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Abstract

The thermoplastic textile-reinforced composite, known as Twintex, is investigated. Material Twintex is a woven
fiberglass fabric with polypropylene fibers. The samples from this material for tensile tests according to I1SO 527-4
were made by autoclave molding and then cut through water jet cutting. The samples were exposed to a hydraulic fluid
AMG10 and seawater for 120 hours and then tested in accordance with the tensile standard at temperatures 273-373K.
The change of elasticity modulus and strength of investigated material in considered conditions was measured. The
experimental values of strength limits and elasticity modulus of investigated material at different temperatures after the
influence of liquids have been obtained. Degradation of specified properties is observed depending on temperature and
time of exposure comparing to the initial one. Using data of previous studies, degraded values of mechanical properties
of material at various temperatures were calculated. Additionally, a change of mechanical properties of material from
the temperature is taken into account. Experimental and estimated data were compared: difference between
experimental and theoretical data is 6%.
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strength and elasticity modulus of polymeric
composites [3, 4]. Caused changes can be
irreversible [5] and create a damaged area in a part,
that will reduce its serviceability.

Temperature has a significant effect on
degradation on mechanical properties of material
with the liquid [4, 6, 7]. High and low temperature

1. Introduction

Modern aviation and rocket structures contain a high
proportion of composite materials (50% of structure
weight for Boeing 787) [1]. That reduces
significantly a weight of the aircraft and increases its
efficiencyThere are many composite elements in a

plane, such as skin, frames, spars, slats, fin, etc. [2].
The most common for aviation structures are epoxy
and thermoplastic plastics reinforced by glass and
carbon fabrics [1]. Therefore, the application of
polymeric textile-reinforced composites is relevant
in this field in our time.

Varieties of fluids are situated on board of
aircraft. The greatest portion among them cover a
hydraulic fluid and fuel. The outer panels of aircraft
are in extended contact with external environment,
which contains moisture (rainwater) with different
salts. Damp and technical fluids can be accumulated
on the inner surfaces of airframe. They will remain
there until the next scheduled inspection. The FAR-
25 aeronautical standard provide the period of
damage detection (in our case, liquid accumulation)
of a few intervals between inspections. During this
time, a structure with damage should carry an
operating load. Accumulation of fluid reduces the

may decrease as well as increase properties of
properties with fluid [4, 6]. Otherwise, elasticity
modulus and ultimate tensile strength depend on
temperature without additional factors [7].

Therefore, combined influence of temperature
and liquid on mechanical properties of material is a
multifactorial and important issue.

2. Overview

Degradation of composite properties in any case
begins from influence of the key factor. In this case,
this factor will be a liquid that gets to surface of part.
The liquid is adsorbed by composite surface. It
penetrates into the material and causes a number of
phenomena that will reduce the operational
properties of part. The phenomenon of fluid
adsorption by various composites is well
investigated in a wide range of temperatures [8, 9].
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It is shown that the key factor is a process of fluid
diffusion into material.

Different approaches to describing the
degradation of material properties are known [10,
11]. Agiz, Champion, and Metcalf [12] proposed a
nonlinear model of corrosion fracture process, which
binds the depth of damaged layer to properties of
medium and time. Liddar and Whittaker suggested a
similar model [13]. Denison [14] proposed a model
that generalized the previous two approaches. The
closest of them to descriptions of properties
degradation of composites is diffusion model of
degradation, because it is developed for polymer
composites. They were exposed to 10% sulfuric acid
and water for 90 days [12]. Another generalized
approach is the logistic curve of Fairhulst [12]. A
model of absorption of moisture by carbon fiber
composites and polyamide films in high humidity
conditions was developed on the basis of diffusion
process [15].

Thus, fluid adsorption by material is well
investigated, but influence of liquid on mechanical
properties of composite is not fully understood.
Combined influence of liquid and temperature on
mechanical properties of composite is not fully
understood in the same manner.

3. Goal of the work

Investigation of strength and elasticity modulus
degradation of typical polymeric composites under
combined influence of liquid and temperature.

4. Material and research methods

A composite reinforced by sewed glass fiber fabric
with polypropylene matrix, known as Twintex, IS
studied in this paper. This fabric is a stitched
double directional fiberglass with polypropylene
fibers The fabric is sewn together to a multi-layer
preform developed by Dresden Technical University
[17]. The preform is formed to a plate in autoclave
under vacuum bag, excess pressure 2 bars at
temperature 210°C during 4 hours. Mass matrix
content of composite produced in this way is 36%.
Samples of "strip" type for tensile testing according
to standard 1SO 527-4 were cut by water jet
processing from the plate. Tabs from Twintex were
glued to samples using an epoxy adhesive.

Basic mechanical properties of Twintex have
been predefined and taken from [18] Determination
of these properties was performed in accordance to
DIN EN 1SO 527 and DIN EN ISO 14129 standards

for tensile testing on Instron 8801 test machine.
Properties of the material are given in Table . These
properties were used for numerical calculations
below.

Table
Basic mechanical properties of Twintex
Parameter Unit Value
Elastlcqy mpdulus (warp GPa 23
direction) Ex
Elastlcqy mpdulus (weft GPa 295
direction) E;
Poisson ratio in plane vi» - 0.13
Ultimate t§n5|lie strength (warp MPa 433
direction) g1
Ultimate t.ensn.e strength (weft MPa 484
direction) ogp

To establish combined fluid and temperature
influence on changing of mechanical properties of
composite the following experiment was performed.
Samples for tensile testing were exposed to AMg10
and seawater for 120 hours (duration and fluid types
selection will be explained below). These samples
with adsorbed fluids were tested on tension
according to standard 1SO 527-4 at temperature 273-
373K. Obtained results were verified by numerical
calculation similar to experiment. The calculation
was performed according to method described in
[19].

This allows us to establish and numerically
describe a behavior of typical polymeric composites
under influence of liquid and temperature.

5. Results

According to results of the previous investigation
[19], the following was established:

1. Active adsorption of various types of fluids by
composite material is observed in the first 200 hours
of exposure in a liquid.

2. AMgl10 (simulates fuel and hydraulic fluid)
and seawater (simulates rainwater with different
salts) have the greatest probability of contamination
of frame parts.

3. Degradation of material mechanical properties
is proportional to amount of liquid in it.

4. The greatest impact on thermoplastic glass
fiber composite have AMG10 and seawater.

Thus, AMG10 and seawater containing 3.5% salt
and Twintex were selected for research. Prepared
samples for tensile testing were exposed to those
liquids for 120 hours.Duration of exposure is related
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to half the amount of adsorbed liquid from maximal
possible in considered condition. Then these samples
were tested according to ISO 527-4 standard at
temperature 273-373K. Ultimate tensile strength and
elasticity modulus were determined during tests.
Test results were normalized relative to the initial
properties (Table 1) using formulas (1)-(2) and are
shown on Fig. 1:

0 = —; (1)

E=—, (2)

where ggo — initial ultimate tensile strength; E; —
initial elasticity modulus; @5, gz — relative and
absolute effected ultimate tensile strength; E, E' —
relative and absolute effected elasticity modulus.

In this case, it is necessary additionally to take
into account a change of elasticity modulus and
strength from temperature without properties
degradation. Elasticity modulus of epoxy fiberglass
composite is close to Twintex by reinforcement.
Elasticity modulus at different temperatures for
epoxy fiberglass composite is given in report data
for Twintex - [17, 18]. According to the data,
dependence of elasticity modulus on temperature is
not significant in the temperature range -50:100°C
and can be described by linear law in all cases.
Therefore, available data is sufficient to form
dependence of elasticity modulus on temperature in
noted range

E = E,(—3,38T% x 107> + 0.0184T — 1.4854)(3)

where E - elasticity modulus in GPa, T -
temperature in K. In the same way using data for
strength of Twintex at different temperatures [17,
18] and epoxy fiberglass composite [20], the change
of strength of Twintex can be described quite well
by linear dependence:

05 = 05(—0,026T +1.81), (4)

where gy — ultimate tensile strength in MPa. Using

dependencies for describing degradation of relative
strengthand  relative  elasticity = modulusunder
influence of liquid [19] and formulas (1)-(4),
theoretical curves were calculated for obtained
experimental data. The experimental and calculated
data are shown on Fig. 1.
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Fig.1. Experimental (points) and calculated
(curves) dependences of relative strength (ce, 2)
and relative elasticity modulus (A A, 1) of Twintex
from temperature after exposure in AMg10 (light
points) and seawater (dark points) for 120 hours

Calculated curves quite  well  describe
experimental data. That confirms correctness of used
approach [19]and indicates the following: material
properties depend on internal stresses caused by
swelling pressure. Internal stresses increase
wincreasing of temperature, which leads to
decreasing of material mechanical properties, and -
on the contrary. Mechanical properties are
additionally changed due to influence of only
temperature (formulas (3)-(4)). However, the key
factor for calculating of mechanical properties of
material with liquid is internal stresses, which cause
degradation of material properties and affect on
material mechanical properties at temperature.

6. Conclusions

1. Material mechanical properties depend on the
amount of adsorbed liquid. It agrees with results of
work [19].

2. Effect of AMgl10 and seawater on Twintex
leads to the same change of material mechanical
properties under equal conditions. It agrees with data
from [19].

3. Temperature variation affects the variation of
internal stresses in material caused by swelling
pressure. That results the changes of material
mechanical properties. Temperature increasing leads
to decreasing of material mechanical properties, and
on the contrary.
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HocnigxyeTbcss TEPMOIUIACTHYHUN TEKCTHIILHO-MIACHICHUH KOMIO3UT, BiOMHM Mix Ha3Boro Twintex.
Marepian TWwinteX € NpOMIMTON CKIOTKAHWHOK i3 MOJMIMPONICHOBUMH BOJOKHAMHU. 3pa3Kh 3 IbOTO
Marepiany Juis BUIPOOyBaHb Ha PO3TAT 3rimHO 3i craHmaproM I1SO 527-4 BUrOTOBJISIIUCH aBTOKIABHUM
MeToIoM (OpPMYBaHHS Ta MOTIM BUPI3aJHCh LIUITXOM BOAOCTPYMHHHOTO pi3aHHS. 3pa3Ku BUTPHUMYBAIH Y
rimpaBmiuHiil pizmHi AMrl0 ta Mopcekiii Boai mpotsroM 120 roguH 1 MOTiM BUIPOOOBYBAM 3TiIHO
BKa3aHOTO CTaHAApPTy Ha po3Tsr 3a Temmeparyp 273-373K. BumiproBamu 3MmiHy MOAYNS TPYKHOCTI Ta
TpaHMI MIIHOCTI JTOCTIDKYBAaHOTO MaTepially y pO3TIsSHYTHX yMoBax. OTpUMaHO eKCHepUMEHTaNbHI
3HAUCHHS TPaHUIlb MIITHOCTI Ta MOAYJIIB MPYKHOCTI JOCIIPKYBAHOI'O MaTepiaidy IpU Pi3HUX TEMIIEpaTypax
micnss BIMBY pinuH. CriocTepiraerbesi Aerpajaiis BKa3aHUX XapaKTEPUCTHK MIITHOCTI 3aJISKHO Bij
TEeMIIEpaTypy Ta 4Yacy BUTPUMKH IIOPIBHSHO i3 TOYATKOBUMH. BHKOPHCTOBYIOUM JaHI ToONepenHix
JOCITI/DKEHh PO3PaxOBaHO JIErpajoBaHi 3HAYEHHS MEXaHIYHUX XapaKTepHCTHK MaTepiany NpH Pi3HUX
Temreparypax. J{oJaTkoBo BpaxoBaHO 3MiHY MeEXaHIYHUX XapaKTEPUCTHK MaTepially Bijl TEeMIIepaTypH.
[NopiBHSIHO ekcrepUMEeHTaNIbHI Ta PO3paxyHKOBi JaHi: pPo30DKHICTh €KCHEPUMEHTAILHUX Ta TEOPETUIHHUX
JaHUX cKiagae 6%.

Kawu4oBi cioBa: kommo3uT; TWINteX; rpaHuIls MIIIHOCTI Ta MOAYJIb IPYXKHOCTI; piInHa; aerpaaamis
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Hccneayercss TepMOIUIACTHYHBIA TEKCTUIIBHO-YCUIICHHBIH KOMIIO3UT, U3BECTHBIN MO/ Ha3BaHWeM Twintex.
Martepuan Twintex sBISieTCS MPOIIUTOH CTEKIOTKAHBIO C MMOIUIPOIMICHOBBIMU BOJOKHAMH. OOpasibl U3
ATOTO MaTepuaja i HWCIBITAHWA Ha pacTsbkeHue corjacHo craHmapty ISO 527-4 W3TOTOBISINCH
aBTOKJIABHBIM METOJIOM (POpPMHUPOBAHHS W 3aTE€M BBIPE3ATHCH IyTeM BOAOCTPYWHOU pe3ku. OOpasiisl
BBIZICP)KUBAIIA B THUIPABINYCCKON >KHAKOCTH AMrl0 m mopckoir Boje B TedeHme 120 HacoB u 3areM
WCIIBITBIBAIA COTJIACHO YKa3aHHOMY CTaHIApTy Ha pacTsoKeHue mpu temriepatypax 273-373K. Msmepsumu
W3MEHEHHE MOIyJS YIPYrocTH M Tpelena MPOYHOCTH HCCIEAYyEeMOro MaTephalia B pacCMaTpHUBaEeMBIX
ycnoBusix. llomydeHsl sKcmepuMeHTadbHBIE 3HAYEHHUS IIPENEIOB MPOYHOCTH W MOIYyJeH yIpyrocTu
HCCIIEyeMOr0o MaTepHalia MpH pa3iIMdHBIX TeMIlepaTypax Iociie BO3IEHCTBHS xuakocTedl. Halmromaercs
Jerpananus yka3aHHBIX XapaKTepPUCTHUK MPOYHOCTH B 3aBHCHMOCTH OT TEMITEPATyphl U BPEMEHH BBIJIEPKKH
[0 CpPaBHEHUIO C HadaIbHBIMH. VICTIONMB3ys MJaHHBIE TPENbINYIINX HCCIEAOBAHWN PACCUMTAHBI
JIerpaipoOBaHHBIE 3HAYCHUS MEXaHMYECKHX XapaKTEpUCTHK Marepuaja TpW pas3HBIX TeMIIepaTypax.
JlonmomHUTENBHO YITEHO N3MEHEHNE MEXaHMIEeCKUX XapaKTepUCTHK MaTepraia oT Temreparypsl. CpaBHEHBI
JKCIIEpUMEHTAIIbHBIE W PacCUeTHBIE NAaHHBIE: PACXOXKIEHHE SKCIIEPUMEHTAIBHBIX U TEOPETUIECKUX TaHHBIX
cocrasiser 6%.
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