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FEATURES RESEARCH OF KNIT FOR MANUFACTURING
FENCING SUITS

Purpose. Produce quality knitted fabric for fencing suits with high strength of knit against
perforation of blade of one of the sporting weapons’ type

Methodology. In the work methods for experimental research and standardized
methodologies of samples of weft double-layer knit with tuck connection of layers by main threads,
which were developed on two needle bed circular machine 16 gauge with interlock arrangement of
needles in cylinder and dial. Dynamometer for test of cloth resistance to perforation was used for
research.

Results. Development of new special purpose double-layer knit with tuck connection of
layers by main threads and the verification of the necessary strength of knit against perforation
(penetration - test).

Scientific novelty. To identify ways of improving of quality of knitting of layers of weft
double-layer knit for fencing suits; were defined and justified demands of against the puncture
strength (perforation) of blade of one of the sporting weapons’ type

Practical value. Research of production for knitting process, which provides normal flow of
process of stitch formation and reception of the counterbalanced structure of weft double-layer knit
with predicted properties; research of knit on resistance against perforation

Keywords: double-layer knit, knit for fencing suits, sports knit, resistance against
perforation.

Introduction. The most important function of a fencing suit is to protect the athlete's body
in the event of weapon’s breakage. This is common, because modern fencing is a very athletic
sport, and the weapons’ blades are not always flexible enough to withstand the pressure put on them
during the collision athletes.

Fig 1. Collision athletes close-in fighting fencing duel with the bending of the blade arms

In Figure 1, we can see the convergences in a duel between world class athletes. Very high voltage
tests blade weapons and, of course, can break. That is why the suit athlete must be strong to such
pressures [1,2]

Objectives. There are mandatory requirements of the International Federation of fencing
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(FIE) to the resistance of textile materials [3], which the fencing suits are made of, against the
puncture strength (perforation) of blade of one of the sporting weapons’ type. The international
tournament of category A (the highest category, which include the World Championships, the
European and Olympic Games) for the manufacture of fencing clothing it is obligatory to use
material which is able to resist perforation by a force of at least 800 Newtons [6]. These
requirements apply for the three major components of a fencing suit, namely fencing jacket,
breeches and under plastron (fig.2). All manufacturers of these products must send fencing suits’
material samples to the certified laboratories and research institutes for confirmation of strength of
the suits and their subsequent labeling. These institutions must be allowed to conduct such
examinations; the main one is located in the home of the Fencing Federation in Germany — DITF
German institutes for textile and fiber research Denkendorf [4]).
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Fig 2. Elements of fencing clothing which are made of double-layer knit
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At manufacturing double-layer weft knitted fabrics for fencing suits, for formation of their
layers are used conventional, and nonconventional for a knitwear manufacture kinds of raw
materials that substantially influences process of stitch formation. One of the basic problems of
manufacturing double-layer weft knit is choice of parameters of knitting which provide reception of
the counterbalanced structure of its layers. The work purpose is the research of production for
knitting, which provides normal flow of process of stitch formation (of interlooping) and reception
of the counterbalanced structure of weft double-layer knit with predicted properties.

Weft double-layer knit is widely applied to knitting of articles which should possess
different physical-mechanical properties. Owing to change of kinds of raw materials and parameters
of looping structure of double-layer knit we can knit various on properties layers of knit and receive
multifunctional knitted fabrics. The fabric projected by us was made for manufacturing of suits for
fencing. The special protective clothes are required for fencer, which protect a body of the person
from blows lame and cutting surfaces, in case of breakage of the weapon during fight. All clothes
and equipment for fencing should correspond to requirements FIE. In particular, cloths for
manufacturing of a jacket, breeches and plastron, first of all, should possess high stability to
punching of lame the sports weapon, and also the set physical-mechanical properties of quality
which are should possess to sportswear. Thus, before the manufacturer of knitting fabrics there is a
following problem: on the one hand these cloths should protect a body of the sportsman from blows
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lame and cutting surfaces, that is to have protective properties, and with another, to have properties
of sportswear for comfort of fencers.

So, fabric for fencing suits should possess two basic properties simultaneously: to protect a
body of the sportsman and to provide a comfortable condition of the sportsman during physical
activities throughout duels. Therefore use of weft double-layer knit is expedient as its each layer is
independent fabrics which are connected in the process of knitting [5]. One layer which adjoins to a
body of the sportsman should correspond to the hygienic requirements shown to sportswear; the
second layer — should possess high degree of stability to punching action.

In order to check the strength of the knitted fabric to puncture, it is necessary to study the
process, about which there can occur during deformation suit fencing bout. Figure 3 shows the types
of weapons and their cross section. As we can see, the weapon has a different cross-sectional shape.
In case of breakage of the blade arms cutting surfaces will be different. Their appearance, shape,
taper angle may be different depending on the type of weapon and the speed of convergence
conditions of athletes.

{ ? Foil target area

Saber target area

Foil and its cross section

Epée and its cross section @

Saber and its cross section

Fig 3. The types of weapons and cross section

When cutting impacts most frequent fracture: a break and crack the surface layer of the
material, through tears, the destruction of the entire thickness of the material [8]. To check the
strength of the fabric to puncture, it is necessary to use a special unit, which will help to
approximate the conditions of the fight for testing knitted fabric.

Research results. During the analysis of known structures weft knit the structure weft
double-layer knit with tuck connection of layers by main threads (tuck lace) is developed for
manufacturing of fabric of sports destination. The general for all structures of knit with tuck
connection by main threads is presence of the tucking (tuck stitches) formed of threads of one of
layers. These tucking lie on floats (junctures) an opposite raw of loops.

As the knitted fabric projected by us has a certain special-purpose designation, namely for
use as a textile material for manufacturing fencing suits also the basic requirement shown to it, was
minimization of sizes of a micropore in its looping structure. The size of a micropore depends on
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superficial and volume filling of knit and defines degree of stability of a textile material to punching
action. The maximum superficial filling with other things being equal in process of knitting can be
reached by increase of density of knitting. However the increase this parameter leads to increase of
weight of meter of a square fabric and deterioration of its extensibility, that is very important factor
at a choice of a textile material for manufacturing fencing suits. Therefore it is offered to knit both
layers of fabric a stitch of derivative jersey for the purpose of decrease of sizes of a micropore.
Provided that tucking for connection of layers it is offered to have in everyone course through wale
on dial needles from a thread of backing (reverse) layer of knit.

It is experimentally established that a choice of parameters of a mode of knitting of layers of
weft double-layer knit, recognizing that they represent single weft knitted fabric of a certain stitch,
does not provide normal of process of its knitting in case of use tuck connection of layers by main
threads. The size of connecting tucking substantially influences on normalization process of stitch
formation. In the process of knitting of such knit is found out of interaction of layers in a knit plane.
Such knit can be named by unbalanced or strained as elements of its structure occupy the form not
peculiar to them in single knit at its free condition. These elements are deformed in a certain
direction by other elements of structure that is loops of another layer. Change of the form of loops
and structure of knit as a whole leads to change of process of its knitting. Therefore a important
aspect of manufacturing of weft double-layer knit with predicted properties is optimization of
process of its knitting.

a) b)
a) 1 —row of loops of a face layer, 2 — row of loops of a backing layer
b) 1 — tuck connecting stitch from a thread of a backing layer, 2 - loops of a face layer

Fig 4. The arrangement of elements of looping structure of weft double-layer knit

Samples of weft double-layer knit with tuck connection of layers by main threads were
developed on two needle bed circular machine 16 gauge with interlock arrangement of needles in
cylinder and dial. The specified arrangement of needles provides reception in the process of knitting
line coverage of face and reverse (backing) surfaces of knit, despite presence tuck connecting
stitches from a thread of one of layers which in an is conditional-equilibrium condition aspire to
move apart the next wales. As raw materials for its manufacturing were used multifilament
texturing polyester yarn by a linear density 150 den (a backing layer of knit on cylinder needles)
and 450 den (a face layer of knit on dial needles). Placing of loops of one layer of knit concerning
another in knitted fabric is shown in a photo of macro shooting of looping structure of weft double-
layer knit (fig. 4,a).
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Is shown on fig.4,a, loops of opposite layers are located one opposite to another because of
arrangement of needles in a interlock. From behind of knitting of a derivative jersey on different
needles in each following knitting system is received the texture which in each layer have wales are
pull together closely one to another and no intervals between the next needle wales. Is shown on
fig.4,a loops of opposite layers 1 and 2 are located one opposite to another because of arrangement
of needles in interlock and to knitting of a derivative jersey on different needles in each following
knitting system. Thus, loops of both layers of knit will resist to action of punching effort. In other
photo (fig. 4,b) we see an arrangement tuck connecting stitch 2 in structure of weft double-layer
knit which as already it was marked earlier, aspire to move apart the next wales which directly
connected to them.

The prime problem of manufacturing weft double-layer knit of such refueling, first of all,
consists in a considerable difference in a linear density of the threads forming face and backing
layers of knit (a linear density of a thread of a face layer three times more backing). The increase of
a linear density of the thread forming a face layer of knit, allows to reach necessary level of stability
of a material to punching action. It in turn demands a choice of parameters of a mode of the
knitting, providing normal course of process stitch formation. The interrelation determination
between draw lever at formation of loops in the cylinder and a dial, and also in a dial at formation
of tucking with the account of a kind and a linear density of raw materials and design data of the
knitting equipment will allow to normalize process stitch formation and to receive the
counterbalanced structure weft double-layer knit with tuck connection of layers by main threads
[12].

The developed double-layer knit, the must pass verification of the necessary strength of knit
against perforation (penetration - test). A special setting was used to check the canvas for the
strength measure [6]. To imitate the conditions of the puncture of knit during a fight the special
blade puncture conditions were developed at the facility for this study.

23

ATIN30° i
72 D\‘_ 9

_ 1200
12 15

S Lo X

A B | 230
Fig 5. Dynamometer for test of cloth resistance to perforation

Figure 5 presents circuit device for research of knit on resistance against perforation.
Method of work for the study: the sample material is placed in the clamp with a hole of 25 mm and

fixed spring ring. Sample holder is mounted on the platform lever cargo handling system, which
45



ISSN 1813-6796 Mamepianoznaecmeo, utgeiine i meKcmunbHe
o eupoonuymeo. Memponozia ma cepmugixauyin
BICHUK KHYTI N3 (110), 2017 Materials Science, Textile and Apparel Manufacturing.
Metrology, testing and quality certification

with a given initial load of 2.3-2.5 kg presses the sample. Rod to puncture at a speed of 720-750
mm / min until the sample is moving until the sample will puncture. As soon as a puncture leaf,
stem stops and on the scale of the installation will be fixed load and deflection of the sample before
the break. In conducting the study, we also examined what deformation on the sample during the
experiment. From the standpoint of the nature of the contact deformation of the material in the zone
of interaction with the cutting surfaces is difficult to distinguish the predominant deformation.

To imitate the conditions of the puncture of knit during a fight the special blade puncture
conditions were developed at the facility for this study. The synchronization of the activity at the
facility with the computer provided us with the graphs of pressure — deformation, which allows
studying the process of fabric puncture over time. It gave us the opportunity to study in detail the
process puncture of knitted fabric for improving the strength of knit.
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OCOBJIMBOCTI AOCIIZKEHHSA TPUKOTAXKY AJIsI BUT'OTOBJIEHHA
PEXTYBAJIbHUX KOCTIOMIB
BECKIH H.B., 'AJJABCBKA JI.€.

Kuiscoxuil nayionansruil yHigepcumem mexHoa02it ma Ou3aiHy

Mema. BucomoenenHsi UCOKOAKICHO20 MPUKOMANCHO20 NOJOMHA 07 hexmyeanbHux
KOCMIOMI8 3 UCOKUMU NOKAZHUKAMU MIYHOCMI 00 CUiu npokony (nepghopayii) KIuHKOM 00HO20 3
8U0I6 CNOPMUBHOI 30POT

Memoouka. Buxopucmano memoou eKcnepumeHmanbHo2o OO0CIIONCEHH 3a ICHYIOUUMU
CMAHOApMU308AHUMU MEMOOUKAMU 3DA3KI& 080UAPOBO20 KYIIPHO20 MPUKOMALCY, 8UPODIEHO20
Ha 080GhoHMYPHIl Kpyenos azanvuit mawuni 20-20 Kiacy 3 iHMeproYHUM POZMAULYBAHHAM 20NOK.
s eunpobyeanns nonomua Ha CMIUKICms 00 NPOKOJLY BUKOPUCTIAHO OUHAMOMEMD.

Pesynomamu. Po3pobneno HO8Y cmpykmypy ma mMexHON02i0 6'A3aHHA 080ulapo8020
KVIIPHO20 MPUKOMANCY CHEeYIAIbHO20 NPUSHAYEHHS 3 NPecosuM 3'€OHAHHAM Wapié OCHOBHUMU
HUMKAMU, HA CReYialbHill YCMAaHO8Yi nepesipeno CmitlKicms mpuKomasicy 00 nepgopyeanis.

Haykosea nosusna. Busnaueno winsaxu NONINWEHHS Npoyecy 8'3aHHA Wapie KyIipHO20
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080UAPOBO2O  MPUKOMAdCY OISl 8UCOMOGIEHHA  (DeXmy6albHUX KOCMIOMI8, GU3HAYEHO U
NPOAHANI308AHO BUMOSU 00 NOJIOMEH WO0O00 IX CMItikocmi 00 culu npokoxy (neppopayii) KiuHKom
00HUM 3 8UOI8 CHOPMUBHOI 30pOI.

Ilpakmuuna 3nauumicms. Bcmanosneno pedcumu '13anHs, K 3abe3neuams HOPMAIbHUU
nepebic npoyecy nemiemeopenHs U OMPUMAHHA BPIBHOBANCEHOI CMPYKMYPU KVAIPHO20
080UAPOBO2O MPUKOMANCY 13 3A0AHUMU BIACMUBOCMAMU; PO3POOIEHe MPUKOMANCHE NOTOMHO
nepesipeHo Ha 8I0N0BIOHICMb NOKAZHUKAM MIYHOCMI 00 CUIU NPOKOIY (nepghopayii).

Knrouoei cnosa: 0sowaposuii mpuxomasic, mpukomaxjc 07 GexmysaibHux KOoCmiomis,
CHOPMUBHULL MPUKOMAIC, CMIUKICMb 00 NPOKOILY.

OCOBEHHOCTHU UCCIIEJOBAHUS TPUKOTAXA IJIAA U3I'OTOBJIEHUSA
®EXTOBAJIBHBIX KOCTIOMOB
BECKUWH H.B., TAJTABCKAS JLE.
Kueeckuii Hayuonanvuwiii yrusepcumem mexHoao2utl U OU3auHa

Ilenv.  U3eomognenue  8blCOKOKAUECMBEHHO2O — MPUKOMAICHO20 — NOAOMHA  OJis
PexmosanbHbIX KOCMIOMO8 C 8bLCOKUMU NOKA3AMENAMU NPOYHOCMU K CUle NpoKoa (nepgopayuu)
KIUHKOM 0OHO20 U3 8UO08 CHOPMUBHO2O OPYICUSL.

Memoouka.  Hcnonvsosanvl — Memoobl — IKCNEPUMEHMANbHO20 — UCCIEO08AHUSL  NO
CYuWecmeyowum CmaHoapmu3uUpPOSaAHHbIMU  MeMOOUKAMU  00pA3Y08 OBYXCIOUHO20 KYIUPHO2O0
MPUKOMANCA, U30MOBIEHHO20 HA 080OHMYPHOU Kpyenoeszanvhou mawune 20-20 kiacca c
UHMEPIOYHbIM PACRONIOdCeHUeM uel. [lnsa ucneimauus NOIOMHA HA CMOUKOCMb K NPOKOILY
UCNONIb308AH OUHAMOMEMP.

Pesynemameut. Paspabomana HO6as cmMpyKmypa u MeXHONO2US 6A3aHUS O08YXCIOUHO20
KYIUPHO2O0 MPUKOMAICA CHEYUATbHO2O0 HAZHAYEHUSL C NPEeCCOBbIM COCOUHEHUEM CLO€8 OCHOBHbIMU
HUMAMU, HA CREYUATbHOU YCMAHOBKE NPOBEPEHO YCMOUYUBOCHb MPUKOMAdCA K nepghopayuu.

Hayunas nosusna. Onpedenenvl nymu yayuulenuss npoyecca 6a3aHus ClL0e8 KYIUPHO20
08YXCIOUHO20 MPUKOMAaNica Ol U320MOBNEeHUS  (DeXmOBATbHbLIX KOCMIOMOG;, ONnpedeneHbvl U
NPOAHATUZUPOBAHbL MPeDOBAHUSL K NOJIOMHAM NO UX YCMOUYUSOCMU K CUle npoKoaa (nepgopayuu)
KAUHKOM OOHUM U3 8UOOE CNOPIUBHO20 OPYIHCUSL.

Ilpakmuueckan 3nHauuMoOCmb. YCmanosieHvl pexcumvl 6513anusi, KOmopbvie obecneuam
HOPMAbHOE MeyeHue npoyecca nemieobpaz’o8anuss U NOLY4eHUs YPAGHOBCULEHHOU CMPYKMYpbl
KYIUPHO20 — OBYXCIIOUHO20 — MPUKOMANCA — C  3A0QHHbLIMU  CEOUCMBAMU,  pa3paboOmanHoe
MPUKOMANCHOE NOIOMHO NPOBEPEHO HA COOMEEMCMBUe NOKA3AMENIM NPOYHOCMU K CUle NPOKOJA
(nepghopayuu).

Kniouesvie cnosa: 08yxciotinwiii mpuxomasqc, mpukomasjic 0. (pexmosaibHblx KOCIMIOMOS,
CHOPMUBHBILL MPUKOMAIC, YCMOUUUBOCHb K NPOKOILY.
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