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Abstract: The aim of the research was to investigate the effect
of interlinings orientation upon fused textile systems resilience
and to definetherelation between fused textile systems pendulum
impact behaviour (biaxial deformation) and mechanical
properties determined by KES-F system (uniaxial defor mation).

Outer fabric and two interlinings with polymer adhesive layer:
non-woven with longitudinal threads P1 and warp knitted TR1
wereinvestigated. Fused textile systems were formed by changing
the orientation of interlinings at: 0° (system PAR), 90° (system
PER) and 45° (system B) degrees in respect to outer fabric warp
direction. For the investigations of fused textile systems resilience
properties computerized pendulum impact device was applied.
Tensile properties were deter mined using KES-F system.

The investigations of the effect of interlinings orientation upon
fused textile systems resilience have shown that this property is
the highest for B systems. Resilience of fused textile PAR systems
is the lowest because tensile strength of interlinings in
longitudinal direction defined by KES-F system is the highest.
Meantime for fused PER systems it is no difference which
interlining can be chosen for fusing because resilience properties
of both systems are almost similar.

The investigations of bilayed fused textile systems have
revealed that the parameters of biaxial behaviour obtained in
impact loading are related with the anisotropy of tensile strain
EMT and tensile resilience RT determined by uniaxial KES-F
testing, i.e. the increase of rebound angle a; and decrease of
impact angle p, are closely related with the decrease of EMT and
RT anisotropy.

Keywords: resilience, interlining, polymer adhesive layer, fused
textile system, layer orientation, pendulum impact, KES-F

I INTRODUCTION

Textile materials are not homogenous and are wadwk
for their property-direction dependence or propeartisotropy
[1]. Furthermore the behaviour of textile materias not
linear, their experimental anisotropy curves aré smooth

[2, 3]. Classical uniaxial tensile tests providiezess/strain
dependencies are extensively used methods for letexti

properties evaluation. Besides, there is significanmber of
specific test methods based on the principle ofiaigplain,
membrane and punch) deformation, the advantagenhuhws
better simulation of fabric behaviour in real seevconditions
[4].

Resilience of textile materials

their stability during wear [5, 6]. Earlier invegdtions of
textile materials pendulum impact deformation ham®wn
that close dependency exists between their stearel land
absorbed impact energy [7, 8]. Moreover linear tieteship
exists between resilience of these materials argbrabd
pendulum impact energy [9]. Earlier investigatidvas/e also

is one of the main
exploitation parameters describing the quality afngents and

shown that resilience of textile materials can fnproved by
creating bilayed systems, i.e. by fusing fabricthimterlining
materials orientated in proper direction [10].

Thus, the aim of this research was to investigla¢eeffect
of interlinings orientation upon fused textile |ysis resilience
and to define the relation between fused textilsteaps
pendulum impact behaviour (biaxial deformation) and
mechanical properties determined by KES-F systemagial
deformation).

I EXPERIMENTAL

In this research outer fabric M5 (Table 1) and two
interlinings with polymer adhesive layer: non-woverith
longitudinal threads P1 and warp knitted TR1 were
investigated (Table 2 and Fig. 1).

Fig. 1. View of interlinings: warp knitted interlining TR{a); non-woven
interlining P1 (b)

a) PAR b) PER

C) B

warp direction of outer fabric

longitudinal direction of interlining

Fig. 2. Types of fused textile systems: PAR - the dirextiof outer fabric and
interlining are parallel (a); PER - interlining asientated perpendicularly (at
90°) to outer fabrics warp direction (b); B - inileing is bias orientated (at
45°) in respect to outer fabrics warp direction (c)
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TABLE 1
CHARACTERISTICS OF OUTER FABRIC
J i Density*, /cm Linear density, tex
Mater Composition Area denity W, | Thickness Tn, Yy y
ial g/m mm Warp Weft Warp Weft
M5 50% wool, 50% CA 222 1.55 16.2 12.0 63 70
Notes: CA — acetate; *- number of threads per cm
TABLE 2
CHARACTERISTICS OF FUSIBLE INTERLININGS AND THEIR ADHSIVE LAYER
Mate Composition Area Thick- Density*, L/em | Adhesive mesh, Fusing conditions
rial densnyZW, ness T, dots/ cm?
Base Adhesive | g/m mm Coarse | Wale %S t,°C P, MPa
P1 100% PES PA 38 0.56 2.4 - 52 15 140 0.04
TR1 100% PES PA 35 0.40 14 13 118 15 140 0.04

Notes: *- number of threads per cm, duration,t — temperaturel? — pressure, PES - polyester,
PA - polyamide
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Fig. 3. Pendulum impact device and registration of itsatiion processd, — amplitudes of the rebound anglgs;— amplitudes of impact angles)

Fused textile systems were formed by changing theg =5° bob radiug;= 30 mm, pendulum length= 1,5m
orientation of interlinings at: 0(system PAR), 90(system The damping swings of the pendulum were recorded@cs.

PER) and 45 (system B) degrees in respect to outer fabric Tensile properties of textile materials and theirsefd
systems were determined using automatic testing -KES

warp direction (Fig. 2). . les
For the investigations of fused textile systemsliegse System. From the load/deformation curve tensilaistEMT
(%) and tensile resiliend®T (%) were determined. Resilience

properties computerized pendulum impact device aysied
(Fig. 3). Pendulum rebound, and impactg, (n are the RTIis the ratio of the tensile ener§yT' defined as the area

. 3). n
numbers of pendulum swings) angles were determineghder textile material load-strain curve in recavgrprocess
and tensile energWWT defined as the area under textile

During testing the pendulum is raised from the heda

position and is fixed at the initial angig. material load-strain curve as it is presented igufé 4. In
When the pendulum is released the bob strikespbeimen order to compare experimental results obtained Wy t

at the lowest point of the swing. After impact the®b instrumental methods the correlations was defiretdiéen the

rebounds from the specimen and continues swingimg u parameters of tested materials impact behaviour Kiag-F

reaches the rebound angle whicluisa,. Testing conditions systems parameters.

were as follows: initial deflection angle of the ndalum
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Fig. 4. Tensile load-strain curve in KES-F system

Il RESULTS

The investigations started with analysis of theedffof
interlining orientation upon the impact behaviodrseparate
tested textile materials M5, P1 and TR1 and theised
systems. Former research works have shown thatinelag
and impacs; angles of the first pendulum swing can be used
to characterise resilience properties of textilstams with
required accuracy. Obtained results, error limits® and
variation coefficients, % are presented in Table 3, Figures 5
and 6.

The materials of higher resilience can be describgd
smaller impact anglg; and higher rebound angig, thus the
resilience of interlining TR1 is higher compared Ri
interlining (impact angles; is 19.2 % smaller and rebound
anglea; is 17.5 % higher). Obtained results have also show
that rebound anglex; of fused systems with non-woven
interlining P1 is smaller by 2,3 — 18%, while deformation,
i.e. impact anglegs; is bigger by 4,36 compared to fused
textile systems with warp knitted interlining TRIt. means
that tensile properties of interlinings play an orant role
determining tensile and resilience properties o thhole
fused textile system.

TABLE 3
RESILIENCE PROPERTIES OF TESTED TEXTILE MATERIALS ANDHEIR FUSED SYSTEMS
Material and direction a, ° B ° @ deviation /+ devation
A° v, % A ° v, %

M5 2.77 -0.53 +0.04 1.02 +0.01 0.56
P1 2.29 -0.52 +0.13 5.35 +0.01 2.21
TR1 2.69 -0.42 +0.45 6.67 +0.03 2.59
PAR (0°) 2.37 -0.50 +0.15 5.07 +0.03 2.81
M5+TR1 PER (90°) 2.55 -0.49 +0.07 2.20 +0.01] 0.4]
B (45°) 2.87 -0.47 +0.02 0.62 +0.02 1.48
PAR (0°) 2.00 -0.52 +0.16 3.27 +0.03 5.07
M5+P1 PER (90°) 2.49 -0.50 +0.18 5.67 +0.03 4.91
B (45°) 2.70 -0.48 +0.22 6.68 +0.02 3.78

35 35
3,0 - 3,0 - = M5+TR1 PAR
y = -2,22+4,59x %%’ m M5+TR1 PAR A M5+TR1 PER
2,5 - o, ]
y =-3,77+6,29x%2° A M5+TR1PER| & 25 o M5+TR1 B
()
201 y =-29,1+31,94x %% o M5+TR1 B E” 2,0
@
1,5 - S 154
S
1,0 A % 1,0
0,5 T 05
R?= 0,98 + 0,99 R?= 0,98 + 0,99
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Time, s Time, s
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Fig. 5. Decay process of pendulum rebound angles forMR1 fused textile system (a); enlarged view upteebound (b)
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Fig. 6. Decay process of pendulum impact angles for#MBL fused textile system (a); enlarged view ug'topact (b)
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Fig. 7. KES-F results for: fused textile PAR systems M%L and M5+ TR1 with parallel orientated interlinings (a); &astextile PER systems M&8°1 and M5

+ TR1 with perpendicularly orientated interlinindg (

The investigation of the effect of interlinings emtation
upon fused textile systems resilience has shown thia
property is the highest for systems B where imerlis are

systems (Fig. 7 a). While for PER systems tensibp@rties of
interlining do not make significant difference (Figb).
In the majority of earlier research works [11, t8hcerning

bias orientated (at 45°) in respect to outer fabrigarp biaxial deformation it was assumed that the testederial
direction. Rebound angle; of such systems is the highestwas isotropic and that the formed shell was ansgwietric
(Figure 5), while impact anglg,; is the smallest (Figure 6). surface. These cases are sufficiently idealisedthiey cannot
Resilience of fused textile systems with paraligbtation of be realised with such real materials as woven amitteki
P1 and TR1 interlinings (PAR systems) is the lovmstause fabrics, because commonly these materials are clieaised
tensile strength of separate P1 and TR1 interlsing by one very stiff and the other — highly deformable

longitudinal direction defined by KES-F systemtis highest.
Besides, distinct difference (18.5 %) in
parameters express through first rebound angldetween
two fused systems (with P1 and TR1 interliningspliserved
for parallel orientated PAR systems. Meantime tlanes
difference for fused systems with perpendiculaniemtated
interlining (PER systems) is not significant, iiemakes no
difference which interlining can be chosen for figsbecause
resilience properties of both systems are almositasi.

directions. The investigation of biaxial membramal gunch

resilienceleformation modes showed that highly stretchablel an

anisotropic materials can experience the stateectosthe
uniaxial tension (the state when one of the mamesses
reaches its maximum value) and can form a thin asdn-
symmetrical surface with one less stresses dine¢dp

In this respect the investigations of bilayed fudestile
systems have revealed interesting phenomenon tteat
parameters of biaxial behaviour obtained in impaatling are

Furthermore the results obtained by pendulum impatglated with the anisotropy of tensile str&MT and tensile

testing correspond to the results obtained by usliggnsion
in longitudinal direction with KES-F which have domed
that tensile properties of selected fusible inténlj have the
highest influence upon tensile strain and resikené PAR

48

resilienceRT determined by uniaxial KES-F testing (Table 4
and 5). Meantime it was interesting to obtain thhé
correlation of these parameters WiEMT and RT defined in
uniaxial longitudinal and transverse directions View (R*
varied between 0,26 and 0,76).
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TABLE 4
TENSILE DEFORMATIONEMT AND RESILIENCERTOF FUSED TEXTILE SYSTEMKES-FRESULTY
EMT, % RT, %
Long. Trans. Anizotropy Long. Trans. Anizotropy
PAR 3,3 13,85 4,20 66,68 45,37 1,47
M5+TR PER 7,33 3,09 2,37 57,05 68,27 1,20
B 6,68 9,91 1,48 57,72 52,25 1,10
PAR 2,57 13,35 5,19 74,36 40,19 1,85
M5+P PER 7,2 2,01 3,58 54,20 79,69 1,47
B 3,39 6,79 2,00 62,48 52,4 1,19
TABLE 5
TENSILE WORKWTAND LINEARITY LT OF TESTED FUSED SYSTEMEKES-FRESULTY
WT, Nm/m? LT,-
Long. Trans. Anizotropy Long. Trans. Anizotropy
PAR 5,59 18,53 331 0,692 0,546 1,27
M5+TR PER 9,95 5,64 1,76 0,554 0,746 1,35
B 10,34 19,65 1,90 0,632 0,810 1,28
PAR 4,78 18,82 3,94 0,761 0,576 1,32
M5+P PER 10,0 4,46 2,24 0,567 0,908 1,60
B 6,30 16,47 2,61 0,758 0,991 1,31
6 Oal 6 6 Dal 6
> @ EMT anizotrop. @ RT anizotropy
3 ° g :
g T
—_ 4 3 o
& o] N —
= 3 8 ~ 3
= = -
w 1
2
1 PAR
6 OBl . 11,2
> 5 @ RT anizotropy
s 2 10
g S g
N B. | 08
& 83
E s 2 06
|_
w o
0,4
0 4
0,2

M5+TR1

M5+TR1
d)
Fig. 8. The dependencies between fused textile systemacinyehaviour and anisotropy of KES-F parametasvdéen rebound anglgeand tensile straieMT
(a), between rebound angleand tensile resiliend®T (b), between impact angheand tensile straiBMT (c), between impact anghe and tensile resiliend®T
(d)

r%tacrease of rebound anglg and decrease of impact angile

The tendencies between biaxial pendulum impact a ;
. " are closely related with the decrease BMT and RT
uniaxial KES-F parameters presented in Figure 8vghat the anisotropy R varies between 0,81 and 0,99).
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Kristina Ancutiené, Eugenija Strazdiené. Sakausetu tekstiliju elastiguma pétijumi.

Petijuma nerkis ir izpetit pamatnes orieatijas ietekmi uz sakagtu tekstiliju elasgumu, K af nowertet saistbu starp sakaéts dubEtu
tekstiliju triecieniztutbu (divasu deforatija) un mehniskagm ipasbam, kuras noteiktas ar autatisko KES-F sistmu (vienass
deformicija).

Tika petits virgjais audums un divu veida pamatnes audumi ar godiradhewa skni: neausta dna ar gareniski oriegtiem diegiem P1 un
Skersadta trikotiza TR1. Sakawsas tekstila sisimas tika veidotas, mainot pamatnesndr diegu oriericiju attiedba pret vir€ja auduma
Skeru virzienu: 0O (sisema PAR), 90 (sisema PER) un 45(sisema B). Sakaugo tekstila sistmu elasigumaipa3bas @tija, izmantojot
kompjuteriZtu s\arsta triecieniztubas ielértu. Stiepegpasbas gtija, izmantojot KES-F sisinu.

Petijumi par pamatnes auduma origgijas ietekmi uz saka@® tekstila sitmu elasigumu paidija, ka $ ipadba B sistmam ir vislielaka.
Sakausto PAR sistmu elasigums ir viszerakais, jo pamatnes stiepes sty garenvirzied ka noteikts ar KES-F sisinu, ir visaugstka.
Taja pad laika sakaustajam PER sistmam nav svalgi, kadas pamatnes izmanto sak@ienai, jo abu siginu elasigumaipadbas ir gande
vienadas.

Divslanu sakauatu tekstila sissmu pEtijumi paida, ka divasu deforfgijas parametri, kuri tika noteikti trieciena slggoa, ir saistti ar
stiepes deforatijas EMT un stiepes elaguma RT anizotropiju, kura noteikta, izmantojotndss tegSanu ar KES-F si&u, t.i., atéciena
lenka o, palielimSaras un trieciena lgka p, samaziasaras ir cieSi saisti ar EMT un RT anizotropijas samazjamu.

Kpucruna Aunyruene, Eyrenns Crpasauene. HcciienoBanue ynpyrux ¢BOMCTB CINIABJICHHBIX TEKCTHIIBLHBIX CHCTEM.

B pa6oTe ObUI0 H3YYECHO BIMSHHE OPHEHTALMH MOAKIa049HOTo ciiosi (IIC) Ha yrnpyrocTs CIUIaBJICHHOTO TEKCTHIIS, a TaKXKe OpE/IeIeHa CBA3b
MEXIy YAApHOH BSI3KOCTBIO (OBYXOCHast Ae)OpMALHs) CHCTEMbl CIUIABICHHOIO TEKCTHJIS H MEXaHMYSCKHMH CBOMCTBAMH, ONPEICICHHBIMH
aBromarmnueckoii cucremoit KES-F panoocHas nedopmars). McenenoBana HapyKHast TKaHb ¥ 2 BUAQ [TOAKIALOYHOTO CIIOS C IIOJMMEPHBIM
a/Ire3MBOM: HETKAHHBIH MaTepHall C MPOJOJIbHO OPHEHTUPOBAaHbIMU HUTSIMHU Pl u ocHoBoBs3aHHBIN TpukoTax TR1. Tekctuip GpopmupoBamn
MeHsis Hanpasienne opuenTanuu Huted I1C mo otHomenuo k HapyxHou Tkanu 0° (cucrema PAR), 90 (cucrema PER), 48 (cucrema B).
VYupyrue cBoHCTBa CHCTEM HCCIENOBAIH C HOMOIIBIO KOMIIBIOTEPU3NPOBAHON YCTaHOBKH yaapHOH Bsi3koctu. Crucremy KES-Fucnonszosamm
JUTSL HCCTIEZIOBAHUSI CBOIMCTB Ha PacTsHKEHHE.

HUccnenosanue Brusiaus opueHtanun [1C Ha yrpyrocTs CHCTEMBI TEKCTHIIS OKa3alM, YTO 9T CBOWCTBA Hailimydmue y cucteMsl B. Yipyrocts
cucremMsl PAR HamMenbIas, Tak Kak paspeiBHass Harpyska [IC B mpoIoibHOM HampaBlICHHH, OIpenelieHa ¢ rmomomibio cucteMsl KES-F,
HauBbIcmas. Jst crmaBnensix cucreM PERver pasuums! xakoit [IC BbIOpaH, Tak Kak ynpyrue cCBOWCTBAa B 00EHX CHCTEMaxX HPaKTUYECKU
onuHaKoBbl. MccnenoBaHue IBYXCIOMHBIX IJIABIEHBIX TEKCTHIIBHBIX CHCTEM IOKa3ajM, YTO MapaMeTphl JBYOCHOTO TMOBEICHHS IOIyYEeHHbIE
[IPU yJapHOW HArpy3Ke CBsI3aHbI C aHM30TpoNuel aedopmanuii npu pactspkenue EMT u ynpyrocteio npu pactsbkenue RT onpeneseHHol ¢
nomoinesio KES-FrectoB. YBenndeHue yria oTckoka o ; M yMEHbLICHHE YTia yaapa 3 ; B3auMOCBsA3aHO ¢ YMEHbIIeHHEeM anu3oTponnu EMT u
RT.
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