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RESEARCH OF PHYSICAL AND MECHANICAL PROPERTIES OF KNITTED FABRICS OF
PLUSH INTERLOOPING WITH REDUCED MATERIAL CONSUMPTION
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The article discusses methods for manufacturing lined weave plush knitwear and ways to reduce the material
intensity of knitted fabrics. The purpose of the study is to reduce the material consumption of products while main-
taining operational, hygienic and aesthetic properties in the production of knitted fabrics. As a result of experimental
work, the technological capabilities of the KH-323D flat knitting machine were studied and new types of lined weave
plush knitwear were developed. Comparing the bulk density of plush knitwear with elongated lining broaches with
the main base weave, it is clear that the presence of elongated lining broaches in the knitwear structure increases the
thickness of the knitwear and reduces the bulk density. The breathability of a lined weave plush jersey is significant-
ly less than that of a basic weave. It has been established that air permeability coefficients can be reduced to 33.1%
(46.3-66.9 cm3/cm?-sec) by adjusting the length of the threads of the lining broaches of plush knitted fabric of lined
weave. Regression equations are derived to determine the dependence of bulk density, breaking load (along the
length and width) and the air permeability index of knitted fabric on technological factors. Mathematical models
were built in Excel using regression equations. The research results make it possible to improve the quality and con-
sumer properties of knitted products, and to select advanced production technologies for their production.

Keywords: knitted fabrics, structure, plush interloping, footer broaches, volume density.
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B cmamove paccmompeHrol cnocoowl U3zeomoejienua  niarnuieso0co mpuxkomaxica t[)ymeposalmozo
nepenjiemenus nymu CHUNICECHUA MAMEPUAIOEMKOCIU MPUKOMAIICHBIX NOJIOMEH. l(e./lblo uccne008aHUs A6Aemcs
CHUJICeHue Mamepuaﬂoé'Mkocmu uzoenuii npu COXpaHeHuu IKCniyamayuoOHHblX, CZUCUCHUYECKUX U ICMEeMUYECKUX
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C80IiCME npu RPoOU3B00CmEe MPUKOMANCHBIX noomeH. B pesynvmame rkcnepumenmanvHoil paoomol usyueHsl
MexXHON02UYeCKUEe 603MOICHOCMU NI0CK08A3a1bHoU mawunbl KH-323D u évipabomansl Hosble 6udbl nitouies02o
mpukomasica gymeposannozo nepennemenusn. CpagHueas 00vemMHyl0 RAOMHOCHMb HIIOUIE6020 MPUKOMAICA
YOUHEHHbIMU  (YMEPHBIMU NPOMANCKAMU C OCHOGHBIM 0OA308bIM nepenjiemenuem, GUOHO, HUMO HaAIUuUe
YOUHEHHBIX (YMEPHBIX NPOMANCEK 6 CMPYKmype MPUKOMAiica Yeenuydusaem MmMoOAWURY MPUKOmax3ca u
CHujcaem 00vemHuyl0 naommuocms. Bozdyxonponuuaemocmov naouwieoco mpuxomayca  Qymeposannozo
nepeniemenus N0 CPAGHEHUI0 C 0A308bIM NepeniemeHuemM 3HAYUMENbHO MeHbule. YCmanosneno, 4mo
Koahpuuuenmot  6030yxonponuyaemocmu Moxcno cuuzumo 00 33,1% (46,3-66,9 cm/em*cex) 3a cuem
Pe2ynuposanun ONunbl HUmMeil GymepHvIX NPOMANHCEK NAIOULE6020 MPUKOMANHCA YMEPOBAHH020 Nepenienenu.
Buiseoennt ypasnenus pezpeccuu 01 onpedenenusn 3a6UCUMOCHU 00bEMHOT NIOMHOCIMU, PA3DbIEHON Hazpy3Ku (RO
OnuHe u wupuHe) U NOKA3amensn 6030yXONPOHUUAEMOCIU MPUKOMANCHOZ0 ROIOMHA OM MEXHON0ZUYECKUX
daxkmopos. Mamemamuueckue modenu cmpounucw 6 Excel c ucnonvzoseanuem ypasnenuii pecpeccuu. Pesynvmamut
UCCNIe006aNUIll NO360TIAIOM YAYUWIUMDL KAYeCmeo U NOmpedumenbcKue Ceoucmea MmMpuUKOMAdNCHLIX U30e1ull,
6blOpams nepedosvie NPOU3B00CH BEHHbIE MEXHON0ZUU Ol UX RPOU3BOOCH6A.

KiroueBble cj10Ba: TPHKOTaKHbIE MOJIOTHA, CTPYKTYPA, ILIIOLIEBOe IepelieTeHue, QyTepHble
NPOTSIZKKH, 00beMHAasl IJIOTHOCTD.

MATEPHAI CBIABIMJIBLIBIFBI TOMEH ITYJIII OPIM/I TPUKOTAXK
KAUMAJIAPBIHBIH ®U3NKA-MEXAHUKAJIBIK KACUETTEPIH 3EPTTEY
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Maxanaoa ¢ymep opimoi nyrniwt mpuxomajyxc KYpolUIbIMblH OHOIpY 20icmepi JHcoHe MPUKOMAdiC
HCAUMATIAPLIHBIY, ~ MAMEPUATT  CHUHBIMOBLIBIZBIH  MOMEHOEHY  JICOTI0apbl  KaApACMuIPuliobl. 3epmmey
HCYMBICBIHOA MPUKOMANC HCAUMANAPLIH OHOIPY 0apbICIHOA — IKCHIIYAMAUUAIBIK, ZUZUCHATIBIK MHCIHE
ICHMEMUKAIBIK, KACUEMMEPIH CAKMail 0mulpoin, OYilbIMOapObly MaAmepuaiobl WbI2bIHbIH A3AINY MAKCAMbL
Kotibli0vl. Ixcnepumenmmik ycymoic Homudicecinde KH — 323D oicazvik ghanzanvl moxKy mauiuHacblHoly
MEexXHOI02UATNBIK MYMKIHOIKmepi 3epmmenin, (hymep opimoi nyniut mpuKkomayc HeaumanapblHolHbIH JHCaHa
mypnepi onoipindi. ¥zapmoinzan ghymepni cozoanapol éap pymepii mpuxomarcoviyy KoaemoiK mul2oi30b12biH
Heci3ei (hymepni mpuxkomadicoen canvicmvlpa omovipvin, Qymepai MpUKOMAai*covlyy KYPbLIbIMbIHOA
Y3apmolizan  co30anapovly, 00aybl MPUKOMANCObIY KATbIHObIZLIH APMMBIPLIN, KOJIEMOI MbI2bl30bI2bIH
meomendememinine ko3 ycemkizyze 601a0vt. Qymep opimoi nyiui MpUKomadrcovly, aya Omxizeiuimizi nezizei
opiMmen canvicmulpeanoa aumapiavikmail momen. Kuvicmoipoinzan goymep opimoi nyniwe mpuxomasyic yulin
dymep cozbanapvinviy y36IHOBIZLIN pemmey apKbUIbl aya OmKizziumix kodgpuuuenmmepin 33,1% (46,3-
66,9 cm® / em? + cex) Oeiiin momendemyze Gonamuinst anvikmanosl. TpuKomasic yHcaimacvinviy KonemoiK
MbIZbI3ObILIHGIH, Y3i1y JHCYKMeMECiHiy, (Y3bIHObIZbl MeH eHi OOUbIHWA) JiCoHe aya OMmKIi3iumiK
KOpCemKiuiniy ~ MeXHONOcUANbIK (axmopnapza mayenoinicin amvlkmay yuiin pezpeccus meHoeynepi
wivizapolnovt. Pecpeccus menoeynepi aprwinst Excel oazoapnamacelnoa mamemamuxanvlK mooenboepi
mMypeei3vinonl.  3epmmey Hamudicenepi MpUuUKomayc OyibIMOAPLIHbIY CANACl MEH MYMbIHYUbLIbIK
Kacuemmepin jcakcapmyzd, o0aaposl OHOIpY Yuwiin dceminodipineen OHOIpic MexXHON02UANAPLIH MAanOay2a
MYMKIHOIK Depeoi.

Herisri ce3nep: TpukoTaK )kaliMajiapbl, KYpbLIbIMbI, YJIiII 6piMi, ¢hyTep co3danapsl, KeJaeMaik
TBIFBI3ABIK,.

Introduction of new types of high-quality products, impro-
In modern conditions of market economy vement and frequent renewal of product asso-
development and aggravation of competitive rtment, ability to quickly respond to market needs.
struggle the determining factors of successful In recent years, more and more volume is
activity of enterprises are their work on creation occupied by knitted clothing, which can be
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explained by good consumer properties of knitted
products and high technical and economic
indicators of its production [1].

The relevance of the work is due to the
solution of problems aimed at further
development of the theory of weaves and
methodology of synthesis (design) of new knitted
fabrics, providing the possibility of significant
expansion of the range of knitted fabrics, the
introduction of modern design methods in the
practice of knitwear production, ensuring the
quality of knitted products. The work is also
related to the development of new areas of
knowledge aimed at improving the technology of
knitted production, in particular, based on a
systematic approach to the study and design of
knitted weaves.

Nowadays in knitting production a lot of
work is being done to reduce the consumption of
textile yarns per unit of a product. The experience
on creation of knitted fabric characterized by
reduced material intensity has been accumulated.
Therefore, the set task of development of rational
structures and research of properties of
lightweight knitted fabrics of pressed, combined
and plush weaves for outerwear, as well as
scientific substantiation generalizing practical
experience is actual [2].

In knitwear production, the main tools are
continuous innovative shifts in the field of
expanding looping functions (Shima Seiki) and, as
a consequence, the creation of new structures and
new 3D knitting possibilities. Creation of new
technologies using large diameter circular knitting
machines with a wider range of thicknesses and
types of yarn, increasing the class of machines up
to 50 and reducing material intensity with
increasing productivity (per day up to 250...400

kg), on the other hand, reducing the class to 1.5...2
for knitting of outerwear, household textiles [3].

In the theory of knitting, there is not enough
scientifically grounded research summarizing
practical experience, and in the published
materials the features of structure and properties
of knitted fabrics are studied mainly, but the
meaning remains unexplored. The question of
obtaining knitted fabrics with high consumer and
hygienic properties and reduced material intensity
is poorly studied.

Therefore, the purpose of the research work
is to develop a systematic approach to the choice
of methods of rational use of raw materials in the
production of knitted fabrics with reduced
material intensity through structural synthesis of
lightweight variants of basic structures, providing
the demand of the population with high-quality
knitted products with improved hygienic and
consumer  properties and improving the
technology of their production.

Materials and research methods

To expand the assortment of knitted fabrics
and maximize the use of technological capabilities
of flat-fanging machine type KN-323D 3 variants
of structure and methods of production of plush
knitted fabric of lined weave were developed,
cotton yarn T = 20 tex x 3 was used as raw
material.

A lined knitted fabric with a regular-length
fouter broach was chosen as the base weave
(Variant -1).

The structure and graphical recordings of II,
Il, and IV variants of the plush knitted lined
weave are shown in Figures 1,2,3,. The knitted
fabric consists of ground loops 1 and of elongated
plush broaches 2.
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Figure 1 - Structure and graphical recording of the Il variant of the lined plush knitted fabric

All variants of the plush knitted fabric
interlooping were developed under the same
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conditions: the tension, yarn culling depth, and
pull-off force of the knitted fabric were the same.
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Figure 2 - Structure and graphical recording of the 111 variant of the lined plush knitted fabric

The length of the fouter broaches in the
knitted fabric is the same as that of the teddy,
because during their formation the fouter thread is
curled by the needles of another needle.
Therefore, the resulting knitted fabric can be used
without the pile operation.

Technological parameters, physical and
mechanical properties of knitted samples were
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determined in accordance with the current
standards: surface density of knitted fabrics, g/m?
ISO 7211-2, thickness - 1SO 5084; breaking
characteristics, 1ISO 3801, GOST 3813-72, GOST
8847-85; air permeability 1SO 9237, humidity
GOST 8845-87.

"

Figure 3 - Structure and graphical recording of the IV variant of the lined plush knitted fabric

Literature review.

Nowadays, the trend of using different
weave structures to reduce material consumption
is widely applied in the knitting industry. Many
researchers both in our country and abroad are
engaged in expanding the range and improving
the quality of knitted products, creating new
designs and effective methods of knitting knitted
products with optimal parameters [4, 5, 6].

The advantages of plush knitted fabrics
include the firm fixation of pile loops in the
ground structure, the simplicity of producing
fabrics with both loop and cut pile at high
productivity of machines, the possibility of
obtaining a variety of patterns.

Significant research in this field belongs to
Prof. A.S. Dalidovich, Prof. I.I. Shalov, Prof. L.A.
Kudryavin, Prof. F.A. Moiseenko, Prof. E.P.
Pospelov, Prof. M.M. Mukimov and their students.

M.M. Mukimov [43], in order to reduce the
consumption of raw materials, when producing
plush knitted fabric of platting-fine weave with
double-sided broaches, includes in the structure of
the knitted fabric loop rows of smoothing. The
surface density of the plush knitted fabric is
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reduced by changing the structure of the basic
weave and the number of plush broaches on the
surface of the fabric.

As a result of the conducted research the
development of plush knitted fabric on the basis
of incomplete weave expands the assortment of
knitted fabrics, and the presence of elongated
pressed sketches and stretches in the structure of
knitted fabric increases the form stability of the
fabric and reduces the consumption of raw
materials in its production. The conducted
researches in the field of form-stability of plush
knitted fabrics have shown that it is necessary to
use elastic yarns, especially as ground yarns, for
the manufacture of form-stable knitted fabrics.
The elasticity of yarns has a great influence on the
form-fitting of knitted fabrics. The smaller will be
the share of retarded processes (residual strain) in
the total relaxation process of the vyarn
deformation, the greater will be the strain
relaxation rate and the higher will be the share of
its elastic strain [8].

Studies have established that the
introduction of elements highly oriented in the
stretch direction into the structure of the basic
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weave reduces the length and width, as well as
decreases the surface density, and increases the
strength of knitted fabric. The main properties that
determine the stability of its properties under
stretching include shrinkage, stiffness, irreversible
and reversible deformations. It has been found
that the introduction of jacquard and press loops
into the knitted fabric structure and changing their
number in the weave pattern increases the stability
of plush knitted fabric [9].

In [10] the peculiarities of the technology of
producing plush weave plaid knitted fabric with
plated fixation of plush yarn on a flat knitting
knitting machine using the process of looping
without couching are considered.

Based on the study [11] of the ability of
hybrid plush knitwear to absorb moisture, a three-
layer structure of such knitwear with a "dryness
effect" created by using hydrophilic and
hydrophobic fibers is proposed. A material for the
manufacture of hybrid plush knitwear, which
allows the maximum realization of the moisture
content limit with the "dryness effect", is
recommended.

Scientists [12] have developed a technology
for the production of three-, four- and five-weave
knitted fabrics on a flat knitting machine of
"Shima-Seiki" type (Japan). The results of
research, worked out samples showed that
depending on the weave rapport, increases the
surface density of knitted fabric and its thickness
compared to the basic weave (biclastic) with the
same filling PAN 31tex x2.

The study of the fabrics produced on the
round-turn machine SPG 10 kl., where cotton yarn
of linear density 18.5 tex x4 is used as the priming
yarn, showed that with increasing the percentage
of press loops in the rapport of the double-fold
weave from 7 to 25% the intensity of increase in
the knitted fabric surface density gradually
decreases, and the intensity of increase in the
knitted fabric thickness increases [13].

There is a tendency to develop methods for
predicting the structure and properties of woven
fabrics at the preliminary design stage without re-
sorting to the production of full-scale samples due
to the high cost of the latter.

Computer modeling of double-sided plush
allows to save time and create a high-quality de-
sign. Based on the basic analysis of jacquard prin-
ciples, a method for fast 3D modeling of knitted
plush fabrics using geometric method on a
graphics processor was proposed [14]. In the fol-
lowing research work [15] a set of CAD system
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was developed in order to realize the rapid design
of double-needle bar short pile fabric.

[16] research was aimed at selecting the
most adequate designs for winter outerwear. Ex-
perimental work was carried out to determine the
influence of different weave structures. As a result
of variance analysis, it was found that the influ-
ence of the pile weave structure on the functional
properties of knitted fabrics is quite significant.
The results show that the air permeability is main-
ly affected by the woven structure parameters, but
the change of processing parameters has a great
influence on the wetting angle [17].

To realize the function of computer model-
ing of jacquard cotton fabric, a mathematical mod-
eling method based on texture synthesis is pro-
posed, and the basic model and principle of texture
synthesis algorithm are studied [18].

Mayer produces circular knitting machines
for producing plush knitted fabrics with reduced
material intensity [50]. It is noted that plush fabric
is versatile in terms of its application. It is used not
only for the manufacture of fashion products, but
also for the manufacture of sportswear, lei-
surewear, as well as a material for upholstery of
furniture and car interiors.

Results and discussion

Experimental samples of knitted fabrics were
developed on a flat knitting machine in order to
compare new structures of cotton knitted fabrics in
terms of physical and mechanical properties. The
physical and mechanical properties of the developed
samples were investigated according to the standard.
The obtained results are presented in Table 1.

The air permeability of the plush knitted fab-
ric of the lined interloping in comparison with the
basic interloping is significantly lower among the
samples of plush knitted fabric of the lined inter-
looping, the lowest air permeability has variant I11.

The air permeability of this variant is 46.3
cm®¥cm? sec, 33.1% less compared to the basic inter-
looping. The change of dressing leads to a change in
the physical and mechanical properties of the plush
knitted fabric of the lined interlooping.

The abrasion test results of the knitted fab-
rics show that the abrasion resistance of the de-
veloped plush knitted fabrics of the lined interlop-
ing is greater than that of the basic interlooping.
The abrasion resistance of these variants varies
from 15000 to 36000 cycles. The highest abrasion
resistance of the Il variant of plush knitted lined
interlooping is 36000 cycles, 45.5% more than the
basic interlooping.
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Table 1 - Indicators of physical and mechanical properties of plush knitted fabrics
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The breaking load along the length of the
plush knitted fabric of the lined interlooping var-
ies from 294.5 to 317.4N. The strongest is the 11
variant of the plush knitted fabric, where the
breaking load along the length is 317.4N, 4.9%
higher than that of the basic interlooping .

The shrinkage along the length of the pro-
posed plush knitted fouter interlooping varies
from 11 to 12 %.

In conclusion, it should be noted that the
recommended variants of samples of plush knit-
wear of fouter interlooping have improved indica-
tors of technological parameters.

Comparing the volumetric density of the
lined knitted fabric with elongated lined broaches
with the basic lined knitted fabric, it can be seen
that the presence of elongated broaches in the
structure of the lined knitted fabric increases the
thickness and decreases the volumetric density of
the knitted fabric.

Table 2 - Coefficients of the regression equation

In addition, in the fourth variant, the for-
mation of fouter drafts through the needle leads to
a stronger fixation of the fouter thread in the knit-
ted fabric ground, as a consequence of this im-
provement of form-stable, heat-protective, as well
as consumer properties of the knitted fabric.

The obtained knitted fabric can be success-
fully used for the manufacture of outerwear and
children's assortment.

The experiments were conducted according
to the plan KONO-2 to study the influence of
technological parameters on the bulk density of
knitted fabric, breaking load (in length and width)
and air permeability index [19].

The found coefficients of the regression
equation are included in Table 2. The regression
equation  describing the dependence  of
technological parameters affecting the bulk
density of knitted fabric, breaking load (length
and width) and air permeability was created.

BO Bl | B2 B3 B4 BS
333,006 | 2,13 | 58 | 4,75 | 0,83 | -4,17
42,42 | -54 | 3,03 | -0,77 | 3,13 9,6
305,56 | 4,27 | 0,29 | 1,15 -2,3 | -3,75
1984 |362|215| -2,4 9,46 | 6,51

Y = 333,006+ 2,13*X1+5,8%X; + 4,75*X,*Xz + 0,83*X1 2 - 4,17*X,2
Y =42,42--5,4*X1+3,03*X2-0,77* X1* X-3,13*X%+9,6*X;?

Y = 305,56+ 4,27*X1-0,29*X, + 1,15*X1*X;-2,3*X1 2-3,75*X; 2

Y =198,4-3,62*X1-2,15%X,-2,4* X1* X2+9,46*X,2+6,51*X>
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Figures 4-7 show a mathematical model of the dependence of technological parameters on the bulk density of knitted
fabric, breaking load (length and width) and air permeability index.

density, mg/em?

Susface density of knitted fabric, g/m?

Figure 4 - Dependence of knitted fabric
technological parameters

]
5
Breaking load (along th lengtinwise), N

385,
388,70
- 41380

Surface density of knitted fabric, g/m?

bulk density on

LI

Surface density of knitted fabric, g/m?

Figure 5 - Dependence of air permeability of knitted
fabrics on technological parameters

Breuking loud (along the widt), N

Surface density of knitted fabric, g/m?

Figure 6 - Dependence of breaking load of knitted fabric (by Figure 7 - Dependence of breaking load of knitted fabric

length) on technological parameters

Conclusion

To obtain knitted fabrics with reduced
material consumption due to the change of
structure the possibility of using plush fouter
knitted fabric was considered.

As a result of experimental work the
technological capabilities of flat knitting machine
KH — 323D were studied and new types of cotton
knitted fabrics of fouter weave were produced.
Comparing the volume density of the lined knitted
fabric with elongated fouter broaches with the
basic lined knitted fabric, it is possible to make
sure that the presence of elongated broaches in the
structure of the lined knitted fabric increases the
thickness and decreases the volume density of the
knitted fabric.

The air permeability of the plush knitted
fabric of the lined weave compared to the basic
weave is much less. It is found that the air
permeability coefficients can be reduced to 33.1%
(46.3-66.9 cm3/cm2-sec) by adjusting the length
of fouter broaches of combined plush cotton
knitted fabric.

Regression equations were derived to
determine the dependence of volume density,
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(width) on technological parameters

breaking load (length and width) and air
permeability index of knitted fabric on
technological factors. Mathematical models were
built in Excel program using regression equations.
The research results allow to improve the quality
and consumer properties of knitted products, to
choose advanced production technologies for their
production.
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