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Abstract 

 

In textile science, spinning is a process to make a yarn from a natural material 

(cotton) or synthetic. In textile, to produce a yarn, it can be made and 

produced by OE rotor spinning machine. The quality of yarn can be 

determined by the twist, yarn count number, the strength of yarn, hairiness etc. 

In this research, it has been found the formula to relate the yarn count number 

in metric count (Nm) to the twist. Based on this research, twist has been 

determined and formulated by analyzing the movement of fibre inside yarn 

using tensor calculus on solenoid coordinate. 
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Introduction 
During the spinning process, fibres are continuously fed into the OE rotor machine, 

while the yarn is simultaneously taken up. Due to the rotor speed , the yarn is always 

taken up under tension caused by the centrifugal force. In the process of making yarn, 

there are some variable to determine yarn count such as: twistdefined as the turn of 

fibre per length,  defined the tension in the take-off nozzle inside rotor, 

 as the angle of twist. The study of the fibre movement inside yarn and the 

influenced of it have been researched of many researchers. According to Rohlena [1], 

Lawrence [2] and Hearle [3] Twist can be also defined as the ratio of rotor angular 

velocity of rotor to delivery yarn velocity. Lawrence [2] and Hearle [3] defined twist 

as the ratio of  . 
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Fibre migration is the change in the distance of a fibre (along its length) from the axis 

of a yarn, which occurs during production of the open end spinning yarn (OE yarn). 

According to Lawrence[2], the characteristic of spun yarn can be determined by the 

fibre movement and yarn structure as Fig.1 below. 

 

 
 

Figure1: Structure of Yarn Based on Machine Characteristic 

 

 

According to Hearle experiment, the strength of yarn is influenced by the rate of twist 

and the relation is shown as the lower of twist, the higher of the strength of yarn per 

tex and vice versa. Rohlena [1] said that breakage rate is influenced by the twist. The 

lower the twist, the lower the breakage rate. According to Musa [4], Penava [5] and 

Prendzova [6], the strength of yarn and yarn count number are influenced by the yarn 

diameter. Musa [4] said that The wider yarn diameter, the stronger the strength of 

yarn. Furter [7] and Trommer [8] have formulated the relationship of twist to the yarn 

count number in metric count as equation (1) which is related by twist multiplier am. 

Rohlena [1] and Hearle [3] formulated yarn twist as a function of yarn count number 

as equation (2) 

 
According to all researchers [9, 10], yarn twist will influence the quality of yarn as 

strength of yarn and yarn count number. in this research, it will discuss and formulate 

the relationship of yarn twist to yarn count number by looking the movement of fibre 

inside yarn using solenoid coordinate. In this research, tensor calculus has a main role 

to solve the movement of fibre inside yarn and to get the relationship. 

 

 

 

 
Conventional ring spinning  

 
Rotor spinning  

 
Air jet spinning  
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Fibre Movement on Solenoid Coordinate 
Fibre movement on solenoid coordinate can be formulated using a calculus tensor. By 

knowing the coordinate system, the solid materialequation inside yarn can be 

analyzed [11,12,13,14,15]. In particular A fibre, with a mass  moves inside a yarn. 

The position of fibre can be determined by  and . The rotor influenced the yarn 

rotation measured as . The yarn delivery speed is determined by the . 

The fibre moves along the yarn during a time . A yarn is assumedto be formed as 

solenoid coordinate whose radius is  and the length of gap b can be shown as 

Fig.2 below. Consider as a transformation from rectangular coordinates to solenoid 

coordinates as below 

 
Using equation (3), it can be predicted the yarn movement equation using geodesic 

equation and be simulated by Matlab. 

 

 
 

Figure2: Fibre Movement on Solenoid Coordinate 

 

 

Consider the yarn is assumed to be circular in cross section and the radius of yarn is 

constant. The fibre is rotated with angular velocity  and moves parallel to the yarn 

lengthby angular speed . The square of the line element on solenoid coordinate 

can be shown as 

 
 

The metric elements can be identified as 
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The geodesic equation of solenoid for and  and for can be written as 

 
By using equation (6) it can be assumed that there’s an external force as a force in 

take-off rotor occurred by the machine .Trommer [8] has found that 

 or  , then 
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For the gap  then 

 

 

According to Hearle[1], twist is defined as 
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Using equation (17) it can be drawn the relationship of twist and yarn count in metric 

as Fig.3 below 

 
 

Figure3: Relationship of Twist and Yarn Count in Metric  

(Model and Furter’s Experiment) 

Experiment Result 
According to the experiment result in Industry by following data below (Table-1 and 

Table-2) 

Table1: Experimental Result in Industry 

 

 
 

Table2: Experimental Result in Industry 

 

 
 

by using Table-1 and Table-2 above, it can be made the relationship of Twist and 

Yarn Count in metric Nm as shown in Fig.4 below 
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Figure4: Relationship of Twist and Yarn Count in Metric 

 

 

To measure the twist multiplier am, it can be used the equation (17). The result of 

twist multiplier am can be seen in equation (18) – equation (20) below 

 
The magnitude of twist can be measured by the equation (18) and using equation (20), 

it can be found that the twist 

 
Based on the experimental result, the value of twist is 1379 m

-1
 

 

 

Results and Discussion 
The prediction of fibre movement which moves inside of yarn has been derived using 

solenoid coordinate occurred on rotor open end spinning machine. In this new theory, 

the relationship of yarn count number, yarn diameter and the angle of twist related by 

the strength of yarn take off have been found. 

The model in this prediction has shown the relationship of yarn count number to twist 

of yarn as equation (17). Furter[7] said that the higher the yarn count, the higher the 

twist T. According to Musa [4], Penava [5] and Prenzova [6] the relationship of yarn 

strength is proportional to the diameter of yarn. The wider the diameter of the yarn the 

higher the strength of the yarn. 

According to Hearle [3], the strength of yarn is influenced by the rate of twist and the 

relation is shown as the lower of twist, the higher of the strength of yarn. In this 

research it has been found that the wider diameter of yarn, the lower the twist (shown 

by the equation. The lower the twist, the higher the strength of yarn. 
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Conclusion 
Fiber movement on yarn has been analyzed to showand to predict the relationship of 

yarn count in metric to yarn twist. In this research it has beenfound that yarn twistis 

influenced by yarn count number in metric on solenoid coordinate.It has been found 

that the formula to relate the relationship is m
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