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PREFACE

The international conference Contemporary Trends and Innovations in the Textile
Industry is coorganized by the Union of Engineers and Textile Technicians of Serbia,
the Union of Engineers and Technicians of Serbia, the Faculty of Technology and
Metallurgy in Belgrade, the University of Belgrade and the Faculty of Technology in
Leskovac, University of Nis. The Conference is being organized on the occasion of
celebrating 150 years of the Union of Engineers and Technicians of Serbia, 65 years of
the Union of Engineers and Textile Technicians of Serbia and 65 years of continual
publishing of the Textile Industry journal.

The Ministry of Education, Science and Technological Development of the
Republic of Serbia recognized the importance of this Conference, and thus, supported it.

The aim of this Conference is to consider current technical, technological,
economic, ecological, R&D, legal and other issues related to the textile industry, then
the application of contemporary achievements and the introduction of technical and
technological innovations in the production process of fiber, textile, clothing and
technical textile by applying scientific solutions in order to improve the business and
increase the competitive advantages of the textile industry on the domestic and global
markel.

Leading scientists and experts from the Balkans and other countries, working at
faculties, textile colleges and institutes, but also individuals who professionally deal
with the issues at hand are taking part in this Conference.

The Conference program involves papers dedicated to the scientific and practical
aspects of the following topics: Textile and Textile Technology, Textile Design,
Management and Marketing in the Textile Industry and Ecology and Sustainable
Development in the Textile Industry. The Conference program includes 45 papers, and a
total of 105 participants from 13 countries: Bosnia and Herzegovina, Bulgaria, Croatia,
India, Italy, Macedonia, Portugal, Romania, Serbia, Slovenia, Turkey, Ukraine and
Spain. Therefore, this Conference is an opportunity for establishing scientific,
educational and economic cooperation of our country with other countries. Certain
number of papers by domestic authors present the project results dealing with
fundamental research and technological development, financed by the Ministry of
Education, Science and Technological Development of the Republic of Serbia.

I would like to thank all those who have made it possible to organize the
conference Contemporary Trends and Innovations in the Textile Industry and make it a
success. First, I would like to thank the Scientific and Organizing Commitiee for
working hard, spending countless hours and finding the best solutions for numerous
organizational aspects of our Conference. Also, I would like to express my gratitude to
all sponsors who believed in the importance of this Conference and cofinanced it. T also
thank all the other institutions that supported the Conference in various ways, because
without their support, the Conference could not have been organized. Last but not least,
I would like to thank plenary lecturers, all authors and co-authors and guests for their
participation in the Conference.

On behalf of the Organizing Committee
Prof. dr Snelana Urofevié, president

Confrerence is financially supported by The Ministry of Education,
Science and Technological Development of the Republic of Serbia
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MECHANICAL CHARACTERIZATION OF GLASS
FABRIC/EPOXY COMPOSITES

Silvana Zhezhova', Sanja Risteski', Elvira Ristova', Vineta Srebrenkoska',
Svetlana Risteska®

! Faculty of Technology, “Goce Deleev™ University, Shtip, Macedonia
? Institute of Advanced Composites and Robotics,
Macedonia

ABSTRACT: Textile composite materials present a class of advanced materials
reinforced with textile preforms wsed for primary structural applications. Using the
unique combination of light weight, elasticity, sirength and toughness, the textile
structures have long been recognized as an attractive reinforcement component for
production of different types of composite materials for various applications. The aim of
this study is 1o fnvestigate the influence of differemt types of two - dimensional textile
siructure as a reinforcing component on mechanical properties of composite materials.
For that purpose, E-glass fabric/epoxy resin prepress have been fabricated by using the
hand lay-up technigue and used in the production of laminated composite samples with
help of compression technology. Flexural properties of manufactured samples were
defermined with help of three-point bending test in accordance with the procedure
described in the standard EN ISO 14125, Comparison benveen results of specimens
manufactured at same technological parameters, but from textile fabric with different
weave paltern shown that all samples tested at MD direction had performed better
Mexural properties in comparison te the samples tested at CD direction.

Keywords: E- glass fabric, epoxy resin, prepreg, flexural properties

MEHANICKA KARAKTERIZACIJA KOMPOZITA NA BAZI
STAKLENIH TKANINA/EPOKSIDNIH SMOLA

APSTRAKT: Tekstilni kompozitni materifali predstavijaju klasu naprednih materijala
ojacani tekstilnim predformama namenjeni za primarnu strukturnu primenu. Koristeéi
Jjedinstvenu kombinaciju male tezine, elasticnosti, dvestode i Zilavosti, tekstilne strukture
odavno su prepoznate kao atraktivna kompenenta za ojadanje priikom proizvodnju
razlicitih vesta kompozitnih materijala, CHlf ove studije je istrafivanfe uticaja razliéitih
tipova dvodimenzionalne  tekstilne  strukture  kao  ojadivad  mehanickih  osobina
kompozimih materifala, U tu svehu profzvedeni su preimpregnivani materijali, E-
staklena thanina/cpoksidna smeola tehnikom rudnog polaganja i dalfe su koridteni u
proizvodnfi  laminiranih  kempozitnih uzoraka uz pomod tehnologife kompresije.
Fleksibilna svojstva proizvedenih uzoraka odredena su pomocéu testa savijanja u tri
tacke w skladu s postupkom episanom u standardu EN ISO 14125 Uporedivanje
rezultata ispitivanja uzoraka preizvedenih prema istim tehnoloskim parametrima, ali od

Savez infenjera i tehnifara tekstilaca Srbije 309
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tkanina razlicitik prepletaja pokazalaje da svi uzorci koji su testirani u smeru MD imaju
bolje asobine savitljivosti u poredenju sa uzorcima kaji su testirani u pravcu CD-a.

KljuCne refi: E-staklena thanina, epoksidna smola, prepreg, fleksibilna svojsiva

L. INTRODUCTION

Composite materials reinforced with textile preforms are called textile composites [1].
Textile composites proved to be competitive materials because they possess outstanding
physical, mechanical and thermal properties, particularly light weight, high strength and
stiffness, good fatigue resistance, excellent corrosion resistance and dimensional stability
[2)-

Textile preforms are fibrous structures with a predetermined fiber orientation, preshaped
and often pre-impregnated with matrix intended for the production of composite
materials. The microstructure of the fibers within the preform or the structural
characteristics of the fibers determine the geometry and distribution of the pore within
the composite material. Textile preforms do not only play a key role in the
transformation of fiber properties into complex composite performance, but also affect
the easy or difficult infiltration of matrix and consolidation [3]. The primary functions of
the textile preforms in the composite are to improve its mechanical properties while the
matrix transfers the stresses between the fibers and protects them from mechanical and
environmental damage. The types of textile preforms are subject of interest to a large
number of authors.

In general, the classification of textile structural preforms should reflect the macro
geometry, the method of manufacture of textile structure and structural micro geometry.
The micro geometry includes the direction of the reinforcement, the linearity of the
reinforcement in each direction, the continuity of the reinforcement component, the
linear density of the fiber, the number of yams in each direction (warp and weft) [4, 5].
From the aspect of the structure of the textile materials and their specific geometry [3],
textile preforms can be classified into 3 levels: one-dimensional (non-axial — roving
yams), two-dimensional (one-axial — chopped strand mats; non-axial — sheets; biaxial —
plain weave; three-axial — three-axial weave; multi-axial) and three-dimensional (linear
element — 3D solid braiding, multiple weave, three-axial and multi-axial 3D weave;
plane element — laminates, honeycombs and beams) [2, 6]. The structural characteristics
of textile material have a significant impact on the physical and mechanical properties of
the fabrics and their performance in the final composite. Often they are determined from
the yarns of which they are made, as well as from the process parameters of the weaving
machines. The basic structural characteristics of the fabrics include: the material
composition of the fabric, the linear density of yarns used for warp and weR, the density
of the fabric in warp and weft direction, the way of interlacing the weft and warp yams
(style or weave pattern), etc.. The most commonly used types of weave patterns are:
plain, basket, twill, and satin [7].

The development of textile composite, their design and manufacturing technologies is
one of the most important achievements in the engineering of materials [8]. When
combined with high performance fibers, matrices and properly fitted fiber / matrix
interfaces, the creative use of textile preforms significantly expand the options for

310 Union of engineers and textile technicians of Serbia
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designing advanced composite materials for different applications. The outstanding
achievements in the field of computer-aided design and manufacturing have facilitated
the adaptation of many traditional textile processes to create 2-D and 3-D textile
structures at relatively low production costs, Considering the critical role which the
textile preform have in the production and performances of the composite materials, the
interest in the subject of textile composites has been greatly increased.

Textile composites are widely used in the aerospace industry, automotive industry
railway, marine, commercial mechanical engineering applications, like machine
components, mechanical components, civil buildings, protective and sport equipment
clc,

2. EXPERIMENTAL TEST

In this study are used (prepregs) pre-impregnated composite materials, which were
produced by using the hand lay-up technique. For the production of prepreg materials
two different types of two- dimensional E - glass fabric were used. In these experimental
test as a matrix, a two-component thermosetting system of epoxy resin (DER 3821) and
a hardener ((Polypox H 766) was used. In table | and table 2 are presented the
characteristics of used E-glass fabrics and epoxy resin,

For production of composite laminates ten piles of manufactured E glass fabric/ epoxy
resin prepreg with dimensions 250 mm x 200 mm were used. The plies were stacked in
press machine where final curing of the preforms was performed at compressive pressure
of 30 bar and temperature of 70-80° C. The laminated samples stay in the press machine
for one hour. For the first half hour of the process, the sample is at temperature of 70 °C,
and the rest of the time the temperature rises to 80 °C. The prepared samples are left to
stand for a few hours, while the mixture does not fully combine and dry out,

Flexural properties of manufactured samples were determined with help of three-point
bending test in accordance with the procedure described in the standard EN 1SO 14125
[9]. For that purpose computer controlled universal testing machine (UTM) Hydraulic
press, SCHENCK- Hidrauls PSB with maximal load of 250 kN, constant crosshead
speed of 5 mm/min and span-to-depth ratio of 16:1 was used. The standard dimensions
of the tested samples according to EN 1SO 14125 are 15 x 60 x the sample thickness
(mm), With help of machine five rectangular forms in a machine direction MD and five
rectangular forms in CD direction (contrary to the direction of the machine) were cut
from finished composite laminates. Dimensions and thickness of each specimens were
measured with a help of micrometer instrument. In this way prepared composite
specimens were tested for flexural strength using a universal testing machine (UTM),
which is illustrated in Figure 1. Load and displacement were recorded by an automatic
data acquisition system for each sample. Minimum five reproducible tesis were
conducted for each sample at room temperature,

3. RESULTS AND DISSCUSSION

The results of the testing method of the laminated specimens for determination of the
flexural properties are presented in Table 3. The load at which completed fracture of the
specimen occurred has been accepted as breakage load. Load-displacement curves were
plotted for every tested sample and values for stress, strain and module of clasticity were

Savez infenfera i telinitara tekstilaca Srbije i
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calculated as an average value. The flexural stress oy was determined by the equation
(1), where, g; is the flexural stress in Megapascals (MPa); F is the load in Newtons (N),
L is the span, in millimeters (mm}), & is the width of the specimen, in millimeters (mm),
and h is the thickness of the specimen in millimeters (mm).

The flexural modulus of elasticity describes the dependence between stress, gpand

deformation, . Flexural modulus of elasticity ( E¢) and flexural strain (gg) of the
composite specimens were determinate using equations (2) and (3). Where, E; is the

flexural modulus of elasticity, expressed in Megapascals (MPa), A5 is the difference in

deflection between 5™ and s, AF is the difference in the load F* and load F ats™ and
5 respectively, and s is maximum deflection of the center of the specimen (mm).
Obtained results from performed tests on laminated composite samples (Table 3) shown
maximal flexural strength of 492,813 MPa for sample 11-1 and minimal flexural strength
of 370,128 MPa for sample 1-2, Comparison between results of specimens manufactured
at same technological parameters, but from textile fabric with different weave pattern
shown that all samples tested at MD direction had performed better flexural properties in
comparison to the samples tested at CD direction. The laminated samples manufactured
from the second E-glass fabric with twill weave structure shown bigger values for
flexural strength in both direction in relation to laminated samples produced from E-
glass fabric with plain weave structure.

Figure 1. Flexural strength test using a three-point flexural method

Table 1. Characteristics of E- glass fabrics (sample | and 2)

Characteristic Sample | Sample 2
Type of weave Plain Twill 2x2
Density (g/m?} 300 325£15
Thickness (mm) 0,3 0,32+0,05
Width (em) 2000 92
Count warp (ends/cm) 81 RIS |
Count wefl (ends/em) T4 50|
Strength warp (N/25mm) =2000 3920
Strength weft (N/25mim) = 1800 980
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Table 2. Characteristics of the components of the resin system

Epoxy resin (D.ER 3821Y Polypox H 766
Epoxide Equiv. Weight (g/eq) 176 — 183 Density at 25°C. [gfem’] | 0,9420,05
Epoxide Percentage (35) 23.5-24.4 Viscosity at 25°C, [mPa s] 14
Epoxide Group Content 2 .
(mmolkg) 5460 - 5680 | Aminc number [ mg KOH/g] | 540:15
. H — equivalent weight
Color (Platinum Cobalt) 125 Max. [2/Equiv.) 55
Viscosity (@ 25°C (mPass) g1musnm; Colour { Gardner) blue
Hydrolyzable Chlorine Cont. 500 Max
(ppm) i
Water Content (ppm) TO0 Max,
Density @ 25°C (g/ml) 1,16
Epichlorohydrin Content (ppm) 5 Max,
Shelf Life (Months) 24

Table 3. Results from flexural testing of the laminated specimens

Savez infenjera i tehnifara iekstilaca Srbije

Sample b h L Fmax s ay Ey £
Number {mm) | {mm) E (N} (mm) | (MPa) (GPa) (%)
1-1 1533 | 225 | 566 | 63629 | 566 | 491,925 | 23,035 | 4,776

1-2 | 1520 | 227 | 431 | 62561 | 4,31 | 479247 | 24266 | 3,669

I-1 1-3 | 1540 | 225 3.78 659,18 | 3,78 | 507305 | 21,741 | 3,189
MD 1-4 | 1539 | 225 443 600,43 | 443 | 462394 | 18617 | 3,738
1-5| 1500 | 225 289 | 592,04 | 289 | 467,785 | 19,052 | 2.438
622,71 481731 | 21342 | 3,562 |

2111527 | 234 | 470 | 508,12 | 4,70 | 364,625 | 15,944 | 4,124

2-21 1530 | 232 | 406 | 490,57 | 4,06 | 357425 | 15226 | 3,532

“:‘g 23| 1527 233 | 3.80 | 48523 | 3,80 | 351.195 | 16,287 | 3.320
24| 1529 | 235 | 343 | 570,67 | 3,43 | 405502 | 17,948 | 3,023

2-5| 1534 | 237 | 455 | 534,06 | 4,55 | 371,894 | 16,653 | 4.044

517,73 370,128 | 16412 | 3,609

1-1| 1546 | 263 | 6043 | 887,20 | 341 | 497847 | 19454 | 3,363

ik 1-2] 1535 | 268 | 6040 | 944,51 | 296 | 514020 | 18,744 | 2,975
Mp 311542 | 260 | 60,13 | 903,32 | 341 | 519,950 | 19,899 | 3,325
1-4| 1538 | 268 | 6023 | 92926 | 3,48 | 504734 | 18.026 | 3,497

I-5] 1545 | 285 | 6048 | 894,16 | 327 | 427512 | 16,408 | 3,495

911,708 492,813 | 18,506 | 3,331

2-1 ) 1544 | 255 | 6011 | 70495 | 4,42 | 421,291 | 18,302 | 4227

Mo 22115331 258 | 60.09 | 72937 | 406 | 428.862 | 20,143 | 3,928
cp LZ31 1516 ] 254 | 6006 | 65841 | 426 | 403.907 | 18.287 | 4,058
2-4| 1528 | 258 | 6047 | 779,72 | 4,44 | 459968 | 19,505 | 4.296

2-5| 1515 | 259 | 6021 | 740,05 | 4,79 | 436918 | 18,551 | 4,652

722,50 430.189 | 18958 | 4232
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4. CONCLUSION

From the obtained result for flexural properties of laminated E- glass fabric/ epoxy resin
composite samples can be concluded, that flexural strength and flexural modulus of
elasticity increase in MD direction in comparison to CD direction. This is because in
MD direction (warp) the textile structure usually have bigger number of yarns than in
CD direction (weft). Also, yarns used for warp have better mechanical properties than
yamns used for wefl. The way of interlacing of warp and weft yams (style of weave
pattern) also has a direct influence on the mechanical properties of laminated composite
samples. Depending on the requirements of the laminate, many weave configurations
can be used. Wide choice of matrices and textile preforms give good opportunities to
choose an appropriate combination for a given application,
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