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Abstract---The article deals with the practical process of measuring the tensile strength of yarn on wrapping 

machines, the technological process of adding and wrapping yarns in preparation for twisting, the implementation of 

these processes, wrapping machines used in textile enterprises for the production of modern twisted yarn. During the 

experiments, the tension of yarns of several linear densities was tested. Also identified weight loads during the 

additional wrapping process in the preparation of terry and ground warp yarns for weaving processes. 
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Introduction 

 

To produce a smooth and high-quality, defined yarn that meets the applicable standards, it is very important that the 

yarns being added at the same tension. The main step in preparing individual yarns for twisting is the process of 

assembly winding these individual yarns in pairs. In this process, there is an attempt to equalize the tension of two or 

more individual yarns, ie P1=P2= ......... =Pn=const, on the other hand, this process is to harmonize the values of the 

paired individual yarns as much as possible both in terms of linear densities (Tyarn) and their stiffness (Ryarn). The 

technological processes of assembling and winding yarns in preparation for twisting are now mainly performed on 

assembly winding machines. The implementation of these processes is carried out in winding machines in the textile 

industry, which is designed to produce almost all modern assorted yarns. 

As mentioned above, one of the main tasks of the yarn preparation process is to achieve uniform tension of 

individual yarns (Chapman, 1971; Kärrholm et al., 1955). An analysis of the literature shows that very little research 

has been done to analyze the tension of individual and paired yarns. Theoretically, reducing the tension variance of 

individual yarns should lead to positive results in all cases. However, the experimental study of yarn tension in new 

modern yarn preparing machines for twisting designed to produce high-speed yarns and a wide range of yarns may 

provide an opportunity to test the adequacy of many theoretical views on the subject (Tozhimirzaev et al., 2020; 

Parpiyev & Meliboyev, 2020). In classical literature, yarns obtained by pairing two or more individual yarns at the 

same tension in a winding machine are referred to as combined yarns (Meliboev & Parpiev, 2020; Meliboev et al., 

2020). Most assembly winding machines are equipped with a specially designed yarn tensioner at the same distance 

from the additional yarn conductor, in which two or three individual yarns are joined at the same tension and the 

added yarns are rolled in a cylindrical form (Meliboev et al., 2020; Parpiev & Meliboev, 2020). 
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Material and Methods 
 

The applied research was carried out on the current production modes of SSM TW2-D assembly winding machines 

in the preparation department of ³ART Soft Holding´ LLC in Namangan, Uzbekistan. In this study, we used a 

special strain gauge, an analogue-to-digital converter (hx711), and an electrical device with an Arduino 2560 

platform to study the tensile strength of individual strands in practice (Christ et al., 2018; Saura & Torne, 2009). The 

strain gauJHV�ZHUH�PRXQWHG�DW�DQ�DQJOH�.�WR�WKH�horizontal axis between the tensioning device and the yarn conductor 

connecting the individual yarns (Figure 1). Experimental research was carried out at ³RARFEN´ LLC in Namangan 

on the assembling and winding of yarns for warp yarns of terry towels, which are made in a ring-spun yarn in Tyarn = 

29.4 tex linear density. 

 

 
Figure 1. A strain gauge mounted on a tension control device 1- friction-reducing roller, the 2- strain gauge, 3-device 

for fastening the strain gage to the ground, 4- a base attached to a tension control device and serving as a base for the 

strain gage 

 

Taking into account the fact that for the first time in the practical measurement of yarn tension in assembly-winding 

machines, the following information is provided: the structure, operation, and results of an electrical device 

consisting of a special strain gauge, analogue-to-digital converter (hx711) and Arduino 2560 platform. A strain 

gauge (Figure 2) is a device that measures the tension of yarn based on the electricity through deformat ion 

(Korabayev et al., 2018; Ahmadjanovich et al., 2020; Turdialiyevich & Khabibulla, 2020; Tozhimirzaev et al., 2020). 

This sensor can operate with an error of 0.03 - 0.25% and can detect voltage forces up to a maximum of 1000 

Newtons. The device operates at a voltage of 3-12 volts in the operating mode. With a rated output voltage of 1-

1.5mV, it can operate at outdoor temperatures of -200 and +600 degrees Celsius. 

 

 
Figure 2. General view of the strain gauge 

 

A detailed description of the sensor can be seen in Table 1. 

 

Table 1 

General characteristics of the strain gage 

 

No Characteristics Dimensions 

1 Nominal load capacity 1000 N 

2 Operating voltage 3~12 VDC 

3 Maximum operating voltage 15 VDC 

4 Nominal output 1,0±0,15 mV/V 
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5 Fixed output error 0,03% F.S 

6 Delay 0,03% F.S 

7 Repetition 0,03% F.S 

8 The effect of output on temperature 0,01% F.S/C 

9 Output impedance 1000±10% Om 

10 Input impedance 1115±10% Om 

11 Insulation resistance 1000 Om 

12 Degree of overload resistance 1,5 kg 

13 Constant operating temperature -200 and  + 60 ( 

14 Dimensions 12,7x12,7x80 mm 

 

Analogue signals from the strain gauge are converted using the hx711 analogue-to-digital converter. The strain 

gauge direct-connection module is equipped with a hx711 - 24-ELW� VLJQDO� DPSOLILHU� PDQXIDFWXUHG� E\� ³$YLD�

VHPLFRQGXFWRU´��7KH�LQSXW�PXOWLSOH[HU�LV�HTXLSSHG�ZLWK�D�ORZ-noise programmable chip (based on PGA technology). 

When channel A of the module is connected to a 5V AVDD analogue power supply, it can amplify the signal 128 or 

64 times (using programming), corresponding to a full-scale differential input voltage of ± 20mV or ± 40mV, 

respectively. The ADC power supply regulator of the hx411 module, which is capable of amplifying the channel 

signals of the module 32 times, does not require the participation of an external power regulator to provide analogue 

power to the sensor and does not require programming for internal registers (Amirante et al., 2006; Pan et al., 2011). 

For all control processes of the hx711, the signals are made through special pins in it (Figure 3 and Figure 4). 

 

 
Figure 3. Overview of HX711 module 

 
Figure 4. Schematic diagram of the HX711 module 

 

Module characteristics of the module: 

 

x There are two user-selectable differential input channels; 

x Ability to amplify the input signal 128, 64 and 32 times, depending on the task in programming; 

x the ability to connect the power supply regulator on the chip to the ADC analogue power supply of the strain 

gauge; 

x Simple digital control and serial interface 

x Ability to provide selected 10SPS or 80SPS output speed;  

x Ability to filter 50 and 60 GHz power at the same time; 

x Power supply regulator: normal operation <1.5mA, power drop <1mA; 

x Operating voltage range: 2.6 ~ 5.5V; 

x Operating temperature range: -40 ~ + 85 (; 

x Set of 16 pin SOP-16 

 

When using an internal analogue supply regulator, the output voltage of the regulator depends on the external 

transistor used. The output voltage is VAVDD = VBG * (R1 + R2) / R1 and 100 mV is required below the VSUP 

voltage to keep this voltage to a minimum. If the analogue supply regulator in the transient module is not used in the 

study, the VSUP pin can be connected to the AVDD or DVDD, depending on which voltage is higher (Vasarhelyi & 

Ván, 2006; Demczyk et al., 2002). But in these cases, the VFB pin must be connected to phase zero and this pin 



         10 

becomes BASE NC. In this study, we determined the tensile strength of the yarns by connecting a strain gauge and 

an analogue-digital converter to the Arduino Uno platform as a system. 

Arduino is a convenient platform for the fast creation of electronic constructors and electronic devices. The 

reason for the widespread use of this platform in the world is the convenience and simplicity of the programming 

language, as well as the openness of the architecture and programming code (Parpiev & Meliboev, 2020; Parpiev & 

Meliboev, 2020; Korabayev et al., 2018). The Arduino board consists of AtmelAVR microcontrollers and elements 

of programming and connection to other circuits. Most boards have a linear voltage stabilizer of + 5V or + 3.3V 

(Figure 5). 

 

 

  

Figure 5. View of the Arduino Uno platform 

 

x The source battery can be used with 9±12 Volt source blocks. 

x USB connector (USB port) - the circuit can be used as a source, but can also be used to communicate with a 

computer. 

x Indicator (RX: Receipt) - Used to indicate the reception of information, if specified in the program. 

x Indicator (TX: Transmission) - Used to indicate the transmission of information, if specified in the program. 

x Indicator (port 13: troubleshooting) - Indicates that everything is working properly when the sketch is 

running. 

x Ports (ARef, Ground, Digital, Rx, Tx) - base voltage, ground, digital ports, data transmission, and reception 

ports. 

x Indicator (source indicator) - Indicates that the Arduino board is supplied with a source. 

x RESET - Resetting the Arduino board will cause your program to restart. 

x IC SP connector (programming port) - allows programming without the involvement of the board loader. 

x Ports (Analogue In, Power In, Ground, Power Out, Reset) - analogue (continuous), input, output, source, 

ground. 

 

In some quartz versions, the refining process is performed using a ceramic resonator at a frequency of 16 or 8 MHz. 

The microcontroller is initially loaded with a Boot Loader, so no external programmer is needed. The device can be 

programmed via USB without using an external programmer. There are several versions of the Arduino platform 

available today. The Leonardo version is based on the AT mega 32 u 4 microcontrollers. Uno, Nano, Duemi - lanove 

versions are based on AtmelAT mega328 microcontrollers (Miller & Chinzei, 2002). Older versions of the Diecimila 

platform and the first working version of Duemilanoves were designed based on AtmelATmegal68. The 

ArduinoMega 2560 version is built on the ATmega2560 microcontroller. The latest version of ArduinoDue is based 

on the Cortex microprocessor. The UNO version (Figure 6) is the most widely used version, widely used for small 

projects. Each of the 14 digital legs of the chip can serve as an input or output. The voltage at the legs of the chip is 

limited to 5V (Abdalla et al., 2007; O'Brien, 1998). 
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Figure 6. ArduinoUNO board 

 

The maximum current or consumption of one foot is 40 mA. All legs are connected by an internal traction resistor 

(off by default) and its value is 20-50 k Om. In addition, some Arduino legs can perform the following additional 

functions: 

 
Table 1 

Indicators of Arduino UNO board 

 

No. Characteristics Dimensions 

1 Microcontroller ATmega328 

2 Operating voltage 5V 

3 Source voltage (recommended) 7-12 V 

4 Source voltage (limit) 6-20 V 

5 Digital inputs / outputs 14 (they can be used as 6 KIM outputs) 

6 Continuous outputs 6 

7 Maximum current of one output 40 mA 

8 The maximum output current of the output is 3.3 V. 50 mA 

9 Flash memory 32 KB (ATmega328)  

10 SRAM  2 KB (ATteda328) 

11 EEPROM  1 KB (ATteda328) 

12 Tactile frequency 16 MGs 

 

x Serial interface: 0 (RX) and 1 (TX); 

x External delay: legs 2 and 3; 

x KIM: legs 3,5,6,9,10 and 11  - can output an 8-bit analogue value in the form of a KIM signal; 

x SPI interface: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK) legs; 

x LED: 13. A built-in LED connected to the leg 13. 

 

The Arduino Uno has 6 analogue inputs (A0-A5), each of which can represent a 10-bit number (1024 different 

values) in the form of an analogue voltage. The default voltage is measured in the range 0 to 5 V. However, the 

upper limit of this range can be changed using the AREF leg and the analogue Reference function. 

Arduino Uno has recovery protection that protects the computer's USB port from short-circuits and overloads. 

Although most computers have their protection, the above system provides an additional level of protection. If more 

than 500 mA of current is discharged from the USB port, this storage system will start and automatically disconnect. 

To create a yarn tension study system using the parts whose structure and descriptions are given above, we connected 

the input and output pins of the devices according to the following scheme (Figure 6). 

The data from the strain gauges are 5 times per second, or frequency can be n = 300 hertz. A serial port was used 

to enter the signal data received by the strain gauge and amplified accordingly. The basic settings for this port were 

performed as shown in Figure 7. 
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Figure 7. General schematic diagram of the measuring system 

 

Results and Discussion 
 

According to the plan of practical research, experiments were carried out by changing the initial tensile forces 

applied to the yarn in determining the tensile strength of individual yarns using a strain gauge. To do this, the initial 

tension of the load placed of the yarn was changed by placing the loads m1 = 8.4 grams, m2 = 14.3 grams and m3 = 

20.4 grams, attached to the tensioning device 2, shown in Figure 7. In the first variant, i.e. with a load of 8.5 grams 

on the tensioning device, the tensile strength of individual threads at intervals of 0.2 seconds for t=10 seconds was 

determined on separate sensors. The results of the experiment are given in Figure 8. When a load of 8.5 grams was 

applied to the tensioner, the tensile strength of the threads was determined for 10 seconds and the following graph 

was obtained (Figure 8). 

 

 
Figure 8. Graph of tensile strength of individual yarns at a load of 8.5 grams on a tensioner 

 

We then changed the initial tension on the yarn and changed the weight of the washers to 14.3 g. and the yarn 

conductor device was reset to this setting (Tresanchez et al., 2010). The values of individual yarns detected in the 

strain gauge are given in Figure 9 below. In Figure 9, to determine the true law of variation of yarn tension, the initial 

tension value of the yarn was tested experimentally when a load of 20.4 g was applied to the tensioner, and the 

results are given in Figure 9: 
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Figure 9. Graph of tensile strength of individual yarns at a load of 14.3 grams on a tensioner 

 

 
Figure 10. Graph of tensile strength of individual yarns at a load of 20.4 grams on a tensioner 

 

According to the plan of practical research, experiments were carried out by changing the initial tensile forces 

applied to the yarn in determining the tensile strength of individual yarns using a strain gauge. To do this, the initial 

tension of the load placed of the yarn was changed by placing the loads m1 = 8.4 grams, m2 = 14.3 grams and m3 = 

20.4 grams, attached to the tensioning device 2, shown in Figure 10.  

In the second option, i.e. with a load of 8.5 grams on the tensioner, for t = 20 seconds at intervals of 0.2 seconds, 

for a wrap Tyarn = 25 tex linear density yarn of soft terry towel spun at the Art Soft Holding the tensile strength of the 

individual yarns obtained in the rotor spinning machine was determined in separate sensors. The results of the 

experiment are given in Figure 11. When a load of 8.5 grams was placed on the tensioner, the tensile strength of the 

yarns was determined for 20 seconds and a graph was obtained (Zambrano et al., 2017). 
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Figure 11. Graph of tensile strength of individual yarns at a load of 8.5 grams on a tensioner 

 

We then changed the initial tension on the yarn and changed the weight of the washers to 14.1 grams, and the yarn 

conductor device was re-adjusted at this parameter. The values of individual yarns detected in the strain gauge are 

given in Figure 12 below. When a load of 14.1 grams was applied to the tensioner, the tensile strength of the threads 

was determined for 20 seconds and a graph was obtained. 

 

 
Figure 12. Graph of tensile strength of individual yarns at a load of 14.1 grams on a tensioner 

 

To determine the true law of changes in the tension of the yarn, the state of the initial tension value of the yarn at a 

load of 20.4 grams on the tensioning device was studied experimentally, the results are given in Figure 13. When a 

load of 20.4 grams was applied to the tensioner, the tensile strength of the threads was determined for 20 seconds and 

a graph was obtained. 
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Figure 13. Graph of tensile strength of individual yarns at a load of 20.4 grams on a tensioner 

 

In the second option, i.e. with a load of 8.5 grams on the tensioner, for t = 20 seconds at intervals of 0.2 seconds, for 

a ground wrap Tyarn = 29.4 tex linear density yarn of terry soft towel spun at the Art Soft Holding the tensile strength 

of the individual yarns obtained in the rotor spinning machine was determined in separate sensors. The results of the 

experiment are given in Figure 14. When a load of 8.5 grams was placed on the tensioner, the tensile strength of the 

yarns was determined for 20 seconds and a graph was obtained. 

 

 
Figure 14. Graph of tensile strength of individual yarns at a load of 8.5 grams on a tensioner 

 

We then changed the initial tension on the yarn and changed the weight of the washers to 14.1 g. and the yarn 

conductor device was reset to this setting. The values of individual yarns detected in the strain gauge are given in 

Figure 15. When a load of 14.1 grams was applied to the tensioner, the tensile strength of the threads was determined 

for 20 seconds and a graph was obtained. In Figure 15, to determine the true law of variation of yarn tension, the 

position of the initial tension value of yarn under the load of 20.4 g on the tensioning device was studied 

experimentally, the results of which are given in Figure 16. 
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Figure 15. Graph of tensile strength of individual yarns at a load of 14.1 grams on a tensioner 

 

When a load of 20.4 grams was applied to the tensioner, the tensile strength of the threads was determined for 20 

seconds and a graph was obtained Figure 16. 

 

 
Figure 16. Graph of tensile strength of individual yarns at a load of 20.4 grams on a tensioner 

 

The main goal of the experimental study was not to optimize the average tensile strength of the paired individual 

yarns but to optimize the technological parameters of the spinning machine by practically determining the difference 

between their tensile values over some time. For this purpose, in all experimental variants, the differences in the 

magnitudes of the stresses over 10 seconds were determined, and based on the results, the square mean values of the 

differences were determined using the following formula (1): 

 

2

1

1 n

d\ i

i

X X
n  

 ¦                                                     (1) 
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The values obtained from the experimental results are shown in the histogram (Figure 17): 

 

 
Figure 17. Tensile strength differences under the load of the device 

 

From the histograms in Figure 17, it can be seen that the loads are 8.4 g to avoid excessive stress on the yarns under 

the influence of the loads applied to the individual yarns being joined was determined to be appropriate and vice 

versa the tension of the individual yarns increases under the load 20.1 gr. This will inevitably lead to additional 

elongation of the yarns and breakage of the yarns where the yarns are stretched during the weaving process. 

Therefore, in the process of joining the yarns, it is important to select the loads according to the linear density of the 

yarns. 

 

Conclusion 
 

During the experiments, the tension of yarns of several linear densities was tested. Also, the loads in the assembling 

winding process in the preparation of terry and ground warp yarns for weaving processes noted the above results.  

The results of the statistical processing of the experimental data show that there is a law that the difference between 

the stresses of the individual yarns increases with the increase in the number of loads on the tensioning device, i.e. 

the initial tension applied to the yarn. Determining the optimal value of the initial tension is expedient if this 

dependence is used as a basis for finding the machining parameters of the machine for individual yarns of 

appropriate linear density. The analysis showed that as the mass of the washers in the tensioning device increases, 

the average value of the tension of the yarn section from the washer to the spool increases theoretically 

approximately equal to the amount of tension determined by the Euler formula. 
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