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The development of the use of reinforced composites, as well as the increasing progress
of technology in various industries, such as aerospace, biomedicine, and structures, has
increased the investigation of production processes. Reinforcement of polypropylene
composites with natural jute fibers is a suggested solution to protect the environment
and also improve the quality of the composite. On this basis, it is necessary to study the
effect of the influencing parameters on the manufacturing process of composites
reinforced with jute fibers. In this research, by using existing linear regression
equations, the sensitivity analysis of various parameters affecting tensile strength,
flexural strength, and impact strength has been investigated. The effect of molding
temperature parameters, compression pressure and compression time has been
investigated using the E-fast sensitivity analysis method. Molding temperature is
determined as the most influential variable in the compression molding process with
the greatest impact compared to other variables. Compression pressure parameter and
compression time are known as the second and third influential parameters after the
mentioned parameter. The importance and influence of defined variables in the
compression molding process will be considered in creating the desired quality and
mechanical properties.

Extended Abstract

1. Introduction

echnology and expansion of access to all kinds of materials have increased environmental concerns. Using

natural and recyclable materials is one of the recommended options for protecting the environment.

Focusing on this basis, the reinforcement of composites with natural fibers has been investigated. In
addition to that, the optimal manufacturing and production methods of reinforced composites, as well as effective
parameters in the process, have been researched. Compression molding is known as one of the composite
manufacturing techniques. Finding the optimal conditions of the process will require examining several parameters
using statistical analysis methods and deriving the regression equation.

In the research conducted by He et al. [1] the variables of the compression molding process in the manufacture
of composites reinforced with basic fibers have been investigated. The main purpose of this study is to solve the
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process problems, improve the mechanical quality and the combined effect of molding and mechanical properties.
In this direction, the multi-parameter optimal conditions have been expressed using the surface response method
and the contour and surface diagram.

Khalid et al. [2] have investigated the amount of bending and different weight percentages of jute and glass
fibers in epoxy composites. Biodegradability, easy access, and low cost of jute fibers have been mentioned as
prominent reasons for the design of experiments. The results of the research show that jute fibers will be effective
in strengthening the impact strength and glass fibers in composite stress distribution. One of the significant
challenges in making composite materials is finding the key parameters as well as optimizing the reliability factor.
To realize this issue, Maharshi et al. [3] have investigated the mechanical properties and stress of composites
reinforced with jute fibers against cutting with abrasive water jet and manual grinding with a scanning electron
microscope. In the research of Das et al. [4], the mechanical, physical and chemical properties of polypropylene
composites reinforced with jute fibers have been investigated. In this regard, mechanical and chemical tests have
been conducted with different weight percentages of jute fibers to find the most optimal model. Govindaraju et al.
[5] have investigated the compression molding process of polypropylene composite reinforced with wool fibers in
order to develop the process of making natural composites. In this study, dependent variables such as tensile
strength and independent variables of temperature, pressure and time have been tested by surface response
analytical method. Also, using the extracted regression equation, the optimal conditions have been identified.

In the research of Sudheendra et al. [6], due to the importance of processing composites in improving quality,
thermoplastic composite reinforced with carbon fibers (Polyetheractone reinforced composite) has been
investigated. In this study, using the Box Benken method in the surface response analysis and parameter validation
test, the practical limitation was extracted and the most optimal mode was determined. Based on the study of
Olaniran et al. [7], it is necessary to increase the strength and working temperature of aluminum 7075. Therefore,
a thermally stable 7075 aluminum composite reinforced with molybdenum has been tested in research. Mechanical
and thermal properties have been investigated using the regression model.

Karacor et al. [8] have researched the hybrid jute and glass fiber composite. In these experiments, the
morphological properties were collected and analyzed by scanning electron microscope, mechanical properties by
tensile and Vickers hardness tests, and physical properties by a combustion loss test. In the research of La Rosa et
al. [9] focusing on the importance of preserving the environment, the recycling of thermoset composite reinforced
with carbon fibers has been examined. In this study, the cost analysis of the life cycle of the composite is also the
choice of the best method for the reuse of chemically treated recycled materials. Han et al. [10] investigated
composites reinforced with graphene fibers and carbon nanotubes. The main goals of this thesis are to investigate
the effect of the different weight percentage of graphene on the mechanical properties of the composite, different
synthesis methods of graphene fibers and carbon nanotubes, as well as the synergy of reinforcements. In this finite
element analysis, multiscale modeling and molecular dynamics are used as analysis methods. Polymer composites
reinforced with fibers have been investigated in the research of Sharma et al. [11]. Investigating the development
of the interaction between fiber and matrix as well as the addition of nanoparticles has been explained as one of
the main goals of this research. Subsequently, the application of this type of composite in the aerospace,
automotive, mechanical and biomedical industries has been discussed.

Considering the wide use of metal matrix composites in many fields, the reinforcement of metal matrix
composites with alumina and aluminum nanoparticles has been studied by Tang et al. [12]. In this research,
reinforced composites have been investigated using molecular dynamics simulation.

Based on the application of a composite reinforced with E-glass fibers in preventing gas leakage in natural gas
carriers, the tensile strength of this type of composite has been researched by Jae Jeong et al. [13].

In the study of Tan et al. [14], the fracture toughness of reinforced polymer composites was investigated
according to the effect of the microstructure on the characteristics of the composite manufacturer. The results of
this research will play an increasing role in the development of composites with high toughness.

In the research of Ma et al. [15], in order to find the best topological geometry and fiber orientation, composites
reinforced with light fibers have been investigated. By using the 3D printing filament, the optimization algorithm
has been extracted and the fiber density and angle parameters have been investigated.

Chandrasekhar et al. [16] in order to optimize the composites reinforced with graded fibers, have presented an
investigation of matrix topology and fiber distribution. In this review, it is proposed to develop matrix and fiber
topology by the method of a neural network. In Shah et al.'s research [17], the mechanical properties of adding
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graphene oxide to the nanocomposite produced by 3D printing have been investigated. Graphene oxide dispersion
analysis has been done using ultrasonic dispersion. It is also stated that the use of nanocomposite has been
developed in the fields of automobiles, biomedicine and sports.

In Raja et al.'s research [18], the addition of graphene oxide and polypropylene to epoxy resin composite has
been investigated. The purpose of this research was to develop the mechanical properties and examine the problems
of composite reinforcement. The results of this research state that the epoxy resin composite mixed with ten percent
by weight of graphene oxide and ten percent by weight of polypropylene will be able to develop mechanical
properties so that the use of this composite will be expected in the manufacture of parts.

Focusing on the milling process of composites, Ducobu et al. [19] have extracted the optimal conditions for
milling GFRP (glass reinforced polymer) composites. Based on this, tool wear parameters, life span and cost of
cutting tools have been investigated. In the research of Demirhan et al. [20], the fire resistance and thermal
conductivity of polypropylene composite reinforced with a slag inhibitor system have been studied and tested.

Sun et al. [21] have investigated electrically conductive cement composite in research. The mechanical and
electrical behavior of cement composites and the effect of slag and graphite on the composite structure have been
tested. In order to optimize the composite structure, the microstructural mechanisms of graphite and slag have been
investigated with scanning electron microscopy and sensitivity analysis of available variables.

Polymer composites, another type of composite, have a special place in various industries. Based on this broad
application, Dulal et al. [22] have tested the mechanical and thermal properties of polymeric composites with
multifunctional smart fibers. In this review, a new approach for the deposition of layers of materials on glass fibers
has been explained.

Low strength is known as the main problem of composites reinforced with natural fibers. Based on this, Arul
et al. [23] stated the main goals of several experiments to optimize the fracture toughness of epoxy resin
composites. The damages of this type of composite has been investigated by fractography and scanning electron
microscope.

Bahara et al. [24] developed the mechanical properties and production methods of this type of composite by
investigating the epoxy composite reinforced with rattan fiber and acrylic acid. Based on the results obtained from
this test, it is suggested to use this type of composite in the structure of the car body. Patel et al. [25] in research,
reviewed the physical, thermal and mechanical properties as well as the progress of reinforced epoxy composites.
In this research, the factors affecting the mentioned properties have been investigated and explained.

The development of the use of natural fiber composites in the near future has led Venkatesh et al. [26] to
investigate the mechanical and physical properties of the reinforced polymer matrix composite. In this research,
the effect of layer formation on mechanical properties and type of structure of layers based on reinforcing materials
has been investigated. Composites reinforced with hybrid natural fibers with 65% by weight epoxy have been
investigated by Boopathi et al. [27]. In the tests of this type of composite, the effect of different types of natural
fibers on the properties of the composite has been described and investigated.

According to the many applications of composites, Singh et al. [28] have investigated the friction composite
reinforced with natural fibers for use in the car brake system. In this research, the weight percentages and several
types of natural fibers have been subjected to sensitivity analysis and validation tests. Rami fiber reinforced
composite with a weight percentage of 5 has been explained as the most optimal composite. Based on the use of
reinforced composites with a vibration sensor in the prevention and identification of structural damage, Slimani et
al. [29] investigated the placement of the vibration sensor in this type of composite. Farmakovskaya et al. [30]
have investigated the mechanical behavior of panels made with carbon plastic nanocomposite. Investigating
deformation, residual stress and extracting thermoelastic properties of composite layers are the main goals of this
research.

In this research, the simultaneous effect of parameters has been investigated using E-fast statistical analysis.
Molding temperature, compression pressure and pressure time of the composite are defined as selected parameters
of the process and analyzed using the sensitivity analysis method. Investigating the simultaneous effect of
parameters on tensile strength, flexural strength and impact strength respectively is explained as the main goal of
this research.
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2. Modeling and formulation

Reinforcement of propylene composites using natural fibers such as jute fibers is a proposed solution in order
to improve mechanical properties. Preparation of fibers reinforced with jute fibers takes place in four stages. In
the first step, jute fibers are placed in an emulsion solution and amino silicone oil. Next, they are placed in the
ultrasonic oscillator for 40 minutes. At the end of the rotation, they are removed from the oscillator and manually
pressed and placed in the dryer. In the second step, polypropylene fibers and jute fibers should be mixed. In the
third stage of the process, the mixed fibers are placed in the air flow device and a reinforced layer with 33% jute
by weight is obtained. In the last step, 4 layers of reinforced fibers are heated in the molding machine to the
molding temperature. Finally, pressure molding is done by gradually increasing the pressure up to the maximum
pressure

3. Results

The graphs in Figure 2 (a-c) show the effect of the mentioned molding temperature parameter on tensile
strength, impact and bending strength. Based on the graphs (a-c), the increase in molding temperature will have a
direct proportion in the increase in tensile strength, impact strength and flexural strength. The molecular
stimulation of the composite is done by increasing the molding temperature, and as a result, the penetration of the
resin and the bond between the fibers will be improved. The effect of this on the development of mechanical
properties is significant.

In the graphs (a-c) of Figure 3, the effect of another parameter is shown. Based on the results of the tests, with
the continuation of the process of increasing the penetration pressure, the melting of jute fibers and composite
materials will be better. As can be seen, the increase in compression pressure will increase tensile strength, impact
strength and flexural strength.

The effect of the compression time parameter on the tensile strength, impact strength and flexural strength is
depicted in the graphs of Figure 4. Based on the results of the previous tests, although the continuation of the
process of pressure increases the hardness of the composite, it subsequently causes a decrease in impact strength.
Also, higher molding pressure can reduce the penetration of polypropylene and jute fibers during molding. As a
result of this, the decrease in tensile strength will be predictable. The flexural strength of the composite at different
temperatures will increase first, which is expected to decrease by increasing the temperature in the molding
process. It should be noted that compression over a long period of time causes a decrease in production efficiency.
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Figure 1. Effect of molding temperature parameter on tensile strength, impact strength and bending strength
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Figure 2. Effect of Compression Pressure parameter on tensile strength, impact strength and bending strength
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Figure 3. Effect of Pressure Time parameter on tensile strength, impact strength and bending strength
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4. Conclusion

Achieving the right quality while finding the optimal conditions is one of the most important issues in the
process of producing composites reinforced with natural fibers. In this article, the effect of parameters affecting
the process on the mechanical properties of the composite has been investigated using the extracted regression
equations and E-fast statistical analysis with MATLAB software. The obtained results are as follows:

1. Molding temperature is the most important and influential parameter in the manufacturing process of
composites reinforced with jute fibers. This parameter will have the greatest effect on the mechanical properties
of the reinforced composites, including impact resistance, flexural strength and tensile strength. Therefore, the
appropriate choice of molding temperature is important in creating optimal conditions.

2. The second effective variable in the mechanical properties of the composite is the compression pressure
during molding. It should be noted that the effect of this effective variable is from the temperature variable, so by
choosing the appropriate value of the molding temperature, the pressure parameter can be used with a better
penetration of the melted fibers. Develop composite quality.

3. Compression time variable with the lowest impact on mechanical properties is explained as the last
influencing parameter. It is necessary to state that the low effect of this parameter compared to the two parameters
of temperature and compression pressure will not cause the effect of this parameter to be ignored in the molding
process and the final quality.

In future research, in addition to investigating the effect of molding temperature parameters, compression time
and compression pressure, the effect of other parameters in the compression molding process of composites
reinforced with jute fibers can be investigated.

Based on the research, the basic purpose of examining composites reinforced with natural fibers is to preserve
the environment for future generations.

On this basis, with the aim of developing the use of composites reinforced with natural fibers in various
aerospace industries, biomedical structures and other fields, it is possible to examine and suggest the construction
and production of various types of composites with natural fibers.

Subsequently, it is suggested to examine the production process in economic and environmental terms,
improve the manufacturing methods and use new methods in the manufacturing and production of this type of
composite.

Mechanics of Advanced and Smart Materials Journal 3(4) (2024) 413 — 431



FYY G FIY Slrio AFF Jlo oF o)los ¥ 05 cocbiph g 4id piuss Slgo SilSo

S A.S.M_I

¢ Ao g g Ayl g0 S0

"o Jioubign g aid iy 3lgo Suls Lols alxo

oy i By jguels Sl (plgs p 3o sld yol )l (o y
G L8 (6 S I sl 3 jo S galiwga

"l i g el e

m-taheri@araku.ac.ir ol ! «STl oS1,) olKatsls o e 3 (28 0aSENS (SilSle cusikigen 09,5 o, Luzils !
fereshtehghanel3@gmail.com ol pl « STl (STl olRisls ¢ psdipn 5 (28 0aSiils (Sl gdign 09,5 ¢ owlid IS (ggzeiils =

ouS Soals (Ei3lg

Aozl e mlio ;0 (65909555 (58059, S8 i uizmed 00y sl Sy j5elS l ooliinl dxugs 0y ol Sy jgpolS
. . ) . s AU
G j9alS ol el 00y )8 adgr gloanl 8w ol Coge aojle g (i3 G Ladlen b 30T

S gy (yuidrod Can jlane Lad> Sz o golpiiny ol S S el SLIIL Glogn b (5 b8 (5 S IB
(S pls>

Sy jeeelS adgs g il a8 31 sla el b 5t ol p3¥ Lie ol s 0gs adlgs el
S52g0 s> g ,S ) SYolee jleslatnl b togsy ol )0 05,18 J18 aslllas 5 50 axS BLII L ooy 485

0995 5l G S0 b (gilwon yid ey g (g 5lwon pid Lid (6 S IB slao slo il Sl .ol oaiazsls 5

VFoX Vel el yo o )6
VY I 16,5530 g,
VY INNY 2 by dy g )b
(PYUFCI INPVRCIUOU UL 0N [YUNRCT U0 PP UL JU0 P PRSSICINA P VR SWISURCINIC Sp PO IS F |
Olej 9 silwos pid JLad el 005 o s (65L88 (6 S B W]yt u—‘)-')bff“l‘ Olgeas
5 ool g oo A Lis A8, 5T el g 5 eegd i 4 008,83 by 5l ey g5luen 28
S50 wsllae (S plem g oS Slml o wsylid 6T wn B 5 adi e sla e LSl

D¢y Jle> d>gl

doddo =)

3 b Slge sl osliiul el 00y )5 amacin; G SIS (Bl crge Slge glgil a pliws (58 5 $35)9SS

b oy 5500l Cogi ulul (nl p 55505 b 095000 Hlad 4y Canyjlarme Lai> o (goliiny loany 3 5l (S <dbsl L6

Orize odblygh Sy ealS Ay 0y g cSle lagis, (] pedle Cul W8S IS sy 090 (orel SLI

oudaiz il Sy el (g5l ST 5 (S plsrear 6,Lad (65T B sl i) 15 Buhoni 0 j90 w18 50 50 la el

dolee glzinl 5 6ylel Julows slaghy) 5l oolital b el waz el (w2 prliae anl e Lyt 28l ool
g ly> (g S

b oaisca s glacyjpals colu 0¥ (g)lid 5,5l anTp slopine [V Ken § o Lawgs sadpll Singhy 5o

! Regression Equation
2 Compression molding

CAPYYEYOVYE a5 ¢ Jgnn ooy gs
m-taheri@araku.ac.ir 1 Ssg mSIl oy (ol


mailto:fereshtehghane13@gmail.com

L (6 S B wiaT 48 5o S galiwgd oundh o gili Glacy jomolS Sl (plgs 1 o ooyl oy - FYe

JUCTERPE O ORI P J IRV JERCHNL NPT I SN SV I S I RPSRCONN IPCE JC o I SRS ORI N |
Ll Vs 5 55505 Jogmd 5 Ve gonly g, 5 ool b g il o sl saBiplie (SlSa ols 5 (555G el
e Sglicte S35 s, 5 Lied e sasie glasialesl 1o [V () Ken 5 Wb .ol 00ys )5 (b g 550l iz aseg
o5 a5 5 lel (g i (6 pdscn ot ) ilosls JIB ) 23590 )T oSl (slacyjopelS jo atds 5T asS SLI
Cusds o xS B was se ylas 3o | Jols bt el o038 o bagisles] (>b iy LY 5l s LI
S yo Olge c3ls jo az gl BB slaillr 5 (S5 0g aielss Hie Lo jenelS A me )0 aded SLI g (glaypo Cuaglie
SlSe (ol [V] o Ken 5 (o2 )lale god50 al BaoS (5l onsl Glinabsl i o (6 ltinge izman (s0ulS el b 33,
S99 98y San b 1) 8 s Clewl g oanle Of Co b (op plp jo itS BUITL oaisusii lacy jomlS (i g
Ohoneh Gria;5els oland 5 (Kb ¢ (SHe oles [¥] OSen g (wls Gado jo slesls I8 IR (9

P gz BLII I glite G55 aoy0 b lands 5 (Sl slaialel Lsly nl 50 ol 0ss gus pp iiS BN onisg o
(st Slace oS Cilo an T axwgs Baal [0] 1) Sea 5 521 JlansS ol 20,5 & 50 Sk 0 i 23 2
Gl yiie (quy ol 50 losls 1 s 00550 1) ety BLIIL oaisa sl (ylagndy Cojorels 55lid (oSl anl
el 00335 ialos] el geoly Lo gy L loj g Led oo S slajitie 5 (o885 Cunglie wiilen 4

ol oy gluliss aig Loyl b oadizl peinl g )35 dolas leslaiunl b yizen

Setdly g5 S joeals (EoiS dgae 50 ujoralS (B30 Cuedl 4y azgi L [F] ) 1en g hasmdg mgh 5
oS S g, Sl sl b gy il o sl o a2 (0958 3 Sy o s o alS) 00,5 BLII L oo s
el o pas Sl i g 00008 gl Sl (lee Codgaze L yial )y (i Ll Giolojl g s sy Julo o
g5 50 ol b Gl TV VO pgiaddl (615 (sles g plSonil sl o3¥ (V] )Sem 5 ¥yl ooy 2 slins
Plg3 g5y Je lealatul b el a8 518 (alesl 000 (5o Il padle b oz 585 Vo VO paiegll o als
P Gk yee 1) Vo e &3S g atd LI o jeels [A] S 5 525 el 0043,5 (c s Syl 5 (Sl
9 S Ginle b (Sle olgs ooy (98Ul 095mg S b (S3gdgds90 Lolsr o 4 lagialesl ol o aslesls
ol oao 5 6 osleer Tl St aleT b (Ssed eleS g TSy (e

LI L oniiu sl Camge i Cujopels il Cansjlame Lais comnl 35,05 L[] ol Sen 5 155,Y Graghy 5
Slr Ghe)y Oy DBl aizred CujenelS jee 45 2 (slaai e Julow aalllae (pl el 48 S8 ) 0090 Tien S
el 42930 150 00l oliond dral (3L 5L olge duze ool

hol Gl el wisls S sladlslyib 5 o35 GLII L saicusis claca sl ooy s [ o] oS 5 ol

laalgdgil 5 G315 S s calides lagby) wujomals (SWlSe elss p (1S glitie (S5g 0o yd Sl (o 2 (RB93 0]

Fge Sealos 5 (owlide Wiz gilude wgazme loll () p (ol yo el loosiiS gl ol jBled 8920 (raizmen ()5
ol a8 5153 oolatuls ;g0 Jedoxiga 525 slahs, (lsrea

sgi gy el 48,5115 ) 0050 [NV ] S0 g Loyl gy 5o "TOLII L saiica sl (5 peuly slojoalS

! Response surface equations

2 Contour and surface plots

3 jute fiber

4 epoxy composites

Sconventional Hand Grinder

¢ jute fibers

7 carbon fiber (CF)- reinforced polyetherketone (PEK) thermoplastic composites
8 Box-Behnken Design

* Al 7075

19 Jute/Glass Fiber Reinforced Hybrid Composites

' Vickers hardness

12 |gnition loss test

13 Carbon fiber (CF) reinforced thermoset composite
14 Fiber-reinforced Polymer Composites (FRPCs)

¥ ooylols [V 0590 NFeY Jlu /diaiigd g aid yiy Slgo Sl



CielS 35l 0 lS LBlate ol 0005 (s gl il ol Slaal 51 8 5 (30938 iz (o o 5 ez ol
el 438,58 Cousy90 (S Cann ) 9 S 95095 Ladlse mlio y

S5 gl b 5 aneey Cojenals Cugli wanie ladine) 50 (G318 ae) Slace el 5l 00 5nS esliiul 4 axg L
b oadicoshs glacyjsals (iaghy (nl 0 ool 418,515 aslllaesjs0 [N Y] ()50 5 Kb b porinagl] 5 Liey)]
3 oS-l BLIIL sabicu sl Cojeals 05 (sl sl 00305 (cunypr (J9Sg0 Sealins (g3l 5l g S0 0
50 DY lKe 5 Sigizle bawgs Cojgals 55 cnl (o288 plSinial (gl 55 glafal> o 5 i 5l (555l
@4z g b odldloss (5 yeuls oty jeals CuSl Sojbx o) m Oen g OB (imgh 5o ol aid 51,8 gbo
Vb (Kajir b Cojousls anwgs 10 Guiod (pl 5l Jol> mls .ol 48,5 &0 Cojamls oaijle slo Sy tisloy, )il
SRSz 0975 5 " (Soilonst amain oyt o3l il o [0 )1es 5 Lo agh po ety walys sloald ik
iyl G Ol Teaadd 5l (S0 bl 00305 (qwyp TS B L oadiogi slacy jemels (S|
wbiwly 5o V2] e 5 el juils ol 003,85 oy b gl 5 I slo ol )b g ol ozl seinl (o jlodings
5o il S Al b aisi 5 S le SigdnsT (spn Condisanaz s LI L sadia s slacejsslS siluana
Olen g ol imgty ;o .l dnwgs F onas aSE Sy o) 4y 5 oSG Sle Simres 45 Cenl 05 S Sleiiy (ow)
el sl 0008 () Smts Dlz gy 4 eadadS ZojsalS 5l A0S ogl (Slse olss [1V]
3ol 53 51 onliia a5 59 o s prizman ol 42,5 & g0 Vgl 3 LSSy 5l ooliisl b 53,8 008 SuiST,,
sl A2BLAnsgd (555 5 (S iy Cam) 09,095 (sbdains) )

Bp el 030,85 (ot oS 5a) 13y 238l 4 sy 9 95 aenST 09381 VAL )8 g ol 3w 50

WS (oo ol Gz (nl 5l Jol> @l el 009y o jgnalS Lo gl M (o0 g9 (Sl olyS drwgs Buiod
Ploz anng 4 0B Glogny (Fig wepd 05 5 GILT aST (G5g w3 00 L oad bolie (onSal (03 Cujeals &5
255 e LIVAT 5 5 015590 090 algs jUanil g0 Slakid cilos [0 CujenelS cpl 5l ooliiul 45 54 aalys Sl
gl ) Mt b oadca i o) g =T -l -z slaajseals (6)1575,8 (sl atete Tl y 3 dac 50elS (65738 a3
e 5 ol pas (g )3 enl 0000 ) (w2 (S0 Il auge g pee Job Il Glale sla el L (pl pilosges
arlllnns g taalds o103l s S5 L odbCu 58 (olys oy o jgrels ()l i Sl g 15Tl po Canglia [V
losls 518 w8590 1y (oI (Sblsy Sloms Capjonals stigiy 5o [T o) Ken 5 o ol 428 515 ol
bl 53 sl 00T GlesT o als Ll 53 Sl 50l 3l 5 Sl Slacyjeels (S SUl g (SIS L3,
Sl 5061 5 gy (G Sl o5Sng Ko b o)l 5 Sl (6,b3 sy (slapanilSlo Cupals L3l (g5luaige

w‘ adwu‘s.u))) 09.>5.o 6[9),.:...9
03 yimS 3,015l ol oo ls alises Blio jo Glosg oKl ey jeelS glgil 5! S0 o Sk oy je.lS
Silesl 3yse 1,1 o jslateniz wiadisn SLIIL (syenly lacaselS ) 5 (Sl oles (VY] ) Sen 5 Y50

ol 030 5 e ai s BUL 69, olge AYAY Gy sl oz 9,0, (o2 ol Ho sl )l )3

‘_J5)" u,uLw‘ U"‘ » Q}.wu;o asblds kS”“Ja du‘ L> o..\.....»wyu ‘_gl.a:wﬁ...,olf Jim.ﬁ UJ)JLSLA‘ u\}..c Cod le) ﬁl&?h.w‘

! E-glass fiber-reinforced composite

2 Topological optimized geometries

3 Lightweight fiber-reinforced composite

4 Filament

3 Functionally graded continuous fiber-reinforced composites (FRC)

¢ Neural network (NN)

7 Sonication dispersion

8 GFRP (Glass Fiber Reinforced Polymer) composites

% Intumescent flame retardant (IFR)

10 Smart and multifunctional fiber reinforced polymer (FRP) composites
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! Fractography

2 Acrylic acid treated rattan fiber reinforced epoxy (RF/Epoxy) composite
3 fiber-reinforced friction composite

4 Ramie fiber

* Vibrational sensor

¢ Thermoelastic characteristics

7 E- Fast

8 Emulsion Solution

> Amino Silicone QOil

10 yltrasonic
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