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Cost-effective manufacturing process for manufacturing
plastic components in automotive industry

Abstract

A seemingly increasing trendha automotive industry is the prevalence of hybrid and
electric vehicles. For Lear Corporation, a global automotive supplier of seating and
electronic systems, this has caused a decrease in quantity of their products as these types of
vehicles are manuctared at lowerates of volumes. An essential element of the electronic
system provided by Lear is the wire harness. The wire harness is fastened and protected
through plastic components called channels or brackets. These channels & fabricat
through njection molding, one of the most common plastic manufacturing processes
which offer many benefits. However, injection molding entails high upfront costs which

are not suitable for the lower scales of production Lear expect. This prompted the
company to &k other aéirnative processes and thus theatlgasthesis arose.

The purpose of the thesis was to identify, evaluate and present alternative manufacturing
processes that could potentially replace the current pFrardssmore, the possibility of
decreasing the costs of the current process and making it viable for low volume production
was explored.

The study presented a total of nine common plastic manufacturing processes and
sulsequently performed a screenwigre processes deemed incompatibléerms of

aspects such as part complexity, size, volume and costjswessed and processes
deemed compatible in relation to the desired applicatian evaluated furthefhe
processes kept for further examination were injection molding and aduitifecturing.

Injection molding and additive manufacturing were evaluated further and ultimately cost
estimates for each process were requested to manufacturers in ordea¢oshakalysis
and further study the feasibility of respective process.

The cost estimates and subsequent cost analysis indicated that the ideal and most cost
effective option for Leavould be changing the injection molding tool to MUD, aluminum

or steelgrade 738. This allows Lear to utilize the benefits of injection molding while
decreasing the mold cost and upfront costs for the injection molding process substantially.
Another proposal presented was to merge injection molding and additive manufacturing

a method called bridge production. This would allow Lear to increase flexibility and reduce
lead time.
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1 Introduction

The bachelor thesis ainwsitlentify, evaluate and suggesbsteffective manufacturing

process for plastiomponents used as fasteners imihag haress ofautomobilesThis
chapter aims to introduce the reader to t
of the subject and the company wheesltlsis was carried out.

1.1 Company introduction

Lear is a leading global automotive supplieptbaides seating systems and electronic
systemgsor E-systemsp major automakers all over the worlie company manages 261
facilities around the world aoperates in 39 countries globally.

This thesis was done in cooperation with Lear Swedeh, mdinly operates within the
E-systemdlivision, engineering and business. The head office is situated at Eriksberg, an
area on Hisingen Island in Gothenb®8gedn The company has 53 employees and 40
contingent workerd.ear SwedeprovidesE-systems and components foroautkers

such as Volvo and Geély.

1.2 Background

As mentioned in the company introduction, Lear Corporation prowvsiesteins and
components toautomakers. Afundamental part of -Bystems are wires and wire
harnessing/NVhile assemblira;md structuring a complex network such awitieeharness,
components such as ssaplips, channels and bracke¢gssentiah order to fasteand
protect the wires These components are currently enfém plastic. The current
manufacturing process udad the companyo produce these ptasparts is injection
molding[2].

Injection molding isonsidered to béhe most commorand widely usedrocess for
manufacturinglastic parts and offers several benefits such as high productionibége, flex
selection of material, ability popoduce complex shapes, little or almost no need for
subsequent processitmyv cost of laboandlow wastageAlthough njection moldings
favorable in many waysloeshavedrawbacks, the one in particular being high investment
costs fortooling However, lhe high mvestment costs can lmeentivized througmass
production, as the cost per dedaitreases with higher voluri@gs

In the case of Lear Corporation who operatiiautomotive industry, electricgicles

and hybrids are gaining populafitye manufacturingolumesof these vehiclese lower,
andaccording td_ear global componemanager.Drufval4], the numbers$or electrical

and hybrid cars aBE008 20 000vehicles gear in comparison to 100 06800 000 a

year.The lower volume of vehicles entails a lower volume of plastic parts which makes
injection molding a less prof abl e option as the | ow vol
investment cost$herefore, theompany ipursuinga manufacturing process that is more
suitable for the neawvolumes.

h

u



Costeffectivenanufacturing process for plastic components in automotive industry

1.3 Purpose

The purpose of the thesis is to identify, evaluate and praéseus coseffective plastic
manufacturing procesgbatcould potentiallyeplace the current proce3is s doned
provideLear Corporation Gothenburg ABfoundatiorfor future decisions concerning
manufacturingf plastic parts for fasteniagdprotectionin wire harness of automobiles.

1.4 Problem

The project willanalyze the possibilities of identifying a manufacturing process that is
compatible with the loweand decreaseeblumes of plastic parts, as opposed to the
current oneHowever, the posslity of making the current process itself more- cost
effective will also be analyzed. The alterma@weifacturing processes presented should
be able to deliver parts with #ameor similar propertiegjst likethe traditional injection
molding, as all asmeetig the requirements and technical standafdsautomobile
manufacturers.

Manufacturing processesist be evaluated in regard to all influencing aspects such as
form of detail, annual volume, lead time, cycle time, set up cost, cost pandietail
material.

The project aims to answer the following questions:

Is there a suitable and ceffective manufacturing process that can replace the current
one?

Can the new manufacturing process produce parts with the same, or similar, properties as
the airrent oneand therebyneet the technical standanfithe automobile industry?

Is it possible to make the current process morefifestive?

1.5 Limitations

Several limitations have been set. There is a time limitation as the thesis work will be done
over the coursef a 18week period. The thesisll not present more than t@tastic
manufacturing process&echnical regulatiand standardsom automakerwill be used

as reference while choosing a manufacturing process. The cosnpatentll be
analyzednclude wirig plastic channels and exclstiaps, clips and metal bushifdge

thesis wilfocus on identifying plastic manufacturing processes suitable for existing parts
and thereforegxploringthe possibility of altering thesign or chaying the material of

the parts will not be done.
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2 Method

This section aims to guide the reader through the methods wsddrito fulfill the
purpose othe thesisand answer theugstions raised in the problem sectiopresents
reseacth designthe chronological steps of the thesis #red process of searching,
retrievingchoosingand evaluatingdequate and credible sources.

2.1 Research design

This thed is a qualitative study and an investigative research where possible solutions to a
problem are identified through interpretation of various texts, docuets
conversationsdowever, the study also uses numeric data in order to present cost analysis.
The object of the study t® gather informationunderstandand analyzaifferent
processes and concepighin a certairfield in order to present proposals that could
benefit Lear Corporatidh.

2.2 Information retrieval

With guidance from tutor, examir@ad other university representativdermation was
searched anetrieved through various search engines, databases and portals including the
University West library, DiVA, Chalmers Open Digital Repository, LIBRIS, Google
Scholar, Google and Amaztnformation about Lear Corporatiaras retrieved through

oral communation with companydvisor andepresentatives as well as documents
provided by the company upon requéke data retrieved by company X was through
direct contact.

2.3 Chosen sources

Oral communication, documents and material provided by Lear were valdable a
necessary sources in order to build a foundation for the thesis and formulate the
subsections in section 1 olntroductiono,
pur pose, problem and | imitation as well as
its subsectoms Cur r ent manufacturing processo and 0

The project usedredominantlyiterature scientificarticlesand web sources orderto

write section4.4 Pl ast i ¢ Ma n uf Bhedata collectayl wéte udetbbtains e s 0 .

a fundamental understandinghoinv all themanufacturingprocesses operate as well as
identifyng their characteristics amdost favouralel application. The knowledge acquired

from previous steps wasusett s ubsection 4.2 0Screening o
where a screening was perforimearderto eliminateand filter ouinapplicabl@rocesses

with regard toca number of factors derived frdmear Corporations requirements and
prerequisite§.he praesesdeemegblausiblevere kept andvaluated further.

The followingstep of the project was to collect more data regardingertrening
processedrom the screeninglhe collection of information wathrough literature
scientific articleanddirect ontact with various manufacturiiigne reason behind using
manufacturing companias a sourc&as mainly to obtaolataabout theanvestmentoss
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for manufacturing processes in the form of quotations, as well as getting feedback on our
study.

This in returnwas done in order to evaluate the feasibility of implementieigasn
process to desired application and ultimately answering the quesédns the problem.

The remainingestions of the thesi®iscussion and Conclusiomsjlude a analysief
the outcomend resultpresented in section 4, a summary of the study and conclusions
drawn.

2.4 Source evaluation

Theliterature used in the stustgsdeemed credible e preface/introductioribreword

and overall contenptf each bookprovide sufficientevidencethat validatethe
author/authors as scholas with the suitableexpertise qualificationsand credibility.
However, some of the literature weleased more than tgears ago, which is a factor
that must be takemtb consideration when evaluating adequacy of a.sDukdo
changes and advancements being made in the manufaaodustgy, information
providedin the literaturenay be outdated or even invalid. In the case of literature tha
has 0 t been r thé s ter gear,whet shurca was efdtichecked or
complemented by a newer or updated source. However, in this studfprthation
provided in the older literatumasgenerallyccurate and valid

The decision to ugaformation frommarufacturing companies was to complentiant
literaturewhich, although it providedetailed and thorobgdescription regarding the
methalology and heoretical concepts behind different processes t coul dnot
accurate imirmation regardinghe feasibility and cost for our custom .pAg more
accurate and realistic numbers were needed in ouemately present a proper and
reaistic investment case for a manufacturing process, vaaau$acturinggompanies

and institutions were contacted.

It's undersood that every company will have a toasrds their own produot service,
and therefore makiritpem less reliable as a source. Howtheerdecisiorio keep the
companies as a source was made in compligincaur tutorasthe companiestill could
provide usefuhnd authentimformation,in particular coselatel informationwhich will
be significarfor the project end goal.

g
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3 Overview of the current situation

The overview of the current situation aims to giveetdwder a briedlescription of the

current situation which includiég® current manufactugnprocessnjection molding, as

well as describing the function and demands of the injection molded component which is
the plastic channel or bracket for wire harness.

3.1 Current manufacturing process

The current manufacturing process applied when produatognotive plastic
components is injection moldins previously mentioned, it is one of the most widely
used manufacturing processes for producing plastic parts and cafastegpartgto a
variety of products for different end uses.

Briefly explaind, plastic pellets or granules are fed into a barrel vipex fide pellets
are pushed forwatay a rotating reciprocatisgrew through a heatecantber, shearing
and melting the material the process. The molten is inje¢ctedugh the forcef the
screwinto a mold cavity. The moltenthenchilled down and solidifielinally, he mold
is opened and thpart is removef4]. A more indepth description of injectionoiding
will be presented in 4.1

3.2 Wire channels or brackets

Lear Corporatioruses he aforementiome manufacturing process to produce plastic
components useith the wire harness of automobiles as fasteners or protectors. In this
thesis, plastic wire channels or bracket will be anahcemding to the Technical
Regulation froncar maker$6], theobjective of the wire channel or bracket is to protect

the wire harness from mechanical, thermal and chemical influence. The task of the wire
channel or bracket is to define and fix the location of the wire harness in the vehicle. The
wire channel or brackehould also prevent any noise and rattle coming from the wire
harness.

The car consists of eleven 0zonesd which in
Engine

EngineSubframe

Engine bay rear, left

Engine bay front

Engine bay, rear, right

Engine plenum

WheelWheel suspension

Cabin

© N o o bk~ W D RE
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9. Cabin(leg room)
10.Luggage room
11.Luggage room(leg room)

The property requirements of the wire chann
in andwhere itshall be used.

Accordingto V.Goodship et a[7], there are thredistinct categories of raw plastic
material:

1 Thermoplasticglastic materials which melt into liquid during heating and solidify
during cooling. During heating the material becomes pliablarabe ¢ormed
into another shapehich it then retains during cooliagd solidification. This
process is reversible and can be repeated, meaning the material can be remelted and
remoldedExamples of thermoplastics include Polypropylene (PP) and Nylon.

1 Thermosetanaterials that are initially in liquid or pliable statéhandcconverted
into a solid, stiff and brittle form. This conversion process is called cuyimg and
contrast tamelting and solidification tfermoplastics, it is irreversitilee to the
crosslinkage polymer network creaté&amples of thermosets include epoxies
and polyutherane.

1 Elastomers: Furthermore, there are materials that could be either thermoplastic or
thermosets that has the ability be repeatedly stretched and return to original shape.
These are called elastonagrd examples include rubber.

The raw materials used to producedbemponents ardermoplastics such Rslyamide
66(PA66 also known as Nylon 66folyamide 6(PA6, also known as Nylono6)
PolypropylenePP. In PA66 and PAG615 % or 30% glass fibie sometimes applied to
strengthen aterial and improve properties [6

A prototype model of a plastic wire channel was providedabydisplayed figure 1
below. This is an example of how the component caornstructed. However, it is
important tonotethat channelandorackes differin size shapeand has varying degof
compkxity in its geometgepending on its location and.u&ecording tol.Drufva[3],

the currentotalannual voluméor plastic articles are 1BQpartswith a progranfifetime

of 7 years, indicating that 150,000 plastic channels or baieetadiccated annually over

a seveiyear time spaidowever, as earlier mentioned in the background section 2.1, these
numbers are expected to decrease as the production of agbrielectric cars are of
lower volume The currenttooling costs foproducing plastic wire channels or brackets
are in the price nge of 93,000 3 0 , 0 Gafadhnudl wolume of 75,0QQ1,00(arts,
with a program lifetime of 7 yeaffiecosts per detail for these channel9a180 . 7 7 G
per part.
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\

Figurd: Plastic wire channel prototype, LeanCorporatio



Costeffectivenanufacturing process for plastic components in automotive industry

4 Plastic manufacturing processes

This sectioraims to gain knowledge and an understanditite most common plastic
manufacturing processes in ordersétect aroption that is adequate for the desired
application Firstly,an overview ogéach potential manufaghgoptionand itsrespective
processchaacteristics, applications, advantages and disadvanliabespresentedd
total of nine manufacturing processes will be presanthé. followingstepa screening
will be performed where the praessthatre deemed applicablein regard to aspects
such asmaterial; formtime; cost etc,will be eliminated and the procestes are
considered to befaasibleand realisticaiion will be kept and asseskether.

4.1 Potential manufacturing processes

4.1.1 Injection Molding

Injection molding is one of the most widely used processes for mass production of plastic
parts.Injection molding offers many benefits such as high precision, efficiency, ability to
produce highly complex parts, flexible sefecf material ow | abor costs si
automated process requiring minimal supervisi@rgosts in mass production and little

or almost no need for subsequent processing due to high pressures which ensures good
surface finishit is a fast proceswith a cycle time of approx 30 seconds, depending on
complexity of mold.

The cons of injection molding are expensive equipment and tootihgmbunt to high

upfront costs. Injection molding is a process that requires accurately engineered tools that

can provide good surface finish and withstand the high pressure, temperature ahd forces

work during injection and clamping. Consequently, it is a process that becomss less co
effective at a | ow volume as t hédypitai gh i nv
applications include a variety of objects, in particular automotive, industrial and household
productg8].

It is defined as a method of producing parts withrheléable plastics material, according

to the Injection Molding Division ohe Soaty Plastics Enginee#. [This method is

done by the use of an injection molding machine. The machine consists of various key
components:

The mold: The desired shape being produced is being controlled by a confined chamber
called the mold.

The injectiorunit: The function of theinjection unitis to feed,plasticize, melt, transport
and dose materjab subsequentipject the materiahto the mold tool. The injection unit
itself consists of several distinct features such laspper.the barrelthe screw and the
nozzle.

The clamping unit: The purpose of the clampimgis to holdthe mold in a closeahd
rigid positionduring molding to resist the high pressure of the injection of material.
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Tooling: The purpose of the tool is to form the mold cavity in which the material is
injected into, remove heat from the surface of the cavisgalith the mold halves during
injection pressure

A basic injection molding process is initiateddsing the tool and shutting the clamp.
Polymermaterial in the form of pellets or granules idréed the hopperandinto the

barrel inthe injection unitThe barrel is equipped wih auger, a rotating reciprocating
screw, which has the function of conveying material through the barrel. The screw
transports the pellets/granufeswvard towards theozzle shearing the material along the

way. Heater bands wrapped around the barrelaittmthe screvinduced heat created

from shearindriction warms up and eventually melts the material by the time it has
reached the front of the barrel. Breew then injects a controlled dose of molten material
through the nozzle of the injection umitoi the mold cavitWwhen the mold cavity is

filled, cooling of material is applied. The screw retracts and new melt is dosed in
preparation for the next cycle. Once the material is cooled, the tool opens and the
component is ejectefiz][1Q

Figure Injection molding proces4d.1kro@BY.

(1) The hopper

(2) Therotatingscrew
(3) The heated barrel
(4) The mold

(5) Ejector pins
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Tabld. Injection molding characteristics

Material Thermoplastics, some thermosets
Upfront cost High

Part cost Low

Size XSL

Cycle time Seconds

Quantity 10K-100M+

Complexity High

[12

4.1.2 Vacuum Forming

Vacuum formings one of the subcategories of thermoforming, the others being pressure
forming, pluepssisted forming and twin sheet thermoformihgs a simple and
inexpensive process. Dudldw pressures and forces involved, tooling costs for vacuum
forming are low capared to other techniques. Molds are made out of materials such as
wood and plaster. This in return makes vacuum fosuitadple for prototyping and low

volume productionHo we v er I f hi gher guantities are
durable metalobling. Vacuum forming offers flexibility in material selection as most
thermoplastics can be used. The gg®das limited freedom in foas only thin walled

parts can be producetlypical applications include baths and shower trays, packaging,
transpotation and aerospace interiors [8].

The vacuum forming process:

A plastic sheet is clamped into a frabwve the moldThe plastic sheet is heated to make

it soft andductile The mold is moved upwards stretchihg plastic sheet and vacuum is
activated, which creates a vacuum in space between the sheet and the mold. The air
trapped betweethe sheet and the mold escapes through vent ducts. This in return forces
the sheet to adhere with the mold surface andfdhugng the partOnce the part is

cooled, the sheet is remov8&adibsequent processiliig trimming and cutting is often
necesary to remove excess matgsiglQJ.
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# MANUFACTURING CUIDE

Figur&@ Vacuum forming process18rdaa¢GBY.

(1) The mold
(2) The plastic sheet
(3) The heater

(4) The vacuum in space created when activating the vacuum pump

Table Vacuum forming characteristics

Material Thermoplastics
Upfront cost Low

Part cost Low-moderate
Size SoL

Cycle time Minutes
Quantity 100- 10K
Complexity Low

[12
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4.1.3 Reaction Injection Molding (RIM)

The process characterisb€®RIM are similar to injection molding, with the exception that

RIM processes thermaoseg materials and not thermoplastics. This means that material is
cured, as opposed to thermoplastics where only cooling takes place. Another distinction
betwen the two proesses is that injection molding uses one single material (molten
plastic) during injection whereas RIM uses two materials thatexteant injected into

the moldwhere they undergo a chemical reacTio@.overall cycle is slower compared to
injection nolding andhe raw materials used in RIM are more expensiwevidy due to

no heating of plastithe lower injection pressure and lower material viscospyoduet
equipment is significantly less expensive than injection molding and also reakés it id
larger parts.

The process can hesed to produckw or high quantities of thermosetting foams. It is
commonly used to produpeototypes that will be injection molded becaussvaboling
costs while repeatability, part consistency, complexity accuracy are higfe most
common RIM materials PUR (polyurethane) which offers a high level of dynamic
properties, heat resistance and dimensional stabiliyical applications include
aubmotivebumpers and car interiodgmestic and commeatifurniture such as chairs
and seatsand alsgporting goods and toys.

The RIM process:

The process begingith two polymer liquidsusuallyisocyanate and polybkingpoured

into separate contairgerThese containers are equipped with temperature and feed
controlling mechanisms where the material is properly condifitreednaterials are
transported to the mixing head and then recirculated back to the containers in a continuous
loop. The purpose okcirculation is to maintain temperature and nucledtiven the

machine decides to switch from recirculation mode to dispense mode, the pumps
transports the two liquids to the mixing head at required ratio, volume, temperature and
flow rate. Wherhie reatants are mixed togettieey undergo a chemical reaction, creating
polyurethane which is injected into the mold cavity. After the mold is filled, the part must
be cured,aoled and finally ejectfg].
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Figurd Reaction Injechtolding process. BHNCGBY.

Tabl& Reaction Injection Molding characteristics

Material Thermosets
Upfront cost Moderate
Part cost Low

Size SXL

Cycle time Minutes
Quantity <100K
Complexity High

[12

4.1.4 Compression Molding

Compression molding is a manufacturing process most commonly ysedutze
thermosetting polymefsuch as rubbgpolyester or phenoli@ithough it is applicable to

~

somethermoplastipartsas welll t 6 s al s 0o u smmpositeopartkeloulk f act ur e
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and sheet moldimgbmpound¢BMC and SMC)lhe process involves molding of molten
plastic through compressidh.s suitable for medium to high volume production and
tooling costs are moderate. Coespion molding produsenall or largearts with high
quality surface finish.

Although more time consuming than injection moldings a relatively fast process
depending on material and size, but for plastic the cycle time is approx two minutes.
Compession moldingnd injection moldinghare a lot of similarities as the both use
matched toolindalthough tooling for compression is cheagped) both processes are

done under heat. The main difference is that injection molding is predominantly used for
thermoplastics and compression molding for thermosetting polyDoenpression
moldirg also has limitations in form freedom and is not as suitable for complex designs in
comparison to injection moldingypical applications include electrical housing and
kitchen equipment, buckles, rubber boots, buttons, knobs, device casqdiar ap
housing [8].

The compression molding process:

Compression molding cosisi of an open mold with two halves,upper part of the die

and the lower part of die. @fower pé of the die is fixed and statilethe upper part

is movable through guide pins. Thedo part is equipped with kieg and cooling
mechanisms. Ar@determined quantity of plastic material is placed in the mold cavity of
the lower part. The two molalves are then closed through appiyetfaulicpressure

and heat, which forces the material to filthg mold cavity. After the material goes
through a curing procefise mold halves separate and the part is €jggted

Mold Cavity

Figur& Compression Molding. Foi@GBY .
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Tablel Compression molding characteristics

Material Thermosets, some thermoplastics
Upfront cost Low to moderate

Part cost Moderate

Size SL

Cycle time Minutes

Quantity <100K

Complexity Medium

[12

415 Extrusion

Extrusion is one of most common manufacturing processes across many indigstries. |

process used toroducesmall or larg@arts with a uniform cross section such as rods,

tubes, films and shedts this process, raw plastic is melted and formed into a continuous
profile.Most thermoplastics are compatible with extrusion. Cost for extrusion machinery is
relatively cheap asiits | ess compl ex and doesndt requir
Tooling costs are also inexpensive in comparison to injection molding. Similar to injection
molding, it is a continuous and fast process, suitable for high volume and mass production.
Typical applications include strapipestubeswindow frames, fences, weatstepping

andwire insulationflL7].

The extrusion process:

The process begins by loadphgstic material in thflerm of pellets or granul@sto a
hopperand then deliveradto a cylindrical barrel with a rotating screw. The screw pushes
the material forward in a heated chambdrwhen it reaches the end of the barrel it is
forced through a die. The process can be likened to squeezing toothpaste of the tube. The
shape oftte die is a crosection of the final part and thus the workpiece is formed. The
extruded part is cooled and later cut or spooled into lengthexffirgon process is

similar to injection molding, with the exception ii@iten material is being foraatb a
dieinstead of a mold cavity [18
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Figuré Extrusion process. FrdnJC8Y.

(1) The hopper

(2) The rotating screw
(3) The heated barrel
(4) The die

Tablé Extrusion characteristics

Material Thermoplastics
Upfront cost Low to moderate
Part cost Low

Size SL

Cycle time Seconds
Quantity 1K-100M+
Complexity Low

[12

4.1.6 Blow Molding

Blow moldingis a group of processes including extrusion blow molding, injection blow
molding andstretch molding, used to mass produce hollow contdixémssion blow
molding will be the focal point in this section as it is the oldest, sanglesist common
type of blow moldingdt is a favorable process due to its versatility and can be used to
process a variety obntainershapes and an extensive choice of mateealables the
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production of considerably large hollow products. The size is only limited by the size of
machine as well as the mechanics of the molten material that forms theTl parivost
compatible materials are thermoplastics such as PP, PE, PVC aitdop&fes at

lower pressures than injection molding, which makes the tooling less eXpiasiga.

slower than its relative process injection blow moltliriggelatigelyfast process with a

cycle time of -2 minutes.Typical applications are mainly in thedical, veterinary,
chemical and consumer industries to produce bottles, containers and consumer packaging

[8]
The extrusion blow molding process:

Plastic pelletsr granulesre melted anelxtruded into a hollow tube, called the parison.

The parisonsi dropped in between twalves of a mold, one end of the parison is sealed
and the other end is open. The mold halves are then clamped together and air is blown into
the open end of the parison whicfiates an@xpands itThe parison is forcedjainsthe

internal surfacef the mold cavity, thus taking the shape of the mold. The plastic part stays
in the mold until it cools and hardens. The arthen ejected and often requires
subsequent processing such as rimming andrgrtmmiemove excess matkjl0].

AN ~ Y\
(4) (ay U2
SO RS

# MANUFACTURING GUIDE

Figur& Extrusion Blow Molding procesC0-iG@RY.
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(1) The hopper
(2) The rotating screw
(3) The heated barrel

(4) The die which extrudes the parison

Tablé Blow Molding characteristics

Material Thernoplastics
Upfront cost Moderate

Part cost ModerateHigh
Size M-XL

Cycle time Minutes
Quantity < 100K
Complexity Medium

[12

4.1.7 Rotational Molding

Rotational molding a process used to prodiargepartsof hollow and complex forms

with uniform wall thickness. It is ce$tective as the process uses centrifugal force,
instead of pressure, to fill the mold, making tooling less inexpensive than most other plastic
manufacturing processes. Although no pessare involvedjood quality and surface

finish can be obtainetihe molds are usually fabricated or, east typically manufactured

from stainless steel or alumindinese factors make rotational moldinigablgor low to

medium volumedt is a slowand long process with cycle time between 30 and 60 minutes.
Due to material demands of rotational molding it is restricted in material Theiossst
commonly used material is PE, as it can be gintmghowder at room temperature
Typical applicatianinclude tanks, large containers, furniture an{Btoys

The rotational moldingrocess

A predetermined amount of plastic material, in the form of pellets, granules or powder, is
loaded into an open mold that is mounted on the arm of the molding mEBc&ineld is

then closed and clampdthe mold starts to rotate around its horizontal and vertical axes
while being moved into a furnace where heat is being applied. This causes the material to
melt andsubsequently adheretbh@ inner surfaces of the mholvhich forms the part. The

mold continues to rotate during cooling and solidification to ensure that even distribution
and wall thicknesEinally, the mold is urided ad the part is eject¢ti].
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Figur®& Rotational Molding. FRAMCCBY.

(1) The polymer material

(2) The mold

Tabl& Rotational molding characteristics

Material Some thermwplastics
Upfront cost Moderate

Part cost Moderate

Size L o XL

Cycle time Minutes

Quantity <10K

Complexity Medium

[12

4.1.8 CNC Machining

CNC (Computer Numerical Contrafjachining includes a multiple of processes and
operations such as milling, drilling, lathe turning, routing and grifldéengstarting
workpiece in a CNC machining pracessusually solid block rod or bar of plastic, or
meta) which isthenshapedy lather or milling machine through removal of material, it is
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thereforedefined as a subtractive procBssause it is a subtractprecesst generates
considerable excessstein form of chips. However, modern CNC processes have
efficient waste collecting and recycling systems.

Its applications are diverse and isedor both prototyping and mass productiora

variety of industries for ghag netal, plastic, wood, ceramic, compostes other
materialsMost hard plastics can be machined with varying degree of difficulty and softer
thermoset material requires specialized totilisgmost often used as a ppsbcessing
operation for removingxcess material or boring holes also used as primary operation

in production,for example low volume plastic pattsit requireprecisenesgjght
tolerances and geometries that are difficatiteon through molding.

The set up costs for CNC mathg are low to moderate and once the machines are set
up, the process will repeat a sequence with high accuracy anDupeéedhe process

being almost fully automated, little operator involvement is needed which results in low
labor costsTime and raney is saved by the ability to directly create the part on the CNC
machine, as opposed to creating a rifaaever, factors such as time and codtighty
dependent on part size, complexity and design. Cycle time and part per costithcrease
part conplexity The process has limitations in desigreasurfes such as undercuts or
curved internal channels would require a
able to access all surfaces, which weitheér increase cost significamttynot be possible

at all[8].

The CNC machining process:

The process begins by creaftiigjor 3D CAD-designThe part geometry and technical
information of theCAD file is extracted by CAM (Compuéétled manufacturing)
software which generates @C-code. Tl codecontaingoolpath data, the toolpath can
be seen as instructiowhich control anddictatemovement ofcutting tods, speed and
tool changeovers. The toolpathta issent to the machine, awtce the machine is
prepared the operati@an be executeMaterial is removed from the workpidu®ugh
suitable CN&peration, for example drilling, milling or turniddfjer manufacturing the
part is cleanedrimmed or polished if needed].
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Figur® CNC-machining processes2§raBY.

Tablé8 CNC Machining characteristics

Material Thermoplastics

Upfront cost Low to moderate

Part cost Moderate to high

Size XSL

Cycle time Minutes(depending on size)
Quantity Low to mid volume
Complexity Medium

[24

4.1.9 Additive manufacturing

3D printing isa processvhee a 3D objecis built by depositintgayersof material
successivehhence it is named additive manufacturing .(Aigfe that the terms 3D
printing and additive manufacturing can and will be used interchangeably in thArs/study.
AM process begins by design throocgmputeraided design software (CAD). The CAD
model is exported to a file format called STL-f8d3 sores information about the 3D
model anddescribeonly the surface geometry of the solid gbjgctontains no
information about texture, color or other model attribiUites.STLfile is then imported

into anothepiece ofsoftwarec al | e d 0 s Invertsehe 8D nvattel irtoha-cacla

The Gcode catains tailor made building instructions of the model which control the 3D
printer.
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A favorable aspect of additive manufacturi’g t hat it doesndt requi
changeover as opposed to thalitienal manufacturing techniques, thus making the
beneficial from a cost efficiency standpoint. The CAD model enables the possibility to
create inventive and imaginative objects wiihadegree of freedomform. Depending

on desired material and shapere ardifferenttypes of3D printing that can suit your
applicationThe technology of additive manufacturing is divided into two categories: Rapid
Manufacturing (RM) and Rapid Prototyping (RP). Rapid Manufacturing is the additive
manufacturing press used to produce final parts or products, while Rapid Prototyping is

used to produce prototypes, models and mpsk

This study will focus on thr&® printingtechniquesn particular, that are suitable for
additive manufacturing of plastic matdflaM, SLA and SLF][25]

4191 Fused Deposition Molding

Fusel Deposition Molding(FDM) is the most widely used additive manufacturing
technologyThe process involves a polymer filament, whioladgd into the 3D Printer
and fed through rolleranto one ormore nozzls where it meltsThe material is then
extruded and depositatl the bottom of the printer where it solidifies, the next layer is
then extruded and fuses with the bottom layes. Sequence is repeategier by layer
until the desired objerst built and completdt is then solidified and coole@ihe nozzles

are controlled by a thragis system which enables it to move in X, Y and Z diraations
order to create the object. Similar to @N&thining, a &6ode is used to control the
movemenbf the axis.

FDM is generally used for final products and prototypes but also to manufacture molds or
molding toolsFDM can process a wide range of material, mostly thermoplastics such as
ABS, PLA and PA. It is the most eeffective method for producing thermoplastic parts.
However, FDM provides the lowest dimensional accuragymparison to other 3D
printing techiques and consequently itas suitable for intricate parts [25].

22



Costeffectivenanufacturing process for plastic components in automotive industry

o MANUFACTURING CUIDE

Figurd0Fused Deposit Modeling proce2§. GRY.

(1) The building platform
(2) The polymer filament
(3) The rollers

(4) The heated nozzle
(5) Supportingstructure

4.19.2  Stereolithography

Stereoliiography (SLAiIs known for being the pioneer of 3D printing technology SLA
involves aJV laser (most commonlghd a lighteactive thermosetting polymer called

0 r e sThenre8in is stored in a tamkere the objecs icreated and an adjustable building
platform is positioned slightly below a layer of the fidmnaser unit directs a UV beam

to a reflectivecomputetcontrolledmirror whichsteer the bearto the surface of the resin
where it drawer scara crosssection of the 3Bmodel. Theesin iscured and solidifiad

a process called photopolymerizatidren exposed to the UVaser. When a layer is
completethe building platform is lowered and the previous layer is coated by a new layer.
This process of saaing and recoating is repeated layer by layer until the object is
complete.

ltds a fast process that provides good di:
intricate details. However, mechanical properties and aesthetics of SLA parts can degrade
ovatime when exposed to sunlight. The common SLA materiglsoémpolymer resins

(thermoset). Thermosetting parts are more brittle than thermoplastics and not suitable for
functional parts or prototypg[27].
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Figurd 1 Steredidgraphy process. E8orcGCBY.

4.1.9.3 Selective Laser Sintering

Selective Laser Sintering is an additive a@urihg technique that usehigh powered

laserto fuse powdered material, which then creates a solid 3D ©bg powdered
material is first heated just below its melting tempeaatitben dispersed in a thin layer
overthe building platformThe computer controlled laser unit directs a beam towards the
powder surface, through reflective mirrdlge lasescanghe crossection of a CAP
modeland selectively sintére material whicbauses thparticles in thepowderto fuse
together and solidify. When a layer is complete, the building platform is lowered and
surface is recoated. The process is repgdtktthe object is complete.

The most commonly used material for SLS is PA12, also known as Nylon 12 due to ideal
sintering behaviour and good mechanical properties. Other available materials include
thermoplastics such as PEEK or PA11l. A beneficiatygoBlBLS is that it needs no
support structure as the unsintered powder provides all the support required, hence designs
with complex geometries can be created. However, SLS parts often have rough surface
finish which may require pgsbcessing. SLS isitable for lowto medium batch
production27][29.

Note that aspects such as material, cost, surface finish, mechanical properties and
geometric freedom vary depending on AM technology. Size is dependent on the build
volume of the 3D printer.
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Figurd2Selective Laser Simeoicess. Fra6).[CCBY.

(1) Powdered material
(2) Building platform
(3) Recoating unit (rollers)

(4) Laser unit

Tabl® Additive Manufacturing characteristics

Material Thermoplastics and thermosets

Upfront cost Low to moderate

Part cost Moderate

Size XS-L(depending on build volujne

Cycle time Minutes(depending on size and complexity)
Quantity Low to midvolume

Complexity High

[24
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4.2 Screening of manufacturing processes

It is imperative tdirst establisla benchmark and descnileat criteridhe manufacturing
processes must fulfil order to produce desired parts and subsequently be considered
applicable.Following influencing factors have been taken into consideration when
performing the screening: tevéal upfront costspart cost, size, cycle time, quantity and
complexity.

Material

The problem section states that the manufacturing process should be able to produce parts
with thesame or similar properti@s the current ong&hisd o e s n 0 tly indieateghsats a r i
the new part has to be a thermoplastic, or even a plastic for thals@tteappend,ear
Corporationis deliberatingeplacing plastic pangth a more ecériendly option This

subject iurrentlybeing studied ia separatbachéor thesisby two other students of
University West, with the objective to identify -efisttive and environmentally
sustainable alternatives to plastic pattseimvire harness of automohil€onsequently

as stated in the limitations sectitiis § udy wo nthda chokce & mgteria and
thereforethe premiseis that the manufacturingrrocess should be able to process
thermoplastics, in particular erél such as PA6, PA66 or FR. manufacturing process
cannot process aforementioned maseoiasimilay then it is deemed inapplicable and
screened out.

Upfront cost

Upfront costs includexpenses that incur during the processitafting a manufacturing
process, such as tooling and equipment costs. The initial costs for injection raolding a
high due to expensiweoling and equipment. The upfroobst for the alternative
manufacturing process should be lower than the current one in order to pose-as a cost
effective option. If the manufaring process has higher upfront ¢bah the curmt

process it is deemed unprofitable and consequently inapplicable.

Part cost

The price per unfor injection moldinglecreases with increased volume of parts, which
makes it a process suitable and-eftesttive for mass productiorlowever, Lear
Corpoation is seeking aprocess viable at lower volumes. This means that any
manufacturing process thatrieresuited for mass productienll presumablipe deemed

i napplicable, regardless of | ow price per
the high upfront costs that a mass production process éfaaitsver, it is possible to

look at ways to modify a traditional mass manufacturingsprtic a process that suits

lower volumes.

Size
A plastic wire channel or bracket can vary in size depending on its location and use in the
automobile. However, most parts are in the range of small to mddionfacturing
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processes théilave size consirant s t hat dondt conform to the
wire channel or brackate therefore deemed inapplicable.

Cycle time

Cycle time indicates the duration of an operation, in other words the time it takes to
complete one prodtion cycle from entb finish [8] In the case of injection molding, the
production cycle of one part can be completed within seciimele are very few
manufacturing processes that can match injection molding in terms of speed, therefore
there will some degree of leniemuyatrds processes that are slower (which most of them
are) than injection molding and processes will not be dissoilededn their speed, but it
remains an essential factor when weighing and comparing processes.

Quantity

In this instance quantity is defil as the number of parts the manufacturing process can
create in order to be profitable. As mentioned earlier in the part cost paragraph, injection
molding is a process that is suitable for higher quantities and Lear Corporation is seeking a
processttads f avorabl étéas kewebl vehemes hat t he
plastic channels or brackets are approx 150e08@nd these numbers are expected to
decrease. However, the new quantity cannot bedwaith certainty and thereby
unidentified. This makes the screening somewhat difficult as there is no definite
benchmark set for desired quantity, but through studying the manufacturing processes in
section 4.1 it is known what volumes the different processes generally favor.

Complexity

The wire channel or bracket can have varying degree of complexity depending on its use
and location, whicmeans thatanufacturing processmust have an ability to produce

part of various shapeand have a high degree of freedom in foManufacturing
processes with evident restraints in part complexity will be unable to produce desired parts
and will therefore be deemed inapplicable. One could argue that part design can be adapted
to the capacityf manufacturing processregard to part complexityoWever, as stated

in the limitations section this thesis will not explore the possibility of altering the design of
product.

A screening table whle presented below in regard to the aforementioned influencing
factors. Injection molding has been setasdterenceNote that cost per pahtas been
excludedrom the screening taldencei t Oasped agependent on volume which thereby
makes it difficult to value or rate in a screening. For example, injection molding has a
higher cost per part thavacum forming under lowevolumes but as the volume
increases there is a bresakn point where the cost per part for injection molding then
becomes cheaper than vacuum forming. However, it is an important aspect that will be
taken into consideration when esving each process pesteening.
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Material: If the manufacturing process can process the same or similar material as injection
mol ding (in particular thermoplastics such
cannot process the same or similarrmata | as i njection. molding i

Set up cost: If the upfront costs of a manufacturing process is higher than injection
mol di ng it -0i.s |d&wdrodwed andd the upfromt codte ate thhe 0 + 0
same or similar to that ofifjec on mol ding it is awarded 0060.

Size: If the manufacturing has the ability, like injection molding, to produce the required
size range of the wire channel or brackets
the manufacturing process has size fianisaincompatible with the desired application it

is awaod.ded a o0

Cycle time: If the manufacturing process has a faster cycle time than injection molding it is
awarded a 0+60. | £0 , s Ifabevwgmocessihds the sameaowsamilad @/cde a o
times than that of the reference it i s awar

Quantity: In this case, a process that produces lower quantities is ccanposited
quality with regards to the desire and preferences of Lear &immporTherefore,
processes that produce | ower guantities t
Processes that produce the same or similar

Complexity: If the manufacturing process can producenwidrthigher complexityhan

i njection mol di Hthge manufagtusing aracass cae produce parts dvith

the same or similar degree of part compl ex
limited degree of part complexity in comparison to injection moldisgita wad¢ .ded a 0

The o6tabnd 00006 are indicators that display t
in regard to the desired application with the support of injection molding as a benchmark.
These indicators are added and subtracted into aosalmwhich represents what
processes are applicable or inapplicable.
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Tabld.0 Screening of Manufacturing Processes
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Total 0 0 0O|-1]0]-1]-1]1 2

Injection molding

One of thequestions raised in the problem section was: Is it possible to make the current
process more caosffective?Injection molding is the current process and it has an
excellent track record of delivering these parts with success, which is natural thg to it be
a highlycompatible procegsr the desired applicationticks almost every box regacd

the aforementioned criterisuch as material, complexity and tihhe. issue withhe
current process is the high upfront costs which motivate high voluwtoetipro rather

than the lowrvolume production Lear Corporation expethe future However, anthe
process potentially be modified@?anthe tooling costs be decreased tmiatpvhere
injection molding is a feasibleption for Lear Corporations prefaces and
circumstances? If so, what are the possible solufibes@ questions are worth exploring
and the process will be evaluated further.

Vacuum forming

It is a process with low tooling costsasonably fastnd suitable for low volume
producton as well as offering flexibility in material selechanvever, due to its
limitations in part complexjtinability toform partswith uniform wall thicknesand
intricate part# is deemed inapplicable and thereby dismissed from further evatuation. |
can pose as a competitive option for visual prototypes butnedlld the most suitable
option for the desired application in comparisoninfection molding or additive
manufacturing.

Reaction Injection Molding

This process offer traits th@mply well with the desired application in regard to several
important aspects such as design freedom, quiamtity mediunvolume, properties of

part (depending on material) and cost (although costly it is less expensive than injection
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molding). Themajor drawback however is that RIM ontpcpsses thermosetting
polymers. This aspect makes Ridpplicable as it does podbduce thermoplastic parts.

Compression molding

The process is a good choice for low volume prodwimmipfront costs are lowtban

injection moldingAlthough compression molding can process materials such as advanced
composite thermoplastic, it is similarly to RIM mainly suitéteionosetting polymers

such as rubbewhich, along with limitations in part complexity, makeapplicable for

the desired application.

Extrusion
Extrusion is one dew plastigorocesses that can matckdtipn molding in terms of cycle
time and similarly to injection maoldj i tos a continuous pr oc

disadvantage of extrusion instparticular case is its restrictions in part complexity as it
only produces parts with uniform cross section such as rods, tubes, films and sheets. This
conflicts with the requirements of desired application and thereby it is dismissed from
further evalation.

Extrusion blow molding

Similarly to extrusion, EBM limited toa certain type of shag®llow and thirwalled
partssuch as bottles or containeltsis alsorestricted in terms of size (usually large parts)
and speedrelatively fast but slowéhan its counterpart injection blow molding).
Consequently, it is not suitable for the desired application and therefore eliminated.

Rotational molding

Although rotational molding offer several benefits on a general level such as producing
parts with urfiorm wall thicknesand low tooling costshe process is evidently not
intenced for desiredpplicdion due to limitations in materishape(hollovparty and

speed.

CNC machining

The process presents many favorable characteristics snaterés, sizend design
flexibility as well as its suitability for low to medium volumes and low to moderate tooling
costs. Although it can create parts with tight tolerances and geometries that are difficult t
mold, CNGmachining have sonfienitations in part complgy. For example, features

such as undercuts or curved internal channels would either be impossible to create or
require tool access that would raise part cost signifi€anttilis reason CNfachining

is, albeit by a small margin, deemed inapplaatiere are other processes (such as 3D
printing) that are more appropriate for desired application.

Additive manufacturing

3D printing is a emergingnanufacturing technolothat provides higlegree of freedom
regarding form angart complexity which makes it a plausible option for the desired
application. Moreover, it is a process suited for low to medium ‘asldrapfront costs,
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although they vary, are low in comparison to injection molding. On the surface, 3D
printing is an ption that seems capable to produce desired parts and is deemed an
applicable manufacturing option. The only drawback is the speed which is slower and more
laborintensive than injection molding. However, in this case the advastabeas
geometric fredom, outweigh the disadvantages and 3D printing is definitely a process
worth evaluating further.

4.3 Remaining manufacturing processes

This subsections amto provide further datand details regarding the remaining
manufacturing processes that were deepetcableduring screening, in order to
determinghe most feasible option with regard todixsired application.

The screening resulted in two manufacturing process, injection molding and additive
manufacturing, beingept for further evaluation. Thsectionwill delve into each
manufacturing process and further stiislyadvantages and disadvantages as well as
analyze the feasibility @hch process in relation to the applica@mst estimates from
various manufacturers will also be presented @&m twdgain an understanding of the
manufacturing processes through a cost perspective as well as enabling cost comparisons.

4.3.1 Injection molding

Injection molding was deemed applicable process 4sii s Lear Corpor at:i
choice of manufacturing pess and offer many favorable benefits which suit the desired
application. Following questions were raised in the screening section in regard to injection
molding and decreasing upfront costs:

What factors constitute the high upfront costs?
Can the procsesotentially be modified in order to decrease upfront costs?
If so, what would be the following consequences?

This section will attempt to answer these questions and identify solutions to minimize
injection molding costs.

43.1.1 Molding Tool

The most important investment of any injection molding project is the desdyand
purchase of the molding tool. The codbofs varies greatly based on size and complexity
with cost ranging from a few thousand dollars to millions

The three primary cost drivers for injection molded components are: mold cost, material
cost, processing cost. The proportion of costs betwes® tiree cost drivers can vary
depending on the applicatigv.commodity application has a different cost breakdown
structure than a custom patthough the parts may be of same wédigbtquantity and

part complexity are deciding factors regardingitndg and proportion of costéhe
commodity applicatiomight be designed for mass productiot,000,000 pieces while

the custom application hagproduction volume of 100,000. Due to the economy of scale
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the overall costs would be lower for the contty@gbplicationThe material costs would
constitute the majority of the part of cost of the commodity applieatibmold cost

would account for a minor part of the cost due to simple part geometry. However, in the
case of custom application the mold cost would be the most significhgtfagsas the

mold requires more intricacy. The more complex the desitethgpanore complicated

and expensive the mold.

Furthermore molds aralivided into two main categories: cold runner and hot runner
systems. The objective of the runner is to direct the material flow from the sprue to mold
cavities.

Cold runners usugltonsist of two or three plate moldsich are clutched in the mold

base. Miten plastigs injected to the mobla the spruand feedshe runners where the

molten is then distributed to the mold caviSebsequently, the cold runner system cools

the gate, sprue along with the molded part. An ejection system ultimately separates the
runner and the part from the mold.

The advantages of cold runners are inexpensive production and maintenance costs, making

it more coseffective than its hot runner coempart.lt has high material flexibility and is
suitable for a wide range of polymers. I t &S
if system is robotic.The disadvantages of cold runners inclbdeneed to manually

separate runner after eacim,mplastic material wastiethe runners are not recygled

secondary operations neettedmingand longer cycle times in comparison to hot runner
systemslue to removal of sprues and runners

A hot runnersystemconsists of two platdseatedthrough amanifold system which
distributes the molten material to variouszles that fill the mold caviffhe system is
therefore called a runnerless systé&hme systems may be either externally or internally
heated.Internal systems offer better flow contrdlilev externally heated systems are
suitable for thermally sensitive polymers.

Due to the elimination of runners the system has leverage over cold runners in terms of
cycle time as there are pmsiduction activities aneduction ofpotentialwasteand
increased efficiencfurther benefits of hot runner systems are improvement of part
quality and consistency, design flexibility and ideal for fabricating larger parts. However,
hot runner systems are more expensive as the production, maintenance gedstsolin

are higher than that of cold runners.

Injection molds are expedtéo enable mass production ardlure high pressure and
temperatures during the molding praddssice the mold materralst be very rigid and
durable therefore steel is ofteretBuitable choice of materidbte that there are several
steeltypesand grades of stemlailable and costs vary depending on selected29ps.a

steel grade that is widely usedpfasticinjection molding tools due to its versatility and
charactestics such as hardness, corrosion resistance and good wear and tear resistance.

Steel is a difficult material to machine, thus requiring high precision CNC mg@whining

Electrical discharge machiniagll polishing for the mold cavitiedichis a considerable
cost. The production of the mold alscausedengthylead timesHowever, \th steel
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tooling part complexity can be increased, the part cost becomes lower with increased
quantity and millions @farts can bproduced [7][10][31

4.3.1.2 Aluminum Tooling

It is established that variosteelgrades arpredominantlyused for injection molding

tools, as they possess properties that can satisfy the high demands of the molding process.
For use in longer pradtion runs, the properties of steel such as strength and durability
are unparalleleHowever, supposing the production runs are shorter and the quantities are
smaller, the steel mold would become leseffestvea s t he hi gh wupfront
judified by the low quantityn thosescenarigsaluminum tooling would be an ideal
option.Just as steel, it is important to note that alumatiogs havdifferent grades with

varying propertiegExamples of aluminum alloys that are designed for imjewiding

are QC10J327 or Alumec 8B3. Along with reducing upfront cosadiminum toolingan

reduce cycle timesie tobetter thermal conductivity and heat dissipation thanngiax,

in returnleads taquicker cooling and heating tim&siminum isalso easier to machine.
However, the lifespaof an aluminum tool is shorter than steelit is not as robust.
Furthermore, aluminum doesndt have the same

In conclusion, aluminum tooling can be a competitivecsteffective alternative to steel
depending on the application. If the demands from production are shorter runs and low
medium quantities, then aluminum tooling cdefthitely be a feasible opti@4] Aside

from aluminum toolinghere are further Bdions to adapt the injection molding process

to low volume production such as rapid tooling, which will be covered in 4.3.2.2.

4.3.2 Additive manufacturing

Due to thedesign flexibility angeometric freedowf additive manufacturimgocesseas

well adowe upfront costsn comparison to injection molding, it was deemed applicable
and kept for further evaluatiohis subsection will introducenother additive
manufacturing process that wasnodotamwesent ec
emergig technology developdyy HP (HewletPackard}hat display$aster production

speed thawther 3D printing processanad can produckinctional,complex, lower cost
parts.It is also said tonable mass production of pd§. This subsection will primle
information regarding the advancements and benefits of additive manufacturing in the
automotive industry, and also the cost mechanisms of additive manufacturing.
Furthermore, this subsection will present a process called rapid tooling. 3D printed
injection molding tools can be created in short time through rapid tooling, thus enabling
the two processes injection molding and additive manufacturing to combine for low
volume production.

43.2.1 HP Multi Jet Fusion

Multi Jet Fusion is an additive manufacturinghtgee developed by HR creates past

layer by layer through a maljient printing procedsbelongs to the powder bed fusion

family, along with SLS. The two processes are clodely agld share many similarities,

for example no support structur® needed in either processéswvever, the main
difference is the heat source, as SLS uses laser to sinter powder while MJF uses a fusing
agent.
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First, nylon powder is loaded into the 3D priated applied in a thin layever the
buildingplatform.Powder is evenly distributed through a recoating unit, such as a scraper.
The powder is then heated slightly below its melting temperature. Next, a print head moves
across the platformselectivelgischarginglroplets of fusingnd detailinggets onto the

powder bed. An infrared light is activated through flash lamps, lpatirggsvhere

fusing agentsave been applied. The thermal energy causes the material to melt and fuse
together. Detailing agent disperaealind the edge of the parevents sintering, create
smooth surfaces and support coolidgce a layer is completgawder is distributed on

top of the previous layer by the recoating unit. This processatedeyatil the detail is

built [36].

Figurd3HP Multi Fusion Jet process3AcdCBY.

(1) Platform

(2) Powdered material
(3) Scraper

(4) Print head

(5) Flash lamps

HP Jet Fusion 5200 Seri esly g leasedb primting ng So l
system. It is the upgraded version of HP Jet Fusion 4200 3bgF3oititions and is ideal

for midvolume productiorof functional prototypes and eunse partsit is able to

produce parts with high accuracy and repeatability, similar to injection FPiadinged

parts possess strong and isotropic material propdrties.e o v a@steffective abdne

of the fastest 3D printing technologies comparedther additive manufacturing
processes suchBM or SLSAlthough it has a limited range of matetiadstechnology

has expanded its material fodid in relation tats predecessor which was limited only to
Polyamide 1ZPA12. Apart from PA12, the new version can be used to manufacture
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Polyamide 11PA1D), PA 12 Glass &dsHere follows a short summary of the maler
compatible with the HP Jet Fusion 5200.

HP 3D High ReusabilifyA 11:PA11 povidesideal mechanical properteish chemical
and impact resistancein€tional, quality and ductile parts can be créatedcuited for
sports equipment, connectaigctrical, textiles and tubing, amongst other applications.

HP 3D High Reusability PA12: Produces strong, comgexzostand functional parts
PA12 povides high mechanical properéiesvell ashemical and thermal resistahce. 6 s
idealfor a vasarrayof applicationsuch as connectors, panels, enclosures and gears.

HP 3D High Reusability PA12 Glass Bed@s:% glass filled thermoplastic which
produces stiff, dimensional and functional partsdeal foi applications requiring high
stiffness ad dimensional stability, such as housing, tooling and fixtures.

These are technical specifications of the printer performance:
Effective building volume: 380 x 284 x 380 mm

Building speed: Up to 5058%m

Layer thickness: 0.08 mm

Printresolutions(x,y): 1200 dpi

Job processions solutions(x,y): 1200 dpi

[39

4.3.2.2 3D Printing in the automobile industry

M.Delic et al[38explains and describas ascientificarticlecalledoAdditive Manufacturing:
empirical evidence for supphtegmation and peaxfaenfrom the automotivgdjniomst
additive manufacturing (AMan be used to make the supply amaire effective, mostly
regardinghe common areas of a supply chain; cost, reliability and lead time. AM can
generally reducealk times, reduce cost with higher complexity and enable a production
that can easily change to produce other products.

The authors hawehosen to focus on how an integration of AM calavairabldor the
automobile industryBesides the aforementionezhéfits such asne efficiencyand the

enabling of production variability, the impact of AM from a cost perspective, will reduce
tool cost, less waste, lower transport and storage cost and will reduce the tied up capital in
stocks etc The authorsstate ihat these advantages are possible in low volume
manufacturing and that manufacturing starts when an order is filled.

Therefore, the cwlusion is that companigsplyng AM into their supply chain will have
great leverage over their compegi Through M, you are givetihe possibilityo easily
respond to a dynammarketand still be able to offer a fast delivery time, which grants
more satisfied customers and creates higher pFafits.is an example of an automaker
who hasntroducel AM into its supfy chain, mainly into prototyp&sis esulted irtime

for prototype degn goingrom four months to four days.

4.3.2.3 The economics of 3D Printing

As previously stated, AM enaldesmetricreedom and can completely elimitize
spent for tool change, thusducing time to market. AMll be able to reduce material
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waste from productiomvhich willrenderin a reduction afotal coss for production. hie
limitations for AM are mainlthe inability to mirror their countermaiin taditional
processesn areas such as surface finish. How&kelHopkinson and P. Dickeh39

believe the problem itself is not connected directly to AM, but lies in the knonledge
how to process various matenaith AM. Since remarkable improvememtboth cost

and an increase in properties has been imadeent year most likely the kawledge

around AM will keep advancing and therefore cheaper and better quality parts will be
produced.

N. Hopkinson and P. Dickens performed aystused on cgparing Injection widing

with differentsubprocesses oAM. The purpose of the studysvto compare AM and
Injection noldingin terms of production cost per detail. The AM processes evaluated
were SterolithographySLA), Fued Deposition Modielg (FDM) and Selective Laser
Sintering (SLS). The cestimates were based on machine labstir cost and material

cost which weresedto get a understanding of the requivelime that AM need to
produce in order to bmorefavourdle than Injection mlding. Note thatthe study was
based on the assumption that AMl injection moldingill producehe sameamount of
parsfor a year

The result of Hopkinson and Dickens study showed that all AM methodstadicecast

per detail, meaning th&M cost per detailemains the same irrespective of volume
produced. Injection molding howesrowed a exponential decay in cost per detail with
higher and increasedlumes. This clarifies that AM cost péetail is not dependent on
the production volume, whiatould be useful for further cost analysis and comparisons
FurthermoreHopkinson and Dickernstudy also showcased that SLS will be cheaper to
produce compared to SLA and FDM.

43.2.4 Rapid Tooling

Rapid Tooling is a method used to create tools for traditional manufacturinggprocess
using additive manufacturing. Furthermtns means thahe purposds to combine

rapid toding with a manufacturing procefes examplenjection molding. Through rapid
tooling, i possible to reduce lead time for tool manufacturing and achieve lower cost
compared witraluminiumor steel tools. However, rapid tooling has its disadwantage
compared to a traditional tool manufacturing. Rapid Tooling has tshi@sult in lower
quality ofthe end product and is only suitable for lower quantity manufacturing.

J.R.C. Dizoret al [4Dfollowed through a study with the purpose to compare traditional
manufacturing tds, or in this casenolds/tools made with AMFirstly, the author
establishes some tooling material properties that are important to consider, such as thermal
stability, thermal conductivity, hardness, corrosion resistance, ability to obtain desired
surface finish etdvaterials that are ideal in termstled aforemenbned mechanical
properties ardeelandaluminiumandarethereforethe most commonnjection molding

tools Aluminium has a fastecycle ime compared to steel tools, but steel tools are
strongerdurable and have a longer life span.

J.R.C. Dizon et al furthetates that thermal conductivity from the melted plastic to
cooling media through the mould has a direct connection to lead time and cost. Meaning, if
the heat transfer is increasedeads to faster coodj, thus making the cycle time faster
Thereforeit is extremely important witm &ffective cooling system and a material that has
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the possibility to lower cycle time, which has the possibility to give a cost rethetion.
choice ofmaterial fo a tool should be based on the desired applieattequirements

and thereforenaking it important to understand what the tool should be used for to gain
minimum cost.

Rapid toohg can be divided into more subcategdngshis study wilfocus on direct
rapid tooling. Direct rapid tooling meansating tools that mirror the properties of a tool
made from araditional manufacturing methddhe authas stateahat direct rapid tooling

is only used fqgorototyping andbw quantity manufacturing

Injection molding (IM) with traditional tools hegthy manufacturing tingeand tooling

is expensive. However, the high investment castbe justified if the tool has a long
lifetime ands used for high quantitiestlshould the quantity reduce to low volumes it

will lead to a drastic increasecast/detail. Therefore, fabricatiilg tools with AM is

more profitablan low quantity manufactog. Rapid tooling can resultamrmae rapid

tool making and a mooest effective manufacturing with lower voldtreso offers the

normal AM benefits,kie geometric freedom and easiepdidn in manufacturing. Using

AM for tools demands a material which can withstand; high temperature, tough, hard and
probably most important a material that has a higher melting point than the material
getting processed the end product.

In conclusion, the authors stdtatAM tools araiseable but tadighy complex process.

To elaborate further as to what the authors mean by this is that there are a lot of
parameters that have to conform and be correct in ordehdoprocess to work
successfully, but there is still tmerapid tooling especially for prototyping and low
volume production of simple parts. However, it needs fuetbearctand development

before it couldeplace traditional manufactured tools.

4.3.3 Cost estimates

In order to estimate the coahd feasibilityof each proceswarious manufacturing
companiesvho provide services related tgection molding and 3D printingere
approach& The companies were askedit@their assessment of the gt determine
what process wti be ideal for the application and thereafter proviet@ for ideal
process.

The part displayed in figuRewas shared with manufactarddue to confidentiality
reasonCAD-designs of Lears e xi st i ng p | awdreinotalloweatolmeel s or
disclosed with manufacturers, theredoreodified modedf a plastic channel or bracket

was designetlhe object of the designing of new part was to resemble the existing parts in
terms of caplexity, size and shape in order to get adstiestimate and later make cost
comparisonsAs mentioned earlier, it is important to emphasize that plastic wire channels

or brackets have varying shapes, complexity, sizes and volwweagerHin orderot

receive quotellowingsamplegiart was designed and distributed in agreement with Lear
Corporation.
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Figurd4Model of plastic wire channel

4.3.3.1 Danke Mold

Danke Mold is enanufacturing compabwsed irsouthChinawho provideservices such
as plastic injection molding, CiR@adining, vacuum casting, 3D printing, rapid
prototyping and rapi@oling.

Danke Moldvasapproached throughneail to gie their opinion on which of their

services would be best suited for the desmalitation. A stfile of the part displayed in
figure2 was attached along with the following information required in order to request for
quote:

Material: Either PA66, PA6 or PP

Surface finish: Standard

Quantity: 75,000 parts per year

Asearlier stated, the quantity is not definite, partly due to varying volumes of cltannels an
bracket but also due difficulty valuing the new and lower quantities expected with hybrid
and electric cars. However, in order to receive a quote a rough batina be set and

in agreement with company superyig®000 parts per year wasas reasonable

estimation.

Danke Mold provided injection moldigptation §ppendix A), injection molding tooling
quotation(appendix B) and prototyping quotatiappendix CDanke Mold assessiht

injection molding was the most feasible anekbfiestive process for this application due

to volume and mechanigabperties. According toTan,project manager at Danke Mold

[41], additive manufacturinig thiscase the SLA technologynot recommended due to

the volume productioand the material uskadt 3D printingdoes not have the same
mechanical properties as the ones used for injection moldirlgs f r agi | e and
affected by high temperatungnlgght and idle time. However, Tan claims that 3D printing
could be viable for 1 to Poototypeparts in order to test and check features.

In the tablesind chartbelow a comparison in molding and toologts between Dke

Mold and Lear Corporati@medisplayed. Note that the compared parts are different in

terms of volume, geometry and size which skews the comparison as these are important
influencing factors of costs. However, it is done to give context and an indication of Danke
Moldscost in relation to Lear Corporations costs.
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A refersthe pardisplayed in figuiz B, C and D refer to parts currently used by Lear
Corporation as plastic wire channels or bradietsarlier mentionedye to

confidentiality reasons part supplier is not allowed to be disclosed and these parts are not
allowed to beisuallydisplayedh the thesisHowever, parnd costletails shown below

can be share@he quantity is the annual volume of parts.

Tabld 1 Presentation of Danke Mold and Lear Corporation costs

Company | Process | Part Material | Quantity | Part per| Part
cost Cost
()a ()a
Danke Mold| Injection| A PAG 1,000 0.71 710
Molding
Danke Mold| Injection| A PAG6 75,000 0.48 36,357
Molding
Danke Mold| Injection| A PP 1,000 0.46 460
Molding
Danke Mold| Injection| A PP 75,000 0.28 21,266
Molding
Danke Mold| SLA A ABSLike |1 11.89 | 11.89
Danke Mold| SLA A PA 12 1 22.87 | 22.87
Lear Injection| B PAG6 111,111 0,48 53,333
Corporation| Molding
Lear Injection| C PA6 111,111 0,772 | 85,778
Corporation| Molding
Lear Injection| D PA6 75,556 0,6913 | 52,134
Corporation| Molding

== learIMB

£100,00 LearIM €
Lear IM D
&o0 = Danke Mold SLA PA 12
Danke Mol SLA ABS-LIKE

Danke Mald IM P&
Danke Mold IM PP

£10,00

Unit Cost

5,00

\

£0,50
1000 5000 10000 20000 30000 40 000 50000 60000 70 000 80 000 90000 100 000 110000

Quantity

Figurd5Cost comparison chart between Danke Mold and Lear Corporation
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Table 12 and figure pBesentsrad illustratesf the injection tooling costs between Danke
Mold and Lear Corporation. Further information about Danke Mold and Learddsrpati
tooling are presented in tiadlebelow

Company Part Mold material Lead time Tooling Price
()a

Danke Mold A Steel 25 days 4427

Lear Corporation | B Steel 16weeks 109,600

Lear Corporation | C Steel 16weeks 93,700

Lear Corporation | D Steel 16weeks 129,550

Tabld 2 PresentatmfrthéoolingpstefDanke Mold and Lear Corporation

Tooling Cost
€150 000,00
€129 550,00
£100 000,00 €109 &00,00
€93 700,00
£50 000,00
€4 427,00
€0,00
Danke Mold Lear B Lear C Lear D

Figurd6 Cost comparison of the tooling costs between Danke Mold and Lear Corporation

Lear Corporation tooling information

The lifespan gbart B, C and [productionis 7 yeard.he annual volume for parts are
111,111 (part B), 111,111 (part C) and part D (73b8®&) case of part B and C, this
means that11,111 x 7 = 528,892 pastall be produced. The tool has two cavities and
thereby produces two parts per cycle, whaanm528,892 parts are produced in 264,446
cycles in order to achieve lifetime production. Although steel grade of tooling is
undisclosed, it can manufacture up to 1,000,000+ cycles.
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Danke Mold tooling information
Life time: 50,000 cycles

Cavity number: 22
Mold base: MUD (Master Unit Die) base
Corel/cavity steel: P20/P20

Tooling structure: Cold runner, edge gates; 4 sliders

What is a MUD mold?

A MUD (Master Unit Dieincludes a typical injection molding frame coupled with several
mold inserts in ordéo define the shape of the internal cavity, and thus the finalheart. T
inserts are fabricatethrough CNGmachining or EDM, depending on material
requirements for the inserts. There are different types of frames depending on size and
number of units to é produced. The major benefits of MUD mold are the decreased
upfrontcosts labor costs, setup tinaed lead timelt also creates a simpler and faster
mold installation than a generalddy.

4.3.3.2 Protolabs

Protolabgs a global manufacturer with headquarters in Minnesota, USA that provides 3D
printing, CNGmachining and injection molding of p&wt prototyping and shertin

production. Protolabs were approachia email,and request for quote was made
Unfortunaely, Protolabs did not respond to #amail. However, there was a possibility to

get an instant 3D printing quote through Ratit® web portal. Part requirements such as
material, surface finish and quantity were filled in, and desired 3D printingyacess
chosen. This generamabtesfor Selective Laser Sinter{fagpendix Pand Multi Jet
Fusion(appendix E

Tablel3 presents a cost comparison between Protolabs 3D printing services and Lear

Corporations current costs for various injection molaedgstimated lead time for
Protolabs 3D printing was unavailable and is therefore not included in the table.
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Tabld 3Presentation of Protolabs and Lear Corporation costs

Company Process| Part Material | Quantity | Part Part Tooling | Total
per Cost Cost Cost
cost | ()a (a) ((0)
(0)

Protolabs SLS |A PP 1000 37.956 | 37,956 | - 37,956

Protolabs MJF | A PA 12 1000 31123 | 31,123 | - 31,123

Lear Injection| B PAG 111,111 | 048 53,333 | 109 600| 162,933

Corporation| Molding ’

Lear Injection| C PAG 111,111 | 0772 | 85,778 | 93 700 | 179,478

Corporation| Molding

Lear Injection| D PAG6 75,556 06913 | 52,134 | 179 550| 181,684

Corporation| Molding

== Lear|MEBE Lear IM C learIM D == Protolabs SL5PP == Protolabs MIF PALZ
£100,00
£50,00 \
A
3
o £10,00
5
£5,00

_\\------_\_-_-_--————_
F & FEFEFESSES S SESS
e S R R S

Cuantity

Figurd7 Cost comparison between &ndtbkdnasCorporation

4.3.3.3 Forerunner 3D Printing

Forerunner 30Printingis a manufacturer based in Michigan, W#provides3D

printed prototypes and low volume part manufacturing sefViegsepertoire of

additive manufacturing technologies incl8d4&s FDM, PolyJddP Multi Jet Fusion and
SLA.The company wagproachestia email andequested to provide a quote for HP

Multi Jet Fusiofappendix J: Forerunner 3D use the HP Vil Fusion 4200 3D

Printer,a precursor to the 5200 3D printer whiets presented earli€he printer was

able to accommodate 75 of the desired parts per build (the effective building volume is 380
X 284 x 380 mm).
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Dylan Fritz, compamgpresentativid3, further commented that a principle they go by
with a custometeciding between injection molding and additive manufacturing is, if the

part is bigger than one to two cubic inches in size (such as ours) and the desired quantity is
above2,000 parts, then injection molding is the favored option. However, if the desired

quantity is less than 2,000 parts thenviudifid be a more cesffective and faster option
than injection molding Mor eover ,
volumes upo 5000 parts a year dudhe amount oparts being able to fit in one build.

i f

D.Fritz also suggests another solution called bridge prodlictbng for injection
molding causes lengthy lead timescasidmers who are wag for theirtool to be
manufacturedanuse the idle time fdl ordes of 3D printed partsThis allows the
customer to begin production earlier, and once the tooling thd@ustomer transger
over b launch injection molding process, with paeady availabl€his defines bridge

t h e sfemdldto producear ound

production.
Tableldpresents a cost comparison between
Lear Corporations current costs.
Tabld4 Presentation of Forerunner 3DP and Lear Corporations costs
Company Process | Part | Material| Quantity| Part per| Part Tooling | Total Lead
cost Cost Cost Cost Time
(a)| () (a)y (o)
Forerunner 3D| HP MJF A PA12 75 27.6 2068 - 2068 34
days
Forerunner 3D | HP MJF A PA12 1000 27.6 27,573 - 27,573 -
ForerunneBD HP MJF A PA12 2000 27.6 55,147 B 55,147 -
Lear Injection B PA6 111,111 048 53,333 | 109.600| 162,933 16
Corporation Molding weeks
Lear Injection [ C PA6 | 111,111] 0772 | 85778 93700 | 179.478] 16
Corporation Molding weeks
Lear Injection D PA6 75,556 | 06913 | 52,134 | 199 550| 181,684| 16
Corporation Molding weeks

43

For




Costeffectivenanufacturing process for plastic components in automotive industry

== Lear M B Lear IM C lear IMD == Forerunmer 30 HP MIF PA12

£100,00

£50,00

£10,00

Unit Cost

—_—
& & & & & FH FHFEFFHFFHFHF
S O T R

~ ) K & R

Quantity

Figurd8Cost comparison Forerunner 3DP and Lear Corporation

4.3.3.4 Prototal

Prototalis a manufacturer basedlonképing, Sweden avBpecialize in 3D printing, PU

casting and injection molding and tooling. Prototal were approachethiliarel asked

to assess what process would be most suitable for our application, and subsequently
provide a quote for said process.

J.Haskovec, key account many@r made the assessment that injection molding with
aluminum tooling would be the most adequate option for this application. Although the
detail canbe 3pr i nt ed, Pr ot ota fiadn ideabambudtofdparts inte thea b | e
printer due to part size and shape, thaking3D printing a less suitable option.

As per Prototal recommendaspra quote forinjection molding was requestaad
subsequentlyrovided(appentk G).

Cost det ail s indtionARmodingpt al 6 s

The tooling material is aluminum. The lifespan of the aluminumappitoz20,000

cycles and it has two cavities, meaning the maximum capacity of details the tool can
produce is 40,000he cost for the alumimt o o | is 13,9000.

A batch size of 5,000 parts resultsinac@#o® 1 G, wi th an additional
or der lodéthedwortisiithe total investment cost of the injection molding, excluding
shipping and packing is:

13,900 + 2491 + 171 =866 2 (i

Suppose a quantity of 40,000 parts is needed, which is the maximum capacity of the tool,
the cost would be as follows:

40,000 / 5000 = 8 batches
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8x2491=1928 0

8 X

(t he

1 7 1 (total sét Gpec@sts)a

cost

f oeach 8

bat ches

of

5000

The total investment cost of the injection molding, excluding shipping and packing would

be:

13,

900 +

19,

928

+

1368 =

35,

19640

Howevernote thathis cost is assuming the batch order is limited to 5000 parts.
According to J. Haskovec, the batch sizes danrbased if requestddr example a

batch size of 10,000 parts or even 20,000 parts can be delivered\diiggeebatch size

wouldredu@ set up costand thus the total investment cost.

Tabld 5PresentiorPodtotal and Lear Corpocastn

Company Process | Part | Material| Quantity| Partper| Part Tooling | Total Lead
cost Cost Cost Cost Time
(a)| () (a) (o)
Prototal Injection A PA6 5,000 0.5 2662 13,900 | 16,562 4
Molding weeks
Prototal Injection A PA6 40,000 | 0.4982| 19,928 | 13900 | 35196 -
Molding
Lear Injection B PAG6 111,111 0.48 53,333 | 109,600 162,933 16
Corporation Molding weeks
Lear Injection C PA6 111,111 0.772 | 85778 | 93700 | 179,478 16
Corporation Molding ’ weeks
Lear Injection D PAG6 75,556 | 0.6913 | 52,134 | 199 550| 181,684 16
Corporation Molding weeks
w= Lear IMB Lear IM C Lear IM D Prototal IM Aluminum
£100,00
£50,00
‘% £10,00
5 £5,00
"a—-—‘__‘_______
£1,00

& &
FELLLF LSS LSS
Quantity

Figurd9Cost comparison betweeraRdot@tat Corporation
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Tooling Cost
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Figur@0Cost comparison of tooling costs between Prototal and Lear Corporation

4.3.3.5 Xometry

Xometryis a global manufacturing company based in Gaithersburg, Maryland, USA. The
services provided by Xometry include @hdehining Sheet Metal, 3D Printing and
Injection MoldingXometry were requested to provide a quote for HP MultudeinF
(appendiH). Xometryuses several different models of HP 3D printers, including the HP
Jet Fusion 521@ccording t&XometryBusiness Development Manager L. Guptis

The material requested was Nylon PA 12 Grey/Withitepart wilheed color finishing if

black cabr is desiredGuedes further commented that prices provided are approximate
and depends on the type and quantity of items or part requested.

Tabld 6 Presentation of Xometry and Lear Corporation costs

Company Process Part Material | Quantity | Part per | Part Cost| Tooling Total
cost ()a Cost Cost
(a) (a) (a)
Xometry HP MJF A PA 12 1 21.91 21.91 - 21.91
Xometry HP MJF A PA 12 1000 21.91 21,910 . 21,910
Lear Injection B PA6 111,111 048 53,333 | 109,600| 162,933
Corporation Molding
Lear Injection C PA6 111,111 0.772 85,778 | 93,700 | 179,478
Corporation Molding
Lear Injection D PA6 75,556 | 0.6913 | 52,134 | 179550 181,684
Corporation Molding
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Figur@1Cost comparison between Xometry and Lear Corporation

4.3.3.6

RYD Tooling is a manufacturer based in Shenzhen, China who specializes in plastic

RYD Tooling

injection molding. Capabilities include design, prototyping, mold making and injection
molding, from lowolume production to large volume production. A quote was requested
and provided by RY Tooling for injection moldin@ppendix), with PP apartmaterial
andsteel type 738, which is a-peedened stesimilar to P20astooling materiallhe

tool life is 300,000 cycles and the number of tool cavity Eheviead time for the tool is
35 days, while the lead times for the purchased parts only are presented in the table below.

Furthermoremarketing director K.Wu [#@xplained that RYD Tooliriave experience
of fabricating similar type of mofds European customers in the automotive industry

such as B

MW.

Tabld 7 PresentatioR¥D Tooling and Lear Corparaditsn

Company Process | Part | Material | Quantity| Partper| Part Tooling | Total Lead
cost Cost Cost Cost Time
(a) () (a)y (o)
RYD Tooling | Injection A PP 5,000 0.26 1,300 8939 10,239 | 5days
Molding
RYD Tooling | Injection A PP 10,000 0.24 2,417 8939 11,356 | 6 days
Molding
RYD Tooling | Injection A PP 75,000 0.21 16,077 | gg39 25,016 | 20 days
Molding
Lear Injection B PAG6 111,111 0.48 53,333 | 109,600 162,933 16
Corporation Molding weeks
Lear Injection C PAG6 111,111} 0.772 | 85,778 | 93700 | 179.478| 16
Corporation Molding weeks
Lear Injection D PAG6 75,556 | 0.6913 | 52,134 | 199 550| 181,684| 16
Corporation Molding weeks
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Figur@2Cost comparison between RYD Tooling and Lear Corporation
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Figur@3Cost comparison of the tooling costs between RYD Tooling and Lear Corporation
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5 Discussion

This section aims to analyze, examine and explaionitepts and resulisesated in
section 4, including potential manufacturing processexning of manufacturing
processes antemaining manufacturing processes, with focus on thesstostites
provided by manufactureihe analysis of the gathered data will yield proposed solutions
andprovideanswers to the thesis problem.

5.1 Potential manufacturing processes

The purpose of this subsection was to gain an understanding of the most common plastic
manufacturing processes. The knowledge was obtained through various sources,
predominantly literature. A total of nine manufacturing processgsasented: injection
molding, vacuum forming, reaction injection molding, compressaliingn blow

molding, rotational molding, CNftachining and additive manufacturing.

A brief recapof each manufacturing process will be done, beginning with Lear
Comorations current process injection molding.

Injection Molding
Injection molding is one of the most common plastic manufacturing processes used for a
wide range of applications, in particular automotive, industrial and household products.

The process bets by feeding plastic pellets or granules into a barrel via a hopper. The
pellets are pushed forward by a rotating reciprocating screw through a heated chamber,
shearing and melting the material in the process. The molten is injected through the force
of the screw into a mold cavity. The molten is then chilled down and solidified. Finally, the
mold is opened and the part is removed.

Injection molding offers many benefits such as high precision, efficiency, ability to produce
highly complex parts, flexibesect i on of materi al , l ow | abo
process requiring minimal supervision,-&ffsttive for mass production and little or

almost no need for subsequent processing due to high pressures which ensures good
surface finish. It is fast process with a cycle time of approx 30 seconds, depending on
complexity of mold.

The drawbacks of injection molding are mainly-fiated, asxpensivequipment and
tooling for injection moldingamount to high upfront costBue to the high presss,
temperatures and forces at work during injection and clampegpn molding is a
process that requires accurately engineered tod@setisitong, durable andn provide

good surface finiskEonsequentjythis means that injection molding nexguhigh volume
production to justify the upfront costs. At low volumes however, it would not be a suitable
or costeffective option.
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Vacuum forming

Vacuum forming is a subcategory of thermoforming where first, a plastic sheet is clamped
into a frame abovan adjustable mold and then heated. Upon heating the sheet becomes
pliable. The mold is moved upwards, stretching the mold and vacuum is activated which
causethe sheet to adhere with the mold surface, thus forming the part.

It is a simple and inexperesiprocess due to low pressures and forces involved, therefore
expensive tooling is not required. Molds are usually made out of wood and plaster.
Consequently, vacuum forming is economical for prototyping and low volume production.
Vacuum forming also offe material flexibility as most thermoplastics can be used.
However, the process has limited freedom in form, as only thin walled parts can be
produced. Posgiroduction processing such as trimming is often needed which causes
expenses, waste and longedipection time. Typical applications include baths and shower
trays, packaging, transportation and aerospace interiors.

Reaction Injection Molding

The RIM process is similar to injection molding but with a few exceptions such as
processing materialhere thermosets are used in RIM and not thermoplastics. This means
that material is cured, rather than only cooled as is the case with thermoplastics. Another
distinction is that injection molding uses one single mataakén plasticduring
injectionwhereas RIM uses twolymer liquids or reactants. These two reactants, usually
isocyanate and polyol, are poured into separate containers equipped with temperature and
feedcontrolling mechanisms where the material is properly conditioned. Pumpg transpor
the two liquids to the mixing head where they are mixed together and undergo a chemical
reaction, creating polyurethane which is then injected into the mold cavity.

The overall cycle is slower compared to injection molding and the raw materials used in
RIM are more expensive. However due to no heating of plastic, the lower injection
pressure and lower material viscosity, the product equipment is significantly less expensive
than injection molding and also makes it ideal for larger parts.

The process cdre used to produce low or high quantities of thermosetting foams. It is
commonly used to produce prototypes that will be injection molded because of low tooling
costs, while repeatability, part consistency, complexity and accuracy are high. The most
comma RIM material is PUR (polyurethane) which offers a high level of dynamic
properties, heat resistance and dimensional stability. Typical applications include
automotive bumpers and car interiors, domestic and commercial furniture such as chairs
and seatgnd also sporting goods and toys.

Compression molding

Compression molding is a manufacturing process most commonly used to produce
thermosetting polymers (such as rubber, polyester or phenolic), although it is applicable to
some thermoplastic parts adl.wepredetermined quantity of plastic material is placed in
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an open mold with two halves. The mold closes through applied hydraulic pressure and
heat, which forces the material to fill up the mold cavity.

It is suitable for medium to high volume prouciand tooling costs are moderate.
Compression moldinganproduce small or large parts with high quality surface finish.
Compared to injection molding it is less efficient and the cycle times are longer.
Compression molding and injection moldihgre a lot of similarities as the both use
matched tooling (although tooling for compression is cheaper) and both processes are
done under heat. The main difference is that injection molding is predominantly used for
thermoplastics and compression moldiog thermosetting polymers. Compression
molding also has limitations in form freedom and is not as suitable for complex designs.
Typical applications include electrical housing and kitchen equipment, buckles, rubber
boots, buttons, knobs, device casesppliance housing.

Blow molding

Blow molding is a group of processes including extrusion blow molding, injection blow
molding and stretch molding, used to mass produce hollow containers. Extrusion blow
molding (EBM) is the oldest, simplest and most contypenof blow molding. During

EBM, plastic pellets or granules are melted and extruded into a hollow tube, called the
parison. The parison is dropped in between two halves of a mold, one end of the parison is
sealed and the other end is open. The moldshate then clamped together and air is
blown into the open end of the parison which inflates and expands it. The parison is forced
against the internal surface of the mold cavity, thus taking the shape of the mold.

It is a favorable process due to essatility and can be used to process a variety of
container shapes and an extensive choice of material. It enables the production of
considerably large hollow products. The most compatible materials are thermoplastics such
as PP, PE, PVC and PET. It opesaat lower pressures than injection molding, which
makes the tooling less expengWhough relatively fast it is slower than its blow molding
counterpart injection blow moldingypical applications are mainly in the medical,
veterinary, chemical aconsumer industries to produce bottles, containers and consumer
packaging.

Rotational molding

Rotational molding is a process used to produce large parts of hollow and complex forms
with uniform wall thickness. The process inv@wepen mold mounted atie arm of

the molding hat rotates while being moved into a furnace where heat is applied which
causes the content inside the mold, in the form plastic powder, to melt and adhere to the
inner walls of the mold, thus forming the part.

It is costeffectie as the process uses centrifugal force, instead of pressure, to fill the

mold, making tooling less inexpensive than most other plastic manufacturing processes.
Although no pressures are involved, good quality and surface finish can be obtained. The
molds are usually fabricated or cast, and typically manufactured from stainless steel or
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aluminum. These factors make rotational molding suitable for low to medium volumes. It
is a slow and long process with cycle time between 30 and 60 minutes. The most
commony used material is PE, as it can be ground into powder at room temperature.
Other thermoplastics such as PP, PVC and EVA can be used. Typical applications include
tanks, large containers, furniture and toys.

CNC machining

CNC (Computer Numerical Controljaahining is a subtractive proves which multiple
processes and operations such as milling, drilling, lathe turning, routing and grinding. The
process begins by creating 2D or 3D &&Bign The CAD file is extracted by CAM
(Computeraided manufacturing) seére which generates the Gbifle. The code can

be seen as instructions which control and dictate movement of cutting tools, speed and
tool changeovers. Thdeis sent to the machine, and once the machset igpthe

operation can be executed. Thekpiece in a CNC machining process is usually a solid
block, rod or bar of plastic, or metal, which is shaped by tathiegor milling machine

through removal of material, it is therefore defined as a subtractive process.

Its applications are diverand it is used for both prototyping and mass production in a
variety of industries for shaping metal, plastic, wood, ceramic, composites and other
materials. It is most often used as apastessing operation for removing excess material

or boring hols. It is also used as primary operation in production, for example low volume
plastic parts that require preciseness, tight tolerances and geometries that are difficult to
obtain through molding.

The set up costs for CNC machining are low to moderattneadhe machines are set

up, the process will repeat a sequence with high accuracy and speed. Due to the process
being almost fully automated, little operator involvement is needed which results in low
labor costs. Time and money is saved by the @hditgectly create the part on the CNC

machine, as opposed to creating a mold. However, factors such as time and cost are highly
dependent on part size, complexity and design. Cycle time and part per cost increase with
part complexity. The process hastditiens in design as features such as undercuts or
curved internal channels would require a <c
able to access all surfaces, which would, either increase cost significantly, or not be possible

at all.

Additive manufacturing

3D printing is a process where a 3D object is built by depositing layers of material
successively, hence it is named additive manufacturing (AM), although 3D printing and
additive manufacturing can be used interchangeably. Any AM procasbybdgsign
through computeaided design software (CAD). The CAD model is exported to a file
format called STL. The SHile is thenconvertednto a Gcode. The @ode contains

tailor made building instructions of the model which control the 3D printer.

A favorable aspect of additive manufacturi |
changeover as opposed to the traditional manufacturing techniques, thus making the
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beneficial from a cost efficiency standpoint. The CAD model enables thetydssibili
create inventive and imaginative objects with a high degree of freedom Fadtors

such as material, cost, surface finish, mechanical properties and geometric freedom vary
depending on AM technology. Size is dependent on the build volum&Dfpheter.

Fused Deposit Modeling (FDMjtereolithograph{SLA) and Selective Laser Sintering

(SLS) are examples of common additive manufacturing techneitigieach technology

having their own unique process characteristics, applications, advanthges
disadvantages.

Summary
Several processes were covered in this study, but there are even more esabtished
manufacturing techniquesv ai | abl e t hat coul dove been i

limitations state, no more than ten manufacturing processes will be presented. Moreover,
for this particular application there are only a few realistic and feasible alternatives,
thereforeincluding more than ten processes, although fruitful from an educational
standpoint, would be redundant and insignificant for the project goal.

The section gave us an understanding of the processes in terms of their methodology,
characteristics, applications, athges and disadvantages. The knowledge was obtained
through various sources such as literature, science based articles and wékhsources.
sources were deemed reliable and the information obtained was considered sufficient in
order to perform the next gtewhich was the screenifigpe sources were interpreted in
relation to the desired application Hreteaftethe manufacturing processeere judged
applicable or applicable.

5.2 Screening of manufacturing processes

The knowledge obtained about the potential manufacturing processes in the previous
subsection was used the foundationto perform the screeninhe purpose of the
screeningvasto eliminate and filter out inapplicable processes with regard to a number of
factors derived from Lear Corporations requirements and prereqinsitpsocesses
deemed plausible were kept and evaluated fésthexrentual flaw with the screening is

that the data used as grounds are sotehpretations oliterature, science leasarticles

and web sources relation to the applicatiowhereas @might sugge#tatan opinion

of, for example a manufacturer that provides services related to aforementioned processes
would complement the sources in order to makeoie legitimateand authentic
judgement during the screenikipwever, theoutcome of the screening was deemed
reasonable according to our university supervisor and we chose to proceed without
approaching any manufacturers during the screbtorgpver, contacting maaaturers

for all nine manufacturing processes amditingf eedback before procee
resulted in idle time, which would be inconvenient due to our time constraints.

TablelO illustrates the screening of manufacturing pradegsetson moldingvas set as
the reference andasintendedbeforehando be kept andevaluated further due to its
compatibility with the desired application and the possibilities of optimizing the process in

termsofcostA 0+6 indicated that a process had a
parameter than injection molding in relati
process had the same quality in a-certain

indicated that a process had a negative quality in a certain parameter in relation to injection
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molding. Resudbf the screening showed tha¢ processonsidered most suitable for the
application in relation to the reference was additive manufacturinge Adaitufacturing
was found to offer many favourable benefitsonly issue was tslewproduction speed
and longer cycle times in comparisomjextion molding. However, the pros of additive
manufacturing outweigtithe cons anthereforat waskeptfor further evaluation.

The other manufacturing processes were screened out due to variousstehsass,
limitations in complexitysizeor materialA recap of the rationale behind deeming the
processes inapplicable will be done below.

Vacuum forming

Due to its limitations in part complexity, inability to form intricate qragarts with
uniform wall thickness, it wdsemed inapplicable and thereby dismissed from further
evaluation.tlcouldpose as a competitive option for visual prototypes luld wot be a
favorable option fothis particular endse in comparison to injection molding or additive
manufacturing.

Reaction Injection Molding

The disadvantage d®IM for this particular application is that oibly processes
thermosetting polymers. i$haspect makes RIM inapplicable as it does not produce
thermoplastic parts.

Compression Molding

Although compression molding can process materials such as advanced composite
thermoplastic, it is similarly to RIM mainly suited for thermosetting polyeterassu

rubber which, along with limitations in part complexity, makes it inapplicable for the
desired application.

Extrusion

Extrusion has restrictions in part complexity as it only produces parts with uniform cross
section such as rods, tubes, films aeetsh This conflicts with the requirements of
desired application and was thereby dismissed from further evaluation.

Blow molding

Similarly to extrusion, blow molding is limited to a certain type of shape (hollowand thin
walled parts such as bottlesantainers). It is also restricted in terms of size (usually large
parts) and was consequently deemed not suitable for the desired application and therefore
eliminated.

Rotational molding
Rotational molding was deemed inapplicable desttwtionsn materialshape {ollow
parts) and speed(slow process).

CNC machining

Although it can create parts with tight tolerances and geometries that are difficult to mold,
CNC-machining has some limitations in part complexity. For example, features such as
undercuts or curved internal channels would either be impossible to ecezptieectool
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access that would raise part cost significantly. For this reasenaChfing is deemed
inapplicable as additive manufacturing trumpsi@akhining in geometric freedom, €ost
effectiveness and suitability for desired application.

In summay, processes were deemed inapplicable mainly due to limitations in part
complexity, shape or materialbd@sses such as extrusiatational moldingnd blow

molding were dismissed as they can only produce a certain type of part geometry such as
long pats with uniform crossection or hollow and thimalled parts. Processes such as

RIM and compression molding were dismiss@dlydue to the fact that they only or
predominantly procesthermosetting polymers and not the desired thermoplastics
Vacuum foming and CN@nachining ffer several traits thafavour low volume
production buhavelimitations in part complexity.

However |t is important to emphasigeat plastic channels come in varying shapes, size,
volumes and part complexity. Moreover, LeampdCZation is considering making
alterations in design and material in the futuiie.offens ugeverabpportunitiesand
alternative ways to approach the stddigh may allow thprocessesliminated in this
screening as well as processes outside tléndoinplastic manufacturitg possiblybe
applicabldor the application.

However,exploring all potentimutcomes and reviewing every single channel or bracket
independentlyvould be too extensive a study for outime frame. Analyzingroduct

design or choice of material, albeit closely related to manufacturing, is a separate field of
study itself whichwould requirea separate thesis or report in order to be examined
properly Consequently, we chose not to cdkiese aream this study due to time
constraints. Irthe screeningve looked at the channels as a whole, in relation to factors
such as material, size, shape and complexather wordsa general approactas taken

andthe benchmark model was basedmjaction molding athe precedents well asn

the premisdhat theideal manufacturing process should be able to manufacture all types of
channels regardless of complegiaeor shape.

5.3 Remaining manufacturing processes

The aftermath of the screening was to evaluatergining manufacturing processes
further, partly through literature and science based articles. The subjects examined in this
section were areas that could be potentially interesting or relevant for our application as
well as future quote requests aradyaisThese subjects include mtudling for injection

molding, aluminium tooling for injection molding, the HP Multi Fusion Jet technology,
advantages of 3D printing in the automotive industry, cost mechanisms of additive
manufacturing and rapid togjir

The approach towards injection molding in this subsection was to answer the questions
raised in the screening:

What factors constitute the high upfront costs?
Can the process potentially be modified in order to decrease upfront costs?
If so, whatwould be the following consequences?

The answers to these questions were made based on the knowledge obtained through
literature. According to D.Kazmer [3fiere were three main parameters that affected part
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cost in injection molding: tooling cost, material cost and processing cost. The distribution
of these costs varies depending on the part complexity, size and volume. However, in most
cases the toolingestitutes a significant part of the total costs and is the single most
important investment in an injection molding project. Morefaators that affect the

costs of the mold itself is material, cold runner or hot runner systems, number of cavities,
pat complexity, size, volume and choice of thermoplastic.

Tool material is a factor that has a significant impact on cost. Steel is a strong and durable
material that has a long lifetime, but is expensive. Note that there are various grades of steel
which @n fit different application. Aluminum would decreaséf¢hime of the tool, but

is cheaper than steel and could be-eftesttive for lower volumes. This answers the
guestion as to whether injection molding can be modified in order to decrease upfront
costs, which is for example changing the material of tool. The repercussions of using the
aluminum tool would be as mentioned a shorter tool lifespan and possible deterioration in
part consistency. However aluminum would speed up cycle times duessosaioititas

thermal conductivity and heat dissipation which in return leads to quicker cooling and
heating times. Aluminum is an easier material to machine in comparison to steel, which
would further decrease costs.

The approach towards additive manufaugjun this subsection was to further understand

the technology and examine the feasibility of additive manufacturing in relation to the
application, by studying science based articles on the costs mechanisms of additive
manufacturing and integration in ghgomotive industry. Moreover another 3D printing
technology, HP Multi Jet Fusion, was presented as well as the capabilities of Hewlett
Packards newly released OHP Jet Fusion 520
technology is able to printnmuch faster speeds than its 3D printing counterparts and also
enables migolume production. Although there are restrictions in material, as the process
currently only produces PA 11, PA 12 and glass filled PA 12, it will expand its material
portfolio in thefuture.The qualities of HP MJF were interesting and potentially applicable
for the desired application. Its feasibility was therefore further explored in the cost estimate
section.

Rapid tooling was also presented as it was deemed relevant for thisedimdtg ability

to combine injection miihg and additive manufacturiftgis a method used to create

tools for traditional manufacturing proessssing additive manufacturing, for exagiple
printedinjection moldsThrough rapid tooling,&t posdile to reduce lead time for tool
manufacturing and achieve lower cost compared with aluminium or steel tools. However,

rapid tooling has its disadvansagmmpared to a tradnal tool manufacturing, as it has

shown to result in lower quality thfe end producand is only suitable for prototyping and

low quantity manufacturing I n t hi s point in time it woul
molds for volume productiprbut it is an emerging process under progress which has
potential to be comfpigve in the future.

Ultimately, cost estimates were requested from manufacturers in order to make cost

comparisons with the current process and consequently identify theffentee
alternatives. We approached various manufacturers who spemg@iztgom molding for
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low to midvolume applications and/or additive manufacturing procéske&\M
technologies but HP Multi Jet Fusiaas requested particular).

Due to confidentiality reasons, the original parts were not allowed to be shared with
manufacturers. In order to request for a quote, one of the current models was modified in
agreement with Lear Corporation and distributed to various manufacturers, along with part
requirements such as material, surface finish and quantity. This candokaggdtdw in

the study, as the cost estimates provided are only valid and representative for a particular
part and not all other plastic channels provided by Lear Corporation. However, it was not
feasible to request a quote for every existing chanbehatiet due to difficulty of
accessing the complete set of channel s, an.
them without altering the design of each part, and subsequently get approval from the
company before presenting them to manufactiifers, a modified sample part was sent

to receive a rough cost estimate.

Letds examine each cost estimate respective

Danke Mold

Danke Mold provided quotes for injection molding tooling as well as a prototyping
quotation. The costs were compared in table and figure. It should be noted that these
comparisons are slightly skewed and inaccurate, due to different parts beingapebduced
therefore different tools being us@tleg parts, although similar, vary in size, shape and
complexity, which is a critical aspect of costs. Therefore comparing costs of different parts
with different tooling might be inappropriate or vague. However, the reasoning behind
comparing costs was tovgithe reader as well as Lear Corporation a context and a
perception of Danke Molds (and the others manufacturers) costs in relation to Lear
Corporations current costs.

As illustrated in figui& the initial cost for injection molding with Danke Moldsgss is
significantly cheaper than Lear Corporation. A reason for this drastic difference in price is
the tooling costs for each process, presented il iaid figuretl. Tooling price for part

D with Lear Corporation is 25 times the price of part A with Danke Mold. There is a
natural explanation for this, apart from the size/shape/complexity aspects mentioned
earlier, the Lear Corporations tool is designed for a lifgthchection of 7 years with an
estimated annual volume of 75,556, which result in a total of 528,892 parts. Moreover, the
tool has a lifespan of 1,000,000+ cycles. Danke Molds MUD tool, in contrast, has a
lifespan of 50,000 cycles and is designed to probl@@® partsif Danke Molds MUD

tool wasto deliver parts ia program lifetime of 7 years, it would be a total of 100,000
details with an annual volume of approximately 14,285 parts.

Nevertheless, Danke Molds injection molding process is seemiogéy @seffective

choice at lower volumes of production. Danke Molds prototyping options aspler
recommendations from company representative T. Tan not be suitable for this application
due to the parts not being functional or possessing the matlpaoperties required.
Moreover, Danke Molds injection molding process is cheaper and meffecidgt as
illustrated in figureHowever, Tan suggest thBanke Molds additive manufacturing
akernatives could be used as prototypes or testing.
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In conclwsion,provided the cost estimates frBanke Mold are authentibar injection

molding proceswith MUD toolingcould poseas a competitive option for low tad-

volume production of plastic wire chels or brackets, as per Lear Corporations requests.

It is a way of modifying the current process in order decrease upfront costs. A
consequence would be the shorter lifespan of tool, which would compel Lear Corporation
to change tools more frequenggarding the quality of parts, it is not cleatheras to

the Danke Mold procesan providehte same quality as current,@sethere has been no
testing However, it does produce parts of the same material as the current process (PA6
andPP)which motiates the assumption that parts theesame, or sitar, properties.

Protolabs

In contrast to the other manufacturers, there wa# @t contact with the compaand
therefore nofeedback provided by company representatives regarding the parts or the
chosen processes for this Protolabs quote. The gastecquired through Protolabs self
service web portalvhere the user choose desired process and provide the part
requirements which generates@iomatednstant quote. However, this was only possible

for additive manufacturing technologies and notioypetiblding, which had to be quoted
manually

The additive manufacturing technologies chosen wevatBIP® as part materaaid HP

MJFwith PA12 as part materisddJF waslightlycheaper than SLS, with a unit &4t G
compared to SLS whichhasaanit s t  Bhére v8a8B rip .estimated lead tifilne cost
estimates confirmed what Dickeasd others sources establish#dht additive is
manufacturing igiable and more cesffective than injection molding at lower volumes.

In the case of Protolabs costs for additive manufacturing technologies versus Lear
Corporation injection molding costise brealeven point as illustrated in figure 1§,

around 5,00@etails where injection molding thereafter becomes the cheaperAaption.
there was no assessment made by company representative regarding the parts in relation to
the application, it isnconfirmed whether it is actually feasible to manufacture upGo 5,0
details with said processes for this particular part.

In conclusion, provided the costs from the automated areatecurate and assumthg

technologies produgarts with the same quality and mechanical properties as the current
process, Protolabs S or MJF technique could be viable for volumes of 5,000 parts or

lower. Due to MJF being faster and cheaper thait BLife more cosffective option

of the two processed.owever, further expertise from th
to discuss theumbers presented in the quote as well as an assessment of the part in
relation to the AM technologies.

Forerunner 3D Printing

Forerunner 3D Printing provided a quote for HP MIBE.company uses the HP MJF

4200 printer which is a precursor to the neldpased HP MJF 5200 SeBasilar to

other additive manufacturing processes, it confirms what Dickens presented in his study;
that the cost for AM processes are static and the slope is zero as illustrated in figure. The
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breakeven point for Forerunner8s MJF costs in relation to L
molding costs, similarly Rwotolabs ispprox5,000 detail§.he part material is PA12.

Company representative D.Fritz provided further information on their approach to
customers deciding betweewt And IM as well as guidance for the provided part in
particular. Fritz stated that details bigger than two cubic inches, such as the provided part,
would be applicable and ceffective for volumes up to 2000 parts. However, if the part
isaroundonecubc i nch i todés feasi bl elnpteeryordgduce par
size of part is essential and can improve profitafulitiiermore, Fritz suggested a

solution called bridge production that Forerunner 3D provides, which could be a favorable
soluion for Lear Corporation depending on situation. With bridge production, a company
canuse the idle time, waiting for their injection mold to be manufactured, to fill orders of
3D printed parts which allows production to begin earlier, and once the nesadly ithe
company can switch over to injection molding.

In conclusion, HP MJF would be a competitive option at low volumes. For plastic
channels or brackets around one cubic andbrs up t&,000 partsould be a cost

effective alternative for LeaorporationHowever, vth channels bigger than two cubic
inchessuch ashe sample panto more thar2,000 parts are feasible. Bridge production is a
solution that would allow Lear Corporation to combine injection molding and HP MJF
increasing flexibiitand reducing lead time while doing so. As is the case with all other
manufacturers, it is uncertain whether the parts will be of the same quality as the current
one, however according to HP their PA 12 parts are $tmoaiipnal with good

mechanical pperties such as mechanical and chemical resistance.

Prototal

Prototalevaluated the part and made the asses$m@memnjection molding would be the

most suitable process. Although their additive manufacturing processes could manufacture
the partinthegr, it wo ul thnvélume preducpon due to pacea |

Prototal uses aluminum tooling for injection molding which decreases upfront costs
significantlyPart material is PABhe tool life is 20,000 cycles and has two cavities,
meaning its maum capacitwould be 40,000 parts, which confirms the theory presented
about aluminum tooling regarding the shorter lifespan in comparison to steel tooling.
However, cycle times and machinability for material would imptbggrogram

lifetime was Years, like the current Lear Corporation tool, the annual volume of parts
would be 5714t Lear Corporation desires higher volumes, the tool would need to be
changed.

In conclusion, changing to aluminum tooling would be a feasible option for Lear

Corpoation at low volume production. The aluminum tool would decrease upfront costs

and speed up cycle time. Thasequence asless durable tool which wouldchebe

changed more frequently. Aluminum is said to have less part consistency than steel,

howeve it i s wuncl ear as t o stodlaEncentdasndtbeant 6s t he
tested.

Xometry

Xometry uses, amongst other HP MJF printergjRhéet Fusion 5210. The part material

is PA12 and the breaken point between Xometry costs for HP MJF and Lear
Corporations costs for injection molding are, again, approx around 5,000 parts. Although
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company representati@eiedes state the prices esenaae approximate, the unit costs are
the | owest of all the additive manufacturin
is a further contribution to the notion that MJF is aeftesttive AM technology.

In conclusion, Xometmyrovides the cheapest AM and HP MJF alterraatd/eould be
viable for volumes up to 5,000 patswever as company representative state, these costs
are only approximasad could change depending on the type of part.

RYD Tooling

RYD Tooling assessdtktpart and provided a quote for injection molding. The tool is of
steel gradé38andhas a lifetime &00,000 cycles witlo cavities. This means the tool
could produce a maximum of 600,000 parts. If the tool hagramrlifetime of 7 years
such agear Corporation, the annual volume woul@3él14 parts. The part material is
PP. RYD Toolingvouldsubstantialliowerthe upfront costsn comparison to Lear
Corporatioras well as reducing lead tiR¥D Tooling could be viewed as the middle
ground beween Lear Corporations current process and the earlier presented MUD and
aluminum tooling from Danke Mold and Prototal, as it decreases the high costs of Lear
Corporations tool while offering a more durable and strong tool than Danke Mold or
Prototal

In conclusion, fomid-volume productioof plastic channels or brackete e r e Lear &s
current tool would be too costly and the lifespan of the MUD or aluminum tool would be
insufficient, RYD Toolings offer could prove to b@jppropriate option andyaod tade

off due to decreased costs and lead time while simultanfetisly a solid tool.

Summary

Severamanufacturers were approached and a total of five manufaespensieéand

provided quotations for the sample part, while one quote was aut@hetbedse a

wi der range of data in ter msandyieldesmoree quot es
nuancedliscussion and proposaleawéver, companies decision to engage in this matter

or not areout of our control and therefore we aarly examine the presented results.

Nonetheless, the quotes did gigsired results that assisted in providing answers for the

guestions raised in the thesis problem, as it confirmed many of the theoretical concepts
presenteas well asur ownpresumptionsrhe diversity in the results also allows for

di fferent solutions, dverpowen tvé arecawaverthatL e ar 6 s pr
injection molding and additive manufacturing are like any other service or product in the

sense that price can heavily flatetdrom one manufacturer to the ottheée to a plethora

of reasons affectimgice andthereforechoosing onsinglemanufacturer that represents a
process®a whole from a cost perspective is obviously biased and invalid. Hlosvever,

cost for a certaiprocesshoud ratherbeviewed as a specimen that provides a rough

estimate.

The cost estimates as a whole confirmed what Hopkinson and [8Zkestblished in

their study, traditional injection moldimags high upfront costs that exponentially decay

with higher and increased volumes (such as
manufacturing has a static cost with zero slope, meaning cost remains the same irrespective

of volume. The breakven pint between injection molding and additive manufacturing

varies between different manufactusard technologiesbut a recurring theme was
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additive manufacturing shovibe a cosgffective option at volumep to approx6000
parts

However, applicatio suitability in terms of quality and mechanical properties differ
between AM technologies, whereas Danke Molds SLA process was only suitable for
prototyping, testing and checking features while HPaMJ&ble to produdenctional

parts for endise apptiations. The size and shape of part is also an important aspect as our
sample part was deemed too long and big in order to be feasible for volume production
according to some ARanufacturers, due to the amount of gagtag able to fit into a

build.

As for additive manufacturing technologies, HP MJF defiptegsas the most
interesting anduitableoption for the desired application, and although it could already be
implemented by Lear today for low volume production or lpiddaction, its abilés is

said toimprove through adncements efficiency, printing speadd material portfolio,
which will allow it to be even more applicable and relevant for Lear in the future.

Furthermore t h e high upfront cost s ofld bbear 6s
significantly decreased through changing tooling, for example to MUD tooling provided by
Danke Mol d, aluminium tooling provided by
These alternative steel mold have a shorter lifeasdais less wear reaidtthan the

current one, but consideringdr isexpecting lower volumes of production which yielded

them to pursue a cheaper opti oconcermMn t he
three processes are compatible with the thermoplaséd in theurrent process (PAG6,

PAG6 or PP).

Danke Mold was shown to be the cheapest option, thefefeiMoolingand the

Prototalbeing the most expensive of the threterms of tooling costs RYD Tool i ng &
738 steel t ool has the | ongest | ife span (
second longest (50,000 cycles) and Pro@dtetsnumtool has the shortest life span

(20,000 cycles). Each tool had a tool cavity number of twagrtbaninaximum capacity

of each tool is 600,000(RYD Too0)jnt00,000 (Danke Mold) and 40,000(Protpéats

before a tool change is necessHmg. most suitable optiatkepends on the quantities
requiredtherefore several proposals will be presented.

Lagly, one of the questions raised in the problem sectionanabe new manufacturing
process produce parts with the same, or similar, properties as the current one and thereby
meet the technical standards of the automobile industry?

This give rise tacorcerrs asit is unproven whether the parts produced by any of the
aforementioned companies and their processes can produce the same quality of parts as the
current one. Obviously the companies themselves claim that the parts are fully functional

and of grelaquality but those statements <canodt be v
Howeverthe material of parts produdegthe processéBA6,PA12 and PP) are same or

similar to the current ones, whiehds to thassumption that theyventually could have

same or similar mechanical propewied qualityHoweverdue to the fact thatone of

the parts havieeen testeds perautomakerstandards, the question raised in the problem
sectionunfortunately remains unanswer€kis might be a matter that Leagniselves
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would have to control o ested amdrchaode itog@laberatea s s u mi
with any of the companies included in the cost estimates.

Figure 24 presents a summary chart comparing all provided cost estimates along with
Leards cost s.

Figur@4 Summary of all cost estimates and Lear's costs

5.4 Proposals

The purpose of the thesis wasdentify, evaluate and present variouseffesitive plastic
manufacturing processes that could eventoglace the current process, and the
questions raised in the problem section was as follows:

Is there a suitable and ceffective manufactugnprocess that can replace the current
one?

Can the new manufacturing process produce parts with the same, or similar, properties as
the current one and thereby meet the technical standards of the automobile industry?

Is it possible to make the currentqass more cosffective?

This subsection strives tmswer these questions in the form of preseméngus

solutions, and thus fulfilling the purpose of the th&sisnentioned earlier, due to the
varying quantities ofsngposshle o presenhomensupeiios or
option, but rather suggesting several proposals depending on required quantity.

5.4.1 Alternative tooling

The primary proposal presented to Lear is to choose an injection moldingvitfocess
cheaper toolg This allows La to keep utilizing the benefits of injection molding at
lower volumes of production while simultaneously saving costs on tooling, and thus
decreasing the upfront costs.
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In this study three companies providnpgctionmolding servicasere presented, each

with different type of tooling: DankeoM, Prototalor RYD Tooling The cost estimates

of each company showed a significant decrease in toolinQuwetislifferencein

tooling material and lifespan of toolrighese three presses, proposals for each one

respectivelwi | | be presented below in relation to

54.1.1 Danke Mold

Danke Mold injection molding offer is a viable and -eff&ctive option for low volume
applicationsAs illustrated in figure 2Banke Mall injection molding with MUD tooling

displayed the cheapest upfront costs of all cost estimates provided in thisretatign

to Lear 0s c mdidguse 16, Baske dids procesa woeld decrease tosts

by 105, 1730 f or ppaartt CB,a n8d9 , 12278 Nbldf@avidedor par
cost estimates for two injection molding optionewith PA6 as part materahd one

with PP as part materialith the latter one giviray cheaper unit costhe toolcould

produce up to 100,000 ditt of the sample part provided. The propoaalfidiows:

Choose Danke Molds injection molding offer for parts with material PA6 or PP and
guantitie®f 100,000 parts or lower.

54.1.2 Prototal

As illustrated in figure 2Rrototal injection molding witdluminumtoolingwas shown to

be the most expensive out of three injection molding progesesented in the cost
estimatesAlthough Danke Mold and RYD Tooling are more -effsttive for the
particular part provided,n RPmotretl altd o no ft foe rL
costs as it decreases tooling cossby, 7000 TD,r8 @& tf Br, part C a
for part D, as illustrated in figure Breoverthe aluminum molavould offer further

benefitssuch as faster cycle times @asler machining.

In conclusion, the Prototiajection moldings a suitable and cestective option for low
volume production. It could produce up to 40,000 details of the sample part provided. If
Lear desires more para new tool would have to be procurée. proposal ias follows:

Choose Prototals injection moldiafjer for parts with material PA6 and quantities of
40,000 parts or lower.

5.4.1.3 RYD Tooling

The RYD Tooling molés the most durable of the three injectimlding offeswith a

lifespan of 300,000 cycliess the second most expensive out of three injection molding

offers in terms of mold priceYD Tooling becomes the ma®steffective optiorat

40,00(partsand above in relatida the other offersas illustrated in figure 24.

I n relation to Leards costs RVYLDOT 0606l1lidn gf dosr ©
part B, 84,761 for pasilustrated imfiygue 2Bc@ul@, 6 114G f or
produce roughlg00,000 parts until the tool would need to be repladced.s a compet it
option for low to medium applicatiarhe proposal is as follows:

Choose RYD Tooling for parts with material PP and quantities of 600,000 or lower.
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5.4.2 Bridge production with 3D Printing

As figure 24 illustrates, nearly none of the AM technologies were mefiecibat than

the injection molding offers at quantities over 1,000 parts for provided sample part. The
only exception was Danke Mold SLA ARS&, which was less expensian tRrototal IM

offer for volumes slightly above 1000 parts. These particular 3D printed parts would not be
functional and only applicable for prototyping.

However,m r el at i oumrenttosts, teeeaal ablditive manufacturing offers were
costeffective up to 5,000 parts. An essential part of 3D printing is part size, the smaller the
parts the more parts can be fit into a build of production, and thus a higher volume can be
fabricated. Duto the sample part being bigger than two cubic inches, it was recommended
for production up to 2,000 parfhe additive manufacturing technologies presented were
SLS, SLA and MJF. HP MJF was deemed to the most suitable tectunotbgy
applicatiordue b its capabilities and cost.

Although HP MJRs acompetitivealternativdor volumes ranging from3D00, injection
molding would be a more suitable option if higher quantities were required. However, HP
MJF could still be involvéxl the procesthroughcomplementing the injection molding in
bridge productionVhile waiting fotheirinjectionmolding tool to be manufacturéear

canuse he idle time to fill orders of 3D printed parts or manufapansin-house by
purchasing a printan order to bgin production earlier and reduce lead time. Once the
mold has arrived, switch over and proceed production with injection maolting.
proposals are as follows:

Choose HP MJF with part material PA12 and quantities of 5,000 or lower.
Choose HP MJF for bridgoroduction with injection molding.

5.4.3 Problem review
Once again, the questioassedn the problem section, as welirethe beginning of this
subsection were as follows:

1. Is there a suitable and eeffective manufacturing process that can replace the
current one?

2. Can the new manufacturing process produce parts with the same, or similar,
properties as the current one and thereby meet the technical standards of the
automobile industry?

3. Is it possible to make the current process morefitestive?

L e redGienv them respectively, beginning with question 1.

Is there a suitable and cost-effective manufacturing process that can replace the
current one?

There were several suitable and-effsttive solutions that could potentially replace the
current one fordifferent prerequisites and providéde new volumes Lear expect
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materialize. They are deemed suitable anéffaxdive as they adesigned fotower
volumes of production, decrease the upfront costs and fulfill the requirements of the
application.

Can the new manufacturing process produce parts with the same, or similar,

properties as the current one and thereby meet the technical standards of the

automobile industry?

Due to the fact that none of the {sahave been tested as per automakandardshis

question unfortunately remains unanswered as there are no ways to test and ensure the
quality of the parts fabricated by the manufacturers who provided offexsmplamies

claimthe parts are fully functional and of great qualitythose statemens c an 0t be
judged as reliable onbiasedHowever, the material of parts produced by the processes
(PA6,PA12 and PP) arthe same or similar to the current ones, which leads to the
assumption that they eventually could have same or similar mechapectiegprand

quality.

Is it possible to make the current process more cost-effective?

There are possibilities of modifying the current process through changing the mold, for
instance to a MUD, aluminum or steel grade 738, and thus deo@easimgosts

significantly and making the injection molding process suitable for low volume production.
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6 Conclusion

Lear Corporation iaglobal automotive supplier that provides,raystoother services;

systems toarious autenanufacturersAn essential element of tBesystems is the wire
harness. While assembling and structuring a complex network such as the wire harness,
componentsgeh channels and brackets are essential in order to fasten and protect the
wires. These components are currently made adberofiglasticmaterial The current
manufacturing process used by the company to produce these plastic parts is injection
molding Injection molding is one of the primary means of manufacturing plastic parts. It is
used for a wide range of applications and offers several benefits such as high precision,
efficiency, speed, ability to produce highly complex parts and flexible sélecttenal.

Due toexpensive tooling and equipménmjection moldingmplicateshigh upfront costs

and is therefore used for mass productitrere price per unit decreases and the initial
investment can be justified.

However, the current trend in theamotive industris hybrid and electric cars whiah ar
manufactured at lower volumes. Tinieturn decreases the production of plastic channels

or brackets.Consequently the current injection molding process becomes less cost
effective. This promptedebr Corporation to pursue other alternatives for the lower
volume of production which could replace the current process, and thus this thesis was
carried out.

The purpose of the thesis was to identify, analyze and suggest alternative manufacturing
processs that could potentially replace the current one. Furthermore, the substitute
process should be able to deliver parts of the same or similar quality and properties as the
current one. Another aspect which would be examined was whether the current process
could be altered in order to decrease costs and be feasise abllames of production.

Several limitations were set, mostly due to time constraints as the thesis was done over a
10week period. Therefore, the approach for this thesis was to baswitiee of
manufacturing process on existing parts, and not exploring the possibility of altering part
design or materiakFurthermaoe, theanalyzeg@omponentsnclude wiring plastic channels

and excludetherparts used in the wire harness such as sippsind metal bushings

The objective of the plastic channel or bracket is to protect the wire harness from
mechanical, thermal and chemical influence. The task of the wire channel or bracket is to
define and fix the location of the wire harness inethielg. The wire channel or bracket
should also prevent any noise and rattle coming from the wire harness. Plastic channels or
brackes can vary in size, shape, complexity and volume depending on its use and location
in the car. They are currently maddtmrmoplastics such as PA66, PA6 or PP.

The information and data presented in the thesis were based on Btauatasscientific
articles, weditesand direct communication with various manufacturing companies as well
as our company advisors. The sources were retrieved through various search engines,
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databases and portals including the University West library, DiVA, Chalmers Open Digital
Repositoryl IBRIS, Google Scholar, Google and Amazon.

The study presented nine potential manufacturing processes including: injection molding,
vacuum forming, reaction injection molding, compression molding, blow molding,
rotational molding, CN@achining and addid manufacturing. This was done to
introduce the most common plastic manufacturing process and acquire an understanding
of their respective characteristics, applications, advantages and disadvantages. The
knowledge was obtained predominantly thrbiegfiure, but also viaeb based sources.

The knowledgeprovided from the sources was interpretedelation to thedesired
applicationand thereupon a screening was perforifexpurpose of the screening was

to screen out processes deemed inadequateef@pifitication. Table 10 present the
screening, where injection molding was set as the precedent and additive manufacturing
was shown to have positive qualities in relation to the reference and thus the application.
Therefore, additive manufacturing watuated further along with injection molding, due

to the question raised in the problem section regarding the possibility of #uapting
current process to the new circumstances. The other manufacturing processes were
deemed inapplicable due to variousoresg such as constraints in part complexity, shape
and material.

Further aremawere presented regarding injection molding and additive manufacturing that
coud eventually be relevant to #yplication such as injection molds, aluminium tooling
for injedion molding, the HP Multi Jet Fusion technology, economics behind 3D printing,
the benefits of 3D printing in the automotive industry and rapid tooling.

Ultimately, quotations were requested to various manufacturers who provide services
related to injen molding or additive manufacturing in order to get a cost estimate, and
thus further analyzing the feasibility of the remaining processes. A reproduced sample part
of Leards plastic channel was distrmofi buted
six quotations were provided, containing cost estimates for both injection molding and
additive manufacturing.

These cost estimates were then each respectively presented along with Lear Corporations
current costs, in order to make cost compariaod give context to the numbers
provided.The results of the cost estimates showed that there are multiple options for Lear
to decrease the costs. The most viable option would be to change the injection mold to a
cheaper one and thus substantially decrebsingftont costs. The options presented in

this study was MUD tool from Danke Mold, aluminium tool from Prototal and tool with
steel grade 738 from RYD Tooling, with the MUD tool being the least inexpensive. The
ramifications of changingolowould be aleterioration in tool strength and durability, as
these tools have life spans of 20,000 (Prototal aluminium tool), 50,000 (Danke Mold MUD
tool) and 300,000 (RYD Tooling) cycles respectively, in contrast to the current tool that
has lifetime of 1,000,00€ies.
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As for additive manufacturitdgP MJF was deemed as the most interesting and applicable
option due to its capabilities such as speed,gamshetric freedomnd fabrication of

functional, endise partsticould be a cosffectivechoicefor volunes up to 5,000 parts,

which washe approximatéreakeven pointn the mostcasésor Lear 6 s 1 nject.
andthe additive mnufacturing presented. However the volume is depending on part size

and shape, and it the case of the sample part delivesad, seen as too big for
production up to 5,000 parts and could be viable for 2,000 parts at most.

Furthermorealthough HP MJF will not be able to fully replace or compete with injection
molding at higher volumes than 5000 parts at this point inhéreejs a way to combine

the two processes and utilize the short lead times of HPinMsl:- called bridge
production.Manufacturing of tooling for injection molding can be a lengthy and slow
process which causes idle time for customer. However throdgbk broduction,
customerscan begin production earlier by filling orders ofp8bted parts, enabling
flexibility and shorter lead timesid® the tool has arrived the customer can switch over
and continue production through injection molding.

Due to the variety in volume of the plastic brackets or chaitnela s fedsible to
formulate one exclusive proposar suggestion. Therefore, several proposals were
presented based on differgmerequisite. The most cedtective choice and thus the
primary sggestion was to change the tooling used for injection molding, which would
allow Lear to continue utilizing the benefits of injection molding while iecugdiont

costs substantiallyFurthermore, complementing injection molding with additive
manufaairing (HP MJF in particular) was presented as the second proposal.

The proposals answered the questions raised in the problem regarding if there was a
suitable and cosffective process that could replace the current one as well as if it was
possible tanake the current process more-effsictive. However, the question regarding

if the new manufacturing process can produce parts with the same, or similar, properties as
the current one and thereby meet the technical standards of the automobile industry
remai ns unanswered. The answer coul dndt be
testing done as pautomakerstandards to ensure that the parts have the satisfactory and
suitable qualitfdiowever, the parts produced by the suggested processéleasammie or

similar material as the current ones P&6,and PA12) which could indicate that the
material properties would be same or sinités.might be a matter that Lear themselves
woul d have to control or i ncheosetta cgllabiorate a s s u mi
with any of the companiéxluded in the cost estimates, or perhaps it might be further
examined in another thesis or project.
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A: Danke Mold Molding Quotation

D) danke mold Danke Mold Molding Quotation

Vishnu Nair
vishnupuchi@gmailcom
Quote No. : M202107 Quote Date: May. 9th, 2020 Cumency: usbD
Pos. Part Name Process Finish Part Material Color Unit Price Quantity Part Price
1 ModifieradBLA Infection Moiding PAG6 or PAG Black 071 1000 710.00
2 MadifieradBLA PAGS6 or PAG Black 0.60 5,000
ModifieradBLA Injection Moiding PASE or PAS Black 053 75,000
Shipment Cost
Total Amount:
1 ModifieradBLA PP Black 048 1000
2 ModifieradBLA Injection Molding pp Black 035 5,000

>

PP Black 031

n Moiding

Shipment Cost

Total Amount: N/A
Payment Notes:

Payment before shipr
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B: Danke Mold Tooling Quotation
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