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ABSTRACT

Replacement of structural applications with stitigtic is difficult. Main hurdle is not to
achieve the desired stiffness, which we managegthdesign but to maintain part integrity
after severe abuse. Very often, not maintaining péegrity after a crash test is stopping

the project.

This is the case for Full Plastic Front end ModuRastic Steering Wheel but also Safety

Helmets for Police and Fire-fighters.

The goal of our studies is to find the compositairmaterials which are good at impact
test and have good rigidity at different temperdguiWe already have materials which are
very good in impact but they are not rigid enoughd on the other hand we have super
tough materials with poor mechanical propertiesmpact. So the aim is to have a right
combination of these materials such we get commerof their properties or even to get a

synergy effect.

Keywords: Injection molding, 2K molding, DuPont Nemours, impact test
ABSTRAKT

Tyto projekty a cely vyzkum Vyvoje a konstrukceudfiro dvoukomponentni ugkovani
jsem clal behem stdze v DuPont de Nemours v Evropském techmicentru v Meyrin,
Zeneva, Svycarsko. Ritjsem do oddleni InZenyrstvi polymer kde jsem pracoval pod
mym vedoucim Guiiloume Doy, ktery je Technickym gu&tovym specialistou
na materialy Zytel®, Miramid® a Crastin®. Postégsem pracoval naiznych projektech
na vstikovani plasi, testovani a vyvoje. V DuPontu jsem pracoval gddevSim kuli
profesiondlnimu fistupu, prestizi, typické pracovni ment&libezpeénosti a moznosti vy-

zkumu.

Systematicky jsem pracoval ha mnoha mensSich pexbkikteré & mely pripravit na sa-
mostatnowinnost ve spoknosti profeSeni jiz mych projekit Diky tomu jsem il moz-
nost byt trénovan naiznych testovacich strojich a mohl tak navstivit hmdaboratdi

v DuPontu. Bhem této doby jsem se n@umnoho o plastech, marketingu a pracovnimu



systému ve velké mezinarodni sgolesti, kde jsem M mozZnost bavit se s nejlepSimi

inZenyry a techniky na st& o plastikdskych procesech a novych materiélech.

Po dobu zatovani, tedy fiznych trénink v ISO laborattich a pracovani na mensich pro-
jektech jsem si byl schopen dldt prehled o chovani plasta jejich mechanickych viast-
nosti. Zadil jsem se na strojich jako je tahova zkouska, v@izest i Charpyho kladivo,
shrinkage z#dzeni. Mimo mé projekty jsem nawgbval ostatni laborate a oddleni, kde
jsem se postugnseznamoval s vytt@vanim, vytl&ném vyfukovanim, vyrobu vilaken,
zkouskou na hiavost, svéovanim plast riznymi zpsoby, galvanickém pokovovani,

aplikace s Kevlar® a Nomex® vlakny a dalSiedevsim jsem se al€énoval vstikovani.

Za dobu, co jsem byl na staZi jsem se stal spetaliv oboru vsikovani plasi. Byl jsem
trénovan natznych vstikovacich strojich, fedevSim na DEMAG 150, ENGEL 150,
ENGEL 175, NETSTAL 150, NETSTAL 175 a BILLION.&Bem zatovani a pracovani
v Molding shopu jsem vi#l spousty éznych napail a proces, ke zdokonaleni vikova-

ni. V&zim si této plezitosti, protoZze Molding shop z DuPontti 8\t vstikovani.

Muj prvni vyzkum v DuPontu nese nazev této baisii@ prace. Je to Vyvoje a konstrukce
dili pro dvoukomponentni u#tovani. Cilem zkoumani je najit takovou kompozitate-
ridla, které maji dobrépdpoklady byt odolnéiprazové zkouSce zaiznych teplot. Na
vybér jsem ngl samozejm¢ materialy z DuPontu. Jiz existuji materialy, ktggéu velice
odolné i razové zkousSce, ale to jsou elaki8i materialy, které nemaji dostateu pev-
nost. Na druhé strarmame materialy, které jsou velice pevné, akhké. Proto je cilem
této prace zkombinovat tyto dva materialy 2Kikstvanim tak, abychom dostali kompro-

mis jejich vlastnosti, nebo dokonce synergicky efek

Hlavni pekazkou tedy neni dosahnuti poZadované tuhostiof®du oviadame sami, na-
piiklad pidanim plniv. Velkym problémem je tedy udrzet vyebpohromad i po zn&-
ném namahani. Velntiasto, diky necelistvosti vyrobku po narazovém tesésleduje za-

staveni projektu.

Tento novy kompozitni sandwich by mohl najit upéaiinu plastovychktelnich¢asti vozi-

del, plastového volantu, ale také ochrannyiglelp pro policii a pozarniky.

Kli¢ova slova: vsikovani plast, 2K vstikovani, DuPont de Nemours, narazovy test
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INTRODUCTION

| belong to DuPont de Nemours in European Techri@Gzitre in Meyrin, Switzerland,
department Engineering Polymers, focused on workiitly Zytel®, Miramid® and Cras-
tin® doing injection molding, testing and investigg new things. It is pleasure work in

DuPont because of the prestige, typical working tadéy, safety and founding new things.

| was working systematically for many little projed¢o be able to manage my own big pro-
ject. Such I was trained at lot of machines an@dedsmany of laboratories of DuPont to
see process to better understanding of plastic® Atould talk to top professional engi-
neers and technicians about plastic around thedwafter that time | learned lot of things

about plastics, marketing and system of workingpatinternational company.

During making little projects | was learning abauilization of plastics in industry, me-
chanical properties of plastics, shrinkage - wagppgpblems, mould deposits of plastic
materials, importance of the right melt temperanfr@lastics, weld lines, welding, coat-

ing, Kevlar® application, Nomex® textiles and other

| got an idea about testing of plastics during mizaiing in ISO laboratory as tensile ma-
chine, charpy machine, impact machine, shrinkagehina, flammability machine and |

have seen others tests to have a overview.

| became a specialist in injection molding duringrking at my projects in Molding shop.
| was trained on certain injection machines. | hs@en lot of new ideas to progress proc-
essing of molding. Because of the Molding shop uPbnt teach the world of injection

molding.

| found the internship in DuPont as very rewardilng to experiences | got here and due to

professional growth | made.
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1 INTERNSHIP AT DUPONT DE NEMOURS

1.1 History of Dupont de Nemours

Eleuthére Irénée du Pont (E.l.) (1771-1834) brotaigd on July 19, 1802, for the com-
pany that bears his name. He had studied advamxolse/es production techniques with
the famous chemist Antoine Lavoisier. He used khiswledge and his intense interest in
scientific exploration — which became the hallmafkhis company — to continually en-
hance product quality and manufacturing sophistinatnd efficiency. He earned a reputa-

tion for high quality, fairness and concern for iens’ safety. [1]

When the company turned 100 in 1902, is was widedpected but also weighed down by
tradition. That year, three young du Pont cousiris €oleman, Pierre S. and Alfred I. —
purchased the company from their older relativestzgan to transform it from an explo-
sives manufacturer into a broad, science-based icakcompany. The trio modernized
company management, built research labs, and nearketw products like paints, plastics

and dyes. [1]

DuPont established the Experimental Station in 19€& Wilmington, Delaware, to con-
duct and promote scientific research as a majdfgoia for industrial growth. The facility
was DuPont's first general scientific laboratorg éime site of many of the company's most

spectacular research triumphs, including neopmylen and Lycra®. [1]

William Hale Charch (1898-1958) made one of DuPntost critical cellulose chemistry
innovations and helped guide the company’s devedoprof synthetic fibers. Charch ear-
ned a Ph.D. in chemistry from Ohio State Univerbigfore joining DuPont in 1925. One
of his first assignments was to develop a meamsaisture proofing cellophane so that the
attractive wrap could be used for food packagingidtlire proof cellophane, marketed by

DuPont, quickly transformed food packaging and retang worldwide. [1]

Like so many miracles of science, the professionh&mical engineering emerged, in es-
sence, from DuPont laboratories. Chemical engingteidy processes like distillation, heat
transfer and fluid flow common to most chemicalctemns, and design the structures in

which these reactions occur. The DuPont chemicgineering research group developed
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the chloride process for making titanium dioxidgrpent and the production processes for
neoprene, nylon, Dacron® and Orlon®, and systemsplastics recycling. The group’s

expertise also was instrumental in the design amgtcuction of the first nuclear reactors.

[1]

Kevlar® is well known as the material in body armmrn by police officers and soldiers.
In 1964 Stephanie Kwolek at DuPont’'s Pioneeringelesh Laboratory synthesized an
aromatic polymer (one spun with a solvent rathantmelt spun) that produced a durable
and exceptionally strong fiber. Throughout the 980uPont introduced new varieties of
Kevlar® for such uses as cut-resistant gloves ajigdr-weight body armor. More than

2,500 lives have been saved by officers wearing laochor. [1]

Nomex® heat resistant fiber grew out of work dam¢hie late 1950s at DuPont’s Pioneer-
ing Research Laboratory by Paul Morgan and Stephiéwiolek. After an unprecedented
investment in development — including the estabtisht of a pilot plant at the Spruance
plant in Richmond, Virginia, in 1959 — DuPont irdteced Nomex® in both woven and
non-woven form in 1967. Offered in paper, felt,fatand fiber forms, Nomex® serves a

variety of industries, but remains best known teruse in fire-fighter’'s apparel. [1]

As DuPont entered its third major transformatiori @99 — adding biology to chemistry as
a core science platform — the firm unveiled its ra@sporate brand identity. The miracles
of science®. It describes the essence of DuPocditydmg the company’s promise for the
future. DuPont has a rich history of bringing sceto the marketplace in ways that change
the way people live. The miracles of science® enmdxthe company’s ability to make

leaps that deliver science-based solutions foitteibeorld. [1]
1.2 European Technical Centre, Meyrin, Switzerland

Meyrin, Switzerland, is the site of the DuPont Epgan Technical Centre (ETC), the com-
pany's main research, product development and roestsupport centre on the continent.
The ETC was built in 1987 to serve DuPont's rapgilywing European markets. Its Mey-
rin location places it near Geneva, headquarter®uwfont Europe, formerly DuPont de
Nemours International SA. DuPont ETC engineerstanbnicians provide consultation to
manufacturers in the automotive, appliance, eleas) filtration, sporting goods and con-

sumer products industries. In 2001 DuPont complatedajor expansion of the ETC, in-
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cluding laboratories for DuPont Advanced Fiber 8yst and new blow-moldings process-

ing facilities for DuPont Engineering Polymers. TBEC employs approximately 280 peo-
ple. [2]

1.3 My noticed to internship

Because of the rich history more than 200 yearBud?ont and typical way of thinking it

was necessary to lock together with others fromdwPSuch | belong to DuPont group. It
was very nice and if | had any problem they wesalyeto help me in each case, about all
problems which could happen; about salary, psygypldoctors, insurance etc. It does not

matter if | do not need it but it does when youlyezeed.

But what was really important they helped me irofpssionals” questions as are so impor-

tant for future growth. For all the questions thisreomeone who can give you an advice.

Before | started my own big project | got a lot #israones. | was in contact with people
and learn something about the company. Also | nsaee training at different machines

and such | learned more about DuPont mentalitysafety and met a new colleagues.

| was talking about safety. Here in DuPont it isywienportant part of working and think-
ing. Almost everywhere you have some sign giving yat advices. Lot of training of
safety is obvious. The goal of the DuPont is toehaw injury in their site and they do a lot
for this. This image gives an idea about philosophgompany and also it helped them to

sell the safety products as DuPont is importanpkeip

My direct boss was Guillaume Doy. He is workingghC in Meyrin and he is responsible
for Zytel®, Minlon® and Crastin® materials of DuRoham his intern and | was in con-
tact with him and learned lot about company, ptastaterials, processing and about lot of

others things.
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2 INJECTION MOLDING

The injection molding of plastic is the most comnpmocess by which plastic compounds
are converted to useful products. It representsrtbst important process for manufactur-

ing plastic parts. In most cases finishing operatiare not necessary.

An important advantage of injection molding is thath it we can make complex geome-
tries in one production step in an automated psocégpical injection moldings can be
found everywhere in daily life; examples includgsoautomotive parts, household articles

and consumer electronics good etc. [3]
2.1 Components of the Injection Molding Process

For doing injection molding is necessary to haweitijection molding machine, the injec-
tion mold and tempering system. The injection maddmachine composes of injection

unit, clamping unit, control system and hydraujistem or electric motor.
2.2 The Injection Molding Process

The central element of the injection molding precessthe mold. The mold is made of at
least two parts, which are clamped on the injeatnmiding machine. For different molding
geometries, different molds are usually necesg&sagh mold contains a cavity, into which

the plastic material is injected and which formes final part geometry. [4]
The complete injection molding cycle takes placsaueral steps. [3]

1) Start of plastication: The screw rotates and trarisgmelt to the screw chamber in

front of the screw tip. The screw returns, slidaxgglly.

2) End of plastication: Screw rotation is switched. &ff the screw chamber there is

now just enough material to make the molding.

3) Closing the mold: The clamping unit moves forwardiluthe mold halves are in

close contact.
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4) Start of injection: The screw moves forward axiailighout rotation and transports

the melt into the cavity.

5) End of injection and cooling of the molding: Thelches volumetrically filled with
hot melt. As the molded part in the mold cools ddwm melt temperature, further
melt is conveyed into the cavity to compensatevdlume contraction — this phase
of injection molding is named holding pressure. Saduently the injection unit

starts plasticating and preparing material forrtet shot. (repeat of step 1)

6) Ejection of the molding: After the molded part hamled sufficiently, the mold
opens and the finished molded part is ejected.pldmicating procedure is finished

(repeat of step 2) and the production of the nesitimg can start (step 3).

The plastic material coming from the raw materigd@ier in the form of pellets or powder
is put into the hopper. From there the materiatenthe plasticating unit, where a screw
rotates in a barrel and by this rotation transpthres melt in front of the screw into the
screw chamber, which enlarges (step 1). Becauigeahcreasing melt in volume in front
of it, the screw moves axially backward. The ptastiaterial coming from the hopper is
heated by friction and by additional heater bamisirad the plasticating barrel. Thus the
material is melted. The screw slides back untilréea limiting switch is actuated and the
screw rotation stops. The limiting switch is setsuch a manner that precisely the melt

quantity that is required for the molding is stonedhe screw chamber (step 2). [3]

The next step is closing the mold. The mold coesétat least two halves (parts), which
are clamped to the injection side and to the clag@ide of the clamping unit, and are
closed to form the cavity (step 3). Subsequentysttrew is pushed forward with a piston-
like action, forcing the melt from the screw chamtigough the nozzle into mold cavity

(step 4). In this injection step the screw movdy arially, without any rotation. [3]

As the injected melt solidifies because of the cuolold walls, the screw presses additional
melt into the mold under holding pressure to corspénfor the volume contraction of the

material as it cools (step 5). [3]
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When the molded part is cool and stiffs enoughntleéd opens and the molding is ejected
from the cavity with assistance of an ejector systeside the mold (step 6). This com-

pletes an injection cycle and the next productiaieccan start. [3]

The entire process as described runs fully autaalfitj monitored and controlled by the

control unit of the machine. [3]
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3 SPECIAL PROCESSES OF INJECTION MOLDING

3.1 Overmolding

Overmolding is a molding process that can combiwesdifferent plastic materials to pro-
duce a unique part. That could be made from differeasons. It can be used to combine
various colors of the same or different polymersimlding, without supplementary opera-
tions like assembly, bonding, or welding. Or it lwbbe used also to have some unique part

composes from different materials and it gives edadechanical properties.

Another example is following. [5] The first matdria used to mold a rigid plastic sub-
strate. The second plastic material, usually aetthike plastic elastomer, like our Polylas-
tomer compounds, is molded over the substrate.oVhemolding process allows designers
and engineers to create a strong structural progitictexcellent ergonomic comfort for the

end user. Overmolded parts can add further apydating molded in two different colors.
3.1.1 Process of Overmolding

Industrial Processes: There are two basic types@imolding used in industrial processes
today. The first is the insert molding process WwHithe rigid substrate is molded first and
transferred to a second mold, where a thermoplasiistomer (TPE) is shot around the
insert to create the finished part. The process stndard injection molding machines and
relatively simple, low-cost tools. Insert molding best suited to applications involving

relatively low volumes and manufacturing locatiamsere labor costs are low". The sec-
ond process involves a term called multi-shot mmgdivhich basically works off of the

same principles that insert molding does but usasynmsert molders to shot a compound
into a mold. This process is typically used whesr¢his more production being done and
manufactures want to be more economically cautiblesv processes are being examined
in making the overmolding process better. Reseascaee using different polymers and
trying new temperatures to use when overmoldinglyets in an industrial setting. Ac-

cording to the plastics technology website, newnglea are being made in the overmolding

process. [6]



TBU in Zlin, Faculty of Technology 18

Example of high production overmolding [3]: In thiest step, a material A is injected.
There is no cavity for material B in the bottomtpafrthe mold. In the second step, half the
mold is turned by 180°, so that a cavity for matle is opened. In the final step, material

B is injected and welds with material A. The fipabducts are shown at the picture 1.

Figure 1.Product made by overmolding [1]

3.2 Multicomponent Injection Molding

In multicomponent injection molding, two (or momjgterials are injected into one cavity.
The process starts with the injecting of comporert a certain point in the cavity in the
filling process, a second material B follows, coetiplg the filling. The first material, A,

cools, at the mold surface and builds up the dater of the molding. The second injected
material, B, in the core layer is still liquid, iisg the first material to the mold wall and
to the end of the flow path. In the finished molglithe skin layer is formed by the material

injected first and the core layer is formed by$bkeond material. [3]

This molding process has several advantages. Birsdmbination of desirable properties
of two different materials is possible; for examgdiber-reinforced materials, which may

have undesirable surface properties, can be cowsrednreinforced materials. Second, in
the core layer an expensive material can be reglhgea cheaper one (such as recycled

material). [7]
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4 MATERIALS

4.1 Classification of Plastics

Plastic can be divided into two main groups. Fisselastomers and thermosets group
which are slightly or strongly cross-linked mat&rid hat means there is chemical connec-
tion between individual macromolecules, in a chenieaction. Therefore they can not be
reused several times and when trying to melt onadenproduct they degrading. But the
advantage is they are more resistant to chemiCalghe other hand there is another group

of thermoplastics which are linear chain molecwalebranch chain molecules.

The thermoplastics could be divided into anothes tywoups. There are amorphous and
crystalline. Amorphous means that the macromoéecate arrange randomly. They can be
identified by their transparency, if there is ndocigment added. Crystalline means that
macromolecules are arranged regularly, they ardraosparent even if color pigment is

added.

In the real life there is no clear crystalline pilgsthere always is a little part of amorphous
part. Such crystalline plastic contents little ramd arrangements. So we call it semi-
crystalline materials. Amorphous and semicrystallimermoplastics have different proper-

ties with regard to processing and they also h#ierent performance characteristics.

Classification of Thermoplastics

Teflon® & Tefzel® Vespel® Zenite®  Zyte]®
Fluoropolymers / PI LCP HIN
ADVANCED i / Zytel® & Minlon®
POLYMERS Polyamide

Delrin®

POM

Crastin®, Rynite®
TPC-ET & ETPY'N & Thermx® Polyesters
FRCE  pp yrmiw Y

COMMODITIES s Ve PP Hytrel®
i BE LD iR

ENGINEERING

POLYMERS

Polvester
elastomer
AMORPHOUS CRYSTALLINE &
DuPont™ ETPV
Engineering
thermoplastic

® DuPont's registered trade name vulcanizates

Figure 2.Classification of Thermoplastics [1]
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DuPont cares about semicrystalline plastic as showigure 2. It was important have an
overview on all DuPont materials for my research.t®at was my first investigating at
DuPont. Zytel/Minlon Product & Properties guide apelin collaboration with Marketing

Communications. Due to this | was able to learntaabout plastics and theirs difficulties
as are mechanical properties, chemical resistabeetrical properties and thermal proper-

ties.
4.2 Zytel®

Zytel® nylon resins are thermoplastic polyamidesimg properties that place them high
on the list of engineering plastics. Zytel® nylasins are tough and withstand repeated
impact. They are highly resistant to abrasion anchdst chemicals. Molded articles retain
their shape at elevated temperatures, are stratmgnisections and have low coefficients of
friction. The principal Zytel® nylon resins may béevided by chemical composition into
four basic groups -66 nylon, 612 nylon, 6 nylon angolymers-all of which may be modi-
fied to give special properties. Zytel® nylon resmay be reinforced with glass fibers to

increase their tensile strength, stiffness, andedsional stability. [8]
4.3 Crastin®

Crastin® PBT glass reinforced thermoplastic polgesesins are uniqgue among polyester
systems. These products contain uniformly dispegtask fibers, specially formulated for
rapid crystallization during the injection moldimgocess. This offers the possibility of
producing high performance parts by conventiongcition molding. The Crastin® ther-
moplastic resin family is known for properties likeggh strength, stiffness, excellent di-
mensional stability, outstanding chemical and heaistance and good electrical proper-
ties. Crastin® resins are noted for their excellmett flow characteristics, close molding

tolerances and high productivity from multicavitplaing. [9]

4.4 Rynite®

Rynite® PET thermoplastic polyester resins contamiformly dispersed glass fibers or
mineral/glass fiber combinations in polyethyleneepdnthalate (PET) resin that has been

specially formulated for rapid crystallization cagithe injection molding process. Rynite®
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PET thermoplastic polyester resins are among tleagest and stiffest engineering resins
available. As an engineering polymer resin famitynite® PET thermoplastic polyester
resins offer a unique combination of Propertiegghlstrength, stiffness, excellent dimen-
sional stability, outstanding chemical and heaistasce, and good electrical properties.
Rynite® PET thermoplastic polyester resins are chdoe their excellent flow characteris-
tics in thin wall applications, close molding ta@aces, and high productivity from multi-

cavity molds. [10]

4.5 Hytrel®

Hytrel® is a block copolymer, consisting of a hdcdystalline) segment of polybutylene

terephthalate and a soft (amorphous) segment hlasdohgchain glycols. Properties are
determined by the ratio of hard to soft segmentskanthe make-up of the segments. Most
grades of Hytrel® do notcontain or require addgite enhance their properties, except for
specific applications. Hytrel® offers a unique canabion of mechanical, physical and

chemical properties that qualifies it for demandapgplications. The various grades of Hy-
trel® exhibit a wide range of properties and ea®cess ability. Hytrel® combines many

of the most desirable characteristics of high-penmtnce elastomers and flexible plastics. It
features: exceptional toughness and resiliencdy registance to creep, impact and flex
fatigue; flexibility at low temperatures; and gowetention of properties at elevated tem-
peratures. In addition, it resists deterioratianfrmany industrial chemicals, oils and sol-

vents. [11]
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5 IMPACT TEST

For better understanding to mechanical properseis anpact | was trained at charpy im-
pact machine (notched and unnotched) and at Inmpachine 1ISO 6603. Description of

impact machine is below.

Support for falling-dart system

Holding and release system for striker
Guide shaft for the falling mass
Weighted striker

Hemispherical head of striker

Test specimen

Test specimen support

Suitable rigid base for specimen support

B
|
-]
[ R I- T T S U I

C 1 |

Figure 3.Impact machine [12]

1 Test specimen

2 Hemispherical

3 Load cell .
4 Shaft /%2
5 Test specimen support 7z e ¢
6 Clamping ring =y %1\15
7 Base %/’;
8 Acoustical isolation k \iﬁ

Figure 4.Description of impact support [12]
Calculation of deflection

If the test results are in the form of a force-éetlon curve, the maximum force Fthe
deflection at maximum force;land the puncture deflectiondan be read directly from the

graph. The energy to maximum forcg Bnd the puncture energy Ean be determined by
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measuring the area under the force-deflection cuwsia@g a planimeter, computer analysis

or other suitable means. [12]

RS
i(r)=vgt - 1 [ M}-‘(r_]dq dr + 1g.-‘2
me 4 |- 2
0

Where

Vo is the impact velocity (see 3.1), expressed itersgoer second;

t Is the time after impact at which the deflectisro be calculated, expressed in sec-

onds;

F(t) is the force measured at any time after tingeaict, expressed in newtons;
I(t) is the deflection (see 3.3), expressed in nsete
mc  is the falling mass of the energy carrier, expedsn kilograms;

g is the local acceleration due to gravity, expeelsin meters per second squared.
Calculation of energy

Once the force and deflection are known for idexttitnes during impact, the energy ex-
pended up to specific times shall be calculatediégrmining the area under the force-

deflection curve according to equation (4) (see gt [12]

Where
F(I) isthe force at the deflection I, expressedemwtons;
I is the deflection, expressed in meters;
| is a subscript denoting one of the followingmisi
= maximum
= puncture;

is the energy, expressed in joules.
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Force

12 Fy

| |
Deflection

Figure 5.Schematic force-deflection diagram for

a brittle or textile-fiber reinforced material [12]

Force

-
=

12 Fyy

1 1 1 1 1
ly {p Deflection

Figure 6.Schematic force-deflection diagram for
splintering material, superposed by strong reso-

nanceof the test specimen [12]
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. PRACTICAL PART
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6 FIRST PROJECTS

By doing my first projects | got an idea about itggtof plastics during many training in
ISO laboratory as tensile machine, charpy machmpact machine, shrinkage machine,

flammability machine and | have seen others tesktatve a overview.

| became a specialist in injection molding duringriking at my projects in Molding Shop.
| was trained on certain injection machines as DEMB50, ENGEL 150, ENGEL 175,
NETSTAL 150, NETSTAL 175, BILLON and ARBURG. | haween lot of new ideas to
progress processing of molding. Because of the Mgldhop in DuPont teach the world of

injection molding.

| was working systematically for many little projedo be able to manage my own big pro-
ject. Such I was trained at lot of machines an@tadsmany of laboratories of DuPont to
see process to better understanding of plastic® Atould talk to one of the top profes-
sionals engineers and technicians about plasticndrthe world. After that time | learned

lot of things about plastics, marketing and systénvorking at the international company.
6.1 Shrinkage project

This is just one of the little projects of shrinkagmade for filling the general DuPont
datasheets which are disposable for customers. tBoeteit is made for investigating in-
fluence on the different additives on the shrinkagecould be changing the glass fibre,
different lubricants and etc. Also it could be resagy to make the shrinkage test if a new
factory is opened to check the stable quality afgroducts. And time to time it is made on

request of our customer who had some problem witRdht materials.

There is an example of the shrinkage test | maidst &f all | had to mould the parts. Then
it is necessary to wait 24 hours to have specirstatde and start to make a test by shrink-
age machine | was trained. There are two kinde@fsthrinkage tests. The first one is long

bar and the second one is the plaque 60x60x2mm.

The specimens are fixed by clips as shown in figuréhe number of measured specimens

is five at least as says norm ISO 294. The shri@kagchine is shown in figure 7.
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Figure 7.Shrinkage machine Figure 8. Shrirkkagecimens

There are shown pictures of the long bar. Therevaoemeasurements on each direction.

Than the machine gives me dates and | make rdsulising excel macro program.

Figure 9.Descriptions of longbar [1] Figud®.Shrinkage longbar

Table 1.The example of shrinkage results | madexbgl macro program

Shrinkage IS0 LonaBar 2mm
1 3225 M022 Flow direction Crogs-Flow direction

close to gate far from gate far from gate Close to gate

RUMN [ MATERIAL LOT Aver | StDyv [ Aver | StDy Aver | StDy Aver | St Dy
1| CR SKEO1 WC10 EUYHCMMIO1 054 )| 001 | O&7 001 | 2.04 000 | 1.88( 0.00
2| CR SKEOS MCO10 | EVUHE4DIOM 054 001 | 020 000 1.80 002 | 177 002
3| CR SKBOS MCO10 | EUGHE4 2201 055 0.01 | 020 0.01 1.86 002 | 183 002
4 | CR SKEOS NCO10 | EVUHE4DIOM 055)| 0.00| 0.21 noo| 1.8 002 | 178 | 0.00
5 | CR SKEM BKES1 EMSHET 101 097 0.1 | 0OED noo | 212 000 | 187 0.00
6 | CR SKEOS BKES1 EMJGIETI0N 055 001 | 024 0.01 1.95 002 | 1.84 | 002
7 | CR SkEO1 BRKES1 EUQHEZT201 09| o002 | 062 noo| 212 002 | 187 | 0.00
8 | CR SKEO1 BKES1 EMJHESS301 0595 000 | 0OB2 no1 )] 2.08 000 | 185| 002
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Such it could be compared by engineer or by chelsts in contact and they decided the
best solution for this problem. | could consult 8wution which was confidential. In that

case it was just filled into general datasheef3ud?ont.

Table 2.Composition of tested materials

DuPont materials

Name of the material Classification of the materials

Crastin SK601 NC10 | pBT 10% of the glass fiber

Crastin SK605 NCO10 pBT 30% of the glass fiber

Crastin SK601 BK851| pBT 10% of the glass fiber

Crastin SK605 BK851| pBT 30% of the glass fiber

There are some pictures of plaques 60x60x2mm. &heyneasured just in two directions.

The results are processed the same way as loray lexcel macro program.

Figure 11.Plaque 60x60x2mm — directions measuresnent

| made shrinkage test and shrinkage report for ntiamgs to get an overview on different

types of materials.
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6.2 Mold Deposit

The mould deposit can occur in case of technicaenas which are performed for some

special applications as flame resistance, goodiejeenodifiers, etc.

6.2.1 Types of Deposit

Each group of additives produces a specific typdegosit. Flame retardants can react at
high temperatures, forming decomposition produdtsckv may produce deposits. Impact
modifiers are affected not only by excessively htgmperatures but also by excessive
shear. Modifiers can, under unfavorable conditi@eparate from the polymer and form
deposits on the cavity surface. Pigments in engimgehermoplastics needing high melt
temperatures, can reduce the thermal stabilithefmholding compound, resulting in de-
posits consisting of polymer degradation producid decomposed pigments. In parts of
the mould which become especially hot (such assgoraodifiers, stabilizers and other
additives may stick to the surface and build upodép. In such cases, steps must be taken
to achieve better mould temperature control or sgecial stabilizers. The table lists the

possible causes of mould deposits and ways andstégmmeventing them. [13]

6.2.2 Care of Moulds

It has been found that deposits on the mould seifan be removed relatively easy in the
early stages. Cavities and vents should thereferddaned at specified intervals, e.g. at the
end of each work shift. Once the deposit has formdaick layer it is extremely difficult
and time-consuming to remove it. Because depoaitg so widely in their chemical com-
position, trials have to be carried out to find thest suitable solvent which will shift
them. [13]

6.2.3 Recommendations on Preventing Deposit

If thermally sensitive compounds are molded usiagrhnners, it should be remembered
that the residence time will be longer, so thatrible of deposits consisting of degradation
products will be greater. Shear sensitive mateshsild always be processed using gener-

ously dimensioned runners and gates. Multi-poitingawhich reduces flow distances and
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thus enables molders to reduce injection speeds, ¢igen good results. Generally speak-
ing, efficient mould venting reduces the tendenayfdrm deposits. Adequate venting
should therefore be provided at the mould desiggestSelf-cleaning vents, or those from
which deposits can be easily removed, are to biempeel. Improvements in the venting
system have often led to reduced deposits on tble [to some instances it is possible to
apply a special non-stick coating to the cavityae, which will prevent deposits building
up. Tests should be carried out to assess thdigeffeess of such coatings. Titanium nitrid-

ing has often reduced the rate at which depositd bp on the tool. [13]

Investigation of the mould deposits for these hegthnical materials Zytel® FR72G25V0
GY372, Zytel® FE 230004 GYOQ76E, Zytel® FE230004 G'Z3

Table 3.Composition of tested materials

Zytel® FR72G25V0 GY372 Flame retardant PA 66/6 2386s reinforcement

Zytel® FE 230004 GYQO76E PA66 a new product. Sexnetpound

Zytel® FE 230004 GY372 PA66 a new product. Searetmound

Processing:

The mould deposit occur after some time so theretessary make some number of the
cycles and then check if there is some deposihenmrtould. Such pictures were taken after

certain cycles and compared with others picturedentieefore testing or during testing.

Zytel® FR72G25V0O GY372 Zytel® FE 230004 GYO76E Zytel® FE230004 GY372

Figure 12.Mold Deposit after 250 shots
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Zytel® FR72G25VO GY372 Zytel® FE 230004 GYO76E Zytel® FE230004 GY372

Figure 13.Mold Deposit after 450 shots

Conclusions:

Zytel® FR72G25V0 GY372: Deposit on Mould surfacaid not occur
Zytel® FE 230004 GYOQ76E: Deposit on Mould surface occur but not critical
Zytel® FE230004 GY372: Deposit on Mould surface occur but not critical

6.3 Comparison mechanical properties — ISO test and Walline

The aim of this study was to find influence of tleld line on the mechanical properties.
This help to fill the material database for DuPom$tomer. That is also important study to

understand the process of the plastic.

To make this experiment and others | was traineradile machine shown in figure 14

and tensile robot machine.

k

Figure 14.Tensile machine Figure 15.Tenspecimens
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All the tests are in norm ISO 527. By this inveatigg we get E-modulus, Stress at Break

and Strain at Break.

In that case | molded testing parts for tensilé vath double gate. That means the weld

line occurred. Such | measured the mechanical ptiepeat tensile machine and then |

made comparison with material data sheet for thesterials without any weld line.

Table 4.Composition of tested materials

CR SK605 BK851

PBT with 30% glass fiber

CR HR5330HF BK503

PBT with 30% glass fiber, high flow

CR LW9030FR BK851

PBT with 30% glass fiber, flame retardant

Table 5.Comparison of material without any weletland material with weld line (WL)

E-Modulus Stress@brea Strain@break
WL/ISO in % (MPa) WL k (MPa) WL (%) WL
CR SK605 BK851 9600 7400 130 55 2,5 0,9
CR HR5330HF
BK503 8400 5900 120 40 3,5 1,1
CR LW9030FR
BK851 10200 7200 115 25 1,7 0,4

As shown in graphs there are some mechanical Yosteld line. The blue colors are values

without weld line and the red colors are valuehiwitld line. Results are most critical for

Strain at Break and Stress at Break, for E-modihlere is lost about 30%.
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Figure 18.Comparison of Strain at Break

Table 6.Comparison of mechanical properties: Weld test / ISO test (in %)

WL/ISO in % E -modulus Stress @ Break $train @ Brea k
CR SK605 BK851 77 42 36
CR HR5330HF BK503 70 33 31
CR LW9030FR BK851 71 22 24

Conclusion:

The weld lines for glass reinforced materials artcal because of the fiber orientation at
the weld line. It affected all of the mechanicabgerties. The E-modulus that means the
rigidity of the material is not so affected (lostoait 30%) as others important mechanical
properties as Strain at Break and Stress at Bieakdbout 60% - 80%). That means it is
the best solutions to do not have any weld limpssible. Such | was ready to make simi-

lar tests and comparison if needed.
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7 DEVELOPMENT AND DESIGN OF PARTS FOR 2K INJECTION
MOLDING

Replacement of structural applications with stitigtic is difficult. Main hurdle is not to
achieve the desired stiffness, which we managegthdesign but to maintain part integrity
after severe abuse. Very often, not maintaining péegrity after a crash test is stopping

the project.

This is the case for Full Plastic Front end ModyEEM), Plastic Steering Wheel... but

also Safety Helmets for Police and Fire-fighters.

The goal of our studies is to find the compositairmaterials which are good at impact

test and have good rigidity at different temperdguiWe already have materials which are
very good in impact but they are not rigid enoughd on the other hand we have super
tough materials but they have poor mechanical pt@sein impact. So the aim is to have a
compromise of these. That is the reason | dividedneaterials to two groups. In the first

group there are rigid materials and in the secbedetare soft materials. | tried to combine
them depending on their mechanical properties; atsadhesion and shrinkage and war-

page by experiments.

7.1 Chosen materials for “sandwich”

With regard on mechanical properties | chose thesterials

Table 7.Chosen materials and their mechanical prioge

Materials for sandwich E-modulus | charpy impact 23C (kJ/m2)
(Mpa) unnotched notched

060 NB 123

PAG66 40%LGF 12 500 80 40

ZY 80G33HS1L PAG66 33%GF 8 900 97 20
TPC-ET (PET+paolyether) HY 5555HS 184 NB 84
CR T805 PBT 30%GF 7 300 75 14
TPC-ET (PET+polyether) HY 5556 180 NB NB
CR LW9020 PBT 20%GF 7 000 60 0.5
PBT 30%GF 9 500 60 10

PET 15%GF 4 700 55 11

LGF - long glass fiber; GF - glass fiber; NB - nmeak
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Here is the table of properties. | chose matedajsending on their mechanical properties
mainly at tensile modulus and charpy impact test®tehed and unnotched. | paid atten-
tion to the E-modulus because this is the paramelech designates the rigidity. The

property of charpy impact is also very importantdaese it gives us an idea about absorp-

tion of energy and the force which materials c&e ta

The soft material is great under impact due telitmgation, as it can absorb more energy
and more force. On the other hand the rigid mdtexilmited in impact due to its rigidity

which means no elongation of the glass fibers hea frangibility.

7.1.1 Description of chosen materials

Zytel® FN718 NCO010s a flexible; plasticizer free modified polyami@éé resin having

good heat aging and chemical resistance. [8]

Zytel® 75LG40Lis a 40% long glass reinforced, lubricated polydemt6 resin for struc-

tural applications. [8]

Zytel® 80G33HS1L NCO01i8 a 33% glass fiber reinforced heat stabilizelyauide 66

resin with outstanding impact resistance develasag DuPont® Super Tough technol-

ogy. [8]

HY 5555HSs heat-stabilized grade provides an extra measustrength and service to

meet the needs of the most demanding applicatioasnide range of hardnesses. [11]

HY 5556is high-performance resin which provides an ertiesasure of strength and ser-
vice to meet the needs of the most demanding ajalits in a wide range of hardnesses.
[11]

Crastin® LW9020and Crastin® LW9030 That is low warp resins reinforced by 20% re-
spective 30% glass fiber. Reinforced PBT alloyifgection molding with improved sur-

face aesthetics has excellent dimensional stabifitylow warpage characteristics. [9]

CR T805 NCOl1@ontents 30% glass fiber reinforced PBT resinirigection molding with

improved impact resistance and good processin@ctarstics. [9]
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Rynite® 415HPis 15% glass-reinforced modified polyethylene pétbaalate - improved
for easy, fast processing over a broad moldingeaangxcellent balance of strength, stiff-
ness, and temperature resistance. Snap fit apphsatencapsulation of sensors, coils, etc.
[10]

Table 8.Potential candidates to make “sandwich”

expected great mech. prop.

expected good mech. prop.

CR LW9020 adhesion 8.6MPa good peeling

good adhesion
19.6MPa good adhesion

CR LW9020 7.8MPa good

expected good adhesion

7.2 Processing of “sandwich” in three basic steps

1. Injecting of the first material. The mould was ague with dimensions of 80mm x

80mm x 1mm.

Figure 19.First material injected Figure 20.Setogiup first layer
It was better to reduce the diameter by filing idey to put it into insert.

2. Then the first plaque (80mm x 80mm x 1mm) couldnserted into another mould

at 80mm x 80mm x 3mm
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Figure 21.Inserted first layer into mould Figur@.Prepared mould for overmolding

Changing injection conditions were needed. All demwere taken for each material from

molding guide proposed by DuPont.

3. Overmolded by the second material.

Figure 23.0vermolding Figure 24.0Overmoldedsbgond layer

Sandwich of thickness 3mm composes of two diffetapers. The first of them is 1mm

and the second one is 2mm. The process was repeilectversion of the materials.

There were also made reference specimens of eaehiaha one layer of thickness 3mm.
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7.3 Experiments

Such prepared sandwich was tested on impact mafdrimaving an idea about properties
and then it was compared with results of referegpmximens. Reference specimens were

made by injection molding of the same dimensiosagiwich was — thickness of 3mm.

These tests were done for both side and then ceupHirthere is some interesting results

for 23° C another testing in different temperatweze made.

Figure 25.Impact testing

7.3.1 PAG66 33% GF and PA66

For this couple of materials great mechanical piiigmeare expected because of their prop-
erties. Zytel® 80G33HS1L (PA66 33%GF) has impropeaperties in impact test and still
has big E-modulus because of glass fiber conteti. Z3/tel® FN718 NC010 (PA66) is
softer material which could add to the sandwiclgbigabsorption of energy and force.

Investigating:
a) Influence of mechanical properties on sandwich

Table 9.Mechanical properties of materials for sartch

Materials for sandwich E-modulus  dharpy impact 23°C (kJ/m2)
Rigid Soft: (Mpa) unnotched notched
(PAG6) (D) 960 NB 123
ZY 80G33HS1L (C) 8900 97 20

Process:

The same steps as described above in Processisgnafwich” in three steps.
Injection condition always was taken from the mogdguide:

For ZY 80G33HS1L

Melting point 285° C - 305° C; real 298
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Temperature of the mould 8D - 100C; real 80C

For ZY FN718 NCO010

Melting point 2738C - 29%C; real 298C

Temperature of the mould 24D - 8(°C; real 80C

During injection of the first layer of ZY 80G33HS1here was a problem with warpage so

it was necessary to put it under a press to flattéaring certain time.

Figure 26.Pressure system

Thereafter it was prepared for overmolding. Thecpss was stable but another problem
occur - low adhesion. When trying to twist the saioth it was easy to separate layers. For
getting better adhesion was necessary using tedamp to preheat the first layer before

overmolding. Then it had much better adhesion an@s$ not so easy to separate.

Figure 27.Preheating

The new problem of our exotic sandwich was highpage. Due to this defect was better
to reduce the diameter by filing in order to make impact tests. For comparison with our
exotic sandwich | injected pure ZY 80G33HS1L and AN718 NC010 at 80mm x 80mm

X 3mm.

Such prepared sandwich could be tested on the inmpachine which gives us results of

absorption the energy and the force.

Explanation of graphs below: (C) ZY 80G33HS1L abj ZY FN718 NCO010 are refer-

ence materials. The measurement was made of tlEsKsram. The small lettec ©r d)
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means that the layer is small — 1mm. The big |€@eor D) means that the layer is big —

2mm. Order of letter is also importam+c; c+D): the letter on first place was attacked as
first of striker. For this experiment it means thagt one type of sandwich were made;
2mm of ZY FN718 and 1mm of ZY 80G33HSL1L; this wastéd from both sides.

Exotic Sandwich Impact tests @ 23T on ZY 80G33HS1L (C)
and ZY FN718 (D)
6000 @ Force Maximum [N] 130.0
5500 @ Energy Maximum [J] - 120.0
5000 -+ 110.0
4500 1| -+ 100.0 c
€ 4000 - 900 5
E 3500 + 800 E
& 3000 1 00 3
S + 60.0
3 2500 L 500 B
S 2000 4 400 2
L 1500 + 300 W
1000 = 20.0
500 l = 10.0
0 T T 0.0
ZYFN718 (D) ZY80G33HS1L D+c c+D
)

Figure 28.Impact tests at 23°C for reference materand exotic sandwich

Multi-axial Impact @ 100C on ZY 80G33HSI1L (C ) and ZY FN718 (D)
6000.0 130.0
5500.0 [ @ Force Maximum INF——= 120.0
5000.0 @ Energy Maximum [J| | 110.0
g 4500.0 1 | 100.0
5 4000.0 - : 90.0 g
£ 3500.0 80.0 ¢
% 1 70.0 &
S 3000.0 1 600 S
3 25000 © 500 B
L 1500.0 1 300 W
1000.0 - -+ 20.0
500.0 - 10.0
0.0 T 0.0
ZY FN718 Y D+c c+D
(D) 80G33HS1L
(C)

Figure 29.Impact tests at 100°C for reference malerand the exotic sand-

wich
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Figure 30.Sandwich Figure 3an8wich
Conclusion:

After using the fire lamp there was good adhesionHhigh warpage which was limiting
utilization of these exotic sandwich structure. iissfrom impact tests were comparable
to the averages of the two composites at both teatypes at 28T and 100C. Finely it

could not by process easily due to its warpage.

7.3.2 PBT 30% GF and PET 15% Glass Fiber

Because of big warpage in last experiment changes wecessary. Now it is aim to our
study to know influence of good adhesion on impasistance. Also we want to investi-
gate if the first experiment were not influencedpbbgheating first layer. For these reference
materials Crastin® T805 (PBT 30% GF) and Rynite®HR (PET 15% GF) is good adhe-

sion expected. That was found in Dupont data stieeta/o component molding.
Investigating:
a) Influence of adhesion

b) Comparison of influence between preheating fingedand without preheating

Because of the warpage in the above case | triednmaterials. | chose the ones which
do not need to be preheated. The RY 415HP and O have the best adhesion

(19.6MPa) which was written on the data sheets.

Table 10.Mechanical properties of materials for daich

Materials for sandwich E-modulus  charpy impact 23°C (kd/m2)
Soft: (Mpa) unnotched notched
(PET 15%GF) 4700 55 11

CR T805 (M) 7 300 75 14
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Worle Request / Run number: ZEEEMOLLST

Material &; Crastin TE0S Material A
Modification 4 MZo10

Material B Rynite 415HF

Modification B Bk509

Tensile adhesion strength: 19.6 MPa ..-M

kind of failure:

good adhesion and good peeling

Subjective peeling quality: and cohesive failure

Insert in mould: Standard (spark erosion)
Tested on: 25.07.01
Remarks:

Figure 32.Data sheets for two component molding

Here we expected really good adhesion. On thegtegat (figure 32) was written 19.6MPa
— the best of all tests made of DuPont materiatdottiunately these materials have very
similar mechanical properties, as both are qugelriSo the aim of this experiment was to

investigate the influence of good adhesion on machaproperties.

Condition of injection for CR T805 (M):
Melting point 250C

Temperature of the mould 8D

Condition of injection for RY 4185HP (N):

Melting point 280°C

Temperature of the mould 140

Other dates | kept from the molding guide for eaxtterial!

All results are at 2.

The RY 415HP (N) and CR T805 (M) are referencesnadt The measurement was made
of thickness of 3mm. The injection process is thme as for experiment before. That is
injected first smaller layer of 1mm - marked by rfeters fm orn) and overmolded by a
bigger layer of 2mm by another material marked éiggtters 1 or N). The symbolp
means preheating of the first small layer beforerowlding to get better adhesion. Order
of letter is also importantM+n; m+N; N+m; n+M): the letter on first place was in front of

the striker at impact machine.
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EXOTIC SANDWICH Multi-axial Impact @ 23C on CR T8 05(M)and RY
415(N)
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Figure 33Impact tests at 23°C for reference materials amatiexsandwiches

As we can see from the graphs below the best seefilimaximum force and maximum
energy at 28 are for pure RY 415HP. Then it is quite similar the sandwich where
there is a bigger layer of RY 415HP (N), a smdbger of CR T805 (m) and for pure CR
T805.

We can also see that there are no differencesultsdaf we preheated it before or not.

The worst result we got was for a bigger layer & T805 and a smaller layer of RY
415HP. The adhesion was observed better for oveingppRY 415HP at CR T805 due to
higher melt temperature of RY 415HP.

Conclusion:

Very good adhesion was observed for overmoldingbigdayer (2mm) RY 415HP and a
small layer (Imm) of CR T805 due to higher melt penature of RY 415HP. Testing
showed that preheating did not have any influentenechanical properties of our sand-
wich: but it does for better adhesion. The visiM@page occurred less when the speci-
mens were not preheated. This sandwich is not setiause we did not get better results

of maximum force and maximum energy than our refegematerials have.

7.3.3 PBT + polyether and PBT 30%Glass Fiber

Because of bad results from last experiments d tiwefind another way of composition. |
got an idea of mixing two process similar materiala different ratio. | chose the Hytrel®
5555HS (PBT+polyether) and Crastin® LW9030 (PBT 3G%) because they have good
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adhesion relation and they still have different hatcal properties. Hytrel is very good at
impact and very rigid Crastin which has excellemehsional and low warpage character-
Istics
Investigating:

a) Influence of mechanical properties on mixing of tmaterials directly to the hop-

per

Table 11.Mechanical properties of materials for pmsites

Materials for sandwich E-modulus  charpy impact 23°C (kJ/m2)

Rigid Soft: (Mpa) unnotched notched
(TPC-ETpaT+polyether )) (O) 184 NB 84
(PBT 30%GF) 9 500 60 10

The process of making an experiment was diffefengt of all | injected the pure reference

materials and then | mixed the material directlpithe hopper at a different ratio.

Figure 34.Mixed material in hopper

Condition of injection for CR LW9030 (P) in moldimgide:
Melting point 240-268C
Temperature of the mould 8D -13®C optimum 80C

Condition of injection for HY 5555HS (O) in moldirguide:
Melting point ~230C
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Temperature of the mould 45%% optimum 48C
For making our composite | chose the optimum peoemnditions with regards on Injec-

tion condition for both reference materials:

Melting point 240C
Temperature of the mould 8D

Other conditions | kept from the molding guide daydexperiences.

Materials: CR LW9030 (P) and HY 5555HS (O)
The ratios of our composite were 30% of CR LW908a @0% of HY 5555HS, 50% of
each and 30% of HY 5555HS and 70% of CR LW9030.

Multi-axial Impact @ 23T on HY 5555HS and CR LW903 0
4800 65
3288 @ Force Maximum [N] T 60
B Energy Maximum [J] + 55
3900 H
3600 T o0
£ 3300 - -+ 45 g
E 3000 A 140 E
i =
= 1302
o 2100 >
© 1800 - 1252
Q2 1500 A + 20 ¢©
1200 115 W
900 1 10
600
300 =5
0 T 0
HY 5555HS (O) CR P30+070 P50+050 P70+030
LW9030NCO010
(P)

Figure 35.Impact tests at 23°C for reference materand composites

The results of 30% of CRLW9030 and 70% of HY55558 very interesting. This com-

posite is better than both references materiahetfdrce and still good enough in the en-
ergy.

Conclusion:

From the graphs we can see that the soft materialuich better than the rigid material at
maximum force and maximum energy. The larger canbérHY 5555HS helped to get
better impact properties. A good ratio is 30% of (R LW9030 and 70% of (O) HY
5555HS, which received high maximum force and ks good compromise of maximum

energy. The advantage of this composite is goaditygagainst pure HY 5555HS which is
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very soft. Due to the mixing directly into the ha@pghe composite was homogenized and

there were no inconsistencies or warpage of thgupla

7.3.4 PA66 and PA66 40%Long Glass Fiber

Due to great impact resistance of Zytel® FN718 NC(RA66) | wanted to combine that
with another material. | chose Zytel® 75LG40L (PABB%LGF) which is 40% long glass

fiber filled very rigid material. Because both &A66 good adhesion expected.

Table 12.Mechanical properties of materials for darch and composites

Materials for sandwich E-modulus  charpy impact 23°C (kJ/m2)

Rigid Soft: (Mpa) unnotched notched
(PA66) 960 X 123
(PA66 40%LGF) 12 500 80 40

Investigating:

a) Influence of mechanical properties on sandwich
b) Influence of mechanical properties on compositeiimgi of materials into hopper)

c) Comparison of these two method

Condition of injection:

For ZY 75LG40:

Melting point 290C - 310C
Temperature of the mould 90 - 12¢C

For ZY FN718 NCO010:
Melting point 2738C - 295C
Temperature of the mould 240 - 8C°C

Injection conditions for processing of the sandwéomposed of 1mm ZY 75LG40L and of
the 2mm ZY FN718:

Melt temperature: 294° C
Mould temperature: 120° C
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When | used lower temperature of the mould thd fager did not stick in the mould.
There was a problem to process the sandwich wyir laf 1mm of the ZY 75LG40L due

to its warpage. So it was necessary to put it uageess to flatten it.

Sandwich could not be used due to its warpage siso@n in figures 37. This warpage of
sandwich is result of two different materials whexte overmolded. There is a question of
using mechanical way for connection of these twdenms instead of making sandwich

composition. Because for such warped specimentipassible to find utilization.

Figures 36.Warped sandwich

The second sandwich which composed of small lay@n() of the ZY FN718 and bigger

layer (2mm) of the ZY 75LG40L was easier to procdss to no warpage. The only prob-
lem was to stick the small layer of the ZY FN718ide the mould. For fixed that was nec-
essary use a water to depositing on the one sitleeadandwich. Such it could be inserted

into the mould and overmolded.

For processing of the sandwich composed of 2mm BYGAOL and of the 1mm ZY

FN718 was the best used these injection conditions:

Melt temperature: 305° C
mould temperature: 55° C
Process of composites of two materials which areethidirectly to the hopper already is
described in 7.3.3. For making our composite | ehmanditions in taking into account the

injection condition of both reference materials:

Melt temperature: 295° C
Mould temperature: 100° C
All the impact results at 23° C and 100° C are ghawfigures below.

There were not any problem with processing and agep
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Conclusion:

If we compare results of sandwich and mixing contpeshe all advantages are for com-
posites. It is easy to process; there is no warpadgeno inconsistencies on the plaque. An-

other advantage is nice surface.

7.3.5 PBT + polyether and PBT 20%Glass Fiber

Because of no good experiences with sandwichesidel to focus on making composites.
Good results with soft HY 5555HS and the secong xigid CR LW9030 made me sure to
choose similar materials; the first soft Hytrel®585(PBT + polyether) and the second
rigid Crastin® LW9020 (PBT 20% GF), which has eksei dimensional and low warpage

characteristics.
Investigating:

a) influence of mechanical properties on compositegi(g of two materials directly

to the hopper)

Table 13.Mechanical properties of materials for pmsites

Materials for sandwich E-modulus | charpy impact 23C(kJ/m2)
“ Soft: (Mpa) unnotched notched
TPC-ET (PBT+polyether| HY 5556 180 NB NB
CR LW9020 PBT 20%GF 7 000 60 9.5

The process of making the experiment was the sanf@ @&xperiment in 7.3.3. First of all
| injected the pure reference materials and thaixéd the material directly into the hopper
at a different ratio. The reference material CR I02® (Y) and another reference material
HY 5556 (X). The ratios of our composite were 302% and 70% of X; then 50% of each

reference materials; and 70% of Y and 30% of X.

Condition of injection for CR LW9020 () in moldinguide:
Melting point 240-268C
Temperature of the mould 8D -13®C optimum 80 C

HY 5556 (X)
Melting point ~230C



TBU in Zlin, Faculty of Technology 51

Temperature of the mould <85, optimum 43 C

For making our composite | chose conditions inrigkinto account the injection condition
of both reference materials:

Melting point 240 C

Temperature of the mould 5C

Other conditions | kept from the molding guide doydmy experiences.

Multi-axial Impact @ 23°C on HY 5556 and CR LW9020
4800 65
4500 - =+ 60
4200 O Force Maxmum [NJ___| e
3900 B Energy Maximum [J]| |
3600 + 50
e 3300 45 ¢
S 3000 = 40 g
£ 2700 135 %
8 2400 e
o 2100 3
S 1800 1255
L 1500 20 W
500 1
600 T 10
300 . = 5
0 T T 0
HY 5556 (X) CR LW9020 (Y) Y70+X30 Y50+X50 Y30+X70

Figure 39.Impact tests at 23°C for reference materand composites

Conclusion:

In graphs is shown that composites of 50% of Hyg&836 and 50% of Crastin LW9020 is
already better in force than both reference mdseaad his energy is compromise of refer-
ence materials. In the case of 30% of Crastin LV@3&2d 70% of Hytrel 5556 results are
very interesting. The force is better than CR LW®@2d also than HY 5556. His energy

result is close to maximum value of the HY 5556.

For this ratio we can say that the material hak kigergy and force thanks content of soft
materials and good compromise of the rigidity tlengid reference material. The force is

even better than both references.

The advantage of this composite is good rigiditgiast pure HY 5556 which is very soft.
Due to the mixing directly into the hopper the casipe was homogenized and there were

no inconsistencies or warpage of the plaque.
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7.3.6 PBT + polyether and PBT 20%Glass Fiber

Because of the good results of experiments in ABB7.3.5 there is another similar ex-
periment following. The rigid material is Crastin@/9020 (PBT 20%GF) and soft Hy-
trel® 5555HS (PBT + polyether).

Investigating:

a) influence of mechanical properties on compositegi(mg of two materials directly

to the hopper)

Table 14.Mechanical properties of materials for pmsites

Materials for sandwich E-modulus | charpy impact 23C(kJ/m2)
“ Soft: (Mpa) unnotched notched
TPC-ET (PBT+polyether) HY 5555HS 184 NB 84
CR LW9020 PBT 20%GF 7 000 60 9.5

The process is exactly the same as for experimenti3 and 7.3.5.

Condition of injection for CR LW9020 () in moldinguide:
Melting point 240-268C
Temperature of the mould 8D -13®C optimum 80C

Condition of injection for HY 5555HS (O) in moldirguide:
Melting point ~230C
Temperature of the mould 4585 optimum 48C

For making our composite | chose conditions inrigkinto account the injection condition

of both reference materials:

Melting point 240C
Temperature of the mould 8D

Other conditions | kept from the molding guide daydexperiences
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Multi-axial Impact @ 23 on HY 5555HS and CR LW902 0
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Figure 40.Impact tests at 23°C for reference materand composites
Conclusion:

In figure 41 is shown that composites of 30% of rellyts555HS and 70% of Crastin
LW9020 does not solve anything. The composites08b ®f Hytrel 5555HS and 50% of
Crastin LW9020 are already good compromise of #ference materials. In the case of
30% of Crastin LW9020 and 70% of Hytrel 5555HS hessare very interesting.

For this ratio we can say that the material hagdgaasorption of energy and force thanks
content of soft materials and good compromise efrigidity thanks rigid reference mate-
rial. The force is even better than both referentbse advantage of this composite is good

rigidity compared to soft material and no warpafjthe plaque.

7.3.7 PBT + polyether and PBT 30%Glass Fiber

The last experiment is combination of rigid Cra®tihw9030 (PBT 30% GF) and soft
Hytrel® 5556 (PBT + polyether).

Investigating:

a) influence of mechanical properties on compositegi(mg of two materials directly

to the hopper)



TBU in Zlin, Faculty of Technology 54

Table 15.Mechanical properties of materials for pmsites

Materials for sandwich E-modulus | charpy impact 23C(kJ/m2)

Rigid: Soft: (Mpa) unnotched notched

TPC-ET (PBT+polyethe) HY 5556 180 NB NB

PBT 30%GF 9 500 60 10

For making our composite | chose conditions inrigkinto account the injection condition

of both reference materials:

Melting point 240C
Temperature of the mould 8D

Other conditions | kept from the molding guide doydmy experiences.

Multi-axial Impact @ 23T on HY 5556 and CR LW9030
4800 65
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Figure 41.Impact tests at 23°C for reference materand composites
Conclusion:

As we expected we got a good results for the m@itid0% CR LW9030 and 70% of HY
5556. The advantage of this composite is gooditygayainst pure HY 5556 which is very
soft. Due to the mixing directly into the hoppee ttomposite was homogenized and there

were no inconsistencies or warpage of the plaque.
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CONCLUSION

We expected a synergy effect that means the phermme which two or more discrete
influences or agents acting together create amtaffeater than that predicted by knowing
only the separate effects of the individual age@ifen the prediction is the sum of the

effects each is able to create independently.

Sandwich molding is possible and relatively eassnake in a laboratory. Sandwich mold-
ing in the industry is also possible but gradec&la must be done with care on warpage,
adhesion and mechanical aspects. Testing showegrdtzeating of the first layer before
overmolding did not have any influence on mechdmecaperties of our sandwich but it
has influence on adhesion. There are some limitatdue to warpage. Unfortunately we

could not get a synergy effect, meaning keepingrg tigh stiffness and great impact en-

ergy.

Although from mechanical stand-point, sandwich a$ valuable, there are other tracks to
explore like: There could be some advantages ahddigy resistance material which com-

posed of two different materials which one is ri@gsisand noise or vibration resistance.

In the case of mixing materials directly to the pepthe synergy effect occurred. As the
best solution | found mixing rigid material CR LWBD (PBT 20% Glass Fiber) and CR
LW9030 (PBT 30% Glass Fiber) with a soft materiafs HY 5555HS (TPC-ET
(PBT+polyether)) and HY 5556 (TPC-ET (PBT+polye)heilhe best ratio of mixing is
30% of rigid material and 70% of soft material. Buee got big values of the force at the
deflection, bigger then both reference materiaisl, still good values of energy. This ratio

has also good rigidity to compare with a soft mater

Due to the mixing directly into the hopper the casige was homogenized and no war-
page of the plaque which would limit the utilizatioThere is also a nice surface which

could be painted or coated.

There are still some tests of impact at differemperatures needed to know the range of

utilization.
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ZAV ER

Nasim cilem bylo vytviit takovou sendwiovou strukturu DuPont mateniglktera by zaru-
¢ovala vyborné vlastnostifprazové zkouSce. Tato sendlwva struktura se skladala
Z pevného materialu pro tvrdost a 2kikého materialu pro dobré vlastnosti v narazovych
testech. Dale jsme dfiit zjistit, jestli by byl ndS vyrobni proces lehg@oveditelny

v laboratdi a potom, zda-li by bylo moZno, ho aplikovat vipys|u.

Od této struktury jsme si slibovali ziskani synekégho efektu, coz znamena, 4é miso-
beni naSi sendsoveé struktury o dvou vrstvach, bychom dostatisv nebo kvalitativy

lepSi neZ prosty s@at efekli ze samostatnéhdigobeni jednotlivych vrstev.

Experimenty ukazaly, Ze vyrobni proces setilvje relativie snadno proveditelny
v laboratdi. V primyslu je také mozny s ohledem n&lpg vybér mechanickych vlast-
nosti, adhezi a zborceni vrstev. Zkousky nepotyrddvislost pedeltivani prvni vrstvy
pied 2K vstikovanim na mechanické vlastnosti, ale potvrdilynaezvySené adhezi. Takto
piedeltivané sendwiové struktury byly ale zborcené, takze jejich vaobpiimyslu je
timto zn&né omezena, to plati pro experiment 7.3.1. Zborcgrdebdalo pedejit, kdyby se
jednotlivé vrstvy pedeltivaly rovnongrné v peci. Pro experiment 7.3.4 jsme nedostali
dobré vysledky p razové zkouSce. Dobrého vysledku, tj. komprommglého zakveni a
dobrého vysledku testu razové zkousky, jsme dog&bimbinovanim PBT s 30% skken
nych vidken (CR T805) a PET s 15% skieych vliaken (RY 415HP).

Nicmére pro zadnou senddvou strukturu synergicky efekt nenastal. To znamere
z mechanického hlediska senglvinejsou vyuZitelné, ale jsou tam i jiné moznogtiAiti

jako chemické, hlukovéi vibra¢ni bariéry.

V piipact smichani dvou materialpiimo do nasypky viikovaciho stroje jsme dostali
velice dobré vysledky. Vyrobni proces je velice dmna v laboratéd a stejie tak i
v praimyslu. Synergicky efekt nastal, protoZe jsme &édimvynikajici vysledky i rdzové
zkouSce. Nejlepsich vysletlfisme dosahli smichanim tvrdého matéri@BT s 20% skle-
nénych vlidken (CR LW9020) nebo PBT s 30% skherch vidken (CR LW9030) a ¢kké-
ho materialu PBT+polyether (HY 5555HS) nebo PBTyptiler (HY 5556) v pokru 30%
tvrdého a 70% wrkkého materialu. Takovy poin zarwoval vyborné vysledky i razo-
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vych testech a zaroiediky podilu pevného materialu, byl dostakepevny v porovnani

s mekkym materialem.

Timto procesem jsme dosahli homogenni kompozitz&yme povrchem, ktery by mohl byt
barven nebo pokovovan.

Pro vymezeni pouziti tohoto kompozitu Zamych podminek je jeSpoteba udlat razové
zkousky proiizné teploty.
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