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BbIBOaBI U NpeJI0KEHUSA

1. Ctpoutp uzo0pakeHne OJIMKa B MPOIECCE MPOCKTUPOBAHUS TTOBEPXHOCTH BO3MOKHO C
y4eToM napameTpoB auddepeHnnansHoi reomerpun. st 3Toro He06X0MMO UMETh Teope-
THYECKUH dyepTex moBepxuoctu (3D-mMomern).

2. ®opMy U TUHAMHKY ONMKa 3a7aeT ri1aBHas KPUBU3HA MOBEPXHOCTH. [lonoxeHue uc-
TOYHHKOB CBETAa W TOYKH 3PEHUSI 0COOOTO 3HAYCHUST HE UMEIOT.

3. Pacnonoskenue u ¢popma O1MKa HE BCEra COBMAIAET ¢ 00pa3yroleil moBepxHocTH. Bee
3aBUCHUT OT TOTO, Kakas JUHUS MPHHATA 32 00pasyromyro. biauk BbeIOMpaeT oOpa3yronyro ¢
MUHHUMAJIbHON KPUBU3HOM.
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This paper presents results of investigations plaiven glass-fibre/epoxy resin textile compositeena. The geomet-
ric characteristics of Twill-structure of reinforcemt with MIMAS software were obtained. The structdrere layer of
textile composite material was modeled with ANSY®aie complex.
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1[n poboma npedcmasnse pe3ynrvbmamu OOCHONCEHb NOAIMEPHO20 MEKCMUNLHO20 KOMROZUYILHO20 Mamepiany 3 mKa-
HUM HANogHiogauem y suensiol cknogoiokua. Ieomempuuni xapaxmepucmuxu Twill-cmpyxmypu apmysanns odepowcano 3a
oonomoeoio npocpamnozo 3abesnevenns MIMAS. Cmpykmypy 00nozo wapy mekcmuibHO20 NOAIMEPHO20 KOMROUYIUHO20
mamepiany 3mo0enbo8aro 3a donomozor komniexkcy ANSYS.

Knrouosi cnosa:. mexcmunvHuil KomMnosuyitinuil mamepiai, mooenosauns, TWill-cmpyxmypa apmysanns, cknoonokHo,
enoKCUuoOHa cMod.
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Jannas paboma npedcmaeisiem pe3yibmamyl UCCIeO08AHUN NOTUMEPHO2O MEKCMUTBHO20 KOMNOZUYUOHHO2O0 MAmepu-
ana ¢ mKaHLlM HANOIHUMeneM 6 guoe cmekiogonokna. I'eomempuueckue xapaxmepucmuxu TWill-cmpyxkmypuor apmuposanus
nonyyenst ¢ nomowwio npoepammuozo komniexca MIMAS. Cmpykmypa 001020 cl05i MEKCMUNbHO20 NOTUMEPHO0 KOMNO3U-
YUOHHO20 MAMEPUANA CMOOETUPOBana ¢ nomowwio komniexca ANSYS.

Knroueewvie cnosa. mekcmuibHbiil KOMROZUYUOHHBII Mamepuai, moderuposanue, TWill-cmpyxmypa apmuposanus, cme-
KILOBONIOKHO, SNOKCUOHASL CMOIA.

Introduction. Composite materials consist of at least two phasts different properties
(elastic, plastic, elastic-plastic, viscoelastic, e Variation of composition, form and content of
components of composite materials in various coatlzins allows to create materials with signif-
icantly higher strength, stiffness, hardness, gitetiping properties in comparison to traditional
materials with low thermal conductivity and highrrosion resistance. The properties of the com-
posite material can be derived from the propedfele component or experimentally. Determi-
nation of effective characteristics of compositderials from the properties of components is the
major objective of mechanics. Solution of this ohje has two approaches. Deterministic ap-
proach — when the initial properties of the compisievolume fraction and form of inclusions
are adjustable parameters. Stochastic approacter thib properties of components and parame-
ters of reinforcement are random parameters. Tisgn®blem of replacing the source material to
a different, fictitious, usually homogeneous malewith averaged characteristics for the deter-
ministic approach. Substitution of materials arsedaon some criteria and assumptions and re-
duced to the equivalence of the fictitious and mealerials in gener§l].

There is no single model or method that allows t@iobthe characteristics of composite
materials with different components, form of sturetand stress-strain conditions. Anisotro-
py and inhomogeneity of some composite materialkentiae problem of studying their char-
acteristics more complex than for homogeneous mégeAn important factor that influences
the output characteristics of the material is thesility to adjust the structure during devel-
opment and design. Changing the structural parametfendividual components significant-
ly influences the effective properties of matefl

The simple method for determination of the properaécomposite materials is the crea-
tion of models and calculation methods using matteral tools and the properties of the
components. This method allows take into accountsitral features and the type of stress-
strain state. Using theoretical methods is justifrehen it is impossible to conduct experi-
mental studies due to the complexity of the problsiomerical simulations of the composites
have many objectives, in particular determinatidnpmperties structure of material. The
properties of the textile composite material degeoidthe properties of each phase, thickness
of the fibres, their number in a single layer, latr@ckness, their geometric distribution and
other structural characteristics [3].

Literature review. The maximum approximation model to the real stufiesessary fac-
tor for study the properties and the constructibthe numerical or other model of textile
composite materials of any structure of reinforcetn€&or this approximation is needed the
most accurate approximation to the real structdirdv@ material, i.e. the exact values of the
geometric dimensions of the layer of material, khiss of the fibers, volume fraction and
others. Such data can be obtained from a real csitepmaterial.

Mahmood, Wang and Zhou [5] presented methodologyrédict the engineering elastic
constants of 3D woven orthogonal composites baseal volume averaging method. The in-
vestigations were conducted with known structueguiees of one layer of composite: volume
fraction, width of one bunch, distance between twaches, properties of phases etc. The
methodology has been proposing to use for othefskai textile composites.

Khan [3] used for the prediction of mechanical elcteristic of woven composites as a
continuum on average at macroscopic scale. Nunteriodels of Plain-weave fabric, Twill-
weave fabric, Satin weave fabric composite matenare obtained from properties of com-
posite components. For investigations were usedarecal properties of fabrics and geomet-
ric features of material structure.
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For prediction of mechanical properties of textitanposites at the microscopic scale fi-
bers were investigated as individual entities bgr8arn [6]. The interactions between these
entities were modeled with software package nama&Gé&r. The geometrical models created
by TexGen were then used with finite-element method.

Kim and Swan [7] presented geometry descriptiowafen yarn and its cross section. Vari-
ants of finite-element cell models of plane-weadile with orthogonal inserts were obtained.

Principle of modeling and investigation of textdguctures was obtained by Lomov and
Belov [8]. The model of textile geometry served dsaae for meso-mechanical structures of
composites, which provided simulation tools forlgsia of properties.

Nakai, Kurashiki and Zako [9] presented finite-el@emeodeling of textile composites
with using of built finite-element model for uniditional fiber-reinforcement composites.
The representative elements for two kinds of textiteven fabric structures were obtained.
For prediction of mechanical properties of matewakre used geometric dimensions of the
layer of material, volume fraction, thickness oé tlibers and others. Such data can be ob-
tained from a real composite material.

However, in many cases, the precise measuremagoofetric dimensions of the material
by conventional contact methods is impossible duté¢ small size of the components of the
material. In such cases, the use of non-destruotethods, along with special software system
Is justified substantially, because it is not akéelcto the real structure of the material [4].

Unsolved aspects of the problemOne of the software systems, which allows to make
prediction of geometric properties for any typenadterial without altering of structure is
MIMAS (Mikrooptik IMage Analysis Software). Afteranducting such research in any finite-
element software product it can build models otikexcomposites, selecting representative
volume element of the whole material. There are re¢vaodels For textile composites [2,
10]. The constructed finite-element model will detare initial mechanical and other
properties of composite materials.

Objective of the paper.The objective of present paper is conduction oéstigations for
textile composites with Twill-structure reinforcememith glass fibers and reproduction and
construction models of such materials with usinitMAS software system.

Investigation of Twill-structure of reinforcement. There are many textile composite
materials with different kinds of structure reirdement and fibers [2]. In the present paper
woven textile glass-fibre Twill-structure of reiné@ment is investigated (fig. 1)

L \3 \z\ii 37
Fig. 1. Plain woven glass-fibre Twill- structure reinforcement

In the textile composite material like this fibresth diameter in the range cross-section
shape (~5-1@m micron) (fig. 2,a, digital microscope) are connected into the buwbich
are then woven into the structure (figb2,
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Fig. 2. Structure of glass fibres (a) and bunchdb)extile composites

For building of finite-element model of compositeaterials exact values of width of
bunch and distance between two bunches are neeBeftware complex MIMAS, v.4.2.0
was used for definition of geometrlcal sizes (ﬂg
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Fig. 3. View of working window of MIMAS software
Digital microscopes were used for obtaining of hingagnified images of textile structure.
For designation of sizes for one layer of plain emwyglass-fiber structure was conducted ruler
with millimeters scale of measurements (fig. 4).

Fig.4. Samples of textile glass-fiber structureedfforcement with different degrees of approximatnd ver-
tical (a) and horizontal (b) location of ruler

For improvement the accuracy of measurements sixteages with different degrees of
approximation and location of ruler were obtaineithwnicroscopes. Sizes (distances) for
each image were measured in average four timesb(fig
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Fig. 5. The sample of textile glass-fiber structafeeinforcement with the calibration scale andasigrement
of the distances using the MIMAS software
For the building of the finite-element models cdipl woven glass fibre textile composite
material representative element was obtained. Téi®gic repetition reproduces the actual
structure of the composite material (fig. 6).

After measuring the required geometrical dimensiggiag a number of images of layers
3D (three-dimensional) image was constructed {f)g.This image was used for determining
the bending angle of the bunches and thickness®fayer.
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Fig. 7. 3D-model of the one layer of woven glabsefiTwill-structure of reinforcement

The average width of one bunch of glass fibers asthmce between two bunches of fi-
bers were obtained from 64 measurements. Depenslemdéh of one bunch of fibres (in
mm) and distance between two bunches of fibers(m from number of measurements are
shown on fig. 8-9.
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Fig. 8. Dependence width of one bunch of fibresr{in) from number of measurements
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Fig. 9. Dependence distance between two bunchigsee$ (in mm) from number of measurements

The properties of the glass fibre layers, derivedifthe images, are shown in Table 1.
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Table 1
Properties of the layers of glass fibers in theilextomposite material
Property Quantity
n 2
Density 280-300 g/m
Average width of one tow of fibers 0,667 mm
Average distance between two tows of fibers 0,162 m

The properties of the components of plain wovensgfdse/epoxy resin textile composite
material are given in Table 2.
Table 2
The properties of the components of plain wovessgfdore/epoxy resin
textile composite material

Material Young’'s modulus E, GPa Poisson’s ratioy
Fibers - E-glass 72 0,2
Matrix - Epoxy (Aradur 5052) 3,35 0,35

Conclusions. The investigations for plain woven textile compesitvith Twill-structure
reinforcement with glass fibers were conducted. VHBIAS software was used for predic-
tion of geometrical properties of a plain wovensgldibre Twill-structure of reinforcement,
including the estimated average width of a singledh of material in horizontal and vertical
directions and the average vertical and horizodistances between two bunches of fibers.
The thickness of one layer of material and bendmgless were determined. Necessary geo-
metric properties for building of finite-element de of textile composite with Twill-
structure of reinforcement were obtained.
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