1.

Purchasing pries

Fixed cost = 183,000 XIS,

Variable cost = (18,000 + 263,808 + 5,000 )/ 283.000 = 9953 NIS /unil.
Pries = 5 NiS/unit.

Breakeven point(NIS) = fixed coast / |- (vanable cost / pries) = 228,464 4 NIS
Breakeven point (unit) = Breakeven point(NIS )/ pries — 45,693 units.
annual worth(mamtenance, rents, e1c )

fixed cost— 36000 + 12,000 + 3,000 — 51,000 N1S8.

Vanable cost= 995 NIS/umit

Pnes = 5 NIS/unit

Breakeven point{NTS) = fixed coast / 1- (vanable cost / pries) = 63 AT0 4
Breakeven point (unit) = Breakeven point(NIS )/ pties = 12,735 units.
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Chapter nine

9.1 Introduction

The opsrational process requires p
operation 4l gconomic  ¢ost,
specifications. This chapter presents
injection molding maching.

Process contrul technology in polymer
properties.

The process contiol improves mach
pives more consisten results than th
molding machine should concem about
praduction quality.

Factors Affecting Product Quality

The properties ol njection molded p
sroduct properties can be classified

Eavironmental Factors: Such as ambi

performance of the mjection moldin

“e=d hopper throal and hydraulic sy

Raw Material: The material used in th

rocess contral technology 10 provide

and to provide a consistent

machine operational conditions 0 keep

ine performance in ¢
e nommal process. Manufactured plastic of the injection

roducts are not

material, Ambient temperature may affe
stem Tn addition to that, Humidity, that 1s: the molding

—aterial may absorb water and this will

=purilics like metal, waler and volatiles TF the

an acceptable

product within dem anded

an ovarview of plocess control strategy used in the

processing simply 1s an adjustment and calibranon of

plastic behavier and products of congistent

asponge to extemal periurbalion and

the process control technology in order 1o improve

always the same Factors affecting

as follows:

ent temperature and humdity, those can affect the

p muchine and also the condition of the molding

ct temperature of the water used {or mald cooling,

affect Product properties.

e injection molding process must be ¢lean and free of

polymer is comammated, this may aflect the
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viscosity of the polymer melting point, and thus, will affect the mold filling phase. Scme
materials need o ba driad before being processed; water mn the case of Nylon will influence
the properties in the product, Metal contamination o the polymer could cause sEnous

machine damage 1f it passes through the injectian unit

Vachine Variations Machine performance affects the repeatability of product properties
Machine vanations arise duc to water, decompesition of polymer and hydraulic system

problems.

Wear generally occurs when iwo component of the machine are moving relative to each
other, Wear can occurin the iijection unit, clampmng unil and mold Generally the wear m all
these components is caused by abrasive material such as the glass fiber in rass-fiber-

reinforced thermoplasncs.

Decomposition of the polymer. for example PVC, the problem may anse as a result of the
acidic nature of the degradation products.

Flectric problems can anse as a result of valtage variations, Voltage vanathons can occur
whare extra loaded areas are exisls. The varation can aflect the performance of induction
motors, heating devices and solenoids. Such factors affect the performance of the maolding

maching.

Hydraulic problems include the contamination of the hydraulic fluid with dust. The
contamination will affect the performance of the hydraulic system and thus the machine
Also when the hydraulic fluid gets hot, the viscosity of the hvdraulic flud will fall and the
serformance of the hydraulic system will also fall, If the hvdraulic flud 15 too <old, the
wscosity will rise and 1 wall affect the movement of the fluid m the hvdraulic system,

=eanwhils; affecting the whole operational process.
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%3  Process Control Techniques

53.1 Relay Logic

Relav logic was the sarliest type of the seguence control for injection molding machine and

=1ill widely used Relay logic uses alactromechanical relay and hard wiring (o affect the

nroper sequencing of vanous functions of the malding machine.

Ihe disadvantages of relay logic are.

{ife Time. The electromechanical contacts and the selenoids, which gwitch them, have a

Lmited life due o the continupus use.

{ack of Flexibility: The relay technology can only be used for sequencing; it 15 not capable

of beinp used as a faedback control element

2 Solid State Machine Logic

Solid state lagic consists of clectrie components such as resistors and transistors mounted

sotn prnnted circuil boards (PCB’s). Such boards contan & vanety of circuits, for example
and switching. Tn general, such solid-siate

#ose used for timing, machine sequencing
and this is partially due to the

are more reliable than the electromachanical devices,

arcultry
Janical devices they replace, and this is regarding the lypes

iucad number of the electromecl
o sysiems which are difficult to troubleshoot.

Microprocessors

microprocessor-based controller performs tasks m 2 sequential manner and is guided

various tasks by a software program (Algorithim), The software 15
the lorm of a Read Only Memory {(ROM), Program Read

gh its located i the

v of the micruprocessor n
« Memary (PROM) or Random Access Memory (RAM).
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Micloprocessor control has developed rapidly.

%41 Injection speed control

74

[he advantages of micraprocessor control is that it not only perform
but also interprets data from sensors such as a thermogouple on the
imformation and produces outputs or actions. The design of the mic

system provides 2 {lexible process control of high capability.

%4 Forms of Process Control in the Injection M olding Machine

mdividual closed-loop process control systems ars required
jnjection molding machine operates consistantly. All of the individual
loop systems need 4 sensor to provide a fend back signal The follo

of the forms of process cantrol in an mjsction molding machine.

in ihe closedJoop control of {he injection speed (Tgure 9,
sttached to the injection SCIewW and a proportional v

rezulates the hydraulic flow 1o the injaction cylinder, ‘The screw

and serves as a command for the proportional valve The repeatab

of filling possibly rases the variations in component properties,

in order to ensure that an

1). thercis a positional transducer
alve in the hydraulic systenl, this

« compared o set point injection spesd, mnd the difference between two values is amplified

s the logical Amctions,
machine, analyzes this
mprnuessm—hassd control

As a result, the use of

process contral ¢losed-

wing afc some examples

position veisus Hme profile

ility of the injection spead
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Sevpoint | i —-——__,J
lojeactian | e !
Spwed iy o !
{ Ceatroaliar EE——
Figura @ 1! Imjection spesd control
Holding Pressure Control

The holding pressure closed-loop control system (Figure 9.2) Consists of a hydraulic
sressure transducer and an electrical-pressure regulator on the principal hydraulic circuit. The
bolding pressure versus time profile is measured and compared to « set point, Any difference
= two valves causes a correction to the system and a signal is sent to the electical-pressure
eculator The stahility of the holding pressure affects the repeatability to the packmg phass,

vanations possibly raises to over packing of the mold components
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Figure ¥.2: Holding pressure control

:

Temperature Control System

rature control systems arc usually installed for the control of barrel and mald
“emperature. The temperature of vanous pans of the machine is generally sensed usmg
ocouples and iz compared o a set pomt temperature  Any deviation will cause the
Uzr to produce asuitable response.
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#.5  Analysis of the control system in the existing machine

95.1 Introduction

I the existing machine on which the underlying idea of the project is, as anv other machine,
the control depends on the desired options, the various uptions can ba achieved by changing
some of the control parameters as pressure, speed and ime  ete. So the main important thing
15 the sclection of the values ofthese parameters. The main funclion of the components of the
control system is to parform the tasks with respect to the installed duta: the data include
pressute, spesd or flow, time, and temperature,

I'his section focuses on explaming the inputs, outpuls, and their role in the operational

sequence, the main componenis of the maching, and the control elements.

Main component of the machine

To build up the control system, first. whola the parts ol the machine should be known, so: the
machine consists of the following main components:

1 motors

The machme contains three motors, main motor which drives the pump, two
hydraulic motors, one for adjusting molds within mstalling space, and the
other lor dnving the scrow.

2 wvalyas

The machine conlains seven valves and each valve has specific tasks as
follows:

* Two spot four way valve for controlling the act of plasticizing
hydraulic motar,

* Thmee spot four way valve for controlling mjection sulivating
protection.
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» Three spot four way valve for controlling gjector forward / back
Mo,

» Three spot four way valve lor controlling the process of opening
and clamping.

» Three spot four way valve for controlling the adjustment of the
hydraulic motor on { ofT operations.

* Three spot four way valve for controlling injection seat advance /
hack process.

* Double scaling hydraulic valve for adjusting system’s pressure and

flow

3. Heaters

Three heaters (Heating Regions) fixed on the group to melt the material as
desired

4. Various mechanical parts ke jacks, arms and cores.

5. Hydmsulic cylinders and tubes.

6. Sensors, various sensors for multifuncton as protection, detection, and
electric rulers. The protection sensor as limit switches to ensure closing the
door for safety, and lower-pressure mold protector. the detection sensors as
thermocouples, and rulers for detecting the position and to provide an mput
signal to the controller.

7 Integrate contrmller includes umers, memory, condinenal cireuirs,
nueroprocessor, and relays,

8. Control panel by which the operators can manage all the operations, cspecially.
[or changing the parameters required for the oparational process,

Main components of control criteria

Yalves:
ke machine contains seven main valves, one of them is a servo valve and the others are

Ssectional valves. The servo valve is the main control efement among these valves and it

-
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e

15 responsihle for achieving all machme operations, bacause any oparation naads certain
valuas of pressure and flow and this is done by means of that clement The desired values
of the pressure and flow are installed in the microcontrallar and can be changed by the
operator to achicve the desired charactaristics Take into consideration that af the same
time only one operation can be done. and 5o, the servo valve controls the pressure and

flow ol all the operations with respect to the data installed 10 the controller,

Control Unit
The control unit is an intermediate part hetween the input and the output, it receives
signals and processes these signals in order to make a decision with respect to the
installed data, and send signals to the interested parts. This unil consists ol
»  Microprocessor:
This is the brain (Heart) of the unit. all decisions are made in this part, the other
parts of the control unit are assistants, and the processing depends on the
prograimming of the processor and the data installed in the memaory. so it only
execules the program,
o Timers:
Each operation i the maching is limited with a certain time, it should not exceed
the set value, and 1£10 exceeds, this means that there 15 an error and the machine
automabically do not go on nunning, and disable the current operation. For
example; if the fime of closing of the mold was set to be 20 seconds, and this
(Jperanion exceeded this value, that means thers 15 an error occurred, and the
machine stops closmg / opening the mold, then by default stops the machine
providing an alarming signal
* Memony:
Thas part stores the program of the processor, and the data storad are set points
for pressure, speed, time, and temperatura
& (Conditional circuits:
These circuits procass the signals to maka it suitable for driving

= Relays :

9



Chapter nine Process Control Criteria

3

The main function of them is to isolate the microprocessor and protect it_in

addition to being responsible for control missions.

Sensors,

* Limit swilches [or safety doors to protect the operator, and to avoid any thing to
ageess the arca of the mold and cause some problems in the clamping and apening
the mold. Other limit switches are installed in the clamping unit for pre installing
anaw mold, and to determing the end positions of'it.

* Phow sensor this sensor 1s used m the "auto” epcration. At the end of each eyele,
the photo sensor will verily whether the product has been praperly ejected from
the mold within 4 seconds. If the product is still 1 the mold area. the machine will
automatically stop and the alarm lamp will light. The control display will show an
"Ejection Failure” error message.

* Rulers to limit the movement of the mechanical parts and the hydraulic cylinders
The distance by which any part is going to move, is already stored in the
controller and the controller sends signals (o these rulers 1o control the movemen!
of these parts.

s Lowerpressure mold protactor

¢ Thermocouple for detecting the temperature of the group, the machine genarates
an error message if the temperature 1s not suitable for the pperation,

These components are the main control components that control the machine The
controller makes the decisions dus to the data stored in it and due to orders from
operators, 5o to open Ihe mold; the aperator should press the opening key "Mold Open”,
then the controller checks up the data for opening the mold and then sends a certain
signal 1o required vomponent. The following example will clasify the concept.

The injeclion operation is divided into mjection and pressure holding, the followmg table

shows the values of pressure, speed. time, and position.
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Table 9.1 mjaetion parameters

e

Hold #3

954 Operational Modes

|

B1

The hold pressure uses three pressurc phases, and three speeds The changss of the

holding pressure can be controlled by means of ime contral, the last phase tuning

indicates that the whole injection procedure iz completed.

Pressore
~ Inject 41 50 l Siﬂd = S
Inject #2 60 ! 50 i —
Inject 43 70 a0 o
Inject #4 i 50 60 i :Z: 7
} Hold #1 20 | St 20 —
| Hold &2 0 Irl 50 _| o0 JJ— i
A0 0.0 ‘i

Injection part has four phasss, each phase has its own hydraulic pressure and speed,
changes between cach phoase use the posibon distance. al the same time changes the
pressure and speed, suiteble for any complicated, highly sccurale mold. Changes for
injection hold pressure can be changed by usmg time contral and position control: its

operations depend on the mold structure. material, fluidity. and the efficiency.

Manual Mods' Pressing command key according 1o the designation on the panel of
clectrical control box can achieve the corresponding mechanical act. The act will not
stop if the button is reset durng the act itself” This method is often used in adjustment
and production, Operators must abide prescriptive actin tum if using manual method.
. Qemi-Automatic: The machine can accomplish a work circulation to the process in the
action sequence chart by pressing the button on the posinon of semi-automatic and close
safsty door on the base of preselecting dictating switch. time relay and stroke switch.
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When act finished, open safety door to take oul products and close safety door agamn.

then snother work circulauon will take the place.
In semi-automatic operation, all stroke switch position, all relays time and the switch of

the process method have direct effect to products quality productive efficiency

Full Automatic: The maching executes automatic method by pressing the button on the
position of automation after clamping. When a work circulation is done, photoslectric
switch detect products drop, and clamp mold automatically begins another circulanon. If
products can't be ejected in certain time, the machine will stop and alarm automatically.

The manual operaion method lets the operator to check up il the pammeters glve the

desired options, if not; the parameters should be changed to get the perfect product, then

it 15 possible to switch the machine to work on the automatic mode.

Operational steps

Operational steps can be summarized as follows.

Before swilching the machme on, the cooling tower should be swaiched on

Tum on the machine (Main powsr switch ON),

Tun on the Heaters (Contro] Screen)

Supply the raw matenial to the machine feeding ynit, either manually, or through the
vacuum suction mstrument.

Charae material 1o be transferred from the feeding region to the Nozzle region (Nozzle
has three different regions classified due to their temperature difference).

The heating process should last for about 3040 minutes to ensure (hat the raw matenial
have heen completely melied, this time period is when using standard raw matenal, while
for a recycled matenal, it needs about 1 — 1.5 Hours, depending on the used material
punty.

Tum on the main moter by means of a button on the Control Screen (at least 20-30

minutes before starting the injection process).

B2
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e Advanes the nozzle (Forward towards the mold region).
Inject the matenal,

Open the mold

Eject the product.

Close the mold

This is the complete cycle for producing one piece, while producing three 1 four preces,
check the quality of the product, if it hus no defects, then (um the machine to operate
under the full autemated mode, if there where defects or any undesircd measurcs, then
chanpe the settngs of some parameters to gel the dssired qualily (Like pressure or

temperature or both).

Block Diagram

The following diagram shows the whole process and the operations o be controlled,
control elements, mput signals, and control unit
The input signals are:

» Inputs from control panel, the control panel is the mterfacing device between the
operator and the machine, any function and any compensation in the values of
the parameters can be obtained by means of the control panel using the proper
kv

» Rulers
The rulers pive a signal voltage representing the positions of the various parts,
these signals are very important becausc determining the proper values of
pressure or speed depends on the position of the part, for example; n the opening
process of the mold, the distance should be within 30 cm.

At the end position of the distance, the mold should stop wathoul shocking the
cores, so the conwoller should send a sigrial fo decelerate the rasponsible cylinder
and the mold stops without occurring any damage, su, when reaching to the last
10 cm, the rulers give a special signal to the controller indicatng that the part
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reached the last 10 cm, and the controller then sends a signal 10 the valves w
decelerare the interested part and stops exactly in the final specified position.
+ Protection elements
Limit switches and lower-pressure profectors usually are used for safety mamers
s Feedback signals
Tn the maching, it had been noticed that there is only a one feedback Se=al Bm
comes from a thermocouple, indicating the temperature of the nozzle reson

The output signals are:
. Signals to switch the motor on/oft
e Signalsto switch the heater on/ofT
s Signals lo control the directional valves.
»  Signals to control the proportional valve.
*  Diagnosis signals.

Referring to the block diagram seen below (Fig 9.3), the detailed process ﬂ-"*ll!i'l
To achisve any of the necessary operations. this is only can be done using B SSSSE S
whereas, pressing any key means a signal that is being sent to the brain of the =T .

15 the processor, though, the processor in tums sends the required arder o
or actuators, 3o that the intended output is being achieved.

For example. to swilch the heaters on or off, the specified button on the o
“Heaters On/off” should be pressed, and then the processor operates the
signal sent through & solid state relay. And hence, there should be a fesd
correct what faults may oceur, meanwhile, when the heaters femperaturs

value in the memory of the processor, a sensor which 1s a temperature
as a feed back to the system, so that an error message appears on the ¢
hlncks all others related movements or operations
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In the same way, i the intention is to operate the injection process, a signal is sel through the
panel to the processor, the processor makes a decisian in respect to the values of pressure and
flaw stored m the memory, and sends a signal to the proportional valve, align with a signal (o
the directional valve specified for this operation and then rulers provides required signals due

to the preset values, to operate the injection process as needed. and so on
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10,1 Introduction:

Plastic injection machine contwns the mold which the product formed inside 1t

Tt is the most important part of the maching, and its design very complex and it depends on
many parameters, this part of machine take especial importance because it has a direct affect
on the quality of the products

Traditionally, molds have been expensive 1 manufacture. They were usually only used mn
mass production where thousands of parts were baing produced Molds are typically
constructed from hardened steel, pre-hardened steel, aluminum, and/or beryvlhum-copper
allov. The choice of material to build a mold from is primarily one of economics, steel molds
gengrally cost more to construct, but their longer lifespan will offset the higher initial cost
over a higher numher of parts made before weanng oul. Pre-hardened steel molds are less
wear resistant and are used for lower volume requirements or larger componants. The molds
can be manufactured by cither CNC machiming or by using Electneal Discharge Machming

PIOCBESES.

0.2 Design the product

The product desigmner must have knowledge of the part gcometry. because it may create
problems dunng the molding process; he must also be familiar with the properues of
thermoplastic materials, the mjection molding process in general, mold design, and the
quality of mold constructzon and product design required to produce functional themmoplastic
molded parts.

Producing quality thermoplastic parts requires converting the functional requirement of the
zpplication into a design. The product design’s geometrical configurations should not only
satisfy functionally, but it also has to mest the conditions required by mold design and
construction and operation of the mold in order to produce quality parts and guarantce
efficient molding operation.

When designing njection molded thermoplastic parts, the product designer must also be
aware of some part configurations that pose potential problems dunng the injection molding

process. The pan design requirements include uniform wall thickness, paring line loeation to

E7



o TNT——————

Chapter ten Mold Engineering And Designing

balance the heat ramoval from both sides of the cavities, smoath intemal comers, draft walls
(to focilitate part removal from the cavity), climination of feather edees. elimination of
fragile deep pockets (long thin cores). provide location for the gate, allow large pernussible
surface arca for cjection, specify typical part dimension tolerances for plastics, and avoid the
use of high-eloss surface fimshing for the product.

10.2.1 Effects ol Product Design on the Injection Muolding Process

1) Uniform Wall Thickness

Products that meorporate abrupt changes i wall thicknass wall create major mold design
problems regarding the temperature control system of the mald Abrupt changes in wall
thickness make it difficult to mantan a uniform temperature throughout the mold cavities
during the molding cycla. Afler the thermoplastic melt has been njected, varations i part
wall thickness do not allow the walls to cool at consistent rates. Thick walls will shnnk more
than thin walls, causing parl warpage, voids on thicker wall cross sections, poor dimensional
centrol long cyele imes, poor surlace finish, and structural defects.

2) Balance Geomertrical Configuration

The posmioning ot the cavity should be balanced on both sides of the mold parting line Both
halves of the cavity should be subjected 0 the same volume of polymer melt for umform
coolmg in the mold cavity If one side of the cavity 15 injected with more melt than the other
side, this side will become hotter The hotter side of the cavity will have the fendency to stick
on the deep hot spots, causing warpage, poor surface finish of the molded part, and long
eycle times

3 Smooth Internal Sharp Corners

Sharp comers create high stress concentrations on the thermoplastic part, they are also stress
concentrators within the mold cavity. These sharp comer areas Fail under high loads Intemal
radii of at least 0.031 mn should replace sharp comers m thermoplastic part design wherever
possihle. If a sharp comer is unavoidable, reduce the radin and polish this surface aren; in
addition, these mold cavity areas should be designad with removable insars to facilitate ease

of repair.

g8
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4) Draft Walls

Thermoplastic parts should be desizned with posiive drafl walls Minimum positive draft is
required on all walls in the direction of mold opening or core pulling. Without draft,
thermoplastic molded parts adhere to the mald cavity surface, causing drag marks and

surfuce fimishing defects. In many cases, the part will not be fully sjected so that the mold
may close on 1t and cause damage.
molding costy.

5) Feather Edpes

Lack of positive draft also increases cycle time and

Avoid the use of feathershaped edges that require thin and fragile sreal

Within the mold cavity. feather edges tend w break and chip, resulting in mold maintenance

and downtime Undetected broken and chipped feather edges will canse fashmg problems gs
the thermoplastic melt fills into the mold vents.

Feather edpes become extremely hot and take longer to cool because covling water channels

eannot be brought to the feather edge, thus increasin £ cycle tme
b) Proportional Boss Geometrics

Aveid the use of long narrow cores. The height of the unsupporied core should not excead

lour times the core base thickness Dunng the molding process. the mjéction pressure will

deflect long narow cores, because they wct as cantilover baams. causing parting line

openings and possible early failure of the mold core msert. In eritical cases, a structural

analysis of the mold can be made based on sxpected forces and allowable deficction. Cores
of greater height must be [ully supparted using core insers o decrease the chance of failuse
and o ease repair.

") Gate Type and 1.ocation

The gate 1¢ an important component in the injection molding process. The gate influences the

type of mold needed tor the apphcation (two-plate, three-plate, hot runner. and autoination),

The location of the gate dstermines the mold shrinkage. the melt

warpage, and weld line strength,

How, part dimension,

The gate functions as a thermo-valve between the runner and the cavity. The temperature is

increased around the gale area by the melt injection speed, pressure, and temperature The

hot gate allows the melf to enter (he cavity wilh out shearing off the polymer; the gate cools
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off when the melt stops moving, closing the pate whils the melt inside the cavitv cools off
undet packing pressare F

$) Molded Product Ejection Surface Area

The mold cjection system automatically provides s uniform force to extract the molded
product from the cavities. The ejcction force breaks the vacuum between the mmiemal surface
wall of the part and the cavity core and ejects the parls from the mold. The ejection surface
area of the product should be located in the difaction of the moving half of the mold, where
the gjector system 15 yenerally placed The product designer should specily large ejection
surface areas with heavy cross seclions that are not critical for the funcuonality of the
product

The type of ejsction system depends on the malded product’s geometrical configuration and
the permissible gjection surtace area wall thickness, the stiffness, crystallinity rate, and melts
temperature of the thermoplastic resin.

For example, punciuation holes or indentation defect marks on the extemal surface of a
molded product may be produced by small diameter ejector pins pushing agamst a flexible

and thin-walled cross section of a thermoplastic molded product during the gection cycle.

%) Molded Product Folerances

A rtealistic view of the cost of tolerances often halps averd high molding costs without
affecting the performance of the part. It may be uinrcasonable to specify close production
tolecances on a part when it is designed 1o operate wathin a wide range of envirenmental
conditions. Temperaturc-induced dimensional changes alone can be three to lour tmes as
great as the specified tolerances. The tolerances for jection molded thermoplastic parts
have been developed by the plastic molding mdustry. The purpose of these speaifications is
1o assist the part designer in obtaining 2 quick and preliminary analysis for the dilferant
malding tolerance factors found in 4 penenc injection molded (hermoplastic part.

Understanding the limitations of this process and knowing how to control fine tolerances are
the result of applving thermoplastic part design principles, working with molds and mold
designers, being aware of the governing rules in polymer technology, and applying the latest

sechnologics available for the mjection molding process.
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off when the melt SIops moving, closing the gale while the melt inside the cavity cools off

under packmg prassurg.

8) Molded Product Ejection Surface Areg

The mold ejection system aviomatically provides 4 uniform force to extract the molded
product from the cavities Tha cjection lbree breaks the vacuum between the intemal surface
wall of the part and the cavity core and ejects the parts from the mold The glection surface
areq of the product should he located m the direction of the moving half of the mold, where
the gjector system s generally placed The product designer should specity large ejection
surface arsas with heavy cross sections that are not catical for the functionality of the
product

I'be type of ejection svstem depends on the molded product’s geometrical canfi 2uration and
the permissible ejection surface area wall thickness, the stiffiiess. crystallinity rate, and melts
lemperature of the thermaplastic resin,

For example, puncation holes or indeniation defect marks on the external surface of a
melded product may be produced hy small diamoter ejector pins pushing against a flexible

and thim-walled cross secrion ofa thermoplastic molded product duting the ejecrion ¢ vile

%) Molded Produet T olerances

A realistic view of the cost of tolerances ofien helps avoid high molding costs without
alfecting the performance of the part. It may be unreasonable to specify close production
tolerances on a pan when jt is designed to operate within a wide range of environmental
conditions Temperaturc-induced dimensional changes alons can be three 1o four nmes e
ereat as the specified tolarancas. The tolerances for mjection molded thermoplastic pars
have been developed by the plastic molding mdustry, The putpose of these specificarions is
to assist the part desipner in obtaning g guick and preliminary analysis for the different
molding tolerance factorg found in a generic mjection molded thermoplastic part.

Understanding the limitations of thix process ang knowing how to control fine tolerances are
the result of applying thermoplastic part design principles, working with molds and mold
designers, heing awars of the goveming rules in polyimer technology, and applymg the [atest

technologies available for the mjection molding process,
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10) Surface Finish of Molded Product
Surface finish affects part quality, mold cost. mold cyele, and delivery time.
Surface finishing is used to enhance surface clanty for appearance of the molded product
The standard steol finishes range [fom 4 number anc (mirror finish) 10 a number six (gnit
blast fimish). Any fimsh specifications on the pam print must reference the molded product
and not the mold itself Specifying the mold surface finish docs not necessarily produce the
gxpected result on the finished melded product .Alﬂmugh a requirement {or a part with a
high-gloss finish requires & high-gloss finish on the mold eawity, other factors, such as resin,
gating, melt and mald temperature, injection speed, and mold venting affect the surface
finishing of the part. For sxtremelv high-gloss finishing, the tvpes of steel used in the cavities
may nead © be specified 1o ensure reasonable hife of the polished cavity in production.

10.2.2 The New Product
The new producl which designed 15 Cigarette extinguisher. a new form of it that designed by
CATIA program tor mechanical design
The shapes of the design as shown in the figures (10.1-10.5) below:

Figure 101
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Figure 103
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The product that a choice to design its mold is the latest ong (fipure 10.5) because of the new

shape of it and a mechanical concep!.

10,3.1 Mold main parts

Because of the similariies in the two-plate mold construction. it is desirable to have some
stanidard mold base available fo permit the thermoplastic injection molds to be produced in
quantity, with a short delivery time, thereby reducing manufactunng costs,

The main parts of tha mold explained by figure 10.6

=)
Top ciamping plate *t:'«’f""— = Lpcating fing
J“a T Sprue bushing

"A" cavity plates ——|

o Leader pin

"B" cavity plates
Shoulder bushing
Support plate
Ejector retainer plate —
Ejector pin

Ejector plate

Sprue puller pin -—ﬂ"“:\i | . //1
' — Ejector housing

Figure 10,6 Mold Parts
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A thermoplastic injecion mold basa mav be defined as an assembly of mold companents that
conforms 1o an accepted structural shape and size. The proper lype of mold base is speeified
by the number of plates, premachining of the plates (if desired), steel selection dimensions,
gjection travel distance, size and type of locating ning and sprue bushing required by the
injection molding machine The remaming mold base. components are suitably attached
together and puidance system incorporated. Of course. the mald base does not inglude
runnes, cavities, vooling, venling, hardness, finishing ete; these aspects of mold
manufacturing must be left to g spacialized mold maker.

The thermoplastic ijection two-plale mold has been adopted as (he standard mold basz hy
mold component manufacturers becanse this particular mold construction is the most wadely
used design in industrial practice,

Mold bases in a wids range of sizcs made to swit a variety of purposes are produced by a
number of manufacturers, These standard mold hases need only to be machined to make the
mold components for a particular part. I is necessary to know the termunology and function
of the components that make up the mold base.

10.2.2 Functions of the Mold Base Components

The most important features of standard thermoplastic mnjection mold bases are reviewed
here to provide the reader with a working knowledge of the basic components and their
{unctons,

Top Clamping Plate
The top clamping plate supports the “A™ cavity plate, locating ring, and sprue bushing. In
some mold designs, these two plates may be combmed info a single. thicker plate, which
serves both functions It holds the stationary half of the mold to the stationary platen of the
injection melding machine.

Locating Ring
Ihe locating nng is that portion of the mold that is fitted into the stanionary platen of the
injection machine. Its intended purpose is to properly situate the mold in relation to the
mjection nozzle of the machine. Most standard injeclion machines yse different diametars

with a variety of design features to accommodate the platen entry for the nozzle. The correct
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sizes of locating nings are provided in the molds o fit a particular tvpe of injection machine
Where relatively thin-walled parts are heing molded and injection pressures may be high. the
locating nng may be required o retam the sprue bushing within the mold, so the nozzle and
sprue bushing are aligned.

Sprue Bushing
The sprue bushing seals offl the meh from the ijecuon nozzle conveymg the melt through a
conical shaped mtemal channel and forcing it mnto the sprue puller, runner, gate. and cavity
conlines of the mold itszlf The sprue bushing has a tapered internal round channe! that can
vary i size a8 needed In proper mold design, the sprue is madc as shorl as possible,
consisten! with a given part design, thereby reducing the injection pressure drop i the munner
syslem.
Both, the locating ring and the sprue bushing, are usually supported by the top clamping
plate, which is used to support the stationary half of the mold.

“A”Cavity Plate
The “A™ cavily plate contains and supports the cavity or cavities or the core insen, sprus
bushing, and the runners for the parts o be molded In some cases, the cavity mav be cut
direcily mto the solid steel plate; while in others the cavities can be construcied separately
and mserted mto pockets within the cavity plate
The “A" cavity plate is part of the stationary section of the mold half. this plate 1s whers the
leader pins are mounted

“B"Cavily Plate
The “B” cavity plate contains or supports the other half of the cavily or a core section of the
molded part and also contams the leader pin bushings. The plane between these two plaies 13
the normal parting line of the mold, which separates the two halves of the tool, The "B”
cavily plate is the top plate of the movable section of the mold half It is used to hold the
spruc puller and 2jector pmes as well ag the core inserts, or the cavity inserts.

Support Plate
The “B” cavity plate 1s mounted on wp of the support plate. The suppert plate 15 used to

provide strength to the cavities fo avoud deflection during melt injaction inside the cavities.
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Ejectar Housing
The cjector housing parallel blocks are added to provide the height required for the
movement of the sjector system. The base plate of the ejector housing is used for clamping
the muving half of the mold to the moving platen of the machue.
The ejector housing is a single unit for the gjection system. The injection mold base is
manufactared with the parallels (vertical supports) welded to the hottom

Clamping plate
Bottom Clamping Plate
A bottom clamping plate secures the movable half of the mald 1o the movable platen of the
injection molding machine, If the mold is exceptionally large, the gjector system may require
addinonal support, provided by the inseriion of support pillars that bear the load betweoen the
boliom support plate and hotiom

Clamping plate,
Erector Retanar Plate
Mountad on top of the gjector plate, this plate retains the cjector head pins, sjector retum
pins, and sprue puller pin through countar borad holes.

Ejector Plate
The gjector plate is bolled together with the gjector retainer plate to form a umit.
It acts as a back support plate far the gjector pins, retun pms, and the knockout bar These
pins pass through dnlled holes in the “B” cavily plate, insert cavity, and support plate.

Step Pins
The stop pins are mounted on fop of the bortom clamping plate; they are used ag stops for the
ejector housmg when the ¢jector system retums as the mald closss,

Support Pillars
The support pillars are round bars placed betwesn the support plate and the bottom clamping
plate; they have the same height as the parallels. Bolted to the botiom clamping plate, they
are used as addiional support to avoid deflection of the “B™ cavity plate
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Sprue Puller Pin
Pin located below the main runner, dirsctly under the large diameter of the spue channel. It
is used to pull the solid sprue out of the hushing sutematcally when the mold opens and the
molded parts and runner sysiem are grected.

Ejector Pins
The ejectar pins enter the cavity 10 make contact with the molded part.

Return Pins
‘The remurn pine contact the stationary cavity plate and prompt the movement of the gjecior
plates back to the normal position prior to the next injection shot

Leader Pins
The leader pins, used to alipn the plates on the closing of the mold, are hardened and ground
steel pins mounted into one of the mold halves One of the leader pins is oflset so that the
mold hatves can only be closed when the leader ping are in the correct relatve position.

Shouolder Bushings
Hardened and ground stecl bushings are mounted 1nto the other haif of the mold, in-line with
the leader pins. They serve as beanng, surtaces for the leader pms.

10.3 Mold Cooling

One fundamental principle of the thermoplastic injection moldimg process is that hot mels
enters the mold cavity, where it cools rapidly to a temperature at which it solidifies
sufficiently to retain he shape of the cavity. While the melt flows more freely in a mold
cavity, a longer cooling period 15 required before the sohidified molded parts can be ciected.
On the other hand, while the mel solidilies quickly in a cold mold, it may nol reach the
extremities of the cavity,

A compromise between the two exiremes must be mads to obtain the optimum molding
cyels.

The thermoplastic injection molding process amhodies the technological ability, innovation,
and efficiency required for injection moldmg & product, while maximizing the amount ol

profit
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The thermoplastic injection moldmg process cfficiency is affected by the mold cooling
design 'The difference in productivity hetween a correct and incorrsct mold cooling design
can represent an increase of 20 to 40% in the molding process cosis,

The term mold cooling means lowenng the temperature of the thermoplastic melt in the
cavity to form g molded product. When molds require heat for proper operation they are
being practically cooled as the temperaiure of the mold is Tower than the thermoplastic melt
temperature. The heat ransfer flows from & high temperature source to a contacting element
of lower temparature.

The main source of heat removal or mold cooling 1s obtamed by an adequate circulation
temperature contrel and volume control of the cooling fluid. If an adequale amount of
prapetly Lreated water 18 available al any temperature and volume required by the molding
process, the mold will be properly couled.

Heat ramoval depends on temperature, pressure, vigeosity, thermal diffusivity, and thermal
conductivity. The heat transfer calculations are based on stzady state or equiboum
conditions. In the thermoplaslic injection molding process, the temperaturs, pressure, and
viscosity are constantly changing as the melt flows and cools in the mold cavity The
complexities of the shapes of the molded products are beyond analytical determuination The
molecular weight, molecular structure, and distribution of the thermoplastic melt are not
constant.

in spite of all these vanables, several mold cooling computer aalysis programs have been
developed by making many heat transfer assumptions to simulate the mold cooling process
and the thermal behavior of the thermoplastic melt

These mold cooling pragrams are approximations and have some technical value in the
development of new products and for a novice engineer who is lsaming thermoplastic
injection mold cooling technology.

During the cavity filling stage, the hottest material will be near the entry point,

1,6, the gate, and the coolest matenal will be at the pownt farthest from the entry.

The temperature of the coolant flmd. however, increases as it passes through the mold
Therefore, to achieve an even cooling rule over the molding sutface, 1t is necessary to place

the incoming eoolant Mluid next to the mold cavity surfaces.
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Ulimately, adopting the idealized approach is not always practical and the mold designer
must use @ [air amount of common sense when laying out coolmt circuits 0 avoid
unnecessarily cxpensive molds.

The layout of & circuit is often complicated by the fact that the cooling channals must not be
drilled too close to any other hole in the same mold plate. The mold plate has ssveral holes or
racesses, to fit sjector pins, support pillars, guide bushings, sprue bushing, cavity, and core
inserts, etc.

To obiain the best possible position for a mold cooling cireuit, it 15 good practice © lay the
circuit in at the earliest opportunity in the mold design. The other mold components such as

ejector pins, bushings, vents, etc., can then be positioned accordingly.

10,31 Mald Temperature Control
The thermoplastic injection molding process requires the rpid removal of heat from the
mold cavines, so that the molded parts can be removed from the mold in the shortest ime
and in 2 condition that the parts meet the qualily control requirements.
The mold temperature control system includes the mold, the conling channels, the different
mold cooling systerns nsed in the mold design. the type of luid with adequate capacity for its
circulation, and the methed uf temperature control.
Predicting the best temperature conditions for a given mold and thermoplastic material is
neither possible nor necessary. In many applications there will be several different
temperatures maintained for different meld components fo meet the quality control
specifications. These process settings should be evaluated to select the best halance betwesn
economics and part quality,
The mold cavity surface temperature is measured at the beginning of the molding cvele, for
example 140 °F When the hot thermoplastic melt 1s myjected into the mold cavily, the mold
temperaturs increases to 160 “F. At the end of sach molding cycle, the mold temperature
decreases to 140 °F A constant mold temperaturs means that the amount of heat removed per
shot by the total cooling system is the same as the amount of heat provided by the hot
thermoplastic melt Mold temperamre fluctuations will affect the dimensional control of the

molded part, warp age, flashing, surface finishing, and reduce physical properties.
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The mold cavity reaches ils maximum fegiperature very quickly and the mold cooling stage
of the evele is used to reduce this remperature to the base operating temperature. This rate
depends on the temperature differences, the arca of the cooling surfaces in the mold and n
the cooling chunnels, the transfer rates of the heat from the thermoplastic melt to the
thermoplastic/ metal interface through the metal and through the metal/water interface. The
haat removed by the mold and radiated into the operating molding arca is relalively constant.
It is imponiant that a meld conling system preduces a uniform temperature over the entire
surface ofthe mold cavity at the same level as the couling ¢channels.

Tt will remove heat from the thermoplastic melt at the highest possible ratc consistent with

the quality and properties required in the molded part.

103.2 Factors Affecting Mold Cooling
The mold temperaturs is affected by several thermoplastic injection molding process factors
related 1o mold cooling:

» Thermoplastic matenal (process mell temperature, crystallization rates, modulus of

clasticity)

e Part wall thickness. size, complexity, dimensional control, and finish

» Shol weight, process automation, cooling time

e Mold base. cavity, and core matenal

= Size and shape of the mold, cavity, and core

e FEfficiency of mold cooling systems

«  Sizeand location of cooling channels

o Velocity, capacity, pressure drop, and temperature of cooling flmd

« perating ambient conditions (fempefature. moisture, and air flow)

10.3.3 Mold Heat Transfer Methods

Thera are three methods for transferring hear in the injection molding process: radiation,
convection. and conduction. The hot thermoplastic melt from the plastifying unit nozzle is
transferred into the mold sprue bushing The heat from the thermoplastic melt moves by
convection through the polymer until it reaches the cevity surface of the mold. The heat is

then conducted through the mold cavities to the mold cooling syslem and the cooling
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channels. The heat is then ransferred 1o the coolmg luid A substantial amount of the heat
reaches outside the mold surface, where the heat is lost by radation.
Of the heat added by the plastifying unit to the thermoplastic melt in the injection molding
process, approximaiely 60% is removed by the mold: however, some heat is left in the
molded parts afler they are removed ftom the mold cawities after gjection. Approximazly
15% of the heat 1s removed by radiation from the mald and 25% 15 removed by the cooling
fluid that controls the mold cavity surface temperature. The percentages vary. depending on
r the thermoplastic matenal, melt process temperature, mold lemperatures contm] efficiency,
molding cvele, molded product wall thickness, application requirements, size and complexity

ol the product design.

These basic principles lead o very simple procedures for designing efficient mold cooling

systems,

-

Place the cooling channels at a proper distance from the mold cavity surface

The minimum cooling channel center distance to be three to four diameters in length
Do not use small diameters for cooling channels, specify 04375 in diameler minimum
Cool directly in the cavity and core inserts

Cool auxihary mold plates if required

Drill through cooling channels and use pipe plugs

Be sure that the Revnolds flow will accur throughout the mold. The Reynolds number
should not he less than 3500

Treal the cooling channels with elcctroless nickel or equivalent. If not possible, clean
them repularly

The coolmg fluid should be 2 blend of distilled water and special corrosion resistant
addive (25% minimum to 65% maximum) so that no scale depesits are found n the

conling channels.
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10.4.1 Mould Design

Design Considerations for Injection Molds

The main parameters for the design ol a tharmoplastic injection mold are: typs, size, number
of cavilies, tolerances, runner layout, gating, venting, parling line, ejection system. surface
finishing, steel hardness, and mold coaling amoeng others, The geometrical design of an
injection muld, the typs of resin, the dimensional tolerances of the product, the part quality,
and the volume of part production influence the selection of the steel for the mold because of
considerations invelving cavity forming and difficulties in heat trearment. Too greal a
dilference n the wall thicknesses of mold cavity inserts necessitates greater cars during heat
reatment, because the nme 1o heat the thickest wall section uniformly may result in over
heating the thmnest wall section Quenching from high temperatures, cracking, ot distortion
may oceur whera a thin section adjoins a thick section.
Injection mold design is also imponant from the standpoint of service performance.
if mold walls are made too thin, excessive elasnc deflection and even cracking can result
[fom <ervice stresses. Overcoming excessive mold deflection that results in flashing
problems, dimensional control problems, poar part surface finishing, and meomplete molded
parts can only be accomplished by increasing the wall section size of the mold.
Tt is of axtreme importance that any injection riold be desiened and built by a qualified mold
maker 1o the exacting standards demanded by the industry.
Typical mold developmant procedures are as follows:
s The product design has been completed and approved for molding
» Mold planning provess, where the product dasigner, tnoling enginesr, process
engineer, mold designer, mold builder, and resin supplier’s technical
e representative review the needs of the product and provide recommendations
for the design and construction of the mold
¢ Development of a preliminary mold design proposal 1s the responsibility of the
maold destgner
e Review of the mold layout proposal by the product designer, tooling engmeer.
process engineer, mold desipner, and purchasing, recommending mold changes

\Fnasded and providing authorization to finahize the mold design
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» Completing the mold design delails

» Reviewing the final mold design by the product designer, tooling enginzer,
process engincer, mold destgner, and mold bulder

e Construction of the mold

« First molding ran evaluation to produce samples al the mold maker's shop, end
usar lool engineer and process engmeer should be present

+ Inspection and documentation of all product samples whether they meet

« print dimensions (end uscr)

« Debueging of the mold if needed

« Approval of molded products and pre-production run (mold maks's shop)

o Surface tieatment and polishing of the cavities and cores.

By following the mold considerations and criteria. the new mold that designed for the
product shown m figures below. It designed by CATIA program for mechanical design.

10.4.2 Types of Steels Reguired for Injection Molds

Thiz section provides information on different stesl compositions available o manufacture
malds used lo produca thermoplastic injecton molded products.

These steels constitute the most commonly used types of materials in the construction mold
industry. Other materials such as bervllium-copper, cast aluminum alloy. forged alummnum
alloy, cobalt-nickel allay, and kirksite are also used, but 1o a lesser extent.

Steals are the workhorse of materials used n molds No other materials offer comparable
versatility for praduct applicahons Stesls are produced in the greatest vanely of forms and
finishes. have strengths ranging {rom 30,000 psi to over 300,000 psi. and can withstand &

range of temperatures [rom crvogenic up to 2,000 °F
10.4.2.1 Major Steel Families

Because of the great range of steel types, properties and apphcaltions, steels are categonzed
into many families based on the chemical composition, heat freatment, surface finishiny,

critical propetties (mechanical, thermal, corrosion tesistance, electrical, etc ), typical
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processing characteristics, end use applications, and other factors. ‘The major lamilies of steel
arz the following:

1. Low Carbon Steels

SAL 1008 1010, 1015, and 1025 are the lowest carbon stecls selected when cold forming
ability 1s the primary prerequisite. These steels have relatively low tensile strength values.
Sirength and hardness increase will carbon addition and/or with cold work, but a decrease in
toughness or the ability 10 withstand cold deformation is crested. Low carbon steels are
nearly pure iTon in structare, they are readily welded, bul do not machine freelv, producing
poor smooth fimishes.

SAL 1016 to 1025 provide increased strength and hardness and reduced cold formuing ahihity.
Carhurizing or case hardeming is pussible m some erades. Increase carbon grves greater
core hardness in thicksr sections. Increase in mangangse improves the hardening ahility and
also improves machining. SAE 1025 is used for larger sectons o1 where prealer core
hardiess is needed.

All of these steels may be readily welded or brazed. SAE 10201 frequently used for welded
tuhing These steels are used for forged parls; they usually machine bettar in the “as forged”
condition without annealing, or after normalizing

1. Medium Carben Steels

The medium carbon steels. S AE 1030 1o 1052, are selected lor uses whera higher mechanical
properties are needed and frequent further hardening and strengthening by heat treatment oF
by cold work is done. The carbon and manganese levels celected increase the mechanical
properties required in ccction thickness or in depth of hardening, The heat treatment preferred
for any of the prades over 0 30% carbon allows selective hardening by induction or fiame
methods

All of these groups of stecls ars used for forging, the section hang govemed by the section
size and the physical properties desired after heat treatment. Medium carbon stesls are
popular for forging and general uses TequInne greater strenigth than low carbon steels.

3. High Carbon Steels

Steels SAE 1055 to 1095 are the high carbon types, having more carbon than 1s required 1o

achigve Maximum as quenched hardness. They are used for applicatons wherc the higher
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carbon is needed to improve wear resistance, higher strength charactenstics for cutting edges,
for springs, and for special purposes

Selection of a particular grade 15 affected by the nature of the part. its end use and the
manufacturimg methods available. Cold forming is not always suitable and most paris are
heat treated hefore 1sa

4. Free Machining Carbon Steels
5. Carburizing Carbun Steels

6. Hardening Carbon Steels

7. Carbon Spring Steels

8. Low Temperature Carbon Steels
9, Mligh Strength Low Alloy Steels
10. Carburizing Alloy Steels

11. H-Alloy Steels

12. Boron Alloy Steels

13. Nitriding Steels

4. Low Temperature Alloy Steels
15. Tool Steels

16. Electrical Steels

17, Stainless Steels

I8. Itigh Temperature Steels

192. Ultra High Strength Steels

10.4.3 The Design of the New Muolds
The [irst mold

The new mold is designed by CATTA program for mechanical design
The figures below (10.7-10.12) show mold parts.
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Figure 107
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Fipgare 10.B
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Figure 10.9

Figure 1010
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Figure 10 11

Figure 1012

Figures 10.7-10 12 Mold Parts
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Chapter ten
Now all the previous parts are combined towether to formulate the final shape of the mold.

Figures(10 13-10.16}

Figure 10.13
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Figure 10,14
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Figurs 1015

113




Chapter ten

B o Lt i

Figure 10.16

Frgures 10.13-10.16 Mold Assembly
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The secand mold
The new mold is designed by CATLA prograin for mechanical design
The figures below (10.1 7-10.12) show mold parts:

Figure 10,17
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Figure 10.20
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Frpure 140.21

Figure 10.22

Figures 10,17-10.22 Mold Parts

Now all the previous parts are combimed together to formulats the final shape of the mold
Figure (10.13).
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Figure 10.23 Mold Assembly

The mold location in plastic injection maching as shown in ligure 10.17

Ioided Parl

Mblten Plastic

Raw Flasu:

Injactinn Moiding Machina 'H-\____‘_‘_

Figure 10,24 Mold Locations m the Machine
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Chapter cloven Failure and Maintenance

The machine ladure and work life have close connection with operation maitenance, so

operator must abide the regulation m specification strictly. Machine fmlure is more than
mechamical, o1l way and electric failure, thege are some failures.
1. Pump motor drives with difficultly

» Power has been shut offt phase valtage is wo low, line voltase drops oo great,
the tip of conductor bum loss, and so forth wither the supply of three phases
power 1s natural, automatic breaker is shut off. the relav 1o contral motor in
elactric box 15 closs

* The motor 15 bumt with bumed tasie and smoke, find out burnet cause and take
measure 1 change or replace.

* Pump locks, repair or change pump.
2. Ol way has no pressure

e Sundnes choke damp orilice of the proportional valve

» Electromagnetic plug ol the proportional valve loosens.

» Impunty or scrape iron chocks oil retain hole of the proportional valve.

* Proporhional valve locks . remove and clean valve and replace seal nne to
prevent impragnating.

+ The height of ail level i1s lower than vil absorher, so pump has no oil o absorb:
supply enough hydrauhic oil.

¢  Some directing valves leaks too sharp or inner spring breaks, repair or replace
the valve.

¢ Hydraulic oil 15 not clean and oul taking filter 15 choked, clean filter and replace
hyvdraulic vl

s Pump damaged, repair or replace pump.

* Some valve cannot switch and scal ring of cylinder 15 damage. remove and

¢lean the valve and replace seal ring .
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Chapter eleven Failure and Maintenance

3. Unahle to clamp

» The connection of stroke switch for safety door loosens or damage, safety door
does not close, the contact of low pressure dwelling is adjusted improperly. join
the connection or replace the stroke swateh, chieck the cooperation ol stroke and
swilch lor safety door, adjust the contact at proper position.

# Clamping magnet valve locks or plug of it loosens low pressure and low speed

knob tums to low, clean valve, fix plug of magnel valve tum up concerned
knob.

* Hydraulic svstem has no pressure, repair according to previous note.
4. Unable to inject

¢ [Injecling pressure and speed is too low, twn up injecling pressure and speed,
s The heating temperature is too low
&= Muzrle chocked

* Remove muzzle for heating and cleaning,

+ The connecuon of combined switch for injection loosens or damage, mjecting

fima and relay tme too low; check and repair; adjust tme
5. Unable to plasticizing or its speed is too low

s Electnc ruler position; adjust ttime.

s Back-pressure tums too high; readjustit

o The heatng temperature of the matenal barrel is not enough and make
hydraulic motor aver load; check and replace heating ring

* Hydraulic motor damage and axis locks:

e Plasucizing pressure is too low; lurn the pressure | Mpa higher than

plastictzing pressure
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Chapter zleven Failure and Maintenance

6. Material could nut forward even screw turning

* There 15 not enough cooling water at [eed por; there 1s matenal in feed port:

adjust flooding quannty; take out plastic block

* There 15 no matenal in feed at feed port; charge matenal,
7. The level of the hydraulic vil is (oo low

¢  Pump pressure is 100 high, adjust according the specilications.
*  Pump damage or the viscidity of hydraulic is oo low; check pump and quality
pfoil

¢ Shortare of oil in oil-box: put on enough oil
3. Semi-putomatic is outl of order

e ‘The automatic circulation iz achieved by stroke switches and time relays
controlling hydraulic elements. If each act m natral method, 1t 15 likely
because stroke swiatches and ttme relay have not work Check and repar the

fatlure control element refer to electnic and hyvdraulic principle disgram,
9. Automatic method is out of order

s The products have not pass through photoelectne switches after moulds
opened

& Phatoelectric send or receive are in poor position

= Photoelectne equipment 15 damages,

= Photoelectric sipnal 13 too strong,
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‘ ';?h'ka'itﬁa\ Name "'i_*ih‘n‘nm'\aﬁmﬁ_ﬁ rade names|Descriptio nj"@mic ations
[ ! |Strong, rigid, ||
excellent '
| } J Jfﬂtigue | .
i H |'J fresistance,  ((Bearings, l,'r
| | ' rmcceIient ‘J:amsL aears, J
|| ﬂ Celo rlcre-::p handles,
D:&i:: : resistance, plumbing
Acetal POM Haitcies |~:ha-mical components. |
- Tacel " [resistance, ollers, : l
|| ‘ | moisture rotors, slide
resistance,  |guides,
| ‘ naturally valves
opague white,
low/medium |
=] | _[lewst - i
Rigid, britle, [C1SP1ay
* |istands,
I el knobs
[Hakon, resistant, L
! Oroglas (lransparent, enses, light
Acrylic IPMMA "Lucite_tr |Gpli A lmus.;»ngs, 'I
| |P1exigla.-< clatity, e
low/medium |electors,
low/me o
|. (S8t ||ﬁh¢'ivﬂs, \rays|
—l | [Strong, '
' flexible, low | }
mold : .
shrinkage Automotive !
(tight (consoles,
Cycolac, tolerances). panels, trim,
Acrylomitrile ABS Magnum, lchemical VEnLs),
Butadiene Stviene Novodur, resistance, bixes,
Terlugan clectroplating | gauges,
capability, housings,
naturally mmhalors, Loys
opague,
low/medium
L _ |cost | -
| ' |Dexel, [Tough, Handles,
(Cellulose Acelate  |[CA Cellidor, transparent, |leyeglass
J Setilithe high cost {frames B
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B | High l B
strength,
latigue
T-E:SIISI?I.HEE_ Bemings
Akulon, [‘.ha.mu:a] bushings,
Polyamide 6 (Nylon)| PAG (UItramid, ]rsz:sfi.::q TOALS,
' \Grilan R rollers.
| low friction, wheels
almost
‘'opaque/white,
medium/high
{cost |
High
strength,
fatigue
resistance,
chemical Handles,
Polvamide 6/6 PAG/E Kopa, Zylel, [resistance, levers, small
(Nylon) Radilon low creep,  |housings, zip
low friction, (ltes
almost
([opague/white,
medium/high
N
High
strength,
, faligue
resistance,
. chemical Air filters,
Polyamide 11412 ALz |[Rilsan. resistance,  eyeglass
(Nvlon) ’ {Grilamid low cresp,  (frames,
. low friction, |jsafety masks
almost
Gpaque to
clear, very
= il{gh cost |
' Antomotive
{panels,
very tough, 'Ej;ﬁ:;ies]
temperature }bouius A
. Calibre, resistance, i ﬂjf;cr :
Polycarbonate PC Lexan, dimensional Eﬂusin > *
Makrolon stability, ikt Gﬂg;;rs
‘ lransparent, T;ﬂﬁc;tm“:.' .
high cost , ’
? salely
helmets and
i | jshiclds
||Pnl}fEstcr - BT, PET  |Celanex. I]igid, heat Ifhutnmn:iw
125

T ——————




(Thermoplastic

(Crastin,
Lupox,

|resistance,
chemical

Rymite, Valox|resistunce,
medium/high bearings,

| (filters,
handles,
I[Pa II]’pS_] §

cosl lcams,
electrical
coOmpenNents
' (connectors,
Sensors),
JEars,
housings,
rollers.
. switches,
i . valves
B : Tough, very
high chemical
olyether Sulphone [PES Victrex. [ldel [[resistance, Valves
clear, very
high cost
Strang,
thermal Aircraft
stability, COmPOonents,
: chemical alectrical
PolyetheretherketonePEEKEEK resistance, connectors,
[abrasion putnp
resistance, impellers,
, low moisture |seals
|lahsorption |
N | Flectrical
' Heat components
resistance, ( conneclors,
olvetherimide PEI |L' ltem ?:5?:&[[6& E;E:::I:ca‘,l
transparent  |oovers,
(amber color) [sheilds,
surgical tools
i i whtweight,
tough and
. tlexible, .
Alkathenc.  lexcellen K“G}.'E"wﬂm‘
Polyethylene - Low L . housings,
. DPE Escorene, chemical ) e
Density Movex resistance, e, and
[ contaners
\Inatural waxy
appearance,
| low cost _
: Eraclenc, [Tough and  ||Chair seats,
Polyethylene - High |(rrpp Hostalen. !:a'l.if]: housings,
i \Stamylan excellent covers, and
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[ chemical | containers
TESIStance,
matural waxy
appearance,
| , low cost
—| Tough, heat
resistance, :
Auromotive
tlame EinEnas
resistance, pa?]:h?gh‘
MNoryl. dimensional Sl
Polyphenylene : s
'UG G PPO Thermocomp, | stability, ltw Secericl
xide v It 2 Components,
amporan wiler i
ah : housings,
sarpiion, :
. |plumbing
slectroplyting compuonents
capahility, P
| lhigh cost
' ] Bearings, i
Very high covers, fuel
strength, heat | system
b henylene |[Ryton, i e
i‘{ﬁ:ﬂlc Yiene PPS Boetian resistance, components,
e brown, very ||guides,
high cost switches, and
y o shields
| [Lightweight,
‘heat
resistance. J
high chemical ORI
: (bumpers,
Novol resistance, : :
ovolen, Setatiel COVETS, trim),
Polypropylene PP Apprvl, L ssitienne bottles, caps,
Escorenc “™  lcrates,
natural waxy it
| PN housin, =s
tough and .
stiff, low
| cost. .
IPolystyrene - ILacqrene, Brittle, ICosmetics
Gl s i GPPS Styron, transparent, ckaging,
foeneral purpose - \Solarene llow cost (Ipens
[ | | Impact |
strength
, rigndity, Electranic
. Polystyrol,  [[toushness housings
Polystvrene - High : N e heY g
in:,p)::lj{ B e HIPS Kostil. dimensional |[food
Polystar stahility, COntAINers,
' naturally toys
translucent,
‘ _ low cost
[Palyvinyl Chloride - |PVC | Welvic, Tough, 1E1e:ﬂrical
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Plasticised Varlan [lexible, insulation,
|;a.m¢ housewires,
resistance, medical
transparent or |[lubing, shoe
lopaque, low  ([soles, tovs
|Cors]

Tough, |
| flexible, Ontdoor
me applications

Poyviayl Chride- | py [Pobveol | S0 @RS

g AEdpnmt |transparent or | fittings,
opagque, low | gutters)

] cost _anl
stiff, brittle,
ichemical
resistance,
Luran, heat ‘Hn:susewms,
Stvrene Acrylonitrile] SAN Arpylene, resistance, knobs,
Starex hydrolytically [syringes
' atable,
transparent.
‘ llow cost
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