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Research and development of natural fiber-reinforced composite materials
have continuously increased over the past decade, aiming to offer an environmentally
friendly and sustainable alternative to the exclusive use of synthetic fiber-reinforced
composites. Plant-based fibers (such as bamboo, flax, jute, and hemp) are abundant,
renewable, biodegradable, and environmentally benign. They are also lightweight and
more cost-effective than synthetic fibers. Moreover, the outstanding mechanical
properties of natural fibers can be comparable to those of certain synthetic fibers.
Owing to their biodegradability and advantageous properties, natural fiber-reinforced
composites have gained widespread application in various industries, including the
automotive sector, furniture manufacturing, and unmanned aerial vehicles (UAVs). This
study investigates and analyzes the mechanical properties of a sandwich composite
structure consisting of flax fiber (FF)-reinforced face sheets and Lantor Soric XF core.
The composite is fabricated using the vacuum infusion process in conjunction with a
bio-epoxy resin system. Mechanical testing is performed according to ASTM C393-00
standardized flexural strength test procedures to evaluate the material properties.
These experimental results are compared with numerical simulations conducted using
the Finite Element Method (FEM) via ANSYS Workbench. Additionally, fundamental
factors that significantly influence the mechanical performance of the sandwich

composite structure are examined

School of Mechanical Engineering
Academic year 2024
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enunsadnldesnwuuianiidnuuramaudiinane wu Janneulnds wazaiuisauily

9 9

Uszidluaaiand@midanaialUTeuliigunaInnIsanaesazn1Imageuase L tagnuin

UszdnSnnvaanIesdietidmnmsaualndifssiuiuailaannismaaeuaswinian



(Rayhan & Rahman, 2020) Abid Hossen Bhuiyan $1897UNan153tAs1gviAuaudanig
funulssisuazussinselutanaeulndniiiiunsiiasesisne sedeuislinludieAiuus
(Finite Element Method, FEM) Tngmuuaveuianveinisnadauliinile ududunisnaasy
95390 1ULAS BIMAdeUBLIUAUTZAIR (Universal Testing Machine, UTM) 141 2119 A1
yuniy Tugdadaveu sasamiives JULuvveIN1TBandsdudiunaaey Fawudinig
Mutenadusednningauazdadiuudugrga (Bhuiyan et al,, 2023) ANSYS Material
Designer Lunildulugaiannsausziiiuguant@idanavesnesindnldogedussansam
uazaseumaa Tnsannsavhuiganuuduswesneslndnfiauussiodulofiamaien
(Unidirectional Reinforced Composites) LLazﬁmummamﬁ’ammLﬁulﬁawﬁmamaﬂwﬁm
1o (Phunpeng, Boransan, et al., 2023) Saiaf Rayhan 5189147101569 ANSYS Material
Designer fUszansnmlunisAuiuanuudiussvesneulndniiduiianiafeiniely
sgppadudu TnsnadnsvesnsUssinamanauifdnaiuiuiiganeglunuuiiasves
Bridging uaveAlugdausadeuluszunuaziBunaiaindeuanmmaassiledniduliangs
Wulesamsnguasneulndsuinnin 0.6 (Rayhan & Rahman, 2020)
Fulounandvsawdulounand (Flax Fiber) udulefildaudusgrsunsnansly
gAEMNTIUNINARvRsYLTU 1 gnanvnssuAce srusuduazaeyindn uaziinisnaniiia
sthareliosInnin 120% faudd 2014 f9tagUu (Hemp., 2024) 53109N1551897UY04
UTEN ARRIS® Tildndulownandunldlunisndnaulasadne lnesieauin reulndndils
ndulounanddusinanisUaesfnvaisueulneanleddosndn 5% Tunszurunsuda e
Wisuiuduiduloasueu (ARRIS, 2023) dnsunistdanululassadismeaeulndndinin du
Towandidundsluay (dulownand dulefuvwazduloves) veadulonnsssu @i

= =

Anennasannatunsaldnaunuduleduasziegndulowniluneulndnla Ineidule

q

a

wandiiuszansninggalulivesiuyusemhguiningnian (Yan et al,, 2014) N13u@n

Y

roulndndildidulounandlunsiaduuse Sarkar Forkan wugiblildamdndfiidu Tule Swen
& 155y wnuiinsldsdunuuimlulunsyuiumsudnde serilmdulomnmestuamsng
¥Fuazamindlangaoonvmziitunulunaaey Snvsenudnfuldfives lule nend i3
Fu wazidulewandvisannisngaseusenitaduloaSuwswazusndle (Sarkar et al,

2020a)



Ya v =€

NAKaNNE1IN HI3esaulanssAnwauandfdinaniistululasaineian

Y

WUULWIT AN URIMULES Uk sImeLdulewnand (Flax Fiber) wagwnusbow@a Lantor Soric

XF lngazgnldidunnunaisveslassasianuuuguigaoulnds ldausiuduuminginsg
Fanan n5e lule 8wend 1358u lnedi0819n13MAd0UIZLYNRENAIENTZUIUNITWIAAY
a A [ v A aad @ U a A [ a . . [ a

Ui TusyayINANTEISWIAANBUTITULITY (Vacuum Infusion Resin) Iagn1sdnes
Pan1anisnaduleazwanenaiueanluiiensisaaulsyansanlunissuwsailadninadule
lufirniennee degsvedlassasispeulndnlunisfnuiiazgnussiliunaudininaniu
N153LAS12UAEIUSHNTUABLAINDS ANSYS Workbench® wagms19aaunINuLiugIuadni

FIIATILVHANUNTNAGOURUNINTTIUNAFOUMIELATOINAADUBUNUTEEIR (UTM)

1.2 IngUszasAvanIsAne

1) WledaeamsiieninuantidinavedasaieannedmosneulndnLuuugy
Afuuivtiasunssiedulounand (Flax Fiber) wazinu Lantor Soric XF sesziden
Finludodiuudrulusunsa ANSYS Workbench®

2) WieAnuAuantAidnaveslasiairsiaqnediues nouTndnuuunauiviusu
Avthiasuwsssdulownand (Flax Fiber) wazunu Lantor Soric XF

3) WlowSsuiisunuantiidnavedlasiainsiagwodiue fnonlnanuuuusivain
nsUssdiuulusensuAeumesiun NAaed

1) iieeenuuulassaineianuuuisiivnoulndniiduiinsdedwandendmiuau

TaseaseemagulsAuYY

1.3 %auwmaamiﬁnm

1) dulowlanduuufiamaaiien (Unidirectional) Shimminsemieiiufi 200 ¢/m?

2) wwsnduuulule dwend 158U SR GreenPoxy 33 (SR33) wavansvituds SD 4993
Hardener

3) unuasuuselfidusnunasvedasaiusuivaenindnfe Lantor Soric XF

1) fvusfienadul uazsnudunsinnedmsuuuiami Ae [0

5) Tanaeulndnazgnuanmienszuiuns windu duiadu (Vacuum Infusion Resin)

6) i nazinunatsdmiulassasrauuiguivneulndnazgndan ey

N52UIUNTT WIAFN DU (Vacuum Infusion Resin)



7) MsnagesuanaudALTintevatlasiadsuuukguItnoulndn znaaauny
INTFIUNTNARBUIER ASTM C393-00
8) NM13InavInIIAdeuUAnauURgInanlseiieuislnd ludedwuiazldauiiey

TUswnsu ANSYS Workbench®

1.4 Uslevlfinadnazlddu
1) ansauseifluguantiidenalulassadraLuuueuiveouIndni ukui
@sunssmedulounand (Flax Fiber) waginu Lantor Soric XF {1uUn1st91unadfiatnes
P8lunsUATILRNUNTIAINTTU (CAE) LﬁaamwzLaaﬂumifv]maa‘uLLazéquuﬂﬁmaaU
2) Wowaulassadusdvaenlndniiduinssedwndoudusuldtueinicey

15Audu (UAV)

= )

3) wiailuesinnuilunisldneuimeitielinsginumuimnssulunisadiuas
WAL NNITeItuNITARUARNINGRLATIAT MU LYY
4) o udsslevilunsuszendldrouiinmeslunisinszinuandfidnaves

lassaaivungivaedlndndun lnglidannlannsssuyia
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USnAd2saunIsuLazIuIdeNing1994

Yagreulndndui denlunategnanssuiidesnisiniagidumdniuiuaz T

AMANUTRNIINANALE LY TAgRNILRE19E9RAEINNTTUDIN A ULAYEIUE UM DI9NNTIAR

9 9
1%

UminlpgsanvedlasiasundinsaunsadaaauUanivansaunenisidauey uaseidlsh
munslaundaianeeulndniudesiiunssuiunisuaniimnganluisasdnwaznisldau
sudsandadenisanimwiedenveinisiluldaudnaie luuniasidnausiiediu

USvimhissaunssusazanddeiineidesiuianmeulngs

L

2.1 JaqAaulndn

'
o % = = o =

aneaulndn vuneds Tannusenauiuaindanniinuautuansiaiudaus 2 3ile

9 q q

1 9/
Y =

& 1 a v & =] a [ o 4 va [y
uld Tegldifanssiudadudedgaiunamnanienimuaznianil inlinuaudfvesian

a &

raulndniiinduilnuaudisiuiuresdannidussAusenauiialdusslovilianizanu lag

q

LilMAnTwenusssund nsuaniuvesiagmariagliidudeifsriuuaazuenduduy

a &

e (Phase) Aviulsiogadniay asduszneuvesianrenlndaldun Janiidudondnuazilu

q

[ (%
(% =1

\asialiies 138031 WN3ND (Matrix) wazTanadulasuinszatemegluanilonaniu Seni

Y v

FlaTunss (Reinforcement) Inelavidndagvinvthivierudiaiuusiagyinlvianaeslndn
Lﬂugﬂéwﬁu drumiauusgihwhiiasuauadRiAetostunuandRdna Wy mssu
ussnsgyhainateuen dsdeindudruiiagivuanuandivdnverianaoulndn vivlviag
AaulndniinnaudRnNABIN1g
2.1.1 Usznvasianaaulndn

TanpoulndnUsenaunivdiudiAny 2 @ laun wWninduazdiaiung
ﬁqfumiﬁi’muﬂi’aﬁmaﬂwﬁmmmﬁmaﬁaaﬁlﬂumm%‘ﬂ%%mmim"ﬂLLuﬂaameu
3 Usgnn bau

1) Jageeulndanediwes (Polymer matrix composite, PMC)

2) Janmeulndnlave (Metal matrix composite, MMC)

[y

3) Tanaeulndnwsnin (Ceramic matrix composite, CMC)



wardanunsadwungey dealulasnanudnuazvesiuasuuse dwandugui 2.1 84
AaEsuLIeRNaNYMzuAna iy Lown aunia (Particle) Ldule (Fiber) waziduledumnse

Jaunes (Whisker) duwsiu dauandluguin 2.3

o

anAaulngn

Composite Materials

Fanpoulndnnodwes Tanpoulndnlany Tanpeulndnwsdn
Polymer Matrix Metal Matrix Ceramic Matrix
Composite (PMC) Composite (MMC) Composite (CMQ)
WNSNDWS I nRs - asuuswhedule — LEsussaeLdule

LesuusImeLEuly e —
N LERNLSIERYNIA T LESULIRIEaYNA
wisndneslunaiadin

~  ESULSIIEIENDS — ESULSIAREIAN DS

s ULsIAeLAUleY

UM 2.1 Uszanvesiannaulnén

2.1.2 Jagpeulndnnadiues
Tnosssuvinediesiduasusenaudunidvuslng iflasasadumine
sudeuetulumesn liwodwosiamuudusdiaein fanunuuiuh uasdian
numuRen1sianTou Msesuksilrnedwesilalpsnsfuduloesunsaddunediuesin

LY

Andutanaouindniifauudaussindu fgud 2.2 TnsludulodSuussdmiviag
roulndnnedesindudulefianuudussgs ovihmhilunissuusuaznszatouse
nsgvhaeuen lnetageeulndnasiruudausgeiignmuuuinisisosnyonduloasuuse
(Malalli & Ramji, 2022) nstadunssiviliiunindnedimesannsniuusnssildgaiulae
LidsugusnguaniiidsnavesiagaoulndnezfunuantasuiiiAnanquandives
wisngnedwesuazguautiveduloasuusiusenauiu viliTanmoulndniinauudauss

WnTuInnIagwediues WesnniduleaSunswiminnsuwsnsei uwidmsussesiia



geaaty Tanmeulndnvziianuansalunistngeanlaliiiussusdnganveuduleiasuuss
dmsumnsndnediesmsinnumisimumuannwenavvieviuduloESunsly faTuunss
TugUveseunaiidruasuanuudassdlifuiduansiasuwssduguveaduly feawnany
Lisiailosasiialuusidimananisnseaeuse JslleuBenmiasunsslugusyniadi asiiy
wss (Filler) Janmoulndnazdnnuudausunniuegiaunndawieuiisuiuanunuiwiud
a éf a [ 4 o 4 I3 o s = [ [ 1 1
dinguiisadntdeeyilvianuudaussdnng (Specific strength) Bulugnsadiusenineming

W sIeAN UL LLYDS TaRL L geTu

Matrix

Fibers

gﬂ‘ﬁ 2.2 Tanmeulnannodas (Muhammad et al., 2022)

2.1.3  nsndwealuas
g o a a '3 . o ' = a Y]
arsidenan wiowwnind (Matrix) 10 udan v iduansiid ardeadu
(Homogeneous) uazdiauserlosiuegeauysal unuimwdnvesamsndfenisilunud
seafunardugndgaiasunsadnmeniy annediiesnwuunguine uagasanmyesianaey

¢ =) =l

Tnanld Taeiluuns ndasdauiuteuazi A ULY T an1zFIvawuns nduaaz st

6 v

faudnmnuudasmanvesianaeulndnazliunnndiasunss wiuvsndhddiudAyae
auautAdenalassnnduiu wrindldldgnesnuuuanlddmiuiudmidnldun udazdae
farungudulonagnszasusslumidule vonvniddestumnudemefiasiAatufudu
Touinmiuivesfanuaztetiosfunsunsnssasvassosuanimundulondsludsdnidu

Teniasneg Tulagtuuvindnedwesilundenlilunseuiunisndnianaeulndn Tnewming
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wedwesaiunsaduunlaeondnilu 2 Ussian Ae wesluwanadn (Thermoplastic) way
wWoslus (Thermoset)

imoslunatadin (Thermoplastic) Wuuszinnum3ndAfiaudangugs
Feldfumnufeusziinanudaveguuazivasusui dsamnsamiluldlunssuiunsuanls

a ) 1 1 & 1% = a a s & < <@ o o
Lﬂ@Lﬂuiﬂi’NLLUUWlﬂ‘] 501416’1LL’ﬁZLllQQNMQQJ‘U@QLll‘Vliﬂ"?]‘UiSLﬂVIUﬁﬂﬁ\‘iﬂ*’DBLLSUW]’JLLﬁZiﬂ‘H’]

Y

[
] v

sUsetulila Snvidlassadddusedvluanavenunindussianiiianiuudusegs dn0s

Y

Weusiesenintaneluanaiivey Javhlvanansathndunndngnszuiunisudnlnla frees
vauunsngineslunarginydeuly lawn nedleidau (Polyethylene, PE) wodlnsiau
(Polypropylene, PP) 1luu
& a saa & a Yo

weslugn (Thermoset) Wudssinmamsngfniinuudusege Waldsuainy
1% a A | a ] = ° a 1% ! a ¢
FouvziinAanudanguuaziuisususe deausanluldlunssuiunisudale wilumind
Uszunnildlafudiasazaigusnuassnenanniulinaen ldawnsahndudignszuiunms
nanlnallel 1esanniswenseszvinsaeluanaiidudiuiumnuasinunlausegs wes

TUERLUNI NN LENTUNNS U UAN YA NENTNLINABUA DINITAMUAINUADNTHUREU

Y I

a a ¢ Aa Yy 1A A a . a o
V09 UNYINFe Aot 1wveyE nd wiesluasi el dun 8 wendis@u (Epoxy resin) wedy 3w

U Y

(Polyurethane) 1Jusu

2.1.4  AWEIUTY

LY A o

Aesuuse (Reinforcement) Wudanivilinaauifdenavesiagmoulndn
WiNgaunnTu unumdRgueslasuusdluianaenlndnnanissesiuusinseiaguenign

deluunanuning lagiludagasunssasiinuudnssganiiunndeiisuiuwmsndg

LsenTEvintgUenIzgnadsuvIndiingiasunsilalalidiinanudemeduian Jade

dfgyseUsransammvevianneulndnisgnimuaniglssinnvesiiasunse yiadanves

v kY

ALETULTI AT INDIANIVDIAWASTULTIAIY G NWULLATIATIINITINF IVDIAEI UL

anansaduunle dagun 2.3
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Particles Short fibers or whiskers Continues fibers Sheet laminates

JUN 2.3 dnvauglasaasiansneinvesianesunssluming (Bartleby, 2024)

a

ouA (Particle) fdnwasfuliansmuain dvansruintuegiulszinnuesian
THuaringuszasdvosnsldam wu lalasmsfiaa (Micro-particles) Afluausyana 1 -
100 luasou Gsamnsaldiftoiinanuudaussuazsifuiuduiiiudorinseninsianaesln
Anlel 1w ayn1ATanT sunnegiideveanlys (Dusiu

Gulodu (Whiskers) WuduloAfidnuasadoduloduy doulddmiunisuiulss
SnunirreInIsfulstamyan sesuandnlarn1sinuse fegisaniitamindulouuudy
laud agfiun (ALO) ASUBLERDU (SIC) sy

llesiarilos (Fibers) iunildlusniasuussiduifeonlumsndniannonlndnuasly
sufuegnaniewns Saduleldunandamsdaasey (du duleansueu dulouf) uas
leansssunid (wu wduleuand éulee)

uHULEATULTE (Sheet Laminate) fidnwasfuusiuisdoduuns onldunainidule
wioi1 i avaglinisnTzaisusansgyinneuenldeg 1sataueiaian uazaruunns

' Y 1 a
unsnsEAnevBssasLanladueg19

2.1.5 mswtussludiagaaulnga

'
a

nstasustluianaeulndntisuldidulesiowiios (Continuous Fibers) fiagy

Y

2.4 Wngidulodnazdidrnnuiunuusdduwundulengs nsdasdae il weadadanegu

getumulume Weniuidhiummindussunnmesiuen wu Snwend@istiu agvilvide aaud

Fananfedrauin wulowvusatdesanuisadulanadulodunsizvvaziduloannsssuvnm

—

&
U

e

whileums (Glass Fibers) dasAusznauvesegiiun-lad-luls@ding (Alumina-

Lime-Borosilicate) ot und sludasuunsan oo ua nsuasulndnunsnd wadiuas
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\HonnAuaudAnIananlanal AULTILIIEe NURBRsINTEULNN MuANSouldas Wi
auruliih Snsdeamnsanusenisianseulaidueg1ed wadsiuminfininnindule
AsusULazLdulozIin

duleA1sueu (Carbon Fibers) L udulef oA Usznauass nelus
(Graphite) iduleUszunniifianundussgaigaflodisuiuduleviindue winfiauusng
winnInduledu annsaldaudmsumamuanuseulagann silidunulunisdaduly
Ussmiliyariasnulueie

duleagsnlia (Aramid Fibers) iAaauy@idanaina AuvnuIwyuaInd
dulomsvausazidulouis darudangukagmieininnii @aunsaaunIuAIdene
Mnussnszunnladueg1ed wazdidanulaanudufirynonisnude Aviazaie WWolnds

A Y Y vaaa =~ cs' v A = o o a

asvdedu ANueu meRuaudRndaNuvienganinduleUssinndy Juinbundeany
iwndavseidenuseansnngs fasgraduleyssiamil wu wais (Keviar)

Wulosssuwn@ (Natural Fibers) ldulosssuvdasnsaidulaie duloain
v 6 1 ¥ [ % = 1 17 6 17 1 17 [ 1
a3 iy @uleanvuing Wuau wazaniy wu dulouwand @uleld @uledyen @ule
[ ) t% = o ¥ a ¥ [ ¢ a é’ = 1%
dUuzsn Wuiu dnsdnduloainsssuvrauivaunudulsduasziiiaunau leownae

!
@ a v oa

ANudedenstesaaiy ulasiudauinnden dunusiiaziininug wuleainsssuyid

] '
aa A

uvlindlauantadnanmdeusazanusaiieupsaiuiduledunsziunseialadniie

[ [y

wenanyiavesiannliiiudulossddiudrdgluniseenuuunazndndan

9

'
a

ARUINAA LY A1U150UIU15995UNSITNULAAUADINITWAL A9NdaRasanlunl SEanly

dulewianll gesiunanansveanauledneie



sUN 2.4 w@uloasuuse () wdulaansvau (b) wdulowns (o) wuleersniia (d) @l

Y

555418 (Pur Carbon, 2025, Mitch J., 2018, CA Composite, 2025, ual, 2025)

2.1.6 iAnsvaaduly

sUuvuneiveduleuaziinmavenduloidund sluaudfyuasd
SvdwasioguanifiBanavestanneulndn figui 2.5 Wesniimmsendulefinalnense
ARTIANIIVRINITNITTURTINTEINABUBNYRLIANARNINER FiaE19n151197iFn1avadduly
anunsauansldsd

dulowuuianisdes (Unidirectional) L wdulanssluludianiadeadu
savn Hulds - duleedeidonasduledu duhliianeouindnsuusnseyhnisuen
Iolunwnfiamsvesadulaldlaenss wavandnissuussluiianeusnmiiennuundulefvinli
fanpovlnAntusdeuneuazdemeldivuiy mandndsinaenaduledeutuiulyFosn lu
frmaiivarnvaneifisidusag

dulowuuguiiamng (Randomly Oriented) 1unisnaduleluiiamiawuudy
Lifimsrmuafiamsiianz msfuussvestanpoulndnidloadudoidulevssani a5
ussldlsigavintanaonlndniieuusdufiemaieriunsiuuse

vdulakuvany (Fabric) Wumsunduloynanudududnniiu (Pattern) %39

sUnuuianig Mmnsinansvesduly 2 fAenedeainiu Jeindeuldiuegraunsvany
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Wosnianaeulndnazainnsosuusenseiilanarefianslauinnindulowvuiianiaien
wanIINMITAgULUUTIAmavendulasiidudfglunmsviliianaeuln
dnanunsasesiuusanseilaluiiemeiidesnisuady nszuiunsuandailvlaunvesian

roulndnniivannvang BuavinliTagpeulndniinaaudfdnaiiuanaaiudniguiu

i
Ill
(@) (b) (0) (d)

JUN 2.5 MsdnseivendulaudazUseny (a) iduleduuuudniEsawuugu (b) @

Y

i
i

i

i}

)

| |

B M
mn'mn

H

4 &
u'mminy

i
i
il

il

il
"
L LB
| }
EE'REEER'S
[{]

A
a'm
UL B

i

H

"

,
FOLCTCLCTOLCTT
LT

f
G
il
“

ToguinBeauuiamamedIny () dulogiwuuinseduianianeiny (d) dulsemanses

Wuuin (Spartec Composites, 2021)

22 nMINaRdEnAaNlNER
nszuIuNsHanAenlnAnTogvatnvansiBnis dusnisedeile Mduisnisuand
feuazldnantosiign Taudsmsiuduls n3dn uaznsfis] 3 17 Tuusiagnszuaunsdou
wangfudnuazanuFeInsvesmsihianaeulndnlulfnuiunnssiusenly
2.2.1 nszmumiﬁugﬂﬁ'wﬁa (Hand Lay-up)
\dunsguaumsudnianaoulndnideige lasarliinsnaduleasuu
wifusiuasavindfinautundassving sdusazansvuds Tumuinaveaduleimun

MnundsuTurenduleTuluFeys wWelilavunamuiieanwuuld dsguit 2.6

Gel Coat Resin Dry fabric

g‘dﬁ 2.6 ﬂizmumiﬁugﬂﬁwﬁa (Mohite P. M., 2025)
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2.2.2 nszUrUNsWIAANLDNAY (Vacuum bagging)

WunszurunIsaaaaefuiun1TINeieile Aonisnaduletasmiunsng

'
a [

Tiuina uiaziliszsuutudugyainialaenistngeliiseuiesuwazisuviagyinie

A 1

T2l il sIAUUITEINIANAINIAINNTYNDINIABBNINTE UL UM N GNP auBEN L

Y

[y 1% [y

Anfuiudulewazodfuiiauninursndazudeda dagun 2.7

Buffing fabric Bagging film
(peel ply) Perforated

Valve Coupling to bagging film release film

Bleeder fabric
Fastening tape
Sealant tape

U 2.7 nszvaunsiiaduudnda (KEVRA, 2025)

Tunsfnwilagldnszuiunstugumeiiemugluiunssuiuniswiaduudnisie

(%
1Y a EY Y

anpoulndnilinuaudfdnaiia Snvisdudunszuiunisfiaunsanuausnsidiunsuay

YAuluLazluNSNDLle FIT1ADIAMUAIUNITIATIZVA852 08U N luAL AU

<R v a

2.3.3  NSTUUNISHIAANDUNITU (Vacuum Infusion)

nszvaunsnanidndudedddumindninnunialiawnn lnefinnsweuse

6

viemaduazneenlussuunazisuinbiduamannia wvisndazgnaadiluluszuy (Resin

Y Y

Inlet) waznszedllunuTuidulesey Fuuninddiuiuazeenlufivienisesn

o

(Vacuum Outlet) nsyuiunisilmunzanndmiunisuanianaeulndniiyuineduteunas

yualngy Fa3UN 2.8

Spiral Tubing
Resin Inlet (wrapped in peel ply)
Sealant Tape

Vacuum Outlet

T-Fittings

Reinforcement \
EnkaFusion Peel Ply
Filter Jacket

Mold

U7 2.8 nTEUIUNSWIAANBWTITY (Performance composite Inc., 2025)
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2.3.4 msnudule (Filament Winding)
nsvvIuMstiiuselevdegiannlunigaainngsy wliuidnaziseIsiea
Jugtrnauniedmasuwinieg wazazdndulenniunsyuiuminduiusousnuuay

Y e‘d‘o

anunsadundndauamilldauinudug deld dagui 2.9

Continuous Rovings

Nip Roller Device :
i The pay-out eye

.

el
adre
Rmatiﬂg Mo

JUN 2.9 mevtudule (ACM Co., 2025)

2.3 lassadedageeulndauuunauiy

TassasreTanuuuueds (Sandwich Structure) Wulassaisszinmmilsvosiannen
Twdn deldifiuduiifutanununand (Core Material) 7iftinniniuuag A aumu iU
WwnINTEninanauAaulndnianil 2 uHY (Face sheet) wazgndnainiualgn1idwend
v3oilaun1 (Adhesive film) usiveenlndngninanyszgndliiiunuandRinisiuuseine
wsaidou Talauseis WRinndety vililassadesasiuusansssiléfunnd st uuasniin
LilfRaduegedifodidy uaziinsguirmodlasassldifuoaamands

2.3.1 Jagununas (Core Material)
faqununanadutuiiognsanansveslasaiuuuusiiy Seinquazasdndn
vosnslinutanunuiedfiodosmsivenumvedasadauvunguidlaglivhlsdmin
Tnsrmvedlassadaiutuegaided iy Tanununansanansnsesiuussdanazusadonly
lassasauvunrudgle nsidenldauiagunuiiludiudidgaoiniseanwuulaseasali

winzaudmiunsIesiulsnsyynanaeuen feg1eianunu Wi unulil unuezsiin

S99 1Wudu
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[

anunully (Foam core) ahuimyjﬂgu%gﬂisﬂumuﬁmimﬂiﬁmﬁﬁf]ﬁ’m
U 9INABTY ELBUR 9105 MaAuiTe wazeueina Wudy Wesenddmdniiunnn
wagdmnuannsolunsBenguiia Tnsumilviaiiduiiiominnldunniigade wedliia
aaolsd (PVO), wodumilasalus (PMI) uazwedgFinu (PU) usnviieant Aduiilalans
wu Wnluegiilen Aaunsaldifelildnuandiniuudigauazanuaunsalunismuaiia

Souiigedu Aegy 2.10

g“d‘ﬁ 2.10 Janunubna PVC (easycomposites, 2025)

[

o d’*’ v 14 < 3 4:4' a
AnWNUNTI59E9 (Honeycomb Core) dnvaizlassasraduwadnnmasum

v oA o Yy o X - Yo ) PR |
AALIYIFDLUDINUAAIYIIN %ﬂiﬂﬁﬂﬁﬁ’musﬁqEﬂﬁ'ﬂﬁ@ﬁqlnﬁﬂﬁuLLi\ﬂﬂVNIULLU']i%U'TU (LU 1LY

v A

Aunseyilubwigvesnuian) waslubuinaIniussuIu (YU WIINANIRIIAATIIN

' ¥
= = A

nsgyibufiansanunw) leegelivsednsain Janidonthumdndunnugunsedaned
safivilon Aegy 2.11 weslunarafinwedefinu wauineysniia (Nomex) Amsusulniues

Ty 1udu

gﬂﬁ 2.11 TanuNUKUUNTITIERINegilitley (AD METAL, 2018)
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WHULETULSS Lantor Soric® wiia XF iluukuiasuussiigniauilagusem

1 N

Lantor® Composites fiflgawnufie awnsadunnuvaslassasisnoulndnuuuneuivle tu

a [

wannnaneukarialegUnss Wesaduwnuiaunsadanguls ndnanianiledaain
wanafn PET vflaunuuuy XF Jgawulunszuiunisudaiuuniafy uiladu (Infusion
Resin) \lasaniigunssnviibiisduninuldesesings 8nnsnisldgaduisduliluwnu Lantor

Soric® vinliantmiinannsaknugadulsguasladnme dagy 2.12 (Soric®, 2025a)

[y

gﬂﬁ 2.12 J@aLNULUY Lantor Soric® XF (easycomposites, 2025)

24  AUENUABINAYDITEN

AauURTINaT0Tdn WU AIULDe (Hardness) A31uudgis9 (Strength) AN
w1 Ductility) ifunaantifiierdostungfinssuilisturestanidofusminniguenan
nsvi1 TusAmnssuquansiidanaiianuddguinnsznisidentdianieliaung
sesfunasmumusousnszhlugiuuse fefeyaiienfuamandidnamaianisn
ihlldilesenuuuuazdnidenianiimnzaniuiudnuazyonsldauld

mMsnadeuTaniemamantAidsnaresian WU ANNAUNIULIIAY AMFIUNILY
LIIAAID AIUATUNIULTINATA AR UMULIHEaY Tnazlariaudunussening

AALAL (Stress) WazALLASEA (Strain) FeAuduiuslanunsathlunaidus Mduen
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WwngiveianuiazUssnnle Wy Aendagangu (Elastic Modulus) m1uATIA (Yield)
s
2.4.1 AMAAIUNIULIIAG (Tensile Strength)
nsfamsBasainussiuazmstnauegdaussiadunidluiydiddy

Ngavesmundussluiaguaziduguaudfnszysgnininnenagnresian n1snaaaunss

9

N a

AsfonTinAuaInsavesianlunsnuseusiluniliunaziseanainiuuazitenmundn

Tanazdneenlaundesiiisdanounaniin degun 2.13 lngerduauduiusvaininuiu

LavAUesEaioasuIsALegaavesianinaluAanziivesian fwaunsn (1)

=K (1)
€
dlo E Ao 199 3au9989 (Young’s modulus)
o A AL (Stress) Aoussi () nsevindeniiomheiufinddn (A)
£ Ao Armuesen (Strain) Aenueafiudsundadly (AL) sep

gTUs (L)
FensnageuilanunsainAnusveninuauUfngg ve3ian WU AANUAUNIUse
L3974 (Tensile strength) A1N158AFT 8 9AYA (Elongation at break) uagAlugdavasds

(Young’s Modulus)

r v s R > ma -
| ) |

| LJ
L v ‘ N

N Lo

) °

— neck r
R |

L~ - ’

™ 1

5U#l 2.13 Tensile Testing (Dmitri K., 2023)

2.4.2 AMUATUNULIIAAL (Flexural Strength)
NSNAFBUANIUAMUNIULTIAAID D TRAMUAREYaITaRalATULTINTEYN

1AEN1INAAUNITANIBYRLTER a11150vIle 2 JULUU A N13ARteLUY 3 3 (3-point

a

q

bending) uaEN13ANtBUUU 4 30 (4-point bending) Aa3UN 2.14 Feaziin153egiusesdan
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ﬁmumzasﬁwmmmmgmmimaau QﬁﬂﬁUﬁ’JﬂW'DSQﬂﬂﬂﬁﬂuﬂLﬁ@Wﬂﬁ@Uﬂﬁiﬁﬂﬂ@%@ﬁ

[y

Ta9) UALANLNTONTIAEOUAIAIUAIUMNIUNNTARE (Flexural Strength) uageegdiavenis

q

snga (Flexural Modulus) 19

3-Point bending test 4-Point bending test

Force
l «— Force
, - Loading pin l“’ >
T o Loading pins
T Membrane T Membrane

<— Supporting pins < Supporting pins

[ — :
| L ‘ ?

g“dﬁ 2.14 Flexural Testing (a) 3-point bending (b) 4-point bending (Kui et al.,
2016)

LIIANGIEANTETEAUAMIAUGIAn T UlUUS MR YT uIUNAdDY

A10150AU LAanaNNIST (2)

3PL

O'f: Zb? (2)

Weo o Ag ANAILLAULIIAR (N/m?, Pa)

P Ao Wsanseviesaniuiuunaaay (N)
L B SEEEVNTENINGATALSY, Span (M)
b fio Anunevestusumaaey (m)
h

AD ANRUIVDITUITUNAZDU (m)

2.5  suatsuisluludedwun

seitaudslnludediuudt (FEM) 1 uAsidsdavnlalumsinssinazuidgninig
a a ¢ = v \ A vy | & a a |
ArnssunazNand deUsenauslsnisuuslgmndudeussnidudiudns iSenan
"panUsenaulilug’ (Finite Elements) 9an3150AUIAIA9NY 91NTUILYIINITIIUHAGNS
NnuravesrUszneuiielilamneue stymiveg Bnsuidgmiifumaluladadelnd
o % a L3 a o F 2 4:9{ @ o | 2L a
Mlvnsaeszitdgrimnaimnssuyinladetu dazan 057 Ussudarltaslunisuan
WenegeauITsaziauwiugias nsvegeuausavilalidnindiuiuase aunsavieg
A o a v a v a o a v ea a 9
n3eUTuLla au%ayjaumwﬁlmazmﬂ dnanisUseiiunasnsiaunsauseiiulavane

sUBUUKATARBUARUYIINaAansvasuTs nadansvadlna uaza1usou (Xiaolin Chen,

2015)
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TUswnsudmsunisidarunisiesizsinuulnludedwusndeuldlunisiwsgiau

(%
v Y 1

yeimnssy Aelusunsa ANSYS Workbench® deiilugafidlivarnvanesausnisiingzs
Tunuuadn (Static Analysis) 11531A513 % wUUNaAIERS 7 1A B2l eeulaan (Dynamic
Analysis) n193LA512%N15 I naves989lura (Fluid Analysis) n193LAT19lWLT9U0IAU5 DU
(Thermal Analysis) wazsiudan1sitasigviauautaluianUssinnaeulndndne e

(Composite Materials Analysis)

2.5.1 ANSYS Material Designer (MD)

ANSYS Material Designer tfulugand slulusunsu ANSYS Alddmiunas
a51alazdnanddassastenuiinsinssesauseneulnludieduudlussuulassadsuuu
3801A (Microscale) v0tiagnisimnssulasianzianaeulndn awnsninsiziauauds
\BenavesianlaslivannismsszdouiBinludied s (FEM) lassaiieganiafianansa
fungUuuURuAsUsUUTasnsldfaSuse oy ilesadesfimmadien wuueynia
wsunss wiadulednve Wudu 1udmstimuasndiussninaumsnduasiiasunsads
Toyaf gnimunluszduganiai azgnunluvuisquand@idenaluszfuuminia

(Macroscale) ¥a¢7an Wolddmsun1ThasIemtudelasaasemsensiasizidus sely

(@ (d)

SUT 2.15 fhegranuudassseluga MD (a) Unidirectional fiber (b) Random fiber (c)
Woven (d) Chopped fiber (Ansys How To. 2018)
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2.5.2 ANSYS Composite PrepPost (ACP)

& a

aaa
NUIBTNITAABUAGZU

9

ANSYS Composite PrepPost Hues esdovensuasa
dmsunslitinneinaznisesnuuuianaeninds Paelaunsadiassgluvuidudouls
otadeu sanmstiuuadiutumsnauasiiemerenduls ACP annsaldlunisusadu
AuLTaLssvasianaeulndnnelianelvaniuusigg waziass e UAUMAILUUAINY)
Ifegadiuszdnsan Wendeduronduailinszivseiand uldaaounqu 1y ANSYS
Material Designer fiansnsasoniuulasiasnaneslndslusziuganiald ielinadnsves
mMseTgidanumiuglndlAssiunismaaoy we ANSYS Mechanical iilevinsiiaszs
AruantABsnafisidnls faguil 2.16 melnegilulugaiinsizvives ACP fieg 2 daude
ACP Pre wag ACP Post @ sazidulugaiiasigidviunisadiessiufsnsiivunnives
Tasvadsnoulndnluturen1ssiaes wagnsuannadnssauinisinszingfinssuves

TanpeUlnEnnUa AU

ACP Model

Crientators
Fiy-Wise

Selecton
AP-PILBT_ModkingPy.1

A\ “vi‘ﬁx A rﬂ“u.

, ‘?& N

gﬂﬁ 2.16 fpgawuuIaesmeluga ACP (Magma, 2021)
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2.5.3 ANSYS Static Structural

ANSYS Static Structural Lup3asilodiassmgAnssunsnanieslininzlvan

a a v Y

AINNNUTZANS A NAS 5995UNNSAASIENLASIAS 1V UL UIY T AIUTULTDUINNNS

Y

Usznaumgiaguangtunilandaidenasiieiu yaruveddugailfieanuaiunsalunisdiaes

[V
YU U a

09AUsENBU TinsUARNTITURY (face sheets) wazinunana (core) agsaztdon n1sldau
TulassadaueniiliaunsoUssdumanudu-anueioeluudasdurestan inses
wsadouluinuNas waTATINERUANUEENIEIINNGULANUASUIBUUUF 9 191 Tsai-
Wu, Tsa-Hill uaz Hashin Ifogefiusgdnsan dagudl 2.17 Tugadsanmnsadndinnse
n3e¥ (Load) Man8gULUL 191U USINTENY U3eT9R AIMFL Fenangamndl iledas
annisldonuaildegndlndifios uanani Sawnsadinssinansenuidmarans nie
anudeurunsdenleaiulugadu (Coupled Analysis) leeened saudadadiiddndn
U52n13 AB9188AN151A8BIN1NNIEAIN UTendaialun1soaniuy wagaiunsadnyinig

= a s a v [N &
L‘lJaEJ‘ULL‘IJaQW']TWlILm@ﬁLGZNIﬂSQﬁi'NVLWEJEJ'NTJﬂLi'l

JUN 2.17 segraiuuinasinigluga Static Structural
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A5ALUUUIY

nATeivhmstusluasinuanantfidnavedasaisTagaouindnuuunguivi
i ESuwsamedulawland (Flax Fiber) kagwnu Lantor Soric® XF nansauiuwm
3ndlule-8wend (Bio-epoxy) Ineldnsguiuniswanuuuwiafy duiladu (Vacuum Infusion
Resin) N13Anw19zaLidun1sUsususuunisdnievesdule n1sldausiudvunuwny
iEsuuse Satenudniuldvesdulaatuusiwazuning nsauaudndiuvesdulesawm
309 waznaasunuanURdina faeszideudslnludieduud aeldlusunsu ANSYS
Workbench ciﬁuim@a Material Designer (MD), Composite Prep-Post (ACP) Tun15e8nuy
wag ANSYS Static Structure lunisnaaeuaMaNTRTNg WU AENAFBUAINAIUNTULIIIA
BUAUTEULTIgURNANITNARBUANANTRARINNITNAADUITINIULIATFIUNTNAADUAIY
FUMULSIUTIFAge ASTM C393-00 mudndiu saudamsAinwiilousudseussansnnves

Taseasnaludnuaeil

v

3.1 JUABUNISANEIIRY

JUADUNISTANEIAILITOLUINVDNISAN W AR

awv oad

3.1.1  NISANYIAUAIILATSIUSINIIUIBNNYITDS
AnwAuAinIsn1s nszurunis mdulseloviaonisaniduuise s
FIUTIBNATTLAYITRTUNITYINITY 2INT9NTans wiladie unaINdunig MNUrasteya

wva o v v

A A P a ax ¢ a v
VlLGUE]ﬂEJVL@ VNN Y UASTIINITNR A DY ?‘]mauumﬁqﬂmﬂ@%aiﬂﬂ wan ;JIJLLUUﬂ’liNaGILau

o

(%
Y A [ a

lo wazganuannsolunmsvdulodetunldiidels SnvimauifiiAsitestunisman
AaudRgInavesianaeulndn Bnsmelnludiediuuduaznmsasiawuuinaes
3.1.2 wandanaaulndn
nawdnTanAeulndnsieisnsndnuuuwiady Builadu (Vacuum Infusion
Resin) msruuaiiavnavasnsnadule Snutudule daduduleednduaming e
ivaquargunsaifildaulunssurundnanunaggnazylilunianuan n gunsaliilély

NSLUIUNISHANADULNER
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3.1.3  wanlAsEseTagaanlndaluULTUIY
nsuanlaseasuvuLguIvaeulndnlagldinadafoaiuAunITNEn
poulndn Ao Mawiady uihdudmiunsdafnsenitaunuimduaziagunu ey
fidunisuanlassadedlundeususuwuimei Wielwldlassadeiivssnoususoudos
& TnefilideddwiunnundafnssninsunuRantwaznunans

3.1.4 adruuudnaadlaseainnaulndauuuusuiy
a319nuanURvelaTi@ien o lndanuunauIva uwend IS ANSYS®
Material Designer #a3Ufl 3.1 uazuuudiaesdmivnoulndndiogemsiuas ANSYS®
Composite Prep Post (ACP) #43Uf 3.2 91nunadeunuauvAidenalagldvensfuas

ANSYS® Static Structure faguii 3.3

o7 Material Designer

2 & Engineering Data |
3 @ Material Designer &

gﬂ‘ﬁl 3.1 Iu@a Material Designer

- B

W By ACP (Pre)

2 @ Engineering Data ‘
3 @ Geometry 2,
4 @ Model 2,
5 o Setup F

JUN 3.2 luga ACP (Pre)
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8l = Static Structural

2 & Engineering Data +
3 @ Geometry ?
4 @ Model 7,
5 @ Setup 7,
6 Solution ? .
7 @ Results T,

E‘U‘ﬁ 3.3 Iu@Ja Static Structural

3.1.5 YNE2UIEANINNINTFIUNTNAHDU
nagouaniliannszuaumInan lnsimusnaaeunuauiAidanasenis
VARBUALAUNTLLTIRAIDANLANATIIU ASTM C393-00 Faguil 3.4 tioTins1esinuanti
1041lA598319 Fasndunisnaaeuleias saflenadeuaiunUszatd (Universal Testing

Machine : UTM) fuandlilunianuan n

(ﬂg]b) Designation: C 393 - 00
ull

i
INTERNATIONAL

Standard Test Method for
Flexural Properties of Sandwich Constructions’

This standard is issued under the fixed designation C 393; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

JUT 3.4 1955 1UNTNAERUIER ASTM C393-00

3.2 @uUNNINIsANENIY

viesUfjiRn1sTanmeulndn e1A1siATedlle 16 ware1mITAIedle 5 wMINg1ay

WALLLATATUS DUUATUIS DLNDLIDIUATI VAL FIMIAUATIIVENT 30000
(] 9
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TannaulnanLasuLsIneLaulesTIUYIA

AanunTmtmmnssululagiulinsiauiegisninselanaineds sudenisil

! 9 = vy a a
wriaamingnsryuleunlaunansssuvRuUssendldluanuimnssu vainvate Ussan
losumnuaulasgnadeilios MEANNNAINITANDUAUDIAUABINITANUAINEEULALAIIY
Jufinssedawndeuliogsiusz@nsan Snidsduasunisldninenssssuyfodsduen

waziinUselevigeanlunseuiunsnanuaglday

4.1 ANUEIAYYDIANABINITIEAIINTIIUVIA
Tutlagtunisldauneuindniviimenudosnmaivlniuegsdeidosiunn g
wglunagaaamnssudesnisandlaanuianigalvesneulndslunisirluldauly
Fudruisdudulassadne Fuduislasiadns wazudusgunsaidmsunisanussuas
wlatiaes lnslannznaugnavnssueueudnazonmaguiivilvineulndnnareidusuden
Sfuusng dmfuiluldanlungugaainnssuivanil (Spasenovic & Blagojevic, 2021)
fregratu onaeuliauty (UAVs) lunildlusedisasninieoulndaluldludud
Taseasannae) 1y lassaseln gndeasen aa luin 1udy (Hair et al, 2023) 5nes

3 ‘s'

ANFADINITATITINUNANY U190 DL DIRIUN151891UYRI U Ted Market.US (2025) #

v Y 1

Fhiudwulduyadmainveseinaeulsaudulul 2024 agf 36.4 Wuaumssgyansy

wazAAIIMsAulnvedyaf1naAlATUAzgna 95.4 Wudumteyansy a1elul 2034 fe

v 59

gnsnsiulaned 10.1% Aawanslusy 4.1 lngatadndnuaulasuinlalyvesnisfianis

AsNINSaziiiy 13 a1uan anelud 2030

Global Drone Market m Rotary Wing Drone
Size, By Type, 2025-2034 (USD Billion)
120

954
8656
787
na
o 542
L s O
482
34 40
a0
b I I
o

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

m Fixed-Wing Drone

The Market will Grow 10.1 The Forecasted Markst $95.48 M marketus

o,
At the CAGR of: Y Size for 2034 in USD:

gﬂ‘ﬁ 4.1 yaAmaalasul 2024 89 2034 (Market.us, 2025)

Y
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M ITBNuRNgT Wugendndurilinainvesrnudeinisianeeulndndmsu
nsinawanlassasslueinaeuliauduiugunulaiy Inewuildumaiidie i
waryedduddny desnsyadulunnisdisiunuandfnadinagaaiilusedui

JanAwazuinasdunaluladiiunyszendldiuianmeulnds aun1ssenurend

9

a

Ll Market.US (2024) 75803 1n1ssaulavesnaindanmaulndniiovaslui 15.2% sol

o

Faust 2023 lUaudsd 2033 wazenafiyadiganunisemanisaiogd 7.4 Wudumiogansy
Tul 2033 Insdulowaduussdruududduduledaassiiouiaun fuandugl 4.2
(Market.us, 2028)nuualtiunisldnuiigiuegsaidounand nduiilinareidugaiiia
AUt nakarnsesenndsnunduinsredwindey Wewiniireulndndulng ild
adluthigtuiuiuseulndaivhanantagUssinndansest woz ssdundnidlonosings
Juamewimarinunengmsldou wiliiAadagmeesnmsarausezdunnededaundo i
aunsandnnazeavaangluiaslnen (Rossitti et al,, 2025) Aauvaniiena9zdaNansEnufe
Aandeuianansauaznaden vieuiuinansznuiionazintusesyudioafetuiu vi
Tidnenmuesianmnsssumdfiansagosaarenisinmldiuduindendlmifidusing

Audsnaaauunnitdandunsizinild

GlobalUnmanned Composites Market ®¢™F =G

Size, by Composite Material, 2023-2033 (USD Billion) AFRP BFRP
9 W Others
7.4

6.4 -

3.7
8

|
= L*
- .
24 o =
18 21 - ==

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

8
7
6
5
4 32
3
2
1
0

The Market will Grow 15.2¢, TheForecasted Market $7.4Bn A\l market.us

At the CAGR of: Size for 2033 in USD:

U7 4.2 yarnmanntanmeulndntl 2023 A 2033 (Market.us, 2024)

U 9

[ '
(% % ¢ (%

UdAYNaNL U IAILEDN NS TTNTIRTIUNI g Nanalaanniguay

S

ANTY

uleowaSuusaiunaniaiswazuds) (Abdellah et al., 2023) sauludawnunanauauseny

a P a A A g ° o & a v & A
mmmﬂmiﬂ%mammwmamnwL‘UumsmLm%waammLﬂaaugﬂlmﬂmmmai:uLLiﬂ,u

[y

Janaoulndnld drudsznovdmsuianmaulndniiniainsssuvfnaieidugaaulaliiv

Unideianany meanudenisiiinmsduiinsdedwindeutuinbiniudenvewunasian

AU1NSITUBRME RO VAU IR aANLRTENNeuAIndaulaTuae195
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venanyaaulaisfuaudBunssssumiudtu ndenldTanansssuw
Prglsiandunumanisndnldogsiifioddny (Kamarudin et al,, 2022)msy Taniaiunseiian
NnssINATNaEdAignnitianeiunssduanesiuazannsamlddielusyfuviosiu
s2ulUAensrurunsnamduletasuussansssusfmanilaenaluudavldndamuly
AszuIunIsHAaT I duleasunseannisdansied nliannisuaesuafiufiunain
NsEUIUNIIHANBaNgds TN ALazUTENdanSnensaundsuladne (Zulkarnain et al,,

2024)

¢ a

4.2 naldeanaaulndndansizi @15 / n1suassmsuau
Janmeulndndunsizviludagiugnesniuuiilonauauesraniudenisldau
NFIUIAINTIURATEAAIMNTTUN WA 1agan1zAudaan15A LTI g Al

(%

ywinfiundsdedudefwazdelanauegnsds wiognslsimuudiguaudfidnavesnouln
an ”ﬂLﬂswﬁu,azmmmumu%qﬂmﬂ uAUQNIN AL EINANTZNUR OF LA DULATDIAILHD
uywdosnauazinalusuauiluegrsunlusuian (Carvalho et al, 2024) lnatanizly
dl' a 1 6V L1 L3 Aq! % d' d' 14 %
SesvesarTivuaznslassingaisveulaeenles (CO,) nildlullymudniiieitesiunou
Indndansizidenisldasafindudunselunssuiunisudn esninlaeialdudian
ApUlNAnAri09AUsENaUv A UlELASULSILUUAWASIZY WU ANSUBU WU haznana
WS INeANaSISTUNILTUATIUONEN FILITUMANLTD9AUTLNDUVDIANTTENEIIY U
gilananeg (Volatile Organic Compounds: VOCs) ildiluansifiuussuazansvihazansluis
FU ansTemeilanuninssmgesngeInAlagsauTENINNTEUIUNSHAR dwaliiinlgynly
AurasguAMlelinisganuenIAiINnNaRwYedassymetiunaiuiu (Nzimande et
al., 2024) @1151894714Y89 Karthikeyan, Constance and Ashish (2023) 4 T ufama1a
sunserofnanmlunisielminniazlaniou (Global Warming Potential, kgCo,Eq.) tdu
1 % 6V =l = o 6 L3 a a ;2
miinnanssnurasieseunszanifiguiuaisueulaeenles (CO,) uTuuannnsly
a o 6 1 ¥ [} a = o b‘d‘ v 1
NueeNnAndanse 54.3 keCo,Eq. WAnstdnuianmeulndntinmuansnaansiiesndn
19 4 11 (12.5 kgCoyEq.) wanslfiudneninlunisannisuasefimiseunszanlen way
Anunmvesianmeulndndunsizindimaninnitegaunnidefiguivianaeulndndinin

dmsunsneliiinnssuiumsnvihuvasiiarsomsuinfulunsenssuiunisglnsiie

Fuluunan (Eutrophication Freshwater, kgPEq.) &eralminainuidudugsveslsuinsig
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91159879 eanesa lnsnansenuilonvilvnisiasaiulavesansigyu (Algal Bloom)
WNTueg1959L57 wavdwaliissuuilnanisiianawisedenels 1wy n1suinesndauly
W1 dndde wagansiiy Wudu sulvfadnuilduasanuduiivdeuyuwdiiunisne

uzi5¢ uenanidslifeyaduduintanaeulndndaunsizizneliindunsegininiannoy

TNEANIATININTIIVUA é’]’quamﬂugﬂﬁ 4.3 (Ramachandran et al., 2023)

m CF Composite Biocomposite

Energy Use (M) |1 S 2035

Eutrophication freshwater (kgPEq.) | H i
Global Warming Potential (kgCO 2 Eq.) | — ) 25
Human Toxicity (Cancer) (CTuh) — #

JUN 4.3 fegemtinvesnisinsedunansenusdedawindes (Ramachandran et

al., 2023)
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a

govaansfienuiuealdiatuiunaiesesd 3Fn1sndnasleulddmnsunisindnaeulngs
duasigrinenmsmiatswasNsilenaviy Feisaedisnldiululagduiudiuudusidma

nsEnUsiedLInden WU nsudsgansuaivesngenALazan nuInseulagseumni U

wvihane wien1suassuaiivasdAunazunasiminiluilinaudu (Ziemifska-Stolarska
et al,, 2024)
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(Pokharel et al., 2022) 891 998ANAINIUIINNTLUIUNISHARNLAD NAIY LATEINTU
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Banana Pineapple Coir

Y 1

sU#l 4.4 fegraduloansssumni (Kator et al, 2024)

4.3 Fagn1aaanngegu Neunang WuleeEulsuazununang
wmsiidsldiuauadlanntinnuazinifevaronguiesidonvesaniian
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Ansnedainasy (Elfaleh et al., 2023) yibiwdnzauiun1sidanululassas1snaeen1sany
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A q

Tagtulinsiaunldanuuvsnginsndinin (Biodegradable Matrix) Munados
fipyuarunsalunisgegaaielaiesniusssuef dedulngudidnavgnuinainumes
53IUIANUIINAY LU TudrUznas ulsrlne nsensaweduansn (Polylactic Acid -
PLA) @alaarnn1susiniinia (Vroman & Tighzert, 2009) AulaatauteiunsnguszLnni
A A vaad o w ' 14 a [y~ a A 14 &
Aelinuantanddglunisgevaaeliiewiusssumivasliduiivdedawindeulionunony

v ! a v v o w A v Y aa al'
n1sldau wiganazaesliaudAgfonisidauluaninuindaufiian ne1niAn Juws
9199z wmaludedndndunnaudidnaiisadestuanuud wssazaniginnsou
uegield (Oun et al, 2024) Tudagdudiunsndinsadin nvatgUssiang NI uan
W ol Aauan A nzandun15l99ui # 93n19A21UMT LI ILATAIIUNUNIUAD
an wwInaeufiaatu wu wedlansenddanilwen (Polyhydroxyalkanoates — PHA) &adu

a s < a a v a a e = |
Wadwesdinnussiannilsindnneaduniduasianuaiuisalunisgesaaislaly
ANMNWINABUNINZLA TeDNUsTANTIAINNsageaasliloinusTIuIR Truudanseg

a 1 aa

TANUNUNTUFRANINKINTONLALRVNAINTT PLA fa weddaviau

Y Y

o

n@Lum (Polybutylene
Succinate - PBS) (Rafigah et al., 2021)uenaninisiasuusslanuunsndanunsavinlavane
UILLAN HIANITITIUIINAULAUTEANNEITUBF Lru LaUle wians n1sldansIRuwsanse

aunawly 1wy wiluwaglad n3eeunIATININKIS10 T L aY e iuAULT L TaY
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[
=

wiag19lsAnnludagduiwdiunindinsadanmdazddedlundvasmudulinsse

AWIndauNTARN NISHAMUNINDLNIATINIMYE LSRR LT FININTD991NAIY

a

FUFaUlUNSNANNLUINNIINISHARUNI DR UUFLATIZI VLA 1SHRIULUNINDLNTATIN N

'
1Y v

£y 1< =3 d' ) = a v 1 & o v v}
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duloiaSuusaainsssurfosns ulownwand (Flax Fiber) Wundsluiduloanniia

a o Y & £ a o £ o < £ a P a
Heudhunldiduduloatuwsauasdnlduntumsiududulaasuusdiiuianaoulnds

a
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Y
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a A i =y oA = ~ PN Y Y] ¢ a |
L°U\‘1ﬂa‘VlZﬁQLLﬁgﬂum@LLiﬂﬂﬂlﬂLUuaEJ'N@ "'U\‘iﬁ']ll'ﬁﬂL‘Uiﬂ‘UW]EJUﬂULﬁublﬂﬁQLﬂi']gﬂ‘U'N‘Uu@aﬂ'N

wulouiivlind (E-Glass Fiber) MlinuaudAausiumuwsefsnlnaiagaiuainluaig

v v
v o A o

PUIBLUTNNAY (Parodo et al,, 2024)9n79898 1N NI UILALTENAI89Y IUEAINSUNIS

LY

luanusiadunesiines wiewliudanavnssueueudndaiinisihaeulndailddule

wilangiaSuusannusianeludg miusaeuiusUssnnanaie (Yan et al, 2014) dnaaaudan

' ' (%
v aa A oA v v Y

denvandulounandfanisandunsanssunnuastdutaniiainudangung snnadudn

v Y 9 9

=

[

TeRTunIngUsELAMNTATININ (Kazmi et al,, 2023) wsiag1elsAnnu duleainsssuna

sghaduleunandigadidedeiidugadidyfosooinisgaduanuiiuiigs Fdliavdma

AoonenNsliIL anuudusikasruavesiandlalinsdudaiuaugunaduaniniinden
v 1 < o 1 I Aa a2 =] [

nsuitamegnsiasianansahlalaenisiuaisindeuniivesneulndanieasidunis

Uinidulemeansarareansunsriaielviduledudmuagligaduanuiuiuwagnusonis

Howanwld (Bekele et al, 2023)

ﬁ"lfr
4

WA/ g
SUT 4.5 muLW\laﬂfﬁ (The Modern Dane, 2021)

LnuNafsLasuLse (Core Material) L udrutiutdununsnasanatssendnansy
Aoulndn 2 wiu vlnAadulassadwuuisisaeulngn gauszasdnanvosnisldunude
Wiowfinanuvuvedlasiaine uaztefiuluwudanuidesvestngn (Moment of Inertia)
Tnglavilvhwiinvedassaafiudunniful Jegtusnuiifesldasduunuuutivaway
unuiudnuaeiitisunsedarts Ssdnluganduunuiiinanmsduamsiuas fasdelviin

Javnvesvesiligosaaanuulonunaignsidan Mlinadeniifean1suuinianisan
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USunawezuaganudiguluningnanmngsy nsldaunnunalsninnissiedia (Recycled
Core Materials) Mitun1sudsgUrezmdeiisundignszuiunssleda vinldaunsauunly

diedunnutunanwedassadsuuuuswivaeulndals Taaununansinuldmlulunisihun

a

Sloda laun IulndgSmuatngnamnssusaeud uunseasgniln wiaiduleainianivae

¥
[y

9 1wy s Uraunazsuoes WWudu (Valenzuela Exposito et al., 2024)

= a a a a da v a .
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U7 4.6 wnuwUY Lantor Soric (Epoxyshop, 2025)
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Fanm ulouand wazTanunuainnissladall azduesdussnaundnlunsyuiunisude

lassassuunewivaeuindnlunuidetiiefinyauautadnavesian
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a a 1 aa < 19 a A [y . . =
ASYUIUNISHANADULNER LU I9N15WIAAN BUTNITU (Vacuum Infusion Resin Process) @4
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10y LWNSNGLUUAILATIZYAD BNNTLITU Ulla ER570 Wazluv3nginsngdinInAe SR Green
Poxy 33 Feasitununedeutianan 5 Tuse 1 fogradun
4.4.2 n‘szmumsﬁugﬂ
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Aoulndnazgnasiislilugamaiiveadunan 24 49lus vdwinnisthesnaindeu neuasidn
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Temperature (°C)
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UssiliunaandRnnudiuniulsiinievaineulndnasuussedule unandazdnadeniy
UINTFIUNINAEBU ASTM D7264 lngduanunadaulzgninlidvuianaaeausgi 200 x 15
mm? fauandluguil 4.9 uarANNUIVRTUNUNAFBULAA T UIskanalTTun3199 4.1
AMTUNITNAFBULTIAAIBUUY 3 30 fELATInAdaualunUsEasA (UTM) 1 LD100 lng

AMuUAAINL5AR DUTIUBIRINAFIUVUVNAY 2 mm/min S282U8351U5095U (Support
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(Y]
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A15199 4.1 NWG]ig’]ULLﬁ%‘UEJULSUG]ﬂ?i%ﬂﬁ@U’ijﬁﬂ

ANSNAABUAINUATUNTULITIAAID
. dNONT 158U ER570 Tule-dwan® SR33
UTLLANLUNTNY . ) . .
(LWUNINVEILATITN) (LUNINBLATATININ)
FUIUTUIUNAFDU 5 5
YUIATUINY 200 x 15 x 1 200 x 15 x 1
(817 X N9 X AU1) mm mm
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n13iate (Flexural Strain) wpzanuduiusvesiarauduuazaiauaien ey
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AU IIARIENTauAUAIANATEAUBIRRLlNdRES ULy uandnTaud Ul NdIn A
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A S N . 164.866 MPa
ynthetic Matrix (ER570)
Lo 155.584 MPa —
1
Bio - Matrix (SR33) = i
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[o] 1 1
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Y 9

apulnantasuidule LnanduINNIUUFLATIZ UREINUAUAIAIINLAUARID (Flexural

'
1 a

Stress) NUNZNBNTATATNIARNNFININUNSNBLUUEILATIZY SIUDIAIANULASER (Flexural

Y

Strain) MAnvNAMAALTLIER NNAENSN1TUsELTiuAMaN RN SARIEURIRRNLNEALETY

v (A

dulswrandaunsoaguladn msldnuduloasuwsninsssunalinadnsnadaldnu

Y vy v
v A v o Y

wAuLmIngLnIadan I uavsdnsdunszuaunsuanneulndnniludiudrdglunisyinli
AuaudRzInavesreulndnianuunndaiueanluiuegivisnisuazimalinvenisuda Tu
undnluagnanfenmsiiuauantfvesraulndnasudule unandsruiummn3ndinsadann

TAYRIUNTEUIUNITHAR AZ IS DULNLLAL
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nsnRIAMaNURALBINavasnaulndadulaunand

Tanaoulndaftasua 0@ ulesssuynfniameuauainIud eI slumnaiy
v o A 19 a Y ¢ & = o a
guannssunfean1saudsdulunsldaueeulngn w@ule uandiluniduduloETuns
nsssuAnignlimuauladuddusiug delaseasamnanenmilnunzausonisinun
asuussluroulndn od1alsiniy auaudRlnavesnoulndaasudulouanddinadu
UsgirudrrglunisAnwnasiaiuiegisreiios ielilaudenisldanuiimanzanlusay
gaavinssy luunifadunmsyaiuluinsiindsz ansamidnavesneulndnasuidule
¢ ) & | ) v a ! o i
wangsnunsUTUUTINTEUILNISTU UML) Wi Msldansiauuss n1susudsanisuy

£ a < %
AIVDILTTU LUUNY

1 14
5.1 ﬂ"l'iLW&lf’]]ﬂéﬁﬂJ‘UﬂLﬂﬂﬂﬂﬂﬂﬂﬂi’)ﬂi‘waﬂN']‘IJﬂig‘U'J‘L!ﬂ'ﬁ%ug‘U
roulndniaSuidulosssunalasuanuaulaiudulug smaneTunil srewvauandn
194A21UA 09n15T Al Tan reulndntuduiinsnedwindounazdaudedu awnse

wyulsunazdosaargliioswmusssuyd ulsuwrandilunisludulesssumanlasumiy

a o

fenduasuussiiuaeulndnmsiziilassasiavaglaaluesdvsznoundn lnedaves

v A

wegaatnvgungs (Elastic Modulus) #A1Maunsalun1snadunasaulad anauusied

Y

Andulureulndauaziinanumidedluineulndald vildivunzaunenisidnuiuian
@sunsalumaulnda (Colamartino et al,, 2023) dnvadainnulaidusgremilialdauduley
WHWANGIIUAULLNINDLNTATIN1NNT B LUTBLUNS DA LARINLABISITUTIR LU NTANDALANAN
a f = P a ~ wa a A
wodostinmanuwle FagesaanslalewusssuvfuasinuaniRlanain (Sarkar et al,,
2020b)eeialsfiny ielineulndniinuauAdainaiganusainlvldeuld sududesdinng
YSulanauantRrunssuIunsHanuarasfusenauvesTan iagay
nsuSuUTsnnandRvesmeulndnsunsruIunsTUIUIMaINTIa1838N1s AGUENIS
) Ly a v a a 1 [~ 4 [ dy a % € @al
Undanmaall n1sldansiadiou ansiiuwss ludu n1susuusanuRive wdulownandidye

aulaegviagUszns eteiiuanuansansdanesenitadulenasiuming ondeuld

Tawn nsUrUamensidansazalenie uasnisuiuamedanilal (Alkaline Treatment) Lile



a2

[ a

mMinanfiunazieiiwaglaauisdineanainiiuiivesduleunand viliiivesduleveuuin

a o v v Y

FunagiR Ui duTasuwInsng (Prabhu et al,, 2022) uanand gafinsldarsdainizuns
Usphnnidy Faniua (Silane Coupling Agents) Swapadisiusenmaaiifumysnduazifiuus
Sanilenserinadulounanduaziumdng (Yane et al, 2023) dwsuwvdndtnmillaeiily
udsinagianuse JeenadwarenmuantAdinavesn oulndn nsldannfuudaiioi
mm@‘wsju \Wu wedlefiaulnameu (Polyethylene Glycol - PEG) \fioanAMUUsIZUe U

SNTWATYINUANUUTYY SAUDIANUAINNTaluN1sNSEaedvanduly wnandga1eTuwun

¥
-4

3nd wennilainnisusulsiuivesduleuanduunisuinUnsieasazalsaznis
Uuugaumsndudiiu lnssasiswasnaulndnniduladendmadonuaudfidnavosian ns
Weonldguuuunisiniiesveaduly 1y wuune (Woven Fabric) nTeuuugy (Random
Orientation) HKNaABN1INTLINLRIILALNITAIUNIUNITUANT1IVBIABUINGES wan Nl N5LY
a a a a1 LY 1 & v = < v @ a
wadansnannoulndaiisnediu 1Yy n13TugUaleiie (Hand Lay-up), windy winafs
(Vacuum bagging), w3afu 8uiladu (Vacuum Infusion Resin) dauudanvilvinuauifdna

wansneiueanly
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v 1

Imaaiﬂ miwwmLwaﬂiwﬁmmammLmﬂa%maﬂw BIGHY é’fuwimaﬂ%’uﬂiamﬂau

mzmumﬁugﬂ 5% mwﬂiumumwuaﬂua%ﬂ%umwaﬂmﬂ mﬂm—maawm Fadu

Y

uduslvinuanTRiBanaiiunnisfuoenlulimngauiuiuuiazanudosnisiiaginesln

dnluldau saudansimalulaglmie wu nisldaiseyniaunlutaSuuss 3en1susulss

b4

NILUIUNITHANAIYNITAIUAND N NUATAIUAY mmamhmﬁmmamﬁ’&%ma%maﬂw
dalaegneliuszdnsnain msiawreulndaasudulesssumaliiesieliladanidaiy
LL%QLmqﬁu Lwié’quzhsja@maﬂ'ﬁwma?ama”auLLawauauaw{aLLmIﬁmaaqmammmﬁ
gafurudaiudnioe

Iuwﬁ%ﬁwmiﬁﬂwmmauﬁaL%aﬂam@maulwﬁmLa%Lé’uiaLLWaﬂsﬁi’wﬁULw%ﬂsﬁ

(Y

) a ¢ a [y £ LY = & °o v
10 TAgn19IASIEANEINUAIINATUNIULT AR FaluladudrAnin mamamiuﬂﬂiﬁu

o

[

lunipgaamnssy lnenisnaasudlngaglianudAgiunismaaaunsewiniuy 3 9a

o

o

Wellaunvestayaiieriuanuaiunsavesneulndslun1ssuuss Faduladedrdnluns
sanuuulassaisiidessurimiin lnefineulndnasuidule uianduiuams nddnnim

rgnUiuUssasimunAuaudinunslidgamaivaeiuudl nsldasiiuudanunaini

NS waznsIFuRUESILSS Lantor Soric Wiieldiasuanumunvesmaslngely
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Julassasawuuuauivnaulngds lagn1siauiaivunazgnnadeumelInggIuNIsnaaay

v a

AUATUNIULTIRAIDYDIABUINER LarTIiATIENIAFIATYUINGANTINIINNITTULTIAAD

ee

(Maximum Load) szeglnesa (Deflection) A3utAUsnde (Flexural Stress) kazAIULATEN
(Flexural Strain) N1119INNINAHBUNITAAIBLUY 3 90 (3 Point Bending) H1uLATBIMAGDY

aiunUszasd (UTM)

52 nUSUUTenIenIsuNAIve BTy

nsUniveduninguiasulunssuiunsiddglunisndnfanaeulnds Jans

[

1 a ::941 I~ d' a I [ 1 Y] 1 aaa =l
U:uLiezjuuL‘Uumsmasmuﬂaamnamuzsuaammsuaal,iezmlmﬂusuaqLLSUﬂmumLiaUQﬂsmma
@139 biuds (Hardener) Fsdsnasiofaautfnisnieninuasnalnuesduseadidad Ay

D

[ v 1w a = & a ¥ t% [ I dl'
ﬂ'ﬁUiUUE\TWﬂUﬂWﬁU@J@?%@QLislju‘iNLUUﬂig‘U'Jumﬁ]%@@ﬂi‘lﬁﬂ?’]ﬂﬁﬁiﬁ] WUDY9UIN LUB9RNNY

nalpensenonnaNURveInoulndnUalenie Wy ANWDHST AIUVIUNIY ADINEINISELY

£%
= 1

N153ULSE wazAEtesvedlasasne MIUNFveusTulognane e TuTlinve Ty

) = I a [ o

wazN1sITuUNFoINT Ingagrsineianfailolstunauiuansyinudaan Avasslindaiies

9

anugaumniviesiiludsszeznanivaesislifrstuegivusunviug veusdu wu 1s3udsy

U

WVmeslaudn (thermosetting resin) 8819 8o (epoxy), Wedleanes (polyester) agfas

HuNIEUINNSULAIeliLdeiI0193 Msuadatiannsavinlalegldaudousindeu ais

v aa

| aaa | a % - = o
139UfATE1 Nsunaredulilasan AuTauINSIddunsen vseluuiansdienalduas
dans1hilotan (UV) Fapanssugiantunisunliduaiuasiuyss@nsnmueinssuiuns
Igagnaunn fau nsusudgasensuefivensduisdunszuiunsiisedinsaunuuas
sonuuuettazidasiialilinuantfvesiagmuiidenis latenlunisuussausou

v v a A a A
AR $98 ViseATindu

nsnauAuandAdinavesneulndnaiudulourandndususuiuuning

o

duarziazgnuivugsluseninanszuiunsndauuuwiadu (Vacuum Infusion Resin) tng

Y

nsvuglagldtunsumiloutuiueazidenluide 4.4.2 nssuiunstugd lneagldduu

U (Layers) voudulounandgouiuyianun 6 1 Juuia 220 x 100 mm? Tuianisfeiu

(%
Y

Manuade 0 09 Wakanaianszuiunswiady duiituudiiu reulndnazgniidigou

'
rala v

WaUasTY wiszgnimualldgluuunmsiianuieunuulniniidnsiaiuseu 1 °C/min



a4

aa

Aauanslugun 5.1 Tngasiisgamgiaiednsinnuseuiluautaaumgin 60 °C 91ntuA

av val ad g ) ' a Ay ) 9 Y a o .
ﬂﬂ%l’lm@mﬁﬂNULUumaq 1 SU'JIQJQ ﬂ@u%%QﬂL‘WﬂJ@qm'ﬂﬂNﬂ?ﬁ]@miqﬂqilﬁﬁ'nmiﬂum 1 °C/min

9 Y Y

Tauds 100 °C nesnwanmaamgdililuna 3 alus newszUaeeliduiamnuds

L

gaunniviosiilusiednst -1 °C/min wazUaeeiisliilunan 24 $alus waenadaduiaz

WhgnswSeugununeulndaivedmsunismageusely

100 <

50 4

25

Temperature (°C)

180 Min.

Time (Minutes)

U 5.1 dnsnnsiviaanuseun 1°C / min ¥8an15ULLITY

(%

LIATFIUNTTIAGOULUY ASTM D7264 aggnldiftofmuaiiannanisnaaeulunssi
WeUsziiiugaaniRnufuyuLsIfnouUy 3 90 vesreslndniaiuusfoidule uand
foziisuiisunadnsyeansunimindsesnsnisiiauiouiiiisiu 2 sUuvude
5 °C/min a1 °C/min InsBusunageuazgndalidivuamnasuogf 200 x 15 mm? uag
Aramvestusuagauazuandlilumsned 5.1 dmiunsagpuaEFuNLLIIAALe
aoulnAnvzsiunsUsziuguauRsoil saadouaiunyszasd (UTM) u LD100 lag

AMUAAIINLE AT BUTVBIRINAATUUUYINAY 2 mm/min 53839945115835U (Support

1% '
YY) ] a

Span) AU UL AUSATIA WAL UAUAMUNUIAD 32:1 NUIEAUTITLELUDIFIUTOITUL
WINAU 32 mm @S UTUUNAZIUNLANNNUT 1 mm kazn1snadavluwsazusennazil

nmsnegeuglugununiReulviuguvilouiu 5 Ju



a5

= = 2
A1 5.1 31888L0YAVUINUNAFADU

USELAMUNING dNeNG 153U ER570
JURUUNSUILS T gns1AuTau 1°C¢/min.
NUIUTUUNAZDU 5
YUINFUIY 200 x 15 x 1
(877 x N9 X VWD) mm
@ Y] .
AULIINING 2 mm/min
5¥8¥§1UT093U (Span) 32 mm

(Y s

HASNSNIINAFRUIINNNTUTVUTIAManTAdnavesnoulndnasudul sunand
SrufumEnddinim Aiunsusuisnmsuustuiilidnsaudeudisnaiu 2 uuu fe 5
°C/min uag 1°C/min Eumsnageuiioussiiunginssuvesreslndaiiledulvannseviiie
MANANTAAIIUATUNIULIIRAIBRIUNITNAADUAAIBLUY 3 90 (3 Point Bending) e
Ansgimssulnannszriuuudiniegega (Maximum Load) szenislisiavestununadey
(Deflection) AAMULAUAR (Flexural Stress) AMAIIULATEAUBINITLAYFUIINANTANID
(Flexural Strain) waganuduiusvasaAnaAuLazAInILATER ialUTsuiioudas

ASAAMUSaUNNNZENNYIN IR UENURN1TAUNIULSIRRIavInulnEnLaSuEuTa Land

q

=]

TAuauURNATY TagNUINEINSUNISIAEASIANUSOUN 5°C/min @NSUNISUNLST UMY

q

'
I

nszvIumMsHanmulndndy Iiaraud1un1ulunannsevingagaeg 127.59N uaiile

Y

WIgUsuAUNISHEASIAMUSBUNAININAD 1 °C/min WUINHAIAIUAUNIULNAANT YN

' Y '
va Y

aanfiaindn lnedneld 144.192 N Gauanslivininaandfnfundwudelidnsnig

$pUlUNISULAIVDUITUNAIAY TINITTLITUNNIUNISLASUTNTIANNSTOUTAN 2ei5EezIan

'
Y 1=

Tun1sudeindningayilisgutuiinisnszanedniniuasnsulaiinaeunauunnIwae
LI NATUIANAIUAUNNIINNTNARDUNUTN AINALAUARAID (Flexural Stress) LnTugagn

NaoulndnninsunAInednsNsiiauseu 1 °C/min lneilAneg 291.852 MPa way

AULASEA (Flexural Strain) adnlaag 0.027127 mm/mm wanslAiud AUl eLay
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AsERfNRNLINTY WatUSousuniuiuasulndnilionsinsiranusoud 5 °C/min #9

wandluguil 5.2

W 5°C/min 5°C/min. 5°C/min. 5°C/min.

W 1°¢/min 1°C/min.
10102 ™ 10.212

0.027127

W 1°C/min. 291.852 W 1°C/min.

8.45935

0.01928

155.584

127.59

Load (N) Deflection (mm) Stress (MPa) Strain (mm/mm)

JUN 5.2 pnlSeuiieuseninmsliensianuiou 2 sukuy

U o‘d‘a ¥ U a 1 Vv v
INNATNSNIATEA LI AR RBALUUARIVDIADUINES WUIINITLTDNTING b9

ANNTOUNAFMTUNTUNANITUTENINNSTUTULY I IiAaauTRnLAUNILLIn9E

' Y
a a aaa =

Yosianiuszansnminfasatu nmstiaruseunuurssluresluviliisduliszozsnailums
Fnzssialimnyauunlassads Seisannisueedvdonadauiufullaurlfstulul
ulassafraferfusuinnisidenanimveasdunasyinliussins nmvesnuandidana
anav m‘wmﬂﬂé’aqqami'ﬁﬂﬁ&é‘ﬂmamwudmmm (Scanning Electron Microscope —
SEM) Fasdusulassaiianelufiviliviunisieuiioufuseninasduiignuasesngnisg
Thanufouiigandnsinfu 5° &/min Awaasdiiuinsduduinnisiuiuasudaiaegis
sndaAuld awhlistuiidnuueiduuuuidinazden (Granular Matrix) uazuuuiisdugn
Undaedasnisianudouiidingide 1 °C/min uandififudsnmumdudedotuuas
swfuegdunduieuruinlngjvessiu (Coherent Matrix) siatandlugzudl 5.3 msdannziu
voudulouazistutuiiusyAvsamiidvhlinmsldgunuunisumstusuuiaggninluldidie

nsvugluasliliasgvinuaudflnavesnaulndaiiudsluunsely



a7

Coherent matrix.

Granular matrix.

: ~ Y N I -
stn.10,0k 400,86 ' S UTAD; 100um

(@) (b)
U7 5.3 SEM uanamsdiainigfivveauming (a) Mmandmeg1euesdnsinisiiai

Sau 5 °C/min (b) NMNANNADYIIVBIBTATINNTIAN 1 °C/min

53 mslgansiaues
nslananudsluaenlndndunddunnmaiansofiuguautRuia sennslnd
Ansmsnzaniunslduiianzazasld asduudsinizuisuUssnnuesinguszasd
Figoinsluldan Tdud asiuudassanandimuninueduss (Reinforcing Fillers) answfia
wiaieUsuUgsqauantAnianienmuaziadl (Functional Additives) a1siisusauinaaty
NUMUREANTNWINEeN (Durability Enhancers) wazansiiuwssfignelunszuiunisnanaon
Tndn (Processing Aids) 1Tudu deansifuussudiaziuuivgdaomiunuau A uanaeiy
gl Tnedrulnaudransfuustainaglddmsudivanundusdituaedings fegiady
a3 (Glass Powder) lulasaiilasuia (Glass Microspheres) aunnawsniia (Ceramic
Particles) n317lu (Graphene) H4AIsUBULUEA (Carbon Black) a1ndaag eiinaniundiuus
DuaafuudafisgdisfiuguandiliiueeuTndavilddauudwsafumnd uuay
UsgAvSnmeumunmuiissnndusudortu madenldansfuusieiivnzaniueg iy
Uszianvesaoslndnuaznsldandidesnts sogravu lugnamnssuemueusd msldansida
uisgasaniiminuetan wu lulasdn (Microbeads) u3saynialndmesuuunais

(Hollow Polymer Particles) @111509288aU1% N lAg5I0989lATIE5 190981 UN N UL LAY



48

windsgangamnistdieamdsls Tugnamnssunisduwageinia asiiuusiangeiuaiy

< ! 1 - Y] | s 3 & aa A o Y = 3
LLUSEL I DR UIYUINUN LBU ﬂ'ﬁ‘U'EJUlV\IL‘U@iU']Iu LTJ‘N‘V]'UFJ@JLW@WWIﬁIﬂiQﬁﬁ’N@Jﬂ?WNLLGUQLLi\‘i

v '
o £ a Y =

widspaiumiiniun egelstiony nsldansfuusdduneulndnifidedinneadtu Usinames
ansiAnuAsTmINzal AUANUSIIATRIugwarn1INTEAefveE AN sluunINg
1 & i ° - v va da =~ I = i 1%
swdonlulagiaiiaveiielilanuaudinfuazilassaiviades Wewindt msle
USunaasiduusanlimansauduununasyilvinuaudfvesreulndnfvuusenssvdinaly
fuaukny (Shahabaz et al., 2023)
a | oAy v a Y o Y 13 = § v
answnudalaunaneluuInam i idnuusaie fusaasueu Falvive
31 weg eI (Furnace Charcoal Powder - FCP) siawandlugy 5.4 Sdnwauziluna
1 a o a A a =1 o Y v a a ¥ 6 1 [y a 1
g1udmavidealaeiinaduusistazgniunldnuaeulndaasuidule uandsiuduuming
dups gl ng AnTTUNNOUALDIBNTTULTHUUARIBI ol da s RN U aUANF
fiu 4 sUuu Ae segnnlidflansiiuudaay megrndasiuusiduneulngdn 5% feg1ain
IS a ! a (Y 1 a a ! a og
fasiuwdslunaulndn 10% wazdregmaaeunilatsifuusisluneulnds 15% nduas
M3Id0ULALU ST U 8TLATIEYIAAAUARID ANULATEARALE AT asulnanly

Anwilnag

stz ke

JUN 5.4 naa N
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[y @ a

nszUuNsTugURenlndnazliisnsiiive windu winfs (Vacuum Bagging) fagy

5.5 Iagtsua1nnswsudulewnangnduuin 220 x 100 mm?2 Tufan1wAeIn UL

YY)

0 2397 LUIUIY 6 %’ué’m%’uiul,wiasgﬂLmeiﬁﬂm ASTUIUNNSIAYIINITAAILAUN

v
A % a

v YV lﬂ' g ) lﬂ' 1 a ﬂﬂl a ! U lﬂ’l IQI
Wtol 4.2.2 nsrUiumstugy  widuidsfetunaunsifsBunnatansiuuseisil Sy
Pnnsnsduleunandlutunsniasinaumesgungnuaualgasiiuwasl iU

(Filler addition) #iwualilusunuunismageunun1sei 5.2 indeLsgulimiuinavesdy

(%
Y]

lo WaSsusesanartnudulourandvudnluniumenismsdutaznisinasliinusiio
o o S & v & & = v ~ | %
veguuuiluauasu 6 Yuvenduleunand aantudeneiiasnuuu (Peel Ply) iinotaeli
A7119089NT U UBNUN I8 NNUUITUMELE U LY IN1ANS o3 aaNaY (Release
Film) #1915U1191n1@%S 8L5TUdIUNLBNINABNINER TUnauialUABNISINRTUENEN

“30K1UIALABST (Breather Cloth) livegadulsTudIuAuoanu1AINIAaNAN Lazgaviy

1 v %4 v v

Viavunzg nvieviusegsdy e lvisy uugandlineulndngnnauazuiiadaiu

9 9

&

a9fTgn Jagedyanierziiviersulinmeiiiloudesentiudiniasdugyyiniadnd e

w@SadunszuunstudIull reulndaazgnitideuiiovisdu tneldlusivdlunisuusdu

o

g v [y a a ) a aa a v v = N . A < &
'1/|1‘V1NaﬁWﬁﬂigﬁmﬁﬂqWﬂUﬂaﬂiwamﬂmE‘i@lﬂ@ @G]ﬁ’]ﬂ']{tﬁﬂ']"miaum 1 °C/min LUBDLATAAU

v

N3EUIUNTUNITULE AeulndndzgniinLiNgamagdveaduian 24 4309 neuasidngnis

Y

=) Ay a Y ] (% !
W3sNTUN AN INEAad S uN1 TR UsalU

Breather cloth

Vacuum bag

W

Release film

Peel ply
Resin + Filler

Flax laminate

JUT 5.5 nszurumswindy winfs



50

Aaulndnnvuiainduiunisaaeuluidenount waslduinsgrunisneaaun

v ¥
a A

willauniufe ASTM D7264/D7264 M - 07 d@iuadiuviuiuasdoyaununaaauiisinuazgn

(%
o

seylilu an5199 5.2 maneaeuluudazysvnnagiinmamaaeudiludununiiceulusesiu
5 qu

< Y
#1919 5.2 YURTUNUNAEDU

Specimen Filler addition Dimension Thickness
FO 0% 150 x 15 mm? 4.52 +0.2 mm
F5 5% 150 x 15 mm? 5.23 £0.2 mm
F10 10% 150 x 15 mm? 6.21 0.2 mm
F15 15% 150 x 15 mm? 6.98 £0.2 mm
Crosshead speed rate 2 mm/min

NadNEIINNSARRLRNETSIANLAS FCP Aiunanidlunnwnigiuen Tngldluns
AuusailonadounuauiAn s Ui asevesneslndniiiaudule uandd ol
USunaiweanisiiuns FCP 9windu 5% 10% way 15% wietU3euiiiouiuneulndndils
asiuudaag Inedinsein1ssulnannseinkuunndegean (Maximum Load) seagnising
Mgagn (Deflection) ANAI3LAUGR (Flexural Stress) A1AULATEATDINTISIEEFULUUARD
(Flexural Strain) wagaaduiugvesismanudulazauaien Tnewuin fegrmeaaey

=

NANSRNRENTUT 15% wanangAnssuniia1ausuniulraniuuangegean

dl' I [ a Y 1 dll (% a Y ! v (Y
daguiumeulndnaindisganageudy daandlugun 5.6 laginrrnuduniulvansn
Jegeanta 418.7 N uiilszuglneiiniesiian wesnnmsldasivuisdamaladuanuaouln
a a < a = U 1wy o g v A oY v a a
Anlimnuudalsisiinanntu Wngdnaile 6.66 mm vilransadudulain nsiuansiiy

a

WA UUNIa1UINUNT U lunsEUIunsHARRUINER denalrAdunTaLsIvesnaulnads
29U FeansiuwiavaitieiasuanuwlavesuyEnduaziiiunsdanizveadulawandiu
a 4 1 v v Q‘ d? I 1y v @ o Y a al' a
LUNS NBIUFINALAAIUEILITOLUNITSULSHNULINTY e bunnanduiunvinlimaulndniiy
FCP TuUSinamasfingAnssuuuuiuszfiunn 8nviannuiAudnofiiuuguiedii fauans

Tugu 5.7 Tagdarnlel 97.37 MPa dwmiuasulndniidl FCP g 15%



Load (N)

450

300

150

JUN 5.6 N13n52A18FIVDIANUAUNILLIIASE LU SR FCP

Flexural Stress (MPa)

418.698

A
307.534
210.09
4
129.59
»

L

0 5 10 15

Furnace Charcoal Power (%wt)

97.37
100
A
81.68
75
64.27
_
50
52.76
25 >
0 5 10 15

Furnace Charcoal Power (%wt)

JUT 5.7 nM3nseangiivesniiauanelulIinmnisiey FCP
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dufunadnsvesitegrduiiininfunsdiuainidium Sunltduvesmududa
segegnitanaadntioaideiIouiisuiuaandudinseggaiiinanaeulndnilifina sy
ueia?l 15% %;amaLﬁmmﬂmamzmaé’hﬁhjaugiaﬂmaamchmf'lﬁul,m NNSIIUAINUYDY
pumarstuhifusaudundudou uasdienuliideidomedasademeluauilugan

Y ay 1 o a = a a Y | ! & ° v
LﬂumlNaNWLﬁﬂJ@maﬂﬂaﬂiwa@ FAUIMINUNUUTUIUVBIDATIAIUNID U FCP UQSV]']I'V]

[ (%
= a v

TasaasnalagsinvaaraulndnilnnuiUszaIndelu anvalunseuiunsuandiednisiiy FCP
1NN 15% azvilinisuauiudusduilaeinuintusasinlinsaumanidunguiudu
AoukazllNaNiuAULSTY warenavinlrlassas19vesraulndn ikl luuRazwannwuulsIe

1NNVUIDLASULSIAA

v = o %4 v = =

5.4 ﬂ']ﬁi‘l]LLﬂuLﬂﬁﬁdﬂ?qﬂlﬁuqﬂqﬁi‘u‘lﬂiﬁﬁiqﬁLLUULL"UﬂQ‘UﬂBNTWﬁW

lassasrswvuneuivasulndmdui deuvunldarulugaainnssumnieg wu
gnaMNIIUNTTULAZRINIA BIUBUA IAINTIUN VLA Wudu lassasstusenauuunnie
WHURIMUN (Face Sheets) ﬁﬁmmuéﬁumqq 2 94U USLNUNRINIUUULAZRIAI LAY taedl

aa g ) a o Y oo = [~ @ 1 o

wnuUNa (Core) MildmtnuINYImEnSuusuleulundnunsnegnsinais iwsragn Ay
Ya3n15UsEnaumulnanlmiulasadrauuwsuivAaifiinnasn sty unntnsnvasnauln

dnlunisSuusadousaiiuAluuudaulesvesnoulndn gy win1snagyilvaiy

1%

PUNVDIADUINANLAUYUAIYNIT LT AUAUINUINLE WL LA UL TIINIT DU UN UL 988 14

1%

= o & v ] a
Y ’«NmLUumaﬂ"ULLﬂuﬂmW}

= [ a o

We il vinlne TuvesreNIndniNtueg 19l ud Ay sn

fhminudanusnseriuiuRavtun Sehegwilsvemwnunanaszaneied nan
Budrluundt 2 Faneinnsuanlasiadrsnuuiguisdosin i Ui uazununaisia
wiufuduegned Bmsidendonsléiidunniauudaussgs (Adnesive Fitm) 1udaidou
sgwinelaminasunuddeiy wagdnisaorlaseadisuuuneul vneuTnans aus
nszuIumsaugy Tneld38mauiadu Builadu (Vacuum Infusion Resin) namAelassasig
u:uuLL%ui%ﬂauiwamﬁﬁgaLwiuﬁmﬁ']LLasLmuﬂa'mazgﬂ%ugﬂw%amﬁ’u
wnutasuaunuliiureulndeildlunssurunanAsununuy Lantor Soric XF

i93U7 5.8 1UunAndue191nUTEW Lantor Composites® Miiauusaws 2002 Tagiduuny
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fivhunnlwdieanesilauiainnisileidavezodns vaamatadn PET Jadaaiunisld
ninennsnyuisy anvendefiunanvesvdefisuazdisanuanssnuseduing euldBnde
nsldanuunuESuANUMUILUY Lantor Soric XF telanwmuvateusen1smiog 1y wnull
Armdaviefugs annsausulidntusUsuuusneg vestunuiidesnisduguld Snvtaunu
Uszuam Soric XF AiflauantAleneilunsvismununisnszaiedveasduliiiuegef
anUTinansgaduisiusnnuiulufionndwmaretminveslassadislneia wadsanunsn
n3raBusINTTYLAzTosTuLTINTEILUURald Tuegef vz dumniudietoe
WA TRauiunulsiasevesneslndnaiudulo uandlidueg i Gsazsinli

Tassasrwuuuwsivaaulndniilulaseadesiiduiinsredswnndsunazininudstu (Soric®,

2025a)

gﬂﬁ 5.8 Lantor Soric XF

[ o

ATLUIUNITHANLASIAST I UUBTUITADUINER AT U U @ Wle wandLaSuwsg

WAUKUY Soric XF wazun3nddainsnzit ER570 Tk unssuiundnuuuwindy duiladu
(Vacuum Infusion Process) InsnsdusUagldtunauindresutussasdesluide 4.4.2
nsgvaumstug nelddunuldveadlowandiiomn 6 4u Sesudadu 3 du dmiuusiu
Rawmthéuuu (Top Face) wae 3 9 dmSuwsufintingnuans (Bottom Face) Tnefiununans

Soric XF unsnagnsenarsszninuiuimvii lnadulouandazgnimuaiianiaduiuy
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WEITUNIMUAAD 0 83T F9agIadauriuiu Aauandlusun 5.9 Jvuialagsiuyi g

L3 a a =

220 x 100 mm?2 NaUlebazkNUNaI99LIN93 89N oA UUULLA LN paleuNnnyinAy

Y Y

A¥1ALkaTAS BRI IMTUNSTUTUSEUT08ULAT NHIINTUALYNINAIERIABNLUY A1U1Y

YsTu wavvieumefduagyuinianuainu lnedviensidumadwazniseondnsu

q 99

LFUNVOUTDIIRNH NFIINTESaEUNTEUINNTWIAAN BuTatuudInoulndnazgnundd
-dl 1 a % a a Y ¥ v Y -dl o
weuaUusTUllaUsEavEAmaaamugULuunsiidnsianuseauluiite 5.2 Aifvun
Snsianuseuegil 1 °C/min Mngamgdviesluauds 100 °C 1uaan 3 Falus nasaniase

v v v &

AunsuuLsdu aeulndnazgniiniialiidunan 24 Talus newandngmseeuduauivesiy

nsvegeusioly
Top Face sheet (Flax Fiber)

/

<«—— Lantor Soric XF Core

V\

S~ J/ Bottom Face sheet (Flax Fiber)

JUN 5.9 nsFugulassasauuuugivneulngs

NsVeEBUANEANURAINAIUNIULTIRAteLiUsTlIuUssAVE N mvBdlaTIa TRy
LU YABULNEALYNNAGDUNIUNINTFIUNTNAGDU ASTM C393-00 Lagaevinnsnagaeu
n130A98 3 97 (3 Point bending) lagmaulndnazgniniguniiiienadasy 3 Useinnng
NAFRUAIMSUANUVUIVEUNUNA N UANAITUY 3 JUIRAD C1 F1uIURNY 1 U dAd1umnun
2.5 mm, C2 IUIULAY 2 TR TAUNUT 5 mm way C3 TIUIULAY 3 TU AAINAUT 7.5
mm i eMIAANTRAIIUAIUNIURSIAAIDLAZAIINLTILTIFIFAT1VUINVBILNUNAINT

1 ] ] . o v

wanganegvuawinlns Inedunulziivuianage uang1d 200 mm AN 15 mm

LAZAUNUIVRITUNUAREU SN NIVAdRUITTEU LI lun19197 5.3 mMnaaeuagldinies
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nagouslunUszasd (UTM) Su LD100 Tagrmunanuifinisindeuiivesinaduuuviiiy
6 mm/min WATTEEYUBIFILTOIFU (Support Span) 9EMMUARINNIATFIUNTNAGBUBET
150 mm @slumsvaaeuusazlsznnazinmedevdlutunuiifideulunistuguiieatu
5 3y

M51 5.3 TLYTUATUNUNAGEY

Total Core Face sheet | Specimen | Specimen

Sample | Core Crosshead
Thickness Thickness | Dimension | Thickness

Name | Layer Speed
(mm) (mm) (mm?) (mm)
C1 1 25+0.2 52+02
6

Cc2 2 5+02 1.35 150x 15 | 7.7 £0.2

mm/min
C3 3 75+0.2 10.2 + 0.2

HAGNEIINNITNAFBUANUAULTIARIBYRLATIET MU LYLIYAU L nEnTiduTy
WHANDLATULT WNUNANLUY Soric XF naneuuadugusidiummsnddaunsies ER570 Loy

AnwrdnswavesknunaN i Ll luaNlnds LNeIAUNANTIUNITTULTIAAIDTALAY A

v
v a

wandluguil 5.10 FaldsunalagnsannunUNaivuINnTy Mlinideadununuiiag
Suuselafgady Inenuin Inannseyinasdaifinduainnsnageuagf 508.938 N @iy

TASIAS VUL UATAT A UAUILAUNANIUIA 7.5 mm LASLeEnIsineeinala 14.5346

'
=

mm Faduszerlngiindesiian Wesinvuiawnuiinuuingsdu sxvililassadsdany

< < = | v A o = Y v = 1Y 3 = =i
Wk sedsndudinalinisiadivsenisinsitanasnielausanesiu luwudanuidesd
N laseaswaiunsansznensin lugsinunvesian lindedu wazannisinnisiag

flanduoem
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600

A c1 o .
508.938 N
........
400
334.594 N
= -
5 VNS
he)
©
S
b 159.198 N
»000&”'»»&““»-’“0’”?;‘,{7\
- w».om',.ua"" ‘ ‘\
. P |
/- 14.5346 mm 19.7064 mm | | 211996 mm
0 BT — — | | 2 6

»
0 10 20
Deflection (mm)

JUN 5.10 Msnszatedvedrandnselulassasisuuueuivnaulngs

PNNIILAAIANNFUNUS Vo IIINTELas syuzlned1ve9laTeas 19 (Load —
Deflection Curve) Wu31A21UTU (Slope) 21nn15UTL Ul 99A Uy N15ALATIATI9LUY

wruIyeeulngdn C3 NdunuUAa1IUIA 7.5 mm ianuduigainiulemeuiuunuiuiania

Favsvenleianuulansswesiandonisbaditu asliagafigniilassadiauawdy C3

Y

Tngagu nswasuauuIknunans Lantor Soric XF liuasulndalmdulassasis

a a 1

wuuugwIruiidvEnasssnsengAnssunissunssinsevesranlndnilddulounandidu

[

WuloaSuusaugusinduuminddansie ER570 nsidenidnnuvunivansauziue

e

[y

AUTDNINUAVBINTT LTI ﬂa'nﬁamﬂﬁaqmﬂmqa%wﬁﬁmmLL%QLLsaﬁmqaLLazmmm
AUNIULIIAA LA A Lnedinstanudanguveaslassaiited e vuaknulugie 2.5 mm
=~ & o oA ~ P v A = \

89 5 mm 19 Judaaniinuizay Tuauei uind 89156 R UATU LT LNTILALSINVDY
1AT9a$190azann1sINeea N1STITWAUNANATUITY WY 7.5 mm 2719 dun19daniia wadaq

NTUDINANTENUVDIUILNLALNITNTLANUBIINATLAATUNUIATIASINAYIIUAY AT

1%
= o

Wpseiilanunsaldidunuimddunsimuilasadisuuuewialiiiussangangeuudmsu

nstdalugeamnssusineg o

PINABDINITHRUANUADINTITAIUANNE T ULazLT UL NTADE WINA DY D19z UA Y

6

YILLANUBIUNINDYL

<

FUUSLLAMLUULNTATININ LNalREIU0RaUAUDIANNADINTTALLA

lavazuudaluuniilunisussdiunuaudfvasnginssunanissulmanante ieduwuimig



57

dwsunsimwirenlndnfiiulnsredwindenlilussdvsnmanundsuiasmunzaudu
nsilldnulugaainnssusiiusingg ba Tuundaluaznanifmginssuveslassasnauy

wyrdvmeulndniaSudulowlanduariugusinduumsnginsndinin SR33 sauian1s3naes

N5 1ATzAR8 s Do UAT I lude Atumn 1 ulUswNSU ANSYS Workbench®



uni 6

setauns IWlud A IR NS UNNTALATIZAIASIES 1aU UL U YRR UINE R

nstdautanmeulndaasuussnaduloyssiansiieg duwildunisiiulaegig
soifloaaziduiideansgdluvarsgnavinssuiineuiunmslinuianiilinnaudaussgelaed
dwiinfiun nsunsnanevesnudesnisiannenlnds shlvuunumeaddlunseuiunistu
sUiennaounuandAneuiluldvutazanuduudom inensiuivgendu nns
Aasrzidgrimaimnssualeseiiouisuuulwlusiediuud (Finite Element Method -
FEM) Tananeduiad o odrdalunisidruuiledgmi uazidaldsunnuiened 19
wnsvane delanuiiddionsiasizsitne FEM fanusoadrauuusiasdldognsng
myBeseilgmmalmnssulaegrugduguazemuauiadvdfgluruznageulidusgi
A (David Muzel et al., 2020) msUszLﬁuQmamﬁ@L%Qﬂaﬁmmmﬂ%’umﬁaumﬁmeﬁlﬁa
Useifiupnuandidldvaneiieuls dliliduiesianiidosnisiumasey sendoiaa
LAZAUYUNITHER
Fanaoslwdnivusznoulusenuantafinainianudazussianivhuldngn il

Anaududeulunisimszinuantinienavesianiliiduilodesdu n1sld FEM &

ANUaIITalunIsINaeINgAnTIuverianilaswaindudeula lnanisasiauuudnaead

¥ (%
Y

aunsaivuafadnvazanizvesnaulndaluwdtuls NiiansesnsnaduleEsuus
Auestuian slakavacantRnzdvesamindfuiduloEiunss nadiese
AuautfauisoTinszildd s sedugania (Micoscale) luaufssefuuninia
(Macroscale) Haglviannsaidenlomginssuvesianlusziulassadravunalmg/le
Tunansgranynssuiifinsldautanaenlndnduduiuinn egsgaamnssueinie
g1u Matandunumves FEM Wleliuszifiuwagyiunengnssuvesianneldusansgsily
sULUUAneY smdamseenuuviudiulassairsliiivssans nngeanlasliidonalunis

Inszviaznsnensndesldauiuauswdy (Rais-Rohani et al., 2004) malulagain
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Aaufanes N Wawtegwnalasludagduidudiundigielinisinsigd FEM &

¥
=< a ¥

Usganinmlunsiinsgringadudneie

6.1 1ASIE319UUULYUIVADNINEAAULUNINDLNTATININ
Tassadanuunsuivroulndnfasusdulowandazdnsyuiunisudn sauf
YUIAkATINATTIUNSIadeumiloufufuTsaiBunluiited 5.4 nsldunuiauninumun
dmsulassadanuuneswdsaonIngn waaslUasuUssanve L3 ngaInun3ngdaaszi
ER570 Wuumindinsndanin SR33 wazaglddayaveanssuusainge mnudu s9udenis
Ussiliunogdannuadns i luiuisuiilousunsinneiinunissiassdislusunss ANSYS
Workbench®
nadnsannIedeulassE UL ATaeu lnEn T g uT A ULYE NG sATIN M
SR33 wuinAwannsavestaseaiidlunsiunulnandnsegeaadusuai i uiy
Freghary lulassadieiiiiuny 1 Sunun 2.5 mm Sanudunmufinduain 159.20 N (wm

U LS

nFAWATIEN) WU 265.67 N (lWN3NFTAIN) Lazduudldun 1S LT UUDIAMUAIUNIULT

anb

AP9ONIANIBE1NIATIATINNG 3 YUIALNUAB MUY 19U 29U Uay 3 Tu AsgU 6.1 Alluansln
WU LINSNDLNTATIN MY AIIUAIUN UL TR A9 LA ILVDILATIAS 1 UV WS WAB R LT
1¢ JeyanadnsvenisTulsiiate suianisuseilivtendaannadnsildumsnduuuiinm

FlUSaufgunuNISIAIIZEIUNN5INaDIR8LUSHENTL ANSYS Workbench®

A
¢ Epoxy 570 4A— Bio Resin
579.92
600 A
| @ °
< 372.51 ~08.94
ge]
© A
9 200 265.67 °
A 334.59
>
159.20
0 >
1 2 3
Core Layer

JUN 6.1 MsiUTeuiisulnaninieuasuvisng 2 Usean
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6.2 nsas1aUUINaasvRtlassEsUULYUITAaUINER

lassasuuuieivaeungn gnduduainvinte 5.4 MvaaandRAUAIUNILLTY
fnsafin nsUszdiuamauaunsavedasiad1dlunsfumuLsdnge (Bending Load) 7i
HAUNTVIAABUNIIAAIBLUY 3 90 (3-Point Bending) samflaszazmslnssafiudeunyaogig
fdpdAyaae Jeyanmsiinseilagazidengnnaibiudqluiite 5.4 wazasiAuaulh
L%aﬂaﬁugﬂuﬁaaﬁumLﬁa‘Lﬁ’j’Li‘JusﬁagamﬁLﬂs'lw‘“luiﬂil,l,ﬂim ANSYS Workbench®

Material Designer lugavaalusunsa ANSYS Workbench® aggnlddmiunisaig

LUUINAD9LASIAS U ULV ADUINA AT LEUR IV LA UA LAWY hNAND LA WNULES UL

[
= a

WUU Lantor Soric XF lagnrsvinlmduiiiaifeinualsassusenaudusunuyaelasasng

va v

ANIATINUAR NI THAAINIER AT ki ug1vasAuauUfdan (Representative Volume
Flement - RVE) Tagidanldnisminundneazyaalsunnsnidussg1svadassas alidu
gﬂwiwﬂmﬁam (Hexagonal) ﬁ'ﬂLLamﬂugﬂ 6.3 (Phunpeng, Boransan, et al., 2023) Tun

usuAudnatsvesdulewindu 5 lulasiuns lngiansaniusyseninauning duly

uusazununaaindulavauysel bisievirwseanulidellonintu Ineinuaud

¥
[ Y

vosiagantuazgnszylily M50 6.1 Feondaiuaidenineitesasdayadinisves

9 Y

Usndnan tieldtayamariluiasiuaslddmsvannunuaudivedassaialag sy

o
Y

NUUR

'g‘dﬁ 6.2 JUN39 RVE LLuU Hexagonal
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. Bio -Resin Lantor Soric
UBYALANY Flax Fiber
SR33 XF
Longitudinal Modulus, E;; (GPa) 54.1
Transverse Modulus, E,, (GPa) 7.0 3.1 0.1
Transverse Modulus, Ess (GPa) 7.0
Longitudinal shear modulus, G;, (GPa) 3.0
Transverse shear modulus, G,; (GPa) 2.0 1.14 0.02
Transverse shear modulus, G5 (GPa) 3.0
Major Poisson’s ratio, vy, 0.3
Minor Poisson’s ratio, Vi3 0.75 0.354 0.2
Minor Poisson’s ratio, vz 0.3

Ly

a1vureInsaiuuuIaesvasnuauiineulndnmialiga Material Designer H1u

TUswnsH ANSYS Workbench fivusnaunadl

1. Lﬁaﬂimaa Material Designer 1u Tool box waslusunsu ANSYS Workbench

- N
I

2 Q Engineering Data
3 @ Material Designer

Material Designer

F]

v
i

'gﬂﬁ 6.3 Iu@a Material Designer

2. mMuuanuauvavesianudulounanduaziunindinsadininw1uluga

Engineering Data 3nvayaiuanslilumisni 6.1

A

1 Property.

[0 Table

3 # |4 Orthotropic Bastioty
Young's Meduus X drection

£
8

Young's Medudus ¥ drection
Young's Moddus Z drection

Porsgon's Aabo 12

5
3
7 Poissan's Rabo XY
]
9

Puisson's Ratio X2
T Shear Mocubus XY
1 Shear Mocubus Y2

Gha

2 Shesr Mocuhus X2

[y

wlw|ulolelo v~y

GPa

gﬂﬁ 6.4 ﬁﬂ’agmaa’[,u Engineering Data




3. Sumseenuuuiaguiuluga Material Designer lagidan New MD...

%) Material Designer

2 @ Engineering Data  +* 7]

3 |@ Material De|@ =

Material D

53  Duplicate
Transfer All Load Cases
Transfer Data From Mew 3
Transfer Data To New 3

#  Update
Update Upstream Components
Clear Generated Data

Refresh
Reset

Bl Rename

Properties

Add Note

'
a

U7 6.5 Busuniseansiuululuga MD

ol

4. \fan Model Type dmTUnNIAMUAFULUUYBIENSIATUL

R OorSl & B & @ % O @

Select  Lattice UDComposite: Fandom UD ShortFiber  Woven  Particle Fandom Heoneycomb User Defined
- Composite  Composite Composite Particle

Edit ™ T Model Type
Outline UD Composite I

5 Create unidirectional
=~ RVE Model ﬁ:i = (UD) composite.
Materials | -
i Geometry

JUN 6.6 M3iden Type vesnsiasuusdluaaulngs

5. Myuadannagldlun1syeeulnEnNuvsNduLaz a1 THETULS

Cptions - Matenials

General
Matrix: | SR33 Bio Resin »
Fiber: | Flax Fiber Paper » 3

JUN 6.7 MIAMUAYRAUNINTUAZAIATULTS

62
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6. tnuadaninualun1sasenedlnds lnefinuaUseinnves Geometry Ay

JUNSIMNMALY (Hexagonal) munilarimunly
Options - UD composite
General

Geometry type: Hexagonal =

gﬂ‘ﬁl 6.8 3Un33U09 RVE LUy Hexagonal

7. MvuadadiuseniaduloEtunsuasiuning lnaivualiasiviaiu 0.5 9o
MINedoU it muarInvesduruAugnavendulowiiu 5 lulaswns

Fiber volume fraction: | 0.5
Fiber diameter: | 5um

JUN 6.9 manmusdaauduleuuswiamrsnduasvinadun ngud nasasdlleaBans

8. NMUUAIUIAVBY Mesh Size 11AU 0.5 mm
Options - Mesh
General

Mazirmum size: 0.5 ]
Adapt towards edges

IUse Block Meshing

lUse Conformal Meshing

Uze Penodic Meshing
E‘Uﬁ 6.10 ﬂ’]iﬁ’]‘lﬁu@]“UU’]@“U@Q Mesh

9. nyvdpUANANUANKIUNITIaeIRMandAvendule unanduaziunIndin s

a
YININ

Name Walue Unit 3 ]

' Engineering Constants

E1l 11553 |MPa O
2 ICITINEG R AN G O
E3 law MPa O
G12 1805.1 MPa O
G23 14947 MPa O
G 1805.1 MPa O
nul2 032435 O
nul3 0.32435 [}
nu23 0.57454 O
Logs

RVE log &

Solver logs |

JUN 6.11 Hadnsannsinaesnnaudiidanavesianmeulngs

Y 9
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AaanURFnavesnoulndnasudulo ulands AUV NG TAFININANIINATT

= =

IaenuaudinIuluga Material Designer gnuanslilugun 6.12 Fansiudoya Young's

[

Modulus, Poisson’s ratio ka# Shear Modulus vesmaslndniued iUiAn1sweIseuIuLEy
18 (x, y, 2) MaINNIsIaeuautidnavesreulndaasudule unandsiuduwuming

nsndanmsaudasuda wadedaluazilunisimunnudnvauzssineulndniiasiivue

(%
v v

APUTUNITINEULY BANI9N1519ADUTNES VDILNUABNINEALALLAUNAN

6.3 nismuuaauaneauzlulasaieraulnga

ANSYS Composite PrepPost (ACP) Taig avoalusunsy ANSYS Workbench® 7 &

¥
2/ Y d

UsgdnSamdmiunisdiaesmginssuvadasaieianneulndn lnslugailazgnlddmsy

'
= 1 o

MvuasinuazvedlasIaswvuwEWIvAaulndnngndiwiainnisdnassnaaudmgananiu

Y

luga Material Designer fa3U 6.13 ARBUARNAILANITAIMUABIAUTENDUVDITAR AMIUANTS

TNARUTULATEN (Lay-up) VoInoUlNAR N15A9IAINISEHLN0SIT9NaNtNeI709 kazns

= I~ A ¥

ATILANATNSNLAAINNITINEDS gﬂwswaamimaawzﬁmumLﬁuLLUU@anaLwaammum’]

[y [

Un@ (Coupon Shape) lngiinaue1azAILAINTIUIA 200 X 15 mm? auasu fagu 6.14

Y

[

Tneduauasiidnvasduuuulunausiuuig (Shell Element Model) tiasanntunuiiazly
Tusuleseiinnumuyhfusaoanagunutariinumundidesunndiedoufuainug
LAEAINLNAIIWBITUIY 'Sﬂﬁgﬂmg]a ACP Ranunsaldausaniu Shell Model winiu viile
nsasralaseairsnuunruivaeulndadnsunsitasigisnduasdeaensendu 2 Tuna
A9 Shell Model dwsunisinuanuanUfsigg YouauiInil (Face Sheet) lnaivun
siuluga ACP hax Model dwfuununanazgnimusduianieifoifiauautfivint
v (Isotropic Material) fouagiiluad1afusesauiu (Contact) Tulugadiniunis

Ipszvsaly
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¢ Material Designer

12 @ Engineering Data  +* d 2 @ Engineering Data =] d
3 |® Material Designer  +* |/. 3 9 Geometry 7,
Material Designer 4 ﬁ Model 7 P
5 o setup F
ACP (Pre)

U7 6.12 msiifensieluga MD lugluga ACP

Contact Area for Compress pin and Support pin
| |

15 mm '/ i &

> |
«

UM 6.13 fhethdunuildlunssass 200 mm

Top View

¥

Sfudunoureantsadrsuvuiiansvelassadianuuusuivaonindndasluga
ANSYS Composite PrepPost (ACP) #ulusunsu ANSYS Workbench fidupousil

1. \Wousie Result #lfun91nnisiassnmandivesnenlndnainluga Material
Designer Sttty Engineering Data ﬁuaﬂu@a ACP

2. dontuulumas Geometry Misenuuulineunthlvidiangluga

- o} - P

B * Geometry 1

2 Geometry ‘—\;2 @ Engineering Data =] 4

Geometry 3 Geometry v

.l 4@Moiel___,3‘
/ 5 | setw ?
|
/ ACP (Pre)

JUN 6.14 nsieusiegunseieanuuulitngluga ACP

3. @579 Mesh Element Tinusiag193uanulumdavas Model

JUN 6.15 Mesh dwiulassasiuguivnoulngs
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4. ingends Setup vedluna ACP iilaivuafuanyzvaInaulngs
5. Amupsuaiasyinvesiagiagldiluasiasuusesnaulndnlunisisen Fabric

Properties

[m]
x

#8 Fabric Properties -

$# Fabric Properties — o X
Name: | Flax | Name: | Care
ID: Flax e
General | Analysis | Solid Model Opt. | Draping | 1 ] General [ Analysis | Safid Model Opt. | Draping

Genera | ’ General
Material: | Flax fiber Data Sheet ~ Material: | Lantor Soric Core v
Thickness: Q ;

PricefArea: | 0.0

Weight/Area: None

Post-Processing Post-Processing
Ignore for Post-Processing: Ignore for Post-Processing: []

= x =
oK Apply Cancel BRY s

JUN 6.16 Myuaviinvesdanuazauin

k24

6. MAUANITININABUINAALAALTY TIUDINANIVBLEUlEF NS ULNURINUN (Face

Sheets) Tunswae Stackup Properties

¥ Stackup Properties - [m] X

Name: | Facesheet

ID: Facesheet

FGE"EW | Analysis | Solid Model Opt. | Draping

Fabrics
Symmmetry: | No Symmetry ~
Layup Sequence: | Top-Down ~
* B
- — = = |
Fabric Angle i
Flax ’ 00 ’ a8 q [
Flax 0.0
Flax 00
Stackup Properties
Thickness: | 0.6000
Price/Area: | 0.0
Weight/Area: | None
oK Apply Cancel

A ] o a ° a
E‘UVl 6.17 ﬂ']i')'NSUUGUENLaUIULaﬁmLLiﬂ LLAZNITINTINRUANANIG
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7. fimungegndesiianiadulelunisnse Oriented Selection Sets

¥ Oriented Selection Set Properties — O X

MName: | CrientedSelection5et. |
ID: OrientedSelectionSet.]

General | Rules | Draping

Extensicn

Element Sets: | ['All_Elements'] |

Orientation

Point: | (0.0000,0.0000,0.0000) ‘ |

Direction: | (0.0000,0.0000,1.0000) | Flip

Reference Direction

Selection Method: Einimumﬁ\ngle ~

Rosettes: | ['Rosette,1']

Reference Direction Field:

o oK _—H_ Apply Cancel

JUN 6.18 M3fmmunnaedesiiamaduly

8. MuuaTuvedlaTsassugwIvaenlndnisvun Tun13iean Modeling Groups

- % Modeling Groups

=~ Bottom Facesheet
----- ~“% P1_Bottom Facesheet
7 Core Core
I % P1_Core
B = Top Facesheet

----- = P1_Top Facesheet

Top Face sheet

Bottom Face sheet

SUN 6.19 NMSMAUABINUIUVBILATIAS LU UL LI BADULNES

U

9. nAWINETFUNTIMUAANE N BUzUDIARULNEA LAY IINTUTOUABNTAIAT

Setup nluga ACP 1918 Model Tulugan1siiasieyt Static Structural

1 Static Structural
%2 @ Model =3
> 3 @ setup .
4 @ Model ? ., ? 4 Solution T,
5 o setup F 5 |G Results 7,
ACP (Pre) Static Structural

JUN 6.20 Msiweusiadayadnluga ACP wWhgluga Static Structural
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mMstmuanudnuazvedasa L uLuivaeulndniuiuimiaTuseidule
Wlang3IuAUUNINBNIATININUALLAUNAIUUY Lantor Soric XF lneanaud@ignasn
21n1uQa Material Designer (MD) n13dmanafianisuazdrduduneslndnainluga ANSYS
Composite PrepPost (ACP) #§431n6 U159 1a8sRaNURvadlasa s uukguIvaauln
ants 2 TugaiFeufosuda wadedalvasidunsimuaguuuy 33n1suazveuinaesnis
I1899N1INAFBUTAR LAUHIUNITNAABUNITANID 3 97 (3 Point Bending) A1eluga Static
Structural WioUsuifiunmautfeudumuusadage fen1siumulvangage (Maximum

Load) AMLAUGRAI8 (Flexural Stress) A1LATEA (Flexural Strain) S3u0elugdaunsnnge

(Flexural Modulus) ¥84lAs9a514

6.4  NIMUUATIULYANITIATIZNVRILATIFTNUUULIUI VAN IWER
Tuthgtuiy arudnmimdasaddmnsaildaulugramnssusiie Sanu
Fudeunaziauniigunn mslieseviauandiidnaiionsivaeuanuudusweslassaing
sufmginssuvesiannieldannzyesnisiuusdluzuuuuingg msldresiunesiietaely
neszvTmtsUssdiulgmmamnssudunumadgylunistglinisiaeilaseadig
suluga Static Structural HAuTUTWNTH ANSYS Workbench Taglugad agld il odmun
YULYAVBINITINABINITNAABUARID 3 90 (3 Point Bending) vadlastasnauuuusuivaey
Tndn lnelugadanursavhmdunamauifdanamag wu Tnaanszhgegn (Maximum
Load) ALAURAAIE (Flexural Stress) A31ULATEARAD (Flexural Strain) kazlundanne
(Flexural Modulus) Tngiieulvwasnsiadeuiivesimageuagnaaslduuiiniuuuesnsy

Indnaudisszes 6 mm i adednwmginssuvesianindudunuudanguey (Elastic

Deformation) ¥84lA59A319919198998YaNNIINNTNARB U

[%
v @

AMAUTUABUVBINITANNUAVDULYAVBINITNAFDUNSANGE 3 9 (3 Point Bending)
fheluga Static Structural #rulusunsu ANSYS Workbench fdunaugtail

1. Weusionsnae Setup fiunainluga ACP 1ihg Model wsluga Static Structural

2. n53vd@UNNdNlE (Contact) ¥09lATIAT19ARUINENTENINIINAKALIUTOITY

ToefuusUsznmiduresRnduiaduluy Frictional
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UM 6.21 msfmuansdudaiuvedlasasiuaiang

£ >
Details of "Frictional - Component3Boss-Extrude3[1]i» I O X

=l Scope ™
Scoping Method i G;:umetr].r Selection
Contact N 1 F_ace
Target 5 1 F;:E

Contact Bodies
Target Bodies

Protected Mo
| Definition \ o
Type Frictional \ w
Friction Coefficient | 0.1 -y
Scope Made Manual A

SUN 6.22 MsivuaviinveansiIduRaLUY Frictional

3. fmuagiusessuns 2 delviegiunlaelianunsaiafeuils wagivuafianianig

\WABUTIVRIINAGILUN InseEE8INIsNAgIandenalUautasyes 6 mm

D Rernate Displacerment 3
Components: 0,0,0, mm
Rotation: 0, 0, 0. °

Location: 125, 7.5, -6. mm

JUN 6.23 nsmvuaeulunsiafsuinvesiing
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4. 3udmnginginssuvedlassaituiliesy neldlvandnseuwuy 3 90 sagends

Solve

7

Solve
=
Lolvery

JUN 6.24 AdAsUNTIATIER
AuaudRdnavedaTEiwuvLguItaeulndnfdiun1sinsraleluga Static
Structural anudndulunsiuamsdwesiietesiunmsiaszilignses iivelvla
v 6 a ¢ Y = adl (3 a & 1 o = o v 6
Hagnsa1NN15ATIEvinlgseleudsiludieduudiinnuuiugt audansiiadns ves
AuaudRdInaannsUszlivaelusunsuiluwssuisuiuauantfiganailauiainnis
naaauieliATgiauLiudvedlunanmTastaruTulTInsMvuamdinesns e
44' D A a A gv U Ay v ° a a1 al Yo W
WUsBue L Liisfuieliadnsilaannnisdaeuazannmegeuasdlent nalae iy

(%
€

1nfign laeraannsIeuiisunsiaseing 2 Yssaniiazgnasuisluundaly



uni 7

nsisEuLisuAMaNUARaNaYadlATIEsIlULLYUIYARULNER

neun1sldnuianaeulndnsoudundansuusaussiandus Aanuiy Suduegaded
wApwIuNsUsEluanTIvdeuNgAnssuvesTanilsag neldluannsyviuusneg neu
nsihlUldanudmsunisiunsass Tnensduvesaeniiwesdslunsieseidygninig

[

Aenssu (CAE) HunumdrAgneliaunsausufiunuantfdinavesianldeg19ims)
LAZARAUNUYBINITNER TAALNENAARUITY LANITIATIEVNUIINNTT0INUTUTUNSH
Fiaseiiiiesngafien a1adwmalinadnslulndifesiuaruduaiwesmgfnssuvesian
NSMMUARILUTAALALTEYTBULATBINITIATIEN TR UL YN INaaNSURINITIATIEN
wiugunIu Bnvsnisiradans lwWIguiisuiummaaeuatvesaniensiaaeuaaiy
AALARBUYBIHANITNAGDIALTILEUTULIPANITIAT AL AU TRT 0 71N1INNTT
PavemeseilouTsludiofuudla
W alUToULTgURNAaNE T LANI131NANTNAABUATILATNN1INNSTIaREY Ay
v [y [y P~ 1 < = [y 1 A o Y a ' o eal
aonnaeaiuluszaunis agelsfinig 098U 19eg M ARANLLANA19YDINARNE NN
NN15UTZEIUNG 2 351 Wy anuldauysalvedasiasiwasianinilunegeudss e1avedl
o e v & 4 < a a1 @ a & & g v =
Anuldminduvesduleluueiiug vieUSunambiviiuresuvsndluuianun Wusu siuds
AUlikLBUYRIAN ML ING 01 lUTENTNNTEUIUNTNARLAEN 1 TNAFBUTARATIN 0199

AAAINARNALAR BUVDINITIAAIU198819 TUNINAUANAUAITILATIZIHIUNIINADIA 2

ABUNIABITUAAINARNTNLAINNTNEFNTTUVD TARUUANY D

7.1 msSsuiisuauandaidanaainnisnaassuasivludiediaun

N3USEUEUNaaNENUNIINNITNAERUITBITARLAZIINNITTIaRIH LTS LN TY
ANSYS Workbench® 2¢191ASIa5 19U ULIUITADULNE AT bW LRIV LA UhTIN18LA Ue

WWAND LAULESULSILUU Lantor Soric XF 9u1@ 2.5 mm 5 mm wag 7.5 mm  ausiuiu
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amndinsndanm SR33 SenszurunstugladlitimauastuneuadesususeasiBealy
vhief 5.4 Ingl§iBn15TugudeTBuiadu Buiadu (Vacuum Infusion Process) sauiisdioya
AN UBIMAFIUNIULTIT AILA LR wagdarase Tiunainnismaaeuluiite 5.4
ety dedeyaszgnilenssiieuiiisuiufunmsiiesesiinumsiassnelusunsy
ANSYS Workbench®
Tunadilddmiunsiisuisunadndaaauifidanaazidunsdaedasadiauuy
ueAvaeslndAndunuRmiiasunsasedulo unand LUASHLTILUY Lantor Soric XF
YUIA 2.5 mm 5 mm 7.5 mm saudufusmindinsndanmvia SR33 Wulugais 3 Ae
Material Designer (MD) dsun13iiaaslassasnaganiakasyseilinnnaudaigana daun

Aaluga Ansys Composite Prep-Post (ACP) dmiumsinvuanudnyuzyainaulndn 1oy

U

AEn19vaduly 3NUIUSIAUTUVDINITIN bNUs9Dvaiandule Wudy wazuseiiiu

(%
[ o

Q’ljd o
UNATNUIUABUNTITN

(3

AvaudRganasiluga Static Structural Iag3snmsmalludieduus
v v v a A a -
asnefiufuseasiBeaiiesuneliluuni 6

At AzSpuliigunadnsvasnaandiidinaninInnsaaeUlTUarnsItaedly

a I

YauLuANgAnssuvesianiegludie waAnssuuuudangu (Elastic Behavior) nyeaglutag

9 Y

Y

229N INAUNTILUANUAUNUS TEMINITINTIINLaL 582 ln9e2 (Load — Deflection Curve)
WU TR ANMUANISILASIEM LS L EZNNIS LAY DIRA 198 19TUIULYINAUNIALA AD 6 mm

lngsezildaglurimgRnssuiuuidauduyeia 3 Ussianvesiiagialaseaine lngnadns

¥
=1

NsilSeuisuguaudRldanavedlassasanuulruiIvneulndnlazgnasuigluiite

daku

7.2 mMsUTeufiguauAIUNIULSIAN 99U IASIES 1L UL LT U YADNTNER

nswWisuituvesaudunusiaseiiadululasaduuunsuivaonlnan
FEMINHANINAABUAT Warn1sTiaTesibnludiodiuud asiansutoyar1uns
awduriusvedlyanuazsrazlnsfiiiduiaientu Taensnseaeuazsjaiuluiinisina

W9 LavR e u191n99 2 35nsnarUseiuanuAaInAa oy (Error) 318USunuANNNae
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= A A o v ° ¢ a ot o A v vy =
LWENI@ LW@EJHEJ‘NF’TJ']NQﬂWENSU@ﬂLL‘U‘U"U']@'ENVLWIUWL@aLNUWIUiS@I‘UWEJ@@JTUI@ LLag 833U

v v

nsUsziuaMuduTINmeesEUNegaafntelnuTIYedlaATIas

A5 MlLEnIAIUEIUNIULS I RTevaslATIas UL ITARLlNEA TR uLsn1sT s
sefiszozifoaiufe 6 mm fanandlusuil 7.1 nudrdianuduniuLsadiaesEninanis
NAABUITUALIINNT5IN8090281UTILATH ANSYS Workbench® Tsir1aaalunan o Aumus
Weatuilndidesiuain wu lufegrs C1 Aflunumun 2.5 mm $aAufumuLsIsnge
Wiy 154.63 N Wag 147.60 N @115UA191AN1T918094aZN1SNAGDUITI AINEINU NS

1%

WiNTuYeIRNILNUNaREBnEnandarudelasias e vinlA SRl it g Uueg el

| A

a1ty ndfen1snaziilassasiafanisineiansees 6 mm lassaieivuingaogi
C3 AfunUNYT 7.5 mm anuudaunsaigadesanmindaveanisiuwsafiiiamnndu 39
gaesldusanuntuielulasseensiaeniviady saudadefiansunainnuaaInnfou
' oAy a ¢ _a 13 oA v v ¢ .
senIe baunnnisnaaeuasawaglludiafiuud wuinaAndeauuduius (Relative

Error) Sl 4.76% dwsudiegns C1 Fegludnausuliiiu £10% mneanuiteglu

seauvausule
A ¢ ape C1 Sim. 523.02 N
. C2 EXP. C2 Sim.
500 A C3 EXP. C3 Sim. AAA‘AA\ 501 75 N
Z 282.90 N
-
8250 e TN 27225 N
el 154.63 N
‘A“A ' : = . Y Ll R L qn * ¢ * /
147.60 N
0 ‘A. e e >
0 6

3
Deflection (mm)

JUT 7.1 MIUSEUMEULSIRnIeYaINITNAaaUdstHarn1I91aeemslUsknIuAuiunes
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TunisTeszranudululasiadranuuneudes ssfansanaudusaluduiia
(Facing Stress) %qazgﬂﬁwmmmmumsﬁ 3 ?z'fqLﬂuammsﬁﬁmuﬂmﬂmmgmmsmmaau
Tassadrauwuusewisnsulndn Tnsazidumssouiisua1veusinssi (Load) fisumus
mslnsweslassadiasinfu 6 mm windustenue Wedssifiuainaduiuiuimgainua
nMsvadauasafisuiufuauAuRldunnnssassdelWludiodwud nieuariain

4 da X o =
LAAOUMANTY AuanslunIsIen 7.1

P*S
" 2t(d+)b G)

de o D ANULAUAALULAEURIYLN (MPa)

P Ao WsINTEIi (N)

S fio svpzieesgIuTas UL (mm)

t AD AURUIVDILNURINT (Mmm)

d AD ANUNUILAETINYDILATIAT U UIY (Mmm)

c A ANURLIYBILALNANS (Mmm)

b A ANUNT19YBILATIASI9LEWIY (Mmm)

AN5199 7.1 ANUARIALAADUVDINITNAFDUITILALNIT AL UTLATUADUAIADS

foehaTuaL | wadwsainns | wadwsannnis | Aiaiueann
WSS - \ y
NAFOU NAFDUITY OHBRN RhLY
Load (N) 147.603 154.63 4.76%
C1 (Core = 2.5
Facing Stress
mm) 195.781 207.836 6.16%
(MPa)
Load (N) 272.25 282.90 3.92%
C2 (Core = 5 mm) | Facing Stress
199.881 210.491 5.31%
(MPa)
Load (N) 501.754 523.02 4.24%

C3 (Core =175
Facing Stress

mm) 254.708 269.043 5.63%
(MPa)
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AuAuA LRt ld i ut veg e o oad oflaumunve swnuiuiy
Hosandndrunsifiudureass (Load) AflUSinannnnitnmsiiutuvesnnumuiiazdana
foANAISAlUNISFIUNIULS I Sedenadasiuiunisiiansanindielassadieaunse
Funluamslunssaldnntu s Welhanszornsiasndiviiu (6 mm) usetazan

RS (NG AR I P KA D PRI W A R TV R VRt

7.3 mslSsuifisuauudunssvadlaseadranuunauivaeulnda
N15An®IN15 U5 BULT B UAIA2 0T 3wnT 9 (Flexural Stiffness) vt aUszLduy
UsgAvBammsiumunsdesunmeldussinsevedasaiauuieivnonlndnididule
@suussAolEulunangsuAUILNI AL TATIAIN SR33 WazwNULESULSS Lantor Soric XF
laganunsaliaesilauanudulugionginssudang uveansinusanseyiuasseezlnag

FeagwananuiumundlasaialaandinisiasanAtendavesianuiasUsenm 8nng

faannududouresnisinnsanuegaanindurzdowenianiuuldlulassasiesnain

Y

[y

AU

nmsUszdiumudulugul 7.1 wudmeeslasaina C3 Iiaanuudaunssves
Tassainedige esann mwaansolunssulnangaailofinnsanseeylisfivinty Tae
Annmen Stiffness leeg#l 83.69 N/mm uay 87.17 N/mm d1vsunsnageuaianaznis
$1a098lUsunsuABNTinges mudy waziflefiansandesna 1C uaz 2C fidadu
usunssnnmsfidumussinserlidesasisannsnasutiuarainnisiiaes duans
Tugud 7.2

100

87.17

Stiffness (N/mm)
w
o

24.35 —e— EXP. A— SIM.

2
Core Layer

a = = < ! a o
E‘U‘Vl 7.2 M UTIUNYUANULTILNTIVDINTNAZDUIIIALNITINADY
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' o ' Y ay v a . =~ '
ﬂ’]ﬂ')’lllLLGZJ\‘iLLﬂiQGU’eJ\‘iIﬂiﬂﬁiﬁﬂﬁ/l&[fﬁl,l,ﬂumﬁllLLNLL‘U‘U Lantor Soric XF MN@I@EJG]i\‘IG]E)ﬂ’]

AMULTNT I AT UIUIATIAS 19T NISIANTUYDILNUNANTAINNADAARDINUYDINAR NS T

14
Y A 3

AUATUNIULTIAAIDTLANTY ATAITULAUA RIAL AUV hALAINULTILATIALTINVDS
1ASIAS AN LT UANLIUIABAULY ULA 827U T 0T UNaTi 191NN TR LY UVDIAUA T UNIUY

LUAGReNNIINAMIMLILAY Wilunenduiy seezrensinaiivesianiinsanategnd

'
a

AoLlaaINALTUILAY YIITNISIENVUIALAUTLITIEa LB InakasdAUEAng U
winzalunisldaulianudidunounsihluldnu delu laswaduuuweivaeulndn il
YA 2.5 mm azgninlimuaniseenwuudmsulasiaiietnvesonasuliaudu Tu
.:4' P a 9 4 a X Y = Y Y
unil 8 Weusziiunissunsseniiindululassaietn siufeszerveanisindivedaswaing

Unidseglunaeineensulalunisiluldauviely



uni 8

N1S9NRUUEMSUIASIAS 19V N AgU LS ALY

9nA1UlIAUTY (Unmanned Aerial Vehicles, UAVs) dunuimdiaglunaisnia
AU VINT1981599 NNSONEAIN NISVUES 38NN uASALe Y kUl TUUBINITHAILIDINA

grulsauduludagtuduluegiesdinnsslan Tassadiswuvuwasuivaeulndmdunily

Tassad1eianntinazdennunldanudulasaiweseinimeuliaudy ownennuldaws

9

gaullaiuiviviniiuivesian vilvianuwmsnzauveanisiilaseeasisuwuuusivaouln

=

FalUldulusniasrudaduii vausuag19n1199719 ldieanaiudszans aanly

U o = =

ANEINNTTBINTU UANsAIkaEn1TTUNTY wiaudAyvasniseentuu NAniled

o

HANSENURBA L IndouNTNNEW UnaRInTieINAe Ul audumainuneIgnstEuLan

v = Y a & o A A I Qj' = 1Y
ﬂ'ﬁLGU']ﬂJ']lI‘UVlU’WVU@Q'ﬂﬁ@'ﬁ]’]ﬂﬁiiﬂ‘?ﬂ@f\]\‘]L'U‘LJWJLaaﬂﬂuqﬁust\]sLUﬂq{LGUVlﬁWEJ']ﬂiV]WZ‘;.IUL’JEJuvL@]

o0 = =

WMARNUIANFUATIZALULAN 989l5ARNH AFEUIUNITIBNLUULTE IFINTSUNRBIATaf
Us£anSn1nwe9n158 1999959 9USLEANTAINNINE AUNUNIUFDENINLINA DL 4
& 2 o w Y] P a a P Aa ~ v

Wulsznuddgluniswauilassasiswuuieudsaoulndamaiilon ielinesuaussainu

sosn1slunnauveinsldiilulasaiaveseniasulsaudy

8.1 N15971a94N156A1IILASIES19UN YRR N As Ll S AU

a a

23AUsENaUNTUNUmdAYReUszansninn1sduves UAVs Laun lassasstn &l

nidrAlun1sainausen (Lift) Aarevnil nsesnuuukazn1TitAT1Rlaseas1ednd

q

NTEUIUMTAAQIUNITIATIERAB NSRAITUNDIRULTLTINNG ANEILNTlUNTSU
LIIRAID LFIRDU FIUDIAMUAILITAIUNITS ULSIF UAZL DU Raenautaden1uuIniin

Tngsiuvedlassasrsidunilsdulssiiuddnfaseddasunsiansansgeaziden

a o

1As9a519Unv09 UAVs sTnazfidnwas i dumtuung (Shell) Ausiiatinuedlasiasig

[ o [V

1reilATInaNIMIULLIITOIUNLaZ AN AYAINTUTULTINTZYIN9819 LIIAASD WS4

= A a i a A s = a Ao
W@ou MinanLssenluszninean1siufe auls (Spar) TauBlATIASUATAINAIULLITIN

¥
o o [

nwsUsIuliuiurTUndeglugunsaidvuaniuvdneinia

¥

299lAsIas19Un NUNLN
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o

Wamans (Aerodynamic) $nw3usevedlaseaselngds su (Rib) lassadramaldnuge

NnTanndsnsdiuanuwlaswouvings wu sglilleudaasevionoulndn Uudu

BsUssuauantivesonAuliauduinldisnislunismaaeunisnieninly

v a vua

el URN15939 uadinagldiauunazdaunulunismaaeuigs Yaadunisiiasens

AasziureNiunes amnsatisansrezaTunMIMdeukazAuuTaInedeulalu

°o w =

2819110 nisluesesiiadirnlunisiwsgvae seleudsSinludediuud (FEM) Aaiunse

o

Uszillunginssuvedlassasrianelalnannissnseinuunneg Iasensiaiug
nseonuuulassasislnvesornmdeiulsauduazimundulnuuudanss (Fixed
Wing) Tnefitudanlassadneog 3 Ussan fo 3u athd wasinestn Tnefmuadnunzues
FufusunsavosunueniAvseuasHesd (Airfoll) NACA 4412 Fadugunsevesuasuosdi
Heudwmsulaseas1tslnaeseonidgiuliaudu Juuinainueninesa (Chord length) Aa 200
mm uazdiaumvesiuiniy 3 mm faandusuil 8.1 aufsiumisnisndassaiisda

Aa v

W alns Nlidnvuglassasiaduuriaens 1,000 mm Jvwinduriugugnans 10 mm
FIUINe 2 1@ waziiuiiveddassasisiasinundudnyazve sk uiiuisnguluns
lnssadavedtn dwandluguil 8.2 msmnuadagiaglddmiunsinaznluluamuiiuans

1lupns199 8.1 soudenuandaaus vedlassadauiu

5U# 8.1 wu1Aves Rib 3UNSe Airfoil NACA 4412
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U7 8.2 Tassainatin UAVs

M5 8.1 TanldAnunlulassairain

Poisson’s | Density Total
Structure Materials Modulus (GPa)
ratio (ke/m?) | Weight (kg)
Spar AL-2024
73.8 0.34 2,770
Rib AL-2024
2.1
Sandwich 11.553 (along the
Wing Skin 0.32 1,025
Structure fiber direction)

ATILATIZRIEANTUNITABLUTUATU ANSYS Workbench® laeinunuatdunisdne

ee

NOANITNVRILATIATI99INNITFULIIBNAIVBITN NTANE1IUN (Wing Span) 11y 1,000

'
=3

mm gniudalviegiun nilsau (Fix Support) dauBnsuldssuudassaneiuanvuzyes
AukUUUA18EY (Cantilever Beam) 538faMnuausansevinainkselduaenusianaudnans
YBILATIAS AL NINTUILIIENTANTEVIABLATIAT TN NNAINNVENBINIANAFANERNTN
& \ a A = & < = % ) = '
A11L57 20 Wwasaaiund Faduanusilegndsveseinirenuliauduruinidanlusening

1504 (Phunpeng, Sumklang, et al., 2023) Fsaunsamuinusendfaunisi 4

1
L= ;pVZACt (4)

We L Ao wssenNnseyimeUn (Lift Force, N)

p AD ANAUMUILULYDIINA (Air Density, kg/m?)
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Vv fa ANSUzneaadlasead1aln (Aircraft Velocity, m/s)
A Ao WunRwestn (Wing Area, m?)

C, Ao AduUsEaNSILSIen (Lift coefficient)

fuivedasiaintnazgneenuuulindulassairslaguuungiivaeuindndlda
ulownandiduduleraSunseasiuAuiums ndwuudanin SR33 haswnunalakuy Lantor

Soric XF ¥u1a 2.5 mm #eaggneenuuusintinsiniseaduledulugaiinse ACP Pre

v @ 1 ]

Wherfuiudegdluuni 6.2 msfmunandnvaglulasiasimeulndn antudaining

Y

NFIATIEINIULLga Static Structural dawandluguil 8.3

. Fixed Support
Standard Earth Gravity: 9506.6 mm/s*
[E] Force: 50.1

E‘U‘ﬁ 8.3 Wing Structure Analysis

8.2 MIIATIVRENURNNavaslasEseUn
N1571AT 1R UaNUANTUIAIUANTUSENINHAYBINITNTEINUAIULAY (Stress
Distribution) A314LAT A (Strain Distribution) kagn15bnes (Deflection) voslATeasI

lnesau Fedeyawmarlazasiiouliiulmginssuvesiaguazdudiulassaiianielinise

1Y
a

o a o 1% a Y A A <, a a a ¢
ﬂigﬂqmﬂqﬁu@l'l I@IUIUﬂimGUENIﬂiﬂaTN‘UﬂWWUNULﬂULL‘U‘ULL%U’J%?’]@@JTW?{G\ N13ILAINEVS

Y

FEUNIINBUAUDIAOLIIN N UAIVOIUN RN (Face Sheet) vadwruignoulndndumnan

= <) | o o Y Y = [ a ¢ v
VU BINLUUAIUN iULLiQﬂﬁS‘VI’]QQ‘VIE:IﬂLNE)W] gununNUNag (Core) 1nen153 bATISNVBLA
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(%
sl o a

wianflagandunisegnadudiu Budwanisszyeiniiaanusugeanvediasiaindn uay

fiansanihenuduiainaegnieliveuwamnuuduswesiagsel

[ '
=

aNBUEN1INTEAIYANUAUVRILATIATIIUN NUIUTRUARRANUAUgEANATUN

D,

Uinadlaudnvisehdwiitninegiudii (Root Wing) Faazluuinuiiiunlvigninegiu

Y

unsdaesinulsunsy anuaunsnlunnianeiiaduluusinui (Von-Mises Stress)

=

AN 4.05 MPa TaeglAnTUASTIAANIWNURIVTIAIUUDNER WALN1SNTLINVIANUALTUS LM

Y 4 q

anasdisfiansanivinulnasenluain Root Wing aulufivd@iularsvedassadeln Auans

Tugui 8.4

4.0528 Max
3.6025

31522

2.7ma

22517

18014

13511

0.90081

045053
000024667 Min

Maximum Stress

JUN 8.4 nsnszangivesmuaululasiasiedn

A15US UEUAUAIDE19N15IATIZINBUSEUANULAUTLAAT U TWUS U WS I8NT

WUl 31n@9819015AN®1984 Veena, Sireegorn and Thongchart (2023) ANUIIAIY

[
= a

WUALARY N HvedlasIas19ln 9andan AL-2024 HUSHaA1ULAY (Equivalent Stress)

Winiu 7.3735 MPa danudnlaseasisuuunguiviiannuduiitesnitegy 4.05 MPa @

= a

a1u150a3uladn lassassuuvneuigneulndniuse@ninmlunisnszateusinselen
11N ANNNITLELVDILNUNNUIVUY BISLANUANUATUNULUNNTTULTINAID VI ALASIASN

Tngsaufanuudaunsslusiunisineganitianiewdsinds AL-2024 Tudeulunisvagey

WEINUY LAYIINDITLEZUDINTITINIALDIDNNKIITN WUIIINNITINADILAINITINIADEN

Y

1.8 mm WawSeufiguiunsAneives Veena et al. f15ey3ndnsinedaindu 1.4 mm @4
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fanuavgauNaIINMIiALendaves AL-2024 TilAngeindauegdaveudulewatuunsly
ABUINER 91NN1SUS U UNANTITI1a09d WUINLATIAS 1B UU LT LI TADUINAREIU1TE

P lddunuiivedassadstnveseiniaeulEauduls wiazdosiansauiludiuveaiimgn

a

1R8571999:A5985719 F9UNNUNVBILATIES 1N LTABUINAAL UYL TR UNANUININ way

v
a o v

Humingu 2.1 Alansu wanusisunidinlisuiiey faUniiauruintesnin wagil
UmitineenitlaediAyinnu 1.8 Alansu (Phunpeng, Sumklang, et al., 2023)
N15IATIENNGULAMUFLIBLTBATIVERUAIANLUABNAEUILATIAT 1N IZAIUIN
H =i a . Q . . = 1A Y alo Y]
HIUANNTSA 5 AUngu1e9 Hashin Failure Criteria tHasnuiuiianiinsuluanuuunadn
ARFIANANEER T19ETATIElUlIAANUANIMAILUY Fiber Compressive Failure lag

AN Failure Index Na8n31 1 wanshiiiaaudsnenalasIasn

Fiber Compressive Failure:  Ff = (%)2 (5)
C
Go o0, fe avundunedaiiinty (VPa)
X, Ao enuudusenasaaunuaduly (MPa)
1
FOSHashinz \/_F? (6)

F991NN1TANUIUUUNUIN A1 Failure Index TALYINAU 0.00467 waztiloRarsanlu
AAIUUaDAAY (Factor of Safety, FoS) AaNn1sA 6 Fanulndiaialulasnnsussuna
14.6 Aty N15UsziluNaansveIA1ANUaBn Blas N AULEE8v0IRUINER N Y

[ dfl’ a % = 2 Y [ 6 :j v ) 1
WuiiuAwedlaseaielnveseiniAeuliaudu nagnsnamunssyaIIudonnd eyl
lassasiuuusguivaeulndniiiniaulasndegs waglinuanudemeangliuuaiy
aumanandulounnindiesinusnndn Jsaisaagdladn lassasslnveseiniaeiuls

v ad da v P a A aAa 1 oa v oA v a W

AUTUNNUNRIU LT UL ATIAS 19U U S UATABUINERN N LN UL ADLEU UL ES UL S5 NN
WNSATLATATININ SR33 LazbNULUU Lantor Soric XF fAUanunsatunssussaitiigana
Tunnslaany

TumeszingAnssunssuisieniduanladnwlinuii lassasnnesnuuull

=

Pl [ 1 1 1 a a . c{' a [
ranuUasaieuazAinuuduswianudemenung vl Hashin dAfiguiudnduly

nsldauass lnsameuinaniunisedesvieliegluiuirewsadngd Fee1avuigaanui
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n3eRNLUULNIsilaAuLdasInaniuly danalilassasidagsiudvuinnaziindng

' v
a =< a

WnNTunazeavzvbisunuluinuenIsnaniaguaznszuiun1suanfigaluiuaug iy

Y

LInnnsisalassasstniensageaniuulddmsunsanvunauwasiminvesianas
widiassnwianuUaendewavussdninimvedlassaiidliluse Auiimunvay niee1aay
Sudsunalvdivuailrguasmnluusnaniinisiuusas wiusnanliinsiuwsmise

Y v ° v PR Yy a o o = a ° v a
N135ULSITB819YN L dvunanadls dnvedesiudanisaznasntazinlulgauasemisay

[ '
a = I a

N mansenunsintuliednsldnuluanimwindeuasidadenu AUy gaumgl

Y

waagd (UV) nsgeduiin n1sduvedlasadne dWusu



uni 9

ajUuazUaiauauue

9.1  #@yUnan1sIveY
mAfeiiagusrasdifteAnumanuaansalunsiuuseddasaiuuuusivaon
Tnanfiasuussiodulownands A uun3ndinsaTinImuuy SR33 waskNULaSHLIWUY
Lantor Soric XF i 0via113sdlaiA safuaunnesnuias uwsafi danunuiwansiafy
ufeidnstefunuaniiveuiuuessiasefidunimeaeundnvessnided ms
maauLmﬁmamdmamwwgﬂmmaauﬁwLﬂ%wmaauaLuﬂUizmﬁ (Universal Testing
Machine; UTM) AnuannsgIunIsnagay ASTM C393-00 kagtU3uuiigunadnsiunisinasd
neszvneselsuisinludiedwunriulusinsy ANSYS Workbench®

a

nsiauIAuaRvesiannedlndniasudulesssuvad gnusuyse 3 sULULfe

nsandnsInsiiausaulunssuIuNITUNLIBY (Curing process) MstdansiAnue sy

8ZAINNITHEIUITUMT hazN1SITRNUS MLAaLESULSILUU Lantor Soric XF AlAN191nn1S3

[
a Y =

lmAavinwaradin PET deduudruddenadonuanvfidenadoneulndnimun saud
mzmumi%ugﬂﬁdﬂNaaﬁiaqmamﬁaL%Qﬂasuaﬁa@ﬁamzmumi Wi Buiadu (Vacuum
Infusion Process) flendisnnusuussenenialunisnaiuliusiuneundnsinnumuiutunas
Anfuuiuluseed
nsiesedimessdeuisliludiedundifiousyiflungAnssuvedlaseadsuuuugy
Fvaeulndnrulusingu ANSYS Workbench® lnggeniuuanantiianaeulndnae luaa
Materials Designer Whundiasziiasasisluseaugania vuaduly mslddnsdnumsng
wandlowaBuns Snvidluga ACP Aldlunsfmunaudnuasddyosnoulndnous sun
fiame Taufshdutunsnaduloasunuaiuuss saudsluga Static Structural fiudu

1Y

Lu9ad ARy luNISAIMUATOULIATBINITNAFBUTIVINA NITHAAINAGNEIINAITAATIEN AIY
FIUNIULTITNID T282N1TENI Aueusne WudulasldiuSsusuiutunismaaauasa

Tureelfurn1sgenudn lusuniswessseznisinedvedassainadanviniu naansannnis



85

NAADUITIMAAINNTTARsUlA N ndiAssiulardauaaInAdounInNT 10% avan
Loun us9nge (Load) ANAAUARAIE (Flexural Stress) 32UENANUKTIUNTATUNITANIDVDY
1A598379 (Flexural Stiffness) wagA1AI13ATEA (Strain) InenadnsvadlAsIasawuuLyuiYy
ARUINEANTYUINVDWNUYIIAY 7.5 mm THAIUBIANUAIUNIULTIAALDE T dALYnAY
579.92 N LieigUiuTUIALAULUUDUS
a 6 1% LY a a [ ! P a < & da
N153LATIElATIEs 19 TaRwUULTLITARNINERAINA1I g NS TUN ARV
lassasatnvesemasuliautunuinlastasisioansuulianunsasesiuusaeniiuinseih
legnaliussd@nsnin lnefiaimnudaanis FoS aungufaudsnieves Hashin Criteria
agluritUaendouaviassaiiedslidingdiingAvesnisidemenielduss anuagnsil
dgj Y @ 1 ¥ a a a dgl 66 & ¥
FlmuinlassasawuuweiveedindavieilvinzanlunsUssynaldanululassasiaves
a1 uliaudy 1wy laseaieln lnglanglunsddeinisianidnuaudfdnans

Weanaman1TTunsIwazianudulnssedalinden weAd5azdaenansantaselusiu

WwtinvedlassaiawazniseaniuuiialianulasndeeglussAuivangay

v
9.2 UVDLAUDLLUS

1) NMIANYINAVDIFUNTIVBIUAULUY Lantor Soric XF ATanwzAd 18597
(Honeycomb) a19daralsiniuLdaussliaLiisTunseanas Lazeavinlinadnsidnlnaniny
< a X
WUTIUINYU

2) MINATEIRaaNsINTIeewUlUsunIUlUdINYDINTUERIHA Post-Processing
p13vzldluganinungiunsuaninavesmeulndnlagianiy lowi ACP-Post LWealyins
waERINAULAATTURNYasRaUlnERlAazL D anUNT

3) AYUWNUE LAY AUALENDYBINTTUIUNSTUgURaulndn Judiud Ay fias o
muadliwilouiunaeanszuIUNSHENADULNER

4) NN5MSIABUT UINUVBILATIAS 1LUULTUITABUINE LT 83 NS LT I1USIbU
ANNNLINA DT SIUDINANTETNUN 91NNV UIINYITYNETTUTIR YU ALY U AILAR

a < ¥

gaunnil 1uau

5) NSANWIFNENINYBINITE a8aa AN T5UB IR AL AU U NTADAILINA DY

FeoradunuimalunsimuniieineuaussoningnanssuuIngsay
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aneu 78015
5 wiuegilleudmiuaugy
11819 NAUALDINRILUAUN
6
2¥@lmu (Acetone)
y . - ® P,
118109ALUY MNURA (Polyvinyl o
.
Alcohol : PVA)
8 wWiINgnanwuy (Wax)
9 Fuauviny (Sealant tape)
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a9y 518015
10 H1aonuwuu (Peel Ply)
11 A1U181UL5TU (Infusion mesh)
12 wuENgey1NA (Vacuum film)
13 FaaWaw (Release film)
14 HNGULSTU (Breather fabric)
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a9y 318113
15 M9e19 PVC
16 vionagUansLsdu (Spiral Tube)
17 Sufaduuden (Infusion blog)
.
18 ’né?f:jiyiyﬁmﬂ (Vacuum Valve)

19

J96D 3 N9
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aneu 78015
= =3
20 Audon
wrauUdadu (Vacuum Line
21
Clamp)
22 LNINSELANYAMSUNBENES
23 WYLNIAUANS
24 WIUN1EY
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a9y 318113 U
25 wnawny (Flash Tape)
Lﬂ%@ﬂﬂmqaﬁyﬁﬂﬁﬂ(Vacuunw
26
Pump)

27 niladinlsdu (Catch Pot)

ihL%amﬁaizUUQQﬁgﬂﬂWﬁ
28

(Vacuum Connector)

29

LASDITIRINDA
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)
e

c

318N19

30

fgeuaniou (Hot Oven)

gunsaliildlunisveaeunaulnds

ARV

I18N19

Lﬂ%@ﬂ%@ﬁ@U@LUﬂUi%ﬂ\?ﬁ
(Universal Testing Machine ; UTM)
§ve LLOYD $u LD100

Wivwnlvian (Load) igaan 100 kN
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a1fuvesnszuIunHanTanaeulndn Aae3Sn1suuunindu Builadu (Vacuum
Infusion Process) TuviasUfjufin1g vunaumall
1. wisuduleNnagldidudulemSunss au1a 817 220 1. waznd1e 100 Ui, 31U

P9%UA 6 WU TUNNSANENAD Eulewnand wuufan1aie (Unidirectional)

2. YMANUALDIAN URIVDILUANUN A28118191ANUEED1A 1F1AU (Acetone)

NUY AFDURIVDILUNUNABUNIEIDBALUU PVA %38 Wax

2TLAU PAV Wax
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4. MuFUlgLESULSI SINTHNUNANAINTULATIFS 1 UULTUITADUINES ez uau
ATU NTUUINAIE H1aanukuy (Peel Ply) 119181i1b58u (Infusion Mesh) wagiiduasyaynie

(Vacuum Bag) muénau lneildesnsenuvie il idieidumsluaiin-esn veasdu

. HNaeniuy
Waugeayne

v A = =
NNLUBWDNY LITU YT |

A

L‘Wﬂ?j‘gy‘gy"]ﬂ’]ﬁ Wl NNRNDNDNY LITU

5. ien9e8nueuIdu zgnseidinuaTeslugnainia (Vacuum Pump) Livegn
9INADBNINNUTIVINTUFUTUIY WiaSeusaeu Wisuhuasesduiionsivdeuin

fsee¥uinTuluusiiuveInsTuguua
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6. NN ATIADUNUTNVDIN1TTUTUTUIULA? TAnaNLsTUAUaITVILT 9 fe

gnsdumunguaniruafimun warauradlunIaInIuEns MeruEa 600 sousdeuil

Wunan 30 wdl

a [ LY a A Y] d' | v a & 1 1 v
7. 13UNTEUIUNTT HIAAN DUNIYU IWEJVI“LJa’WFJV]EJV]’NL‘U']‘ZJENL?GUU‘L!U quag‘l,u N3N

ranliudy Waasesluagainia litenaeInimeenias ANAUUTIEINTAIEAuLs Ut luly

17 [

WuNveINsTugUTUII

8. ndsnfsduluariunluiiuiinistuguiuauauiy liudunseUangs madi-

gon vausu Wemuaulinuivesnstugliuauiadugyainiaed antuhduanudig

FOU LiBLTUNTEUIUNTUILITY
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9. Wiatasaaun1sulsBumuinmunliuds Yaeedislilugumglivialy Ussuu 24

Y

s

Fl09 fouazuneaugyaInIAeen wasdud1dnseuiunisdnuss inelilafieg1sves

(%

FUNUMULINTFIUNSVIREBUsID LY
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nsiuAnaLTAdnarasTanlausareulndaiaiuussiedulesssumananduly
ﬁqmﬂ:ﬁﬁwnssmumsﬁugu
Enhancing Mechanical Properties of Hybrid Composite Materials Reinforced with
Matural and Synthetic Fibers through manufacturing Processes
nge A, Jan Fale?, i3fTeal leefial? wee SR dinsat
arrfrirnsauedsna dnlrdndmnsuenant wimendoomalulaiaud
mrrrinansmsmanetind dalndsiErnTaenand awivefumalulalasud
111, Uiy Auaainet dwnadlawasimede SFadaupsedun 30000
‘arariafimnsadlii pneimnsenand aeiendnnersanans
50, DUUATUHATTY WEHATART LIERding mjavamung
Trdia: Khodcharad k@gmail.com

unAnge

fanpautndniuelinahlifudsusiwiaidedumasgramnas maaiuusaduledlisn
sesuviiluanindniduduiiaulunnd du i elilévadenlunsiuuinesluisi g uwunslioudule
duasieidaantiaiiey @ulefle (e @uleddu @ulsled Sulsigs wee Wulsdyse) dusilehidenanssmsii
fiflaguinuny sregruazdufinsiufanaden msusondlidulafidluraiinindmivlilumilasaiieidagn
il lusarrvatadiu wu Tasaadalfail Tasarshaeners TeswadnaTanmnuis TassadianUnanifn Taseadne
anaeliaudu Wi famsiraguma dilfnugsinsaaundnnan mgaddnasuiunisuiaiilanizins 1
smATeihhauenmisauaRdnaresTarlauine s indniieuussnoddloeusuasdulsaduiddnd i
lowirfu Taeldnssuiuntstuzuis wiaduBuRadu sasy SuugegUuuntstifdns e oulusastusdu Tas
nsmasuAmANTREnaf B IRAIULEIARE LasTaufoufunuandRidinavaslauianouininf it unis
UiudsanssumsiuguwuinuasiirtrnduiesaTugdavstlayiaeeulndndiudiuuganssuaunistugy
50.64% WAz 16.89% wrsuddy waditaiusnmedmdunslirelrdmaiuussoduless sl audmi
msldlurulassainwineg naewelunuileasaiienireuliaudy
Aman: levSemoulndn, Wuladdy, Wuloavduoy, enaduniuesaine, Wisaduduiady

Abstract

The use of compoesite materials is continuously increasing across various industries. Reinforcing these
rmaterials with natural fibers is gaining significant interest as an alternative to develop sustainable composites
rather than relying on synthetic fibers. Plant fibers such as flax, bamboo, hemp, and jute are abundant natural
options that are cost-effective and environmentally friendly. The application of plant fibers in cormposites for
structural purposes is being extensively explored, including in the construction of furniture, buildines, decarative
materials, sparting equipment, and unmanned aerial vehicles (UAVs), among athers. Utilizing these materials
requires “high-quality composites with carefully controlled specialized manufacturing pracesses. This research
presents the enhancement of the mechanical properties in hybrid compasites reinforced with synthetic fibers,
carben fibers and flax fibers, maintaining equal fiber proportions.. The manufacturing processes, namely vacuurmn
infusion are employed and improve the heating rate while curine the resin. Mechanical property improvements
are assessed through flexural strength tests and compared with the mechanical properties of unimproved hybrid
composites, The results of flexural test indicated that strength and modulus improved by 54.64% and 16.89%,
respectively. This provides guidelines for the suitable use of natural fiber-reinforced compasites in varicus
structural applications, particularly in unmanned aerial vehicle construction.

Keywords: Hybrid composite, Flax fiber, Carbon fiber, Flexural strength, Yacuum infusion
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2.1 WulaSuusiuasaniing

msudeaSaspoulnandwiunssvaunistugUastidu
Tamsuauuuufian i sun 200 NEuAERTSLRT
(200 g/m?) wasidulef Tuuvufimmafey vuia 200
nFUABN15 1805 (200 g/m?) Baasldarudaududy
dwend Lrdu ER-570 dwdunazuaunisd ugUuuy
wipduBuflody Waseniliuansidsfuudsium
WA SnsrEu eI s HAN eI TR uas Ll

fig 100:35 #uddu




110

nrlsrninmaAiatrinnsaeionawinlanlng A 38

Tull 16 - 19 nsngra vn. 2567 awTaunustil

AMM-0037

o , -
BN 1 ‘E.Iﬂ%flﬁ']ﬁ.lﬂ‘ivﬂﬂu'lm-lﬁw ER-570

doyadAtyransdu ER-570

138U Frviuds
swsauanlastimeing 100 35
snsrdrunaulrediuimg) 5 hed
ATIMEIE NS @25°C 11-1.2 0.98-1.04
ATIEMilA @25°C 1200-1500 | 50-150
el numnasan @257 180-250 U
LEIUAELUY @25°C 12 4l

dayaddnuaadulediiv

AL RIETRT Wi
ATILATUN UL 24413 MPa
Lundaunds 20+1 GPa
msariasiame 15401 %
AL 1 4y 0224002 | fadwms

2.2 nasuruniinanaoulnin

apundnaSuuswmadvlamivouwas lauSanou

Tndmasuwssamduloasuauuasdulofiiy azdwua

o - 2
wialunsiusdfe 200 x 150 mm® AN 0 2am

- & & B oat o w a
AU & TU 'ﬁl'f']Lﬂ’::m'im']’:‘imél]u’]ﬁﬁllﬂ‘lﬂ]wu

o om
L i -
HITTEWOT LI e
b %

o nIn

ATHBNLLL

| /

LS

/
U

ey

Wy /

waifiand

s

wigandwend adu

= & a = as
U 1 ssuaunsTugUuiafuduiidy

v - - o .
TralgdrusaumoaunIngnmAwun (100:35) Faivun

w & e 5 ]
WEnanwasdulavisaasseunnsiniu lavirnauinden

wsnustedilaasuausandulstiuasinesadu

duiulasewhadulprdusuuazddo gty [C/F), aena

& - &
Az 39U sIuianue 4 T AANIE 0 B4ATLEEUUIR

200 % 150 mm®

ME-NETT 38" {5

RUUTT 2024

vt
— i leariueu

514 2 nsFeaduladmiuleuSanoulin

nstusUeaslnaniiai s adulepuaufibs
a1 srgnAtuAuATIRUYLsTusUR 1 vid uas
duis@udl 100°C 1uian 3 4l Tnednsinisldadny
Fousrfusgfumauiissiermdoulifutwneds
dnarArdauiiiifiganinfaueeiils Siezerd
5C/min. alddmdunma B auiunayTdniing
Ustsenssuaumsiuguianmsisiusindeasingintg
T fausaussiinisiisdu Tasdwusdalslndess
dnsnslienwsauguuouifh Tustag

) TuslWdl
120
o0
\E
(4]
o 100 200 300
waE (ui)

71 3 sampiilunstinsBunsuliudnsrrniou

d u

nnfinamautReeddavianonindslunssuiu
wirduduindu mdndfinaniusswiiasBusasanin
wiudr asgmidg nssurunismdanaainia
[Degassing) tpdrdedaiaIneiiad usswinantsau
nanvauuving lunssuluniTussfuargnatuay
AT -1 015 wasgampiasiarimdulusinddsd
anspiliFudu 30°C asfugaigifedaaiau
1°C/min. Tunssyinumgiog 60°C Asaumniidliii
a1 1 Al s gamaidiy 100°C fadns
RITUT U 1°C/min. wasagamilidunem 3 49lus
WAsNNTEUILUN TR U aiu wangURniluns

Fusrupgil 30°C Mudnsiarudou -1°C/min. wasUday




111

malsrninmaATethrlmnsTAlsnauin s b )
Fudd 16 - 19 nsngiew wa. 2567 Jadaimusnil

AMM-0037

Linthatias 8 Trlnuddnhoanandau Taodwunda

Tustidwasdnsmslimsauguuuyiih Tslndz

Tuslvid 2
120
100 100
100
Ge0 \
= R0
£ .
2 40
20
0
0 100 200 300 a00
L@ (undl)

sUf 4 aampilunsinsfusdaudnmaaiau

= & = -
U 5 nstugyBununeasveadlaySnaas i
2.3 48ns

23.1 NMINMAEUATIUATUNTUUSIARIE
nranaaauAud U uL TR aaaiulany
WMIFIUNMENAABLLTEARSE ASTM DT264/D 72641 1
LENAADURELAS BINATEUBIMAYTEAIR (LUTM) wus
100 kN pumiummagay 200 x 15 mm szt
yaan1IvAday TABTTMUATLIAR LML 104E LIy
MAADUN D T8 8@ IHATHUEE TS 45U [ Thickness to
Span ratic) agil 1:32 wAEATIUE TAIENAIDANTTIAAEY
2'mmdmin ViinnsmAdauEoE Si?'um'ixmum'i%ugd
AN R DA B SOA TN T LT NGNS
ol
ag= % 2)
Tng o AaFtArATILTSiAE, F AvAwsageand

nsssisadury, L Asdiriiniisvasssazgumagny

ME-NETT 38"{

RMUTT 2074

(Support span), b AsA1Aund 199098 usTUMRADY

uax h AEATUMUIE TR

= i
WITIEHN 2 NTNAADUR WELUALEING

NSNARDUAT ISR UITULSIARALE
rovindn | louiaeaulnde
WMTEIUATUAY | ASTM D7264 |  ASTM D264
S 5
W 250x15x1 | 200x15x15
(B THL) mm mm
ATEIEInm 2 mim/min 2 mm/min
Span 32 mm 50 mm
ey CF HY, HY+

waneimy : CF Ao paulndeiaduusesadula
prdupu FliguuunsiadslUslridenuaud 1

HY iz lavinAaslndnaiuusiaduloaiiuey
wazidlediu Aldmuuunnuseluslidaudaud 1

Hy+ lauiarauindnaiuwsewhodulanduauuas

- i -
uladiu Aldsuuvunstudaluslndaredaui 2

3 waAvsuazmIaivse

3.1 dmsms WirameSaunnsustu
MsiATRMRualdRaT iU REtDe Tan
lavinraulndnasuusoadulorduauuasndulefie
WARTUNTNAREUATIITATE L ASTM DT264/D 7264M
w - . . .
AELAT DIVAREUSINUTEAIA (UTM) WUdIRTATIILE
o e W -
gagaiifedud sduinildduusanssiminaieuan
d-miulauianoulndn wdaunistSulsinTeuaunis
- o of o X
ﬁugﬂunmﬂmﬂugﬁjﬁwmquumn 132.4 MPa il
291.9 MPa (#50.6%) fa3Ufl 8 Fanudanaslisng
w - . . i - - s
AT auiiad raslud sl Tusus Auussunds
- - w - - - (o perey
pinnsdasiudiluidulasius eihianuaudi
e e & - - a W
AT LN v RERseg Tud o T euiau funsTdng
w i - o w s w
mmaaui’qqm'\ GauadninisUSulsadnsianmay
vavisnoulndnuazlavsnrouindniivuilivvoinny
w i Y i T 5
wugsaalusiaziaafadududaaiu defngunen

Tuadaniainssvndlaviaranindnwuin dalugdans




112

nalsriemariatEimnsaiaiomawinisavaln afiil 28
Tudh 16 - 19 nsng e wa. 2567 Jawdminustll

AMM-0037

nsofiguiiudusin 7.7 GPa 1y 9.3 GPa (+16.9%) &
U 9

mslignsiamsouluseiudivus U dusidly
rorInandinuautidinafiaty Wesvnsduazgnyils
aruniisanasuasdrdmnziudulssuisantosin
szwirnstuiudulalasnde fwanisnnasuaonndns
AUN13ANWIBDY Kim, H. B., et al. [20) i nuimady
suisamilunanfaifunifedBdnasou vl
aoslvdniiainusiaadilomsusuiimmuiussing
o1 uaziiAn A aNAN MYBIMAT LT IARIDIBL TAR
aoslndn Jeiaeindianuiounialigoginanawi
asusegesnadnadidaeddid nnsau Sadmali
ArIF NG RIDTa s Tan Ao TNARAT U sEaI0
65%

ATvluansLsINssiuassEesdn

144,19
f‘:‘ 120
3
%
S e
E w
4
0
o 2 4 6 L] 10
seuzdaia (@adat, mm)
- -
U 6 nsmuaRuTINsEIaTsEuLEeda
700
613.956
600
T s00
<
-
% 400
§
& i 291,852
= )
-
3
T 200
132,382
100 g
0

o HY HY+ CF
U 7 ANAIAUGRIDEIAAVAINSNARDY

th
ME-NETT 38
RAUTT 2024
12.00 11.66
10.00 932
™
§ so0 7.75
3
3
6.00
s
3
3 400
b
4
2.00
0.00

HY HY+ CF
UM 8 Alupdaussinsandnmsnaaauy

EYY ;

(a) (o)

U7 9 uanwhat AN RN IMAsEY
(a) HY, (B} HY+

3.2 Wisusuasuindnuaslovinnouinin
lauaroslrdnfiasuusadadule Aduiuduly
a'ﬁ"uauMé’q:huni:mun'ﬁitruguﬁdué’nﬂmﬂﬁ'mw
Foulusindd 1 wudndfaussnasviniausngsandi
109.74 9y uazﬁizu:ﬁnﬁdﬁﬂutmn\?naqﬁ 6.81

- - o - o - - ed
fadums dlanSsudisuivlavisaasindniiaduuss

S B e o ar . v
aeduladtuidiunszuiunifuglalednsinisiv

» ol . - v
awspulUsladn 2 wumauTenswihmeuanggaag
144.19 Tt lazilisgrdainnouuwnnyin 9.02 Tadins
Wi IRIRTidug saavadlauinnaxindnd
waswnaduladduuasduloarduauasiienermidu
geanagil 132.382 MPa Sallmuudusadaendneraiy

v P w v I3
urarpulvndniasuussnisdulaisuaudssanm




113

nlsinmsR e mn e sl RS 38
Tufl 16 - 19 nsng e wa. 2567 Jawlalnustil

AMM-0037

a.62 i dowfaudouivlevinaouindnd a3uuse
saedulad funasidularivauuasinisd fuus
nssuuMstugY wuiimasidugaanvedauinnan
TndAnitengaiumitlayinrouTndniluiswnsufuss
AszUILNATUsEINA 54.6% uazlpiTeuidiou fuapy
TwdnwuiAtanuudaus sivaninanlndniiaiuson

wauleeuausmiomiog 2. 190 Asuandlusisied 3

115790 3 MU URIATILLALN 15AR 98

QRN ] ATATMLAUIATTHARLED
sewdnalauanaulnwinriau
W & i
uazwaInsUTuLH i 54.64%
"4
ATV

sewiarmulndnuaslaysa
anulwdnAoun LSS dpen 463 1

r
nEsuIunTsiugy

sewhsrmilwinuasleusa
aanindnudanisuivyse waandi 21 wh

ki
nEsuIUnTsiugl

4 Agduanisiniiuam

swidedidunsiudulsnessueiidsiaign
uariufinsfudiadassnaniduludueseintas
levinneulndnilinusiuivend 15Ty wasasisaoy
AuALTRTINaRIE M PREIUATIATUY UL TIRRE TR
Anwn aU§uganssuIum siugiaen Uiy
mslidnseamifau WgliEnend siulanuninanas
ataiauinasdriulFAfudulsuuesatiudadll
vitadpafunisvililavinneuindndeuantyw al
Faprnudouiigaiuly wdsmemsnasuruandia
A TUURTIRRIENUTT ARAuRIqredlauie
noxlwAndlA gy 54.64% danSauisuivlavia
pasilwdnliiunisufulsiisarumaius sd s
Tupdausaininiiugadu 16.9% Wudeaiy da
WisuisufuassIndEniiaduussizoduloduased
iulaanduan) woindfldiireiduuasiluadauswingm

- ] . o w o
ViuaanTIweEs 2.1 war 1.25M7 ®13@818 U 24970

arsAnwtuuaniliduiinmslddilenesnias
HTUNIEU Y miﬂuﬁ_ﬂﬁmu wwanillAmuandiidang
fimboy vasiuuumiadiastudulvansssueilld
ionewwunstEnunddulefilfannsdnasissisia

st mall

5 nasdteBa

[ 1] Hyer, MW, (1998). Stress Analysis of Fiber-
Reinforced Composite Materials, The McGraw-Hil
Companies, Mew York.

[2] Kaw, AK (2006). Mechanics of Composite
Matenals, Taylor & Francis, Mew York.

[3] Khalid, M.Y., Al Rashid, &., Arif, Z.U., Ahmed, W.,
Arshad, H. and Zaidi, A& (2021). Matural fiber
reinforced composites: Sustainable materials for
emerging applications, Resulfs in Engineering, vol.
11(1), Septernber 2021, pp. 100263

[4]Liew, K.B., Goh, C.F, Asghar, 5. and Syed, HK
(2021). Overview of Mechanical and Physicochemical
Properties  of  Polymer  Matrix  Cornposites,
Encyclopedia of Materials: Compasites, vol1.(1), July
2021, pp. 565-576.

[ 5] Ebewele, R.C. (2000). Polymer Science and
Technaology, CRC Press, Florida.

[ 6] EL-Sonbati AZ (2012). Thermoplastic -
Composite Materials, InTech, Croatia.

[7] Rajak, D.k., Pagar, D.0., Menezes, P.L. and Linul, E.
(2019). Fiber-Reinforced  Polymer  Comnposites:
Manufacturing, — Properties, and " Applications,
Potymers, vol. 11(10), October 2019, pp. 1667

[8] Ateeq, M. {2023). A stateof art review on recycling
and remanufacturing of the carbon fiber frorn carbon
fiber polymer cormposite, Composites Part C: Open
Access, vol.12(1), October 2023, pp. 100412,

[%] Ming Ming, I\W., Azmi, Al, Chuan, LC. and
Mansor, AF. {2018). Experimental study and

empirical analyses of abrasive waterjet machining for




114

malsepivmnrsaTsinnsmeisnawinlewalg pis 28
Fudl 16 - 19 n3ngRa WA 2567 Sardaiusil

AMM-0037

hybrid carbondglass fiber-reinforced composites for
improved surface quality, The interational Journal
of Advanced Manufacturing Technology, wol. 9519),
April 2018, pp. 3809-3822.

[10] Sarkar, F., Akonda, M. and Shah, DU, (2020).
Mechanical Properties of Flax Tape-Reinforced
Thermoset Composites, Matedals, wol. 1 3 (23},
December 2020, pp. 5485.

[11] Banerjee, A, ef al. (2023). Fabrication and
characterization of weld attributes in hot gas welding
of alkali treated hybrid flax fiber and pine cone fibers
reinforced  poly-lactic acid  (FLA)  based
biodegradable polymer composites: studies. on
rmechanical and maorphelogical properties, foumal of
Materiols Research and Technology, wol. 27 (1),
Movember 2023, pp. 272-297.

[12] Davies, P., et al (2023). Recycling and ecotoxicity
of flax/PLA composites: Influence of seawatar aging,
Composites Part O Open Access, vol. 12{1), October
2023, pp. 100375,

[13] Kandermir, A., Longana, M.L., Hamerton, I and
Eichhern,  SJ. (2022).  Developing  aligned
discontinuous flax fibre composites: Sustainable
rmatrix selection and repair perfarmance cf vitrirers,
Composites Part 8: Engineering, vol. 28 3(1), August
2022, pp. 110139,

[14] Pantaleni, D., Rudclph, A.L., Shah, D.U., Baley, C.
and Bourmaud, A (2021). Interfacial and mechanical
characterisation of biodegradable polymer-flax fibre
composites, Composites Science and Technology,
vol 20101}, January, pp. 108529,

[15] Dittenber DB. and GangaRao, HV.S. (2012)
Critical review of nacent publications or Use (of
natural. composites in infrastructure, Composifes
Part A: Applied Science and Manufocturing, wvol
43(8), August 2012, pp. 1419-1429.

ME-NETT 38" {3

RULTT 2024

[18] Pil, L., Bensadoun, F., Pariset, ). and Verpoest, I
(2018). Why are designers fascinated by flax and
hernp fibre compasites?, Composites Part A: Applied
Science and Manufocturing, wvol. 83 (1), Aprl 2016,
pp. 193-205.

[17] Moudood, &, Rahman, A., Khanlow, H.W., Hall,
W, Ochsner, A and Francucc, G. {2019)
Ervironmental effects on the durability and the
mechanical performance of flax fiber/bio-epoxy
composites, Composites Part B Engineering, wol.
171{1), August 2019, pp. 284-293.

[1&] Williarm, 1, Callister, D, Rethwisch, D.G. (2018).
Materials science and engineering : an introduction.
Haboken, Wiley, New Jersey.

[19] Shah , . U., Schubel, P. J., Clifford, M. J. and
Licence,  P. {2014}  Mechanical  Property
Characerization of Aligned Plant Yam Reinforced
Thermoset Matrix  Composites  Manufactured  wvia
Wacuurn Infusion, Polymer-Plastics Technology and
Engineering, wol. 53(3), February 2014, pp. 239-253.
[20] Kim, H. B, Oh, 5H, Jeong, ¥. G., Kim, H. 5., Fark,
B.G.. and Park, 1.5 (2023). Effects of heat treatment
on the microstructure and flexural mechanical
properties of carbon fiber reinforced composite
cured by electron  beam, Mateniols Today
Communications, wol. 37(1), December 2023, pp.
107181.

[21) Zhane, Y., Li, Y., Ma, H., Yu T, {2013). Tensile and
interfacial properties of unidirectional flax/glass fiber
reinfarced hybrid compaosites, Composites Science
and Technology. val. 88{1), Novermnber 2013, pp.172-




115

SCMO0019

14th Int. Conf. on GEQOMATE 2024,
Pattaya, Thailand, 13-15 Nevember 2024

EVALUATING THE IMPACT OF FURNACE CHARCOAL POWDER
ADDITION ON THE FLEXURAL PROPERTIES OF NATURAL FIBER
REINFORCED COMPOSITES

Kitsana Khodcharad', Kreetiwat Chaiyasin®, Wipada Boransan®, Watcharapong Patangtalo' and Veena Phunpeng'”
"Mechanical Engineering, Suranaree University of Technology, Thailand
2 Mechatronic Engineering, Suranaree University of Technology, Thailand
? Center of Excellence in Innovation for Sustainable Infrastructure Development, Suranaree University of
Technology, Thailand

ABSTRACT

The increasing use of composite materials across various industries is driving interest in reinforcing them with
natural fibers as a sustainable alternative to synthetic fibers, Plant fibers such as flax, bamboo, hemp, and jute are
cost-cffective and environmentally friendly options being explored for structural applications in furniture,
buildings, decorative materials, sporting equipment, and unmanned aerial vehicles (UAVs). While natural fibers
cannot completely replace synthetic ones, incorporating carbon powder (waste from furnaces) as an additive can
enhance the flexural properties of composites. This study investigates the flexural properties of composites
reinforced with flax fibers and examines the influence of additives by adding charcoal powder at 5%, 10%, and
15% by weight of the resin. The three-point bending test evaluation of flexural properties revealed that the amount
of Furnance Carbon Black (FCB) filler significantly influences the mechanical properties of the flax fiber-
reinforced composite. Adding 15% FCB exhibited the best mechanical propertics when used in conjunction with

flax fibers.

Keywords: Flax fiber, Natural fiber-reinforced compogite, Waste Furnace, Flexural properties

INTRODUCTION

The continuous rise in the deployment of
unmanned aerial vehicles (UAVs) in the commercial,
military, and even personal drone sectors is readily
apparent [1]. The predominant material used in drone
manufacturing is composite materials, particularly
those favored for their extraordinary mechanical
properties. These properties make composites highly
desirable in the drone industry, such as for landing
gear systems, where they provide structural integrity
and compenent durability [2].

The production of composites with synthetic fiber
reinforcement, such as carbon and glass fibers, will
create waste that is difficult to dispose of and may be
toxic to in the future and could pose toxicity risks to
humans as well [3]. Natural fibers have gained
popularity due to their environmental friendliness,
cost-effectiveness, and suitability for applications
such as food packaging [4]. In composite
manufacturing, flax fibers, known for their high value
and superior quality, have seen significant growth in
use and performance improvement. However, their
environmental sensitivity, such as high moisture
absorption, can reduce their tensile strength
properties. Chemical enhancements such as alkaline
have been effective in increasing the durability and
strain resistance of flax fibers [5, 6].

The interest in improving the properties of natural
fiber reinforcements through composite

483

manufacturing processes has been widely studied.
Various methods have been explored. including
chemical treatments, surface coatings, and the use of
particulate additives. The use of particle additives has
become prevalent due to their ability to enhance
specific  properties  and  meet  application
requirements.  Glass  microspheres  have been
extensively researched and employed as additives in
synthetic fibers, significantly improving fiber surface
adhesion [7]. Immanuel [8] demonstrated the
potential of using clectronic waste, such as discarded
CDs, as additives in composites reinforced with
natural fibers like banana fibers. The study found that
the mechanical properties of the composites
improved when 10% CD powder by fiber weight was
added, indicating that natural fibers and additives can
effectively reinforee epoxy matrices. In some cases,
natural additives such as finely ground tamarind seed
powder can be used as fillers in natural fibers,
enhancing their flexural and tensile propertics [9].
Additives can be incorporated during the polymer
matrix production process or added during matrix
preparation  before  composite  manufacturing.
Rescarchers are focusing on developing composite
materials using natural additives, and they have
observed that eomposites with natural additives
exhibit superior performance compared to those
without any additives [10].

Natural fillers play a crucial role in utilizing
rencwable resources to enhance the mechanical




116

GEOMATE — Pattaya, Thailand, 13-15 November 2024

properties of fiber-reinforced  composites.  For
instance, the successful addition of wood charcoal
powder at 4% by weight has improved the tensile
strength of composites [11]. The additions have
significantly enhanced the flexural resistance of
composites, making the developed materials more
suitable for further applications [12, 13]. The addition
of wood charcoal additives (5% wood charcoal)
significantly improved the hardness and wear
properties of the material [17]. Furthermore, the use
of wood charcoal powder derived from jute as a filler
in  the aluminum composite matrix  yielded
satisfactory results, notably enhancing the tensile and
flexural strengths of the matrix with a 1% addition
[18].

This research presents an evaluation of the impact
of using Carbon Black charcoal additives derived
from furnace waste (FCB) residue in the preparation
of epoxy matrices during the production of flax fiber-
reinforced composites. The study's goal is to look at
the mechanical properties, especially flexural
resistance, to help figure out how to use additives
made from industrial waste to make composites
stronger so that they could be used in the future in
some parts of unmanned aerial vehicles (UAVS).

MATERIALS
Fiber

A unidirectional flax fiber (Fig. 1) with a surface
weight of 200 grams per square meter serves as the
reinforcing fiber in the manufacturing of composite
materials, The 6 layers of the unidirectional flax are
lzid up in the same direction at 0 degrees, [0°]s.

Fig.] Flax fiber
Mairix

The matrix used in the manufacturing process is
cpoxy resin ER550 (Fig. 2) , with a hardener ratio of
100:35, which is the ratio used for the composite
manufacturing process with furnace waste powder
being used as part of the matrix.
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Fig.2 Epoxy Resin ER550
METHOD
Composite Manofacturing

Vacuum bagging is the composite material
forming process used in this study. The main
advantage of using a vacuum system is that it helps
the fibers to compress more effectively. The size of
the specimen is determined according to the ASTM
D7264 standard [14], and it is initially formed with
dimensions of 200 = 150 mm* before being trimmed
into 5 test specimens (Fig, 3).

The matrix for each test configuration is prepared
with the addition of charcoal derived from furnace
pawer, at concentrations of 5% wit, 10% wt, and 15%
wt of the matrix weight, since most of the data used
as references in the part related to the addition of
additives to the matrix lo be used as ingredients in
making composite materials, the amount of additives
is mostly not more than 20% in order to prevent the
composite materials from being too brittle. In
addition, the researcher has experimented by using
FCB additives at the amount of 20% of the matrix
weight, which found that the magnetic stirrer could
not stir the resin and additives to be satisfactory due
to the viscosity of the resin itself and the amount of
additives that were too much, For that reason,
research is set to analyze only 5-15% of the additives
as specified. The matrix and additives are mixed
together using a magnetic stirrer at a speed of 600 rpm
for a total of 30 minutes. Afterward, the hardener is
added at a ratio of 100:35 and the mixture is stirred
briefly before being prepared for the forming process.

The mold is cleaned with acetone and eoated with
polyvinyl alechol (PVA) or mold release wax. Then
the flax fibers are laid and coated with a resin mixture
of filler and hardener. The fibers are laid over and
repeated until all 6 layers are completed (Fig. 4). The
peel ply is placed on top of the last fiber layer, release
film and breather resin absorbent cloth in order (Fig.
5). When the composite is fully prepared, the process
is sealed with a vacuum film connected by a vacuum
connector Lo a vacuum pump and the air is sucked out
to create a vacuum system and to press the fibers




117

GEOMATE — Pattaya, Thailand, 13-15 November 2024

together tightly.

After manufacturing the composite using the
vacuum bagging method (Fig., 6), the composite is
placed in an oven for resin curing to achieve
maximum performance [19]. The curing profile (Fig.
T} illustrates the process of curing at 100 °C for 3
hours, then cooling down to room temperature. The
prepared  composite materials arc stored at a
controlled temperature in a closed room to prevent
water absorption, and they are taken out for flexural
testing.

WVacuutn
connector

Peel ply Mm“ﬁi’f’uﬂ"'

Vaeuurn film

Mald Flax laminate
Sealant tape

Fig.3 Vacuum bagging system
Roller Resin + Hardener = Filler

 Flux Fiber

Fig.4 Composite Lay up
o Vaguum film

N\:‘H Breather
Release film

™~
[ gl

Flax fiber

Fig.5 Composile manufacturing

k_lﬂ

Fig.6 Composite fully prepared
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Fig.7 Temperature profile curing resin
Flexural Testing

The flexural testing of the composite materials
follows the ASTM standard using a 3-point bend test,
The specimen’s tests were performed on a universal
testing maching (UTM) with a 100 kN load cell
capacity. Loading and environmental considerations
were made in accordance with standard criteria for
flexural bending (test conditions are at 25 °C with
50% humidity), 20 samples with a thickness of 46
mm, thickness-to-span ratio of 1:16, and dimensions
of 150 % 15 mm® were evaluated in experiments at a
continuoeus testing rate of 2 mm/min till breaking, and
an average of 20 sample readings are obtained (see
Table 1). The maximum load was used to calculate
the flexural strength of the material refer to "Eq, (1)".

_ 3FL
o= 5 )

Where @ is the flexural strength, F is the maximum
force applied to the specimen, L is the width of the
support span, b is the width of the test specimen and
h is the thickness of the test specimen.

Table 1 Dimension and additive added of specimen

FO 0% 150 x 15 mm? 4.52 mm
F5 5% 150 x 15 mm?® 5.23 mm
F1r 1% 150 % 15 mm’ 6,21 min
F15 15% 150 x 15 mm? 6,98 min
Testing rate of crosshead 2 mm/min
RESULTS AND DICUSSION

In the evaluation of the influence of FCB additives
on the flexural properties wsing a UTM testing
machine, it was found that the load performance of
the test specimens increased with the amount of FCB
additive at 10% and reached the highest at 15%.
However, using FCB at 5% showed a decrease in the
load performance of the composites, which may be
due to poor bonding (Fig. §) between the fibers and
the FCB (Fig. 9).

The deflection figure shows the deflection range
of the composites, observed to be between 6 and 8
mm, The values decreased at 5% and 15%, indicating
increased brittleness of the composites. However,
using FCB at 10% showed higher deflection values.
Considering the load performance, using FCB in the
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range of 10-15% may result in better load
performance and suitable deflection compared to
using 5% (Fig. 10},

Poor bonding

Fig.8 Poor bonding of composite

450 418,70

——Load

0 5 10 15
FCB (%wt)

Fig.9 Load variation with percentage of FCB
content

10
g 860 .00

Deflection (mm)

=t [heflection

5 i 15
FCB (%wt)

Fig.10 Deflection variation with percentage of
FCB content

The flexural stress of the composites tests
revealed that using FCB at 5% showed the lowest
load value, consistent with the previously mentioned
lowest flexural performance. This indicates that using

FCB at 5% is not snitable as an additive concentration.

It is recommended to use 10-15% for better and more
consistent composite properties. The observed
flexural strain  values continuously  decreased,
indicating reduced deformability and increased
brittleness of the composites (Fig. 11).

Using FCB at 5% and 15% resulted in a slight
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increase in the flexural modulus, mdicating that the
composites  distributed stress well and showed
minimal deformation (Fig. 12).

—— Fousl Siest pop
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Fig.11 Flexural Stress variation with percentage
of FCB content
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Fig.12  Flexural Modulus variation with
percentage of FCB content
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Fig.13 Strength to Weight ratio variation with
percentage of FCB content

Fig 13 shows the ratio of strength to weight for
materials with various additive percentages. It is
observed that the highest ratio is achieved with a 15%
additive. Typically, the landing gear set of an
unmanned aerial vehicle (UAV) made from




119

GEQMATE — Pattaya, Thailand, 13-15 November 2024

aluminum has a strength-to-weight ratio of 6.94
MPa'g [15]. This makes flax fiber-reinforced
composites a more sustainable and envir Iy
friendly option for such applications.

The evaluation of FCB's influence revealed the
highest load performance was observed at 15%,
capable of supporting approximately 40 kilograms,
This is sufficient for use in UAV landing gear, which
must support an overall structural weight of about 5~
10 kilograms. This makes it a viable alternative to
alumimum, which is commonly used in such parts,
and a more sustainable option.

CONCLUSION

The impact of using waste-derived additives such
as FCB on the evaluation of the flexural strength of
flax fiber-reinforced composites has shown that FCB
significantly enhances the mechanical performance
of the composites. The compatibility between natural
fibers and this natrally derived filler promotes
improved flexural propertics. The use of 15% FCB
was found to result in the best performance in terms
of load-bearing capacity, deflection, stress, strain, and
flexural modulus. This makes the composite an
excellent candidate for use in unmanned aerial
vehicle landing gear components as a sustainable and
environmentally friendly alternative to aluminum,

The results of this study promote the utilization of
industrial waste as additives in composite materials to
enhance their properties. However, this indicates that
the ductile nature of polymer changes into brittle with
waste particulate addition [16]. The addition of fillers
into the matrix has a positive effect on fiber adhesion
and improves the flexural strength of the composite
materials.

Eeo-friendly composite materials represent a new
approach to address the potential environmental
impacts of these waste streams and provide a
framework for the use of composites that promote the
recyeling of resources, which helps preserve value in
the form of energy and thaterials.
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Abstract. Sandwich compesite structures are extensively utilized in diverse sectors due
to their lightweight characteristics and superior strength in comparison to alternative
materials, as well as their exceptional thermal and electrical insulation features. In order
to meet the necessary thickness for structural purposes, it is necessary to have a core
material placed between the composite face sheets. The core must efficiently support
loads without substantially augmenting the total weight of the construction. The study
employed a 2.5 mm thick recycled Lantor Soric core, which was combined with face
sheets composed of flax fibers and an epoxy resin matrix (ER570) using the vacuum
infusion technique. This technique guarantees a robust bond between the core and face
sheets, eradicating any air pockets or empty spaces inside the structure. The objective
of the study was to assess the performance of buildings constructed using these materials
using a Universal Testing Machine (UTM) and according to ASTM C393/C393-M
standards. The key variables evaluated encompassed the most suitable thickness of the
core for practical uses, the stress exerted on the face sheets, the ability of the core to
resist bending, and the strength of the core in resisting shear forces. The findings
demonstrate that a composite sandwich structure, including a core thickness of 7.5 mm,
had favorable outcomes in terms of its ability to bear loads (839.8 N), its deflection (8
mm}, the stress on its face sheets (131.58 MPa), its flexural modulus (24.6988 GPa),
and the shear strength of its core (3 MPa). These findings indicate that a core thickness
of 7.5 mm yields optimal performance for this particular composite construction. This
thickness not only ensures efficient functionality but also promotes sustainability by
utilizing natural materials instead of manufactured alternatives.

Keywords: Flax fiber, Flexible core, Sandwich Structure, Matural Fiber Reinforced
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1. Introduction

Sandwich composite materials are employed in structural and semi-structural applications across various
industries and have seen a continuous increase in use due to their exceptional mechanical properties.
The production of sandwich composite materials involves a range of forming processes tailored to the
specific requirements of the application. The primary component of these materials is the face plates,
with a core inserted between them. This core is crucial for increasing the material's thickness while
maintaining a low overall weight. The incorporation of natural materials, such as reinforcing fibers,
recycled core materials, or even natural core or matrix materials, is also gaining attention, Natural
reinforcing fibers, including flax, bamboo, and hemp, serve as examples of the integration of natural
fibers in composite materials and industrial components [1].

The recyeled core material Lantor Soric, a highly flexible core utilized as an example in this study,
is derived from recycled PET bottles, making it a more sustainable choice due to its use of malterials
from waste resources. Additionally, this core is designed to be compatible with flax fibers, which are
natural plant fibers frequently used as reinforcements in composites. Flax fibers are valued for their
relatively high specific strength, widespread availability, low cost, and environmental benefits [2, 3].
Their strength is comparable to that of some synthetic fibers [4-9]. Consequently, flax fibers will be
employed in this study to enhance the environmental sustainability of the sandwich structure [10].

Current research focuses on the impact of core material thickness on the mechanical properties of
sandwich structures. Variations in core thickness can significantly alter these properties. Studies such
as those by Yash G.[11], demonstrate that increasing core thickness generally leads to enhanced flexural
strength. Similarly, research by Qin Z. [12], indicates that greater core thickness results in increased
axial compressive load capacity.

This study investigates the use of a 2.5 mm thick Lantor Soric is shown in Figure 1(d), elastic core
in combination with a flax fiber-reinforced face sheet, co-molded using the Vacuum Infusion Process.
The flexural strength of the resulting sandwich composite structure will be evaluated across various core
thicknesses, with testing conducted using a Universal Testing Machine (UTM). The experimental results
will be compared with theoretical calculations to assess specific properties, and the findings will be
synthesized to draw comprehensive conclusions.

1. Methodology

2.1 Materials

The reinforcing fibers used are unidirectional flax fibers is shown in Figure 1(a), with a weight per unit
area of 200 g/m® arranged in three layers on each surface sheet, all oriented uniformly at 0 degrees.
These fibers are co-molded with an ER570 resin matrix is shown in Figure 1{b), utilizing a hardener at
a ratio of 100:35, along with a Lantor Soric core is shown in Figure 1(c),

&)
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(d)
Figure 1. Flax fiber (a), matrix (b), lantor soric core (¢) and stacking sequence (d)

2.2 Manufacturing

The sandwich composite materials are manufactured with the Vacuum Infusion Process. The fibers and
core are arranged in the mold in the sequence of the face sheet followed by the core, and are then covered
with a peel ply, infusion mesh, and vacuum film, respectively as shown in Figure 2. This method is used
in the same way as for forming workpieces with 2-4 additional cores, that is, by placing the cores in an
overlapping manner before placing them with fibers to form a surface sheet before entering the sequence
of using vacuum to perform Vacuum Infusion. To achieve complete incorporation of the matrix, the
resin and hardener are combined using a magnetic stirrer operating at a velocity of 600 rpm for a duration
of 30 minutes. Subsequently, the blend is introduced into a resin chamber to climinate any air bubbles
prior to being sucked into the vacuum system located inside the mold for 15 minutes. The initial
dimensions of the sandwich composites are 210 x 100 mm?, and it is then divided into test specimens
with dimensions of 200 x 15 mm?. This combined molding technique ensures a strong bond between the
core and face sheet (Vacuum Infusion Process in Figure 3a), superior to the bond that would be achieved
if they were molded separately and then assembled later (Vacuum Bagging Process in Figure 3b) as
shown in Figure 3. In all test specimens, the same forming procedure was specified, which is the Vacuum
Infusion Process (Figure 3a).

Figure 2. Sandwich composite Manufacturing
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Figure 3. SEM compares simultaneous forming (a) and subsequent assembly (b)

2.3 Flexural Test

The flexural strength of the composite sandwich structure will be tested in accordance with the ASTM
C393/C393M test standard[13]. This standard outlines the assessment of many characteristics, such as
force, deflection, stress, flexural modulus, flexural rigidity and stiffness. The experiments will be carried
out with a 100 kN Universal Testing Machine, model LD100. A total of 20 test specimens will be
fabricated, with 5 specimens tested for each core thickness. The test crosshead speed will be set at 6
mm/min, and the span will be adjusted to 150 mm, as prescribed by the standard as show in Figure
4. The test data are presented in Table 1.

tupportng pin Supponmeg pn

a ‘ i W 4

’ A
- MPPONng 558, -

Figure 4, Example of placing test pieces in a UTM testing machine

Table 1. Specimen designations.

Total Core  Face sheet Specimen

Core . g : : Specimen Crosshead
Sample Thickness Thickness Dimension A
Layer (oam) i) (o) Thickness (mm) Speed
Cl1 1 25+0.2 52+02
C2 2 5+02 7.7+02 .
3 3 75402 s 130213 102 50 A W5 Trv/min
C4 4 10+0.2 12.7£0.2
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2.4 Facing Stress
The Facing stress properties of the sandwich structures are calculated using the equations provided in
the ASTM standard, as outlined (i.e., (1)).
Proax’
2t(d+c)b @

o=
where:
o is facing stress, MPa
Prax 18 maximum force prior to failure, N
is span length, mm
is facing thickness, mm
is sandwich thickness, mm
is core thickness, mm
is sandwich width, mm

[=ai I =" ]

2.5 Core Shear Ultimate Sirength
The calculation to determine the core shear ultimate stress properties along the axis is provided in the
test standard and is outlined (i.e., (2))
ult — _Pmax

Fs™ = favom @
where:
FYt ig core shear ultimate strength, MPa
Prax 18 maximum force prior to failure, N
d is sandwich thickness, mm
c is core thickness, mm
b is sandwich width, mm

3. Results and Discussion

3.1 Behavior under bending load

The test results for the composite sandwich structure specimens revealed that the specimen with 3 layers
of core and a core thickness of 7.5 mm (specimen C3) exhibited the maximum force distribution as
shown in Figure 5, with a recorded maximum force of 839.8 N. In comparison, specimens with 4 layers,
2 layers, and 1 layer of core experienced maximum forces of 742.418 N, 556.41 N, and 374.52 N,
respectively. Additionally, when evaluating deflection, the composite sandwich structure with 3 layers
of core exhibited the smallest deflection distance, approximately 8 + 0.2 mm. This indicates that the 3-
layer core specimen demonstrated superior strength and stability relative to other core thicknesses.

830.8 12

s
g £
z < E
=1 ] 2
g S 8
= 4 =
a

0 o
1 2 3 4
Deflection {rnm) Core Layers

Figure 5, Force and deflection distribution
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3.2 Facing Stress

The stress values at the face plate area were calculated based on the maximum foree applied to each test
specimen as shown in Figure 6. The maximum face plate stress of 131.58 + 3 MPa was observed in the
specimen with 3 layers of core and a core thickness of 7.5 mm. For specimens with 4 layers, 2 layers,
and 1 layer of core, the stress values were estimated to be 76.6814 + 2 MPa, 120.318 <+ 2.5 MPa, and
119.83 = 2.5 MPa, respectively. Notably, the composite sandwich structure with 4 layers of core and a
core thickness of 10 mm exhibited the lowest stress resistance. This reduction in stress resistance may
be attributed to the increased core thickness, which could have rendered the material more brittle
compared to the other core configurations.

150
13158 o 200 905 0.05

= 120,32 119.83 E -

B —

15
2100 & 1% E
2 @ - =
g £ 100 |, g
7 @ 115,83 12032 =
# 50 g 3
-] — g
Y @
P i Stress - Sirain
0 i i} o
0 0.02 0.04 1 2 3 4
Strain {mm/mm) Core Layers

Figure 6. Farcing stress and strain distribution

3.3 Modulus analysis

The calculation results as shown in Figure 7 for the flexural modulus of the posite sandwich
structure indicated that the core with 3 layers and a thickness of 7.5 mm exhibited the highest flexural
modulus, measuring 24.6988 GPa, compared to other core configurations. This suggests that the 7.5
mm. thick core can withstand greater forces and experiences less elongation, making it more suitable
for use in force-bearing structures than the other cores.

Flexural Modulus (GPa)

—&— Flexural Modulus

Core Layers
Figure 7. Modulus of flexural in different core size
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3.4 Core Shear analysis

The shear strength within the core of the composite sandwich structure as shown in Figure 8 was found
to be approximately 3 MPa for core thicknesses of 2.5 mm, 5 mm, and 7.5 mm. [n contrast, the core
with a thickness of 10 mm exhibited the lowest shear strength at 2.25 MPa. This finding is consistent

with the manufacturer's specifications, which indicate that the shear strength of this type of core should
be around 3.5 MPa.

[

=
&
=
=¥ 1
3.36
5 318
% & 3.04
= i . 225
z g
e« Core Shear
©o 2 3 4

Core Layers

Figure 8. Core shear ultimate strength in different core size
A summary table of the test results is presented in Table 2 below.

Table 2. Specimen designations.

Specimen  Load- | Facing Facing Flexural
Sample Sf I; Thickness Bearing Dc(r;l..:-cn r:;un Stress Strain Modulus Stsr]:;:th
Y (mm) (N) (MPa)  (mmimm)  (GPa) “yps)
Cl 1 5202 374.5 10.47 119.83 0.05 9.43 3.36
C2 2 T7+£02 55641 9.99 120,32 0.03 13.45 3.04
C3 3 10202 B398 8.06 131.58 0.02 2470 318
c4 4 127+02 74242 1042 76.68 0.03 16.23 2.25

3.5 Failure of each specimen

Examples of failure in each type of test specimen are shown in Figure 9. In the 1-layer core (Figure 9a),
2-layer core (Figure 9b), and 3-layer core (Figure 9¢) specimens, the bottom face plate is fractured and
debonded, while the core is fractured. The top face, however, remains strongly bonded to the core. In
contrast, the 4-layer core specimen (Figure 9d) shows failure with the bottom face plate fractured and
debonded, the core fractured through to the opposite face plate, and additional debonding observed.
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C Core
" Ll Fractured
Fractured

et 3 4
B
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Core
Fractured Fractured

(©) (d)

Figure 9. Failure in each type of test specimen, 1-layer core (a), 2-layer core (b), 3-layer core (c),
4-layer core (d).
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4. Conclusion

This study evaluates the appropriateness of utilizing Lantor Soric flexible cores in sandwich composite
constructions to analyze load-bearing performance and other special characteristics. Testing shown that
this particular sort of adaptable core is highly compatible with the integration of fiber flax faces utilizing
the vacuum infusion procedure. This technique make the bond interphase between the fiber and core
strong, preventing the production of any air pockets or empty spaces in the final result. The core witha
thickness of 7.5 mm, consisting of three layers, had the highest load-bearing capability, enduring a
maximum force of 838.9 N. Additionally, the highest values for stress resistance in the face sheets and
maximum flexural modulus were also found in this three-layer core. Specifically, the facing stress was
131.58 MPa, and the flexural modulus was 24.6988 GPa. The core with this configuration also exhibited
the minimal deflection. In conclusion, the use of Lantor Soric flexible core material as a thickness-
enhancing core in composite materials demonstrates optimal performance in both load-bearing and
deflection characteristics. For optimal outcomes, it is advised to utilize a core thickness of 7.5 mm.
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Abstract
This study compares composite materials using synthetic resin matrices and bio-resin matrices derived
from plant sources, with foam care layers of Lantor Soric made from recycled PET plastic added in 1, 2, 3, and
4 layers. The bending behavior and morphology of the materials were evaluated using Scanning Electron
Microscopy (SEM). Results show that increasing the number of foam core layers enhances the strength and
flexibility of the compo-site materials, with the 4-layer foam core composite exhibiting the ‘hishest strength.
Additicnally, composites using bio-resin matrices demonstrate superior bending properties compared to those
using synthetic resin matrices. SEM analysis reveals strong bonding between the resin and foam core, with no
delamination, indicating a well-integrated structure and efficient resin distribution. The materials used, including
flax fibers, bic-resin matrices, and the Lantor Soric core made from recycled PET, are all envircnmentally friendly,
reducing reliance on petroleum-based. resources and minimizing environmental impact. This approach aligns
with global sustainability efforts by materials sustainably and supporting the circular economy, providing a

promising altermnative for producing high-performance, eco-friendly composite materials that meet both
performance and sustainability goals.

Keywords: Bio-resin matrix, Sandwich composite, Natural reinforced composite, Flexural properties, Morphology
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