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Resumo

Este relatorio € uma revisdo do aditivo e técnamdabricacdo de
subtracdo. Abordagem tenha residido em grande parteino de
prototipagem, onde os métodos de producdo de sbggtiidos de
forma livre complexas diretamente de um modelo amputador
especifico sem-parte ferramentas ou conhecimerntiadio. Mas
essas tecnologias estdo a evoluir de forma coestantestao
comecando a abranger os sistemas relacionadoscde dé material,
subtracdo, montagem e insercado de componentes f&iooutros
processos. Além disso, esses varios processosbttagio aditivos
estdo comecando a evoluir em técnicas de fabriceig@idos para
produtos customizados em massa, longe de protefipagpida
estreitamente definida. Tomando esta idéia longefiziente para
baixo da linha, e véarios anos, portanto, uma reestcao radical da
fabricacdo poderia ter lugar. N&o so o time to masler reduzidos,
de fabricacado propria passaria de uma base descecpara uma base
de conhecimento e de producdo em massa de pratkiieso Unico
para customizados em massa, de alto valor, prodetoglo de vida.
No momento da visita do painel, a maioria das peagque
desenvolvimento foi focado no desenvolvimento asdng de
tecnologias existentes, melhorando o desempenpoodessamento,
materiais, ferramentas de modelagem e simulacBoramentas de
design para permitir a transicdo a partir de pi@d&tpara produgéo
de uso final partes.
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Abstract

This report is a review of additive and subtractimanufacturing
techniques. This approach (additive manufacturihgs resided
largely in the prototyping realm, where the methodgproducing
complex freeform solid objects directly from a cartgy model
without part-specific tooling or knowledge. But segechnologies are
evolving steadily and are beginning to encompalssa® systems of
material addition, subtraction, assembly, and tns@i0f components
made by other processes. Furthermore, these varaoigstive
processes are starting to evolve into rapid manwrfiag techniques
for mass-customized products, away from narrowlfinge rapid
prototyping. Taking this idea far enough down time,| and several
years hence, a radical restructuring of manufacgueould take place.
Manufacturing itself would move from a resource éba® a
knowledge base and from mass production of singgeproducts to
mass customized, high value, life cycle productgonity of research
and development was focused on advanced developrhenisting
technologies by improving processing performanceatenmals,
modelling and simulation tools, and design toolsetmable the
transition from prototyping to manufacturing of emgke parts.

KEYWORDS: Plastic Injection, Mould, Project DesigpMLS
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1. Introduction

This document is a study about mould in plastiegtipn Moulding
and additive manufacturing technique used in mogldndustry. |
would also like to make a brief presentation of teenpany DRT,
where | performed an internship as a Product DeBiggineer for a
duration of nine months. | have been in the mogdimdustry for
some time now and have got practical aspect ofmbik process.
Therefore, along with Engineer Mario (supervisorcompany) and
Professor Carlos Capela and Henrique Amorim Almédcademic
supervisor), it was decided to make a report oeringhip relating to
the mould making industry. Along with the interrshreport,
developments in additive manufacturing pose to theulding
industry was to be developed.

In the internship program, | had worked in the prcicbn area around
8 months because it was important to have an utashelisg about
what moulds are and how they are made. During tbeggs, | gained
knowledge about different components of mould, nranh
processes, adjustment of moving components, paeasiatluencing
plastic injection molding and problem solving methol was also
provided training in CREO software for mould desmgnduring this
time. It was interesting to understand how the gtesias to comply
the Mould. Later, during the last few weeks of inthip, | came back
to production area in order to understand and reasch and every
step of mould making process. This helped me aie¢he process of
designing and mould production in a better way.sTieport has a
brief description of what | learnt during the cauf internship.



2. Company Overview

2.1 Company History

DRT was founded in May 1994 and follows the slogjace that time:
"It's not just change, it is growth. Not only mosildut also moulds
and arts."

Figure 1 - Old Building DRTDRT Moldes, 2012)

On June 27, 2013 the new factory was inauguratederindustrial
Area of Cova das faias. This new factory was a Iatgp for the
ESRD group, as it was much better in every wayeirtold it was a
little further from the Industrial Zone in Regueda Pontes.

Figure 2 - New Building DRTDRT Moldes, 2012)

This opening allowed DRT to employ more workers aady its
range of types of moulds, as the functions now galalyy these new



facilities has provided the creation, design angireering and tool
management, thus being able to compete with thgf Tbiernational
market.

An investment of about 12 million euros was mads thd strengthen
the position of ESRD in this market sector, thukimg an increase
in production as well as increasing exports

At the moment, the DRT has approximately 120 enmgxsyand
currently exports to Germany, Russia, Spain, Frardexico,
Portugal, India, and Austria.

The new facilities are located at the address: &sMarinherios,
lota 6 No. 146 Industrial Area Cova das Faias- 2ZHK8(415-806
Marrazes — Leiria

DRT also have a page on the Internet\atw.drtmouldes.com

2.2 Facilities and Equipment

This is the plan and layout of the company, onltétefloor is the part
of the drawing and offices which is not visible rfrahis plan. For
easier to be appreciated:

Benches Zone

Erosion zone

Machining Zone

Injection Zone

Zone reception, restaurant and some meeting rooms
Warehouse zones

Load Zone and downloads



Figure 3 - Ground plan of DR{DRT Moldes, 2012)

2.2.1 Design / Project

The drawing room is located on the 1st floor of tbenpany, being
one of the cleanest and nice place to work fornetitee plant. This
department is divided by designers of moulds anecteddes
designers. In total, about 22 people, includingrféar electrode
design and 18 for the mould design.

The company uses two programs, Catia V5 and Cf@doB.part of
the moulds and the Power Shape for the design df gfathe
electrodes

Figure 4 - Drawing RoorfDRT Moldes, 2012)



2.2.2 Machining (CNC)

In this department about 20 employs and is compot&d CNCs for
machining.

There are several types of machining centres praséns part of the
company, half of them to work in small-sized pieaad do not need
to have large working desks especially the 3 ax¢€ O’ here are also
some 5-axis here the table is larger and can donthdd which are
larger and more complex. There is also a machiiagis CNC that
used for drilling deep hole, one of the most impies machines this
company doing more complex jobs.

There is another CNC also quite interesting bistainly used to make
holes. It also has a rotating table, but not inemgon itself and that
the drill head bears various lengths. This str@ctarhorizontal and
can make angles from the -15° and 30° and can halks up to an
incredible 2 meters.

There are other two centres of machining, but mohis department.
These two machining centres, 3-axes and other®ages to be
inserted at the electrodes, which | will speak dhea

In this department there is also a room dedicaiggiAM which has
about 7 computers equipped with the Mouldex 3D Cpdgigrams
where the people work and where the professionatsivave a
machining Centre in charge are also entitled tofaisprogramming.

Figure 5 - Six Axis CNC machine and CAM rod®RT Moldes, 2012)



2.2.3 Erosion

This department is of those we have few worketa) tbbecause there
are two machines for each employee. This part stsef eight CNC

machine erosion penetration, the second wire guttiachines CNC

and the other wire drilling machine.

Also in this department there is a cell which imga two machining
centres but to make graphite electrodes need na adarge size
compared to machining centre of steel, with a 3 axid 5 axes. It is
further constituted by two warehouses which takeouabl180
electrodes, a robot that transports electrodewdoehouses electrode
and a measuring machine.

There is also a compartment near the cell thatherevyou prepare
the graphite making the cut and fixation. This dépant consists of
an electric saw, a press and a manual milling nmachi

Figure 6 - Machine Erosion CNC machif@RT Moldes, 2012)



2.2.4 Bench

Part of the bench may be one of the Interestingsaaad busy, all the
time because this part is where we begin to asgetinélmould.

This department has about 20 people.

It comprises about work, each equipped with esaliytiools for
adjustment and assembly of moulds.

There is a press that this department reaches ,0@0 Zons of

clamping force, a central polishing which compriaassolated room
if any dust that may arise on the part of the statids being equipped
with specific materials and light enough to beee mordant the
finish area. There is also a room for the lasedimglisolated visually
as its light is very harm to view. Although the bknis part of

warehouse with everything one needs to work ald® lines as

sandpaper until the number 1200, paints, hundresisttings screws,
drills, electrical parts, etc.

Figure 7 - BenciiDRT Moldes, 2012)



a)
b)
c)
d)
e)

f)

2.2.5 Injection

Injection moulding moulds and high pressure dietiogsdies are
fabricated to a standard mould set. The standarddset consists of
two clamp plates, two cavity plates, guiding eletadretween them,
an optional back plate, two risers and an ejecttr Bjector set
consists of an ejector base plate, an ejectorniatpiplate and an
optional set of buffer plates. Guiding elementsganele pillars, guide
sleeves and centring sleeves in each corner ghthed.

This injection moulding process may be used fodpotion in large
guantities and pieces of many different sizes. Miagerial of choice
is melted and injected under pressure into a mawld the area of the
cavity that will determine the shape that is intheh the final part.

The injection moulding process is considered byynaays the best
choice for economically producing a large scale,ravertheless the
material cost is often significant.

The cycle of a mould during injection moulding sfallows:

Mould Closing

Injection advance unit

Injection of plastic material into the mould

Cooling the mould and consequently the moulded part
Opening the mould

Advancement of extractors

Feed hopper —, ~ Flealers — — Bamel = Stationary platan
| Y ) — Movakis platen
Cylindar for seraw-ram / { Reciprocating screw | Maold !
\ / | ; [ 7— Tie rods (4) Clamgping
! i I 7 .
i SNy ! eylingder
v/ 7\
== AR RN
= Y -
[
i =
= s aaer L Cre b
AU . Matorand gears  Nomretum = - Hydraukc
2 i lor scraw rotation  VAVE =
. AL -[ , Cyinder
? G o PP e
|'" — Injection unit e l-}-‘--—-—-- — Clamging unit =——=—-—p
|

Figure 8 - Injection machingCustomPart.net, 2007)



2.2.6 Integration in company

Integration in the DRT was good. Even before sigrthe Internship
| knew two workers of this company who gave me gaaddrences.

The day | started the Internship, on 12 March,Gheef decided that
| should begin in the area of the CNC. | was theft with Mr. Pedro,
one of CNC worker of the most experienced and kedgéable of
what he do. Over 3 month | was in the same depattaned | was
transferred to the drawing area, where | stayediateo weeks in
charge of Mr. José Gabriel, a man with good sefbamour and that
helped me to interact with other employees of tl@partment. The
next step was to understand about the electrodgmjdsut this has
not happened since | was referred to the cell.

Both in part from the stands, drawing and erosi@opte were
friendly and available.

In short, since the beginning of the Internshipit® end | felt
integrated because the environment has alwaysduesh

2.2.7 Design

As had been said earlier, this drawing room isd#tidiby designers of
moulds and electrodes designers. On the first dagnt to a mould

designer, Mr. José Gabriel was already working aenaplate with

him for a few months.

What is CAD? The CAD, being an English acronym wiltranslated
means Aided Design or Computer Aided Design, ig@egc name
that is attributed techniques used to produce teahdrawings and
is used in a series of areas.

This type of program has tools for constructingedént geometric
shapes and three-dimensional shapes.

The company uses two programs, Catia V5 and ci@do8.part of
the moulds and the Power Shape for the design df gfathe
electrodes.



Figure 9 - Designing Roo(DRT Moldes, 2012)

| saw that there was a planning of the moulds whaoh was visible:

Preliminary + Mould flow Delivery

Preliminary Approval + Mould flow / delivery of tHest of materials
3D models of Delivery + beginning of Milling

Home Erosion

Structures Delivery Systems

Home of the bench

The times varied depending on the size and comntglekihe mould.
| noticed that it is then a work order for everyigpito be done as
quickly and as well economic. At first, the cliesgnds the piece that
he want to be made that may already be a part peaddhy another
cast, or if a new piece in digital format. The playstudied to know
where you have to take the balances, extractoysuiineed furniture
elements, etc. It then made a preliminary thaerg o the customer
to give his approval. Once approved, it is possiblerder some of
the plates, well ahead already quite work, | natitteat the designers
have permanent contact with the schemers cuttiegl gor any
changes that may be made must be communicatedebd@ijob is
done. | realized also that the designer has tonb@uch with the
customer to say at what stage will the mould arehe¥/the designer
find a problem has to ask if the piece itself canchanged a few
millimetres, for example to get the balance workgxtly. This same
thing happened while | was with this gentleman @r@dcustomer left
to be done these changes without any problem. weslInot allowed



to use the company's software because it couldemtionally modify
or delete important things was using the well-knd@/&D program
Solid Edge, a program that | have installed on yaamputer while
attending the course, | was trying to keep up wikliteJoseph, plates
slide and mobile elements, This is a different waméa from any other
because it would use much the head instead of,fordbe database
that had already had stored some parts such asrgufecords, all
kinds of screws, etc. So it's easier for how soaresfare already made
is not lost so much time drawing. When | realizdce the two weeks
had passed and it was then time to move to thdretkr design
section. This section, which is on the same drawowgn had only
three hours, long enough for me to pass the progsang the Power
Shape and start trying to make shapes of the eléedrfrom measures
invented by me.

2.2.8 Other

This category of "other" is part of some machirres tlo not fit into
any of the above said categories, but all are ¢éotarected because
deep down they are all necessary, some more usengodance than
others but all with its value.

In this category are the 4 injection machines thatcompany has, all
with different characteristics can be tested moudtied much
physical characteristics such as types of plasticsinjection forces.
There are also scattered by the various shedgfiaders manuals, a
rectifier automatic, plus two manual milling maatsnused more to
less rigorous work as feet for the moulds, alsaWwadathes, a manual
and other CNC. Chain saws for cutting steel, anaggips for
exchanging mills by heating the cones and immensigds for
carrying the moulds and their components. The marirtoad for the
strongest bridge that there is 35 tons, but thezen®@re in quantity
can only carry up to 5 tons



Figure 10 - Manual Grindin(PRT Moldes, 2012)




3. Subtractive  Manufacturing and  Additive

Manufacturing

Machining is any of various processes in which a piece of raw
material is cut into a desired final shape and sigea controlled
material-removal process. The processes that hiaige common
theme, controlled material removal, are today ctilely known

as subtractive manufacturing, in distinction from peeses of
controlled material addition, which are known aditive
manufacturing Exactly what the "controlled" part of the defiar
implies can vary, but it almost always implies te ofmachine
tools(in addition to juspower toolsandhand tool$.

Additive Manufacturing (AM) is defined by the Amean Society of
Testing and Materials (ASTM) as “the process afijog materials to
make objects from 3D model data, usually layer upeyer, as
opposed to subtractive manufacturing, methodologmsch as
traditional machining” AM methods differ from suagttive methods,
such as milling or turning, by the intuitive contdpat the part is
being created by the incremental addition of materCommon
industry names for the AM methods are: freeforni¢aion, additive
processes, layered manufacturing (LM), additivehmégues, and
additive layer manufacturing (ALM).Currently, theaee seven ALM
processes with the following normalized names astbjty ASTM

International Committee F42 on Additive Manufaabgyi
Technologies: Vat Photo polymerization process (oencially

known as stereo lithographic), Material Jettingk(jet printing),

Binder Jetting (3d printing), Material Extrusionuged deposition
modelling), Sheet Lamination (laminated object nfaoturing),

Direct Energy Deposition (laser engineered netisiggpand Powder
Bed Fusion [selective laser sintering (SLS), seleclaser melting
(SLM) , electron beam melting (EBM), direct metahmafacturing,
and direct metal laser sintering (DMLS)].



3.1 Additive Manufacturing v/s Subtractive
Manufacturing

Both additive and subtractive manufacturing methoaige their own
advantages which makes them appropriate for difteriecumstances
a brief comparison is presented.

Speed

Additive manufacturing such as done by of complextp with a
lower lead time than CNC machining. Other than potidn lead
time, once you submit and loading your choice adrifoplastic
material, no specific tooling or setup is neededsTllows you the
freedom and responsiveness to shorten your praptigvelopment
and production cycle. CNC machining requires taplget-up and
initial programming for geometries of new parts.tiBadditive and
subtractive manufacturing require the relevant gssclead-time to
schedule your task.

Complexity

In DMLS manufacturing parts with complex geometimedtly from
your CAD files. Because of the deposition procedgre material is
built up in layers, central hollows and voids antérnal structure are
possible with high tolerance with DMLS that migldtrbe possible
with CNC machining, as DMLS builds up the produont layers of
applied material. With  CNC machining, some complaternal
structures are not possible as there is no acoe$isef machine tool.

Customization

Both CNC and 3D processes allow a range of pardsomization.
However due to the mentioned shorter setup and leongapability,
3D can manufacture individually customized partshsas medical
devices which are also intended for long duratise. frive-axis CNC
machines also routinely are used to produce indaliddental
products



Material

DMLS uses a range of polymer materials includindg3SA
Polycarbonate, and PC/ABS, which combines lighigivewith high
strength. CNC machining can use both polymers (asdbelrin) and
a wide range of metals including aluminum, titanjumagnesium,
brass and stainless and HC steels and exotic nzatdlalloys.

Function

While some of the materials used above are usdubthy processes,
the function and or specifications of the end paidnay dictate the
choice of material. Each process can lend itsedbturasting end use.
Product from a subtractive process is usually soma¢wore suitable
for long duration use. However its shorter leadetimakes FDM

suitable for checking fit or for producing preseima and external

design models though some of the products of 3btipg are long

lifetime personalized products used in the mediaatl dental

industries.

Size and Finish

Fused Deposition Modelling allows finished prodsizes of up to
900 cubic cm. CNC subtractive machining can martufagparts of
up to a cubic meter square with even longer lengtssible. While
3D printing can achieve various levels of tolerarfice the most
accurate results, CNC machining is capable of aaige more
accurate tolerances and cosmetic and surface disigbross a higher
volume of parts

Part Quantity

Additive manufacturing is well suited to single small numbers of
items manufacture, when the material, toleranceiargh aspects are
already considered and setup time is eliminatedbtrctive CNC

machining requires longer setup and programming &md operator
skill. However once prototyping has been completsithg additive

processes, and if you are moving to larger volugoeswould likely

then consider moving to a more cost effective sudbitre process.



Hybrid Processing

As we have both capability in both additive andteatiive, we can
apply the flexibility of additive with the accurac& finish of
subtractive techniques. This means that we can faetowe products
with previously unachievable geometry and introdhiggh precision
features in hybrid operations.



4. CNC

Computer Numerical Control (CNC) is a specialized aersatile
form of Soft automation and its applications coveany kinds,
although it was initially developed to control tihhetion and operation
of machine tools.

Computer Numerical Control may be considered tabweans of
operating a machine through the use of discreteenigal values fed
into the machine, where the required 'input’ tecéininformation is
stored on a kind of input media such as floppy disd disk, CD
ROM, DVD, USB flash drive, or RAM card etc. The rhae follows

a predetermined sequence of machining operations that
Predetermined speeds necessary to produce a waard pf the right
shape and size and thus according to completetjigtable results.
A different product can be produced through repaogning and a
low-quantity production run of different producssjustified

Numerical Control: NC is the operation of M/c tool by a series of
coded instructions consisting of numbers, lettéth® alphabets and
symbols, which the MCU (Machine Control Unit) camderstand.

Computer Numerically Controlled: When numerical control is
performed under computer supervision, it is calledmputer

numerical control (CNC). Computers are the contnoks of CNC

machines. A programmer enters some informatioherptogram, but
the computer calculates all necessary data tdvggob done. For both
NC and CNC systems, working principles are the s&néy the way

in which the execution is controlled is differeMormally, new

systems are faster, more powerful, and more vésati



Figure 11 - CNC MachinORT Moldes, 2012)

4.1. Working Principles of CNC Machine

CNC is computerized technology by controlling thelative
movements between the tool and the work piece gemaleshapes
are machined. Control of these relative movememtsugh coded
letters numbers is known as Numerical Control othnge tools.
NC is simply a way of electronically controllingettoperations of a
machine. In conventional machine operator directptrolling the
machine functions. Where as in NC machine a sepanatiia which
is in between machine and operator is controllihg tachine
functions. These NC machines do not have any mewofdheir own
and hence capable of only executing a simple btdakformation
fed to it at a time. Hardware automation gave waycomputer
controlled automation in manufacturing process. @ater numerical
control is the term used when the control systemnoNC includes a
computer. The availability of a dedicated compytermits new
control features to be made available on CNC mashin
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Figure 12 - Working Principle of CNC Machifanfara, Uccello, & Murphy, 1995)

4.2. Control Systems

Open Loop SystemsOpen loop systems have no access to the real
time data about the performance of the system hedefore no
immediate corrective action can be taken in casesydtem
disturbance. This system is normally applied oolyhte case where
the output is almost constant and predictable. 8fbeg, an open loop
system is Unlikely to be used to control machinelgcsince the
cutting force and loading of a machine tool is meweonstant. The
only exception is the wire cut machine for whicimg&omachine tool
builders still prefer to use an open loop systemahbsee there is
virtually no cutting force in wire cut machining.



Input Output

# System #

Figure 13 - Block diagram of open loop syst@anfara, Uccello, & Murphy, 1995)

Close Loop SystemsIn a close loop system, feedback devices
closely monitor the output and any disturbance balcorrected in
the first instance. Therefore high system accura@ghievable. This
system is more powerful than the open loop systearcan be applied
to the case where the output is subjected to fr@quhange.
Nowadays, almost all CNC machines use this costrsiem.

Input Output

# System #

Feedback

Figure 14 - Block diagram of Close loop syst@¥anfara, Uccello, & Murphy, 1995)

4.3. Elements of CNC Machine

A CNC system consists of the following 6 major edsris:

a. Input Devices

b. Machine Control Unit

c. Machine Tool

d. Driving System

e. Feedback Devices

f. Display Unit



4.3.1 Input Devices

Floppy Disk Drive: Floppy disk is a small magnetic storage device&fC
data input.

USB Flash Drive A USB flash drive is a removable and rewritable
portable hard drive with compact size and biggeragfe size than a
floppy disk

Serial communication The data transfer between a computer and a
CNC machine tool is often accomplished through aiake
communication port.

Ethernet communication: Due to the advancement of the computer
technology and the drastic reduction the cost efdbmputer, it is
becoming more practical and economic to transfer fragrammes
between computers and CNC machines via an Ethernet
Communication cable. This media provides a moréeiefft and
reliable means in part programme transmission tordge.

4.3.2 Machine Control Unit (MCU): The machine control unit is the
heart of the CNC system. There are two sub-unithénmachine
control unit: the Data Processing Unit (DPU) and @ontrol Loop
Unit (CLU).

Control Loop Unit: The data from the DPU are converted into
electrical signals in the CLU to control the drigiaystem to perform
the required motions. Other functions such as nm&ctspindle
ON/OFF, coolant ON/OFF, tool clamp ON/OFF are alsatrolled
by this unit according to the internal machine code

4.3.3. Machine Tool: This can be any type of machine tool or
equipment. In order to obtain high Accuracy andeeggbility, the
design and make of the machine slide and the Oyilead screw of a
CNC machine is of vital importance. The slideswseally machined
to high accuracy and coated with anti-friction mialesuch as PTFE
and Turcite in order to reduce the stick and shpromenon. Large
diameter Recirculating ball screws are employeceliminate the
backlash and lost motion. Other design feature$ sascrigid and
heavy machine structure; short machine table ovgrrguick change



tooling system, etc. also contribute to the higbuaacy and high
repeatability of CNC machines.

(@) (b)
Figure 15 - (a) Ball Screw in CNC Machine, (b) Baéirew StructuréManuf., 2007)

4.3.4 Driving Systems The driving system is an important
component of a CNC machine as the accuracy andatambty
depend very much on the characteristics and pedioce of the
driving system. The requirement is that the drivBygtem has to
response accurately according to the programmertlat®ns. This
system usually uses electric motors although hydramotors are
sometimes used for large machine tools. The metooupled either
directly or through a gear box to the machine lsaeéw to moves the
machine slide or the spindle. Three types of dlsdtrmotors are
commonly used they are DC Servo motor, AC Servaom®tepping
motor

4.3.5 Feedback Deviceln order to have a CNC machine operating
accurately, the positional values and speed ofattess need to be
constantly updated. Two types of feedback devices #ormally
used, positional feedback device and velocity feellaevice.

Positional Feed Back DevicesThere are two types of positional
feedback devices: linear transducer for dipmditional measurement
and rotary encoder for angular or indirect line@asurement.

Linear Transducers - A linear transducer is a device mounted on the
machine table to measure the actual displacemeahedlide in such

a way that backlash of screws; motors, etc. woatccause any error

in the feedback data.
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Rotary Encoders- A rotary encoder is a device mounted at the end
of the motor shaft or screw to measure the anglisglacement. This
device cannot measure linear displacement dirsctlighat error may
occur due to the backlash of screw and motor etc
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Figure 17 - Incremental and Absolute Rotary Enc@iemuf., 2007)

Velocity Feedback Device The actual speed of the motor can be
measured in terms of voltage generated from a taeker mounted
at the end of the motor shaft. DC tachometer ierdgdly a small
generator that produces an output voltage propwtito the speed.

Polyester impregnated Wiring via Pg7 bushing Rear shaft extension for
armature for electrical & (alternatively via metal optional mounting of position

mechanical strength connector) feedback device

Epoxy coated
_—tachogenerator
armature & field

Non-contact magnet for precise
sealed bearings speed control
. Rugged fused
commutator
Wide variety of / -
customer shaft N
options \
¥ Cartridge Brush Holders
Rare Earth magnets result in a  with field replaceable

lighter & more efficient motor electrographite brushes

Wide range of standard & than comparable ferrite magnet
motors

custom mounting options
vailable

Figure 18 - Tachogenerator (Courtesy of chal{dgnuf., 2007)



4.3.6 Display Unit: The Display Unit serves as an interactive device
between the machine and the operator.

Figure 19 - Display Unit for CNC machine (CourtegyHeidenhai) (DRT Moldes, 2012)

4.4 IMPORTANT TERMS RELATED TO CNC
MACHINING

Machine Zero - Machine zero is a point at the origin of the hiae’s
coordinate measuring system. All the Axis movemead other
dimensions are measured from this point. It is Iginto the origin of
coordinate measuring system.

Machine reference point- It refers to the initial point of return for
the purpose of measuring/feedback systems. Whenav€iNC
machine is switched on the feedback system hag faitialized by
referring this point on every axis.

Work Zero - This is the origin for the measuring of dimensiaf
work piece. The programmer is free to select itvdmre on the
drawing.

Absolute measuring system- In this measuring system all the
dimensions are made from the work zero, which @effiThe machine



control uses work zero as the reference point tgtipo the tool
during program execution. The main advantage ofji@mming in
absolute system is that any point can be readipnghd without
affecting subsequent dimensions.

Incremental measuring system The movements are based on the
change in position between two successive poihtsxpresses the
relative distance between the current location thiednext position.
This type of measuring system is called IncremeMalasuring
system. The main advantage of this system is that sf the
dimensions must always be zero if start point anigHing point is
same at the end of programming which makes it ¢asyheck a
program.

Axis designation (conventions) Axis designation for each type of
machine tool is suggested in the EIA (Electroniaduistries
Association) RS 274-B standard. This conforms toO IS
Recommendations R831. The nomenclature of the tima@Ea axes
(X, Y AND 2) is based on the “Left hand rule”. THaumb indicates
the orientation of the X-axis; the index finger icates the Y-Axis,
and the middle finger points in the direction of th-axis.

Spindle speed The spindle speed is the rotational frequencthef
spindle of the machine, measured in revolutionsnp@ute (RPM).
The preferred speed is determined based on theialdieing cut.
Using the correct spindle speed for the materidltanls will greatly
affect tool life and the quality of the surfaceigim.

Feed rate- Feed rate is the velocity at which the cuttded; that is,
advanced against the work piece. It is expressenhits of distance
per revolution for turning and boring (millimetgysr revolution). For
milling it is expressed in units of distance pemdi for milling
(millimeters per minute).

Cutting Speed- Cutting speed may be defined as the rate (adpe
that the material moves past the cutting edge etdbl, irrespective
of the machining operation used — the surface speed



4.5 CASE STUDY ON WALL THICKNESS

Product wall thickness is a key consideration whdasigning
products for plastic injection . Thicker walls will offer more
strength, but they are also more likely to suffent warping as the
plastic cools in the . Engineers and designers are usually more

on pushing the boundaries in the other directaond using
the minimum wall thickness for injection they can get away
with. When mass-producing plastic parts there ansumber of
advantages to keeping them thin and light, and ltdmger the
production run, the more significant these benéksome:

- Thinner parts require less material, reducing niteosts

- Thinner parts cool quicker, thereby shorteningrtieéding cycle and
reducing unit costs

- Thinner parts weigh less, potentially reducing phig costs

Figure 20 - Sample tool (DRT Moldes, 2012)

Cost savings are highest when components have enorm wall

thickness, as long as that thickness is consisigtfit the part’s
function and meets all mold filling considerationss would be
expected, parts cool faster with thin wall thicksess which means



that cycle times are shorter, resulting in mordéper hour. Further,
thin parts weigh less, using less plastic per gantaverage, the wall
thickness of an injection molded part ranges freanm2to 4mm (.080
inch to .160 inch). Thin wall injection molding canoduce walls as
thin as .05mm (.020 inch).

Considerations

Generally, minimum wall thickness for injection rdwig is dictated
by strength and the structural requirements of pineduct or

component. We've also got to take the flow behawgfdhe material
into account, as there is a direct relationshipvbeh the maximum
achievable flow length for a given wall thicknessdainjection

pressure. In both cases modern structural anddimalysis software
will assist engineers in selecting the optimal waickness.

Just to add another variable into the mix, we dan ase different
types of plastics that have different strength aaodoling
properties! However, as a rule, the minimum whltkness for
conventional injection molding is 0.3mm, and evsertit depends on
the characteristic of the part itself. Below tiis unlikely we would
be able to guarantee the results.

Design Advice

From a molding perspective, it's good practice teefx wall
thicknesses as uniform as possible. This is beddwrsner walls cool
(and therefore shrink) quicker than the thickerlsyalhich can cause
warping to occur and result in internal stressesthi@ product,
definitely what you don’t want when you're pushitig boundaries
of wall thickness! When design considerations décthat a uniform
wall thickness is not possible, then the changaickness should be
as gradual as possible to avoid stress concemtsatamd abrupt
cooling differences.
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Figure 21 - Abrupt Transitions from Thin to ThidRRT Moldes, 2012)

It’s inevitable that your parts will require somariations in wall
thickness due to the incorporation of structurakdiees such as ribs,
bosses and gussets. However, the transition framtdrthick should
be as gradual as possible in order to avoid mdidgiphenomena
such as flow hesitation or race tracking. Giveh@ae, molten plastic
flowing inside of an injection mold cavity will alys take the path
of least resistance, typically towards the thickeil sections. Flow
hesitation occurs when the melted plastic flows gthicker section
while the flow in the thinner section stalls anadnstimes freezes off
completely, causing major problems. Race trackicgucs when the
molten plastic “races” around the edges of a paettd thicker wall
sections around the perimeter of the part compardte interior wall
sections. Maintaining gradual transitions from ttorthick— as seen
in the diagram—can help reduce these phenomeniamonae them
altogether, resulting in higher-quality molded pamvith fewer
manufacturing defects.

Rib Design

Ribs are commonly used in plastic parts to prosidectural integrity,
prevent part warpage and aid in the integration imternal

components. However, if ribs are not designed pigpelative to the
surfaces they’re attached to, problems such asraerks, warpage



and part failure can occur. The following rib desguidelines work
well for most plastics materials:

Draft angle per

Figure 22 - Rib Design (DRT Moldes, 2012)

Rib thickness at the base should be between 506fQbe
nominal wall thickness.

Rib height should be 2.5 — 3X the nominal wall kimness.
Ribs should have 0.5 — 1.5 degrees of draft (fecten).
Rib base radii should be 0.25 — 0.4X the nominadl ihickness.

The distance between two ribs should be 2 — 3Xhtdminal
wall thickness.
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Figure 23 - Avoiding Sharp Corners (DRT Moldes, 201
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Sharp corners in plastics parts act as stress otratars that can
lead to crazing, cracking, increased susceptikiditghemical attack
and ultimately, part failure — so it's a really gbidea to avoid them
at all costs. The good news, it's usually prettyyet® add fillets or
chamfers to avoid sharp corners altogether as eaeén in this
diagram.



5. EDM

Electric discharge machining, sometimes also knaasn spark
machining, spark eroding ,burning, die sinking,elurning (or) wire
erosion is a manufacturing process whereby a destepe is
obtained using electrical discharges (sparks). N&tés removed
from the work piece by a series of rapidly recugrourrent discharges
between two electrodes, separated by a dielemticdland subject to
an electric voltage. One of the electrodes is dalhe tool-electrode,
or simply the "tool" or "electrode", while the othie called the work
piece-electrode, or "work piece".

When the distance between the two electrodes isegl] the intensity
of the electric field in the volume between thectledes becomes
greater than the strength of the dielectric (astléa some point(s)),
which breaks, allowing current to flow between thv electrodes.
This phenomenon is the same as the breakdown ddpacior
(condenser). As a result, material is removed ftmth electrodes.
Once the current stops (or is stopped, dependinghentype of
generator), new liquid dielectric is usually conedyinto the inter-
electrode volume, enabling the solid particles (d¢ko be carried
away and the insulating properties of the dielectni be restored.
Adding new liquid dielectric in the inter-electrodeolume is
commonly referred to as "flushing". Also, after arrent flow,
the potential between the electrodes is restoraehtd it was before
the breakdown, so that a new liquid dielectric kdeavn can occur.
Two types of erosion are used in DRT:

1. Erosion with wire

2. Erosion with penetration
5.1. Erosion with Wire

In (WEDM), also known as

I"# $ a thin single-strand metal wire, usudnass
is fed through the work piece, submerged in a te#rkelectric fluid,
typically deionized waterWire-cut EDM is typically used to cut
plates as thick as 300mm and to make punches, @maisdies from



hard metals that are difficult to machine with etiteethods. The wire,
which is constantly fed from a spool, is held beswepper and lower
guides. The guides, usualBNC-controlled, move in the-
y plane. On most machines, the upper guide can alsgem
independently in the-u—v axis, giving rise to the ability to cut tapered
and transitioning shapes (circle on the bottomasgat the top for
example). The upper guide can control axis movesent—y—u—v—
IH—k—. This allows the wire-cut EDM to be programmedt very
intricate and delicate shapes. The upper and Idienond guides are
usually accurate to 0.004 mm, and can have a gut@th or% as
small as 0.021 mm using @ 0.02 mm wire, thoughatlezage cutting
kerf that achieves the best economic cost and michitime is
0.335 mm using @ 0.25 brass wire. The reason tigatutting width
is greater than the width of the wire is becauseldpg occurs from
the sides of the wire to the work piece, causingien.This "overcut”
is necessary, for many applications it is adequatetdictable and
therefore can be compensated for (for instanceianorEDM this is
not often the case). Spools of wire are long — akg8spool of
0.25 mm wire is just over 19 kilometres in lengtfire diameter can
be as small as 20 micrometres and the geometryspeas not far
from +/- 1 micrometre. The wire-cut process usedewas its
dielectric fluid, controlling its resistivity and tleer electrical
properties with filters and& ' units. The water flushes the cut
debris away from the cutting zone. Flushing israpartant factor in
determining the maximum feed rate for a given nialteéhickness.
Along with tighter tolerances, multi axis EDM wioetting
machining centres have added features such ashealtis for cutting
two parts at the same time, controls for preventimg breakage,
automatic self-threading features in case of wireakage, and
programmable machining strategies to optimize theration. Wire-
cutting EDM is commonly used when low residual stes are
desired, because it does not require high cutbngek for removal of
material. If the energy/power per pulse is reldyiveow (as in
finishing operations), little change in the meclecahproperties of a
material is expected due to these low residualsséi® although
material that hasn't been stress-relieved canrtlistdhe machining



process. The work piece may undergo a signifidagrnbal cycle, its
severity depending on the technological parametexsd. Such
thermal cycles may cause formation of a recast lagehe part and
residual tensile stresses on the work piece. Ifmatg takes place

after heat treatment, dimensional accuracy willoeaffected by heat
treat distortion.

|

Figure 24 - CNC Wire Cut EDM Machif®RT Moldes, 2012)

After erode the machine is tested with the same zbrough proper
tools to whether the measure is correct, to adoewaether it is
necessary to remove more material or not

Figure 25 - CNC Wire Cut EDM Machi®RT Moldes, 2012)



5.2. Erosion with Penetration

It is done by using a graphite electrode or coppavjng been made
the study of which is done in eroded area. It fesusn the hole / box
or another place to start to erode. The head afnthehine already set
with the electrode and already in place makes ®titile eroding and
the electrode to erode the steel waste, a typéudfys that will be

filtered later. The electrode is not in contacbintith the material

being always at a certain distance in both x antiat is termed GAP.
the piece is covered by a dielectric liquid and rewer the graphite
is an excellent conductor of electric shock, thpm contact, the
graphite begins to erode as the machine launcleesriel shocks to

make it possible to do the required work. In tlyset of erosion there
is a VDI scale where the roughness values by Addgeresented, it
is possible to obtain the desired roughness

Figure 26 - Erosion with PenetratigpRT Moldes, 2012)

5.2.1. Erosion with Dielectric Every experienced, expert knows that
the flushing process is of utmost importance, wimeetals are



subjected to this procedure. The dielectric musttflaway the eroded
particles from the gap between electrode and waekep otherwise

they may form bridges, which cause short circ@tsch arcs can burn
big holes in the work piece and in the electrodedktn spark erosion
plants therefore have a built in power adaptiver@disystem, which

increases pulse spacing as soon as this happensduaes or shuts
off the power supply completely. The more thin-leetla dielectric

and the lower its surface tension, the betteraiie to meet flushing
requirements.

Figure 28 - To get better understanding how theskeveloped is explained in Erode 3-
boxes(DRT Moldes, 2012)



Figure 29 - Cel(DRT Moldes, 2012)

It all starts by designers in the upstairs to theing A4 sheets
indicating the graphite measurements in the rokgid of graphite,
type of rod to use, time it takes the precessionchimang,
observations, quantity, you have mirrors and inrX pthe value of
GAP so that the machine is intended (3x, 3x orHxdeveloper name
and identification electrode by mould piece andtetele number are
included in the above sheet

After receiving this sheet we will search to sdethere would be
material required for action if it were not fourvehuld have to fill out
an internal request for an order of graphite wasedaith the right
measures.



After the graphite arrived measurement are takea.measurements
are taken in the x, y, and z axes for e.g. (455x182 mm.)

After placing the graphite comes on top of the sheewhich it
belongs has to go looking for kind of stems that described in the
sent sheet. In total there are 10 types of rodsawn in the following
table.

Table 1 - Types of Stems

50x50 Normally used / Can
R20 be used on the robot
50x50 Normally used / Can
PL be used on the robot
25x25 Normally used / Can
EW be used on the robot
15x15 Normally used / Can
EW be used on the robot
50%x100 Not much used /
PL Inserted by hand
100x150 Not much used /
PL Inserted by hand
15x15 Not much used /
COPPER Inserted by hand
15x40 Not much used /
COPPER Inserted by hand
25%25 Not much used /
COPPER Inserted by hand
25%63 Not much used /
COPPER Inserted by hand

Copper rods they are used when you want to eroaething that is
deeper and normal stems that outwardly has 50x5@xs0hit the



piece. Another solution was to make the much lorectrode but
then there would be problems both in the same maxhias the
erosion process to be so fragile.

Figure 30 —Graphite roDRT Moldes, 2012)

After arrange the types of applications in paped, mas to proceed to
the cleaning of the faces of the graphite z usingaaual cutter. The
graphite is then smoothed on one side to the rodbetoplaced
perpendicular to the graphite. After the partsmégbhon one side they
are separated and the manual milling cutter isaceal by a drill 6, 8
or 10mm depending on the type of stem which isrddsi

After the parts are removed it is time to find yaentre to carry out
drilling to hold the rod in graphite. When we drill the exact centre
of the piece walked x 18 or 20 mm depending orrdkdeand make a
hole about 20 mm in depth. After all the parts@aperly pierced has
to be made will thread cutting with a machine tisaih the zone of
the stands. Having made the thread is time to d@mhhe rod to
graphite. These raw electrodes are measured byter g@uge and



then have to take 1 mm to make sure that cleans Wsaf value is
recorded on the sheet and then also be seen bpresiaff. After
labels are taken.

It carries a rod to be identified with the mouldnther, electrode
number, whether it is right or mirror and mirrorxror y, GAP and
height z. Then a chip is placed on the rod andhit'arranged on the
side of the cell to the table. Imagining we havadgtrodes to place.
We get the 6 electrodes and the sheet and cheblk iflata on the
labels will correspond sheet that accompanies th&hen it is
checked whether all screws are tight, and the seitheéhe chip. Then
you create a folder where you put the number ohtbeld and start.
To that folder is imported the program you want gad need to pay
attention to see to that machine are directed tleteserodes. After
imported the programs of electrodes right and hefte to edit and
change for each of the 3 number electrodes. So wheopen one of
the programs appear three rectangles the pale viodtdt colour,
which means that nothing has yet been registered

Electrodes have to separate the rights of lefivemdecording the pre-
set each chip compared the label. Deep down yoit dssign a

program to each chip and each stem has a chipidicase we assign
a program equal to 3 chips that were equivaletheaight electrode
of the program and we assign another program liker@ chips that
amounted to the left electrode program.

After all prepared and registered it's time to fh&tse electrodes in
one of the cell warehouses.

After put in place, close the door of the warehcarse wheel, causing
the chips to go through sensors. The positionsalirpresent on a
monitor and those that are green is because theyeady to be
machined and which are pale pink-violet colourtaose just put and
was still nothing changed, so have these six rgitarthat we have
to put the priority we want depending on their urge



Figure 31 - Electrodes measuring machiiDRT Moldes, 2012)

Supposedly the electrodes after machined shoutddasured with an
own machine that measures to the thousandth beé&ing taken but
that does not happen because there is so muchamdr&o little time.

What is usually done often in the case of havingyreectrodes with
the same program is to try one to see do well, Hiemght when it
gets to do yourself no problem because it has awlele we were
present, to be sure that next they also do wilwadl without us
playing so safe and there is no danger of the mackiop in the
middle of the night with problems because of maicign

Figure 32 - Electrode®RT Moldes, 2012)



At the end of one electrode machining, the robditpick you up and
puts in place where fetched, then grabs the naxthidve the highest
priority and puts the machine from which it takaslier. When seem
the pieces and if they are urgent are immediatdgri to the foot of
the erosion machines for use but when there ismgpfressing to do
fill up boxes that take up to 12 electrodes ancpatdor later use. The
cell always needs some maintenance and inventooyds.

There are always three steps that have to do wberagrive in the
morning:

- Remove the warehouse electrodes that are ready;
- Clean the cabins of CNCs;
- Check times of tools

There are about 30 different tools on each macasnee can see by
this list:

Figure 33 - Rotary burrs list that exist in eve®@© machingdDRT Moldes, 2012)



When they reached the 1100 minutes, the toolsaltentand can be
seen the glow at the tip meaning that the diamath is out. So it
takes the cone with the cutter and will be sougigwa mill. There is
a machine that heats the cone and that they hasteotuse the
correct heating program for the type of cone anehagnough to be
able to take the old mill and the other havingadreprepared will is
so far down.

Figure 35 - CNCroulette 3XORT Moldes, 2012)

Parts made in a plastic injection moulding proaesshave their own
unique set of possible defects. The following i af the most



common defects associated with the plastic injegii@cess in which
| worked on

5.3 Case study: Feasibility Study on Draft angle

Draft angles are needed so that a plastic parbeaerleased from the
mould without distortion or damage. The high presswf injection
moulding force the plastic to touch all the suriaoéa mould’s cores
and cavities. The cavity becomes so tightly packed it is often
difficult to remove the part. Sometimes, shrinkagk actually make

it easier to take the part out of the mould, budthrer cases, shrinkage
will cause the part to stick to the mould’'s cor@fese natural
occurrences call for draft angles

‘ 4.00e+00

‘ 3336400

| 267¢+00
I‘ 2.00e+00
‘ 133400

| 6.67e01
0.00e+00

.l

Figure 36 - Draft angle analygBRT Moldes, 2012)



Draft angles are needed so that a plastic partbeareleased from the
mold without distortion or damage. The high pressuof injection

molding force the plastic to touch all the surfaoés mold's cores and
cavities. The cavity becomes so tightly packed thiagtoften difficult to

remove the part. Sometimes, shrinkage will actuakye it easier to take
the part out of the mold, but in other cases, &lage will cause the part
to stick to the mold's cores. These natural ocoges call for draft angles.

No single draft angle is suitable for all partscEadividual part requires
a unique specification. Large parts call for moraftdthan small parts.
Thin-walled parts that undergo high-pressure inp@ctmolding need

more draft than parts that are subjected to lowesgure molding. When
calculating appropriate draft angles, the plastatanal's shrinkage and
physical properties are also considerations. Sleedmft angles and
smooth polish should be used for parts molded mngt inelastic,

abrasive and gluey materials. Smaller draft ancgesbe utilized on soft,
malleable and slippery plastics.

From a cost and manufacturability viewpoint, thealddraft angle is the
largest angle that will not lessen the customeatssfaction with the
product. The minimum allowable draft angle is hatdequantify. Plastic
material suppliers and molders are the authoritymbat is the lowest
acceptable draft. In most instances, 1i per sideé b& sufficient, but
between 2i and 5i per side would be preferablehdf design is not
compatible with 1i, then allow for 0.5i on eachesi&Even a small draft
angle, such as 0.25i, is preferable to none at all.

Draft angles must be provided for several partitetior example, the
sidewalls that are perpendicular to the mold'sipgiine must be drafted.
Other areas that require draft angles include miogrtanges, gussets,
holes, hollow bosses, louvers and other holes.|d¢eion of the mold's
parting line sometimes remains unknown, howeveris Tlack of
information makes it impossible to ascertain whettiee part's draft
angles should have positive or negative valuesaAssult, designers
commonly draw the part without individual draft &&gbut with a general
specification such as "allowable draft 1°.



6. DMLS

It was not until the 1970’s that the first powddviAnethods began to
appear (Systems, 2004). In 1971, Ciraud appliecafpatent on a
powder AM method, which was described in the patnt“the
invention makes possible the manufacture of patiehvcan have
extremely complex shapes, without the need forirmgstnoulds”
(Systems, 2004). In the latter half of the 1970si$¢€holder patented
the first powder laser sintering system (Systeri®42. This sintering
system was described in the patent as able "toiggow new and
unique moulding process for forming three-dimenaioarticles in
layers and which process may be controlled by modechnology
such as computers” (Systems, 2004). In 1992 and, 188 first and
second commercial selective laser sintering mashimere shipped:
the sintersation 2000 by DTM Corporation and EOSIRY 350 by
EOS Firm respectively (Systems, 2004). In 199% ohthe first
direct metal laser sintering machines, the EOSINT2BD, was
installed for commercial use (Systems, 2004). Tashine allowed
for the best part complexity, geometry, and surfaeaity to date for
any direct metal laser sintering machine (Syste2@94). In 2004,
the EOSINT M 270 machine series was released, rfagta solid-
state fibre laser (Systems, 2004). EOS continuetttelop new and
exotic models of DMLS machines, even making a jeximetal
machine (PRECIOUS M 080) (Cerreta, Direct MetaldraSintering
:An Overview, 2014). In 2013, EOS released it latwesd most
advanced machine (EOS M 290) for the manufactuohghigh
performance metal components (Cerreta, Direct Mdtaker
Sintering :An Overview, 2014)

6.1. Definitions

In current literature, DMLS is defined differentligy various
publication authors (Bewilogua, et al.,, 2009), (8yss, 2004),
(Sateesh, 2014, pp. 772-779) . Levy distinguishalliphe metal AM
methods and their processing conditions (Bewilogtial., 2009) and
his definition of DMLS is most appropriate for tfoeus of this work.
Levy defined DMLS as a single stage part buildiagéd on a liquid



phase sintering (LPS) process (Bewilogua, et abQ92 This
definition distinguishes DMLS from two similar Su8ethods that
produce a solid metal part, which are often mistefioe DMLS. The
first method differs from DMLS in that a metal pertreated by laser
sintering a powdered material containing the ddsmetal particles,
which are covered in a low melting point polymeorfanonly called
a “binder”), to form what is known as a “green pain this indirect
method, only the binder is melted, which requirdes tise of post
processing and heat treatment (usually conventisimdring in an
industrial furnace) to create the final part. Sary, the second
method differs from DMLS in that a mixture of mepaiwders is used.
One metal powder has a lower melting temperatusie the other,
which allows for selective melting of one metalt bommonly results
in poor mechanical properties of the final part.

6.2. Mechanics

In order to understand the basic mechanics of DM must
investigate the following elements of DMLS: bindingechanisms
(http://Iwww.protolabs.co.uk/additive-manufacturing, n.d.),
parameters and their relationship to densificatigmecessing steps
(Dewidar M. M., 2002), and equipment (Dewidar M.,N2002),
Rapid Prototyping.

Binding Mechanism: According to the Metal Handbook, “sintering
is a thermally activated process (with or withouteenal pressure
application), whereby the powder particles are madmnd together,
changing physical and mechanical properties, andldping toward
a state of maximum density, i.e. zero porosity, degurrence of
atomic transport” (Cerreta, Direct Metal Laser 8img :An
Overview, 2014). Sintering is crucial to the DML#&gess, and is
governed by the following parameters: temperatumme, and
geometry of powdered particles, composition of gosvder Mix,
density of the powder compact, and compositionhef protective
atmosphere in the sintering furnace (Dewidar M. 2002).

Kruth found that SLS technologies can be categdiigefour binding
mechanisms: solid state sintering, chemically irduicinding, liquid



phase sintering partial melting, and full meltidg.mentioned earlier,
Levy’s definition of DMLS was chosen for the foafghis study, and
consequently only the LP partial melting bindingctmanism will be
discussed in detail (Dewidar M. M., 2002). LPS litdeas “two
technologies” distinguished by the type of bindsed; namely that
with a different binder, and that with no distitechder (Dewidar M.
M., 2002). DMLS would be classified under the latechnology as
a fusing powder mixture process. Fusing powder uneg are
characterized by multiple phases that are partrathiten. The author
would encourage the reader to further examine iteeature for
detailed information on any of the other bindingcimenisms

Parameters and Densification:Simchi provided a comprehensive
study wherein six different metal powders wereesied and analysed
to better understand the mechanisms of densificata the role of
manufacturing parameters (Sateesh, 2014).Proceameters were
defined as variables that control the laser singgprocess, in contrast
to material parameters, defined as: chemical dotistns and the
purity of the material, method of alloying, andtpzde characteristics.
Multiple parameters affect the final part densitghiaved using
DMLS, and the corresponding microstructural feaguteaser power,
laser wavelength, laser spot size, laser scan saés line spacing,
powder layer thickness, scanning geometry, workingosphere, and
powder bed temperature are pertinent process p&esnk contrast,
particle size, shape, and distribution are pertinsterial parameters.
Process parameters were varied, along with scategirand sintering

atmosphere, and final part densities were recortled conclusions
of the study were highly valuable to the continuedearch and

improvement of DMLS, and are summarized as folldw&teesh.

2014) Improved densification occurs with increased laseergy

input to the powder until a certain saturation po@hemistry, shape,
and size of metal powder particles affect the dmasion of DMLS

processes. Nitrogen sintering atmosphere yields tessification
than argon sintering atmosphere. Dewidar found fitrahigh-speed
steel, part density increased with laser beam poamt decreased
with increasing scan speed and space (Sateesh)T2044nakes



sense because all three process parameter akfeaintbunt of energy
(the power density) delivered to the selected mregidhe powder bed.
These results match further studies, specificaimcBi’'s study of

densification of iron (Simchi, 2006), Tang's resdamon copper-
based alloy (Simchi, 2006), Kruth’s study of lasarsl materials
(Simchi, 2006), and Alkahari’s study of consolidaticharacteristics
of ferrous-based metal powder (Simchi, 2006). Iditt@h, Tang

found that particle shape (which affects the Ique&der density) and
binder mix fraction affect the final density of trentered part
(Simchi, 2006).

Process Steps: All DMLS parts start as concepts designed in a
Computer Aided Design (CAD) software (Purtonen, £01The
corresponding CAD file is then be exported in afadble form (.STL,
.STEP) to the DMLS machine (Purtonen, 2014).

The DMLS machine then builds each layer as folld®srtonen,
2014): The stage containing the metal powder &eddihe new layer
of powder is spread across the old layer of powtkera spreading
mechanism. The laser scans the powder bed to iselgctinter
particles according to the current slice instrutsidictated by the cad
file. The build stage is lowered one layer thiclsagspreparation for
receiving the fresh layer of powder. This procesepeated until the
part is finished.

Equipment’s: Though there are multiple DMLS machines on the
market, a DMLS machine consists of the followingmpmnents
(Purtonen, 2014): a laser for selective irradiabbthe metal powder,
focusing optics for beam consolidation and maxini@nsity of the
laser beam, scanning mirrors to direct the beatheaesired powder
bed location, a laser chiller unit for temperataoatrol of the laser
components, a motion control table for adding Iay&r material to
the powder bed, a build cylinder for adding the reawder layer,
spreader assembly for spreading and levelling thedpr layer, an
inert gas containment and delivery system for aphesc gas control
which prevents oxidation of particles, and finalyacuum assembly
for flushing the build chamber.



Lasers: There are mainly four kinds of lasers that areluséOMLS:
Solid Fibre Lasers, Carbon Dioxide (CO2) laserydyenium-Doped
Yttrium Aluminium garnet (ND: YAG) lasers, and ditksers. The
ND: YAG laser has a wavelength of 1.06pum. The C&2t was the
most common laser used in commercial applicatiansluding
DMLS) with a wavelength of 10.6um; however, it iswn being
replaced by fiber and disk lasers, which have shavavelengths(less
than 2 um), and allow for faster build times Setecof the laser type
and wavelength should be based on the known al@orpt
characteristics of the material (Manuf., 2007)

6.3. Parameters and Densification

Simchi provided a comprehensive study wherein dgber@nt metal
powders were sintered and analysed to better uadersthe
mechanisms of densification and the role of martufag
parameters.

Process parameters were defined as variables ahaiot the laser
sintering process, in contrast to material pararagtdefined as:
chemical constitutions and the purity of the mailermethod of
alloying, and particle characteristics. Multiplergaeters affect the
final part density achieved using DMLS, and theresponding
microstructural features. Laser power, laser wangtlg laser spot
size, laser scan rate, scan line spacing, powdar lthickness,
scanning geometry, working atmosphere, and powded b
temperature are pertinent process parametersntrast, particle size,
shape, and distribution are pertinent material rpatars.

Process parameters were varied, along with scategirand sintering
atmosphere, and final part densities were recortled conclusions
of the study were highly valuable to the continuedearch and
improvement of DMLS, and are summarized as followsproved

densification occurs with increased laser energytirio the powder
until a certain saturation point. Chemistry, shag®] size of metal
powder particles affect the densification of DMLSogesses.
Nitrogen sintering atmosphere vyields less dengiboathan argon
sintering atmosphere.



Dewidar found that for high-speed steel, part dgriecreased with
laser beam power, and decreased with increasing sgeed and
space. This makes sense because all three praressgter affect the
amount of energy (the power density) deliverechtogelected region
of the powder bed. These results match furtheriesudpecifically

Simchi’'s study of densification of iron, Tang’s easch on copper-
based alloy, Krutch’s study of lasers and materiafsl Alkahari’s

study of consolidation characteristics of ferroasdd metal powder.
In addition, Tang found that particle shape (whedfects the loose
powder density) and binder mix fraction affect timal density of the

sintered part.

6.4 Process Steps

All DMLS parts start as concepts designed in a QaempAided
Design (CAD) software. The corresponding CAD fike then be
exported in a printable form (.STL, .STEP) to thdIC5 machine.

The DMLS machine then builds each layer as folloWse stage
containing the metal powder is raised.

The new layer of powder is spread across the ¢t laf powder via
a spreading mechanism. The laser scans the powddolselectively
sinter particles according to the current slicdéruttions dictated by
the cad file. The build stage is lowered one lag@ckness in
preparation for receiving the fresh layer of powddrough there are
multiple DMLS machines on the market, a DMLS maelgansists of
the following components (Sateesh, 2014) laser defective
irradiation of the metal powder, focusing opticsr flbeam
consolidation and maximum intensity of the lasearbge scanning
mirrors to direct the beam to the desired powderlbeation, a laser
chiller unit for temperature control of the lasengonents, a motion
control table for adding layers of material to fevder bed, a build
cylinder for adding the new powder layer, spreaassembly for
spreading and levelling the powder layer, an igagtcontainment and
delivery system for atmospheric gas control whigwvpnts oxidation
of particles, and finally a vacuum assembly forsifitng the build
chamber.



Lasers: There are mainly four kinds of lasers that are usdaMLS:
Solid Fiber Lasers, Carbon Dioxide (@ @asers, Neodymium-Doped

Yttrium Aluminium garnet (ND: YAG) lasers, and ditdsers The
ND: YAG laser has a wavelength of 1.06pum. The C&2t was the
most common laser used in commercial applicationk(ding
DMLS) with a wavelength of 10.6um; however, it iswn being
replaced by fibre and disk lasers, which have shevavelengths (less
than 2 um), and allow for faster build times. $gtmn of the laser
type and wavelength should be based on the knovsorption
characteristics of the material

Rapid Prototyping
Rapid prototyping is a group of techniques useduickly fabricate

a scale model of a physical part or assembly ugirege-dimensional
computer aided design (CAD) data

Figure 37 - CAD Model and Finished Pdttitp://www.unite.com.pt/, 2015)
Surface finish

Surface finish, also known a surface texture ofasertopography, is
the nature of a surface as defined by the 3 chenatits
of lay, surface roughness, and waviness. It coraprike small local
deviations of a surface from the perfectly flatatl@ true plane).

Roughness average 4Rs the arithmetic average of the absolute
values of the roughness profile ordinates. Alsovkmas Arithmetic
Average (AA) and Center Line Average (CLA). The age
roughness is the area between the roughness paofilés mean line,
or the integral of the absolute value of the rowggsnprofile height
over the evaluation length.



Table 2 - All surface roughness is measured inrBaghness average) (Cerreta, Direct Metal Laser
Sintering :An Overview, 2014)

Material Surface | Standard Metric
Aluminum (AlSioMg) Horizontal | 0.00024-0.00039'f 6-10 pm
Aluminium (AlSi1oMg) Vertical 0.00118-0.00157] 30-40 pm

Titanium (Ti64) Performance  HorizontaD.00036-0.00047'| 9-12 um

Titanium (Ti64) Performance  Vertical 0.00160-0.0032 40-80 pm

Titanium (Ti64) Speed Horizontal0.00023-0.00039'] 6-10 um
Titanium (Ti64) Speed Vertical 0.00137-0.00157" 4bpm
Stainless (PH1) Horizontal0.00010-0.00020" 2.5-4.5 um
Stainless (PH1) Vertical 0.00060-0.00160" 15-40 um
Maraging Steel (MS1) Horizontal0.00016-0.00025' 4-6.5 um
Maraging Steel (MS1) Vertical 0.00078-0.0019520-50 pm
Inconel (IN718) Horizontal 0.00016-0.00025 | 4-6 pm

Inconel (IN718) Vertical 0.00078-0.0019520-50 um



High gloss
prisms

Conformal
cooling layout

Figure 38 - Conformal cooling (http://www.unite.cqutd, 2015)

6.5. Working principle

The basic principle of the Direct Metal Laser Siintg (DMLS)
Technology is to melt down thin layers (20 + 60 pohMetal
Powder with an electronically driven LASER beamQ@0)  Layer
by layer, it is possible to build any kind of shapy& geometry, even
those which are impossible to obtain with any othed of
technology. The accuracy is = 0,05mm. (Cerretag@iMetal Laser
Sintering :An Overview, 2014).

powder layering




laser sintering

laser source

1 i : powder

Figure 39 - Step by step procedure of DMb8&p://www.unite.com.pt/, 2015)

6.6. DMLS MACHINE
EOSINT M280 (4 off) — Metal Sintering Machine Eftae

Building volume (including building platform):250mm
250mm x 325mmLaser Type: Yb-fibre laser, 400 W
Build speed (material-dependent):2 — 8 #stayer
Thickness: 20 — 80 um



Figure 40 - Machine DML$http://www.unite.com.pt/, 2015)

6.6.1. Metal Powders Usedhttp://www.unite.com.pt/, 2015)

Currently available alloys used in the processudel17-4 and 15-
5 stainless stegmaraging steelcobaltchromium Inconel 625 and
Nickel alloy IW718,aluminiumAISi1l0Mg, andtitaniumTi-64

Stainless steel 17-4 Titanium Ti-64




Aluminium Nickel alloy IW 718

Figure 41 - Metal powder used in DMLS (http://wwwite.com.pt/, 2015)

6.7. Research Areas

Much research has taken place in DMLS since thel@80D’s, most
likely being attributed to the release of the ficstmmercial SLS
machines (Mellor, 2014). The related works haveeced a wide
range of subjects involving DMLS, and can mainlycheegorized into
five topics: effects of DMLS parameters on outp@dsseph W.
Newkirk, 2015), specific DMLS applications and fisglgy (Effects
of Welding Parameters Onto Keyhole Geometry for tidar
Penetration Laser Welding, 2015), (Additive Mantfiaing of Al
Alloys and Aluminium Matrix Composites (AMCs), 201BMLS
simulation and modelling, investigation of equipmeamd process
improvements to current DMLS systems, and DMLS beha of
specific types of powders. For the purpose of thak, certain
contemporary investigations have been considerest beneficial to
DMLS theory and have been summarized. These surasnanly
represent a small portion of the breadth of wohks have occurred
in DMLS, and the author would encourage the retmdelve further
into the literature contained in the reference isactfor more
information.

Top Surface Quality: Yang investigated and defined top surface
quality (TSQ) as the surface morphology contaimethe xy plane
(the surface parallel to the substrate) (Additivarifacturing of Al
Alloys and Aluminium Matrix Composites (AMCs), 201%SQ is
important because every layer of powder is sinterea previously



sintered layer of powder, except for the substrHtthe quality of the
bonding between layers is not high, certain defeatsoccur such as:
balling, war page, poor densification, and oxidat{€erreta, Direct
Metal Laser Sintering :An Overview, 2014). The stueported that
defects could be avoided by maintaining top surfélegness,
compactness, and cleanliness. Even further, the TQencing
factors were: surface status of the substrate,timedmaterials,
structural powder morphology, scanning space, ldyekness, layer
number, and balance of laser power and scanningdsf@erreta,
Direct Metal Laser Sintering :An Overview, 2014)heT results
verified that TSQ heavily influences overall finzrt qualities, and
that its control is paramount for the output ofthpgerformance DMLS
parts (Cerreta, Direct Metal Laser Sintering :Ane@xew, 2014).

Consolidation Characteristics Another important publication
reported on the consolidation characteristics afofes-based metal
powder. It utilized a high speed camera with agebping lens to
record sintering behaviour in the powder fusionez(fAFZ) (Dewidar
M. M., 2002). Line consolidation was a term useddé&scribe the
consolidation of metal powders in the PFZ of addmsam (Dewidar
M. M., 2002). The line consolidation region wasaepd to have five
distinct areas: the laser beam irradiated areaR &, the liquid/melt
pool area, the solidification area, and finally favder free area. In
addition, it was found that there are five typesired consolidation in
DMLS of ferrous based powder, namely: continuousgahtinuous,
ball-shaped, weak, and very little consolidatioreiidar M. M.,
2002). Poor consolidation will lead to a part witferior mechanical
properties because it will cause inhomogeneity I tthree
dimensional object’s structure (Dewidar M. M., 2D02

Post processing DMLS PartsAs mentioned earlier, DMLS is based
on a LPS partial melting binding mechanism. Becaighis binding
mechanism, surface roughness, porosity, residuassss, and
microstructural inhomogeneity exist in DMLS partia(in Yang
Institute of Machinery Manufacturing Technology,120. It has
been widely known that shot peening and other postessing
treatments can alleviate the previously mentiotens, and multiple



works have been carried out to see how post primgeafects DMLS

parts. Likewise, the focus of this study (Jialinngalnstitute of

Machinery  Manufacturing  Technology, 2012)was the

characterization of post processed samples creatad three

different DMLS powders. The resulting hardness poisity, cross
sectional micrographs, and surface residual stsess&ge recorded
(Jialin Yang Institute of Machinery Manufacturingedhnology,

2012). Analysis of the results led to the followiognclusions:

DMLS parts without post treatment have the aboventioeed

inconsistencies, parts that received shot peehiogysd homogenized
surface residual stresses, and aging thermal tezatied to increased
material hardness (Jialin Yang Institute of Mackhyne
Manufacturing Technology, 2012).

6.8. Advantages and Limitations of DMLS

The Advantages are:

High speed: Because, no special tooling is requpards can be built
in a matter of hours.

Complex geometries: Components can be designed iniémnal
features and passages that cannot be cast or edbenachined.
High quality: DMLS creates parts with high accuraoyd detailed
resolution.

6.8.1. Applications

Rapid tooling and rapid prototyping were the mammmercial
applications for DMLS in its initial years in theamket. There is a
strong and growing interest in what is known as pitla
manufacturing”, which is the use of DMLS to createl-use parts.
Multiple industries are using DMLS for the previbusnentioned
application because of the benefits of the techgyosuch as material
cost savings and low production run capability. Taerospace
industry utilizes DMLS to fabricate end use paléding gears and
titanium components) because of the very high @astings in
comparison with traditional manufacturing methotis.the auto-
industry, DMLS is used to create custom high penfonce metal parts

(for formula one) One such example was the use of DMLS for



fabrication of a race car gear box which weighe#&3@ss than a
traditionally manufactured gearbox. In the medifiald, titanium
alloy dental implants are now being manufacturedDMLS due to
the economic advantage over traditional manufaaguriLikewise,
bone reconstruction surgeons utilize DMLS to creafdants such as
craniofacial or orthopaedic implants.

Medical field Aerospace

Automotive Metal 3D Printing

AW E
L -

Figure 42 - Parts produced from DMI(&tp://www.unite.com.pt/, 2015)



6.8.2. Limitations

Surfaces need to be polished.

Removing metal support structures and thermal pastessing is
time consuming (you can’t have the supports infeedint material
than the part)

6.9 Case study: Feasibility Study on Cooling

Parts made in a plastic injection moulding proa@sshave their own
unique set of possible defects. The following is time of the most
common defects associated with the plastic injactwocess is
cooling. By the additive manufacturing technique ttooling is
increased and the time is decreased by the 43tte iabove scale the
time required for cooling in the conventional pregeis
42.508seconds.

Where as in the additive manufacturing the timeuiregl in the
conformal cooling system is 25.339s.

By the DMLS 43% of time is reduced in cooling.

Figure 43 - Conventional cooling (http://www.undem.pt/, 2015)
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Figure 44 - Conformal cooling (http://www.unite.cqrti, 2015)

There has been a lot of talk among molders and makkrs of late about
conformal cooling. Why? Because it's an industrymgachanger.
Conventional molds have straight-line cooling chean Simply put,
conformal cooling makes use of cooling lines inigection mold that
curve and closely follow the geometry of the parbé produced There
are a variety of methods for manufacturing a cantdly cooled mold,
that includes laser sintering.

If conformal cooling is implemented with little op engineering analysis,
you can expect to get a 10% reduction in injectioold cycle time.
However, by performing more engineering analysisehsas flow
analysis, computational fluid dynamics (CFD), andité-element
analysis (FEA)—a better quality mold and more cyeléuction can be
achieved.

A typical cycle-time reduction range for a propergngineered,
conformally cooled mold is 20% to 40%. If little o0 engineering
analysis is done, you risk premature mold failuréaok of performance
because of poor design elements or incorrect agsamsphat were not
identified and corrected before mold manufacture.



7. Pros and Cons of Additive and Subtractive
Technology

As companies start to reassess their manufactstmategy, and the
development of micro-manufacturing hubs increageaaisof the new
industrial revolution, one thing is certain, demavilli continue to rise
for new technology that provides a better, fasttieaper way of
getting product to market. The solution to meetdh@nging needs of
designers, engineers and manufacturers will berdoowtion of new,
more flexible rapid prototyping and manufacturingaahines
employing either additive or subtractive methodsiditive and
subtractive technologies allow companies to inn@yabduct design,
business models and manufacturing processes. Bygibg the
RP&M solution in-house, companies, manufacturerd amcro-
manufacturing hubs gain shorter design iteratiors @data security,
and reduce prototyping and manufacturing costs. dégsion to
invest in technology should be based on the entrpaterial required
for prototypes and manufactured parts, and howseblenology can
fit into a company workflow.

Emerging technologies are having a dramatic etiache manufacturing
industry. One of the most important of these isitadel manufacturing,
often referred to as DMLS.

DMLS printing allows for the production of partstivicomplexity that
can’t be matched by traditional manufacturing mdghdt can be used to
produce impossible-to-machine features, like parihout seams or
joints. Complex geometric or organic shapes arenofinly possible to
produce using additive manufacturing methods, axsésfor hollow parts.

Other advantages to additive manufacturing methods:

A part can be produced in much less time using taedi

manufacturing than using the traditional subtractmanufacturing

methods.

The more complex (less solid) a part is, the fastel less expensive
it is to produce.



Anything that can be designed in a CAD programhmaprinted with
additive manufacturing.

Parts used for fit checks, presentation modelssaiodt-term use can
best be made with additive manufacturing.

There are some drawbacks to additive manufactutivag, in some
instances, make subtractive manufacturing thehattace. For example,
when it comes to precision for common functionaltdees, like flat faces,
drilled and tapped holes, counterbores, and matogponents,
subtractive methods will generally produce resulith the highest
repeatability and dimensional accuracy.

Other advantages to subtractive manufacturing nastho

Subtractive manufacturing produces lower, more lolgptolerances
than additive manufacturing.

Subtractive methods result in smoother surfaces thdditive
methods.

Additive manufacturing creates micro-pores, whiah ¢ead to infection
in medical uses and also add fatigue points thatezd to stress fractures
with heavy loads.
Parts intended for long-term use or high-stressavséest made with
subtractive manufacturing.
Medical and aerospace industries prefer subtrafivearts required
to stay in the body for long periods of time and fieght-critical
aerospace functions.



8. Conclusion and future work

The completion of this Internship proved to be BHakto my
training, both personally and professionally. | mged to connect
most of the theoretical knowledge that | acquiredatudent of this
course and were of tremendous help throughout $himonth
internship.

| realized that teamwork is fundamental for eveiryghto work well,
as well as coordination and know how to managevitrd in general
and of each. Able to manage small internal corflictakes the
company to be functional in its entire entiretytehmship in this
company is so great a closeness to the world ofadsguakes realized
the practice of what | had learned in theory irstheourse | attended.

In my view, mould companies will have a great intpoce in the
future, as more will be needed to achieve mouldstspevolve and
modernize the world in any of the industries.asglezes to mould
increasingly tend to be larger and more complehrtelgies will
follow, both in the sector of the drawing, as ir ti8 inject material,
among others.

This Internship proved to be very diverse and mmhmonotonous
because every day there was something new to doleard. |

performed many important tasks not only for theperofunctioning
of a mould, but also for the proper functioninglod company.

Over the nine months of training | learned a lat: e, dealing daily
with the same cast, to add parts and more paritsg dests and more
tests, it was gratifying to see their growth andtlaht was done,
especially when tested in the injection machinegneh could see the
plastic parts with the desired shape.

The moulds sector is a sector that increasinglyeisng spoken and
which occupies an increasingly prominent place.

DMLS is considered an advanced manufacturing megéimalds being
adopted by a wide range of industries that needsamyle use or
combination of uses for rapid tooling, rapid marmtifiaing, and rapid
prototyping. The survey of the literature on thidject has led the



author to conclude that there are five areas taré research will
focus on: DMLS process mappings (including paransgtdor
different powders, equipment and process modificatior increased
efficiency (in terms of productivity and economygpplication
feasibility investigations, simulation and modedjjrand sintered part
surface quality. Current barriers for DMLS inclugiguipment cost,
sintered part surface quality, and build time. Aghvany relatively
new technology, cost is very high in comparisomwteen it becomes
main stream. It will definitely come down as DMLSage increases

In these Internship | also worked at Bench andchige, in this report
| mentioned the work | performed in these ared@Annexes
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ANNEX 1: The Work done by me in DRT in
Bench

Bench is the most important phase of mold makirac@ss. | was
asked to observe the work process in the Benchlfoost 3 months
So as to gain knowledge about different types ofiponents and the
various adjustment techniques used by them in dalérave good
quality part.Injection moulding moulds and high gsere die casting
dies are fabricated to a standard mould set. Tdredatd mould set
consists of two clamp plates, two cavity platesidijg elements
between them, an optional back plate, two risets @anejector set.
Ejector set consists of an ejector base platejeatoe retaining plate
and an optional set of buffer plates. Guiding eletmeare guide
pillars, guide sleeves and centring sleeves in eaafer of the mould.

Clamping plate

Cavity plates

Back plate

Ejector set

Clamping plate

Risers

Components in a Standard Mould (DRT Moldes, 2012)

The standard mould is the most simple design ,agithe standard
mould ,is same as two plate moulds constructicey thvided in two
side: cavity side and core side ,cavity side isside that construct to



flowing plastic material from nozzle to cavity marbasically they
consist of sprue, runner

Injection moulding moulds and high pressure dietiogsdies are
fabricated to a standard mould set. The standarddset consists of
two clamp plates, two cavity plates, guiding eletadretween them,
an optional back plate, two risers and an ejecttr Bjector set
consists of an ejector base plate, an ejectorniatpiplate and an
optional set of buffer plates. Guiding elementsaariele pillars, guide
sleeves and centring sleeves in each corner ghthed.

Guide sleeve

Centering '
sleeve

Guide elements (DRT Moldes, 2012)

Mould is divided into two halves: fixed and movabialf. Movable

half consists of one clamping plate, the ejectdr ssers and one
cavity plate. The fixed half consists of one clangpplate. Guide
pillars and guide sleeves lock the two halves togrein vertical and
horizontal directions. High pressure die castingd anjection

moulding machines have a mould closing mechanidngwpress the
mould halves tightly together

The basic functional parts in a HPDC die or ingetmolding are:

Cavity and cores (fixed and moving cores), whickeghe shape to
the casting or molding



Runner system, which leads the molten raw matdr@in the
machine injection / shot system to the cavities

Core moving mechanisms, which will move the movataees in in
the beginning of the machine cycle and out along with itin@d/die
opening

Ejecting mechanism, which removes the part froatddwity together
with the machine ejection system

Cooling/tempering channels, which keep the thernagénce during
molding or casting operations

The mold/die functional parts act together with dasting/molding
machine. In the machine there are parts for dodiegaw material
into the mold/die, parts for producing the core mgvforces
(electrical, hydraulic or pneumatic), parts for phacing the forces
for ejection (electrical or hydraulic) and parts fdrculating the
cooling liquid inside the mold cooling/tempering acimels. The
system for circulating the cooling liquid may alb® separate
equipment’s like HPDC tempering devices.

The space inside the mold in which the part is edapcalled a mould
cavity. The surface between the fixed and movahleds is called a
parting surface. As the first choice the partindaze should be planar
like in the image below. Only if it is absolutelgacessary to make
stepped or shaped parting surface, this optiondcbel taken into
consideration. The two mould halves need to fihttig together.
Otherwise the high pressure inside the mould calityng molding
operation (or casting shot) will extrude the motdmaterial to the
parting surface. It is more difficult to pauce surface flatness to
shaped or stepped surfaces than to planar surfaces.



Left: Mould fixed side with the cavity. The spaagside which the part is shaped, is also
called a cavity. Right: Mould movable side withae The surface between these mould
halves is called a parting surface. (DRT Molded,20

Core side construct to make shape for core, dermmauklstem and
ejection system, at this side we design ejectiostesy Standard
mould have one parting line, and have an openiregtion .this type
of mould use in all kinds of plastic parts that sigé have undercut,
inner and outer screw

A steel device to mould a moulding material intoegtain shape. The
section that is engaged in opening / closing movemsecalled a core
plate, and the section that is not is called atgglate. Generally, the
front side of a part is a cavity plate and the @de is a core plate.
The core plate leaves a trace on a part, becabas #n ejector pin to
push the part. The cavity plate has a sprue busichvis the entrance
for molten plastic



(b) Hot runner

[ J L J
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Ejectors Sprue . o
Core side Cavity side

Hot runner (DRT Moldes, 2012)

Injection moulding ejector set is fixed to the matin machine with
one element in the centre of the mould. Withoutlgsj the ejector
pins are sole elements, which support these pkitasy with the

fixture. Compared to the ejection pins strength atitiness, the
ejector set produces a relatively high load. Evhe smallest
imbalance will bend and in the worst case break gims. High

pressure die casting die ejector set is fixedeactsting machine with
four ejection bars. Four bars give rather good supjut it is still

possible that the ejector set bends - for exanigleei part sticks to
the die cavity from one side or there is some okinreat of imbalance
in the ejection. Usually the high pressure dieingsinachine ejector
mechanism works with hydraulic cylinders. It retsithe die ejector
set to the back position with a cylinder backwam/ement. In some
injection moulding machine types the ejector med@maris returned
with the mechanism backward movement. In some mashthe

returning movement is done with a spring in théuiig. High pressure
die casting hydraulic cylinders typically produdsacathe backward
movement. In any of these cases it is recommenaolquace four

ejector set returning pins to mechanically retdma ¢jection system
to the initial position. The set of returning piissalso the lightest
guiding construction. Returning pins are thick &epins, which are
placed outside the cavity and extended to the mpaiting surface.



If the ejector set returning system does not wadperly, these pins
secure the ejector set to the initial position.

The Work done by me in DRT in Bench

After the reeds all placed it is the turn of pratieg with placing

plugs to cover the holes of the waters that werdenta create the
ways of water channels but they had to be covere¢lat the channel
only has one input and one output. For it proceetiédolace caps
with ¥4 measures " %2 ", 1/8 " and 3/8 " that aready ordered
according to the measures. These caps are screwdiadh take a

little glue which causes the cap skirt and doesseat as well.

‘ %'
- R ) g
R % AN

g

Caps (DRT Moldes, 2012)

It was used red lead inside the plate bushing amsio seek a bridge
to fit the sleeve before Inserting on the platehing. By placing the



bushing on the plate bushing is repaired which neagully adjusted.
And then with the help of the bridge, the sleeve Wigh, taking the
beat red Ink transferring to another plate leanthgosites where it
appears painted is where fair. Where there appeansed is because
not touched the face.

Red lead (DRT Moldes, 2012)

And then after making some minor adjustments wiiteget a few
hundredths or less so in the area of the cornetstean proceeded
placement will once again bushing in place and tinie perfectly
fitted with copper's help. Copper is used to taetsteel because copper
material is softer then steel, thereby not spoiling steel but the
resulting force is high.

Copper (DRT Moldes, 2012)



Then again adjust the sleeve in place. As this thauhs about

halfway through its construction, only managed e¢egk part of what

is done in the bush because the rest was donasithven that proceeds
from placement of balances already set in placeeatractors. Then

it was all connected to the sheet of the extradioas was ready to

links the pieces of balances already in place.

Slide wear plates (DRT Moldes, 2012)

While all this going on tight tears in the shedidesand through the
manual grinder with a millstone of 4 mm. The tearswdeep about
3/10. Then these are marked with wedges with nusrdoedl were also
marked in the steel where they would put.

Sliding bars (DRT Moldes, 2012)



These sheets were sent to carry nit riding treatnremlving the
introduction of nitrogen in the form of iron nited which provides
them with a substantially higher strength and pnéveéhe moving
element. After reaching the treatment they wereqaaon site and the
tight plates with conical screws and punched witichine screws.
Then was put quite thick, thick oil itself on thiates slip so that the
variable component not flu. After all well-oiled,tested the mobile
element that worked well with no gaps. At the edf¢he variable
component was also necessary to resort to theeaeltd see if it was
just the tip of the moving element is mordant aed could not have
failures. The movement of the movable element vaasedhrough a
guide mechanically pushing the mobile element @ right place
while the mould closed. Then, having been assemtibté bushing
with the plate of extractors and extractors of garg plate was time
to take the test to see if there was water leakatiee mould.

Hot runner moulding system

Thus a machine was connected via two hoses, onagot and one
for output. The water is set at an initial presxafr@ bar and the flow
rate and had leaks were recorded, then it wasq6thar and the
machine was turned off. If looked at for a gaugewtwether the
lowered pressure which meant that there would besaape.

Every plastic part starts in a mould. Moulds am&ssified into two
main types, cold runner and hot runner. Each Isaadvantages and
disadvantages. Your plastic injection moulded lélable to give you
the costs and benefits of using these differentegys. However, by
understanding the key differences of these teclgedoyou can have
a more educated discussion on the type of moulkdwbald best fit
your project. First, let's discuss cold runner nubod) system<Cold
runner moulds usually consist of 2 or 3 plates #natheld within the
mould base. The plastic is injected into the mouddthe sprue and
fills the runners which lead to the parts in theitya In 2 plate moulds,
the runner system and parts are attached, andeatiogj system is
used to separate the pair from the mould. For tladsgou who



assembled a model car at some point in your ydhéhrunners and
the parts were not separated. The child assembtieagnodel was
responsible for that final part of the process3Iplate moulds, the
runner is contained on a separate plate, leaviagants to be ejected
alone. In both systems, the runner is recycledragmbund, reducing
plastic waste. However, these processes can ircoyake time

Hot runner moulds consist of 2 plates that aredteatth a manifold
system. The manifold sends the melted plastic zlles which fill
the part cavities. There are several types of bonher systems,
however, in general, they fall into two main categs; externally
heated and internally heated. The externally hegystems are well
suited to polymers that are sensitive to thermakbtians. Internally
heated systems offer better flow control.

The hot runner process eliminates runners entisglyrecycling and
regrind (which can only be done with virgin plasjiclo not impact
cycle times. A variation of this system is callediasulated runner.
The insulation, rather than heat, keeps the plastec molten state.
This system can only accommodate a few types obtipa
specifically semi-crystalline polymers which havelcav thermal
conductivity.

Water Leakage Test (DRT Moldes, 2012)



Recorded values of water leakage test (DRT Mol2ie$2)

After the test done it was time to join the clangpplate extraction
had previously been prepared with the additionholhs and support
pillars. After all has been pressed will be doingther test. The
movable element is removed and was carried out thighaid of a
bridge connected with current the plate 8 to sgehdse extraction
was running. This was visible, everything worked

Extraction Test (DRT Moldes, 2012)



Then the portion of the cavity that was alreadyshied was attached to part of the
chuck and the foot was placed in the mould whidah gr@viously been dyed orange.
Then the mould was closed and clean and transptortdee injection site so that it

proceeds to the test.

If the test in the injection was good, and | cosie that the pieces were to come out
as desired. In making observation of these pienetided still quite noticed the lines
left by the cutters in the machining but that olietee piece was doing well.

Then these parts are observed more carefully amanade a report to know what
they have to do so that the mould be well andttieste parts do well. After the report
will get proceeded to the mould opening of mouldeela both in the cavity as in
chuck. This experiment was very tiring becaused d&aout two days, only 16 hours
at a polishing moulded part of this zone of thehug mould. Then it was verified
by the gentleman who accompanied me was missirgtanperoded once again was
named the chief bench who agreed and called trgrgoroner to the electrodes that
mould was then solve what happened.

Then the employee who was decided to start workh@naonould and it was with this
template, the number 749 who got to know the pdesn the beginning. This
mould is to mirror a well-known brand in the autdme world. So | could see the
injection clamping plates, the plate of the wellge plate bushings, shims, and the
sheet of the extractors, the clamping plate oé&ttieactor and the extraction clamping
plate when they are not connected and in form smgtirst was connected via
machine screws and then adjusted the cavity, wiahfirst treated by putting fins
and channels covering water, the plate of wellstard the wells of the plate to the
clamping plate of the injection, even without bimgthe nozzle in site. Then the
extraction is screwed clamping plate shims, and the support pillars because the
mould does not bend when



Mould Pillars (DRT Moldes, 2012)

The next step is to treat part of the bushing a®dor the other mould set as straws,
post buffers, etc. The plates slide and have beenthrough the grinder and then
were sent for treatment but rather were marked witmbers. When they arrived
they were placed in the right place and tight. Thehup the sleeve in place, i.e. the
plate bushing that has been first adjusted thrabhghuse of red lead and where
adjustments could be made to enter fair. Aftelbdflances are adjusted and extractor
with the use of red lead to failures were checKeat avhich it was fixed. It was put
red lead and finding as if the extractor had tselo

Balance adjustment (DRT Moldes, 2012)



When it was found that everything was perfectlyalgoing to fit another extractor
/ balance. After all the adjustments it was timege lubricant in and slide plate and
test to see if the furniture elements worked wetlis took place, but did not close
properly because something was encounter its pathtwo mobile elements had to

be marked with red lead and adjusted in order totlhe whole course to join steel
with steel, so there is no slack.

Mobile elements (DRT Moldes, 2012)

Steel Removal in Mobile Element (DRT Moldes, 2012)

Then it was prepared plate of extractors with tidedar of balances. These were
connected to the water channels it balances therwalt also pass to cool the mould
and thus also the plastic part. Then, it was made eixtractor plate extractors



connection with the clamping plate thus connectiods balances with the slide
plates there by, but before the recores were ot time water on the plate and
bushings of the cavity. The balances are usedds gan be injected with negative
areas and that after opening the mould they go dwnstybefore the mould opening,
not enough from the piece which has been shaped.

Balances (DRT Moldes, 2012)

Balances (DRT Moldes, 2012)

Next, the connection was made by extraction ofcthmping plate with shims were
placed and the support pillars. One water testdoae and the registered flow rate



in each channel. After the mobile element has hested and since there were the
adjustments were already all made was time to ddsetime structure which would
bring the hydraulic cylinders. This structure wasenbled and then bolted with the
cylinder more below.

But before you attach the cylinder was made a désthether the cylinder was
working, it was then blown with air into the holes.

Hydraulic open structure (DRT Moldes, 2012)

After all mounted proceeded to measurement willvkiloe feet of pipe that had to
cut then proceeding with spiking in these recorpsefor the oil. A machine to carry
out the crimping was used.

At the end of all mounted oil pipe was to seek pressure machine to test whether
all was well connected and working. The test wasitp@, everything was working
well.



Crimping machine (DRT Moldes, 2012)

Hydraulic oil Test (DRT Moldes, 2012)

Then it was decided to have the mount before hedagped, the shims with the fixed
pillars in the extraction clamping plate and evienyg was bolted plate will bushings.
Part of the bushings was lying and was made attesee if the extractors were
functioning well, so were linked chains of a bridgates pulled up, all found to be
working well.



Extractor Test (DRT Moldes, 2012)

Then the mould was closed but first painted inafea of the cavity with red lead to
the beat to know that part rings and remove matéfleey have a technique is to
close the mould, put the copper with about 60mroktiess and suddenly take on,
causing the weight cavity of the bushing hittingighsimulating the force when
closing the mould. They use this technique becthe® is only a press and this is
complicated serve everyone. Then proceeded to ganteet of mould on orange
colour and are placed at the site.

Risers (DRT Moldes, 2012)

The moulded area of the sleeve and the cavity alished to have a good finish.

And after having everything in place, the mouldrensported to the foot of the

injection site. | could be there when this mouldswasted and loved the same
experience. The hydraulics worked well and balaatesdid their job well. The day

after this experiment was transferred to anothetice



4.5 Case study on Variotherm

The polymer injection products produced by using ¢larrent injection moulding
method usually have many defects, such as shattjsttang, sink mark, flow mark,
weld mark, and floating fibers. These defects havke eliminated by using post-
processing processes such as spraying and coatimghy will cause environment
pollution and waste in time, materials, energy &tubr. These problems can be
solved effectively by using a new injection methndmed as variotherm injection
molding or rapid heat cycle molding (RHCM), a neypd of dynamic mold
temperature control system using steam as heategjum and cooling water as
coolant was developed for variotherm injection nmayd The injection mold is
heated to a temperature higher than the glassticantemperature of the resin, and
keeps this temperature in the polymer melt fillsigge. To evaluate the efficiency
of steam heating and coolant cooling, the moldasgrtemperature response during
the heating stage and the polymer melt temperatsponse during the cooling stage
were investigated by numerical thermal analysisiiguheating, the mold surface
temperature can be raised up rapidly with an aeehegating speed of 5.4°C/s and
finally reaches an equilibrium temperature afteeffactive heating time of 40 s. It
takes about 34.5 s to cool down the shaped polymedirto the ejection temperature
for demoulding. The effect of main parameters sasmold structure, material of
mold insert on heating/cooling efficiency and sogfdemperature uniformity

Temperature distribution around the weldline lomatat the end of filling for RHCM (DRT Moldes, 2012

Figure-i shows the temperature distribution of rbalsk at the end of filling in
Conventional Injection Molding (CIM). The high teemature region is located in the
center of moldbase with highest temperature of CO6Figure-ii shows the
temperature distribution of moldbase during fillipfpase in Rapid Heat Cycle
Molding (RHCM). Obviously, the high temperature imygis located around steam
channel during filling phase. Figure-iii shows tiemperature distribution of



moldbase in filling phase in Induction Heating Malgl (IHM) process. Since the
heating method is via the mold surface using etsdtpower, the high temperature
region is located on the surface of cavity sidéhatbeginning of filling. Also, at the

end of filling, the temperature is cooled down. dHiy, Figure-iii shows the

temperature distribution of moldbase during filliplgase in E-mold process. A high
temperature region occurs around the heater wharg uke electrical heating.

Furthermore, the usage benefits of high mold teaipes for the quality

improvement of injection parts can be verified Wee temperature distribution
around the weldline location as shown in Figurexhd Table-i. Apparently, the
application of variotherm technologies, including®&\, IHM, and E-mold, makes

the surface temperature raised up at the end loid=ilThe strength of the weldline
is therefore enhanced.

(a) 0.001s Qhs (end of filling)

Figure-i- Temperature distribution of moldbase dgriilling phase in CIM process. (DRT Moldes, 2012)

(a) 0.001s (b) 0.5s (end of filling)

Figure-ii- Temperature distribution of moldbaseidgrfilling phase in RHCM process (DRT Moldes, 2p12



(a) 0.001s Qs (end of filling)

Figure-iii- Temperature distribution of moldbaseridg filling phase in IHM process (DRT Moldes, 2012

(a) 0.001s (b) 0.5s (end of filling)

Figure-iv The temperature distribution of moldbdseing filling phase in E-mold process (DRT Mold26,12)

Weldline temperature
CIM 170°C ~200°C
RHCM 190°C ~220°C
IHM 205°C ~235°C
E-MOLD 210°C ~240°C

Table-i Temperature distribution around the weleliocation for various technologies



ANNEX 2: The Work done by me in DRT in Injection

Apart from observing the mold making process indbmpany, | was also assigned
a task to study how the type of flow affects theafiproduct during the plastic

injection molding process and determine the mosaisie flow type to conduct this

process and the time duration for the whole pracess

Injection molding is a heat transfer process, lpgating a molten liquid into a metal
mold and transfer the heat into the metal, whelis ttansferred into the cooling
media. Plastic injection molding is the most impattplastic production method.it
is also the most complex processes due to the malipate adjustments. The flow
of liquid during the process may affect the finahlity of the product.

. Parameters of Injection Molding

The injection process should ensure the properldewent of the product with

smooth material filling and good mechanical proijgsrtTo accomplish this, the most
important parameters to be controlled are temperafnelt temperature, mould
temperature), pressure (plasticizing / back pressaojection pressure, and holding
pressure) and time (clamping time, injection titmalding time, cooling time).

Temperature - Temperature has a significant influence on thd finaperties of the
material regardless of the part design. Two ofglecess conditions which have a
substantial influence on the behaviour of polynrer raelt temperature and mould
temperature.

Melt Temperature - Melt temperature is the temperature of the polya®eit exits
the injection machine nozzle and enters the motlee correct choice of melt
temperature is related to the quality and typehefglastic. The heating temperature
of plastic should be always higher than the pld#tiv temperature (melting point),
but below its decomposition temperature.

Mould Temperature — Mould temperature is controlled by the coolant filogv
through the channels in the mould. This determthescooling rate of the injected
plastic.

Pressure

Plasticizing / Back Pressure The resistance of the molten plastic to flow foravar
is known as back pressure. Typically, the backqumesis around 7-10 bar, thought
it may be as low as 3.5 bar. Sometimes, back pressincreased as much as 28 bars
to improve melt uniformity, increase melt temperatar to eliminate air traps.
Injection Pressure -njection pressure is the pressure given to theengilastic by
the screw when the screw is moving forward to ghshplastic in the mould. If the



injection pressure is high, the flow ability of tipdastic is increased and if the
injection pressure is low, the flow ability is deased and problems like bubbles and
void will arise.

Holding Pressure —Even when the cavity is full, more pressure is giv@ melt
plastic in order to pack the space completely. phessure is called holding Pressure.

Time - The time needed for one injection cycle is callgde time. The cycle time
includes clamping time, injection time, holding &rand cooling time.

Clamping Time — Clamping time is the time taken to clamp the momdhe
injection moulding machine. If the clamping time tso long then the mould
temperature will be too low while the plastic stayshe nozzle for a long time. If
the clamping time is too short, mould temperatuitebe too high.

Injection time — Injection time is the time from when the plastiar&t to melt to the
time the plastic is filled in the cavity of the miduNormally, the injection time for
small parts is around 3-5 seconds and for larges p@around 10 seconds. Injection
time always has inverse effect on the injectiorespe

Holding Time — Holding time refers to time for continuing pressun the plastic
product. If the holding time is too short, the pi@product will not be tight enough
and this may cause dent and unstable size. IfdltBrig time is too long, stresses in
the product will be increased.

Cooling Time — Cooling time runs from the finish of the holdingepsure to the
opening of the mould. Cooling time depends on linekhess of the product, thermal
properties of plastic and crystallization charastars.

2. Process and Equipment

Injection machine (Bryce, 1996)

Equipment for injection moulding evolved from metiié casting. An injection
moulding machine consists of two principal compdsen

The plastic injection unit and

The mould clamping unit.



Injection Unit: The injection unit is much like &xtruder. It consists of a barrel that
is fed from one end by a hopper containing a supplglastic pellets. Inside the
barrel is a screw whose operation surpasses tlaat @ttruder screw in the following
respect: in addition to turning for mixing and hegtthe polymer, it also acts as a
ram which rapidly moves forward to inject molteagdic into the mould. A no return
valve mounted near the tip of the screw prevergsntielt from flowing backward
along the screw threads. Later in the mouldingeyik ram retracts to its former
position. Because of its dual action, it is caleedeciprocating screw, which name
also identifies the machine type. Older injectioautding machines used a simple
ram (without screw flights), but the superioritytbé reciprocating screw design has
led to its widespread adoption in today's mouldpignts. To summarize, the
functions of the injection unit are to melt and logenize the polymer, and then
inject it into the mould cavity

Molding section (Bryce, 1996)

Molding Section: Generally molds are made from hardened steel wnialm
having fiber glass coating it consists of

Stationary plate (Mold cavity) and

Movable plate (Mold core)

Mold Base (front half and rear half), runner gate)e
Gates (Edge gate, submarine gate, Fan gate) etc.

Mold Function: To give desired shape to material, to withstduednjection pressure
and clamped forces, to properly distribute the tegtamelt, Cool and cure the
material.



oMd (Bryce, 1996)

Mould Function

Clamping Unit: The clamping unit is concerned with the operatbithe mould.
Its functions are to hold the two halves of the tdano proper alignment with each
other;

Keep the mould closed during injection by applyanglamping force sufficient to
resist the injection force; and

Open and close the mould at the appropriate timethe moulding cycle. The
clamping unit consists of two platens, a fixed @aand a movable platen, and a
mechanism for translating the latter. The mechanssbasically a power press that
is operated by hydraulic piston or mechanical tegdévices of various types.
Clamping forces of several thousand tons are adailan large machines.



Injection Machine (Bryce, 1996)

The cycle for injection moulding of a thermoplaspolymer proceeds in the
following sequence. Let us pick up the action wite mould open and the machine
ready to start a new moulding:

Mould is closed and clamped.

A shot of melt, which has been brought to the rigimperature and viscosity by
heating and by the mechanical working of the sciswjected under high pressure
into the mould cavity. The plastic cools and begmsolidify when it encounters the
cold surface of the mould. Ram pressure is maiathito pack additional melt into
the cavity to compensate for contraction duringliogo

The screw is rotated and retracted with the normetalve open to permit fresh
polymer to flow into the forward portion of the balt Meanwhile, the polymer in
the mould has completely solidified.

The mould is opened, and the part is ejected andved.



Plastic granules dropping on to screw thread (Bry686)

Parts made in a plastic injection moulding pro@=ss have their own unique set of
possible defects. The following is one of the nmmshmon defects associated with
the plastic injection process in which | worked-on:

Sink Marks (DRT Moldes, 2012)

Sinking is caused by the outer skin of plasticdifing while the material inside is
still molten and viscous. As it cools and solidifi¢he material compacts. The best
way to avoid these dimples is to design the pati \&i consistent wall thickness.
However, many times the problem of sinking candken care of by adjusting the
process parameters only.



In these area of the part, exists the real postsilof appearing sink marks | suggest the
reduction of rib thickness to prevent these situain the existing plastic part.

Mold

MOLD TEMPERATURE TOO HIGH OPPOSITE RIBS

Explanation: Generally, a hot mold will allow a material tagtmolten longer than a
cold mold and cause the molecules to stay fluidy¢éorbefore they cool and solidify.
Upon ejection from the mold the material will béoaled to contract more than normal
and excessive shrinkage will occur. This conditéien occurs in the area of ribs because
of the extra plastic in those areas, which requinese extensive cooling to maintain
consistent shrinkage. Inconsistent shrinkage wdutt in sink marks.

Solution: Decrease the mold temperature to the point atiwifie material has the proper
flow and packs out the mold without shorting. Staith the material suppliers
recommendations and adjust accordingly. Allow 16ley for every 10-degree change
for the process to re-stabilize.

SMALL GATES AND/OR RUNNERS

Explanation: Gates and/or runners that are too small will eaeicessive restriction to
the flow of the molten plastic. Many plastics vilen begin to solidify before they fill
the cavity. The result is a material that is ndtyfeontained within the metal mold
surfaces and is allowed to shrink beyond normaketgiions. The extended shrinkage
causes sink marks.

Solution: Examine the gates and runners to optimize theg and shape. Do not
overlook the sprue bushing as a long sprue magligotoo soon. Use a heated bushing



or extended nozzle to minimize sprue length. Ask thaterial supplier for data
concerning gate and runner dimensioning for a §ipeunaterial and flow rate.

IMPROPER GATE LOCATION

Explanation: If certain materials are injected directly acrasiat cavity surface they
tend to slow down quickly as a result of frictiomlahg and cool off before the cavity is
properly filled. The material is not held under peo pressure while solidifying and
excessive shrinkage will cause sink marks as thtecpals after ejection from the mold.

Solution: Relocate or redesign the gate so that the molistic is directed against an
obstruction such as a core pin. This will causentiaerial to disperse and continue to
flow instead of slowing down.

EXCESSIVE THICKNESS AT MATING WALLS

Explanation: When a wall meets another wall, or when a bosscated on a wall, the
area where they form a junction becomes a largessntd plastic than the area
surrounding it. The surrounding area cools andréady solidified while the larger mass
continues to cool and shrink. Because the surrogndirea is solid, non-uniform
shrinkage occurs as the large mass area shrimtsiteelf, causing sink marks to appear.

Solution: Although it is good design practice to maintdimalls at a uniform thickness,
in areas where a junction is formed, one of thdsaslould be between 60% and 70% of
the mating wall thickness. This will minimize thess at the junction until the shrinkage
is equal in all areas and sink marks will not depel

Material

IMPROPER FLOW RATE

Explanation: Resin manufacturers supply specific formulationg range of standard
flow rates. Thin-walled products may require anydésv material while thick-walled
products can use a material that is stiffer. Ibaster to use as stiff a flow as possible
because that improves physical properties of thieledopart. But the stiff material will
be more difficult to push and this may result ifess dense material filling the cavity
image. The lower this density, the higher the amadrshrinkage that will occur after
ejection, and sink marks may occur due to an inmzglaf shrinkage factors.



