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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 pm 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.

School of Manufacturing Engineering Student’s SignatureiTTuinga, N\quz

/
Academic Year 2018 Advisor’s Signature V/,\V




naanssuiszma

a a ¢ v Ao Y a4 Yo 7 @
MeINUTALTUNE 519219408 1199910 AT UANUNFUINN 019150 AT. ITTUITY
' o v Aa a S (=R a a S AN Yg Y 9 9
aga Warthandmnssumanaa wazemsendinuimetinus 118 1danug anwdle
d' [ a o ] A Y o = dy 0o A w Ya o
MeINVNUITE ANBIBHae 1A 15w Fuuzuuimalunsnilive gIdsvensiu
I ' '
Y UNTE AT UBENGI IUANUILANIVDINIY
) Y Ay a oa a Aa o
VOUOUAY AMAINIIN 812252y 91NN UANTIH 0N ¥rInede
A R Yo =2 o o o Y A A
malulad danganlimdTnm duugiih wagdreanuazainlumslsaoiunmion
WA MINAaDY
HA98U0 U0 VAN A1U1IH1IAINTINNITHAA F1V1IFIIANTTVIFTINN LAz a1
a a 4 4 d' A A 4 = a [ =1 d'
AAINTIUNDAWDS FudATIle MM aasiazmalulag uriIngdomalulagsgsuis 7
Yo o aw/ ¥ 9 s A A 1 A aw
lagwreanuazainlumsnite sdeya nazginsainiesiioais #ldluanuise
a o a o J < o w { o v
YVoUAM VSN Fatonesdosdu 1na Alasuisanuazainluaiunissan

]
v =

a J 0o Aw ) ] ' aw o o 1
ARal 'E]ﬂﬂim Glumim:mﬂ i’JiJ'i/]\‘ieng}'E]ll ‘VI‘”I]']L‘]JHG]@QWH'J%EJ@]@@@%H?HLLH%H'I@'N“]

Y ¥ 1 9 1 a g’; {
‘1/1181j VDNINUVBUAUNITEAU AUNDANIU AUANA AUUNVUTY NATSNALD uazﬁ

9 o q ¥ 2 ' PN = 3 o w =2 A
HON ﬂi@ﬂﬂiﬂﬁu’ﬁf}la ‘V]Glﬂﬂ’lilafl\iﬂ DUTU UASHAUFTTUNITIANE Lﬂuﬂ'la\?‘lﬁ] FAUDINDU
A a ~Aq Y ' A d 1A 0o d °
ﬁu%ﬂﬁﬁﬁwqﬂnﬂﬂu ﬂiﬂﬂ'ﬁ%ﬂﬂlwaﬂlﬂuﬂfﬂ\?ﬂﬁaﬂﬂll'] i]’J’Ui]H‘]Ji%ﬁiJﬂ’ﬂiJﬁHiﬂHﬂﬁTﬂ

a a Jd 1 dy
ANITUNUTLIAUY

NITUNUNNIIU FUANA



a3vey

£ 4
Hin
UNAATD NV INIE) oo f
UNAATD (D THTOINTE) eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseseeeeeseeseeeeeeeaeeeesseeeeseeeseeeeeeeeeseeeeseeseseeseseesseeeee Y
DN T T TN oo fl
BTV e et 3
A V1311 2 OO OO OO OO TS O OO n
ANTUYTUN NN e ¥
4
unn
T UIMIHY oo et e e e s e e e e s e e s s eeenenn 1
3 o
L1 anudunuazaNUAIAYUD YN oo 1
1% 4
1.2 IAQUTEIIR st 2
1.3 UDULURDIUIDY oo s e e e s s e s s e s s eee s es e 2
Aad o a = a o
14 AT MU ITANEIIDY oo e oo e e eeseese e 2
1.5 DU I I I I oo 3
4 A‘ A dl Ao
1.6 QUNTagnTo IO N FIUGIUATO oo 3
o" U [}
17 UTETONOIOIIYE AT oo e, 3
o d dd‘d‘ Y
2 PINANITTUNTINUBSNGHRTUDEIVDY .o 4
2.0 VAQADU TN oo 5
= 4
2.2 T D BIRDT oo 7
4
23 WU VI oo 8
DB FHIITEDM oo e oo e e e e e e e e e e e e e e e 10
Y
2.5 izuumﬁugﬂuuu INfUSION VACUUIM ..ottt e e eeeees 11
N o 4
2.6 U T AT TRINTTU oo s 12
ad o a a v
3 BT UHUNTIT IV oo e e e e s e ee s ee e 15
3.1 UNUAIEAINITAUHHGIUIVY oo 16

3.2 ABAUHUNITNADDT oo e e s e oo 17



1318y (719)

Wi

321 MITIATUMAHNTEDN cooveeereeeeeeeeseeeeeseeeeeeseeeeeeesseesesseseseeeseseeessseesesseesssssees 17

322 MISORNLLUMINAADY uamﬁanﬂwﬁugﬂﬁﬁumﬁ@u ......................... 20

323 m‘iéﬁugﬂéﬁumﬁauﬁ’wizuu Infusion Vacuum .........cccceceeeeeveeneeennen. 27

304 T OUSUNAAOU e 28

3.2.5 MITNATOUTULAITIND covveeeeeeeeeeeeeeeeeeeeeeee e eeeseeseeseeseeseeseeesssesesessesens 29

3.2.6  MINATOUTUTIUINIGIAINGOIVANTTA oo 31

4 AT IVEUATNITONUT VDo es e e 33

41 HAMTNATOUAVIIIT oo seeeeeee e seeseeeeee s 33

4.2 HANTTNATOULTIARTD ...oreriiieereereeeeeeeeeeeeeeseeeeeeeeseseeesseesseessesseessseseseseesseesesssee 41

4.3 HANTTNATOUUTINTZLIIN covveereereeeeeeeereeeeeeseeeeeeeeeeseeeeseeeeeeseeseeessseseeeseesseesessseees 48

5 A gUNANMITIDEUAZUBIAUBUUE ovroeerceeceene s 55

5.0 TGUNAMIT IV oo 55

5.2 DA UDIME e e oo oo eoeeseeeeseeesse s eeesestes e eeeeeeesesssseenen s 56

FUIMITBIIDT wevvvereeeee e e eeeeeeseesese e eeeee et e e oo e s eeeessessseeneen 57
NANUIN

AAFLIN B, UNANLINNIST AU ARG TUSE UGN e 60

UTEIAGIUVIU ..o et 74



MIN

2.1

3.1

3.2

3.3

3.4

MUY

< y
n Hin
va A = J
AUTAFINAVDITWAD RO T ..o 8
YUIABYNIAVDUABNTEDN e ssssssssssssssssseeeee s sssssssssessssnnee 19
wa o = J a = 4
Auauia laena lves Indodmosuaznoy Tnanvos Indwdaos

VLTI TTERTUR T oot ee et ee e e s e s eees s eees s seeeseeseessee e 20



=Y
=i
=h.

2.1

2.2
2.3
2.4
2.5
2.6
3.1
3.2

33

3.4
3.5
3.6
3.7
3.8
3.9

3.10

3.12
3.13
3.14
3.15

4.1

W
a15vasUmn
vq)
4
i
o [ a a a J
mMatmunilszinnvedigaaon Tnaaauytiaue uunan
AE AN HUZUDTEITETTHLT oo e s e s e s s e e s e e s s s s s s s 5
vAa A [ a a 4 = v W J
AulaFInavoIagnoN Inaano Ao ISouMeUNUIAQDIAUTENOU .ooveee e 6
1 [ ] 4 d' o YR
MNVE50971952 119 18 1005 Na1aN L N TFEOEY oo, 9
v A
ATEZAANTITON DT NANDIN TTIIVU oo 10
axy .
ATNTT INFUSION VACUUINL <ottt ettt e e e e e e eeeeae e s ereeeeeeeeeaeesssnnennaees 11
v v Y
aﬂymzﬂmwmm‘wﬁugﬂﬁ'aaazuuqiytymm .................................................................. 11
AU AT AINTT AT LTI IVY oo e e see s s ses s s s 16
YUIADYNIA LAZNMINTLDAIVOUAYNTEINNFIUALUNTITOUAN oo 19
5190LIDANINATOUMIFUNIZUNAATUHTIIATNLIATIIU
ECE Regulation NO. 29 ..ottt st ae sttt e s bessaensesneen 21
Y
M3AAAT IATIaF NI0EMTUMINATOUANNIATIIU ECE Regulation No. 29............ 22
<
WANTTNATDUAITHUD ceoveeeeeeeeeeeeeeeeeeee oo ee e e e s e s e s e s s e s esesseseesesseseeseesessessesessessesens 23
AN TTNATDULETIAPTD 1. oeoreeeee et eeee s e eseeseeseesesssesseseesses s e e s sseesaesesssessesses s s sseeses 23
AN TTNATDUETINTEEENIN oo e e see s sesses e s sseseeseeses s esessessesens 24
Y
NITOANITE UL INTUSION VACUUIIL . eeeeeeee ittt e e e das ettt eeeeeeeeeeeeseeeeeeeeeeeeeseeeeessnennnaees 27
Y v Y
aﬂymzﬂmwumﬁauﬁﬁugﬂﬁ”mizuu INfUSION VACUUM +voeoeeeeeeeeeee e 28
, 2
AV UUDITUTIATOU 1o s e eses s ee s eses s eeseesesseseeseesessesessessssssessesseneees 28
<
DITTIATDURDIIEEUL 1o s e see e esses e s ssesses e s s seseesessessesessees s seseesessessesens 29
DITNATOULETIAPTD oo e s s e s s sesses s s s e s e s sseessessesses s s s e senens 30
1 v
IATOINATDUUTINTZUND UAZBAHULANTIUTUNATOU oo 31
’a a [
NA0IYANITTAUDLANATOULLUTOINTIA (SEM) .ooooeoeeeeeeeeeeeee oo 32
9 Ja < 9
NAIYANTIAUDANATOULUDTFUETI (OM) oo 32

1 < Qy { A § g @
AININYLUN (Hardness) Gll’aﬁmiﬂﬂ’dau%mmﬁmuﬂimﬂ ‘ﬁumuﬂ 350,

400, 450, 500 AT 550 NTUADAITNUNAT NUUIADYNIAANNU . oooooooerreeeeeeeeeseee 34



€ah
=
=)

4.2
4.3
4.4
4.5

4.6

4.7
4.8
4.9

4.10

M3ty (ae)

4
Hin
a o Y ax
M5 UATIZH IAYTINAIIIT DOE UL HATANESS vvvereeeeeeeeeeeeeeeeeeeeseeeeeseesseeeeseseesseeesseeee 35
A a J o A 9y
M35aonNAATIZHITeNAINANTENY 1A81H DOE Y09 Hardness........eerveeeereeereeerne. 38
v v
ANYUZUDININA Hardness NAITUTUNATOL coovvvveeeeeeeeeereeeeeeeee e eeeeseeeeseseesseeeesseeees 39
P d o 2
MW OM NAUHIDYNAYDIFUNATDY HATANESS <....vvvvvvvrereerrerrrerererrrsarssssassssssasssssnsssnnnnns 40
' < 1 Y 2
AANUUUVALITINUADLIIAAID (Flexural Strength) YDINITNATDUFUIU
y a 1 901 % 3 1
MANNTZIN NMINN 350, 400, 450, 500 LA 550 NTUADATTIUNAT
NVUIADUNIAATINU oo 41
a o Y a
M5 AATIZH 1AYTINAIIIT DOE YD FleXural SEENth........vveeeemereeeereeeseeeeereeeeseeeesseeee 43
A a 4 o A 9
msaeninszrttenainanszny laaly DOE v Flexural Strength ..........vvveeenn..... 45
v
ANHUEMTUANTNUOIFUNATOL FIEXULAL ... seeee s seeeeseseeseeeeesseeees 47
1 < 1 2
AMNNULVILTINUADLTINTZUNA (Impact Strength) YVOINITNATOLFUIIU
1 a 1 901 % 3 1
MANNTZIN NN 350, 400, 450, 500 LA 550 NTUADATTIUNAT
NUUIADUNIAATINU oo s 48
a o Y ax
M5AATIZH 1AGTINAIIIE DOE YD IMPACt SEENGHH ..voveeeveeeeeereeeeeeeseeeereeseseeeesseeee 50
A a 4 v A 9
msaenInsztenainanszny laaly DOE Y04 Impact Strength .....eeeeeevveeeennnee.. 52
v
ANHULMTUANTNUVOITFUNATOU TMPACE .o e eeee e eeeseeeeseeseeseesseeseeen 53



1.1 anuilnuazanudnyvesilyim

v [

a9nou TNAA (Composite materials) ¥H18D9 TAQNNAINMTIINAIVOITAUINND

Y
= = v A

=& a Y o Y o o 49! a =
wuwumu"lﬂ Ll,a’JVI']IW?]‘EHET?J‘]JGWEN'JE‘T@I@EJi'JEJWULl LLﬁZEJ\HJﬂ'J'IlJWil'l‘(’lcl,uﬂ'l\‘l’)ﬁ?ﬂiiilcﬁil

q

'
[ = = v

= 49! [ d' d' 1 [ g’; 1 a 42
nued Taanlsznoviuniniadaniquauianuanatenuasua 2 siatuld Tagn1s
49! g’/ Y " o Y v v 3 é’ = [ 1q Y VY o a ~
dsznoviutiudes luhldTagswauiludiomeanu ualdquauifuesiaqsalsznoud

a 4’4 ~ A 1 o 4 <A 1T g o a A a =& a 9
mmunﬂmﬁnumamu UlV\lLiJﬁ)iﬂﬁWﬁL’é]Qﬂﬂfl’NL‘]JH’Jﬁﬂﬂ’EJSJTWﬁG]E]ﬂ%u@WuQ Tﬂﬂmmﬁuiﬂ

< [ dy

Yy 9 A 2 Y v Y a ) Y A v 1 1
l,l,ﬂ'glflﬂ]’lﬂ LW'E']lﬂuﬂ’lﬁlﬁinuiﬂiﬂﬂﬂ’)ﬁ@&u@Wﬁﬂﬂﬁglﬂ‘ﬂ‘WflaLN@i %Qiﬂllﬂﬂﬂaﬂﬂmgﬂauuﬂ

q

1A 9 Y 1A 1 9 = s A .
UL UY mummaau”lﬂqq LLG]iJi1ﬂ1ﬂﬂu"UN’s;f\‘1 uazi‘wmaamaiﬁmu (Polyester Resin)
3 Qo L Aa o & o X o a o v A o g
mﬂma@mumuamumuﬂmﬁ@mawaﬂ °lumm$mmﬂu UNI NIZIN HATNISINUTNINGN
o Y 1 v H @ "y
L!'lll161"1)’0fJNﬂ’JNﬂJ’JNWQGLuQG]ﬁWWﬂiilJEJ'I‘L!EJ‘LW] UAZNOAIN

9
v AR A

a Y A o Ay v Aq ¥ Yy 9 Y ~
N137 ﬂummﬂmmwmauummyﬂizim“n”lmgsluﬁmwﬂmmulmtm NAaUUIT

Jd A

a d @ =y Y v = . A g A ) [
"lmﬂmﬂmﬁ@gmiuLmGI,WﬂuTwamﬁmammu (Polyester Resin) 191 un1uaond1msunis

Yslpeanuudasdliiutagaen Indaniildegiluiuauun uazaamsld e snara

U

v 4 . 4 1 1A a
Falisrnwme e 1 lamdsudiulvunawisolflugaavnssnla aadunulunmswan

a o Ys A s A a Ay = ] o
wammmi%mﬂﬂwamﬁmmzwuiuﬂammwuaam UASDNUULAENISAINIZTATIUITDUN

v )

a ' 13 3 g’; A o [ 3’; o
ﬂﬁ‘]JiJTiU],“]ﬂﬂaGl%mlmWN l,mmﬂueuumaummizmumwu%u ANUUNITUUAYNITISINUIVA

<3 Y 9 a o & {q 9 [ a y g 2
19 dadlumsmivayuldnamaihsuauildudanavus landa Tasa s iweiilunisng

E o i ¥
yas lduniay Taqnmiaeld



[ d [
1.2 Jeglszasnmside
A = A A = 4 a 9 4
1) WoANHIANUATINaved INa A0S Lﬁiﬂllﬁ\?ﬂ?ﬂllwtﬂﬂiﬂﬁ"Iﬁ HaZIAYNIZAN

A = v A [ oA A a A = 4 a Y
2) LW@ﬁﬂHWﬂ%ﬂﬂﬂﬁ\iNﬁﬂﬂﬁMUﬁL‘I)'Qﬂa‘ll@Qﬂﬂﬁwaﬂlﬂiiwalﬂﬁmﬂﬁ Lﬁﬁlllﬁ\iﬂ')ﬂulw

J ' %’ Y] {
UDINAE LAZIAYNIZIN vl,fs?l)l,l,ﬂ VUIADUNAVDUABNTZIN WU NN TUVDUABNTZIN

1.3 UauvAN I

[

oA A o a o 4 < o v
1) g vazginsainldldnnuiin Badeaesdosau $1na
Y
2) YugdremsyugiuuugnIA (Infusion Vacuum Process)

U

De

)Y

3) Ay uazfFeumeumInadoUaNIANIINg tazdugIUINGIVOUABNTLINNN
¥ { A
VUMDY 108, 125, 148, 186 1az 240 lulasias uaziwiinian 350, 400, 450, 500 tag
o 1 s a = s
550 nuADMITIUNAT oI nae Wiuus Indodnes
A A [ a d' 9 1 Y Y Y A = [ dy
Haeig auiasIna tazdaguine i lanan 1idedulineaziden Al
1. awniarina Yszneu'lidae
<
- ANUUUN (Hardness)
S ANuMUMULSIaa (Flexural Strength)
- AMUMUMULTINTEUNN (Impact Strength)

o a a3 1
2. ﬁﬂ!jpuTI/]ﬂ1ﬂ$1%ﬁl§ﬂﬂéjﬂﬁﬁaﬂﬁiﬁuﬂlﬁﬂﬁiﬂull‘ﬂ‘ﬂﬁ@ﬂﬂﬁWﬂ

adl o A =3 Qv
14 35auUUMIANYIINY
- add g S o av Ad g )
1) Anymgugiinertes dismfSeiminssanssy tazauisenneides sausmdoya
2) PONIUUNITNARDS
3) nseuiagnldlunsite
- URIABNIZINAIBIAS04 ball mill
1 4 Y Y
- 3OUAZUNTAUVDS 60, 80, 100, 120 L1AZ 140 mesh 1 Idv1nanudoIns
o ~ A U tg [ '
- dasoumanszani 19 umsaiuga 350, 400, 450, 500 1A 550 NSUABATIIUNAST
9 Y
4) uzdrunaaey Taenmsnalwiwes naraasluTuad enlsdmanszanaslululwwes
7Y v (1 = s A 9 L v
nand Aqu TWaaa e Vacuum bag 1 laes Indioamaes sHuenguaua o5z uugyan A
9
5) @ATUNATBUAINIIATIIU ASTM D2240, D790 1ag D4812
v [l
6) 1hFunaaoufeuNNadUaNAFINa LA TATIZHTeYaNNana oA

dlulif1dRezamFanams 19 IWiwe s nana uazdaguinendsisyy i luvenuanuide



a d ao

7) 'i’J‘]Jﬁ'JiJ‘lgl}fJiJ“ﬁ AUAIICH !,Lam':;ﬂwmmmﬂ
[ ) 1T A a o
8) amzliauIneiinug

v
A o

1.5  @|uNmauIg
1) U3EM waseaosedu 1

A A A o ~ a Y = ~
2) ewmsmIesloIMInmMansuazmalulag 1,4, 5, 6/1, 10 WIMedema i Taggsuts

¢ 4 Y av
1.6 aUnsamazinsesioflyluanidy

1) A399UAAZIDeA Ball mill
2) 1A309IPUAZLNGI Vibratory sieve shaker 810 Retsch 31 ANALYSTTE 3 PRO
3) ALUNTITOU 10 Retsch test sieve 13 60, 80, 100, 120, 140 1A 160 mesh
4) 1A3PIHIAINOA 110 Mettler Toledo Type Classic MF 1 ML3002 Ngfion 2 @i
5) 193997AVLIADYNIA AABIAIEDT 1D Horiba U LA — 950V2
9
6) tuau Jumnud uazdu/nmnunsie/
9
7) fudagynIMA Vacuum pump
8) IASDUADUAIENIY Vertical band sew machine
9) IAT0INATOVIBUNYTZEIA Universal Testing Machine, UTM @9 INSTRON
Model 5565 Traausaduuia 5 kN
10) 1ATDINATDUUITINTZUNN INSTRON jU (CEAST)/CEAST 9050
11) 1AT04NAaeUANULTY DUROTECH, BENCH STAND, 7U BS550 204 shore D
12) ﬂé’mqamﬁﬂﬁaﬁﬂmammudmmm Scanning Electron Microscope, SEM
13) neiiiesaatiles nuuAvnea 2 AMia B¥e Mitutoyo
14) 91n5a152VU vacuum composite process 1¥U Tuadnszan(uuuila) a1aeii
155U fpeel ply nalaunqu Tuad netiusau Yonoauma nifoansdu uazaseg

15) naesgansseninuyldias Optimal Microscope, OM

dJ H Y]
1.7 dszlewiiimanazlasy
1 edluuamelumsaamslfwesnana Adlutaaitidugs

A I Y o [ av Y 1 @ a 4 A AaA
2) weiluanuidimsunisivevuas llunisWwauinediwesnon Indanil

v = o = 79 ¥
ﬂmﬁuumawwmq IﬂEJiJfﬂilﬂsllﬂﬂlﬂﬁﬂimuQﬁﬁWWﬂiimMTﬂi%EJﬂﬂclﬂf



a
unn 2

v d dt-ﬂ' 41' Y
ﬂ%ﬂﬁuﬂﬁiﬂ!ﬂﬁiﬂl!!ﬂgﬂqy{]ﬂlﬂﬂ’JGIJ’O\‘]

dy 1 = 1 [ 1 A 1 < a 2 9
1uuwu%zﬂa1aaqaauwaﬂ 1 MNAIU AD Gl,uﬁ]ulliﬂL“lJ‘L!ﬂﬁ?J‘ﬁ’iJWEJﬂQﬂJE]lJ“ﬁ uag

Y ) (3

wa A o A Aa a s s 3
ﬂmﬁi]u LU@Q@H%@Q’JE‘TW]E]SJIWE‘W] %NIWﬁL@ﬁ!ﬁ@i le!U@jﬂa1ﬁ UASIAYNIZIN !ﬂu]ﬁ@

q a

Py
[ = a =

9 Y v
1y luuITeAsIl 5910971595183 VUM VUFYUDY Infusion Vacuum tazfiaIu

Lo

(K]
Aav aA 9 [

9 < a Aa = o s
ﬂ°mEmJumi‘VlUTI’JuQm’mEJmﬂEJ’JﬂIEJwm’sﬁﬂﬂﬂuTWt‘fGl T]Miwalﬂﬁlﬁf]i Ltazllmuaiﬂmﬁ

-ﬂm Dlo

]
v A o

Y v A Ay X o 9 o Ay Y= 9 A 9 o A 2
fhuiaanldluauive suidendani lddnuisiusiudeyainerdesiuanuise iasl
2.1 JagaeyInda
= 4
22 Inaeamoes
4
2.3 IWwesnane
2.4 1AHNTZIN
Y
2.5 58‘]J‘]Jﬂ1§6ﬁu§ﬂl,mﬂ Infusion Vacuum

A o 4
2.6 UsNAITTUNTTY



2.1 o[ @ﬂmﬂwaﬂ (Composite Materials)

v
U U =S A

aqnaNINan (Composite Materials) 130 Jaauieilsznon vuneds Tagiinaainns

o @ J =& aA X Y o Y wa Y g ddy o o a
i’JlIGI’J"lJm’JﬁQMﬂﬂMWUQG}fuﬂmuqﬂ LLa’J‘I/]ﬂ‘IfiﬁiJ‘lJGlﬂJEN’Jaﬂuuﬂ"Uu AN TUANNUHUIYLBN

v
[ = (3 Y

9 ' v 9
’J‘F’f'ﬁﬂiihﬂlﬂ\i’)ﬁ@]ﬂ@ﬂiv\lﬁﬁ Tiiﬂﬁlﬁ\‘l aﬁ@m‘1J5$ﬂa‘uﬁumma@ﬁﬁﬁnuwﬁummaﬂumm

L) q

9 9
A { =

a ,% 1a v = [ o Y wa o a aaAa ~
aawumm”lﬂ Tﬂﬂhlulﬂ@ﬂTii'Jllﬁ’J!‘]JuLuﬂ!@ﬂ’)ﬂu ﬂ11ﬁﬁhﬂﬁﬂlﬂﬁ3ﬁ@ﬂ@ﬂ17‘lﬁﬁﬂlﬂﬂ"llull
a1 @ @ Ad J @ a A
ﬁll’UG]i?ﬂﬂuﬂlﬂﬁﬁﬁﬂﬂlﬂuﬁﬂﬂﬂigﬂﬂﬂ (‘Vii]"l/lﬂﬂ ﬁim’di UagAMY, 2552 - 2553)

[ a 9 [l o @ 1 9 a 4 a [ d'
’Jﬁﬁ]ﬂmﬂWle ﬂigﬂﬂﬂﬂﬂﬂﬁﬂuﬁ1ﬂiy 2 @3 "lmm NI LASTITLITULLI @Ngﬂ‘ﬂ 2.1

FqLBnlaznon

Composite Materials
|

FaqBalszneumpdwed JaqiBalsznoulans JaqiodsenauisTidn
Polymer Matrix Composite Metal Matrix Composite Ceramic Matrix Composite
(PMC) (MMC) {CMC)

wnindinoslnsada i uusidmduly isfuussdaoduly
iwTuussoEuly

IRTULTIAILE RN ;ﬁ"';:.ltmi"wm;.n'm
wmindmaFluwaisdin
cunsraEEl IEuusdrimned IFTuLsLImneT

A o o a a a J @ a
gﬂ‘ﬂ 2.1 fﬂi%'l!,ﬂlﬂﬂiglﬂﬂﬂlﬂﬁﬁﬁﬂﬂahIWﬁﬂ@]WN%uﬂm@ﬂm%iﬂcﬁ LAZANHUSUDITTLATULT

4 Y] a Y 0
pendsznovvesiganouInda laun
a 4 g A @ A g g @ <) 1 A a 4 o
1. wN3ns (Matrix) a8 Jganiuibenan uaziluladoiies Taguningaz i
¥y Ay a o Yo a 4 J o <
winnveNuasaIunsd uazi Iniaggaen Tnaailuglsng ensaduunesniiu 3 Yssan
' o a a J @ a
1aun YaanonIndawoamos (Polymer Matrix Composite, PMC) da@anou Inda lans (Metal

Matrix Composite, MMC) wagId ﬂﬂﬂ%jwa AL (Ceramic Matrix Composite, CMC)

]
[ =

P I
2. @151d3U59 (Reinforcement) A9 Taaiinsznieatogluidaiionaniy lagans
=Y o Y ~ ~ vaq Y a 4 ) Y o a A A Y
L’ﬁﬁll!!,3\1%31/]'lﬂu'lﬂlﬁﬁilﬂmﬁwﬂﬂﬁlﬁm%iﬂcﬁ LLﬁ%WWiﬁ?ﬁﬂﬂﬁ]NIWﬁﬁMﬁiJ‘lJﬁﬂ'liJﬂfJ\iﬂWﬁ
o I ' . . a 4 .
awnsodwuneendlu 3 sUuuy 1dun eynin (Particle) tdu o (Fiber) againes (Whisker)
a A o 9| < A ' 1 o Aaa J Jd I Y
- DUMALTULI WNANHULUIAWTOHI 1FU HIDIUA Glfaﬂﬂuﬂ']'ill‘ﬂﬂ 1Wuau
[ a (% 1 1 v ] o
- Lﬁuiﬂﬁ]%ﬁﬁﬂﬂm%m’) TﬂﬂWﬂWimWﬂﬂﬁWﬁ’JU§$‘H’JNﬂ’J"IiJfJTJﬂ@Lﬁ?{uNWHﬁHﬂﬂﬁ"l\‘]

. Y o [ [ 1 [ g =) =Y 3’, 1 9 ]
(Aspect Ratio) 2198131874 AINA1ININNIT 100 suu”hJ SLIYNAITILATUUIIUUIN Lﬁ’uﬁlﬂ Unag



v o Y o 1 s = o 3 ] VA .
HuAnsiaenesangen Tiwes) Feredwunauanuenanduduleneiiios (Continuous
Fiber) uazidule'liaoiiioq (Discontinuous Fiber) Hazdiauisaswumdule insiiiosny
o ' 1 ' 9y ' J Yy 9y . 2 Ao 1
gasdIusznINaNNenaotdurmuguena 1diludules (Long Fiber) Halioasidaan
1 3 3’, . o [ [ 1 gﬂ {2
119771 1,000 Y111 taziduledu (Shot Fiber) HalidasiauaIutiosndn idulefinanily
Aa S I a 4 I
iduledunsd iwu iduloozadia idulowag laa Hudu vaziduleotiunid erviludule
) J 1 <3
ud idulemsueu viserduleTans 1w iduleTuseu iduleneauns dudu
a ] o ] < Aa Yy o '
- Aames ludnvuzvoudulevuadnuiniliduriugudnalsluniag
= ~ ld’a a & a 1 % = d'
luTaswas waziianuerndiea 1UnNaduas FUNAINNITADAINIGIIVBINANIAYD
N || y .
(Elongated Single Crystal) 33%uua Iuvzdlunanauyssinilsianinnisindou (Dislocation)
o ya I < ' a Jaa o J
mldianesinnuudassgann wu Isnessanouns lua
Y] a a d
Jagaoulnaanoanes
a a ] a A 1A A 9 I ] 3
Taosssuana woamesilumslsznoudunidvualvani lnseaiuiluruigse
A " o & ° 9 a P < ' v A TS ~
Wowaonwiuaesd i ldwedwesnanuudseligain Tanunuiud uazlinnu
] ] [ A Y a Jd o Y- a Y 2 a2
numusensnaniou matasuusildwedwes mlalasnisduduloasuusasdluned

v

/9 ¥Ya I o a Aa I 2 o v A o o
wos Iinatluigaaoy Indanfinnuudsuswiniu Taena liiduloaiuussdvsuiag
a a so Y A A 3 - Y A o
ﬂ’E]lII‘WﬁG]W?J@LlI@iMﬂl‘]J‘L!!ﬁuclﬁmllﬂ?'m!ml\iui\?’q\i !,‘W?J‘I/H’Huﬁ/ﬂuﬂ'liiﬂ HAgNISINYLLIN
o Y a a < A ~ (J Y a
NIz Tﬂm’d@ﬂamT,Wﬁmzummumumqwqmmummmmmmmmu“lmﬁimm N3
a dy o 9 a L4 a 4 Y] o Y 49! 1 A 1 Y]
Lﬁimliﬁuﬂﬂfl’ilﬁﬁﬂiﬂ%WE]miJE]iﬁHﬂiﬂi‘Uui\‘iﬂi%‘ﬂ?llﬂ’q\isllu TﬂﬁlvllllﬂﬁﬁlugﬂiN AL AN
~ ~ = vAa A ] 1 [ a a ¢ A 9 ~
gﬂﬂ 2.2 NUAAIDITUUABINAD Y1318 %ﬂﬂﬁﬁﬂﬂ@MI‘WEWIW@mll’E)iLiJ?JGlMLLiWHiJLLu’JﬂWiliﬂ\‘i

dvoudule

araen 1

- -
wanloasuuss

Jagqidarlsznounadwas

wnsnonodwa3

\ 4

A v A o a a 4 ~ v o J
gﬂ‘ﬂ 2.2 gl lﬁ]Nﬂa"ll'ﬁ')\i'l’ﬁﬂﬂf]llTWﬁﬁWﬂam@‘ilﬂdﬁﬂﬂLﬂﬂﬂﬂﬂ?ﬁﬂ@ﬂﬂﬂigﬂﬂﬂ



v
wAa 1 =

wa Aa g < a v a 4 a 4 A
guyasinall awuanidasiunmnannanifaveuuningnoaes uazauiiave

aQ

9 a v o Yo a A < A 2 1w a
Lﬁuﬁlﬂlﬁﬁulliﬁﬂﬁgﬂ@llﬂum11'ﬁ'3ﬁﬂﬂ'fJMIWﬁﬁNﬂ'J’liJLLGU\‘]LLi\HWN“UuNWﬂﬂ'J']'Jﬁ'ﬂWﬂaliJﬂﬁ

q

=)

] v 9
esnnduladiuusvihmihnsunsanszvi uadmsuszezdagagaiy Tagney Tndaazll
A 1 Aa A Y a ) o a o a
anuawsalumsdagegald inuszezdagegaveudulodsuuse dusummsngwod
14 = = A 1 Y Y ~ Y ~ =
wesmsianumilsmumumnnwenszrouduluasuusa 13 msaSuusalugdoyninll
1 a I~ =) T @ 9 ¢ﬂ' (] gﬂ' = 1
arnudsuanuudwseld aminogiidule iiesnnanuluasiiiesvesmsaSuns sdawa
ABMINTZNIONIN WilenGendrsasunsdlugleynai ers@w (Filler)
Y a 2 <3 2 ' 4 = @ oA
Jagaou INFAvIANUIYITININYUDENNINL ST UNIUAUANUHU U UN
A 2 4 3 9 ° 9 < ° . 2 d o ' '
WU 1AL 3N (Specific Strength) FuTudaI1TIUILHIIANY
< ' [l [ A % o o w a ) @
pAWIIREA NNV T AN gL Suh Iiensmih iagaon Tndau ddmsuau

@

) A Ay o o Ay 1 v MY v o Ay A= a A A v
IﬂiﬂﬁiNUN‘vumﬂ@@Q’i‘ULLNﬂﬁzﬂmllaJQQMfmﬂllﬂ ANUU 31U ﬂu’ﬂ\uﬂll‘!'}ﬂﬂﬂﬂgﬁhqu

[

nszand lannveanas lflunszuiumanan yuiludrudanldsuiaaneu Indany Iiwes

q

naradudludulodSuuse Tasaandanpenszanoind 1 luresieves e snata

d
22 Inawames

o s g a a L Ao ) Yy ¥ o A a
Inatedinos Wunaradnralviante Jansauzdund1ed1dunsed NAIINNIS
] a 4 o
59ANYUNOAINO 1Y Condensation Polymerization vo3e15U52nausININ Inanea
a Aa @ 1T a
(Glycol) ttaz laludnnzda (Dibasic Acid) Taena luuyaily 2 viia Ao
1. ¥ilaoua? (Saturated Polyester Resin)
2. wiia lidudn (Unsaturated Polyester Resin)
S A 3| Y] A % o o
Twdemaosegluanmvounad naugu ihuiag la lilsiianils Toasinisvada 2
v a Aaan Y o Y I o I A 3 A ] I
- 8% naunalniennuion sz liudednduwaraanuded imunsondsanimilu
a A Y= ~ a a & . . o o g A
wandanmadaugl1aon Senwardaanyiiail 91 Thermosetting plastic HAUTNAUANN V2

1 ~ KX A A 1< [ 3’; A o I A 1 1
asegasniioanu FIUNAUNNURU ﬂﬁuuﬁﬂiu‘ﬂ‘ﬂiﬁuﬂ]ilﬂu‘ﬂIﬂiﬂi’)iﬂ"lﬁﬂ”lﬂmﬁgﬂ’lﬂ

Y <R o

' o AAd = = A
]‘hJﬂfJi(V]1@1u1uﬁﬂ’]umﬂlﬂuﬁﬂ\1ﬂ AU LLazhliJiJﬂﬁll‘Vim’JEJu‘ll’E]\‘mTmﬂ HIBNITTSUIYDINA

=
AND

=).

A 4
AaauiavesIndednos Iagl

va va < a
- guavianisnienin paauiia ude 1o mwnsaldanluguugligenn

u

a 1 A @ < 1 VA a
Wa@ANLLY Thermoplastic uaiiaifeuny Tane Ianuudausaissninunn uadloaiunu

'
S A Y @ ~

< Y J Y a o ° ] <3 '
LLﬂJ\?LLiQﬂ?ﬂqWLUﬂiﬂﬁ'lﬁ i]%hlﬂwﬁ@ﬂmcﬂ NUUIAUNLUT (T UHYD hllllﬂi'lg uazuﬁumﬂmﬂam

d‘ =1 % v 1 %71 v
Wonlseuiey Tastinviinasiimiin



= 9y

wa <
- gaantana lWih Tanudniugs ansolddunuiuvdh (nsulator) 18
wAa =S A 2 U =~ Y~ [~ a
- quamiamandl Tanuaunsalumsnumsnansouvesansiall laa uaz ludlueatiy

A A Jd o 1
- gulAanaved Inaeames Aan1319N 2.1

M13199 2.1 auiAmanave Indoanes (Salar Bagherpour, 2012)

auiiaganaves Indomans
AUNULLTIAN Tensile Strength (MPa) 40 - 85
m@gﬁ’mmﬁmwﬁwdu Modulus of Elasticity (GPa) 1.3-45
ANMWBANGUVOINAIEAN % Elongation 5
ANUNULITIAAID Flexural Strength (MPa) 250 - 690
ANUNULTIOA Compressive Strength (MPa) 140 - 410
ANUNUUTINTEUND Izod Impact (J/m) 32
ﬂ)WNLﬁﬁﬂ?ﬁﬁWﬂﬂﬂML@ﬂﬁ/ﬂ Fracture Toughness K. (MPa/mz) 0.5

23 lvliwesnaa

J a -4

Twesnara wielvwes il “aashwmﬁ”ﬁﬁ]ﬂamTw?mwaan,m%ﬁﬁmmﬂ%
=

o A A ) 9 Y A ' o a
maﬂmwmmmLmﬂwmu%uﬂmumuummqmmamqq ISEIEJ‘VI’Jll‘]JWIJ”IEJﬂQ LUNTNEY

s A s s J 0 @ {
Tndomaos wio lhhilawaaes Ilwesnarad sz llidszgnaldluaiuidesnisaniu
< LI ' o 7a s 2 Y a <
udausathunats Wnsinm wu vasmsonszuz les twesvua@n Wudu daumnsnd
ad A Ay < U é’ = o Y a A
oend vzgnldlunundesmsanuudwssgainm uenanildalimsiuduloaiunsaou
' ¢ 3 ' P {
laun idulenrsuou naziduleezsilia nazlinnuudsusegeanindulondinnldluauin
a < ' o a a 4 o a 1 1
AoamsauliamuANULIWIIgINn daudagaon Indawnsndimes lunata@nlaauuni

3 ] [

Y 1 o Y o 1 ~ 9 ~ A
NNNITAAIAUBYNI NﬂolslﬁflTLﬂuﬁﬁﬂﬁTﬁiﬂﬁﬂLWNﬂ1811!7]%6\1ﬂ15ﬂ31ﬂ&ﬂﬂ837]u‘ﬂ111 NI
o v Y v o A A A < I Y
‘L!"Ihl‘]Ji’Jﬂ“]f@UﬂUQﬁQQULWBLWNﬂQTNLLBINLL'EQ Wuau

L)

v
v A

' a 4 Y e I Y
drunaunanildwaalvivosnara Ao n31eun (Silica Sand) 1Tl uaisadiauia
Tas@ 0% (Soda Ash) ttaz#iu1ju (Linestone) B15A0I0ENUAINTFITAAIANADNINAD UDNIIN
1 o 3}/ Y a A A 9 A [ wa 1 J
daungunanneguudionniaunaudug ldnedsulsauiaaie veslvhuesnane
] 4 a 4 a 4
1¥U YouIny (Borax) Wurui (Feldspar) LLﬂall‘;]fUi’)SQiJLl”l (Calcined Alumina) uun il lae

(Magnesite) U WA u T Tud (Nepheline  Syenite) U AUVIINIIAY (Kaolin Clay) ¥4



Taom ludr lwesnana sxlsznouludreiagauuan il lumstuzau e fnara
il Si0, = 52.729%, ALO, = 0.6 - 16%, CaO = 10.25%, MgO = 0 - 2.5%, B,0, = 2 - 13%, Na,0
-K,0=0- 14.2% 118280, = 0.7% Tnedszana (sr.as.3szfna aauiuam, 2542)
Thiwesnaraimhu iy Taqas uus dumareguny wu duledailunduen
(Continuous Fibre Glass) 1 leagnefuiflududu (Chopped Fibre Glass) wieidulodagnua
1111ma (Milled Fibre Glass) c‘lém,mum‘ﬁmﬁ@ﬂzduﬁﬁ1m13aﬁ1u1cﬁaﬂiuﬂ1i Anticrazing 19

Y s [ 4 @ ' 9 o a A
ﬂTiG]TLl“VH‘L!ﬂTﬁLLﬁﬂ'ﬁnﬂl@ﬂ’Jﬁﬂulﬂ gﬂ@lﬁﬂt’JNﬂTﬁLLﬁﬂ313511ﬂﬁ’)ﬁ’ﬂﬂ@MIWﬁmlﬁﬂﬂugﬂﬂ 2.3

q

9 9
[ Y Av AKX A a

{ 1 v o a : a I'4
Aty NuTelInuIAaNuT N WA Taaney Indaduasuuseane Iiesnanduuy
9 <3 [ ~ @ =\ 9 v Aa A 9 A 9
duloeniiluiaquaiunsanan vazlimsldamsanaunoniuninnnsuaeynszanvae 19
o 1 4 1 4 X K% a
Tagmaniannvzanusoannldiieninle lviwesnanadeiisinune uadinseunsonan
2 Ao < o £ 1 " Y
Fununlanuudasngiimunz aunuFudiusooud lagas 1a
= A 9 ¢ A A o av g 7
namsanpudosdn loliwesnaannaaiunneziinsdsedu e snarauuy
g ¢ ) 2 <
A (Chopped strand mat) (11 IWwesnaranduduenidszua 1 - 2 97 Tssaauiluivuyy

o

n32918 1Mea1Taen13U52a1un (binder) laaniiuidesversanasli 2.4 wu¥eaId

U g
Y
[

J 9) =\ 9 a A [ % a dyd A Y

sevnudulelanunnedszana 1 Jaawas aslu uIdsivsaulanvzuaenszon il
] =< A o I a Vv 9 J

uralurae 108 09 240 luasou methuiluasaunaugiumsldle liwesnaralums

v
HAABUNUNATO U

71.179mm

141mm

71.011mm

SEl 10kV' WD29mm
SUT

d‘ ] 1 1 4 d' o YR
g‘]J“Vl 2.3 ﬂWWﬂJEﬂEJ%”EN’JNi%VI’JNGlflll‘ll\ll‘]_l’f)iﬂa1ﬁﬂ%$u1u11°ﬁﬂﬂbﬂ



10

2.4 IFHNIZIN

a [ d' 9 v gﬂ = ] a = a .
ﬂizﬁ)ﬂuiﬂﬂﬂi‘b’ﬂWHWH%ﬁluﬂﬁ]ﬂUuuu 1Y 2 FUA AD NITINATNLIUA (Laminated

J

1 9 Y
Glass) 118z N3z9nNNIe3 (Tempered Glass) BINTZINNI 2 HUVUADIHIUNMTNATO DAY
Y
AUTNIAYRINIZINUIAY ATl
Y = 3 A 1 < ]
1. Apatinnuudaus N Nnszansssuana 1 3 - 5m
A a 9 I Qy <3 ] ] [
2. ienszaninansuan azaowanitiuaudne luuwauaw uag linszianszaie
a2 Y Y 1 Yo T 1 2]
3. minmamsuanud) azaed lisou 1 iagaien nzqrunszanulade
A o Y a o dy I v J A
wenszanilylumsdten dhurenizansnnisuanannslszney niouan
A 1 { { a < a [ a
nngiamgiwlaenn s Tasladszilunszantisdouuuailima (Laminated Glass)

=

A o v A 4 ] é’ [ =\
ABNISUINTZINUAUISIVTITNA H50nTEantnNes ﬁmuwumu"lﬂmﬂizﬂmu Iﬂfm

E
[ %

" o d a S A = |} ' 1 o 1 9 Jya
UHUWauNOAINDS NUMITYAUNISGIDYATINANITSHINUNUNTSIN m"lﬂmummsau%m
3| 1 = @ A a 1 o = ' o a
WULHUIREINY LM@ﬂiz%ﬂLﬂﬂLLﬁﬂ%%ulllﬂiﬁ]ﬂﬂigmﬂ mﬂaummmﬁmﬁuimma gUU

Y Y ' a Ja
fﬂgﬁﬂﬂnﬂﬂﬁgfﬂﬂiﬁﬁq@‘ﬂTﬂLLWUWﬂﬁLﬂJﬂilﬁﬂﬂ@u

A 9 v A
EII‘VI 24 ﬂ3$i]ﬂ‘l’i‘l«!']‘iﬂ“l/l?i‘l/lllﬂﬂﬁnﬂii\‘l\ﬂu



11

25 52UUM3YUFUBVY Infusion Vacuum

an

ds! @ a a J A
smsvugiiaanen Indanodmes fo
- 33m3l4iien (Hand layup)

as o1
- IDNU (Spray - up)

- s gy Vfﬂﬁ N (Resin Transfer Molding)

M3 1952 DUgQ NS (Infusion Vacuum)
K
M3TugUsDgYaIMe
a &2 2 a ' . A A ' (S Y
NIZUIMMIHAATUNIUT (58071 Infusion HIDITENTZVULIAAY (Vacuum) W51 14

o3 a A 901 a = = [ A
Jugamea @0 tigsauas) U5eaziveaaiglin 2.5

Vacuum Outlet

Resin Inlet .4/>“ \
— / \ ¥

,;«/7 )

¢
PN

_ | dam

Resin Mold Resin Vacuum
Trap Pump

v
=

3 191 2.5 3515 Infusion Vacuum (performancecomposites, Inc.)

[ ' A J A I o a A

ﬁaﬂﬂ'lﬁiﬂflﬂﬁ']’z] o Vlwlﬂaﬁﬂa']ﬁ Wi@ﬂqﬂlﬂUQﬁﬂlﬁiullﬁq@u WHPNINAIVU

° Ay 1a J Y A 9 1a Y a Y o A v O ] o 9 &
ﬁ'lllwu\iﬂﬁ@\iﬂ'lﬁcluuuwuw Ll,mﬂﬂﬁmmquGlWﬂuﬂmtlﬂa11 HASHANUII ﬂ’e)MﬂuuGl%ﬂaJ

v Yo Yy A = v a2 1y oy &
f’;lﬂ@’]ﬂ']ﬁﬂ@ﬂclﬁﬁuﬂ llajﬂﬁ@ﬂiﬁlﬁcﬁucﬁuw’]uy‘“']ulﬂsluuuWMW@EJ’NGIHG] ﬂ?ﬂllﬁ\iﬂﬂﬂl@\‘]ﬂu

4 a 1 a a 1 a g‘/ o o 4 a <3
Lﬁ@ﬁlﬁ“ﬁu/ﬁjulﬂu BIFUAIUNUUUITYNAADON Wq@ﬂ’]ﬁﬂ'l\ﬂu"ll@Qﬂuqmuﬂg']ﬂ’]ﬁ!ﬁﬂlﬁcﬁiv!!ﬁu

L v ¥y : ¥y o & 2 o o A
FUITU i’alevmmgmmmuﬂzmuﬁuuwmmaaﬂ Tﬂwmm%uaﬂymzmgﬂ‘n 2.6

J ROUGH SURFACE
b | ™
GEL COAT SURFACE

Mold

= [ Qy dzg 9
g’]J'VI 2.6 aﬂymzﬂjawumummugﬂmaszuuqmm1mﬁ



12

o d
2.6  SnAmssaunssy

A A 9 1T A a o A Y o = A [
NNMINVNINITITUNTTNANEToIMNDNTNUTTera1suR IaviimsAnyuneIny
4 a A A a a Jd 1 Y ax 1 A o
m3lF lesnane ensiaiunsariindus wiunselunedmeinie a2835mMsa1ee e
L ao 4 1
Uszgna 19 lumsivedl imu
wa [ J 4
Edcleide Aratjo Hazane (2006) auiiannavediaquan Indednes Iiveinata

[ S o

a 4 s A a < ) {
nusiiiidaglszasamolszluanuiul1dTumsdwerveuden laninmsudsanin
. Y 3 @ a o = J a L4 A Aa
YOIQATIMNTTY Paraiba M1 1T udnasuusaludaguan Indoaaoswning now Tndaini
%’ o o =1 a ds! =\ @
20, 30, 40, 50 Haz 60 WIMn (%) veelliwesnaras lada Tasnsvugduuunsiivda
. . = v v s d o 9 Y = [ =
(compression molding) HazifSeuisunuidguan Indednosnudulouduiiviediuden
wa A a o 3 IS v A wa
nadouaVTAITING HazNYANTIUMIRATUIN Han1TNAaeda lTHUIT NN AR
Y

a ' ' o Aav J I o '

Fana 15U A1 TugaaITIAe HazANUMUMIULIINTZIND KamsITemartliundngiunves

[ a

o I A A Aa A o [ ~ a PR
1n Wiwesnaradlumadeniiidse@nsamdmiunss loda vazawsolfilulaqasy
) v o = J a 9
dmsuTaquan Tndoamoiuming |a
. . e = = A v W a 4
Hasim Pihtili (2008) fAnpIwansgnuvesmsanusonenuiagney Indalviwes
v Aad A a 4 @ = Jd A
AAauUUMaIUNaNN NN FU tag Iiuesnaauuuma unauny Indeanesissu
an 9 < A v @ =~ dy Y
IBnsnageunelduswazanusilunsnageuiuana1any laenmsanuseilnilaan
] g @ Qsl 1 [ = g Y g v A
mMsFahminuesFuILNoULaZHaININATeY MIdnusoilg laaniminime’ll Tag
o a 4 v ad A a a =
Taanou Tnda Iiosnarau UM UREUNUBNONT15FU TA1 Strength g9 HATNMIANNTO
:: d‘ = [ [ a 4 (% = 4 a =
a1 ieofeunuiagnon Inda luesnarauuumaiupaun InaedaoSIsFu uaziing
’ Y i T
nAgoU SEM 11y 1asdeius @I ve s unaaeuiinansanise Medugurnan1snaasd
A A [ a 4 =y
Aramide Fatai llaganz (2012) Anauiiaminavosidanoy Inda Indodaos a5y
4 a v g o a Y
elwesnara Tuaudsel Idmsinu 1083 Hand lay-up Tasldidulouds (tuune)
' A o 1 A = S @ o ' ] = s
ANUUUIUY 3.6 HIAUARMIIANAT tazisFu Indwaneini 1l dearaduleIndeanes
Y Aa (a v
1nleunanidsuialewnd (A-0.05, B-0.10, C-0.15, C-0.20, D-0.25 tae E-0.30) NAdoL
AUAVUAYOITTY ATWATUMIULTIAIZIFA AANWTANGY LAZANNULITINTZUNNVOITEY
Tasn1snadoun1nsgIu nungudauianienaaeg (lisawanuauisalunissuusa
a2 A A a y A X = 2 YR A Y
nszunn) Avudelidsualondunuay waziinnuudege agd1andSuanasloudan
iz audmsuney Indafe 0.25

(2

' Y
Fazle Elahi nazanz (2014) idulouduasuduleIndodaes liduds (GFRP) 3uzl

4 g’; a s A % o
#1073 Hand lay-up 1aels Ivllwesnand 4 FuasuuseIndomnessdu uaznanieldiimin



13

v Y
5nlansuaoTu NANToun 60 oerusaFaa 910U UM IUAITOY 150 DaryaITed
< o o wAa A o 1 o v w = 1 @ = [
et 1 9 Tu azih ldnedevauiadna Taamassunsaas amlugaausang suus

< @ I 1 a
NISUND LLNLﬁ’au HASANVLUIVDIING ﬂ']'i‘i/lﬂﬁf)\‘]uﬁﬂ\'iclﬁ)!ﬁu'ﬂﬂﬂ!ﬁuﬂ@]ﬂ’]ﬂﬂaﬂlﬂﬁﬂ@ﬂIW

q

Aa A o 1 A P A [ Y o
ﬁﬂ‘llﬂﬁ‘]Ji‘U‘]J?Q@EJNfJ@ﬂLEJEJiJ%1ﬂﬂ1'§i’)‘ﬂ’i®u wammqqunwmmuiu GFRP ulﬂ‘VHﬂﬁ

nAapI WU GERP finnu laegungil msliaon Indad1na1 1000 esswaiFeaiiauiia

a v

Fananuanannuuniga luvaziguugiigingavgiimsneaizliguauianinaanas

QU U q

a

GRANFRTY waﬂ‘iwfuﬁﬁﬁ’ﬂﬁ?ﬁtymaqqmﬁgummmﬁmmizﬂauﬁ’umﬁmﬁﬂuuﬂmmﬂiu
veamsgaaaveudulommingvesnen Tnda nazisannnsvesmsFeunoveusduiios
1MNANNI U

Yu Cao 1z Jack Cameron (2006) fANE1ANITANITATUNIULIIAR LAZUTUNOU VO

a <3 4 ~ 4 [ Aana 3
agnou Inda dendaiuuse dreliwesnaraaaulas nazeyningan Taen1svugl

Qy = 9 a o 9 ] ds! [ A
yuanuaewvunouuyl¥lna ﬂ‘].liﬂf!!ﬁ\‘]ﬂf’]ﬂil!ﬂ?iﬂll!gﬂ uutlu 4 LUUMINAaD Av

=

Y
- ABTend @3uuss wesnaa 1935 mstuging

=

aa a 4 Aaa Y 49! a

- B oWend suuse vlwesnana uazeymadam lismsayugiling
<3 { a o 2 1

- coen® i5uuse wesnard 1935mstiugd Taoms 1usesie

a A ~ 14 an Y dg! 9
- DoWen® idiunss llweinaa nazeymazan 1935msvugl Tasnmsldus

9 1

19131928
[ 9 A . . A
MINATOUUTIAAID 1a8]HAT09 -3point bending test LAzl UROU IAY short — beam
I~3 ]
shear test MINWIATFIU ASTM D790 u@ag D2344 1nHanIsnaassvzuaad 1vifun

=)

1 A any dﬂg 9 A d o a
Tdszneuie lelmﬂ’J‘ﬁﬂ”lisUngﬂlmﬂchMLiQ Tagluvy D VINﬂ"I'iNﬁ?JM],V\IL‘]J’Oﬁﬂ‘U’E]HﬂWﬂCB
a 9 md’d d‘ = v Qy d‘
an hlﬂﬂmﬁllU@ﬂﬂ@l’ﬂlﬂﬂmﬂﬂﬂﬂ%uﬂﬂﬁ@‘ULL‘]J‘]J?JL!

Yu Cao 11ag Jack Cameron (2006) ANBIANIANITAIUNIULIINTZUND VOITAANDY
a adg A A Y J o aa dy 2
Inda oWeNIHET U ﬂ?ﬂul‘ll\ll‘ﬂﬂiﬂa'lﬁﬂm!ﬂa\i Hagayniagani Tﬂamﬁmugﬂ%mmﬁm
A Y a o 9 ' dy T A
wuvneuuulslng ﬂ‘]JGlGD'LLﬁQEI)"JEJGluﬂﬁ‘lJug‘]J uuatu 4 LuYMINAAY AD

[ Y
- A BTiend @3uuse wesnaa 1935 mstugil/ng

=

ag a 4 Aaa ya ds! a

- BoWon® 5uuse Iwesnard nazeymagan 1435msvugiing
<3 4 a 4 2 1

- Coend idsuusa llwesnate 1935msyugl Taems I9ussrie

ad A ~ J aa yas dg! 9
- Dowend wsuuse liwesnaa nazeuniagam 1935msyugdTaensldus

9 ]

RRITRL

MINAABUTIOA 1875 Izod Test MUNINTFIU ASTM D256 31AWANITNAADIAA

Y I 1 A @ 3}/ 9 = = A =1 [
Gl‘l’iml‘l’l"lﬂmﬁu‘]_lmlﬁﬂﬂWIJE’NLL‘U‘U D Uu hlﬂwamﬂﬂﬂﬂ 100% LiJ@L‘iEEJ‘UmEJ‘]Jﬂ‘ULL‘U‘U A



14

< Y1 A = @ a J A o U 4
ﬂglﬁuUlﬂ')']i]ﬂ']ﬁﬁﬂ‘]&l”l')ﬁﬂNﬁ?JWfJaLll@'iLﬁiullﬁﬂﬂ’]u’JHNWﬂ uazm'i“lﬁv"lvlmmﬂmﬁ
Y

9

[ = 1 3‘, o Y v v ddg! Yo
FIUNUIAHNISIN ﬂlugﬂiﬂﬂi%!ﬂ%’)ﬂ 1!‘Ll‘Vﬂﬁlfl"iﬂﬂlﬁuﬂ@]‘ﬂNﬂﬁﬂl@ﬂ’]ﬁﬂNﬁﬂJﬂﬂlu Mslgieaa

q

AMTAN HAZATEATUUTIAIANUAUNTINITAINGN Tauzrh IRauduian1anaveids

a J A 4 o % Qy 1 [ ]
NEUNOANBTFHA INAOHIADT (MU T M UFUTIUVINEIU 1FU Tﬂﬁ\‘]ﬂfﬁ LlﬁgﬁjT‘c’J‘ll@\‘]iﬂ #h

asouan nulnau uazaruanuainuluvessa lasasvinalng e



=
UNn 3
AaA o ) a v
IBAUUUNITIVY
@ J a v dy A = va A o = 4 a
'J@ilﬂigﬁx‘lﬂ"ll’f]ﬂxﬂuﬂﬂﬂu o ﬁﬂ‘]&ﬂﬁi]'ﬂ@]lﬂf\‘iﬂﬁﬂl@ﬂ?ﬁﬂIWﬁmﬁm'ﬁ)iﬂ@NIWﬁﬁ

a Y J ] < [ o 1 é‘ 12 o
L’diiJLL‘i\‘]ﬂ’JEJVlWlﬂ@iﬂﬁ1ﬁllﬁ$tﬁ‘ﬂﬂi$ﬂﬂ Gﬁﬂlﬁ‘ﬂﬂi%%mﬂuﬁﬁﬁ]i@ﬂ1iu1ﬁ\1[1ﬂ"llugﬂ1ﬂil N

v = o

XY a X 4 o ' A = S a a
GlﬁG]@Q!ﬁﬂwu‘ﬂﬂ']iﬂ']\j’]uﬂ']\iﬁ'JULW@ﬁ]@Lﬂﬂ Gluﬂ'liﬁﬂ‘}el']ui]\?iJllufJﬂ@Lﬂﬂgu’]lﬁyﬂigﬂﬂn'l

Ay a

Q 1 14 va A 1
suuseludiuvesau iwesnaranlidunumsndags uazdniguimdena Nniinu
1 % ] A ~ [ 4 a =~ ' = A = A
uanaNnuee1e s WoMeunums 19 lwesnanaas uusuiiosed19@ed e AnbUINIIN
o w a E(
wiiags lwAanmeenszan 1195 Temiluouna
a /A 2 < o & g A ¢ A oy A
Twdemaoinlslumsyugl dumsvan Fuilwwning voemsnaaeuil iuiin
] 9 =Y = 4
WornumsasuLss Ao iwesnanauazibnszan
s 7 ! a 4
Ivliwesna1euu chopped stand mat 1193 450 ¥4 lasdna Isenuaziims 14 viwes
é! o g}; A slay = A Y < ~ 1
nanadugdiian 3 3w e TEFuaulinnNuruInuNAe N tazANULTILT ANUADLSS
nszunn lamuuasgiuanulasassnssunszunnauniil (ECE Regulation No.29) AR5
J < o o a o { ao dy =
1 lwesnarailusiaunnmldinamsdunumsiaungs luauiteiazing 141
¢ ) 2
WesNaAENied 2 FU LazNAUNY 1 FUAIABNTZIN
Y 9 v 2 g A o o
wunszanil launnaenszanniiessa lnsasvuialny Failunszaniisse twn
o a 4 4 < FY o
Wmsua uazaunaunu lwesnara iwednuinnuilu 118 lumsiumannuns 144

J = =2 A A 3 @ 4 Y
weosnand Iﬂﬂ%hﬂﬁﬁﬂ‘lgmﬁmEJﬂJ‘IJM’e)HﬂWﬂ Llagﬂ']ﬁﬂ@llﬂucﬂu']‘WUﬂul,WLUfﬁ)ﬁﬂa']ﬁ 1 ¥U

Yosn uazu1nnN



31 MHUAEAINMSANHUNINIIY

e

' 9
MIAUUUNIUIVY LiuﬁuﬁnﬂﬂTiWﬁﬂﬂﬁﬁﬂﬁaﬂﬂl’t’)\‘iﬁu’lﬁlﬂu ﬁugﬂﬁ’wﬂszmumi

Yy 1
a =

Y 1]
Vacuum Infusion ué’aﬁwmmﬂﬁ”lﬂm’%auﬁwumaau UagnaaouauyuaLtyIng Lﬁi’)

1 Y 9
L’].ﬁil‘].llﬁﬂﬂﬂ%ﬂﬂﬁﬁﬂwaﬂig‘ﬂﬂﬁ"lﬂc] 'imﬁqmi@ﬁmgmmmmawmmuu I EREGEIGEL

[ =
g 3.1
Twdeamos Tlwesnate iwbnszannihvesso laeasvuialvg
15U 193 450 I
VAAHNTZINAIATBY Ball mill
|
FOURUAZLNTIIOU 11DS 60, 80, 100, 120 11AY 140
|
|
wIsnaunay Inaemaesissy Twes naa taznaensEIn
|
2 2 ana v
YUFUFUUVUIA 500 x 500 HARWAT AIBTEVY Vacuum Infusion
|
o £ v ¥ ' 2 '
aaruauli ldamvinanazgilsn vosFunaaeua 199
|
nagoUANUABING
| |
4 4 )

NATOUAMULU NATDULTIANID NATOULTINTELND
(Hardness Test) (Flexural Test) (Impact Test)
ASTM D2240 ASTM D790 ASTM D4812

\_ J
| |
deandesglnseaiunmeludis SEM uaz oM

JUM 3.1 unudamsauinaY



adl o A
3.2 IBAUHUNIINAADI

321 MSASHNAYNIZIN
Aw A gy ) V& &
wenszan luanuidell ldmonmmunszanuiin lasarsvunalng suilu
a v Aa g}/ a o a 4 1 A o a 4 9 1 ~
NIZINHUINY NUFUNIUNDAWDIT0YATINAIT TAITUIINUINIMENNOAINOTDDN UAIAIUN
< 0 Y A = . 9 H =
AUNTLININIVA VANIBATBIUARZIDEA ball mill lasl¥szeznainsuansias 30 UIN
% o 1 9 d‘ [ 9 1 J
naanmsua i ldsoudrsazunsuionavuia Iasldnzuniason au
J Aq Y ' a A 1 @ 4
WIAIFIU ASTM E11 Tasazinsasoun Isuayuaseailanuanaanuauuesveaaziuns
da; 9 ] ] 4 =3 1 1 9
msnaaesilaz 1 aziunseseuiues 60, 80, 100, 120 uag 140 Hesamvuiateslvaga 'l
v ] I~} ] 1 o ] 4 1 .
amuulaaageudngaogdiuale 1aziInsue1ALLNTIAI0IAT0950UAZINTI Vibratory
< a Aa a
sieve shaker ANALYSTTE 3 PRO 1111781 10 4171 ounaga 1.5 Jaamag
d’ Y A d' = 1 o 1Y 9 d' 1Y
wova ldlsmaiisaneneminaden 1hliiavinaeyna Tasldinsesin
I'4 v 4 g [
GUMMGHmﬂﬁ}?JEJLmWJi(Laser particle size analyzer) Horiba LA — 950V2 FunTeata1n1snia
% & %
YUINDYNIA 1AL N1TNTLIIBAVDIAs MUK vToa1TuIuaee Tagluiavuiaoynia
3}/ 9 I~ o o 1 1 A = 1 1 I
vuag lenueadudviazate laauuuuduasldlumsughieniuea Junauwiman
<] 9 1 9, 1 = a Jq 1
vinaanaIsnu masuuuduilanszngegiaue uazazinssuames laoynialueniyea
WO IAYUIA LAZNITNIZIIOAD HADINMTIAVUIADYNIA AZNITNTZ VA
d' Y 1 d' Y o 9 a o [
melvasounguuinasynia luyinaeinisinlsany nmaladimiy
a 4 wAa ] [ a
MIAATILHVUIADYAIA VDI AT, 013 FULNANIA tazame (2545) Taszynlutaaesiiin
a 4 1 ] 4 o a v o
Mzl eansazue s e I lunsiiuienganssuuoans n1s lna n15oaaa M3
Aa Aaan 1 9 -Qy Ao o Yy XK 9 vy
AAUNTEN HazNANIZNUAD 1ATIATNYDIFUNUNAUT VA TIADIAIVAVVUIADUNIAAIY
Aasn dg! A w dy A yJa 1 1 [ Y A [
2355 1 a1 eiiaen 1935013 ToURIUAZLNTI AL IATUIAAIEIATOIIAUUIA
& . f 3 1 4
BUNIA FIHAVDIFIOUNAT |4 uaanagl 3.2 Tasinnugevesnilzudasuuinoynn
Tug9vuiaa1eg aunde uazanisegiu awnsoagllaneaised 3.1 eglugisvesvuian

o a J o 1 1 v A T
ﬁﬂ\‘]ﬂ?il!"ll]13Lﬂ31$ﬁﬂ%ﬂﬂﬂ1§ﬁﬁwﬁ@]@ﬁiJ‘]JG]LG]f\?ﬂﬁﬂNG]



19

T e e L -80

UnderSize(%)

g

Diameter(um)

1 4
) WIUASHNTAUDT 60

19

154

104

UnderSize(%)

0 (R 2 A F e i S e  F0

0.010 0.100 1.000

Divmeterjom)

1 s
V) NUAZUNTIUUDT 80

154

10+

UnderSize(%)

P - v 1 T A e
0.01 0.100 1.000 10.00 100.0 1000
Diametvorfmm)

T 4
A)NIUASLUNTIUUDT 100



17

15+

104

q(%)

0.010 0.100

15

qe%)

104

o010 0.100

UnderSize({%)

l1l.ll|)00 .lll.il(l)l.m : '”“1‘00.0 : ‘ll“1000 3000
Diameter(ym)
1 14
Q) NUASUNTUUDT 120
e - —100
Z00
oo &
3
o8
= &
20
1.000 10.00 100.0 1000 3000
Diame ter(mm)

] 4
) MUASUNTUUDT 140

3UM 3.2 YA YMA LAZMINTENAIVOUABNTEINTRIUASLNTITOUANA

A3 3.1 VUIADUMAVDUABAINTEIN

] 4
WIUHASLNTIUBDT

60 80 100 120 140

VHIDUNAUVDININTZIN (um)

' A
ARAY (Mean)

240.66 186.62 148.64 125.74 108.91

ANTBAVUNIATFIY (SD)

100.60 68.93 53.53 59.45 45.18

A9 (Median)

221.35 178.65 143.34 120.74 106.15




322 MI9ONUUUNINARDY uazm"&aums%mgﬂ%umaau
Taer 1 InSeamessguinldtudulond dusnara (Chopped E-glass
fiber) wazidu oSy (reinforcing fibers) %ﬁﬂﬁu@] Taun i@ leudueanara (S-glass fiber)
iduleps1iia (aramid fiber) Haza1suou lWes (carbon fiber) 3199 32 HAAINU AN
Taovia'ld ficnAgyvesIndremansuazaoy Inannn Indeames fuasaiuuseae 910

NuIBvet]auy antlezan (2557)

A A o = J a = Jd v a 1
M131N 3.2 ﬂﬂ!ﬁllUG]IﬂEJﬂ’Jllﬂﬂl@QIWﬁLﬂﬁl@]ﬂi!Lﬁ%ﬂ@MIWﬁﬂﬂl@\ﬂWﬁlf]ﬁ'mf]iﬂﬂﬁﬁmiiJﬁNG]

. liifians Chopped BELTIEN
AULAFING L ) )
UANAN | roving-filled | A2@lenn?
ANUNULTIAT Tensile Strength (MPa) 40 60 70
ANUIAGUUDINATAN % Elongation 5 2 1
AMUNULITIAAID Flexural Strength (MPa) 80 100 &5
AMUNULITIOA Compressive Strength (MPa) 60 150 170
ANUNUUTINTZUND Notched Izod Impact (J/m) 20 200 200
ﬂﬂuﬁﬂﬁfjuﬂlﬂdwmﬁaﬂ % Elongation 5 2 1
quilse@nsmsvensdd cm/cm/ Cx10-5 5 2.5 2.5
ANUDNIUNE 1.2 1.6 2

@ A g

Y 9
Undlsesnuag 1 lbwainaralunisiuga 3 win sisaumeluszniuiagiuimu

L)

1 v H Y
Aps0eTAlIU 1N THINanNuaIsnuveInelusnegaasa tazNaumeuenidoshudIu

e lw ldmasgriuawigaamnssuiue Tagdanandofvuaues UNECE Regulation No.
< A1y < ) ) Hq 9 :
29 HUINAsIUNNABNMINATOUANVLTTIVR TATIaFNa MU U U A TFud
UM 1FU TDVTIND 1ALTOUTINANII 1A lUATPUAQUAITAININANITINYAT UALTD
J o 79 9 o [ a @ Y 9

unsnwes Tagezihwnlszgndlddmsumsinsananulasasslumssunszunnaiumiin

v 9 '
Y9950 Taga15v1a 11n) FINWUIATIFIUIZNIATFIUIZNAGOUNINA 3 MInado laun

<3 o

MINATDUNTFUNTZUNNAIUNET (Test A) ANVUTINTIVOIHAIAT (Test B) AZAIWY

<3 v 9 o ' ao A 1 R Aan 9 Y
HUUTIVDINUIAI UK AN (Test C) Gluﬁ’)uﬂ]@ﬂﬂ'lu')i]ﬁlufﬂ%ﬂﬁ'l')ﬂ\“l')‘ﬁﬂ'lﬁﬂﬂﬁ'@ﬂﬂ'lﬁﬂﬂ!ﬂ'luWu'l



1 4 3 1 a
(Test A) tiggod19@en psnnilumsnadouNdglsznounigaa1nssunsnanso laeas

L)) Aa oA v =S (3 dy
mumiwmﬁmﬂgmmm (ﬁﬁ’g‘ﬁ UMY, 2557) Tags1oazivonnsll

S = b =2500 mm

h=800mm

f=1000 mm

()
=
L =3500 mm

7 [1 H(R) ¢=50+5-0 mm
51 - =2
il E=204KkJ
f, A A
pendulum Uﬁ , GVM <75t
Y s @ E =55k]
C / i~

GVM =75t

gﬂﬁ 33 500D EJ@ﬂTi‘Vlﬂ’ﬁ’E]‘]Jﬂﬁ“]fuﬂigllﬂﬂﬁWHWﬁ}1@1NN1ﬁii1u ECE Regulation No.29

Y Y Aa ' < Y A
ﬂ'li‘ﬂﬂﬁf]'ﬂllfﬂ'ﬂﬂ‘iZLL‘I/]ﬂﬂTHWL!TVIiJNﬁﬁ'ﬁ’)ﬂ'ﬂﬂl!"\l\?!ﬁﬁIﬂiﬂﬁiWQﬂi%Hqﬂum1ﬁi§1u
. = Yo Yq ¥ ' 9
ECE Regulation No.29 GlN‘lJ'lﬁ'iiTlflllﬂﬂ'lWuﬂﬂ'lﬁ@]i’Jﬂfff’f]°UIﬂﬂclﬂcl“]fﬂ'lillﬂﬂﬂ"llﬂﬁﬂﬂm‘lﬂ
] 9 a = A a ds! @ 9 v v R o Yo
ﬂ‘igllﬂﬂﬂﬂiﬂiﬁﬁfﬂﬁ Llﬁ$°Wﬂ15m1ﬂ')'13JLﬁﬂ“l’i'lﬂﬂlﬂﬂ%uﬂﬂiﬂiﬂﬁi%ﬂﬁﬁﬂﬂ G]f\‘iﬂ'l‘ﬁuﬂslﬁﬂ’ﬁﬂ
a3 @ a @ =~ 1 3 A = A 9 Y o o
UINTEUNDUUINUN 1,500 £ 250 ﬂIﬁﬂiiJ L!ﬁ%ﬂgﬂi?dlﬂuﬁlﬁﬁﬂﬂquW AU UITUNT LU Y
9
1Y 5')3J“Vl\‘lﬁﬂ'l'iﬂ1ﬂuﬂ“ll°14'lﬂ ﬂ')'liJﬂ'iH\? 2,500 ¥antuag Laz g 800 NAALNAT Uﬁ!’)ﬂﬂlﬂﬂﬁ
Y= [ 9 Aa A Y ’.f (9 1 3 a A
TFAUDYNUDY 1.5 UaALUAT IﬂElﬂ11Lﬂﬁuﬂgﬂlﬂl'Ju‘l’iN%WﬂﬂWuL‘]Jui%El% 3,500 Yaatuag Iﬂﬁl
o @ 3 o '3 ' o 1
mmmﬁ'uuummuﬂlmmuﬁﬁmﬁuﬂﬂaNmammé)uumuﬂ !Lﬁ$ﬂqﬂﬁﬂﬂﬂﬁ1\1ﬂ'}ﬁﬂ§!ﬁ1ﬂ'ﬂ

C%

azTwndiud 50+5-0 Nadwas awaalugdn 3.3 Tashlumasgiudinanlatmvua
@ 9 ! 9 9y A1 g a o [ ~
waanunagey ldanmundaadinszunnlassaielinniu 294 alaga dwmsusall
3 rAa a [ a 9 [ { = %‘ @ a ' { [
s liiny 7,500 Alansu waz 55 Alaga dwmsusanihminnunindmua’lsd
o w a ¥ ) & v Y o ¥q Y5 14 y
dmsumsaaaslassaisamenadeounssunszunnaurinmuua 1l lsnansasy
v > = v v ' Y ) a a
3514 10 Au nagiigruveslnssaiesesdende lintvuaanunie 150 Nadwas uay
"o v ) Ay v ) = g ! o '
ANueIMNUANUN e lnsiaiega Taensuniveslaseadesadaae Tyl
1Y 25 DIMAULUITTAD HaziYUADUAUAINEIVEI TaTead 1930 TRy 10 o9 1ionea

MNAUUY daumudedade Taviugu Ty 20 09mAUILITZAY LAZIYUALLIUAINET



) 1 = & v Yy Y =Ry "o '
ﬂlﬂﬂjﬂﬁﬁﬁi"lﬁﬂnluslﬂﬂ 25 93A1 D9 45 9381 LUUDIINATUD U uammmﬂﬂﬂmﬂ«mmu"lu

(A 15 2NN UUUITEAY Adaadlugiln 3.4

Qll—

\ w7 ~N\
O

A N 1
0
K max.20°  max.25

21 S(mm

B/

A
25° /
’/ min -.?o max.10°
b max .45 =

o
max. 10

-

s mr

A

min, 25° — Y
\ B max 45° max. 10

max.10°

] 9
5U7 3.4 MsAaas Tnsead NTnd M UNMINAAOUAINIATFIU ECE Regulation No.29
ao dyd A <3 < @ A 1 @
GlUﬂ'li'J YUIUTUIINNITNATDUAAVDIAITNLUI ANULUILLIIVDIITANNUADLLITIAA
< o/ A ' Y A A Yy A = = 9
D Llagﬂ'ﬂﬂll"’ll\‘]!,!ﬁ\isll’E)Q'Jﬁﬂﬂ“ﬁu@lﬂllﬁﬂﬂigllﬂﬂﬂlﬂﬂﬂﬁﬂiwﬁ@1/]13\1\111!61“]5 LW@ﬁﬂ‘]&l'm\?ﬂ"liﬁlclf
4 g’; 1 1 Y o A A @ Qy 1
\111!"11/\'!,1]@5 1,2 uag 3 ¥U ﬁ'\iNa@]@ﬂ"liclslf\ﬂuellfN'JﬁﬂVllﬂfl')ﬂU%u@T?um@QﬁﬂIﬂﬂﬁWﬁﬂlu’]ﬂ
= v 4 A 4 I A < < @ { N
Glﬁfllu %QWU'J']Lﬁ’E)LW?JVlWLU@iﬂa']ﬁ WD UNTINNANNLVS ﬂ'J']iJLLGU\‘]Llﬁﬂﬂlﬂﬂﬁﬁﬂﬁﬂuﬁ@lﬁﬁ
o 9 A dy o A = 4 1 kS
ae L!'ﬂgLli\iﬂimlﬂﬂulﬂl,WlliﬂﬂsUu @Ngﬂ“ﬂ 3.5-3.7 "]NLLﬁx‘iﬂ33!W]ﬂ“ll@\‘ill°l/\|!,‘llﬂﬁﬂa']ﬁ 3UNHUY
< 1 1 o
ﬁf’]'J'lll!,LEUQllﬁﬂﬂu@ﬂlliﬂﬂigllﬂﬂqﬁﬂ\l']ﬂﬂ'J'lll']ﬂ'iﬂ"lu ECE Regulation No. 29 NYUA LLAZAIY
< 1 @ a3 =] ' ' wa A a A Y o
leﬂllﬁﬂﬂuﬁﬂlliﬁﬂﬂ\iﬂﬂﬁﬂ']ﬂﬂQﬂlusﬁﬁﬂﬂlﬂﬂﬁﬂﬂﬁﬁb’\‘]ﬂﬁﬂﬂﬂIWﬁﬁlﬁﬁML!i\il&ju‘lﬂllﬂﬂ ANATT N

A T A A 9 4 =) A o Y a Qy [ A 9 a
Nn3.2 umm)11mﬂmm"lﬂmaSﬂmﬁ“luﬂsmmm1ﬂ i]%‘l/lﬂ‘ﬁlﬂﬂ%ﬂﬁ’)llﬂﬂﬁﬂﬂﬂﬂ”l'iNﬁG]q\‘]

= Y [

2L o g A o q ¥ a ya o D) @
ﬂﬂﬂ’]!ﬂu‘l’l gﬂ@\iﬁ’ljﬁﬂﬂﬂllﬂuﬂﬂ']GlWWaﬂ’]iﬂﬂﬁﬂﬂﬂﬂ1ﬁlﬂalﬂﬂ\1ﬂﬂjﬁﬂisﬁﬂﬂﬁﬂu



Boxplot of Hardness (Shore D)
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Boxplot of Resistance Force (kJ/m2)
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Boxplot of Hardness (Shore D)
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Main Effects Plot for Hardness (Shore D)
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General Linear Model: Hardness (Shore D) versus Location, InfusionFlow,

Praticle size (pm), 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 Seqg 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) = 72.48%
Unusual Observations for Hardness (Shore D)
Hardness
Obs (Shore D) Fit SE Fit Residual St 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 eoNeoNeoNeoNoNoN S NeNol

.9801
.0247
.7550
L1162
.0360
.0176
.0009
.2072
.0030
.3995

.0975

.0247

L2795

.0045

.0693

.1564

=

NORFR OOOOHKH OO

e}

(e}

F

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

.62

.16

.79

.03

.44

P

0.018
0.694
0.002
0.395
0.
0
0
0
0
0

635

.739
.939
.258
.890
.000

.436

.866

.510
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Main Effects Plot for Hardness (Shore D)
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Boxplot of Flexural Strength (MPa) Boxplot of Flexural Strength (MPa)
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Main Effects Plot for Flexural Strength (MPa)
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General Linear Model: Flexural Strength versus Location, Infusion
Flow, Particle size (um), Weight (g/m2)

Factor Type Levels Values

Location fixed 2 Egde, Middle

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

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

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

Source DF Seq SS Adj SS Adj MS F

Location 1 2920.5 2920.5 2920.5 19.86 O

Infusion Flow 1 647.5 647.5 647.5 4.40 0

Praticle Size (pm) 1 193.9 193.9 193.9 1.32 0

Weight of GS (g/m2) 1 2833.7 2833.7 2833.7 19.27 0

Location*Infusion Flow 1 11.6 11.6 11.6 0.08 O

Location*Praticle Size (um) 1 221.0 221.0 221.0 1.50 O

Location*Weight of GS (g/m2) 1 936.0 936.0 936.0 6.36 0

Infusion Flow*Praticle Size (pm) 1 216.0 216.0 216.0 1.47 O

Infusion Flow*Weight of GS (g/m2) 1 229.4 229.4 229.4 1.56 0

Praticle Size (pm)* 1 446.8 446.8 446.8 3.04 O
Weight of GS (g/m2)

Location*Infusion Flow* 1 199.6 199.6 199.6 1.36 O
Praticle Size (um)

Location*Infusion Flow* 1 0.5 0.5 0.5 0.00 O.
Weight of GS (g/m2)

Location*Praticle Size (?m)* 1 620.3 620.3 620.3 4.22 0.
Weight of GS (g/m2)

Infusion Flow*Praticle Size (pm)* 1 153.9 153.9 153.9 1.05 0.
Weight of GS (g/m2)

Location*Infusion Flow* 1 461 .4 461.4 461.4 3.14 0.
Praticle Size (um)*
Weight of GS (g/m2)

Error 48 7058.6 7058.6 147.1

Total 63 17150.6

S = 12.1266 R-Sgq = 58.84% R-Sqg(adj) = 45.98%

Unusual Observations for Flexural Strength (MPa)

Flexural
Strength
Obs (MPa) Fit SE Fit Residual St Resid

13 73.2610 49.9518 6.0633 23.3092 2.22 R
19 19.3200 40.3623 6.0633 =-21.0423 -2.00 R
21 94.1960 63.5907 6.0633 30.6053 2.91 R
24 72.0160 40.3623 6.0633 31.6537 3.01 R
27 32.7880 54.5410 6.0633 -21.7530 -2.07 R

R denotes an observation with a large standardized residual.

P

.000
.041
.257
.000
.780
.226
.015
.231
.218
.088

.250

954

045

311

083

a L4 aa
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Main Effects Plot for Flexural Strength (MPa)
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Main Effects Plot for Resistance Force (kJ/mm2)
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General Linear Model: Resistance F versus Location, Infusion Flow, Particle size (pm), Weight

(g/m2)

Factor Type Levels Values

Location fixed 2 Egde, Middle

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

Weight (g/m2) fixed 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 (pm) 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 (um)* 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* 1 263.5 263.5 263.5 0.80 0.374
Praticle Size (um)*Weight (g/m2)

Error 112 36969.4 36969.4 330.1

Total 127 66134.0

S = 18.1682 R-Sgq = 44.10% R-Sqg(adj) = 36.61%
Unusual Observations for Resistance Force (kJ/m2)

Resistance

Force
Obs (kJ/m2) Fit SE Fit Residual St Resid
52 108.540 63.292 6.423 45.248 2.66 R
59 82.030 44.286 6.423 37.744 2.22 R
60 119.000 80.880 6.423 38.120 2.24 R
63 20.260 63.292 6.423 -43.032 -2.53 R
96 41.100 79.349 6.423 -38.249 -2.25 R
108 100.160 62.707 6.423 37.453 2.20 R

R denotes an observation with a large standardized residual.
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MECHANICAL PROPERTIES OF GLASS FIBER AND GLASS
SCRAPS REINFORCED POLYESTER COMPOSITES

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 pum 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 significant
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, fumiture, 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.

@

RESIN TANG

g !

VACUUM PUMP

MOLD

Fig 2. Vacuum infusion process (VIP)

, ROUGH SURFACE
¥
——
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I

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 « _
A 450
B 2,430 243 815.1 5 240 330
[& 120 450
D 550
Boxplot of Hardness Boxplot of Hardness
B82.5 825
0.0 % 80.0
i L0 8 7504
E 72,54 % é 'g
E 7254
70.04
67.54 ¢ 2
65.04 67.5 "
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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)/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%,




64

The 11th SEATUC Symposium

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
C 120 450 759 40.7064 59.19
D 120 550 717 72.9033 5132
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?

4,26 mm

Composition B

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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E-mail: wanwanut(@sut.ac.th

Abstract. One concern in bus manufacturing is the high cost of glass fibre reinforced in
polyester composites parts. The composites of glass fibre and polyesterare low elongation and
high strength, and glass scraps powder displayshigh hardness and good chemical compatibility
with the polymer matrix and glass fibre. This research aimed to study the effects of glass scraps
powder and glass fibre on mechanical performance of polyester composites. Glass fibre was
randomly oriented fibre and used as new. Glass scraps were obtained from a bus factory and
crushed to powder sizes of 120 and 240 pm by a ball mill. Polyester composites were prepared
using Vacuum Infusion Process (VIP).Polyester reinforced with 3 layers of glass fibre was an
initial condition. Then, one layer of glass fibre was replaced with glass scraps powder. Flexural
strength, tensile strength, impact strength and hardness of the polyester composites were
determined. Hardness was increased with a combination of smaller size and higher volume of
glass scraps powder. Pictures of specimens obtained by using scanning electron microscope
(SEM) confirmed that the powder of glass scraps packed in the layers of glass fibre in
polyester composites.

1. Introduction

A composite, one of the most significant inventions of the materials sciences (matrix and
reinforcement),is made from distinct materials combinedto make a better material [1]. Composite
materials are used in assembly boards, furniture, fencing, panelling 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 [2]. Fibreprestressing techniques were developed to improve the
properties of continuous fibre reinforce composites [3,4]. Fibre reinforced composites were
successfully used for many decades in engineering applications.In this study, the matrix was polyester
resinand the reinforcements were glass fibre and glass scraps powder. The glass fibre was chopped
mat No. 450. The glass scraps powder were laminated glass recycling which obtained from terminated
buses or crack during operation in bus fleet and manufacturing. Then, the scraps were grinded and
passed through sieve mesh No. 60 and 140. The glass fibre had the density of 450 g/m’.

Vacuum Infusion Process (VIP) is an efficient manufacturing process for complex laminates with
many plies of fibres and core materials. The method is used for producing composites and has many
advantages over hand lay-up method such as higher quality, higher specific strength and stiffness, better
consistency, good interior finish, faster cycle time and lower cost [5].

Mechanical property of a combination of glass fibre and polyester is characterized by high
toughness leading to resistance to crack propagation [6].
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The main objective of this research was to study the mechanical properties of the polyester
composites reinforced with glass fibre 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 fibre. Next, one layer of glass fibre was replaced by glass scrap powder. The
weights of one layer of glass fibre and glass scrap powder were identical. Tests were performed to
determine flexural, tensile, impact and hardness properties of the polyester composites.

2. Methods
2.1 Materials
Materials used for this project were;
e Matrix: Polyester resin
e Catalyst: Methyl Ethyl Ketone Peroxide Norox KP-100
* Reinforcements: Glass fibre chopped stand mat No. 450 and glass powder sizes of 60 and 140 Mesh.
e Others: Gel coat, Styrene monomerand Cobalt in solution as accelerator.

Glass scraps were milled into powder by using a ball mill and screened with sieves No.60 and 140
Mesh where it was decided that the particles could be filled in between the fibres. The sizes were
measured by a laser particle counter before used. The results of size measurement are shown in Table
1 and Figure 1. Table 2showssample preparation that was PGF, polyester resin reinforced with 3
layers of pure glass fibre, and D12/W45, D12/W55, D24/W45, D24/WS55, the resin reinforced with 2
layers of glass fibre and the amount of glass powder. Initially, one layer of glass fibre had weight of
450 g/m’. Therefore, the weight of the glass scraps powder in the experiment were 450 and 550 g/m®
which the former was identical with the weight of one layer of glass fibre and the latter was expected
to have more glass powder compacted in the composite.

Table 1. Sizes of glass scraps powder.

Particle sizes of glass scraps powder (im)

Mean size 240.66 120.45
Std. Dev. 100.60 47.02
Median size 221.35 117.03
19§ 100 19 | 100
L9 E2 =
15 80 °\i B 15 ] 80 §
Tw: %8 Lo @ 3
o o “ 3 < . = &
b BT g = 20 5
0 L i ) 0 ‘ d “hE G " L5 0
0010 0100 1000 ~ 10:00 _ 100.0° 1000 3000 0010 0100 1000 1000 1000 1000 3000
Diameter (um) Diameter (um)
Figure 1. Particle size distribution of glass scraps particle through sieve
(a) No. 60 (240 pm) and(b) No. 140 (120pm).
Table 2.Samples preparation.
. Gel coat . Glass scraps powder
Sarmple Polyester resin  Catalyst 65,5 mrmythick Glass fibre Size Weight
(g/m’) (g/m?) (g/m®) (No. of layer)  (um) (g/m®)
PGF 2,430 24.3 815.1 3 - -
D12/W45 2,430 24.3 815.1 2 120 450
D12/W55 2,430 24.3 815.1 2 120 550
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D24/W45 2.430 243 815.1 2 240 450
D24/W535 2.430 24.3 815.1 2 240 550

2.2 Fabrication using VIP

The VIP was used as a manufacturing technique in this study. The technique applies vacuum to pull
resin into a laminate (Figure 2). The fabric fibres and core materials are loaded into the mould. Then, a
vacuum bag is covered on the top to close the mould and creates a vacuum seal. After that, a vacuum
pump is used to remove all of the air in the cavity and consolidate the fibre and core maternials. Finally,
resin is infused under vacuum into the mould cavity to wet out the fibre.

In the present study, the process was followed the practical steps. The glass powder was sprayed
after laying the fibre laver by laver.The glass powder was spraved with a controlled feed flow rate.
The graphic of rectangular mould used in the experiment is presented in Figure 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 mould.

“

ROUGH SURFACE
>

. = 4
' ‘ GEL COATSURFACE
—w [—
- wo Mold

Figure 2. Vacuum infusion process (VIP). Figure 3. Composite plate forming of VIP.

2.3 MechanicalProperties Testing

Each composition in Table 2 was fabricated with a size of 50x30 em” then cut into small specimens as
shown in Figure 4 for determining mechanical properties effected by longitudinal (L) and transverse (T)
infusion flow, and locations at the edge (E), middle (M) and comer (C) on the workpiece.

Flexuralandtensiletestswere performed using a universal testing machine, with a speed of 5 mm/min at
room temperature. The test was according to ASTM D790 [2.3] and ASTM D3039, respectively.

Izod impact test (unnotched) was conducted using INSTRON (CEAST)YCEAST 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[1].

Hardness test was carried out using the shore D hardness according to ASTM D2240 during 10s [1].
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Figure 4. Specimens.

3. Result and Discussion

The test results were graphically and statistically analysed and discussed as following.

3.1 Flexural Test

Figure 5a 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. The strengths obtained from
D24/W45 and D24/W55 were only slightly lower than PGF, see Figure 5b, that might be resulted from
the larger particle size in the matrix.

T
L |

DEdge
BMiddle

Flexural Strength (MPa)
)
~
Flexural Strength (MPa)

i
SONANNSAN

PGF D W D /MW D MW D W PGF D W% D /W D /MW D W

Figure 5.Flexural test results.

3.2 Tensile Test

The resultsindicate that the directions of infusion had no effect on the tensile resistance (Figure 6). The
tensile strength diminished with adding glass scraps powder weight of 450 g/m’ into the glass fibre
and polyester.
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Figure 6. Tensile test results

3.3 Impact Test

As well as in the flexural test, the infusion directions had no effect on the impact resistance (Figure
8a). All proposed composite compositions showedsignificantly lower impacting energy absorption
(Figure 8b). Averagely, impacting energy was absorbed by PGF 39%, composition, D12/W45 22%,
D12/W55 19%, D24/W45 28% and D24/W55 26%. That might be the consequence of a reinforcement

with short and tiny particles instead of long and strong fibres.
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Figure 7. Impact test results
3.4 Hardness Test

From statistical analysis, it was found that the hardness of the specimens at the comers was
significantly lower than at the edge or in the mid plate (Figure 7) but not so affecting with PGF. This
may result from the flow at the corner not so compromise as other positions. Though, the D12/W55
(the mix between smaller particle size and higher weight) gained a higher hardness than, and
D12/W45 (the mix between smaller particle size and an identical weight of glass fibre), PGF resulted

by the rigid and a numbers of particles spreading thoroughly over the work to absorbing the
compression.

85
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Figure 8. Hardness test results
3.5 SEM Analysis
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The fracture surfaces of the specimen subjected to impact test were analyzed using SEM. Figure 8 presents
the proof that particles of glass scraps trapped as expected in the space between the glass fabrics to
reinforce the composite.

Particles size of glass scraps powder

120 um 240 pm
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D12/W45 D24/W55

Figure 9. SEM photomicrographs of impact test fractured surfaces (70X).

Table 3 shows the summary of test results obtained by flexural, tensile, impact and hardness tests
on polyester composites reinforced with pure glass fibre and glass scraps powder. The values shown in
the table was averaged from the total numbers of all specimens in each type of tests. The point
estimation in the table agreed well with the graphical and statistical analysis.

Table 3.Summary of mechanical properties.
Particles size Weight of

Flexural — Tensile Impact

Sample ™ g;iii;gaps gl;s;vsgf;ps strength ~ strength  Strength Bt
(um) (g/m”) (MPa) (MPa)  (kJ/mm?) (Shore D)
PGF = = 121.52 74.56 106.85 74.6
D12/W45 120 450 40.71 53.79 61.05 75.7
D12/W55 120 550 72.90 60.32 53.56 77.3
D24/W45 240 450 98.12 53.28 77.06 71.0
D24/W55 240 550 101.38 61.33 70.92 75.2

4. Conclusion
From the results and discussion, the conclusion can be made here.
e The resistance to bending, flexural strength, was maintained comparing to composite
reinforced with pure glass fibre by composing the glass scraps powder size of 240 pm.
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Adding glass scraps powder weight of450 g/mdecreased the tensile strength.

Absorbed energy, impact strength, of the composite samples was reduced according with
powder reinforcement as oppose to fibre strengthening.

Hardness was increased through spreading of glass particles over the composite by increasing
proportion of glass powder together with a refinement of particle size.

Pictures from SEM shows that the powders of glass scraps were inserted in the gap of glass fibres.
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