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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 KН-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/cm2∙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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ПЛЮШЕВОГО ПЕРЕПЛЕТЕНИЯ С ПОНИЖЕННОЙ МАТЕРИАЛОЕМКОСТЬЮ 
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В статье рассмотрены способы изготовления плюшевого трикотажа футерованного 

переплетения пути снижения материалоемкости трикотажных полотен. Целью исследования является 

снижение материалоёмкости изделий при сохранении эксплуатационных, гигиенических и эстетических 
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свойств при производстве трикотажных полотен. В результате экспериментальной работы изучены 

технологические возможности плосковязальной машины КН-323D и выработаны новые виды плюшевого 

трикотажа футерованного переплетения. Сравнивая объемную плотность плюшевого трикотажа 

удлиненными футерными протяжками с основным базовым переплетением, видно, что наличие 

удлиненных футерных протяжек в структуре трикотажа увеличивает толщину трикотажа и 

снижает объемную плотность. Воздухопроницаемость плюшевого трикотажа футерованного 

переплетения по сравнению с базовым переплетением значительно меньше. Установлено, что 

коэффициенты воздухопроницаемости можно снизить до 33,1% (46,3-66,9 см3/см2∙сек) за счет 

регулирования длины нитей футерных протяжек плюшевого трикотажа футерованного переплетения. 

Выведены уравнения регрессии для определения зависимости объемной плотности, разрывной нагрузки (по 

длине и ширине) и показателя воздухопроницаемости трикотажного полотна от технологических 

факторов. Математические модели строились в Excel с использованием уравнений регрессии. Результаты 

исследований позволяют улучшить качество и потребительские свойства трикотажных изделий, 

выбрать передовые производственные технологии для их производства. 

 

Ключевые слова: трикотажные полотна, структура, плюшевое переплетение, футерные 

протяжки, объемная плотность. 
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Мақалада футер өрімді пүліш трикотаж құрылымын өндіру әдістері және трикотаж 

жаймаларының материал сыйымдылығын төмендету жолдары қарастырылды. Зерттеу 

жұмысында трикотаж жаймаларын өндіру барысында  эксплуатациялық, гигиеналық және 

эстетикалық қасиеттерін сақтай отырып, бұйымдардың материалды шығынын азайту мақсаты 

қойылды. Эксперименттік жұмыс нәтижесінде КН – 323D жазық фангалы тоқу  машинасының 

технологиялық мүмкіндіктері зерттеліп, футер өрімді пүліш трикотаж жаймаларынының жаңа 

түрлері өндірілді. Ұзартылған футерлі созбалары бар футерлі трикотаждың көлемдік тығыздығын 

негізгі футерлі трикотажбен салыстыра отырып, футерлі трикотаждың құрылымында 

ұзартылған созбалардың болуы трикотаждың қалыңдығын арттырып, көлемді тығыздығын 

төмендететініне көз жеткізуге болады. Футер өрімді пүліш трикотаждың ауа өткізгіштігі негізгі 

өріммен салыстырғанда айтарлықтай төмен. Қиыстырылған футер өрімді пүліш трикотаж үшін 

футер созбаларының ұзындығын реттеу арқылы ауа өткізгіштік коэффициенттерін 33,1% (46,3-

66,9 см3 / см2 ∙ сек) дейін төмендетуге болатыны анықталды. Трикотаж жаймасының көлемдік 

тығыздығының, үзілу жүктемесінің (ұзындығы мен ені бойынша) және ауа өткізгіштік 

көрсеткішінің  технологиялық факторларға тәуелділігін анықтау үшін регрессия теңдеулері 

шығарылды. Регрессия теңдеулері арқылы Excel бағдарламасында математикалық модельдері 

тұрғызылды. Зерттеу нәтижелері трикотаж бұйымдарының сапасы мен тұтынушылық 

қасиеттерін жақсартуға, оларды өндіру үшін жетілдірілген өндіріс технологияларын таңдауға 

мүмкіндік береді.  

 

Негізгі сөздер: трикотаж жаймалары, құрылымы, пүліш өрімі, футер созбалары, көлемдік 

тығыздық. 

 

Introduction  

In modern conditions of market economy 

development and aggravation of competitive 

struggle the determining factors of successful 

activity of enterprises are their work on creation 

of new types of high-quality products, impro-

vement and frequent renewal of product asso-

rtment, ability to quickly respond to market needs. 

In recent years, more and more volume is 

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. 

Мaterials 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, 

III, 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.  

 

 
 

Figure 1 - Structure and graphical recording of the II variant of the lined plush knitted fabric 

 

All variants of the plush knitted fabric 

interlooping were developed under the same 

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 III 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 

determined in accordance with the current 

standards: surface density of knitted fabrics, g/m2 

ISO 7211-2, thickness - ISO 5084; breaking 

characteristics, ISO 3801, GOST 3813-72, GOST 

8847-85; air permeability ISO 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 

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 yarn 

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 

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 III. 

The air permeability of this variant is 46.3 

cm3/cm2 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 III 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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I 20х3 20х3 46,2 20000 302,67 97 8 89,2 1,8 4 8,2 6 1,2 1,2 

I

I 
20х3 20х3 66,9 15000 294,5 20,8 6 113,1 2,6 3,5 7,4 6,5 1,4 2 

I

II 
20х3 20х3 46,3 36000 317,4 08,5 4,3 97,4 3,2 5,3 6,8 4,7 2 1,3 

I

V 
20х3 20х3 51,1 25000 299,7 03 9,75 97,43 9,5 2,6 0,5 7,4 1,2 1,8 

 

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 III 

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. 

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. 
 

Table 2 - Coefficients of the regression equation 
 

B0 B1 B2 B3 B4 B5 

333,006 2,13 5,8 4,75 0,83 -4,17 

42,42 -5,4 3,03 -0,77 3,13 9,6 

305,56 4,27 0,29 1,15 -2,3 -3,75 

198,4 3,62 2,15 -2,4 9,46 6,51 
 

Y = 333,006+ 2,13*X1+5,8*X2 + 4,75*X1*X2 + 0,83*X1 
2 - 4,17*X2 

2 

Y =42,42--5,4*Х1+3,03*Х2-0,77* Х1* Х2-3,13*Х1
2+9,6*Х2

2 

Y = 305,56+ 4,27*X1-0,29*X2 + 1,15*X1*X2 -2,3*X1 
2 -3,75*X2 

2 

Y =198,4-3,62*Х1-2,15*Х2-2,4* Х1* Х2+9,46*Х1
2+6,51*Х2
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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. 
 

 
 

Figure 4 - Dependence of knitted fabric bulk density on 

technological parameters 

 

Figure 5 - Dependence of air permeability of knitted 

fabrics on technological parameters 

 

 
 

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

length) on technological parameters 

 

Figure 7 - Dependence of breaking load of knitted fabric 

(width) 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 

КН – 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, 

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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