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Abstract

One concern in bus manufacturing is the high cost of glass fiber reinforced in
polyester composites parts. This research was aimed to exploit the use of glass scraps
to reduce the amount of glass fiber required for production. Glass scraps were crushed
by a ball mill into powder sizes of 108, 125, 149, 186 and 240 um which could be filled
in the space between the fine glass. The polyester composites reinforced with glass
fiber and the powder of glass scraps were fabricated using Vacuum Infusion Process (VIP)
whereas one layer of glass fiber was replaced by an identical weight of the glass scrap
powder. Tests were performed to determine hardness, flexural and impact strengths of
the material. The hardness increased with the reinforcement of grass scrap in powder
form replacing one layer of glass fiber, but flexural strength and impact strength was
decreased. The images from using scanning electron microscope (SEM) and optical
microscope (OM) confirmed that the powder of glass scraps packed in the layers of glass

fiber in polyester composites.
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Tanaeulndn Usgnousigdiudifey 2 du laun wvisnd uazansieSuuss aegun 2.1

FaqiBalaznou
Composite Materials
J |
| 1 |
JaqiBalsznaunadined JaqiBalsznaulans Jaqdedsenauisdn
Polymer Matrix Composite Metal Matrix Composite Ceramic Matrix Composite
(PMC) (MmMC) (CMC)
umindimeslurads wSuussdmauly iiduusasaosuly
ieTuussnEuly
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IETUNIIAIIERNIA EIUUIEERMA
wnindimafluwanadin
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JUT 2.1 M3 uunusznnvesianmeulndnmuuinueauvsng uasdnuurveEnsiasuns

asAUsEnauvesTanAoulngs tawn

1. wmind (Matrix) Ao Fandifuilevdn uasilumadeiies Tnsumindagymihd
VieriuasEt LI uazyiliTaneoulndnduguse awnsaduuneeniu 3 Uszuan laun Jag
moulndnnadiues (Polymer Matrix Composite, PMC) Janroulndnlany (Metal Matrix
Composite, MMC) uazianaaslndnwsiiin (Ceramic Matrix Composite, CMC)

2. @15la3uuss (Reinforcement) fio Yanfinszaneioglutanidondniu lngans
AL sas vt lesunuantRlraning wazvilliiagaoulndedandfiniasosnts asnsa
Juuneendu 3 guuuu ldud aunia (Particle) idule (Fiber) uagdaines (Whisker)

- auAERULS dxfidnvazitiudanions 1w naus Faneuaslud Wusu

- duleariidnuazend lngiansandnsidiusenitainugisoduruaudnans
(Aspect Ratio) &18nsdau fenanaunnnit 100 Tuld asBenansiasuuseiuin dle @hasiiu
FnsiFienudanguin e Frenaduwunauanueniuduledeiios (Continuous Fiber)
wazidulylaiseliles (Discontinuous Fiber) wagdtanunsaduundulglidellomusnidau
sgrdnauedoduiuaudnaslailuduleeny (Long Fiber) Feflemsrdauannnin 1,000
ulU wandiledu (Shot Fiber) Fsiidamaudutosndy dulefivier i fuduledunse wu 1y
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fanpeulndniifaruuiusanniy nevhluduloadussdmivianaonindnnedweiin Hu
ulefifieaudaussgs ilevivhilunissu waznszaieusinzsin TneYageeslndnaziinag
usussgefignmuuuanadesiresduloiaiuuse nmaaiuussivilifamindwodwasanunsn
Suusansvinldgetu TngliAsususe duanaguil 2.2 fuansdsaudfdanangneine vestan
poulndnwedwosilelriuswmuuuInisesinveaduly
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autfdanall ssduautisuiifinanaudivesamindnodiues uarauifvoaduly
dunssUsznauiuiliTanmenindniauudusafivdunnnirfagwediues Wesmnidule
LS fifunsanssin widmiuszesBageaeiu Taneeulndnvsdauaunsalunisda
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To 1esananulsiseiloswosansiaiunssdmananisnszansnss Jedeudonansiaiuusdlugy
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AosFunsanseiililasnninla dedy 9ddeltaduwifnnagldnanszanilaanvesndeldly
nszurun1snan ndudrubuliduianeeulndnidlvivesnaradadwduledsuuse lne
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2.2  Inapdnas

Tndeanes Wunarainumaivianis fdnvardusdemiiuaios inannssaud
Wunedwesuuu Condensation Polymerization 98%@15Usgnaudnnininanea (Glycol) uag
Taudaeydn (Dibasic Acid) tnerluwiadu 2 viin Ao

1. %fadush (Saturated Polyester Resin)

2. ¥fialdBus (Unsaturated Polyester Resin)

Indloamesogluanmueanal indugu \duinglilvvdenis f8nsinsmed 2 - 8%
vdaRnuFAzeneNTeu sgsihlrudesndunaafnudaiilianansouusanmBunanafnivadiu
sUl#Bn Bonnanadinuiiail 41 Thermosetting plastic vagndufiufl agUdosarsafoons
Fafindumilugu Fouanuiivhaumsduiilussenirsemazaan linasyiauluaaudii
Dueaiiuu uaglifinislvaisuresennia wensssuisennafiine

AuauURvedlndioawes laed

- Aaandivanenn Saaaudd wi la i anunsaldeulugamgliasndmanasin
WUU Thermoplastic uaiilofieudulany Sanuudaussosninunn widowaSuauudusde
Twiwednana agldnandne fdvmdnun wiles Biwse wazudusaninlavs dewssudiou
Tnetmidnsemn

- Aaaudinialiih danudiuniugs awnsaldduauaulni (nsulator) la

- padulAmaedl daueansalumsvunsianseuvesansiaiilan uazliuaiiy

- auURdenavedindoawes fin1snad 2.1

M597 2.1 anvABenavesindoanes Salar Bagherpour, 2012)

autRlgenaveslndloanas

AIUNULIIAS Tensile Strength (MPa) 40 - 85
UBARAYBIANNEANEU Modulus of Elasticity (GPa) 1.3-45
m’m%mjuﬁumwmaaﬂ % Elongation 5
ANUNULTIAAD Flexural Strength (MPa) 250 - 690
AIUNULIIDR Compressive Strength (MPa) 140 - 410
AUNULIINTZUNN 1zod Impact (J/m) 32
AuwTlefignuauLann Fracture Toughness K (MPa/m?) 0.5




2.3 lvwesnand

rlwesnana ielwived WusedwesTanaoulndnnedmosifiuvindme flunis
iduusaheduloumitdmutamamsnangs Ineilumneds wvsndlndieames violida
anes riuesnaad wwiludszgndldlunuiidosnisauudussunans dwidnun wy
n&an50nsEUs esimesvurnidn 1Wudu dmuminddiond axgnltlusuidesnisa
wiaussgenit uenanidednsiuduloadunsedy 4 Idud uleasveu uaniduloozaiin
wazdimnuudaussgsnidulonfinlflunuidiosnisautBsnunuudusegain duianaeu
IndnindmesTumanadnildiuutamenmsnanatiesnin sldvinduiandmivanusenielud
Fosmsanuimisamuny videthludadeuiuanduiioifiuanuuduss Wusy

dunaundnildndnliiuesnata fe ns1oum (Siica Sand) Mduasadiaut Toan
LoY (Soda Ash) wag#iuyu (Linestone) @15609988194MA998YILAAIANADIULIAT UBNIN
dunaunanaLdoaildunaL s fltileUsulsautanneg vesliiuednana 1wy e
wsne (Borax) Wudug (Feldspar) Lmai%ﬁazqﬁm (Calcined Alumina) wunilles (Magnesite)
wnAEulgenlud (Nepheline Syenite) wae Auw1aAaau (Kaolin Clay) dslaevhluudalnlives
nand aazﬂisﬂaulﬂé’aaﬁfmqawé’ﬂﬁlﬂumﬁsﬁugﬂmﬂwLU@%ﬂma &3l Si0, = 52.72%, AlLLOs =
0.6 - 16%, CaO = 10.25%, MgO = 0 - 2.5%, B,O, = 2 - 13%, Na,O - K;O = 0 - 14.2% uag
SOs = 0.7% laeUszan (3e.03 35ednd 9ANNAAYT, 2542)

Twesnaraduinlfifutagaduusdunatesvuoy wu uleTaduduen
(Continuous Fibre Glass) Lﬁula%QQHﬁULﬂuLﬁuﬁgu (Chopped Fibre Glass) M%@Lﬁuiﬂ?jﬂgﬂum
Huns (Milled Fibre Glass) Fauvunsiiosiigauufianansntinntaglunis Anticrazing #onns
Frununisunndnuestagld susogsnauaniivestanaonindnuandugudl 2.3 fafu
middeiFdunAniiuguiisiuun Yageonndeduaduussieliuefnaauuudulosnidy
Taguasuusman wardnisldansifuAanakiiINNITUALAENSEINMElY lneA1nniadnay
anunsnanldieainleliiuesnatadeisiauns widnsaninsondatuanu idauuiusag
sUmnzauiuBuduTnaudlngansld

mnnsdnwidediu lelmuainananinaniuifiyriinsideduliuesnarawuuiiy
(Chopped strand mat) Wulwivesnanaidudusnvszana 1 - 2 i1 Tssaadufuuuunszane
imzialagnsuszanun (binden) ldgnihuidesvensssguil 2.4 nuidesinessuinaduled
aruntatszana 1 fadung fafu uidedfaulafiisunmnssanifaunelugng 108 f
240 Tupseu ethinfuasiumugiumsldlelmvesnanalumandntiusmumaaoy
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JUN 2.3 amwenevesinsenindaliuesnatanavinanldfing

24 LAYNITIAN

nsvandsdeildoumurlutiagiudu fog 2 ¥ia Ao nsranarfiiun (Laminated Glass)
waz nsvanmuwe? (Tempered Glass) Fanszansia 2 LLUUﬁﬁaqmumimaaummmamﬁ’amaﬂ
nsvandsse el

1. fosflmnuudaussiinnnninnszansssuaniily 3 - 5 wh

2. dlenszaniinnsuan wfounnidutudngliuveuay wazlinszdnnsyane

3. mNAANTuANKaY Isfedlisaulyiingrneg neariunszanulaieg

wunszaniitunldlunsided Dumenszansaiisuanainnisuseney wiouanann
aRmmuUasuilssy IneUnfazdunszandsfouuuafivum (Laminated Glass) fanis

9 9
o |

thnszanuruEeUsssum weonszanmunded aosududuluindsenuiu Tnefluuilduneaiues
ﬁﬁmi%Lmzqqagjmmawawiwusjummﬂ lusuaudoulidmdusnuiontu e
nszaniinuanaglinssdanizans Ssteuruuananlusuifeliu adomunszanlivanain
N LLINOHGEERRD



2.5

JUN 2.4 N52aNuTIavIFLANaInlseny

FTUUNMSVUIULUY Infusion Vacuum

adq =<

Bstuguianeeulndnnadiues Ao

- 38mslaiien (Hand layup)

- 35%u (Spray - up)

- AsludAniUsEAU (Resin Transfer Molding)
- misldssuugaane (Infusion Vacuum)
msﬁugﬂqumuzyﬁmﬂ

a ‘gj ‘:1‘1 a ! . A a ! Y Slw
ASLUIUNITHNANTUIIUL 138N Infusion BIBLTENINTEUULIAAN (Vacuum) wsnz Uy

deyeyInne (IR LiesALERA) A5eavideanagun 2.5

Vacuum Outlet

Resin Inlet

Resin Mold Resin Vacuum
Trap Pump

U7 2.5 35015 Infusion Vacuum (performancecomposites, Inc.)
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nannslaensn Ao Illuesnana vieenadufanaiunsedu azgninasuusiumad
FosnsTuusifiat wdUavuusifissiliadndeiidy uasdatui siammfui%’%mwmﬂfmaaniﬁ
VR LLmUaasﬂwLiszjwzmmumlﬂimmwuwamqm‘f] droussgaveatu ileflisfudiuiu 159u
mumuumwaﬂmaaﬂ ngansiauesugyayinmaiiesdudindunu solfiunuuiud,
unganfutidunueon Tasfunuasddnuuedigui 2.6

/ ROUGH SURFACE
-

-

GEL COAT SURFACE

. |

Mold

JUN 2.6 AnuEU0BUNUNTUIUAILTE UL INA

Y

2.6 UsnAUlsIUNSSY

MM TTUNTIRtomuI dnuAfenasauiliinmsnviAeaiunisld
Inwesnana asieTunssrindu eduusslunediuednigg fmeisnsineg iWethusegndldlu
93t 1y

Edcleide Aratjo waganz (2006) autinisnavesiaguaulndeaines ivasnaia
At feguszasdifevseduanudululilunsiievendeildnnnisuusaninyes
9RENMNIY Paraiba 1l dusuasuussluiannasindieamasiuvind aeulnaniidl 20, 30, 40,
50 wag 60 Hwiin (%) vatlmivasnanasluia lnen1susunuun1studa (compression
molding) wagtUseuisuiuianualndeawesiuiduloumiiietaginied nageuantmgng
LLazwqamiumi@m%ﬂfﬂ nanIsnaaesuandliiiuItelinantRlna 1wy Alugdauseds
LarANUATUNILLIINSEUNN HanIdemadundngiuivsranliluesnaafumadendd
Uszavsnndwiumssluda uwasansaliiluanasudmiuiaonanlndoamosiunindla

Hasim Pihtili (2008) Ainwnansenuvesmsanyseiietuiagreulndaluivesnata
wuumausanfudiendistu uazliuosnanauvumanunauiulndloaineslstu Bnmeaou
aelfusauazanuilunimageviiunndnfu lnensinvsedunldannnsdaiminves
Junureukarndinimeadey nsanuseligléantmiinmell e tanneslndnlmivesnana
wuumauNALAUSRendLsTu den Strength ge uazansanwsed ewisuiuanaouTndnlu
wosnanauuumaunauuTndloanesistu uasiimvagou SEM i Tasdosuinmiatesiu
nagouAnnsdnuse iedudunanismaaes

Aramide Fatai kavAnug (2012) Anwaudfdenavesianmeulndnlniioanas w@sueiy
Twwesnana lusuddeildinisdnulaedd Hand lay-up Tneldidulowts (wuune) A
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UL 3.6 Tdusdenauns wasistulndleameviill fedruduleindioamesainlouin
Afunaleui (A-0.05, B-0.10, C-0.15, C-0.20, D-0.25 Way E-0.30) naadaunmasvAvesian
AUATUNIULTIAGEIARN AIAUTANEU LATAIIUNULTINTEUNNVRITER Inn1snaaay
19550 WUTAuANTRNInaie (ssameuannsalunisfusanssunn) Auideduiina
Toufuiiudy uazilenuudegs aguldhusmanmlouffionvaudmiveeulndnio 0.25
Fazle Elahi wazaaiz (2014) duloufuasudulindioaneslidud (GFRP) Tusude
3% Hand lay-up TneldlWivesnana 4 duiasunsdndioanasisdu wasnanigldimin 5
Alansusleu Aarwdounnn 60 esmuwadea anduiilusiuniseu 150 ssasadeaiuim
1 $hlus wazthlunaaevandfiBana aAimdsfuussia alugdaussia Fuussnszumn use
dou wazAuudavesian nmaaswandliiiuinguaunifniinavesneulndninisusuuss
ogsgendenannseusou navesguvgiifianaiuly GFRP Ifinmaans wudn GFRP fieu
lasiegaungdl n1slineulndnsiinda 1000 ssmwaldeaiiaut@idsnaiiunnietusiniianly
vz flgaumgiiganingamninisifienaziinuantinisnaanasediann sansenuiiidedfoues
oumgianinsadndszneuiumsiasundasnieluresnsdaisveaduloiwmindvesnonln

9 Y
A LardTauINTsveInTsiousevesTulilesanaALsTeL
Yu Cao uae Jack Cameron (2006) Anwnautin1snmunIuesnin waghsudou 1043an
Aoulndn Blendiaiuwse mglvuesnaradanlas wazeun1adani lnenstuguduaiuass
wuuRewuuldund Auldusaaglunmstugy wuadu 4 wuunisnaaes Ao
Aad A a s Yoy =3 a
- A dMend wsuusiliivesnaa T3snsuusUuni
- B 8Wend wsuusslniuesnaa uazeuniadani 14i85n15vuguund
Ad A a 3 Yo =1 v |
- C 8Wen® wsuuslvuesnana Tisnstugulnenislousedae
- D 8en® @suustliiuesnand wazeun1adani 143en1stugUlnenisldusadiun
upt
NINAFOULTINAIe Tneldia3ee -3point bending test Lazusidoulay short — beam
shear test AUNINIFIW ASTM D790 wag D2344 21NNaN15NAABIRzRaRINIELYTENoU
A a aa & v o s o aa 1% wa aa
MeSeuanTsn1sTuukuulduse Ingluwuu D Amswaulviuasiveunaddni lanaaudang
gaiilaiguiuTunagauLuudY
Yu Cao uag Jack Cameron (2006) Anw1audin1sATUNIULIINTEUNN vasianmAauln
dn Bendiasuuse Mmelnuesnatannulas wazeun1AZant lnen1sTuguTuuaoLUUAD
wuuldund Auldusaaglunmstugy wuadu 4 wuunsveaes fe
Aad A a s van = a
- A Bfien® esuusdlviuesnana TEnsTugUUng
- B 8end idSuwsslnivesnana uwaveuniadani 1938n1sTuuUng
aa Qll a s Yaa dg{ v 1
- C 8fiend wauusalvuesnana 1938nstugUlnenislduseyae
- D 8en® @suustliiuesnand wareuniadani 1438n15vugUlee nsldusadnun
upt
NINAABULIIEA 1Ae35 Izod Test MULINTZIU ASTM D256 INWANTNAABILAAILY

WuIAENURLsISATeMUU D Wy lawafunds 100% WeSeuiflsuiuwuu A
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suirulanfinsfnuiaguaunediwesiasunssdiuiuuin waznisldlviesnaia sou
fuieunszan sugdlagldusene dwhliauaudininavesaguaniay nsléTanaaiiu uay
a9EsULIIRIUANUAUNTINTTAINET Fahagviaautininavesiannauneadiuesyinln
Aloanes inzdwsutudmunsdin wu Tasiwih uasiheressa thasoude Aulnau wagdan
anussnuluvessalagasvualngla
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uni 3
A5andunisIY

fnqusrasduaseidotl Ao Anvauifdanavesianindioanesnenlndniaduuisie
Iwasnanauasiaunsvan Suawnszanidutanseniniddlutusdlnd Suilidesdofuiins
yauvisddiedaiu lunsdnudfeiunAsfiogiiaunszanuiasuusdudiuresely
Wwesnanaffuunisnangs uasfnwauifidena ilanuuandsiuegnals iWeweuiunig
Tolwesnanaaduusaiiesegrafon Wefnwinuimsiiaziianslofaanaunszanluld
Usgleniluewan

Tndleawmaiiildlunistugy Wuasndn Sadusming vesmavaaouil viuthiiveru
AsLEs LT AolniuasnanauazAunsyan

IWwednanawuy chopped stand mat tue$ 450 Fslaeunflssauazdinisidlnives
N1t ugUTIuaL 3 du ielfTuauiiannuvunauiifesnts uazaruudeuse dAvnusiouss
NIZUNNLAMINNINTFIUANLUADASBNISTUNIZUNNATUAL (ECE Regulation No.29) usin13hd
IwesnaradusiuaunnyinliRnisiununsihauigs lusuidetasinsllnuesnana
e 2 Fu uagvaunu 1 Fudeiesnszan

WAYnsTand lWunanunszanatwessalasassueivg sudunszanisde thunvi
nsua uaziisnauliiuesnana iednwiAnandululdlumaianmaununsldluesnana
Tngaginisfnuiivatsruineynia wagnsawnuiiiwdnlluesnata 1 4u desndt uay
1NN

3.1 WAURNSLEAINISANUUIIUIRY

N13AHUNITY BUAYIINNITNTENTAANANBINUITEU VUFUAIBNTTUIUNIT
Vacuum Infusion wa3u13uulaluinTeuvindunaasy wasnaaeuandmidena e
Wiguiiguladendanansenusineg sIu0en159duguIne1velineutiy Lanssigazdenngy
i 3.1
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ndedines Twesnana [ WAYNIZINNTUIVBITOLALAITVUIN YR

|5 wes 450 T

[ UALA¥NITINA8LA3DY Ball

JRUNIURTWNTISOY LUBS 60, 80, 100, 120 way
140

WSELAIUNEL IAedwassTu tluasnatd wakAYNSEan
|
uzuTunuwn 500 x 500 Fadwns meszuu Vacuum

AnFunulilanuunnwae U UesTUNaaaUs1e

NaERUANURLTING
{ |
NAADUAIULD .
NAADULIIAAID NAADURTINTZUNN

H

(Hardness (Flexural Test) (Impact Test)
Test) ASTM ASTM D790 ASTM D4812

D2240

dosndesglaseaianiglusig SEM uaz OM ]

JUN 3.1 uruslen1saniiueuy
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3.2 35auUNISNNADT

3.2.1  AISLATPULAENTZAN

wenszanluedsed Idnanmenszannisalneansvuisivg dudunsyan
fi3fe Adtuiidunedmesognsinans Tasduaniuusnwedimesoon uddwdidunszan
thanun undeweiesunanden ball mill Insldszernannisunndaay 30 uni

winnsun luseusmenzunsaiiednuun tngldngunsssou namnassu
ASTM E11 Tnemzunsssouillifivuateadafunnsfunuueivesnsinss lun1svnassiias
19 mzunsesowlues 60, 80, 100, 120 uag 140 Feanuvuinvesdnganlinuuulaamiyes
Bngaogfiuans LaryIN15wE1REILNTIFIBIATEITEUMLIUNTY Vibratory sieve shaker
ANALYSTTE 3 PRO tduaan 10 unil uoundge 1.5 dadums

Foualsusmnadiiissmesensmaaey wluinvuneynia Taeldinsesinvu
aunIAmeLaLyas(Laser particle size analyzer) Horiba LA — 950V2 FunTeaiiannnsninuuin
ouMA WazmInsvaedivesansilunsusis vieansuuuase Tnsluiavuneynatuaslfie
musaudviarans Tamsuuuiuasldlunmvugidieniuea fuviausimdnvunadnansnouls
wwuuuduifanszangogiane uazaziinnsdauaweildeyninluioniuea e tavuin uaznns
N3¥YH HAINATIAVUIABUNA WAZNINTEINYH)

iiolinseunquanIneynalursidesnisianldau anmaiadmiuang
AATILAVUINBUNTIA V09 A5, 815 suymanTR uavaney (2545) lasesyinludanenda n1s
ATIENTUI TN YULUDINY Lwaiﬁiﬂumsmmawqmﬂﬁmaﬂm n15lva N198AA7 N3
aUfAsen uaznanis gnugolassaisvodunuiidusoudi 3 TadpsmunuInInEYNIARIY 2
Fn1suly Tunuidedidenl#38ms seuiiussunss uziavunadeieiosinuuinoy na 39
navestaeynATild Lansfesuil 3.2 InsfiannugevesnsazuansvuineynAlureuin
199 Aeds wavAisegIu aansaaguldfsmsned 3.1 egluraswesuiaiifosnisuiun
Ansgtadunsdswanoautiginanie
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JUTT 3.2 BUINBUNA UaENITNTEANYMAIVDAAYN TEAINTHIUAZUNTITBUANA

q(x%)

q{%)

19
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10+
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0.010
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e
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JUN 3.2 3UABUNA UaENIINTELMIVDAABNTLAINTINTUALUNTITOUAY (5iD)

152

9) HuRELNSRUBS 140

10.00

Dinmeterjmm)

100.0

— 100

UnderSize(%)

JUN 3.2 JUINBUNA LALNIINTLANLFIVAAYNTLINTHIUNZUNTITOURY) (D)

A7 3.1 VUNNBUNIAVDILAYRINTEIN

HIUAZWNTIUDT 60 80 100 120 140
VUIBYNIAYBIHINTZIN (M)
Aady (Mean) 240.66 186.62 148.64 125.74 108.91
mLﬁmLuummgm (SD) 100.60 68.93 53.53 59.45 45.18
Aisegu (Median) 221.35 178.65 143.34 120.74 106.15
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3.2.2  N1398NLUUNITNAGEY Lasassumsaugudunagau

TneiluIndieawmedisduinldfuidulontdudnata (Chopped E-glass fiber)
wavidulewasuuse (reinforcing fibers) 3finduq tiun Wuloudeanana (S-class fiber)
uleazs1fin (aramid fiber) uaza1suauluiues (carbon fiber) M371971 3.2 uananuaua
Tneily flandgredndeanewazaeulndnanindoanestuaisasuuswige 31nauide
vosnuay an1tevae (2557)

= wa Y = s a a Iz a
M1 3.2 ﬂﬁuﬁllUmIﬂEWl'ﬂUsU@\ﬂwaLaﬁLW@iLLagﬂaﬂJIWﬁVlsUaﬂiwaL@am@ﬁﬂﬂﬂqﬂasumqﬂﬂ

o Laigiang Chopped BEHIIEN
GGG o . .
L1 9LFI3 roving-filled | aaglouna
AIUNULTIAS Tensile Strength (MPa) 40 60 70
ANNEAVEUYRINATARN % Elongation 5 2 1
ANUNULTIAAID Flexural Strength (MPa) 80 100 85
AIUNULIIDR Compressive Strength (MPa) 60 150 170
AMUNULTINTEUNN Notched Izod Impact
20 200 200
(J/m)
mm%‘m&jummwmﬁaﬂ % Elongation 5 2 1
SuUsEAVSNSVENEE cm/cm/°Cx10-5 5 2.5 2.5
AU ITUNIE 1.2 1.6 2

UnAlssuagldlnuesnanalunistugy 3 wiu Menunsluasiufaniudmusoses
Inqu ileliAneuasauvesnelusaegnaon uasiinunsusniidioshdudiu wielild
mmgmmmﬁqmammiuﬁmu@ lne@anandoiinuavas UNECE Regulation No. 29 1du
1ATFIUATIF e IadeUAMLLTsseslaTiad AT e U I Frudedud Wy
JOUTTYN WAETAUTINNNI wilUATEUARUTITNINTNANITNYAT LaLIOUNINLABS tAeaLUI
Usggnalddmiunsfinnsananuvasefelunissunssunnduntivessalagansvueive g
PINLINTIFIUILUINTFIUALNAGOUT IR 3 N13MAaeU L n1snAaaUNITUNTEULIN
Aunti (Test A) AIULTILITIVOIVAIAT (Test B) WazAIUUIIIIVBNTIATUNAT (Test O Tu
duresiideiagnanisiimamaseunsuudnunii (Test A) ifissednafien Wosnduns
maauﬁ@’ﬂsxﬂauﬂsqummiumim%maimamwumim,jﬁaaﬂﬁﬁ@m'm (/15178 U294, 2557)
TnoseasBondail
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i ! b =2500 mm

5 =) =y OO
h=800mm
=
f=1000 mm
-
G L =3500 mm
o [ H(R) ¢=50+5/ -0 mm
e Wi
E=294kJ
/
pendulum 7 ; G/- GVM <75t
/

o

@ E =55kT
GVM =75t

JUT 3.3 118a988ANINAREUNSYUNTEUNNAUVILINLM#SE1U ECE Regulation No.29

MsvadsuLUUNTELndunihAinadenuuusdasarsiszylflusnsgiu ECE
Regulation No.29 annsgiuldimuaninsiaaeulaslilinisuniswesnadinszunniu
Tassads uagRiansananudemedifintufulassadisinds Satuualitanuianseunni
twitdn 1,500 = 250 Alan$y wagfigusadudndsuiudi uaesnidudawuusu suviedng
ATMUATUIA AFIUNT1 2,500 Hadiuns wazgs 800 Uadiuns usiuveulisaliotelos 1.5
fiodiuns Tneduimidngnuaauinananudussey 3,500 fadwns Tne¥aanduuuiunumes
Auiagaauinasiavesiuiivtn uazgnaudnatsuiasgiiniiaginngdud 50+5/0
fiadiuns dauandugui 3.3 lneflunmsgudsnanldimuandsnunaaoulsainnisundana
dnspunnleasaadafidndu 29.4 Alaga dnfusadidmiingaulaiiu 7,500 Alandu uag 55 Ala
98 dnsusafiiviniAuninfifmualidmiumsiasilassadssoionageunmsvunseun
sumhimualilflafiannsofuussld 10 fu wagfiguuedasaiissesienadesliififuuin
Aunine 150 fadwng wazauevinduaunilswesdasaiissa lasfismuntives
lassasresadamelevinyulaiiu 25 serifunulsedu tasyiyuiuwnuaiug1ivedlaswaineg
lihifin 10 pem Wenesandiuuy drusuthadadmelsvig lailfu 20 ssmfuuusziu uay
vhsufuLnuaevedlasiaiasnlugig 25 asmn A 45 e Wenesandnuuy wagduvine
Basnelevingliiu 15 ssmfunnseiu fuandluguil 3.4
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%
P
max.20 max..
215(mm

°
min. 25
e
max.45

A
’H max.10°
N max.10°

A
//,fj max.10°

0
max.10

>600mm

. 0
min. 25

max 45°

JUT 3.4 M3fndalasasasadmiunIsnaaeunuunsgu ECE Regulation No.29

Tumsiteiifaduanmmaaeunavesuuds anuufussesianiinudeusiinee
wazAmLiusivesiagivudeusinszunnuasianindnilsanuld efAnudanisldalmuves
1,2 uag 3 ﬁqmaﬁiamﬂﬁ’mummi’a@ﬁLﬁ'mﬁ’U%u?hwuaamImsmsmmmimuj Fenuisleiy
Iwesdnana andunmsiivanuuds aruuduswosTanfinusionsadn uazusinssunnléifia
undu Fagudl 3.5 - 3.7 Fausanszunnaasiiliesnana 3 wiuduiianuudusmudenss
N3TwNNLANINNIIWINSg W ECE Regulation No. 29 Avum kagAuuIwsvusonsinsend
Afeglutimwesantidnanoulndnaduusadulonin famsnei 3.2 uiidlesinsldaulwues
nanaluviinadivin asvilAnTuduiiddununisudngs Sssndufiasdomn Tanmaunuiivh
Tnan snaaeuiialndfesiuianldlagiu
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Hardness (Shore D)

Boxplotof Hardness (Shore D)
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JUT 3.5 HANSVAADUAINUDY

Flexural Strength (MPa)

Boxplot of Flexural Strength (M P a)
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120 1
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T T T
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JUT 3.6 HANTNAADULIIAAD
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Boxplot of Resistance Force (kJ/m2)

140

120 4 ‘

100
80 ‘
60

40 -

Resistance Force (kJ/m2)

20 - |

1 Layer 2 Layers 3 Layers
Glass Fiber

E‘Uﬁ 3.7 HANISNAABUAIIUATUNIULIINTZUNA

nssenduranlunisuaaes nutldslniueinana 1835 Hand Lay Up wazaauln
an vosauAdlnenoulndn (2551) fail
1. IWwesnanadldiues 450 (1 msraumsiiiindnlniued 450 n3u) N3 wazena 50
LYURLUAT
2. Tndamodsduildlunisvnans fe 1 MSIWAT LA Rufin15vau 1
ans1auns WElWuesnataued 450 $1u7u 3 U wavAugIT I vvesIwaLeaMDILTTY 1.8
2y Indeawmas 2,430 NSUABDAISIUAS
3. 19além (Gel Coat) AodruiidafvewmdnSusilnuesnand ddnvazadoudaden
WliRaSeusiu a0 wasunUalllidiulonts Snsrdrunaniild fo waldm + laveda 0.2%
+ & 15 - 20 % + A luTs 0.5 - 2.0% + ala3ulalulues 15 - 20%
4. fuseUgnsen fnag
- dle3ulaTuwes (Styrene Monomer) WWusihazatefiiasunsiinyfizen
dielivanty uavazanlunsviuvidem Tnaslulndloawned uazialdn Ussanal 10 - 20% 93
Ymitnisdu
- frussuFAzeniifienld Aolaueda (Cobalt) ifuanaiatidsi Aldsamfufudai
Tuds TnawiAusisa o maudiustuniou uddadudmihudsasld Ineundsamdrunanild
nanlusBuUsyana 0.5 - 2% sodminisdu uidmiuanuideidesnismsinadveasduuin
flannoufidunauanduiu Jainsldluusinadides ifies 0.5% devmiinisdu
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- §avi T ude (Hardener) Tnefaviudaiidouldfe MEKP (METHYL ETHYL
KETONE PEROXIDE) 3enduiniluin ymnden 18 50 (BUTANOX M50) iilesinlslstuudesa 19
Wl 1% sevhmiinissu
- & wengluaslin ielifuderudlotusuiate annsnilulédldios 1
CRNVMGIN
5. iwnszan Wuimsnszaniiinunisue uagseunsnvuin ildvuineynia 108, 125,
148, 186 way 240 lulasiuns wazaziimsliimnszanunuliiuednana 1 u lagagdinsliay
winsyandiinmidn 350, 400, 450, 500 uaY 550 NYUABANIINAAT
Tnefinsoenuuunsmaaewianun fmns1ad 3.3
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A1519% 3.3 WARIN1T88NLUUNIINAGDY

IndodnasisTu

(g/m?)

Asalfnsen

(g/m?)

LALAN
(AU 0.5 33l
(g/m?)

Tnwasnana

(No. of layer)

LAYNILIN

Smin
(g/m?)

VUIN

(pm)

2,430

24.3

815.1

350

108

125

148

186

240

2,430

24.3

815.1

400

108

125

148

186

240

2,430

24.3

815.1

450

108

125

148

186

240

2,430

24.3

815.1

500

108

125

148

186

240

2,430

24.3

815.1

550

108

125

148

186

240
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3.23  MSAUFUBUNAHOUAQILUU Infusion Vacuum

Tnen13tuzUsunaaoutiu 19380139 usUda8380U Infusion Vacuum 1Ju
nsvUILNSTEUsEAVB A M UnawanTaneoxTndnannngs Tof e Annmilgatu e
ahianevestuny asnsathlVEIELA Vssndanatlunsnnusis uasfunundnsas

N3¥UIUNIT Vacuum Infusion Tanyanie ielyisgulvaadlus Funouwsn
Aonsnadulenti uagrumunszanadluwifiud Tneimunszaniisusenlfazgnisnudadu 3
druwingiu Tnsasniuasuuuiuliiued fisamusad 20 wuRwes wuarnnedudievesuadly
ymad e Tudnsnids 5 Fwdie 1 ey (unfaavemveduad 60 wuRums) vdaniuda
Fruvudeluesnatadn 1wy wavmudiedtaenans mTeLsTy Unnilnlaggegayayinie
Tngsemadisiuinadudieveduad wasmssengtugyamamsdusivedduad lasawih
Tineluluad duayanadouldesisiudigluad Fsdnuaznsfinge Wudgui 3.8 deisdu
Inaidauun asliamadielfimstiisfudauiuesn sndadulivhonusulunmmeassie
8N 30 N ﬁwzfﬂmLLé”JﬁT?umuLﬁuquiyﬁmﬂﬁwﬁaLaa WaZWIRa BnUszun 18 - 20 . La139
theananluad arlédnunrveiunuiitusuld fasud 3.9

Vacuum Qutlet

Resin Inlet \ \ \

/ ﬂlp .__\\A
s « 0
R T
Resin Mold Resin Vacuum
Trap Pump

U7 71 3.8 NMIAARIIBUY Infusion Vacuum (performancecomposites, Inc.)

/ ROUGH SURFACE
u

SMOOTH GEL COAT SURFACE

FEMALE MOLD

gﬂ N 3.9 aﬂwmwuawumaaud uiﬂéffgaszw Infusion Vacuum

Y
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3.2.4 AISHTINTUNAFIU

Fuzlrunurwaniie 500 dadiuns 813 500 Tadiuns wagvun 3 Hadwns waeindu
U FUNULIFATUNAFDY AILLATBAFRLANENIUAINNINTFIUA1 Felunsintunageulumunusinggves

Fuau ieansnseaedianaedlndnidwasieaudfilng dagui 3.10 uagansen 3.4

E/L | EL E/L
C/IN E /IN E Jout C /out
E/AL | E/L
M/T
ET
M/T
Resin In E/IN M /IN M/ouT E /ouT| Resin Out
— —
M/L | M/L
M/L
E/IN M /IN M/out E /our,
M/T E/T
M/T
M/T E/T
E/L
C/IN E /IN E /out C /ouT|
EL EL | E/L

**Not true scale

Specimen of Flexural
Specimen of Hardness
Specimen of Impact

JU7 3.10 sfumisvestiunagey



AT 3.4 VUIAVDITUNAFDUANURLTINAAS

N3 P W9 (Haduns)
Junaasy »

NAEaY N9 817 U
AL 254204 | 254404 | 3.0+03
LIIFP9D 12.7+02 | 127440 | 3.0+40.3
W34

12.7+0.2 | 635+2.0 | 3.0+0.3
NIZWNN

3.2.5 n1snaaauaNUALltena (Mechanical properties)

1) nMsnadouaULds (Hardness Test)
ANINAABUAIINLTY MINUIATFIY ASTM D2240 FsTunadauiivuinning uaz

817 25.4 Hadwns vun 3 fadwes lunismaaeuiagldianauuy Shore D Fsgufl 3.11 sy
WPIDINAFDUAITULT S (Hardness Testing Machine, DUROTECH, BENCH STAND, Model

BS550) 9 dunaAvnTuiIu 5 yasiedunedeu lasdunageuioulvay 16 du

Durometer indenters

Applied load
Shore A Shore D
DI1.1-1.4mm DI1.1-1.4mm
350 » , 30“

JUT 3.11 MINAdeuAINLT

0-2.5mm
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2) ANSNAABUWIIRAID (Flexural Test)

TnenageunIuuIAsgIu ASTM D790 Sstunaaeuifuududivasuiiuii vue
nf19 127 adwns 817 127 fadluns waguul 3 Sadlns vageudioiasaeunysyadd
(Universal Testing Machine, INSTRON model 5565) vunmluaniead 5 kN figamaiivies fagu
7l 3.12 WomAeuiunuussiate (Flexural Strength) Tnefmuadeulunisnaaey fail

J8e119gAT033U (Support span length) 48 Hagiums

< a a 1 d
AMALTIUNITAERU (Crosshead speed) 5 UAALUNTHDUIN
TIUTUNRdeURnTIRaulY 16 U

JUTN 3.12 MINARBULIINAIL

3) NNINAABULIINTEENA (Impact Test)

NISVAADULIINTTUNN WUU Izod AINNINTFIU ASTM D4812 Tnegunnaeuily
wiuAudeufiudn fvunanig 12.7 Dadnes 81 635 Jadwes waevu 3 Tadwes lddearih
508U (Unnotched) NAGBURI8LA3BINARBULIINTHUNN (Impact testing machine, INSTRON
(CEAST)/CEAST 9050) figaunigiisios n1senssuilld (Energy Load) 11.0 9ad fagudl 3.13 lag
Funaaouwsazieuluiisuiu 32 u
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Jn

o8 |
oem e

JUN 3.13 1ATBINARDULTINTZUNN UAXANYUENTIVTUUNAADY

3.26  MINAHUAMFINIMEIAENTDIaNTIAL

1) Nd039aN35AUBIANATOURUUABINTIA (Scanning electron microscope;
sem) Mlunsfnundnuardnguvesianlusziugana Wundesqanssaivinidmdeogs
Tnel¥nduresdidnnsoudadinnueneauduninduunasindauawilvdanuaiansalunis
wenuezBaserldunnds 0.2 um desnsaliuuRanivestunaaeulunsadraniwluwuaan
wazuwsEuny tneilidaeeeglugae 10 - 500,000 41 FalusuAde v S uneasuiiinums
NAFOULIINTTUAN AUAANITLANIN Lﬁaﬁ%ﬁwmwmwmaqmﬂmwﬂizﬁm UINNINTEAILEN
Tuusunagey Feduiegedvuinnte 127 odiuns 912 3 Sadiuns gelaiifiy 5 aduns
wavihdusesdluindousienes cenndleeies SEM (JSM, model 6010 LA) fauandlugy
7i3.14

A

JUT 3.14 ndesganssmiBianasouluudainsin (SEM)

30



2) ndosganssminuulduas (Optimal microscope; OM) ndpafluasus
Pelummiliusadiunm lnsuasazishuszuuiaudeneg desluiiingreuuazdesimidi
gon azvhlisuiunnlalnenisuesinuiaud Eyepiece dauanslugud 3.15

Ivaneaiin lagaznuamuanvazn1Tlganu Wi
- Biological Microscope @%SUSTUNIAIUTIINGT
- Metalogical Microscope @3UUAUTIING
- Stereo Microscope ﬁww%’umuqmaflwﬂiiuﬁﬂil Wy udidnnseting (Judu

JUN 3.15 napsganssmluuulduas (OM)
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unil 4

NAN1SILAaTN159AUTIONA

PnNsaunsdasnszanunyUszgndiuauliivesnata laeuaunszanuuali
aviBunsourumzunsnilidudunailunstuguiuneaey dwsunadevanifdananieg
nudnsdrunanfisnstu Inedugudreseuy Vacuum Infusion figauvgiivies iilelinsie
Wisuieuandfiidang Usenoauiig nMsvadounuis NSdoulsIiage wazn1snagey
LTINTLUNN BINTNAFOUILUUINILTLIABYNIATDNABNTEAN TRNTANAILHaImTNTes
unszaniisnaiu Tauamsidedeoludl

<
4.1 NANTIINAADUAITULLYY

MnuamnaaesauLdsimuaieufutunuilsauldey Aldlmuednara 3 fuiy
Funpaeuiitulunuiteiiimaruudgeanitunuilssniiog fisuil 4.1 Faanaiseves
Omyma El-Kady uwag Adel Fathy (2014) ‘1'71"1/1°1ma'3€1’8wamwui’aamiumuiw%m N4
NN uazauURlmenavesvuIneynia Sic snasluagiiuwuaniad nardlilunuidedn
dawiineynia Sic Amuudsituinniflefsuiunmslfogiifoufisses e unzasnndasty
3MUT98U89 Bakir Unlu (2008), Kuen-Ming Shu AU Georgechia Tu (2003), Efe Celebi thag
Aty (2010), Jianhua Zhu wazaney (2004) ﬁﬁﬂmdwﬁwaymﬂL%iﬂ:ﬁmﬁmﬂumw%ﬂ%%dwa
Timuudafiaty
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Boxplot of Hardness (Shore D) Boxplot of Hardness (Shore D)
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- N
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!
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N
n

-
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Y
°

3) daunIANmin 550 NFusoN1IURT

JUT 4.1 AR UK (Hardness) Yean1svadeuduauilfisiaunsyan Mimin 350, 400,
450, 500 Uag 550 NURDATITINUAT NVUINBYNIATVBLAYNTEINTUANATY
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Main Effects Plot for Hardness (Shore D)

Data Means
Location Infusion Flow
80.7
80.6
203 // _
80.4
c 80.3 i i i i i
P Corner Egde Middle N ouT
= Particle size (?m) Weight of GS (g/m2)
80.7
80.6 /.
. \
80.4
80.3 A T T T T T T T T T T
108 125 148 186 240 350 400 450 500 550
Interaction Plot for Hardness (Shore D)
Data Means
N our 108 15 148 185 240 350 400 450 500 550
Location
| 81.0 |—@— Corner
—ll - Egde
Location ——= w/\ ~— F\/‘\‘//' - 805 Midde
I 80.0
Infusion
I 81.0 Flow
[ 8 —@—IN
Infusion Flow W .;‘/'\.//. 805 (—M—our
I 80.0
( partide
\ \ A - 41.0 slze(?lrgg
Particle size (?m) ' )‘ R\‘L L s |—m- 125
= / L o |—4& 186
‘ 240

Weight of GS (g/m2)

JUN 4.2 MTBATIeilaeTIuaIgTs DOE ved Hardness
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1n3UT 4.2 Mamaseumuudsiiadesiiag aziiuintadeidawastiauindenis
yagou Ao Yadondn WWud suineynavenmsnszan wasimiinvesaunszan daudadeses
Fomunisvestunaaey aglidmanin wansiirmnuinarestunudauuidndifeaty
uaziirmnanisluaidn - senveusdu Auiu lidwmansznudonnnuuds msizisguiinisiva
whﬁuvmﬁmwﬁ"aﬁh%umu

'
a

uiiflegiladefidmaniian uardsiindesnmaunuaranunsoraslinruudeidunse

tfu 3dldmsTnszvinalaeld3s DOE axidenfinnsantiadefidena fe

- dwdnvenaunszaniinaunuliuednata i 350 uaz 450 n¥udemstauns
Wl 350 niusemsumsFetmiinditiosan wisldieuarsinia dau 450 nuson1ng
wns vzt uesnana 1 $u Buthwanendnfisdonis

- uneuMATBLAYNTEAn 1 108 way 240 luaseu ey Wuvunoynafién
g0 wazlvgjan fsdonuvhnmsided

- USNMYDITUNAARY TUBU UAEATINANY INTIETuuTiRaIsTAIANLT
Tndideafunnuinnmesduny

- AANI9NNSMAaTDUITU K sTun kaziastueen
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13
14
15
16
17
18
19

20

21
22

23

General Linear Model: Hardness (Shore D) versus Location, InfusionFlow,

Praticle size (um), Weight of GS (g/m?)

Factor Type Levels Values
Location fixed 2 Egde, Middle
InfusionFlow fixed 2 IN, OUT
Particle size (?m) fixed 2 108, 240
Weight of GS (g/m2) fixed 2 350, 450
Analysis of Variance for Hardness (Shore D),
Source DF Seq SS Adj SS
Location 1 0.9801 0.9801
InfusionFlow 1 0.0547 0.0247
Particle size (?m) 1 2.1084 1.7550
Weight of GS (g/m2) 1 0.1387 0.1162
Location*InfusionFlow 1 0.0360 0.0360
Location*Particle size (?m) 1 0.0176 0.0176
Location*Weight of GS (g/m2) 1 0.0009 0.0009
InfusionFlow*Particle size (?m) 1 0.1387 0.2072
InfusionFlow*Weight of GS (g/m2) 1 0.0000 0.0030
Particle size (?m)* 1 17.7390 14.3995
Weight of GS (g/m2)
Location*InfusionFlow* 1 0.0975 0.0975
Particle size (?m)
Location*InfusionFlow* 1 0.0247 0.0247
Weight of GS (g/m2)
Location*Particle size (?m)* 1 0.2795 0.2795
Weight of GS (g/m2)
InfusionFlow*Particle size (?m)* 1 0.0271 0.0045
Weight of GS (g/m2)
Location*InfusionFlow* 1 0.0693 0.0693
Particle size (?m)*
Weight of GS (g/m2)
Error 32 5.0059 5.0059
Total 47 26.7182
S = 0.395518 R-Sg = 81.26% R-Sg(adj) = .48%
Unusual Observations for Hardness (Shore D)
Hardness
Obs (Shore D) Fit SE Fit Residual Resid
4 79.1200 80.1050 0.1978 -0.9850 -2.88 R

R denotes an observation with a large standardized residual.

using Adjusted SS for Tests

Adj MS

N eoNeNeNoNoNeN o Nol

[y

o

.9801
.0247
.7550
.1162
.0360
.0176
.0009
.2072
.0030
.3995

.0975

.0247

L2795

.0045

.0693

.1564

=

NOHFH OOOOFr OO

e}

o

F

.27
.16
.22
.74
.23
.11
.01
.32
.02
.05

.62

.16

.79

.03

.44

0.

P

.018
.694
.002
.395

0
0
0
0
0.
0
0
0
0
0

635

.739
.939
.258
.890
.000

436

.191

.866

.510

A1) ASAATIZUNIEDR A8 DOE

JUN 4.3 nsideniiasigiitadeidmansevu Ingld DOE ves Hardness
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Main Effects Plot for Hardness (Shore D)
Data Means

Location InfusionFlow

80.8
80.7 1
/.

80.6 / —
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[} Egde Middle IN ouT
= Particle sze (7m) Weight of G5 (g/m2)
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80.6 —
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108 240 350 450

) Jadsnanyiadinansznu

Interaction Plot for Hardness (Shore D)
Data Means

Ill\l (o] L{T 1q8 2?0 3?0 45:0
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-
— — — a — T8 J
Location —* / — o | gos5 | —M— Middle
_m
—
./0

- 80.0
InfusionFlow
8L0 |—e— IN

== _ g Y, 2 —m— OUT

- 80.0

InfusionFlow

a Particle
“ - 810 size (?m)
X —— 108
Particle size (?m) o 805 g 240
- 80.0
Weight of GS (g/m2)

a) Uadeidenguansynu

JUN 4.3 madeniasznidadeidwmansenu Iagld DOE ves Hardness (5i9)




INNSIATIEINGADR gﬂﬁ 4.3 wud 3U n) Yadeluussvindl 6, 8, wag 15 dina
nsznuReAULiteg 19lveddey waraenadaaiugy @) ludwvesgd a) azdiuindadelugy
n) ussviadl 12 fdwansznusiuiu uasidmwansenuanniagafo vuineyNAYDAUAYNTEAN A
Fuldidivuneynia 240 lalasiuns Wediuiminvenaunszaniiifutuardmaliiniuuds
Qﬂ?gu dewnaneynievuslvginszaied wazmuktuIuaaUsInahmdnida Wetan

NAFBUAIINLTY FANALIRBUNIAYNUTIN UariaynIAiliWitielinuwlsEdy

JU 4.4 dnwaigvesiong Hardness Nadluiumagey 3nen3deves Hyoung Seop Kim (2000)

aNYUENIINA Hardness aquuiiunaaeyu Aeguin 4.4 MnaagnalauAunszaniiuaiiy
sl Bsdvuneunialug wariusuaenn Wmdnivasly) asinlvinaeiaenszaniiimn

USand uavawnasennuudsligeuy
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A
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\

R
i

n) suneyn1A 108 lulasuns ) WuneyYN1A 108 lulpsiuns
YA 350 ASUADATTINUAS Y19TA 450 ASUADANTINUAS

Bowe, - 0N AW

A) WReRN1A 240 lulasiuns ) WReuNA 240 lulasiuns

v

WA 350 NSUADANSINUAS WA 450 NSUADATTIUAT

Y

JUN 4.5 7MW OM NfURI9UYN1ATeTUNAZOU Hardness

NNFUT 4.5 nudreynaresAunsTannsEeietlutesinsweswivesnata uaxd
nafuiasnszanawn 240 lailasims thvidn 450 n¥useiuns Siaunszannszefogdn
UN

Tngagunasumaunszandllugueiliuesnaadsmalinnuudinvestunugaiu
Fudulvlufimnafieatuiunauideves Omyma ElKady uaz Adel Fathy (2014) Bakir
Unlu (2008), Kuen-Ming Shu ae Georgechia Tu (2003), Efe Celebi hagmaadz (2010),
Jianhua Zhu uagaue (2004)
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4.2  WANISNAFBULITINAGD

Boxplot of Flexural Strength (MPa) Boxplot of Flexural Strength (MPa)
140 el
120 1204
g 100 g 1004
"E,. 80 "E, 80
% 60 % 60 E]
E W s a0 #]
2 20
0 0]
108 125 148 186 240 GF3layer 125 148 186 240 GF3layer
Praticle Size (?m) Praticle Size (?m)
a S5 o o a S35 o o
n) HNBUNTIANUINUN 350 NFUABDNITINUAT ) bANDUNTANUIIUN 400 AFUADAITINUANT
Boxplot of Flexural Strength (MPa) Boxplot of Flexural Strength (MPa)
1404 1404
120 120
g 100 g 1004 *
"E‘, 80 "E‘, 80
i1+ 8 8 B 4 =
20 * 20
04 04
108 125 148 186 240 GF3layer 125 148 186 240 GF3layer
Praticle Size (?m) Praticle Size (?m)
A) WueynANUmIEN 450 NSUABANTINUAT 9) NeuANivTn 500 NTNABANI1LAT

Boxplot of Flexural Strength (MPa)

140
120
100

80

nCRl S

20

HAexural Strength (MPa)

168 12‘5 léﬁ GF3I‘ayer
Praticle Size (?m)

1Y

q) deunaniviin 550 NSUAEAIINUAT

€aN

U7 4.6 A1AULDIILIINURBLTIARIE (Flexural Strength) U89n1sMAdeUTUUNRLEYN1AT
Wnidn 350, 400, 450, 500 waz 550 NVUINBYNIAVDLAYNTLINTUANATU

nveyatlowiuludiui 3.2.2 ndntsnuandfidnavesiannoulndnlndieanes
isunsnedulauiinaly deananuudusmusensiniesy 80 - 100 MPa lssudadentd



mstugUsgliluainana 3 du minmamesouidiewuaunszandluununisldliuesnana 1
fu dswalsiaauuiusmuseussinsoasan faguil 4.6
nslélauosnana 2 $u Quunil 3 U7l 3.6 nenMAaBULISAs) AP uTey
sonszunnindoogf 44.271 MPa TnsUszana dudladisufuiunmslifimunszanluiadunseiy
navearukdsaialndifisaiy vinliduinseasussaieaenszan Tdielinnnuudus
yusausIinsDLiLY
ngUf 4.7 lunmAfedldidenlfimsnszanumaunulmuosnana lasTiaseitlade
ndnfidsuanseny fio tvinvesaunszan LATIUINDYNIATBUAYNTZIN Tedarangrsun Lile
Feufutadonielu Aedumisestunaaouvowusilady wasfimmamslvazeasturosdu
nagou Ssthdongluilidmaunninatumn vaneaudt fusrufimstusledisasiianefiy
Jedsmalilmnuudusidndifeiu
Tumsesgiinalagldis DOE axdeniinnsantadviidema Ao
- dhiinvenaunszaniinaunuliuednata 7 350 uar 450 niusion1IIeNT
wedl 350 nfuslemssmsFotmiinditiosan wilsldieuarsinda dau 450 niusan1g
wns insztmiiuiAuluesnana 1 du udwanendniisdonis
- uneyMAvTBLAYNTEaN i 108 way 240 luaseu ey Wuvunoynafidn
an uarlvgjan isndenuvhnmsidel
- UnavesTuvedey iveu waznsinas wngdunuiinesialndifetun
Uinnmasduny

- PEn19Nsare sty ANNANSAATaLLSTU UIBVININTINATDUITU
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Main Effects Plot for Flexural Strength (MPa)

Data Means
Location Infusion Flow
60
50 // . .
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General Linear Model: Flexural Strength versus Location, Infusion
Flow, Particle size (um), Weight (g/m2)

Factor Type Levels Values

Zocation fixed 2 Egde, Middle

Infusion Flow fixed 2 Longitudinal, Transverse
Praticle Size (um) fixed 2 108, 240

Height of GS (g/m2) fixed 2 350, 450

#dnalysis of Variance for Flexural Strength (MPa), using Adjusted SS
for Tests

Source DF Seq SS Adj SS Adj MS F P
docation 1 2920.5 2920.5 2920.5 19.86 0.000

1@nfusion Flow 1 647.5 647.5 647.5 4.40 0.041

1Praticle Size (um) 1 193.9 193.9 193.9 1.32 0.257

1¥eight of GS (g/m2) 1 2833.7 2833.7 2833.7 19.27 0.000

13ocation*Infusion Flow 1 11.6 11.6 11.6 0.08 0.780

l4docation*Praticle Size (um) 1 221.0 221.0 221.0 1.50 0.226

1%ocation*Weight of GS (g/m2) 1 936.0 936.0 936.0 6.36 0.015

1dnfusion Flow*Praticle Size (um) 1 216.0 216.0 216.0 1.47 0.231

1TInfusion Flow*Weight of GS (g/m2) 1 229.4 229.4 229.4 1.56 0.218

1®raticle Size (um)* 1 446.8 446.8 446.8 3.04 0.088
Weight of GS (g/m2)

l1%ocation*Infusion Flow* 1 199.6 199.6 199.6 1.36 0.250
Praticle Size (um)

2@ocation*Infusion Flow* 1 0.5 0.5 0.5 0.00 0.954
Weight of GS (g/m2)

2Location*Praticle Size (?m)* 1 620.3 620.3 620.3 4.22 0.045
Weight of GS (g/m2)

2dnfusion Flow*Praticle Size (um)* 1 153.9 153.9 153.9 1.05 0.311
Weight of GS (g/m2)

2%ocation*Infusion Flow* 1 461.4 401.4 461.4 3.14 0.083
Praticle Size (pm)*
Weight of GS (g/m2)

2&rror 48 7058.6 7058.6 147.1

25otal 63 17150.6

26 = 12.1266 R-Sqg = 58.84% R-Sg(adj) = 45.98%

2Pnusual Observations for Flexural Strength (MPa)

28 Flexural

29 Strength

30bs (MPa) Fit SE Fit Residual St Resid
3113 73.2610 49.9518 6.0633 23.3092 2.22°R
3219 19.3200 40.3623 6.0633 =21.0423 -2.00 R
3321 94.1960 63.5907 6.0633 30.6053 2.91 R
3424 72.0160 40.3623 6.0633 31.6537 3.01 R
3527 32.7880 54.5410 6.0633 -21.7530 -2.07 R

3® denotes an observation with a large standardized residual.
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Main Effects Plot for Flexural Strength (MPa)
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n) wuneyn1A 108 lulasiuns %) Yuneyn1A 108 Lulasiuns
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Main Effects Plot for Resistance Force (kJ/mmz2)
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General Linear Model: Resistance F versus Location, Infusion Flow, Particle size (um), Weight

(9/m2)

Factor
Location

Infusion Flow

Praticle Size

Weight (g/m2)

(m)

Type

fixed
fixed
fixed
fixed

Levels Values
2 Egde, Middle
2 Longitudinal, Transverse
2 108, 240
2 350, 450

Analysis of Variance for Resistance Force (kJ/m2), using Adjusted SS for Tests
Source DF Seq SS Adj SS Adj MS F P
Location 1 2296.0 2296.0 2296.0 6.96 0.010
Infusion Flow 1 174.4 174.4 174.4 0.53 0.469
Praticle Size (pm) 1 14663.5 14663.5 14663.5 44.42 0.000
Weight (g/m2) 1 361.3 361.3 361.3 1.09 0.298
Location*Infusion Flow 1 121.9 121.9 121.9 0.37 0.545
Location*Praticle Size (um) 1 4409.4 4409.4 4409.4 13.36 0.000
Location*Weight (g/m2) 1 2555.1 2555.1 2555.1 7.74 0.006
Infusion Flow*Praticle Size (um) 1 336.0 336.0 336.0 1.02 0.315
Infusion Flow*Weight (g/m2) 1 106.9 106.9 106.9 0.32 0.570
Praticle Size (um)*Weight (g/m2) 1 872.3 872.3 872.3 2.64 0.107
Location*Infusion Flow* 1 362.7 362.7 362.7 1.10 0.297
Praticle Size (um)
Location*Infusion Flow*Weight (g/m2) 1 1490.1 1490.1 1490.1 4.51 0.036
Location*Praticle Size (pm)* 1 760.0 760.0 760.0 2.30 0.132
Weight (g/m2)
Infusion Flow*Praticle Size (um)* 1 391.5 391.5 391.5 1.19 0.278
Weight (g/m2)

Location*Infusion Flow*
Praticle Size

Error
Total

s = 18.1

682

R-Sg

Resistance
Force

Obs (kJ/m2)
52 108.540
59 82.030
60 119.000
63 20.260
96 41.100
108 100.160

63
44

80.

63
79
62

1 263.5 263.5 263.5 0.80 0.374

(um) *Weight (g/m2)

112 36969.4 36969.4 330.1
127 66134.0

= 44.10% R-Sqg(adj) = 36.61%
Unusual Observations for Resistance Force (kJ/m2)

Fit

.292
.286
880
.292
.349
.707

E Fit Residual St Resid
6.423 45.248 2.66 R
6.423 37.744 2.22 R
6.423 38.120 2.24 R
6.423 -43.032 -2.53 R
6.423 -38.249 -2.25 R
6.423 37.453 2.20 R

R denotes an observation with a large standardized residual.
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Main Effects Plot for Resistance Force (kJ/m2)
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MECHANICAL PROPERTIES OF GLASS FIBER AND GLASS
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Krankanokpan Sonsakul, Wanwanut Boongsood, Somsak Siwadamrongpong
School of Manufacturing Engineering, Suranaree University of Technology, Thailand

Email: wanwanut@sut.ac.th

ABSTRACT

One concern in bus manufacturing is the high cost of
glass fiber reinforced in polyester composites parts. This
research was aimed to study mechanical properties of
glass fiber and glass scraps reinforced polyester
composites. The type of the glass fiber was randomly
oriented fiber. Glass scraps were crushed to powder sizes
of 118 and 304 um by a ball mill. The polyester
composites reinforced with glass fiber and the powder of
glass scraps were fabricated using Vacuum Infusion
Process (VIP) whereas one layer of glass fiber was
replaced by an identical weight of the glass scrap powder.
Tests were performed to determine hardness, flexural, and
impact properties of the polyester composites. The results
shown that the proposed reinforcement was equivalent to
the use of pure glass fiber, but impact strength was slightly
lower. Pictures of specimens obtained by using scanning
electron microscope (SEM) confirmed that the powder of
glass scraps packed in the layers of glass fiber in polyester
composites.

KEYWORDS: fiberglass, composites, vacuum, glass
scraps, mechanical properties, polyester

1. INTRODUCTION

Composite materials are one of the most signmficant
inventions of the materials sciences (matrix and
reinforcement) and which remain separate and distinct
within the finish structure (Araujo, et al. 2006). Composite
materials are used in assembly boards, furniture, fencing,
paneling to civil constructions, automobile and even space
or aircraft manufacturing. Composite materials can also be
used in many fields with high quality and low cost
applications (Fazle Elahi, et al. 2014). Fiber prestressing
techniques were developed to improve the properties of
continuous fiber reinforce composites (Cao & Cameron
2006). Fiber reinforced composites were successfully

used for many decades for all engineering applications. In
this study, the matrix was polyester resin, the
reinforcements were glass fiber and glass scraps. The
glass fiber was chopped mat No. 450. The glass scraps
were laminated glass recycling which obtained from
terminated buses or crack during operation in bus fleet and
manufacturing. Then, the scraps were grinded pass
through the mesh sieve sizes No. 60 and 140. The glass
fiber had the density of 450 g/m?.

Vacuum Infusion Process (VIP) is an efficient
manufacturing process for complex laminate with many
plies of fibers and core material. The method is used for
producing composites the has many advantages over hand
lay-up method such as higher quality, higher glass content
lead to higher specific strength and stiffness, better
consistency, good interior finish, faster cycle time and
lower cost (www.performancecomposites.com).

Mechanical properties of a combination of glass fiber
and polyester is characterized by high toughness lead to
resistance to crack propagation (Aramide, et al. 2012).

The main objective of this research was to study the
mechanical properties of the polyester composites
reinforced with glass fiber and the powder of glass scraps
which the composites were fabricated using VIP. Initial
composite material composition was polyester resin
matrix reinforced with 3 layers of glass fiber. Next, one
layer of glass fiber was replaced by glass scrap powder.
The weights of one layer of glass fiber and glass scrap
powder were identical. Tests were performed to determine
hardness, flexural, and impact properties of the polyester
composites.

2. EXPERIMENT
2.1 Materials and Experiment Procedures
Materials used for this project were;
- Matrix: Polyester resin
Table 1. Sizes of glass scraps
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Particle sizes of glass scraps (um)
Mean size 240.66 120.45
Std. Dev. 100.60 47.02
Median size 221.35 117.03
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Fig 1. Particle size distribution of glass scraps particle
through sieve (a) sieve No. 140 and (b) sieve No. 60

- Catalyst: Methyl Ethyl Ketone Peroxide Norox KP-100
- Reinforcements: Glass fiber chopped stand mat No. 450,
and glass powder sizes of 60 and 140 Mesh.

- Others: Gel coat, Styrene monomer, Cobalt in solution
as accelerator.

Glass scraps were milled into powder sizes by using
a ball mill and screened with sieve No.60 and 140 Mesh
where it was decided that the particles could be filled in
between the fibers. The sizes were checked by a laser
particle counter before used. The results are shown in
Table 1 and Fig 1. Table 2 shows sample preparation that
were PGF — polyester resin reinforced with 3 layers of
pure glass fiber — and A, B, C, D — the resin reinforced
with 2 layers of glass fiber and some glass powders.
Initially, one layer of glass fiber had weight of 450 g/m?.
Therefore, the weight of the glass scraps in the experiment
were 450 and 550 g/m? which the former was identical
with the weight of one layer of glass fiber and the latter
was expected to be compacted in the composite.

The VIP was the manufacturing technique, which was
used in this study.  This technique applies vacuum to pull
resin into a laminate (Fig 2). The fabric fibers and core
materials are loaded into the mold. Then, a vacuum bag is
covered on top to close the mold and create a vacuum seal.

After that, a vacuum pump is used to remove all of the air
in the cavity and consolidate the fiber and core materials.
Finally, resin is infused under vacuum into the mold cavity
to wet out the fiber.

In the present study, the process was followed the
practical steps. The glass powder was sprayed after laying
the fiber layer by layer. The graphic of rectangular mold
used in the experiment is presented in Fig 3. The locations
of the vacuum ports and the resin insertion points need to
be carefully planned to ensure full resin infusion. Thus, the
resin infusion inlet and vacuum outlet were placed at the
mid edge of the mold.

)
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Fig 2. Vacuum infusion process (VIP)

ROUGH SURFACE
»®
1 T

GEL COAT SURFACE

/]

Mold
Fig 3. Composite plate forming of VIP
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For hardness test
For flexural test
For impact test

Fig 4. Specimens
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Table 2. Samples preparation

Sample | Polyester resin | Catalyst Gel coat Glass fiber Glass scrap
(0.5 mm thick) Size | Weight
(g/m?) (gfm?) (g/m?) (No. of layer) | (um) | (g/m?)
PGF 3 = N
A 450
B 2,430 243 815.1 5 240 —=3p
C 120 450
D 550
Boxplot of Har dness Boxplot of Hardness
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Fig 5. Hardness test results

2.2 Mechanical Properties Tests

Each composition in Table 2 was fabricated with a
size of 50x50 cm? then cut into small specimens as shown
in Fig 4 for determining mechanical properties.

Hardness test was carried out using the shore D
hardness according to ASTM D2240 during 10s referred
to Araujo, et al. 2006.

Flexural test was performed using a universal testing
machine, INSTRON model 5565 (load 5 kN), with a speed
of 5 mm/min at room temperature. The test was according
to ASTM D790 as referred to Cao & Cameron 2006.

Izod impact test (unnotched) was conducted using
INSTRON (CEAST)Y/CEAST 9050 impact according to
ASTM 4812 apparatus with a hammer of 11 J, at room
temperature. Then, the fracture surfaces of the specimens
subjected to Izod impact test were taken to scanning
electron microscope (SEM) to analyze their
microstructure which the specimens were coated with
gold (Araujo, et al. 2006).

3. ANALYSIS

The test results were graphically and statistically
analyzed and discussed as following.
3.1 Hardness Test

From statistical analysis, it was found that the
hardness of the specimens at the corners was significantly
lower than at the edge or in the mid plate (Fig 5a) but not
so affecting with PGF. This may result from the flow at
the corner not so compromise as other positions. Though,
the composition D (the mix between smaller particle size
and higher weight) gained a higher hardness than, and
composition C (the mix between smaller particle size and
an identical weight of glass fiber) showed compatible
hardness to, PGF (Fig 5b) resulted by the rigid and a
numbers of particles spreading thoroughly over the work
to absorbing the compression.

3.2 Flexural Test

Fig 6a shows that either the directions of infusion
flow or locations of the specimens had no effect with the
flexural strength. The diverse compositions affected the
strength. Fortunately, the strengths obtained from
compositions A and B were compatible with PGF, see Fig
6b, that might be resulted from the larger particle size was
able to better capture with the matrix.

3.3 Impact Test

As well as in the flexural test, the directions of
infusion had no effect with the impact resistance (Fig 7a).
All  proposed composite compositions  showed
significantly lower impacting energy absorption (Fig 7b).
Averagely, impacting energy was absorbed by PGF 39%,
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composition A 28%, B 26%, C 22% and D 19%. That
might be the consequence of a reinforcement with short
and tiny particles instead of long and strong fibers.

Boxplot of Flexural Strength (MPa)

Boxpl ot of Impact Strenght (kJ/mm2)
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Fig 6. Flexural test results Fig 7. Impact test results
Table 3 Summary of mechanical properties
Sample Particles size of | Weight of glass Hardness Flexural strength Impact strength
P glass scraps (um) scraps (g/m?) (Shore D) (MPa) (kJ/mm?)
PGF - - 74.9 121.5151 107.42
A 240 450 71.1 98.1245 77.06
B 240 550 75.0 101.3849 70.90
& 120 450 75.9 40.7064 59.19
D 120 550 77.7 72.9033 51.32
3.4 SEM Analysis Table 3 shows the summary of test results obtained

The fracture surface of the specimen subjected to
impact test were analyzed using SEM. Fig 8. Presents the
proof that particles of glass scraps trapped as expected in
the space between the glass fabrics to be reinforce the
composite material.

by hardness, flexural, and impact tests on polyester
composites reinforced with pure glass fiber and glass
scraps. The values shown in the table was averaged from
the total numbers of all specimens in each types of tests.
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The point estimation in the table agreed well with the
graphical and statistical analysis.

Particles size of glass scraps

450 g/m?

Weight of glass scraps

550 g/m?

Composition D

Fig 8. SEM photomicrographs of impact test fractured surfaces (70X).

4. CONCLUSIONS

From the results and discussion, it can be concluded
that:
- Hardness was increased through spreading of glass
particles over the composite by increasing proportion of
glass powder together with a refinement of particle size.
- The resistance to bending, flexural strength, was
maintained comparing to composite reinforced with pure
glass fiber by composing the glass scraps size of 240 um.
- Absorbed energy, impact strength, of the composite
samples was reduced according with powder
reinforcement as oppose to fiber strengthening.
- Pictures from SEM shows that the powders of glass
scraps were inserted in the gap of glass fibers.
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