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Abstract 

 

In this article technological possibilities of double bed flat knitting machines have been investigated to create complex 

knitting structures. Complex knitting structures have been created on the base of rib structures and loop transfer elements 

have been added into structure. Technological parameters and physical and mechanical properties of knitted fabrics 

obtained at the enterprise were studied. Parameters and properties were determined experimentally. Variants of complex 

knitting were developed and produced to observe different changes in technological parameters. In this work structures 

and notations of four variants are offered as complex knitting structure. The results of the analysis of the technological 

parameters of the fabric show that the pattern elements included in the fabric also affect its properties. 

 

 

Key words. Double knitting machine, needle, flat needle bed, loop, loop transfer, structure, technological parameters, 

notation, properties.   

 

Introduction 

 

The world's leading manufacturers of knitwear are expanding the range of competitive products, producing highly 

environmentally friendly products using natural raw materials, applying new types of raw materials and processing methods, 

improving the quality of knitted products and reducing raw material consumption. In this regard, one of the important tasks is to 

create a technology for the production of low-cost knitted products with high retention of shape stability properties, using raw 

materials efficiently and changing the structure of the fabric. 

The purpose of these measures is to meet the needs of the population in textile and light industry products, to improve the quality 

of products. The light industry, including the textile industry, plays a major role in meeting the material and spiritual needs of the 

people. 

An increase in the output of modern knitwear, an improvement in their quality and an intensification of production require the 

improvement of the raw material base, rational and economical use of natural yarn, widespread use of chemical threads, since the 

cost of raw materials is 80-90% of the cost of the finished product. Therefore, it is planned to carry out work on the creation and 

implementation of knitted fabrics and products from them with reduced material consumption through the use of various 

lightweight structures, chemical threads, progressive technological processes and new modern equipment. 

 

Methods 
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The basic requirements for rib loop transfer on any rib machine are: 1. Specially-designed latch needles with a ledge for lifting the 

delivering loop and either a recess or springs clip on the side of its stem to assist entry of the receiving needle hook into the spread 

loop. 2. A delivering needle cam that lifts the needle higher than normal clearing-height, lifting and spreading its loop so that the 

hook of the receiving needle can enter it as its cam lifts it to approximately tuck height. Normal needle selection arrangements can 

thus be employed to select those needles required to be lifted by the delivering needle transfer cam. 3. A needle bed rack of 

between 1/3 and 1/2 of a needle space so that the stems of the delivering and receiving needles are very close during the loop 

transfer action [1-6]. Fig. 1 illustrates the transfer action, together with its associated cam system. There is a receiving cam and a 

delivering cam in each needle cam system at the end of each system, thus providing the possibility of two-way loop transfer in the 

leading system in each direction of carriage traverse. The delivering needle cam has a double peak; the first peak lifts the loop to 

stretch and open it ready for transfer on the second peak. The receiving needle cam in the opposite bed is aligned with it and the 

under edge of, the delivering cam in its system acts as a guard cam for the receiving needle butts. In Fig. 1a, the delivering needle 

(b) is moving towards transfer height, with the receiving needle (a) about to enter the recess on its underside. At this point (Fig. 

1b), a stop ledge (c) on the rising delivering needle (b) contacts and opens the latch of needle (a) (this arrangement is necessary for 

opening the latches of empty receiving needles). In Fig. 1c, needle (b) is cammed to full transfer height, lifting the loop to be 

transferred, and needle (a) is cammed into it with its hook open. In Fig. 1d, transference is completed by lowering needle (b) so 

that its loop is knocked-over and fully transferred into the hook of needle (a). Single-bed knitting is possible whilst the beds are 

racked for transfer. 

 
Fig. 1. Rib loop transfer on a modern V-bed machine. 

 

In this research work, after investigation of the technological potential of the flat knitting machine technological possibilities were 

studied and new patterned complex knitted fabric structures were created [7-11]. Initially, pattern rapports of complex knitted 

fabric were created. Then, according to the pattern, knitting structures (Fig.2,4,6,8), graphic notations (Fig.3,5,7,9) were prepared. 

In order to achieve the pattern effect and improve the performance of the complex knitted fabric, spun cotton yarn, acrylic yarn, as 

well as polyester yarns were used 4 types of new knitted fabric samples of complex structure were produced from 3 different types 

of raw materials. The structure of the 1st sample is shown in the fig.2, the graphic notation is shown in the fig.3. Samples from 3 

different types of raw materials for these variants were marked as 1.1, 2.1, 3.1. The structure of the 2nd sample is shown in the 

fig.4, the graphic notation is shown in the fig.5. Samples from 3 different types of raw materials for these variants were marked as 

1.2, 2.2, 3.2. The structure of the 3d sample is shown in the fig.6, the graphic notation is shown in the fig.7. Samples from 3 

different types of raw materials for these variants were marked as 1.3, 2.3, 3.3. The structure of the 4th sample is shown in the 

fig.8, the graphic notation is shown in the fig.9. Samples from 3 different types of raw materials for these variants were marked as 

1.4, 2.4, 3.4. 

 

Experimental work 

 

The process of knitting of these variants is explained below in rows. 
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Sample 1 consists of 20 rows. 

In row 1, only the front needle bed works, while the back needle bed is closed. 

In row 2, only the back needle bed works and the front needle bed is open. 

In row 3, the situation in row 1 is repeated. 

In row 4, the situation in row 2 is repeated. 

In row 5, the situation in row 1 is repeated. 

In row 6, the situation in row 2 is repeated. 

In row 7, the situation in row 1 is repeated. 

In row 8, the situation in row 2 is repeated. 

In row 9, the loops on needles 3-7-11 on the front needle are moved to the needles on the back needle bed. 

In row 10, the selected needles in the front and back needles form a loop, then the loops in needles 4-8 in the front needle bed are 

transferred to the needles in the back needle bed. 

In row 11, the situation in row 1 is repeated. 

In row 12, the situation in row 2 is repeated. 

In row 13, the situation in row 1 is repeated. 

In row 14, the situation in row 2 is repeated. 

In row 15, the situation in row 1 is repeated. 

In row 16, the situation in row 2 is repeated. 

In row 17, the situation in row 1 is repeated. 

In row 18, the situation in row 2 is repeated. 

In row 19, the loops on needles 5-9 on the front needle bed are moved to the needles on the back needle bed. 

In row 20, the selected needles in the front and back needle beds form a loop, then the loops in needles 6-10 in the front needle 

bed are transferred to the needles in the back needle bed (Fig.2 shows the structure and graphic notation on Fig.3). 

 

 
 

Fig.2. Structure of Sample 1. Fig.3. Notation of Sample 1. 

 

Sample 2 consists of 12 rows. 

In row 1, only the front needle bed works, while the back needle bed is closed. 

In row 2, only the back needle bed is working and the front needle bed is open 

In row 3, the situation in row 1 is repeated. 

In row 4, the situation in row 2 is repeated. 

In the 5th row, the yarn is feeding to even needles. 

In row 6, the loops on the 2-4-6-8-10-12 needles on the front needle bed are moved to the needles on the back needle bed. 

In row 7, the situation in row 1 is repeated. 

In row 8, the situation in row 2 is repeated. 

In row 9, the situation in row 1 is repeated. 
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In row 10, the situation in row 2 is repeated. 

In the 11th row, the yarn is feeding to odd needles. 

In row 12, the loops on needles 1-3-5-7-9-11 on the front needle bed are transferred to the needles on the back needle bed (Fig. 4-

5 show the structure and graphic notation of sample 2). 

 

 
 

Fig.4. Structure of Sample 2. Fig.5. Notation of Sample 2. 

 

Sample 3 consists of 10 rows. 

In the 1st row, only the front needle bed works, and the back needle bed is closed. 

In the 2nd row, only the back needle bed works and the front needle bed is closed. 

In row 3, the situation in row 1 is repeated. 

In row 4, the situation in row 2 is repeated. 

In row 5, the situation in row 1 is repeated. 

In row 6, the situation in row 2 is repeated. 

In row 7, the situation in row 1 is repeated. 

In row 8, the situation in row 2 is repeated. 

In the 9th row, the loops on the 3-5-8-10 needles on the front needle bed are moved to the needles on the back needle bed. 

In row 10, the selected needles in the front and back needle beds form a loop, then the loops in needles 4-9 in the front needle bed 

are transferred to the needles in the back needle bed (Fig. 6-7 show the structure and graphic notation of sample 3). 

 

  
Fig.6. Structure of Sample 3. Fig.7. Notation of Sample 3. 

 

Sample 4 consists of 7 rows. 

In the 1st row, only the front needle bed works, and the back needle bed is closed. 

In row 2, the loops on needles 5-11 on the front needle bed are transferred to the needles on the back needle bed. 

In the 3rd row, only the back needle bed works and the front needle bed stands. 

In row 4, the situation in row 1 is repeated. 

In row 5, the selected needles in the front and back needle beds form a loop, then the loops in needles 3-9 on the front needle bed 

are transferred to the needles on the back needle bed. 
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Fig.8. Structure of Sample 4. Fig.9. Notation of Sample 4. 

 

In row 6, the situation in row 3 is repeated. 

In row 7, the situation in row 1 is repeated. 

(Fig. 8-9 show the structure and graphic notation of sample 4) 

Experiments were carried out on a double needle bed knitting machine LONG XING, installed in the conditions of the knitting 

factory in accordance with the rules of production of complex knitted fabrics. Possibilities of obtaining complex knitted fabrics on 

modern flat knitting knitting machines were studied. Spire parts and machine productivity were analyzed. As a result of the study, 

it was found that there is a possibility to produce a wide range of knitted products based on the capacity of the machine and the 

work productivity is high. 

 

Results and discussions 

 

In this research work, the technological possibilities of the flat knitting machine were studied, and knitting variants in a new 

complex structure were created and developed. Technological parameters and physical and mechanical properties of the newly 

created knitting variants were analyzed. The results obtained are presented in table 1, which are analyzed for each parameter and 

described in the text. 

 

 

 

Table 1 Technological parameters of knitting structures 
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Technological parameters such as loop width A (mm), loop height B (mm), horizontal density Pg, vertical density Pv, surface 

density MS, thickness M, volume density  have been defined experimentally. If the results are analyzed, first technological 

parameter of knitted fabric, the loop width A (mm) (Fig.10) in the complex knitted fabric variants varied in the range of 2.45-1.3 

mm (47%). The height of the loop B (mm) varied in the range of 1.64–0.7 (57%) in complex knitted fabric variants.  

 

 
Fig.10. Change diagram of loop width A (mm) and loop height B (mm) on variants. 

 

 
Fig.11. Change diagram of horizontal density Pg and vertical density Pv on variants. 

 

When the results of horizontal density Pg, vertical density Pv are analyzed (fig.11), the horizontal density in the complex knitting 

fabric variants of the knitted fabric varied in the range of 50.5-22.5 number of loops (55%). Vertical density ranged 35.5-51.5 loop 

numbers (31%). 

According to the results of the analysis of knitted variants, theparameters of the length of the loop in the fabric changed by 3.82-

7.1 mm, 46%. 

The thickness of the knitted fabric is also taken into account in order to further determine the raw material used. The thickness of 

the samples can also be determined under laboratory conditions on a special thickness measuring instrument. The thickness of the 

knitting is 1-2.3 mm according to the variants and it is observed that it varies up to 56%. 

Fig.12 shows a graph of the change in length of the loop and thickness of knitting samples as the additional pattern elements in the 

variants were changed. It is clear that they are subject to a certain law. According to that, the regression equation for the length of 

the loop and the approximation accuracy are following: 
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y = 0,0258x2 - 0,5387x + 7,4148               R² = 0,6075 

The regression equation for the thickness and the approximation accuracy are following: 

y = -0,0072x2 + 0,0187x + 1,9932          R² = 0,4289 

 

 
Fig.12. Change graphs of loop length and thickness on variants. 

 

 
Fig.13. Surface and volume densities change diagram on variants. 

 

Analysis of the surface density of complex knitted fabrics (Fig. 13) shows that the surface density is 590.3–438.5 g / m2, a change 

of 25,7% for complex knitted fabrics. Since the surface density is directly related to the raw material consumption and the volume 

density is related to the knitting thickness, it is correct to estimate by this parameter. The volume density ranged from 220.7 to 

466.2, which is 52,6%. A 25,7% change in surface density resulted in a 50% change in volume density. 

It should be noted that such knitted fabrics are suitable for assortment of outerwear. Based on the analysis it was found that 

knitwear has a high shape stability property, and this fabric is recommended for the production of top knitwear. At the same time 

these variants can be recommended to technical knitting products in accordance to sphere of using because strength properties and 

decreasing possibility of raw material expenditure. 
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Conclusion 

 

The types and methods of obtaining complex knitted fabrics were studied. Different variants of effective knitted fabrics with 

pattern-enhancing have been created and the technology of producing has been developed. Spun cotton, acrylic yarn, and 

polyester yarns were used to achieve pattern effect and improve pparameters in complex knitted fabrics. It is recommended for the 

production of top knitwear. At the same time these variants can be recommended to technical knitting products in accordance to 

sphere of using because strength properties and decreasing possibility of raw material expenditure. 
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