
UNIVERSITI TEKNIKAL MALAYSIA MELAKA 

SIMULATION AND APPLICATION OF NATURE 
FIBER/POL VESTER ALUMINUM HONEYCOMB FOR THERMAL 

ANALYSIS FOR MALAYSIAN SHELTER APPLICATION 

MUHAMMAD AMIN SHAFIQ BIN MOHD RAMLI 
 

BACHELOR OF MECHANICAL ENGINEERING TECHNOLOGY 
(REFRIGERATION AND AIR CONDITIONING SYSTEMS) WITH 

HONOURS 

2023 



!J~ Llo J~ · ?::=-.:; . ~, ,,_ ~--' \ .. .. .. .. ~.. v ~ .. .. 
UNIVERSITI TEKNIKAL MALAYSIA MELAKA 

Faculty of Mechanical and Manufacturing Engineering 
Technology 

Simulation And Application Of Nature Fiber/Polyester Aluminum 
Honeycomb For Thermal Analysis For Malaysian Shelter Application 

Muhammad Amin Shafiq Bin Mohd Ramli 

Bachelor of Mechanical Engineering Technology (Refrigeration And Air 
Conditioning Systems) with Honours 

2023 



Slnullatfoa And Applkatfon Of Nature lltbeco/Poi,ester Alw:nlnum Honeycomb llor 
Thermll Allalydl For Ma1ayllaD Shelter Appllcdon 

MV1IAMMAD AMIN SllAFIQ B1N MOHD RAMLI 

A 1hem submitted 
Ill ftillllmfflt orttae requlrementl tor die degree or 

Bachelor ofMechanklll Englneerhlg TeehnolORJ (Ilda lgu don ADii Air 
Condlffontn1 Systems) wffh HGll01lft 

Faculty ofMedumiw and. Manufacturing Eaglneerlng Technology 

UNIVERSm TEKNIKAL MALAYSIA MEI.AKA 

2013 



DECLARATION 

I declare that this thesis entitled "Simulation And Application Of Nature Fiber/Polyester 

Aluminum Honeycomb For Thermal Analysis For Malaysian Shelter Application" is the 

result of my own research except as cited in the references. The thesis has not been accepted 

for any degree and is not concurrently submitted in candidature of any other degree. 

Signature 

Name 
Muhammad Amin Shafiq Bin Mohd Ramli 

Date 20 January 2023 



APPROVAL 

I hereby declare that I have checked this thesis and in my opinion, this thesis is adequate in 

terms of scope and quality for the award of the Bachelor of Mechanical Engineering 

Technology (Refrigeration And Air Conditioning Systems) with Honours. 

Signature 

Supervisor Name 
=---~,..-- ·'· ~···································································································································· 

: Dr. u.111~ ..... 

Date : 20 January 2023 



DEDICATION 

This dimrtation ia dedicated to my beloved pemits Mohd Ram:li Bin Miida and K.am.ari8h 

Binti Jll&Oli, my family. and my mends wh<*! wyielding love, svpport, and 

111comagem111t have enhanced my soul and inspired me to plllllWI and complem this 

r:eeeen:h during a paMmnic. 



ABSTRACT 

Humans have used c:ompoaites furth1msands of ye.an. Nowadays, application af composites 
mare med widely in many types of indus1rial. A composite mm.rial is a solid material that 
ia formed by the combination of two or more distill.ct subslallcee,. each af which has il8 own 
set af propllrties, to produce a new substance that has ptupe:.1ies that are superior to those of 
the original campollel113 in a parlicular application. In addition. compoaitea obtain their 
extmoidinaiy qnnliti"' by mcuing fibmi of one substance within the matrix of anotheir 
8'lbstance,whichscrvesuthchost.Thecompositelmatmalconsit11ahuniniumhoneycomb 
u core a1aog the eheela peneJ. (111'P« and lower) aad nature :fiber reinforced as adhesive. 
Material p10pedi1111 af the Dll1Unl fibets and aluminium resean:h has bem done. 
Ullfortunately,Malaysiab.uwillletscdaomeofilawomfloodaforalong1ime.Manypeople 
have been ph}'Bically and emotiomlly impacted u a nmill Seven!. af them exp«ieDced 
property dainap and losses. Those who have lost their houses mu.st find the cl.esignated flood 
refuge. Undoubtedly, 1he shel1er will be full. as well as some refugea may have to remain 
in tents olltlide the ahelter. The mall!rial of the tenlll was insufficient to shield and comfort 
the refugees from all weather canditio!l8, eapecial1y extreme hoL In order to O\ler:come the 
pIOblcms, modelling and BHC"'!t\y 3D 11.Btun: fiber reinfim:cmcnt honeycomb which 8hcc:.t 
panel composite IUI skin while aluminium honeycomb as core 11Sing SOLIDWORKS. The 
3D model has exported into ANSYS to perform pimnletion lieeting of matmal properlica 
especially the thermal conductivity. Through 1he simulation fe'sting, the most effective 
thermal conduelivity af n.amre fibers can be detamhi~ coueapo!ld w.i1h pm>iowi reaeMCh 
afCheimal anal)'!is. A new composite mataiaJ. ean be identified in order to produce mataiaJ. 
af1enls with most effeclive thermal cond:lu:tivityfortlood milgees. 
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Mmmsia tclah mcnggimabn lromposit sclama bcribu-ribu lllhun. Pada masa kini, ap!ibsi 
kompoaitlebih digunakan 11C>CCa mclwul daWn pelbagaijmis indu.stri. Dahan komposit ialah 
bahm pepejal yazig terbeatuk d.ariped.a gabimgao. dua atau lebih bahan yang berbeza. setirp 
satunya mmnpunyai sifalnya sendiri, untuk. lllfJllghasilb:n bahim bam yang memp1myai sifilt 
yang lebih beik daripada komponen ual dalaln semaru ter1a1tu aplilwi. Se1aill im, komposit 
mempm>leh kualili llllll' biasa mcnka dcmgmi lillmllbungkua gcmlim Batu bBban dalam 
malriks behan lain, )'llDg bcTimgsi sebagai pe:rumah. Bahm kompositterdiri d.ariped.a sarans 
leblh aluminium sebagai tau di eepmjug pan.el Bp:iDgan (ates da:n bawah) daD. gm1iall. 
alam """'"'ajadi yang dipskubh sebagai pelebt. Sifirt bahan gllllian alam semulajadi daD. 
pell}"f!lidjbn aluminium telah dHaJmlnm Mal•ngnya. Malaysia telah mcnya!an1nm bebempa 
banjir tmburulmya aejak ..,kjsn lllma. Ramai onng telah t«jejaa secara fizikel clan cmolli 
ah'batnya. Bebezapa daripada mmb mmgalamj kcrosabn clan brugim halta bcnda. 
Mereb yang bbilmgim Nmab. mellli mencari tempat perlinilungim bmjir yang ditetaplam. 
Tidak dinafikan, tempat pmtindlm,gan akan pezwh. begitu jlJBa ses«engah pelarian mungkin 
tezpakaa tinggal cli khemah di 1uar tempat perlindungan Behan binaan kfinn•h lidak 
mencukupi untuk -1nuhmgi daD. mem.bcri kc:eelc11811D hpllda pelarian daripllda aemua 
keed•m cu.ca, terutamanya penas melempn. Bagi mengalll$i masalah tmeblli, pemodelan 
da:n pem•sengan samig lebah 1etulaDg gentian. alam semulajadi 3D yang panel lemblll'ID 
lmnpoeit sllhagai kulit mmakala sarang lebab almninium aebagai tmu men.ggunakan 
SOLIDWORKS. Model 3D telah dieksport c da1am ANSYS untuk meJaki1ktn ujian 
simnlasj mat bahan tm.dllmanya kekondubia:n haba. Melallli ujian sim.ulasi, ki:hmdi•man 
haba gc:otim alam semu1ajadi }'lWi paling bezlrcsan botch ditentubn sepadan dengan 
pmyeJidikan analisis haba tenlahuln. BahaD. komposit baharu boleh dilreMI puti. 1111.tuk 
mengbasilkan bah.an klwnah dtJngan kelwnclubi1111 hab11 paling b«kesan 'lllltuk. pelarian 
1.-:· .._11. 
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CHAPTER I 

INTllODUCI'ION 

1.1 BackgroU11d 

A composite material is a &01id maerial that ia formed by the combination of two or more 

distinct substances, each of which has its own set of properties, to produl:11 a new suhsbmce 

that has prop«ties that 11111 superior 1o those of the original compoDlll!ts in a pmticulal" 

application. Another name for 1llis type of material it a compositi:. Compoeitea arc aho 

bown u compositemaleriala. To 'bemorepreciae, 1be1am "compotite" refers to a material 

far building that hu been combined with other c:omponen18. 

In addition, composiles obtain their emacmlioary qualities by 111casiog fib11r11 of one 

substmce within the matrix of another substance, which serves as the host. Although the 

8lructura1 value of a bundle of fib en is mode6t.. 1he streug1h of individual fibers may be 1lSCd 

if 1bey m immea:secl in a ma1rix that serves es an adhesive and binds the fibers togelher to 

give 1he maerial. its solidity. This method.is known as matrix-encapsulation. The stiff fiber 

ia what provides the composite its muc:tura1 strength, while tba matrix is what shields the 

fiber :limn mvimnmental atnu and ph)'!ical damage, in addition to providing them with 

thermal. stability (BrilanDica. 2022). 

Tlle8e daya, honeycomb 88l1dwid1 hu been BllPJllied high pel'fu1m111ce for mech•nical 

stnmgth with linoar 1o light Wllight Sandwich COllS!rul:tions havo a core and layers of 

material, and honeycomb sandwich is one type of sandwich. They mab it possible to 

improve the mechlmical qi1wm ... without aignificmrtly inmluing Che wt!ight of the matmial. 
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Additionally. they strengthen the insulation against heat and sound Indirectly, honeycomb 

sandwich structural have been sel~ for this application of Nature Fiber/Polyest.er 

Aluminum honeycomb for Thermal Analysis for Malaysian Shelter because it is related and 

suitable with the research that is focusing on thermal analysis. This contrasts with the 

monolithic constructions, which are made up of overlapping fabrics with certain orientations 

and have a more intricate geometry. Because components of this sort are supposed to be able 

to endure the greatest possible loads on the structure, they are not app1opiiate for use in the 

research. 

Figure 1.1 Disasters due to floods 

The danger rating for a tsunami striking Malaysia in 2020 was 7,1 out of a possible 10, 

while the chance of floods was 6,6. Since 2003, Malaysia has witnessed some of its worst 

floods as illustrated in Figure 1.1, with over 6,000 people impacted by flash floods and 

landslides caused by flooding in 2017 (Statista, 2019). This statistic indicates that natural 

disasters occur often in om country. Many people have been physically and emotionally 

impacted as a result. Several of them experienced property damage and losses. Those who 

have lost their houses must find the designated flood refuge. 

2 



Undoubtedly. the ahelwr will be full. u well u aome refugee• may have to remain in tmte 

cnmide the shclta. The mamia1 of the tents was insuffkient to shield and comfort the 

refugees iiom all weather conditions, especially ex:b:eme hot. Therelim1, these DllW 

composite materiali will be more effective in tmns of durability, weight, and heat mrisbmce. 

Thus, deqite R'mirining in 1he tent, the refugee& will eiiperience greater comfilrt. 

1.l Pffblem. Stltemen.t 

It is 1mdmiah1e that our countty is always smprised by natural disuters that hit, esi-iallY 

seva:e floods. Bvcry year. many p~ Biid people have been affected by flooda. Thill ~llllllOt 

be dammed ~nee it is a natural di&uter in all& wol'ld md llllllt be faced by every resident 

In.diredly, the victims who have lost 1heir homes nwst be moved to the flood reserved ccnw 

fur tempo:nu:y placem"'lt. Scmietimos, because too many refi.igeK me placed in the cents, 

the place will be crowded and half oftbmn have to be placed in tents. There are various age 

groups among the refugees including infllll1s and the elderl.y. 'I'belefore, 1heir' temporary 

ahelwr should be comfortable in various aspeclll. 

Naturally the climate in our co1IDtry is always d,,mging, especially warm and cold wWher. 

This will affect the mfu,gees and give tbmn diac:ommrt throughout their stay in the tent. To 

ovmrome 1hia problem, nisesreh have been amied out r:el&Uld to 1luirmal amlyais :fm 

Malaysian Shelter Application by develop 3D sandwich honeycomb model simulation :fm 

nndam uamnI fiber composite ad their thenn•J conduclivity of 1he malaiaL 

3 



1.3 BINardl ObJeeUve 

The aim ofthi1 research is to build a amt that amtaina aD.llW composite marmia1 which beiIJi 

produ= to provide a convenience, comfonable and affordable for !he victim as a shelter. 

Two objectives arc made in order to achieve lbe aim of lllil project which ia: 

a) To develop 3D sandwkh model of 1hin·walled honeycomb with nature fiber 

composite panel uaiDg fiber l'811dom dia!nlrution method. 

b) To inYelliga1e tb.ermaJ. conductivity perfiirnhllftN; by varied Dah.R fiber component 

content. 

The scope oflllil n:aca:n:h are aa followa: 

a) Vllried DllWR fiber ICinfom:mcnt honeyromb which sheet panol composi~ u skin 

while aluminium. honeycomb 1111 core. Natural fiber ia mndomly distribW:d iD 

lmigitudinal direction was developed in 3D sjmulatian The research !jmjwt by 

lcmgitudinal fib tr direction is comidered during thermal analylis. 

b) Varied narurc fiber will be embedded rendomly to~ thermal conductivity for 

the composi~ mamial a11'UC1me. 

c) The maierial 1esting procm will be subjected on each new compo8ite maierial that 

selecmd.. 

4 



CHA PTER2 

LITERATURE REVIEW 

2.1 l».trodv.ction 

In this chapwr, it is clarified about imsaitation composite material ofNCUI\! Fiber/Polyester 

Al•UDimUD honeycomb in order to select the best natme fiber reinforced polyester for thermal 

analysis with a high lfl'el of llMll" sa1iafaction attributes. This section mnteins about all 

diacovme11 obCsined funn litaa1ure n:view11 ~ on mture fiber ad polyesta, 

compoaile material. honeycomb, material. seleclion. materials and m.e1hods, and thermal 

analysis of nature fiber reinfurced polymer composite, which derived from the joumala. 

article, intemat. and the book 1hat has the rolatod topic to this study. 

2.2 Nature Fiber ad Polyettu 

2.2.1 Natun Fiber 

Thll awmelll'Jss among people regarding the advantages of natural pmducts has steeml the 

uae of netura1 reeaun:e11. Nature fiber& are my raw matmai. with a hairlike lllluctme that 

can. be obtained direc!ly ftom a vegetable ( celluloee ), a:nimat or mineral source and can be 

1ramfarmed into nonwoven textiles like u f.elt or peper or apmi into yarn11 and then woven 

into mbric. Figure 2.1 shows an example of a nature fiber in this ccmtcn An •dditianal 

definition of a nature fibs may be that it is an aggregation of cells in which the diameter is 

insignifi"'lilt in pIOportion to the length (Gholampour mid (Nbakkeloglu, 2020). Despite the 

abun.dmceoffibrou.unati:riala in nature, lib wood, eotta.a, graiDs, aad straw, just a handful 

of them may be uaed for textile~ or other indaslrial pmpoeee. 
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Natural fibers 

Vegetable (cellulose) Animal (protein) Mineral fibers 

Stalk Cane, grass, 
and reed 

Cotton Flax Sisal Wheat Bamboo Lamb wool Asbestos 
Kapok Hemp Abaca Maize Bagassc Goat hair Fibrous 

Jute Henequen Rice Horse hair brucite 

Figure 2.1 Different types of nature fibers 

Nature fibers have been used to make textiles from the beginning of time. Figure 2.2 displays 

the discovery of flax and wool fabrics in Swiss lake dwellings dating back to the 7th and 6th 

centuries BCE. Prehistoric peoples also made use of a wide range of plant fibers. It is widely 

accepted that hemp was first grown in Southeast Asia and then spread to China, where it has 

been farmed from at least 4500 BCE, as according historical evidence. By 3400 BCE, 

Egyptians were already weaving and spinning linen, indicating that flax had been grown 

before this time. Cotton spinning dates back to 3000 BCE in India. 2640 BCE is the earliest 

known date of sericulture (silkworm farming) and silk spinning techniques, which were 

developed in the highly advanced Chinese civilization (Keya et al., 2019). 
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Figure 2.2 Hiimy of na1Ure fiber and mmmade fiber 

Thae Wiiii a real riak to the monopoly of natuml fiben in 1hc koxtile and indutrial scdors 

due to 1he development of~ cellulosic fiber8 (tiben made :&om cellulose fibcn 

tliathu been dissolved, cleaned, and mruded), such u rayon (Tex1ile School. 2018). Namre 

tibm had previously comrotlecl the m.arbt. but otho: synthetic fibers with desirable 

piupeities stm:ted to invade and tab over. Reeeardiars have spent a lot of time and money 

tying to find new and better natural fiber SOW'Ce& that '1811 produce mme fibcn, improve 

manu1acturing and processing procedures. and modify the propertiet of fiber yam or fabric. 

The ab.an: of the mazket of Wiima!. ti.ben hu decreued, reprdl."8 of 1hc fact that to1al oulp'llt 

has increased as a c:onsequence of substamial lmealdhrougbs in fibs mamifac:turlns. 

NummR!i investigations Oil the fimctionaliution of natunl fiben have been nipmted as 

being oonducted in 1he pursuit of high-perfomlance level& in composite materials that are 

reinfDrced with nature :libera. The fimmonaUzation of nature tiben ca be accompliahed by 

• variety of pn>cesses, the most common of which are clusi:lied u either physical ar 

chemical altrnlions (Wilson, 2011). Polymer immlctions and wettability, as well as wata 

neistm, antimicrobial chamcterist:iai and thmnal stability 11n1 all aapects of 

:fimcliaaalizat 1hat may be ll1lllllDllrizc Fum:tion•Jiimion may lead to a wide: IaDge of 

ettecm. including thetc. Nllllre fibers may be physically 1\mcliooa!iud WliDg ttaUDellll like 
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scmching, ctlendar.illg, the tbemioll treaUDen18, eleicuonic diaclw:pt from corona mid 

plasma soun:cs, and the development of hybrid yams (Kilin~ et al., 2017). 

Besides !!mll!Jll!ic considerations, a fiber's usahiley for indllstry sectDnl ia dclp«ndent on its 

lenglh, pliability and other properties such as ib elasticity, abmsioo miiJ!1ance 1111d 

absomency. Thick, flexible, and fairly SlroJlg fibc::r8 mm up the bulk oftmiles (Allish M. 

V81Jheee, 2017). They cc elasticity in the concept that they 'buk into ill original length 

when they ere exposed to s1rain, either partly or '10Dlpl.etely. 

2.2.2 Polyester 

The Fedelal. Trade CommiMion defines polyester as a ayn!l!etic fibe:r with a long chain that 

contains 85% by volume of an ester of a suhltituted aromatic carbox.ylie add. Polyc~ is a 

S)'lltheticfiber.PHr(poly(elhylcmotmpht1ialalo))and.PEN(poly(crthylcmonaphlhala1e))aro 

the most common polyesters. The worldwide fibre indually, which involves both man-made 

and natural fibers, has been dominaWI by polyi:lller over the last several dccaclet. 

Polyelhylene ~for about 6~.4 of the total fiber ntili?Afion in 2017, accoidiD,g to 

Fig"ole 2.3. The tlin:e majOl' polyesw producm in the world are Dupont, Hoechst, and. 

Eastman (Azlin t!l al., 2020). Wutes account for approximately 3-5% of ovmill olllptll in 

the PET fih11r IDllZlUfacturin proceu. PET does not disintl!grate for a long p«iod. in nature. 

The waate of PBT ia impoilaD:t llince it ia a petroleum derivative, and it moat be recycled for 

economic and mviromnental ~aaou. 
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Figure 2.3 World consumption of polyester fiber 

When polyester was introduced in 1941, it quicldy became the most often used fabrics. lt1s 

been made commercially since 1947, and it's found in a wide range of businesses. Since 

1990, the annual growth rate of global polyester consumption has been continuously 

:reoorded around 7%. With the addition of polyester, cotton's shrunk, durability, and 

wrinkling qualities are enhanced. Polyester is a weather-resistant fabric that is ideal for long-

term outdoor use (Sewport, 2022). PET fibers have been particularly successful due to a 

number of features, including their tower cost, ease of processing, simple recyclability, and 

ability to mix with natural-based fibers. 
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2.2.3 Clud.fication of Nature Fiben 

Nature fiber origins can be utilized to categorize these materials. Cotton, flax, and jute are 

examples of vegetable (cellulose) fibers. Animal (protein) :fibers include wool, mohair, and 

silk. Asbestos is a major mineral fiber of the mineral class. Figure 2.4 helps to simplify the 

nature fibers classification. 

Grass 
__.oBamboo 

.,c::.....oCorn 
J>Jute 

Bast Lo Ramie 
Q _..oSisal 

0 
Leaf ~ Banana 

~Cotton 
Q Seed L..o Loofah 

.,o Oil Palm 
a Fruit ...:::::...0 Coir 

_,.o Soft wood 
Wood ~ Hard Wood 

~Rice 
stark ~oat 

Figure 2.4 Schematic of nature :fibers classification (Neto et al., 2021) 

2.2.3.1 Vegetable (Cellulose) 

Vegetable fibers are made up mostly of cellulose, a chemical compound. In plants, the fibers 

are made of cellulose, which is a kind of cellulosic fiber. Plant fiber is another name for 

vegetable fiber, which is obtained from plants. Cotton, hemp, jute, flax, banana, sisal and 

ramie are examples of cellulose-based vegetable fibers (Kiciska-Jakubowska et al., 2012) as 

illustrated in Figure 2.S. 

Ancient man employed vegetable fibers for fishing and trapping. They fashioned ropes and 

cords as early as 20,000 B.C., acoording to evidence. Around 4000 B.C., the Egyptians most 
10 



likely made ropes and cords out of reeds, grasses, and flax. Dietary fiber is an essential part 

of human nutritio~ and paper and textiles (clothing) are created from plant fibers. Prior to 

the Industrial Revolutio~ spinning and weaving were commonplace household activities, 

and the processing of fibers into textiles, such as tent fabric, remained a household business. 

It was a skilled activity carried out by working people who passed their expertise down from 

generation-to-generation (Textile Leamer, 2021). 

Figure 2.5 List of Vegetable Fibers 

2.2.3.2 Animal (Protein) 

It is possible to get naturally occurring fibers derived from animals, known as animal fibers. 

Several proteins combine to form these fibers. Silk and wool are two of the most comm.on 

animal fibers, as seen in Figure 2.6. Bearing in view that animal fibers from different animals 

have different characteristics is essential. Various species may also utilize different types of 

fibers (McGregor, 2018). The most prevalent textile fibers derived from animals are animal 
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fibers. A variety of animal fluids and hairs as well as skin and fur are routinely utilized to 

create these fibers (insects like as silkworms are to contribute). 

Figme 2.6 List of Animal Fibers 

Animal fibers are generally woven or knitted (or sometimes felted) into gorgeous animal 

textiles once they have been removed. Animal fibers have traditionally been used to make 

comfortable jackets, wraps. blazers, shawls, ponchos, coats, and other garments and 

accessories. Typically, rougher animal fibers are used in carpets, coverings, and rugs. Wool 

kinds such as Cotswold and Merino, for example, are distinct (derived :from several sheep 

species). The former is distinguished by its coarse texture, whereas the latrer is distinguished 

by its soft texture. It's also worth noting that nature :fibers vary in consistency, whereas 

synthetic fibers are more consistent. 

2.2.3.3 Mineral Fiben 

Although it is a natural sources fiber, it can also be a mineral-derived fiber that has been 

somewhat changed. Asbestos, ceramic fiber, and metal fiber are the three types of mineral 

fiber available. Asbestos, like serpentine, amphiboles, and anthophyllite, is the only naturally 

occurring mineral fiber. Glass fiber, aluminum oxide, silicon carbide, and boron carbide are 

examples of ceramic fibers. Glass fibers include quartz and glass wood. The metal fiber 

family includes aluminum fiber as one of its members (Britannica, 2020). The types of 

mineral fibers can be more define as illustrated in Figure 2.7. 
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Figure 2. 7 List of Mineral Fibers 

Mineral fiber products are typically created in three steps: (1) raw material fusion, (2) fiber 

production, and (3) fiber conversion to a commercial product. The fusion (melting and 

mixing) of raw materials in a furnace is the first step. Raw materials are chosen to provide 

the finished product the desired qualities. The liquid is pulled ftom the fw11ace to create a 

preform that will be remelted at a later time, or it goes straight to a fiber-producing unit 

Fiber formation is the second step. Directing a jet of hot gas at a liquid stream or centrifugal 

attenuation are both used to make fibers. Filaments are drawn (extruded) fibers that are 

pulled through nozzles. Chemical treatment and the production of blankets. mats. yams, 

fabric, moulded forms, and other product kinds are used to tum fibers into commercial items 

in 1hird step. 
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l.3 Composite Material 

A common composite material is formed by two or more elements on a microscopic level 

(mixed and bonded). Cement, sand, stone, and water are the main ingredients of concrete, 

for example. If the composition occurs on a microscopic scale, the new material is referred 

to as an alloy for metals or a polymer for plastics (molecular level). 

AB seen in Figure 2.8, composite materials are composed of reinforcement (:fibers, flakes, 

and/or fillers) inserted in a matrix (polymers, metals, or ceramics). The reinforcement helps 

to maintain the matrix in alignment while also improving the mechanical properties of the 

matrix. Composite materials, when correctly constructed, are stronger than the sum of their 

parts (Reddy Nagavally,2017). 

Provides strength and stiffness (glass, carbon, 

aramld, basalc, natural fibers} 

Protects and trrmsfers load between fibers 

(polyester, epoxy, vinyl ester, others) 

Creates a materirrl with rrttributes superior to 

either componeni alone 

Figure 2.8 Fiber-Reinforced Polymer (Polyester) composites 

Most of our industry's products use polyester resin as the matrix and synthetic fibers as the 

reinforcing. Composite products on the other hand are made from a wide range of materials 

that all work together to create something special. Resilient resin, on the other hand, protects 

and shapes the fibre, making it more durable. Fiber-reinforced polymer(polyester) 
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compoailes 1m.y benefit m,m the addition of fillers, addilivet, core materia1a, and outer layer 

fullshes to the lllllllUfacturi process. dcsip. and performance of the finish..t product. 

2.3.1 Tnia of Campodta Materlall 

Composite materiala are oftm divided into the two tieu listed below. 1be tint level of 

cetegorization is wua11y cllnified using the malrix componc:nt Ceramic matrix composites. 

Metal matrix composites, and Organic Malrix Composites (OMCs) make up the three 

primmy ~gories of compoaitm (CMCs). It is c<11iiiiwm to use the 1mm "mganic matrix 

compo11ite" (OMC) to refer to both polymer mattix wmpositea (PMCa) and ~matrix 

compoailes (CMCa) (Machado & Knapic, 2017). 

Composites that indude fibers, laminar composite&, and particles .. reinforcing mamials 

are cmegorizecl as secood-lovel i;omposites. Cuntimlous and discominuou.s fibet-IeiDibrced 

composite materials (FRP) may be divided into two Clltllgories. Fiber R.einfoJWC!Composites 

a:re composed up of fibers put into a malrix.. Fiber le.n,gth may have an. efl'ect 011 the propi:rtiea 

of a material, which is known as a discontinllo\18 fiber or short fiber compo!lite. Conlinuoua 

1iber reinforced composites ~those in which the fiber length is such that an inm.ment in 

the composite's ohmic modulus has no effect. Despite their small diame11!1' and fart axial 

bmrting, fibeI3 offer ~ tmlaile prop«ties. To pNVent fibeI3 m,m burkling mid 

bmcting. b:y muat be 111abilized. 

In Jamjnar ~ the layers are held together by a mavix. Sandwich collBtnlctiOllB arc 

included in this ctdegOJY. In a mldrix, perticles are s,lmld or embedded to form a Particulme 

Composite. Powd&lr ur flakes 11111 possi'ble perticle shapes. Concrete and wood matrix 

compositea me examples ofthi1 kind of:matmial. Baaed on 1he type ofmm0Ia1111ent, most 

compoeile mate:rialJ may indeed be clalsified as •how:11. in Table 2.1. 
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Table 2.1 Common form of reinforced composite materials (Reddy Nagavally, 
2017) 

Reinforced as fiber (Fibrous Composites) 

Random fiber (short fiber) 
reinforced composites 

Continuous fiber Qong 
fiber) reinforced composites 

Reinforced of Flat flakes (Flake composites) 

Reinforced of Particles (Particulate composites) 

Reinforced of Fillers (Filler composites) 
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2.3.2 Structural Composites 

The characteristics of the component materials, as well as the geometrical design of the 

various structural elements, define the quality of a structural composite, which is typically 

composed of the both homogeneous and composite materials. Among structural composites, 

sandwich sheet panels and laminated composites are some of the most commonly used. 

2.3.2.1 Laminar Composites 

Laminar composites are two-dimensional sheets having a necessary for high orientation, 

such as wood and fibre reinforced plastics. Figure 2.9 shows how the layers are stacked and 

bonded such that the high-strength directional movement with each layer. The grain direction 

of adjacent plywood sheets is perpendicular to each other (Gholampour & Ozbakkaloglu, 

2020). Laminations may be made from cotton, paper, or woven glass fibres in a plastic 

matrix. In two dimensions, a laminar composite possesses great strength in many directions, 

but the strength in any single axis is lower compared if all the fibres were oriented in that 

direction. 

Figure 2.9 Laminar composite of fiber reinforced layers 
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2.3.2.2 Sandwich Sheet Panell 

Structural composites, such as sandwich sheet panels, are lightweight beams or boards with 

a high level of stiflhess and strength. In Figure 2.10, a sandwich sheet panels consists of a 

thicker core sandwiched between two thinner outside sheets, or faces. Aluminum alloys, 

fiber-reinforced plastics, titanium, steel, or plywood are comm.on materials for the external 

sheets. Stiffuess and strength are provided by the structure1s n'bs, which must be thick enough 

to sustain the pressures of loading. The core material is generally made of a thin, light 

material with a low elastic modulus. The three most frequent core materials are rigid 

polymeric foams, wood, and honeycombs (Alsubari et al, 2021). 

! Transve~ 
direction 

/ 
Faces 

~ -
__ .,.. _____ _ 

.. .. 
Figure 2.10 The cross section of a sandwich sheet panels 

Several strucimal functions are served by the core. First of all, it offers constant support for 

the face. Transverse shear forces and a high shear stiffuess must also be supported by its 

strength and thickness (to resist buckling of the panel). In tenns of tensile and compressive 

loads, the core is significantly less affected than the faces. 
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2.3.3 Matrices for general composites 

Matrix materials for composites include ceramics, metals, and polymers (polyesters), as 

shown in Figure 2.11. Such matrices are used in a number of ways in the composite 

construction. In addition to providing the necessary stability, they may feed fibres in a 

desired shape, separate and protect the fibers from the outside environment, and lastly 

convey stress to the fibers themselves (Zafeiropoulos, 2008). Their physical and mechanical 

characteristics vary in the following ways. 

Metal-ceramic 
composites 

N VERSITI 
Ceramic-polymer 

composites 

Metal-polymer 
composites 

Figure 2.11 Classification of matrices for general composites 

2.3.3.1 Ceramic matrices 

They are regarded as the best matrices in terms of mechanical and thermal qualities. Since 

they are tough to work with, it is difficult to transfer the fibers evenly within the matrix, and 

it is difficult to remove internal porosity, they are no longer often used in the construction 

industry. Aluminum oxides (Al203) and Silicon oxide (Si02) are the two most often utilized 

ceramic matrices today. 
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Wlu!n it COIDl!S to quality mid affimlability, IDlltal malrices sit somewhcn in the middle 

between ceramic and plaalic matricee. Temperature limit& are dcpendilJg on 1he melll 111.at 

composes Ille matrix, however they are greater lhllll lhe temperallm:S of metal alone 1Ulder 

the same cimlmsumces. Aluminum alloys cc the most widely nrili=I metals., wbereu 

compo&i:te composed on titanium. magneaium, nickel, and copper are typically employed 

when working ~lances need a larger 1miperatun! 111Dge. Metal matrices are 

conR:sil!ed by the po881"bility of chemical n:actiona between the malrix: and 1he libcn 

(Verghese & Mittal, 2017). For lhia reeacm, it haa a shorter llllticipmd lifeapa. 

2.3.3.3 Plutte (polymen) matrktl 

Composires aM composed of two main rmnm .... of plastic matrix, each with ibJ unique set of 

pc:aformance and attribub. 'IhiB diapemion offcaturell ia <:all8ed by the di&!n'bution pidtl:m 

of dia1inct module typet and the degree of crystallinity. Thermosetting is die first of these 

familiet. When heated, they may be made stronger, b1lt if Ille tempa'alme is exceeded, ib.ey 

will be annihilated. Mier polymerimion, diey CllllllDt be remoulded, heated, or mumed m 

their fomier stata. Compsred to other p)as!ica, thermos I1111trix is 1he best choice fur higb

tempentuie applicationa (thermoplastiCll). Themoatpopulard!ennoaettingpol:ymminclude 

polyester, phenolic. silicone, and epoxy (mim). 

It is pow'ble IX> melt thamoplaatU:s u the second family, but afMr they cool, they main their 

p1uperties and may be moulded, mnelted, andhoat treamd evenaftm1hey have polymerized. 

Some 1hc:nnopJaatic U8Ctl, 'Wliieh arc med ta awiftly mid efficic:ntly build wmplex componmt 

aJiapes. are ~stric1ed by low 1empe:ralmes. lt is pom'ble to melt and Conn these matticet by 

heetjng them lJP, with no chemical J:\lldiom taking place duriDg the piwen of solidification. 
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A number of proceseee, incladillg u injedion. or emusiml. m&y be used to :fmge it into mi.y 

pmletmnined ftmn. These polymm are melted and inserted into the mould. and since 

they'nl in contact with 1hcl mold's walls, they will harden ov« time. Table 2.2 provides a 

mnnmmy of the most iwpoibml p1opedi~ of !evc:ml polymeric ma1rices. 

Table 2.2 ~of some plallic m.alriees (AI..oqla &lid Salit. 2017) 

Demlty Yoang'1 Temfle 
Rnim Type (&/cmA3) moclulll.I stren&6 

(Nlmm"'2) (N/mmA2) 
Epoxy ThermOlle!ting 1.1-1.4 2100-SSOO 40-85 

Polyesm Thennosetting 1.1-1.4 1300-4100 40-85 

Phenol Therm06elting 1.2-1.4 2700-4100 35~ 

formaldehyde 

Nylon Thermoplastic 1.1 1300-3SOO 55-90 

Aedal Thermoplaatic 1.4 3500 70 

Polylltb.ylme Th.1111DOplastic 0.9-1.0 700-1400 20-35 

Polyccbo~ Thermop1astie 1.2 2100-3SOO SS-70 
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2.4 Honeycomb 

Honeycombs and honeycomb materials are used to make sandwich sheet panels with a 

honeycomb core th.at has a high compressive strength. With using core materials such as 

paper, thermoplastics, or fabric, honeycomb structures may be created even ifthe building 

components themselves are brittle. 

Constructions made of honeycomb resemble genuine beehives in design. There is a layer of 

hollow cells between thin vertical walls in all of these formations, as seen in Figure 2.12. 

Most of the cells are hexagonal or arranged in rows. Honeycombs are often used in flat or 

slightly curved surface applications because of their high specific strength (Alsubari et al., 

2021). One of the primary reasons for its extensive usage in a variety of sectors, including 

packaging, furniture, automobiles, and sporting goods, is their long-term resilience. 

Figure 2.12 Structure of Honeycomb Sandwich Composite 

Honeycomb has been used in man-made structures since the classical era. It was Euclid and 

Zenodorus, ancient Greek mathematicians, who established that hexagonal patterns were the 

most efficient and long-lasting. The Pantheon dome in Rome, which would be an early 

example, incorporated honeycomb elements in the interior structural ribbing. In 1638, 
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Galileo sparbd a diSC\JNicm ova !be flructura1 ~ of hollow thingl. h 11X>Ording 

Owles Darwin in 18S9, honeycomb shapes arc ideal for nedacing the amount of work and 

wax requirecl Whm honeycomb structures wso fim invmmid in 1901, throe fundamontal 

me!hods of production were dc:viscd for eiqHmding, conupting, and moulding. 

2.4.1 T1JMl8 ofBon.eyeomb1 

There are a varlet¥ of mamials that may be used to make honeycomb cores. These include 

matllriala lib piper and canihomd, which are ntm:mcI to oflilr a lower stmigth mid atif!D...,, 

in low-load applica1io1111, to gruter 8tre.ng1h mid atiffiieu for inae8aed pei:fum•.mcc 

applli:atiou, such as airplane structures. Honeyoombe m&y be used to create tlat or curved 

compoai:te struc1un:a. Intricate compou:od curving shapes may be creeled without the UBe of 

Thmmoplastic ~b conis II.RI produced by exlrWlion llI!d them slli:ed to desind 

Chicb«ses. Some hone~ like 1h06e made of peper or metal, must undergo a le.ogthy 

productian process before they m reedy formailcet. These procel!Ses include printing large, 

thin sheet panel of the mataial and stad::ing them in a hot press in Ol'derto improve adhesive 

bonding. StmcbilJi and llX1ending these slices rorulb in continuous sheets of hexagonal coll 

.i...,.... Tho qna!ili"" of honeycomb ma1erials are detmnined by tho cell size, and even tho 

Chiclrne.eses and 8tre.ng1h of 1he mataia1 used (He & Hu, 2008). 

lA.1.1 AlamlnJDm Boneycombl 

Tho strmgth-to-weigbt ratio of these honeycombs is unriVlllled by any other structural 

matmaL They have a variety of geomctm cell fOIJD11 lll!d qualities that me influenced by the 

Chi.clnee.t of the foil mid fbe s~ of1he cells. The multanthaneycomb ia stretched to produce 

a sheet from an unexpanded block. If used in spocific situa1ions, such aa maritime 
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constructions, aluminium honeycombs (Figure 2.13) may corrode. When a honeycomb is 

struck by a cored laminate, it deforms irreversibly. 

Figure 2.13 Aluminium Honeycomb 

2.4.1.2 Nomex Honeycombs 

Nomex honeycombs (Figure 2.14) are made of Nomex paper, which is a form of Kevlar

based paper. These honeycomb cores are utilized in aircraft interior panels and other high

performance components because they combine great strength with fire resistance. Although 

they are more expensive than other materials, they are favored because to their low density, 

solid stability, and mechanical strength. 

Figure 2.14 NomexHoneycomb 
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2.4.1.3 Thermoplastic Honeycombs 

Thermoplastic honeycomb cores are both light and recyclable because of their honeycomb 

structure. There is a major drawback to honeycombs since they are difficult to adhere to skin. 

They are available in a variety of forms, the first of which is ABS, which provides rigidity, 

toughness, surface hardness, impact resistance, and dimensional stability. Polycarbonate is 

the next kind, which has UV stability, high light transmission, high heat resistance, and self

extinguishing qualities. Aside from that, polypropylene has a high chemical resistance. 

Polyethylene, an affordable general-purpose core material, is the last form of thermoplastic 

honeycomb (Figure 2.15). 

Figure 2.15 Thermoplastic Honeycomb 

2.4.1.4 Stainless Steel Honeycombs 

Joiner panels, bulkheads, train doors, and flooring, as well as any other areas where 

honeycomb is exposed to harsh environments, could all benefit from stainless steel 

honeycomb (Figure 2.16) cores. 
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Figure 2.16 Stainless Steel Honeycomb 

2.4.2 Mechanical Properties of Honeycomb Structures 

The mechanical properties of honeycomb structures are orthotropic, which indicates that 

their values vary depending on the direction of stress applied to the material. Consequently, 

the two symmetry planes should be identified and separated. For example, the L-direction 

(which is strongest) is located 60 ° from the W-direction (which is most compliant) in 

standard hexagonal honeycomb (Qiao & Davalos, 2013). 

Honeycomb materials are made through one of the three standard methods. Expansion, 

corrugation, and molding are the methods used. Expansion and corrugation are being used 

to make composite honeycomb materials. Honeycomb materials made of metal (typically 

aluminum) are created purely through the expansion process. Thermoplastic honeycomb 

materials, on the other hand, are often made by extrusion methods and then cut into 

honeycomb sheets. 
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2.5 Materials Selection 

The material selection, which is a critical element in the engineering design process, begins 

with the selection of materials. It is critical for a draughtsman to select the suitable materials 

for a design they have made in order for the product to perform its duties as efficiently as 

feasible. Today, there is an ever-increasing variety of materials available, each with its own 

set of features, applications, advantages, and disadvantages. 

Each component's functional needs must be well understood, as well as many other critical 

criteria or aspects, when it comes to the selection of materials for engineering designs. 

"Material selection factor" is a term that refers to any element that determines the selection 

of a particular material for a certain purpose. Cost, shape, material environmental impact, 

performance features, availability and so on are only a few of these factors (Sapuan, 2017). 

Ergonomics Quality 
control Scheduling ( Assem~ly J 

( Trans~rt J r 

B 

....... .. 

Knowledge required for 
materials selection 

Layout and ~ r-::-1 
form design L:'.:_J ~ 

Production 

Maintenance 

Operation 

Figure 2.17 Knowledge required for materials selection 

27 



There are eeveral. iilctora to comid.er wliile se~ materialt, u depicted in Figure 2.17. 

Each af these areas has a significant impact on the seledion of materials. When it comes IX> 

c.hoosin.g the rigbtmamial, it's :impmtant1o consider a wide nmge of fac!ms such as phytical 

dllllactaistics (llUcli as maclrinability and foill!llbility, weldability and cutability), elc:cirical 

dwacll:ristica (such as magnmi;: properties), mechanical ~ (such as he.ti 

uwability) and chemical characteriatict (ANON, 1971). & a result, the aelec!icm 

mataiu shoul4 be e"mnined very cem'ully to C11S1JrC that the project is capable of its full 

potential. 

2.6 MUerialJ and Methocl8 for Nature Fiber Co~ 

2.f.1 Mllterial Pnpantlon 

Materials used in this nperimm1t wi.n banana, pineapple, sisal. and glass fibnl, accordin.g 

to (ldicula et al., 2006). Umlltw1ited isap1halic polyester HSR 8131 serwcl aa the malrix. 

Table 2.3 provides an overview of polJl:ster reeiu most important chancll:ristics. 

Commcmal. grade compowi.ds included. PSMA. sodium hydroxide, <Xlba1t naptbeDate, and 

methyl ethyl ketom pm:oxide. 
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Table2.3 ~ofliquidresin 

Surfacing Clear pale-
yellow 
liquid 

At 2S degrwi Celsius, the viscosity (cps) Specific 650.0 
Brookdield vlscomeCc:r 

Ai 25 degrec:tl Celllius, Che apecific gravity ia 1.110 

A&r curing fur 24 holll'!I at roam~. 1PC'limma wen: 1hen 
post-cured for mm hours at 80 depM Celsim for 1lllnlinfim:ed resin 

charactetiatics. 

Testing of tensile strength 33MPa. 

-

Testing of tleJmral stre.ogth Ir 70MPa. 

Testing of impact sb:ength ) jl\ 9kJm"-2 

2.6.1.1 PSMA treatment 

Jttookhalf anhourforthe chopped fihen to dissolve in aS pen:emPSMA in toluene aolution 

containing tolumo that had been reflwted.. Afuirwanls, the fiber was purified and baked st 

70 degrees Celsius until it was completely dehydrated. 

2.6.1.2 NaOH trea1ment 

To ranove any alkali particles, the cut fiben were treall!d for an hour with a 10".4 sodium 

hydroxide solulion hebe evm being washed with a very mild acid. Once tho alkali had been 

removed, die w••hing procedure was ICpCllted. A 70-degR:e Celii111 oven wu Uled to dry 

the clca:ased iibc:u. 
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l.6.1.3 PreparaUon of eompodtw 

Using a 1 SO x 150 x 2.S mm mould. each piece of banana and sisal fiber wu cwcmly 

distnlnitt:d and cut into 30mm piecet. Cobalt naphthena1e and pi:mxide were uaed to make 

the composite sheets by impregnmog the fiber wilh polyeeter ieaiD having 1 % cobalt 

napthenm 1111d I% MHK peroxide. Withe roller, air bubbles being cccNllyeliminall'd from 

the miin befme to pouring. Specimens were post~ at 30 degrees Ce1siua for 48 hoUl!I 

befun! being cut into desired-size tmt specimens 111ing a pn1samized closed mould. 

Diffe1ent fibre volume mwtio1111 ~ WJCd in the manufacture of the 11B1Dplea. Two more 

compoailet were comtmcted using PSMA and eodinm hydroiddH'eated film: with a 

constant volume pen:entage (0.40 Vf). As previously stated, P ALF snd glass fibre 

composites were made. Sevmal hybrid compotitm were made by \lllI)'in.g tho volume 

pm:entBgeB of PALF and glus. The 1i1n loading for all PALF/glus fibre compositm was 

mgjntajar4 at 0.40 V£ 

l.6.l Terdnc method 

2.6.2.1 Thel'ID.ll meuunmentl (Experlmentlll llet-up) 

The 1hcrmaJ. efficiency, dillil8i.vity, and thermal C8p6City of polymer composite mattriaJ& 

weft: meaamed atioom tempcrat11reusing a monthly approach a shown in Figure 2.18. Thia 

techniqu.c employs a tittle temperaime variation in a parallelepiped-Wped sample (44 mm 

x 44 mm x 2.5 mm) IX> collect all of these thermophysical parametms in a single 

mmurrmcnt, together with their statidical ccmfidcnoc bounds. The sample is held in pJace 

between two metallic 8Url'&cet. The use of conductive greese prov.idea a proper heat exchange 

between 1be varioua plates and the sample. 1be front aad beck metallic plate8 have 
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thermocouples placed to measure the temperature, and a total of five sinusoidal impulses are 

used to heat the front side of the first metallic plate on a regular basis. 

Con di ti on ing 

modules 

Microcomputer with 

Multifunction Analog/Digital ~ 

J,Q' card 

Power amplifier 

L .. .Lj .. .. 

Trur 

Second mell!llic plate 

Sam pie 

First n.1et8l lic plate 

Thermoelectric 
cooler 

Turbomolecuhtr/ 
pump 

Figure 2.18 Thermopbysical measurements set up 

Rough 

By comparing actual and theoretical heat transfer functions, the therm.ophysical 

characteristics of the sample are determined. One-dimensional quadrupoles theory is used t.o 

model the system llllder investigation. At each excitation frequency, the experimental heat 

transfer function His determined as the ratio of the front and rear plates' Fowier-transform 

temperatures. Thermodynamic conductivity (k) and diffusivity (a) are then estimated 

concurrently using a parameter estimation approach. 
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For die diermophysical parametera idmrification. the Leveaiberg-Marquanlt me1hod of II.Oil· 

linear optimization is used, starting with ~nably good baseline predictions iOr the 

UDCtll1ain Vllriallle6. Those findings and associated uncmainties BRl shown in Table 4 fir 

composite! comlmcU:d with dicmicall.y lm!ted fibers, aa well as 1hc: ~Ill of 

Table 2.4 The tbmn•J condacti:vi.ty, thermal difliuivity, specific heat, ad density 
of banana/sisal wmposttes (Idicula et al., 2006) 

k (W m"-1 a (m"2 i"-1) Cp (J kg"-1 p(k&m"-3) 

K"-1) • 1()1\.7 K"-1) 

" 
Polymer only 0.181:I:0.003 1.08::1::0.09 1408::1:: 123 1190:!: 123 

Polyetter + 0.20 Vf 0.153 :I: 0.002 1.25 :I: 0.09 1199::1::88 1021:!::88 

Polyester+ 0.40 Vf 0.140::1:: 0.002 1.14::1:: 0.09 1246:1: 103 986 ;!; 103 

Polyester + 0.40 Vftn:ated 0.201 :I: 0.003 1.37 :I: 0.10 1270::1::98 11SS:!::98 

wi1hNaOH 

Polyeeter + 0.40 Vf treced 0.213 :I: 0.002 1.43::1::0.25 1194::1:: 120 1248:1::77 

wilhPSMA 
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l.7 Dellp. of Honeycomb s1r11mir. utniANSYS Analylfa 

2.7.1 Ezperlmental.Alpects 

2.7.1.1 Delfp PJocedure 

The initial mp in the design process is to develop the hexagon.al cell stnJduie and then 

extrude it. Thia nmds the use of basic toola. An auesament group of hexagolllll eel.la will 

just be co!ISU'ucted after thal On the second 1ier, you'll filld 1he RdaDgu]a:rpaneling style of 

panels. Finite diif.erence and finite eh:ment techniques are used to simulate physical 

proceMC8 in ID, 20, erul 3D models (internal b&llistics, fluid dynmios, oontinuum 

mechanics itructural analysis). All the Vlr/ to the final pomll1ly specifi.cation, they allow 

pm:isc calculatiOllS or optimization. 

2.7.1.2 Problem De&nifiml 

A professional must idmtity stNcNral loedl, dimensiona, 8llPPOrt conditions, and maeria1 

characteristics in ordu to eecuie an appop1 iate analysis. Dd'ormation, strains, and 

diap)aamientil are common outcomes of such an evaluation. After then, the data ia evalll.llU!d 

to indicat.om 1hat indicate failure circwmtances. 

2.7.1.3 Material selecdon 

VariCJUS matmiala have been chosm from the instruction for the provided auributes of 

mah:riaJa, sucli a! Almninium. 
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l.7.lA Dellp Phue 

Dassault Systmns' CATIA (Computer Aided Thra li11MmiiDDal Inrmactive Application) is 

a multi-platform CAD/CA'J!JCAM. c:ommercia1 software llllite. It ill a highly ueeful tool for 

modelling and drawing. Innovative detignen Dlll8t have accesa to tedmologiel tbat allows 

them to comtroct wt change the emotional com=t of a product through 1hcir design•. 

CA TIA is exttemely useful for product modelling and drawing. It comprises mme than 60 

segmenlll 1bat :range iiom easy &katclDng thIOugb component desjgn, drawing, sheet metal 

delliga. 2D 1111.d 3D darigu. wt de!rign (Nazeer, 201~). Featmes that me beneficial at c:e:rtain 

periods are depaMknt on i:equimncnlll, derived lbrough the uaage of gmera1ive form design 

the tool'• ev•hlatio11. 

2.7.2 ModdHng 

Thia tool can creak: heugonal 4iell 111nwture& that me inm:dibly tiny in size, dcp1h, lcnglh, 

and thicbets. 'I'heR are four steps in modclliDg l'1'0ee!!ll of honeycomb sandwich conais11 

(a) modclli1'lg in the Catia softwlm:, (b) modelling l1f hexagonal cell, (c) uaembly of 

haugonal cells and lsstly, (d) modlilling of panel as il111Btr811ild in Figure 2.19. 
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(a) (b) 

Figure 2.19 Modelling process of Honeycomb sandwich: (a) Hexagonal Cell 
Structure (b) Hexagonal cell extrude ( c) Assembly of Hexagonal Cell ( d) Rectangle 

plate (H D and L, 2016) 

2.7.3 Ansys Analysis 

Professionals use Ansys software for simulation modelling (computer-aided engineering). It 

was founded by Dr. John A. Swanson in 1970 as Swanson Analysis Systems Inc. (SASI). 

Create and market finite element analysis software for structural physics that could analyse 

static, dynamic, and thermal concerns. To solve a broad variety of mechanical problems 

numerically, Ansys is a finite-element modelling tool. Finite-element modelling has three 

steps in theory. As a first step, pre-processing is used to identify potential issues. Next, we'll 

talk about how to solve the problem by spreading out the work, setting boundaries, and 

finally finding a solution. Finally, post-processing may be required for further processing 

and review of the results. 
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2.7.3.1 Honeycomb 1tructnral analysil 

As a part of the structural analysis, we will look at deflection rates in terms of stress and 

strain {Von Mises's). As seen in the experiment in Figure 2.20, pressure has been applied to 

one side while maintaining the DOF on the other side at zero. Consequently, aluminium 

deformation, Von Misses stresses, and aluminium strains have been discovered as well as 

the stress and strain, together with the component's strength, being tested to determine what 

it can do. This is a step-by-step guide to doing an aluminium structural analysis, as illustrated 

in Figures 2.21, 2.22, and 2.23. As a result of this experiment, Table 2.5 now contams the 

aluminium. deflection, stress, and strain data. 

Figure 2.20 Applying pressure on the panel while maintaining the opposite side's 
DOFatzero 

Figure 2.21 Aluminium's deformation 
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Figure 2.22 Aluminium's Von Misses stress 

Figure 2.23 Aluminium's Von Misses strain 

Table 2.S The values of deflections, stress and strain (Nazeer, 2015) 

Aluminium 

Deflection 0.118E-OS 
(m) 

Stress O.S69E+o7 
(N/m"2) 

Strain 0.813E-04 
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l.7.4 Thermal Aalllydt 

In a system m component, a thmnal anal.ysis &itermines the tmnpllmtllie distnDution and 

telau:d lhermal quantities. Tempwatmc disln1Nti.ona, heat 1068 or gain, illcrmal gradic:nlll, 

and thermal iluxes arc all common fuerm•J panmetm ofroevance. 

Many tedmictl applicetions, S11Ch a.s intema1 combustion engines, gcnenton, hcet 

exchangm!, pipeline syatans, and electaonic componems, rely heavily on 1111D1erical 

modelling. To compute thmnal stmsses, engin!!ll!'S fi:equently combine a nummical 

Pimnlation wi1h a ll1mll analyais whil:h ill, 111m18" ~to bigh or low tempaatme. ThmnaJ. 

studj.., are only rupported by the Auys software Multi.physic8. Auys software MechanicaJ, 

AnB)'B software Professional. and AnS)'i software FLOTRAN (mrdianicalland, 2022). A 

heat balance equation derivecl fiom the concept of conslll'Wlion of energy serves as the 

ro1mdatioo for thermal anal.ysis in.AnsyB softwanl. The nodal tl.!mperatmell in calculatl!dby 

Che fillile elem.em llDll1yais 1hat eon•!nct using MeCbmictl APDL, attd the nodal temperatures 

are then used to detennine additional thermal values. CoDduction. con.wction. and radiation 

are 1he tlinlc buic mechanisms of heat transpolt handled by the A:JJJ;ys software. 

2.7.4.1 Tnuuteat Tllennal ~ 

Transient thermal Sllalysis is supported by the AnByll software platforma aa mentioned in 

previoll8 topic. Thermal perametm !hat change over lime arc determined via tl'llmient 

thermal analysis. Pmfe"jona]s ~Y utilim the mmpmtures calculated by a transient 

thermal analysis as input to alnlctuml calculations to detmnine thermal stniss. 1'Ilmllicmt 

thermal auasmenla are used in many ~ transfer applicetions, llucli aa hc:G tn:alment 

ditlicultiee, no~ea. engine par1I, piping 8}'8tem8. and so on. The proceesee for a tnwient 

thermal analysis are similar to lhoae for a stea4y-ttate 1hermal 8111dy. 
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At lOO°C, an aluminium homycomb sandwich consllw:lion t,mumits heat sway fr:om one 

pan.el and conveds it to a llUITOWl.ding fluid at 2S°C. The heat Wnattrission coefficient for 

convection ia 10 w/ m2.k. The thermal condllctivity (k) of copper i8 310 W/m Kand 910 

J/kg K is specific heat (Cp). For the density is 2699 JcWm3 (Nueer, 2015). 

For the transient 11wiy, a 2S"C bqpmring tempe1atun1 for the SUUc!me will be used. Hem 

would begin to flow from tha panel into core honeycomb cells at time t=O, when some of it 

will be ll1oml (Chua 1hc need for llpCc:ific heat and volume) md 10me will be 1mllllported 

away. The temperature distribution ill 1he fin would become stable over a period of time. 

Transient solutions require a diffemlt solution for ea.ch time atep, but ste&fiy ~ aolntions 

only i:equi:re the syatmn of equations diarac1erizing die model to be solved once. 

Based on the stmting ciroumstance'll, Amys software will Qtlc.ai!ato 1he tempcntme 

dia1nlnition at t-10 s. The temperature disllibution at t - 20 s will be dete:rmined by Amy& 

801\wm besed just on ~ distribution at ~ 10 s, and 80 on. The precision of the 

solution i& de!ermined by the size of the time incrcmenl8 a& well aa mesh properties. The 

transient solution has hem ahown in Figln 2.24 and 2.25 below m111111while, the values for 

time and ~ :fm aluminium as illustrated in Table 2.6. 
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Figure 2.24 Panels with convection heat flow 

Figure 2.25 Timeline of aluminium. post-processing 

Table 2.6 Transient solution values for aluminium 

Time 10 20 30 40 so 60 70 80 90 

Temperature 87.02 93.45 95.33 95.98 96.21 96.29 96.32 96.32 96.33 
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2.8 Thermal Analysis of Nature Fiber Reinforced Polymer Composites 

2.8.1 Methods Used to Determine the Thermal Properties 

Many methods are used to evaluate the thermal properties of nature fiber composites and to 

determine which :fiber-reinforced composites are best suited for a certain application. 

Methodologies used in the literature review for thermal studies of composites include TGA, 

DSC, and DMA (Neto et al., 2021). Fig. 2.26 gives a summary of the most often used 

techniques for assessing the thermal properties of composite materials, and the essential 

thermal characteristics that these approaches yield. Thermal characterization methods for 

nature fiber composites are discussed in this section. 

Thermal stab1llty, 
Content analysis 

(T0) - glass transition, 
(E')- storage modulus; 
(E'') - loss modulus; 
(tan 6) - damping factor. 

,.... 
CT;,) - crystallization temperature, 
(Tm) · melting temperature; 
( T0) - glass transition; 
Enthalpy venation; 
Heat capacity. 

Figure 2.26 The principal method used to determine thermal properties of 
composites 

2.8.1.1 Thermogravimetric Analysis (TGA) 

A material sample's weight may be measured as a function of temperature or time using TGA 

analysis in a controlled setting such as nitrogen, helium, air, or other gases. Temperatures 

and measurement times vary depending on the nature fiber reinforced sample's matrix type. 

Moisture, volatile chemicals, loss on igniting, and ash are all frequent thermogravimetric 

properties. Thermal data obtained from TGA analysis is affected by the sample mass and 

shape, the environment, the flow velocity, the temperature rate, and the treatment conducted. 
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Table 2.7 ~ lhe ret!JltJ ofnum.eroua recent lltlldie. on the thermal propertie. of 

Table 2.7 Thermal propllrlies of nature fiber composillls obtained ftom TOA 
analysia 

Fiber Mauix lbemial Propeltiet 

Bamboo Polyester, The addition. ofbamboo fiber did 
Bpox:yand not IMUl1 in a significant 
Vinyl es=- improvement in the composites' 

firllt amet degradalian 1l:mperam:re 
(TQDJet). 

Curau! Polyes1er The inclusion of fib:re and the 
cbemical lreatmeut of fibres with 
NaOH inac88ed the oompmitea' 

thermal S11bility. 

Buriti and PolyCi!er lb ramie fiber reinforced 
ramie composite'• greatest peak 

'· degradation mnpemture (Td) wu 
372"C, whereM 1he buriti 
composites wu 346°C. 

Sisal and Polyester Whm colllpllnld to neat filn:e 
kelia composites, hybrid compotites have 

better thennaJ. stability. 

Jute,jute+ Polyester Whm compared to polyester 
sisal and and Epoxy compositn, T omet waa greeter for 

ju11:+ jute.jute+ curaw\ epoxy 
~ composile8. For both m.atri<XIS, 

1bere was no significant differmce 
in T omet for jute+ sisal. 

Mulberly Polyester The thmmal stability of the 
composites improved when the 

NaOH content Wiii Illisc:d. 
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l.8,1.l Dtft'emiUal Se•nntni: Cdorlme11y (DSC) 

In terma of tmiperature and time, the DSC can indicate whm a maUlrial is tnmsiti.oning 

between two 81atet. By comparing die magnitudet of die endothermic (heat abeorbcd) and 

exothermic (heat !'eleased) peats. it is possible to determine the tbenn•J phase shift of 

compoaites. The by tJw:rmaJ parameters cstabli&hed from this sllldy =die gtus..111nsition 

lempaaturc (Tg), cty1tallisation dcgn:e (Xe). aystallisation trmpera1Uie (Tc), and fusion 

lempeiatum (Tm). It is also possible to compute the ccanpositu's enthalpy fluctuation and 

heat ""pa..ity. Tg is 1111. iwpoilmt material. feature to w1111ider' whm c;hoosing natural 

compoailes f.or a certain md•uac application. Them•' set polymer Tg rcfm to the 

tempaature nwge when a polymertransfonwJ from a rigid to a more tlexi'ble orrubbety itllte 

as is well-known, the "normal" abde of most tbmnos« polymms at room tmnpentture ii a 

rigid one ( amotphous BOlid). thermos et resins' molecular chains do not have enough kinetic: 

energy to move ti'ecly below lheir Tg. 

Anolher thing chat happens is chat the polymer resin molecules become more active whm 

they an: heated. Polymer molecules may &eely move around. one another when the rubbery 

state of thermoset polymer resin ii attained by heatin,g it to a apec:ified quanlity of energy. 

The tnlpmltUie at which this trimsfoima1ian happens is known u the glast transition 

temperature. Tosummarise,thetemperatureofpolymtrreainshouldneve:rexceedTgduring 

service. Although 1beir 1111'.dimi..:al propertiea (atteug1h ad ltiffnesa) will quickly decline if 

the composites arc used above their Tg. «d8in mechanical capabilities will be kept Wltil the 

lempeiature smpuses the Tm. It is the 1mnpei atun1 at which polymer chain• may be aligned 

in a diffm:nt way. Lamellee, will be found which an: oxgmiaed aymJlinc dJain 11m11, aa 

approach 1he Tc. However, amotphous 1\lgio.u remain 1hroughout the~. Tc ia hotter 

tban Tg, bat not hot enough to melt it (I'm). 
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La8t but not leut. polymeric chaiu tmtk: their bon& and cum into liquids at a tempercure 

blown as the meftina ~ (rm). This is known as an endothennic transition. 

Thermoset polymeni often have a higher Tm tbm Tg. At templll'lltuill8 over Tg but below 

Tm, 1hc polymer n:,,:in becomes rubbety, and it m&y detbim 1ignifi.cllll1ly under vay mild 

tim:e. The sample size and shape, 1he heat ramp, and 1he enviromncnt in which the DSC 

investigation ia condncti:d all have an intlu.ell.ce on the outcomes. Sf:Veral recent DSC-based 

stwlies on 1he thmnal propenics of natural 6lne compoaites Im! s11mmnrisi:d in Table 2.8 

(below). 

Table 2.8 Thermal pr~et of nature wmpocitet obtained ftom DSC anal.ysit 

Fiber Malrix Thamal Propertic:a 

Cumu! Polyester The Tg of1hc compollitcs Wlli raised u a 
result oflhe chcmioal 1J.'ellrnenb, Ca (011)2 

' 
- w the m.ott ell'ective treatment, with a Tg 

of141.92 C. 

Jute+ Polyests The addition of nanofiller boosted 1he 
Z1Q2 composite's T g. 

. , ___ 

2.8.1.3 Dynamk Med11alctl ~ (DMA) 

For example, DMA may be used to calculato the storage modulus (B'), loss modulus (B"), 

damping factor (tan = B"IE') and the glllllll tnmllili.on b:mpcrllture (fg). The c:Jaatic 

dl.llraclaistics of the malaial's storage modulua (B') are liabd to energy stomge. When 

heati:d, the "stif!Dess" of the composites aampte is icduced. It ia the viscous component of 

the composite 111111.Ple that helps d.issipam cnr.rgy, which is linkM to 1he loss modulus (H). 

44 



Molecular dissipation. and inmnal mole<:Ular Diction. ere ~nnected becauee of 

morphological transitions and relaxation, morphology, and sysmn heaogenei1y. 

Tan= E"IE" is used ID dlll'ermine a dmnpiDg tilctm, which is related to the inl!!mal mobility 

of polymeric chains and demona1mtell the inD.ucnce of fiber/matrix inte:nwtion.s. Can= B"IE' 

Thia indicates !hat the polymeric chain is more prone to movement. but a low value in. lhe 

Mio indicces that fhe fi.ber/ma1rix intemcia1 oonnedion. ii strong. implying that the system 

wams less Clltl'BY than it is Jtorins. DMA DltlBlllCmads of the complex modulus are 

typically used to cah:ulaU! Tg, and tho umperature inczeases at a amata:nt l'llll!. 

In 1ho DMA analysis, there are a variety oftest combinations to choose from (fur example, 

dual ('Jlntilever, 8ingle cantilever, three-point beading, tmion, &hear, tcnsioa, and 

compiasion). Aa oppoeed to &ing1e and doable cantilever modet, which provide mixed 

loading, 1be ~point bending mode produces measurable strcJses in relatively rigid 

malllriaJa, making it tho most p1efimed. test procedure for composite m.atmiaJa. DMA 

malyrria may m;onl Bignificaut (up to 2S°C) variation in 1he glau 1rlmaition temperature fill' 

a specific material, depending on the teclmiqu.e 1l8ed 

Na!me fiber compoeitea galhered by DMA have unique lhermal properties besed on. their 

physical or sliuclUral llmllliomont of phases (~o), iblm, and mtural composite 

COJ1stib1onhl A composite matmial'a dynamic mechanical ptuponies may bo infl11111ced by 

the preseace of fillers, fiber coment and orientation. 1111.d chemical. treatmem of the fib en. 

Tbereau!ts of the DMA testaeaJaoaffecwdbytheteatingpro~. Various recents1Udiea 

have IUOd DMA analysis to invostigam tho thermal propottiM of nature fiber composi!M, as 

shown in Table 2.9. 
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Table 2.9 Thermal propertiea ofn.atim compo«itea obtained ~mDMA analysit 

Fiber Matrix Thermal Properties 

Mulbmy Polyester The etorage modul11.1 (E') of the compoeite 
WU niised by l~h aft« lmltmmrt with 
NaOR The fibRs lowered die Tg (the 

plain Ie8ia bad a Tg of 69 •C, whereas the 
Uldnlal1'ld c:omposillls had a Tg of 63 •C). 

Ramie+ Polyesw In comparison to the other treall!d 
Burili inmncea, the ramie reinfol'Ced compoG!e 

lnated with 2% de NaOH bad a gmrter 
storage moduhu and loss modulm. 
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2.8.2 Finite Element Modelling 

The microstructure and micro distribution of natural fibre have a significant impact on the 

thermal characteristics of Nature Fiber Reinforced Polymer Composites (NFRPC). 

Researchers in traditional finite element modelling thought that the structure was 

homogenous and did not take into account the microstructure of natural fibre. Natural fibres. 

on the other hand. have a solid area and a lumen in their microstructure, which has a 

significant impact on the thermal characteristics ofNFRPC. A 2-<limensional RVE model 

was built to solve this problem (Naveen et al., 2018). The NFRPC's 2D model is shown in 

Figure 2.27. In the FEA, the effective thermal conductivity ofNFRPC may be determined 

ll8ing the following formula: 

Equation 2.1 Effective Thermal Conductivity Formula 

which is k bemg the effective thermal conductivity, t1 and tO are the temperatures at the 

borders, q is the heat flow, and Lis the side wall length. 

Natural fiber 

Lumen 

) ) 

Matrix 

Figure 2.27 2-dime:nsional model of the NFRPC 
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l.9 Concbnfon 

In amclusion, this chapter bas provided a lot ofinfimnlltion based on pnMou& studies I1llated 

to 1he topic of tt:ae&rCh, simulation md application of Nelm'e Fiber/Polyeater Aluminum 

honeycomb f.or Thermal Analysis for Malaysim Shelter Applicalian. IDformation baaed on 

pmrio\18 studies consis11 on IUl1urc fiber end polyester, composite mala'ial, honcywmb, 

m.ataial selection, maerials and methods such as modelling and assembly t1Jmugh 

SOLIDWORKS and ANSYS, lll!d lastly thmmal imalym ofnatum fiber mi.tdiac:ed polymer 

compollitc:a. Thermal malyiria llCCtion aJao 1:en1Bim 1he equati.on in cletmn:ine 1hermal. 

c<mdncnvity nattue fiber rdnforwl polymer compoeiles. Furthcl'DIOR, 1heorica that have 

been found in the ~ ieview l\lgarding to the ~b absolutely helping in n:port for 

the next chapter. Last but DDt lea.st, the combination of na1ure fiber oomposWI with 

aluminilDJI homycomb sandwich becom.1111 the fim choice for the reseen:h as mllClts all 

criteria in variOWI aspeets especially in mat.c:ria1 piopel.'liea of male.rial. conductivity. 
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CHAPTER3 

METHODOLOGY 

3.1 l».trodv.ction 

The aim of till& sllldy is to come up with the ideal to develop 3D sandwich model of 1hin

walled honeycomb with Dll1Un! fiber c:.ompo&te in order to find their bdmviora of thermal 

analysis fm Malaysian Shelter Application. Thia study iOcuses on the pucw! of matmial 

pnparation 1bat t:ODllW modelling 3D d..Ugn uaing SOLIDWORKS and evaluate the 

thermal 111181.ysia of the model in terma of 11!.ermal ca.nducti:v:ity using ANSYS. Material 

properties of varied nature fiber and aluminium 8llldwich panel should be CODBiderecl befme 

staningtbe oxperiment Figuro 3.1 shows the comphito pIOCCllSCS that were followed in order 

to complete the study. 
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1dle lti.~- the problem :ri:afome ,_ 
objedi•-e and scope jf ilie re;ie:?trch 

Per.ff' rm lderarure reli.i e1\:, ~udy the 
preli.io r s: rerea..-ch t at related 

Study mate:riaJI pmpertie,;i, in t•fil.l:!IB hernial 
an~l _:-sUl; of _ature ature fiber d _cme-_. mb 

~------~--~ Prepare ~•um- ium h neycomb .;;and"!i.vi~ and 
.,.-ari erl na tw"e fi"tye:r 

Export the mociei to ~ !Jl;,""\ S ~.oftwa.Fe 

for herm!al anal~ ~i~ 

Figure 3.1 Flow chart of methodology process 
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3.2 Material Selection 

The phrase material selection factor refers to any factor that influences the choice of material 

for a certain application. In order to accomplish the experiment, aluminium honeycomb 

sandwich as a core with the panel sheet (upper and lower) reinforced by nature fiber 

composite as adhesives were selected before modelling design using Solidworks software 

and imported the model into Ansys software for thermal analysis using steady-state thermal. 

Furthermore, material properties of aluminium for honeycomb along panel sheet of varied 

nature fiber composite need to evaluated and it is important to determine appropriate 

materials for the experiment so it is giving the right outcomes at the end. 

3.2.1 Hexagonal cell structure honeycomb 

Honeycomb structure is created by a space filling technique or higher-dimensional cells 

where there is no gap between two cells. In any number of dimensions, it is an instance of 

the more general mathematical slating or tessellation. Honeycombs can be constructed in 

Euclidean ("flat") space as well as non-Euclidean spaces (Al-Azad, Dedifitrianto and Shah, 

2021 ). In spherical space, every finite uniform polytope may be translated to its 

circumstance to produce a uniform honeycomb. Using Solidworks software, hexagonal cell 

structures as shown in Figure 3.2 that are quite tiny in size, depth, length, and thickness can 

be designed. 

Figure 3.2 Hexagonal cell structure honeycomb 
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3.2.2 Varied. nature fiber 

Nature fibers are those that may be obtained and removed readily from vegetable 

(cellulose), animals and mineral SOUl'te. Natural fibers are more beneficial and long-lasting 

than synthetic fibers, which has led to their use in a wide range of industries. Regarding to 

the experiments, selected varied nature fibers are sugarcane, coconut and palm oil as 

illustrated in Figure 3.3. 

(c) 

Figure 3.3 Varied nature fiber: (a) Sugarcane (b) Coconut (c) Palm Oil 
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3.3 Material properties 

It is important to define the material properties that were selected in order to accomplish the 

expected results of the experiment. Regarding to the Table 3.1 below, the material properties 

in terms mechanical properties especially thermal conductivity of varied nature fiber 

composite has been displayed. 

Table 3.1 Thermal conductivity of varied nature fiber composite (Aaksh koli, 
2015) 

Fiber 
Volume 

Fraction(%) 

Owt.% 0.357 0.363 0.361 

2wt.% 0.184 0.255 0.232 

4wt.% 0.162 0.237 0.211 

6wt.% 0.143 0.219 0.195 

8wt.% 0.125 0.194 0.174 
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3.4 Material preparation 

Material preparation in the experiment consists modelling 30 sandwich model of thin-walled 

honeycomb with nature fiber composite as shown in Figure 3.4 using Solidworks software. 

After that, the 30 model bu exported into Ansys software in order to evaluate the material 

properties testing of nature fiber composite honeycomb sandwich especially in thermal 

conductivity. 

(c) 

Figure 3.4 Honeycomb sandwich with varied nature fiber composite: (a) 
Sugarcane Composite (b) Coconut Composite ( c) Palm Oil Composite 

3.4.1 Modellfng and assembly 

Multiple layers of thin sheets of metallic (or nonmetallic) plates are linked together and 

suitably bent to create the honeycomb-core structure. The tiny strips are initially joined 

together in parallel zones that are evenly spaced. The joining regions over one part of each 
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thin sheets is staggered in relation to the bonding zones on the opposing side. Through 

folding of the bonded and free junctures, the bonded multiple sheet structure is subsequently 

pushed apart in the thickness direction to generate a finalized honeycomb structure. A variety 

of varied honeycomb cell shapes might be produced by varying the width and spacing of the 

composite structure belt zones, as well as pulling apart the many layers by bending 

displacements to a desired result. 

The Figure 3.5 depicts the sort of honeycomb hexagonal cell that have been modelled using 

Solidworks software. In order to make the pattern easier, just measure the distance of the 

two parallel sides of a polygon and add the actual distance between the polygons for the 

horizontal part. The thickness of a honeycomb cell wall is 0.1 mm, but with the bonding 

interaction length reduced to a minimum of 0.05 mm. Each the hexagonal cell has the same 

side lengths with 8 mm. The largest diagonal of the cell cross section is used to define the 

size of a honeycomb cell and the result is 13.86 mm. 

Figure 3.5 Honeycomb cell geometry 

Before continue on modelling, the cell dimensions need to be confirmed. In order not to 

facing any issues in long-run, make sure to fully defined the polygon. After that, apply a 

linear sketch pattern both vertically and horizontally out of the two polygons indirectly draw 
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a rectangular as illustrated in Figure 3.6. The value for y-axis is 24.09 mm + 0.09 mm 

meanwhile, for x-axis is 13.91 mm+ 0.05 mm. 

Figure 3.6 Linear sketch pattern y-axis and x-axis 

After that, the sketch has been be proceed with extrude function for the thickness of the 

honeycomb. By choosing the extrude, clicking on the distances between of the polygons to 

develop 3D hexagonal honeycomb as shown in Figure 3.7. Mid plane has been selected for 

the direction point and the extrude/thickness value is 20 mm. 
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Figure 3.7 3D Hexagonal honeycomb 

Next step is developed 3D of hexagonal honeycomb panel sheets merged by nature fiber 

composite as illustrated in Figure 3.8. The dimension of the panel sheet is referring with the 

dimension of hexagonal honeycomb which is 205.53 mm for the width and the length is 

104.65 mm. Meanwhile, the value of extrude/thickness for the panel sheet is 5 mm. 

104.65 

l 

Figure 3.8 Sketch and 3D panel sheet 
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Lastly, the 3D part of hexagonal honeycomb and panel sheets be assembled as shown in 

Figure 3.9 and Figure 3.10 that represented of four view angles of the model. The completed 

model will be imported to the Ansys software for testing in parameter of thermal analysis. 

Figure 3 .9 Hexagonal Honeycomb Sandwich 

*front • *left 

[ 1 1 111 1 1 1 1 1111 1 ! 
'Top '''himetric 

Figure 3.10 Four view angles of the model 
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3.5 Simulation Testing 

The experiment further focuses on simulation steady-state thermal analysis of 3D 

honeycomb sandwich reinforced with nature fiber composite model using .Ansys software. 

In general, there are some examples of thermal quantities of interest such as distribution of 

the temperature, the amount of heat loss or g~ and lastly the gradients and fluxes of the 

thermal. In Ansys software Mechanical, steady-state thermal as illustrated in Figure 3.11 

need to be select for the simulation especially in finding the thermal conductivity for the 

honeycomb sandwich. To use the steady-state thc:nnal analysis, double click on the icon or 

drag the icon on the provided box. 

El Analysis Systems 

~ Coupled Field Harmonic 
~ Coupled Field Modal 
l!SI Coupled Fie ld Static 
~ Coupled Field Transient 
9 Eigenvalue Buckling 
® Electric 
@:a Explicit Dy namics 
li.j Fluid Flow - Blow Molding (Polyflo 
rgs Fluid Flow - Extrusion ( Polyflow) 
li:a Flujd Flow ( CFX} 
~ Fluid Flow ( Fluent with Fluent Me: 
~ Fluid Flow (EJuent ) 
~ Fluid Flow ( Polyflow) 
0 Harmonic Acoustics 
~ Harm.onic Response 
Ea Hydrodynamic Di(fraction 
~ Hydro~ynamic Response 
~ LS-DYNA 
~ LS-DYNA Restart 
~ Magnetostatic 
ti Mnr1"1 
0 Modal Acoustics 
liiJD Random V ib ration 

fij Re. sponse Spectrum"' 
~ Rigid Dynamics 

• Speos 
ED Static Acoustics 

ru ura p m1za on 
% Substructure Generation 
c:tJ Thermal-Electric 
:::i:J T hroughflow 
::::rJ T hroughflow { BladeGen) 
~ T r a nsient Structural 
0 T r a nsient Thermal 

Figure 3.11 Steady-State Thermal icon 
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Next, several steps need to be complete that consists engineering data, geometry, model, 

setup and lastly solution before obtain the results for the simulation. Engineering data as 

shown in Figure 3.12, just may simply adjust the material aUributes such as aluminium and 

add varied nature fiber composite with different fiber volume fraction(%) that consists 0 

wt.%, 2 wt.%, 4 wt%, 6 wt.% and 8 wt.% as the new material. In terms of the accuracy of 

thermal studies, linearity and non-linearity are critical. When the material characteristics 

change as the tempeum.u:e rises, nonlinear circumstances are present. Thermal Conductivity 

is the most significant material. parameter to define in ADsys software for steady-state 

thermal assessments. 

Figure 3.12 Engineering data and material selected 

.. . ,, 
-·"' 

Once the materials in engineering data have been selected, import the 3D honeycomb 

sandwich model to the geomeb:y part as illustrated in Figure 3.13. For the Ansys software 

solver, the initial tempenature must be specified. The initial temjkl1"8ture and final 

temperature of the model has been obtained during the lab experiments as shown in Table 

3.2. So, the simulation results will be compared with the lab experiment results. If the 

material characteristics are affected by temperature changes, this infonnation is necessary. 
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1 

2 ti Engineering Data ./ ,. 

3 1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1 
4 G) Model ~ _,. 

5 i;a, Setup 'W ~ 

6 ~ Solution ~ 
Q A 

7 @ Results ~ 
0 A 

L 
... 100.00 f1M'I) 

Honeycomb Sandwich , . ., 150.00 

-' 

Figure 3.13 Imported 30 model to Ansys Workbench 

Table 3.2 Initial temperature and final temperature of honeycomb sandwich dming 
lab experiments 

Fiber Coconut Sugarcane Palm Oil 
Volume 

Fraction (%) 

• ~ • • • 

Owt.% 42.0 32.4 40.0 28.8 45.3 32.4 

2wt.% 65.7 29.7 60.4 26.5 S0.8 30.1 

4wt.% 72.3 28.3 69.2 24.9 51.5 26.4 

6wt.% 83.4 25.9 78.0 23.5 63.6 23.6 

8wt.% 97.8 24.2 88.S 22.8 71.5 21.2 
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After the imported model in geometry section be defined by Ansys, proceed with the model 

section that included assign the materials to each part of the model and setup the important 

information as illustrated in Figure 3.14. Before continue with the simulation testing, the 

model needs to be meshed that increases the efficiency to determine the distribution of stress 

at each and every region. However, some errors happen during the mesh process because the 

face of honeycomb too much due to the dimension of the model too big and it is also needing 

too much time to be meshing. To overcome these errors, the model be adjusted by cutting % 

section of the previous model and the new surface area body of the latest model is 16. 796 

mm2 indirectly the extrude/thickness value has been changed to 23 mm as shown in Figure 

3.15. 

Name 

]I Project 

B ~ Model (84} 
lB .,,;) Geometry Imports 
B· ,1riS:t Geometry 

, · ·,; ~ Composite skri final 
·_ ,;$ Composite sm initial 

. v' tj Aluminum 
li'J · ,Al Materials 

· . .,, ~ Polyester 

·,1~ Polyester/Coconut6% 
+ · ·,1~ Polyester {Sugarcane 2% 

· ·,;~ Polyester/Coconut 2~ 
· . .,, ~ Polyester {Coconut 4% 

t"""..I~ Polyester/Coconut 8% 
1-.. ··,1 ~ Polyester /Sugarcane 4% 

f ...... ..I~ Polyester {Sugarcane 6 % 

i-.. · ,1 ~ Polyester /Palm Oi 2% 
f ...... ..I ~ Polyester /Palm Oi 4% 

\-···,1~ Polyester/Palm Oi 8% 

f ""..! ~ Aluminum 
1-···,1~ Polyester/Palm Oi 6% 

, i.. ..... ..I ~ Polyester {Sugarcane 8 % 

$--·..1* Coordinate Systems 
t!J-··,1;) Connections 
!----.y~ Mesh 

EJ .... ?l!J Steady-State Thermal (BS) 
i-.. · ,1T.O Initial Temperature 

} .. Attl Analysis Settrigs 
B-· 7'1 Solution (86) 

: ....... f~ Solution Information 

Figure 3.14 Some of the setup in model section 
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o.oo--==5=-0.00--== 100.00(mm) 

25.00 75.00 

Figure 3.15 New dimension of3D model honeycomb sandwich 

Last but not least, the meshed model as illustrated in Figure 3.16 already in good state and 

can be proceed with simulation testing. In this case, mesh structure optimization is necessary. 

Lastly, the solution of the simulation testing can be obtained by choosing the thermal 

parameter namely temperature and heat flux indirectly using the formula as shown in Figure 

3 .17, the value of thermal conductivity can be obtained. The value of thermal conductivity 

honeycomb sandwich reinforced varied nature fiber composite has been recorded on chapter 

4, results and discussions. 

o.oo._-===::::5::ii0.00---===::5100.oo (mm) 

25.00 75.00 

Figure 3.16 Honeycomb sandwich model that has been meshed 
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.:.-·..rlil Steady-State Thermal (CS) 
i ....... ..f;:;o Initial Temperature 

i--··AU:/ Analysis Settings 
, ..... fll Temperature 
j ...... fll Temperature 2 

B ..r~ Solution ~C6.) . 
,...... , Solution Infomiation 

, ..... ../ Temperature 

·..... ~Total Heat Flux 

Figure 3.17 Thermal parameter solution and heat flux formula 
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CHA PTER4 

RESULTS AND DISCUSSION 

4.1 l».trodv.ction 

steady-stam thermal Amys Workhaich on the development m 3D heugona1 honeycomb 

Simula1ion lllllllYBi8 be repined by multiple timell for diffemit fiber volume fiaetion at 0 

wL%, 2 wLo/o, 4 wLo/o, 6 wt.% and 8 wL%mthemodelmpecti.vely. Comparisonofthemott 

effective thermal conductivity between honeycomb 8811dwich that reinforced with th1\le 

diffiaent nalQro fibers that '10I!Si.st& coconut, llllgammo and palm oil have been i:ecorded in 

this chaptm. The decliwness of thermal conductivity ia provm by sinml!diom cmied out 

and the rel!llllll are shown in 1ables and graphs. 

4.l »&played of Slmliladon T•ttae In 'l'llennal Parameter o!Temperanire and 

Beat Flux 

illusllatlCd ill Figure 4.1. But f.or our case. the tcmpemure tmd heat flux will be the objective 

in fimting 1hemud condw:tivity 111ing the formula that has been mentioned in pm'iowi 

du!pter. Since the l&npe:tatilRI is a singlo scalar number, it has no direction. Thmemre, the 

bounda:iy CODditiom dicllltc that the steady-state temperature Ui zem at the endpoints. Before 

continue with llim11latian diBplay l'Mllt8, be.re is some impo1'tallt tip Rgal'ding to the steady· 

state heat flux. A heat tranmr is said to be steady-state if it exhibitl a oomiatmt, 

~ rate m heat 1ransfer. Radiation, COIIVCciiOD, or conclac:tion me all possible 
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methods of !Mady-state heat transfer. Simulation testing display for the temperature profile 

and heat flux of fiber volume ftiwtion at 0 wt.%, 2 wt%, 4 wt.%, 6 wt%. and 8 wt.% have 

been recorded as illustated in Figure 4.2, 4.3, 4.4, 4.S, 4.6 and 4.7 respectively. From the 

simulation, the most of all 1he kmperature results can be determined in constant st.eady-state. 

However, the total heat flux lrimuJation displayed with diffi:rcnts value cverytime the testing 

carried out. It is means the relatiODSbip between thermal conductivity of nature fiber 

composite and the dimension of the model have relatively large iofluence on determining 

the value ofk that will be obtained is the suc<:ess in thermal conduci:ivity more efficiently or 

not 

•. 
Insert Thermal • ... Tempm1turt 

Show All Bodies Shift-F9 -ContactTooT ~ Total Heat Flux 

Invert Visibility Probe DJctional Heat Flux 

l;.i Copy Coordinate Systems Er or 

~ Clear Generated Data ~ Volume 

I Rena111e F2 !! User Defined Result 

e'.l Group All Similar Children ,. Python Ru ult 

6 Open Solver FAes Dlr~ctory ~lit Commands 

~ Worksheet Result-Summary , Python Cod~ 

Figure 4.1 Thermal distnl>ution of the model during simulation temperature 
parameter 
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Figure 4.2 Tempeirature profile of honeycomb sandwich reinfo?ced coconut fiber 
composite with fiber volume fraction of(a) 0 wt% (b) 2 wt.% (c) 4 wt.% (d) 6 

wt.% (e) 8 wt.% 
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Figure 4.3 Total heat flux of honeycomb sandwich reinforced c:oc:onut fiber 
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wt.% (e) 8 wt.% 
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4.3 Thermal CollducUvtty analyllJ 

'fbcrmal cot!dn<4ivity, or 1he ease wilh which lhcrmaJ. energy moves :from 1hc hot md to 1he 

cold end of a substance, chlra.cteriaea 1hc rate of heat tlow amia a temperalUrc gradient 

within a macrial. Watll per m.ctrc Kelvin is the thermal condoctivity unit in the SI system. 

A auhstance with a high thermal condi:a.ctivity may convey massive amountll af heat fast 

across a big distance, whereu a mahlrial with a poor tluirmal co:ndn:ctivity can function as 

m imula1ing banier to heat t?ammiHion. Tbmnal interfac:e IDllterials mu.rt be able to 

facilitate hat tnmamission between two amfacet, which l!Mlba thermal conductivity 

essential. Theamal interface materials are U!led. to 'fill in the gaps' and offer a channel ibr heat 

transfer since it may be illdlemely challmging to pt two surfiices to have perfect contact 

with oech other (and hence difficult to acbi&!Ye ideal heat m:mfer efficimicy). This process 

also be on oflhc impottant thillgs in simulatioa. lntiag becanae it can provide~ efli.cicn.t 

resulta in finding 1be thermal conductivity remit. 

Further the results for the 1het:mal conductivity of 1hc honeycomb sandwich reinfim:ed 

coconut fibs composite has been recorded as ahown in Table 4.4. FIOm tho table, a pph 

has bem ploU1!d which ii themial. conductivity againts fi:bft-volumo mction aa il1Wllnlt1ld in 

Figure 4.8. Clearly we can aee !hat thermal coa.dw:tivity drop uatil 6 wt.% of fiber volume 

IDll slllt to rise whc:a ~at point 8 wt% af fihervolume. It ia canjuatified that1he coccmit 

fiber composite am be effective in thermal conduc!ivity but it is jWlt :functi.on at the cemin 

point ibr llXllmplll, the thermal coa.dw:tivity boc:om11 not effective wh.111 tho fih11r volume too 

much just lib at 8 wt.% and above. Just to mention, tho lowlll' the thsmal conductivity of a 

malaial, Che bette:r the 1he:rmal performmce. 
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Table 4.1 Thermal conductivity of honeycomb sandwich reinforced coconut fiber 
composite with difference fiber volume fraction 

Fiber Volume 
F raction (% ) 

Owt.% 

2 wt.% 

4wt.% 

6wt.% 

8 wt.% 

7.00E-24 

-~ 6.00E-24 a 
~ 5.00E-24 

~ 4.00E-24 

t 
~ 3.00E-24 

.g = 2.00E-24 
Q 

l;.J 
'ii 1.00E-24 

j 0.00E+OO 
E-4 

-1.00E-24 

Q Thickness L w Ti Tf K 
(W/mmA2) (mm) (mm) (mm) (OC) (OC ) (W.mm/°C) 

2.98£ -19 23 22 1 76 100 28 5.67E-24 

1.92£-19 23 22 1 76 100 28 3.64E-24 

1.22£-19 23 22 1 76 100 28 2.32E-24 

3.89£-20 23 22 1 76 100 28 7.40E-25 

4.92£-20 23 22 1 76 100 28 9.35E-25 

V RSITI TEKN KA 

Owt.% 2wt.% 4wt.% 6wt.% 8wt.% 

Fiber Volume Fraction (%) 

Figure 4.8 The effective thermal conductivity of honeycomb sandwich reinforced 
coconut fiber composite as a function of fiber volume fraction 

Next, the graph as shown in Figure 4.9 that has been plotted in determine the effective 

thermal conductivity of honeycomb sandwich reinforced sugarcane fiber composite using 

the collected data as illustrated in Table 4.5. From the graph, we can determine that some 

errors just happen during the simulation. This is because the thermal conductivity is not 
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stable and just happen drop and rise at some point. Tue errors that have been mentioned is 

thermal conductivity value for sugarcane fiber only not to precise with the dimension and 

parameter during the setup for simulation testing. Just for sure, the best sugarcane fiber 

composite volume for the thermal conductivity is 4 wt.% which is l.60E-24 W.mm/°C. So, 

for now, honeycomb sandwich reinforced coconut composite is the more effective in thermal 

conductivity compare to the honeycomb sandwich reinforced sugarcane composite. 

Table 4.2 Thermal conductivity of honeycomb sandwich reinforced sugarcane 
fiber composite with difference fiber volume fraction 

Fiber Volume Q 
Fraction (%) (W/mm" 2) 

Owt.% 2.98£-19 

2wt.% 3.17£-19 

4wt.% 8.40E-20 

6wt.% 1.27£-19 

8wt.% 2.0lE-19 

8.00E-24 -u 
"} 7.00E-24 

El ' V 
~ 6.00E-24 

~ S.OOE-24 

~ 
] 4.00E-24 
y 

= "g 3.00E-24 

a 'ii 2.00E-24 

~ 1.00E-24 
.cl 
~ 

O.OOE+OO 
Owt.% 

T hickness L w T i T f K 
(mm) (mm) (mm) (OC) (OC) (W.mm/°C) 

23 221 76 100 28 5.67E-24 

23 221 76 100 28 6.03E-24 

23 221 76 100 28 l.60E-24 

23 221 76 100 28 2.42E-24 

- 23 221 76 100 28 3.83E-24 

AKA 

2 wt.% 4wt.% 6wt.% 8wt.% 

Fiber Volume Fraction (%) 

Figure 4.9 The effective thermal conductivity of honeycomb sandwich reinforced 
sugarcane fiber composite as a function of fiber volume fraction 
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The last material that has been used in fmding the most effective thermal conductivity is 

honeycomb sandwich reinforced palm oil fiber composite. The data and result during 

simulation session has been recorded as shown in Table 4.6. Using the data in the table, a 

graph has been plotted as illustrated in Figure 4.10. This graph is more stable compare to the 

honeycomb sandwich reinforced sugarcane composite but the value of thermal conductivity 

is still high which is 2.68E-24 W.mm/°C. 

Table 4.3 Thermal conductivity of honeycomb sandwich reinforced palm oil fiber 
composite with difference fiber volume fraction 

Fib er Volume 
Fraction (% ) 

Owt.% 

2 wt.% 

4 wt.% 

6 wt.% 

8 wt.% 

7.00E-24 

a i 6.00E-24 

~ 
~ 5.00E-24 

~ 
$ 4.00E-24 
·i;: 
~ 
~ 3.00E-24 

1 
~ 

U 2.00E-24 
-; 
El 
"" ,! 1.00E-24 

~ 

O.OOE+OO 

Q 
(W/mm/\2) 

2.98E-19 

2. l 7E-19 

2.0lE-19 

1.41E-19 

1.73E-19 

Owt.% 

Thickness L w Ti T f K 
(mm) (mm) (mm) oc oc (W.mm/°C) 

23 221 76 100 28 5.67E-24 

23 221 76 100 28 4.14E-24 

23 221 76 100 28 3.82E-24 

23 221 76 100 28 2.68E-24 

23 221 76 100 28 3.28E-24 

A AYSA AKA 

2 wt.% 4 wt.% 6 wt.% Swt.% 

Fiber Volume Fraction (o/o) 

Figure 4.10 The effective thermal conductivity of honeycomb sandwich reinforced 
palm oil fiber composite as a function of fiber volume fraction 
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The last graph as shown in Figure 4.11 determines which is the most honeycomb sandwich 

reinforced varied nature fiber composites in effective thermal conductivity. According to the 

graph, the most qualified and efficient in thermal conductivity is honeycomb sandwich 

reinforced coconut fiber composite which is 7 .40E-25 W.mm/°C at 6 wt.% of fiber volume. 

The second is honeycomb sandwich reinforced sugarcane fiber composite with 1.60E-24 

W.mm/°C thermal conductivity at 4 wt.% of fiber volume for the material composition. The 

last one that not too good on effective thermal conductivity is honeycomb sandwich 

reinforced palm oil fiber composites. The value of thermal conductivity that it has is 2.68E-

24 W.mm/°C at 6 wt.% of fiber volume. 

2.SOE-23 

G 
0 

S 2.00E-23 

El 

~ 1.SOE-23 

~ i 1.00E-23 
y 

.g a S.OOE-24 

-; 
! O.OOE+OO 

~ 
~ 

-5.00E-24 

Owt.% 2wt.% 4wt.% 6wt.% 

Fiber Volume Fraction(%) 

- Coconut - Sugarcane - Pa1m Oil 

8wt.% 

Figure 4.11 Comparison in effective thermal conductivity among the honeycomb 
sandwich reinforced varied nature fiber composites 
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This chapUlr cen conclude on pt smmtion of the data and nsults an1 enhanced by the 

simulation ti:ating and IO on. It is also deicn"bed on Che effective thermal eonduclivity for a 

mall:rial by making compariaoll lhe tl!Re-holleycomb 8811dwich reinf.on:ed ~ fiber 

composite. The graph and explanation have beai attached. Besides, 1he simulation testing 

muat find temprnture and mtal heat tlm: in om to calcula1e thmnal condw:tivity, 1: using 

the fumwJa that has been mentioned on pnvioua section Laally, it is also displaying the 

tempemtuie profile and heat flux of3D Honeycomb 11111dwieh reinforced nature fiber wring 

Auya. 
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CHAPTERS 

CONCLUSION AND RECOMMENDATIONS 

5.1 Coll.Chn:io11. 

In practice, lb.ere ere many mclhoda 1hat cm be applied in finiting tbermal. 

condw:tivity of malaial doem't matmr in terms of lab experiments or through simulll.ion 

m:pmimmts. For this n1searclJ. it is focwiing on simnlarion axprimmrts that Wling Solid.works 

sofwme on develop fhe 3D model hexagonal honeycomb lllmdwich n:infon:ed varied natm:e 

fibc:r campoeite and ADsya software for the tbl!!Jlation in finding 1hcrmal conductivity 

effectiveness. 

The fiut objeetive oftbis resean:h is to develop 3D sandwich model of thin-walled 

honeycomb with natuni fib« composite panel llling fiber lllDdom distribution method. Jn 

Older to accompliah this objective, the model need to be skc:Cch roughly before 1:antinue with 

modclliDg using the software. Dimemion. of ibe model :need to be reconfim>M exactly with 

tbc pmmeta: 1hat will be used. U&ing the tiw&tion in Solidworb sol:\wlw, tbc modellina 

c:an b11 diweloped by linoar sketch pattem and llX.trudD function for the thickness. The unit 

for the dimension must be clemty jnstified through the modellin,g in onhlr to avoid any emJI' 

happetl.8. Once Che part of hexagonal honeycomb modelling be done, eontinu.e with the 

modclliDg on fhe pla1et 1hat will be function u varied nature fiber compoaitc. Afier finish 

modemng with the both parts, assemble tbt.ln to the specific point (reference line) on each 

surf&c:e selected b11fore become 3D hexagonal honeycomb 11m1dwich with the plate 1hat 

reiDfim:cd u the nature fiber composiw during pjmnJation 11es&ion. 
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In this 1"1e«R:h. 1he Be>COnd objective wu to iD.vefliga1e fuermaJ conductivity 

pcl'formance by varied Dlltule fiber component content. Investigation on thermal 

c:muhirtivity pmfut1111mee b11 cmied out by uaing Amys sof:\wme. The complllted. 3D model 

<biign needs to be import to fbc Amys Workbench for die sim.uJali.oo experiments and 1hc 

file should in IGES type. The parameter for Cle ~his related to the lhermal so, steady

~ thermal. aualysia be aeleicwd. FirBtly, eugin.eeriDg daa need to be aemp by choosing 1he 

mataiu that is going to use. It is can be cl.one by add the m.amia1 in the h1>1'1l)' dlda but. the 

Dl!W material need to be put the thennal rtmdprAivity value. Here the CJUCial part became it 

will ddemrinc the materiel valid or not for the simulation. Proc:eed with the model or letup 

by ll88ign the material to lhe each pct oflhemodd, dc!amine thermal loadfarfbc tjmn!ation 

far eumple tempel'ltUle surface, heat flow and so on. Beft.m: continue wilh eoluticm 

simulation. the model neecla to be meshed in Older getting thc most accurate results. 

I..&1tly, the nisults &om the simulation can be Uled especially total heat ftm. (q) in 

Older to calclilate thermal oonductivity using the 11elected fmmul& Thmnal. couduclivity (k) 

ofhonieycomb slllldwich reinfo~ varied nature fiber composite at 0 wt. o/., 2 wt. o/ .. 4 wt.%, 

6 wt.% and 8 wt.% can he detlemlined and honeywmb sandwich 1"inforced coconut fiber 

compoeito has the most effective therm.al condoc1ivity compare to th11 o1hcn. It is also bo 

pmvan by the lab mpmiments that's also honeycomb sandwich ninfim:ed CQMD1rt fihlll' 

compoeile has the lowest value of k. Overall, the lower the tbmnaJ conductivity of 

a mataiaJ, 1he slower the rate at which tempendUre ~a Vlmll!Dit through it. 
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5 .2 Recommendations 

This research could benefit from a few recommendation for further improvement. 

The following are the suggestion: 

i) The dimension of model sample should be exactly same with the lab 

experiment and simulation experiment which is different dimension will 

causing the value of k not same. 

ii) Thermal conductivity (k) of nature fiber composite should be tests during the 

lab experiment regarding to the our model sample. It is important because the 

simulation experiment need to key-in the value ofk as the new material. 

iii) 3D model need to be modelling properly before continue with the simulation 

because mesh process cannot be run if the 3D model have errors. Besides, the 

more complicated the design, the more time taken for meshing process. So, 

make sure the design do not have any issues. 

iv) Apply validation method by make sure the thermal conductivity of 

honeycomb sandwich reinforced nature fiber is same with simulation testing 

and lab experiment. 
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