
ABSTRACT 
 

SHANKAM NARAYANA, VIVEK PRASAD. Novel Method for Dynamic Yarn Tension 

Measurement and Control in Direct Cabling Process. (Under the directions of Dr. William 

Oxenham, Dr. Abdelfattah Seyam and Dr. Edward Grant). 

 

Yarn tension control is an important parameter for quality and efficiency in textile processes. 

It has a significant influence on productivity in various processes such as winding, twisting 

and cabling. There have been several articles based on theoretical models, which discuss the 

effect of various factors on yarn tension variation in direct cabling, but very few have 

addressed the possibility of measuring and controlling it practically while the yarn is being 

twisted. Quality control system manufacturers like TEMCO (Textile Machinery 

Components) and BTSR (Best Technologies Studies and Research) have come up with smart 

tension scanning systems that perform online tension monitoring in various textile machines. 

However, these systems cannot be installed on the direct cabling machine due to their size 

and cost. The fact that the supply yarn package is housed inside the rotating yarn balloon 

restrains any wired tension sensor from performing online measurement. As such, there is an 

immediate need for using a wireless sensing device to perform online yarn tension 

measurement and execute a control mechanism that will control yarn tension adaptively. The 

objective of this research is to demonstrate the possibility of applying MEMS 

(MicroElectroMechanical Systems) technology with radio frequency (RF) transmission to 

effectively carry out dynamic online measurement for the control of yarn tension. A novel 

technique to achieve online control using the measured real-time data has been implemented. 

A device that ensures uniform tension in the yarn has been designed and developed. Ways of 

measuring twist in the cabled yarn using optical micrometers and digital imaging systems 

have also been explored, because variation in tension manifests variation in twist. Using the 

twist values obtained from these sensors, the individual tensions in the component yarns can 

be adjusted, resulting in the formation of a uniform cabled yarn with equal lengths of both 

component yarns. 
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The woods are lovely, dark and deep. But I have promises to keep,  
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1. INTRODUCTION 
 

Yarn tension control is a vital parameter for quality and efficiency in textile processes. It 

determines the build and structure of the package, and it has a significant influence on 

productivity of various processes such as winding, twisting and cabling, and in subsequent 

processes such as weaving and knitting. However, a great majority of yarns are tensioned by 

primitive means, resulting in loss of production and inferior quality. The ideal solution for 

most processes is the ability to set the yarn tension to a desired level and to be assured that it 

does not change over time at any yarn position. However, this ideal is rarely achieved. In 

most cases, it almost becomes a game of trying to find out how much tension variations a 

process can tolerate and then adjusting the process speed accordingly. With precise tension 

control, many processes can run at least 30% faster and have the added benefit of quality 

improvement at the same time [27].  

 

Tire cord is among the most important technical textiles produced today in the market. The 

current annual production of tire cord yarn amounts to approximately 106 tonnes worldwide. 

This corresponds to approximately 5% of the total production of manmade fibers, and 

forecasts predict even greater growth in the future. Annual tire cord production growth rates 

of 3% are considered to be a realistic figure. Furthermore, direct cabling will gain even more 

importance as it offers high profitability opportunities. Direct cabling is an innovative 

approach to creating multifold torque balanced filament yarns and has found significant 

usage in the production of “Industrial Textiles” such as tire cord. The current state of the art 

in direct cabling of tire cord is reflected in the machine equipment marketed by few 

manufacturers. They are focusing on obtaining the highest possible yarn quality as well as 

improved profitability, flexibility, and operational ease. The equipment available is provided 

with many individual process monitoring features and remote diagnosis systems, but none for 

yarn tension control [12]. 

 

There have been several articles based on theoretical models, which discuss the effect of 

various factors on yarn tension variation in direct cabling, but very few have addressed the 
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possibility of measuring and controlling it practically while the yarn is being twisted. Quality 

control system manufacturers like TEMCO (TExtile Machinery COmponents) and BTSR 

(Best Technologies Studies and Research) have come up with smart tension scanning 

systems that perform online tension monitoring in various textile machines. However, these 

systems cannot be installed on the direct cabling machine due to their size and high-cost. The 

fact that the supply yarn package is housed inside the rotating yarn balloon restricts any 

wired tension sensor from performing online measurement. As such, there needs to be a 

wireless sensing device that will perform online yarn tension measurement and execute a 

control mechanism that will control the tension adaptively. The objective of this research is 

to demonstrate the application of MEMS (Microelectromechanical Systems) technology and 

RF transmission to effectively carry out online measurement and control of yarn tension. A 

novel technique for executing online control using the measured real-time data has been 

developed. Here, a device is designed and developed that ensures uniform tension in the yarn 

and hence the formation of a homogeneous delivery package. Ways of measuring the twist 

inserted in the cabled yarn using optical micrometers and digital imaging systems for 

verifying the uniformity of twist in the cabled yarn were also be explored, because variation 

in tension manifests variation in twist. Using the twist values obtained from these sensors, the 

individual tensions in the component yarns can be adjusted, resulting in the formation of 

uniform cabled yarn with equal lengths of both component yarns.  
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2. LITERATURE REVIEW 
 
2.1 Yarn Tension Measurement and Control 
 
Yarn tension is one of the most important parameters in several textile processes and needs to 

be checked regularly. The frequency of this check depends on the kind of process. Yarn 

processing techniques such as winding, twisting and cabling require a high speed control of 

yarn tension, because the quality of package produced completely depends on the uniformity 

of yarn tension. Whereas in processes such as knitting, weaving, and warping, the yarn is 

pre-tensioned using primitive means and checks on the proper functioning of the tensioning 

device is intermittent. However, the efficiency of all these processes greatly depends on the 

yarn tension.  

 

Variation in yarn tension brings about radical changes in several other ways. Firstly, it affects 

the physical properties of the produced yarn, such as its tensile strength and elasticity, and as 

such its stress-strain characteristics. Excess tension in the yarn will orient the chains in the 

molecular structure of the yarn and thus will impart more strength. Also, due to this 

orientation, the structure can crystallize or move from an amorphous stage to a crystalline 

stage, which will affect the appearance, dye ability, and the texture of the fabric produced. 

This is claimed to be the case for both staple and filament yarn, when they are being used in 

conventional textile production processes [19]. If the yarn is being used for technical textile 

production, such as the tire cord production or carpet yarn manufacture, the tension affects 

the strength of the yarn produced, which can lower the quality of the tire cord radically.  

 

Ways of performing precise yarn tension measurement in various textile processes has been 

the subject of research and development for several years. As a direct consequence there has 

been a marked improvement in the technology associated with yarn tension measurement. An 

exhibition held at the Shirley Institute in 1969 [3] displayed several “State of the art” yarn 

tension meters, which included the Norseman Cable Tensiometer, Shirley Spinning 

Tensiometer and the English Electric Fluidic Yarn Tension Controller. Most of the tension 

measuring devices displayed in this exhibition were mechanical tensiometers that used the 



principle of mechanical balance, pulleys mounted on ball bearings etc. These were 

manufactured by companies like Baer, Heal, Mercer and Schmidt. Electrical tensiometers 

were based on strain gauge and photocell transducers E.g., Shinkoh, Elmatex, Uster, Wira 

and Rothschild and the yarn tension measuring range of these sensors varied anywhere 

between 0 and 5000g. Whether mechanical or electrical transduction most, or all, of these 

devices employed the three-pulley system and very good electronics. However, no 

instrument had the resolution and/or response time required for high speed yarn processing. 

Also, the response of these instruments greatly depended upon the angle of wrap of the yarn 

over the pulleys. Today’s tensiometers are more technologically advanced and have better 

precision than earlier devices. Some of the latest tensiometers are discussed in detail 

elsewhere [7].  

  

  
Figure 1 Yarn tensiometers: Baer, Mercer, Heal, Rothschild, and Schmidt (top left to bottom right) [3] 

 

There are two ways of controlling yarn tension in any textile process:  

1. By measuring it manually using a hand-held or Table-top tensiometer and tensioning 

the yarn when it is running by using passive devices, which are called tension generators 

or compensators or simply tensioning devices.  

2. By using active devices that can measure and feedback the yarn tension in real-time 

using sensors and actuators and therefore become an automatic control system. 
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measuring head connected to an electronic recorder, which can record the variation in yarn 

tension and display it on a screen or print it after use.  

(a)  (b)  
Figure 3 (a) Hand-held yarn tensiometer (b) General purpose online tension sensors [39] 

 
Figure 4 Rothschild Electronic Yarn Tensiometer with Recorder R-2000 [42] 

 

Most of the measuring instruments used for laboratory purposes are general-purpose real-

time devices that are mounted onto fixtures in such a way that the running yarn passes 

through the sensing head of the device and the tension is recorded separately. 
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Based on their operating principle, yarn tension measuring systems can be categorized as 

follows: 

1. Mechanical  

2. Electronic & 

3. Electromechanical (a combination of both, which can be included in the 2nd category)  

 

2.1.1.1 Mechanical Measurement Systems   

These devices comprise of mechanical parts such as pulleys and rollers and are generally 

used in measuring yarn tensions in processes such as weaving and warp preparation. There 

are no active sensors or electronics used in these devices. They use passive elements such as 

feelers and springs to sense the tension in running yarn. The designs of these devices are 

influenced by history and are based on primitive methods for yarn tension measurement. A 

mechanical dial indicates the tension in the running yarn in these devices and they possess 

some serious limitations, e.g. inertial problems, the lack of data storage capacity, the inability 

to connect to any kind of control device, very low accuracy and improper functioning at 

higher velocity ranges.  Examples of such devices are Schmidt’s mechanical hand-held 

tensiometer (DX2) and Checkline’s ODT tensiometer (Figures 5a and 5b). 

 

(a)  (b)  
Figure 5 (a) Schmidt’s mechanical hand-held tensiometer DX2 (b) Checkline’s ODT stationary tension 

meter [41, 39] 
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2.1.1.2 Electronic Measurement Systems  

 

These devices employ more advanced electronics and have advanced features and 

functionality when compared to mechanical tensiometers. They can be used in measuring and 

setting tensions in processes such as winding, twisting and cabling, where yarn tension is 

very critical. Increased precision is achieved when setting up the yarn tension on a machine 

using these devices because tension is displayed in a digital format and this helps the 

operator during set-up. However, the frequency response of most of these instruments varies 

over a wide range, and so the user has to choose the most appropriate measuring instrument 

based on the application. A detailed list of some of the tension measuring instruments 

available in the market today is given in Table 1, including their features and limitations. 

Most of these devices use either strain gauges or Hall Effect sensors to measure yarn tension. 

Some of the sensors use capacitive transducers, which exhibit change in capacitance when an 

external force is applied.  

 

(a)  

(b)  

Figure 6 Sensing Principles (a) Strain Gauges (b) Hall Sensors [6] 
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All of these devices are based on the same principle that when a yarn is passed over a sensing 

head, it tends to displace the head from its original position due to certain amount of tension 

present in the yarn. This displacement, though slight, in turn changes the output of the circuit 

in the form of voltage, either due to change in resistance, in the case of strain gauges, or due 

to change in capacitance, in the case of capacitive transducers, or due to change in the 

strength of the magnetic field, in the case of Hall sensors. In the case of a strain gauges, a 

half or full Wheatstone bridge is constructed and the resistance of the gauge changes because 

of bending or compression of the gauge, caused due to external force applied on it. In the 

case of Hall sensors, a voltage is generated transversely to the current flow direction in an 

electric conductor, if a magnetic field is applied perpendicularly to the conductor. Table 2 

enlists the sensing principles and control techniques used in developing yarn tension 

measurement and control systems by various companies. A schematic of the sensing 

principles involved in the working of these measurement systems is shown in Fig. 6.  

 

The added advantage in the case of electronic yarn tension measurement systems is their 

ability to measure yarn tension over a wider range. Also, these devices are very precise when 

yarn tension is being measured at high velocities. There are better options for collecting data 

from the sensor, which can be used later to carry out statistics and to deduce values like 

average tension, peak values and C.V % in some cases. Connectivity to PCs is also one of the 

main features of these kinds of devices; they can be integrated with any other instrument for 

further control or regulation of yarn tension. Data storage capacity and mobility in these 

sensing heads help to a great extent; they can be mounted in places where other measuring 

heads cannot reach and the data collected from here can be used for further analysis. Lastly, 

these devices have the best frequency response in terms of measuring the yarn tension, which 

is an essential feature in the case of high-speed yarn tension measurement. Since the industry 

is looking at higher productivity with increased efficiency, the devices employed today need 

to have better resolution and higher frequency and accuracy, which will make the system 

more reliable.  
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Table 1 Yarn tension measuring instruments, their features and limitations 
 

Manufacturer  Model No. Pulley 
size 

Frequency 
response Measuring range Data storage 

capacity Functionality Integration 
with controller 

Accuracy 
(+/-) 

Max. Velocity 
Range 

            Statistics/ 
Conn. to PC       

Checkline        DX2 38mm Mechanical 
dial 

10 ranges, 3-30 g 
up to 5-50 kg No No No 1.00% 2000m/min

Checkline        DXN 38mm Mechanical 
dial 

12 ranges, 5-50 g 
up to 5-50 kg No No No 1.00% 3500m/min

Schmidt        ZF2 22mm Mechanical 
dial 

7 ranges, 1-5 g up 
to 10-100 g No No No 1.00% 900m/min

Schmidt        ZD2 33mm Mechanical 
dial 

6 ranges, 3-30 g up 
to 20-300 g No No No 1.00% 2000m/min

Checkline        FX2 100mm Mechanical 
dial 

4 ranges, 5-50 g up 
to 20-2000 g No No No 1.00% 2000m/min

Checkline      DXF2 22mm Mechanical 
dial 

9 ranges, 3-30 g up 
to 200-2000 g No No No 1.00% 

900m/min. Specially 
used for optical 

fibers 

Schmidt         DTMB 38mm 62Hz 9 ranges, 0.1-200 g 
up to 5-50 kg No Yes, Statistics No 0.50% 2000m/min

Schmidt        DTMX 38mm 62Hz 9 ranges, 0.1-200 g 
up to 5-50 kg 

Yes, 100 
tension values Yes No 0.50% 2000m/min

Schmidt ZEF / ZED 22-38mm 250Hz 6 ranges, 0.5-100 g 
up to 1-500cN No     No No 1.00% 2000m/min

Checkline         ETM2 22-38mm 100Hz 3 ranges, 0.5-100 g 
up to 1-500cN No No No 1.00% 2000m/min

Checkline 125-12/S-
HDI 22-38mm      100Hz 7 ranges, 0-10 g up 

to 0-500g No No No 1.00% 3000m/min. 
Capacitive sensor 

Checkline    TELC 40-
200mm 50/200Hz 7 ranges, 0-100 g 

up to 0-10Kg No No
Yes, alert and 

can be 
controlled 

1.50% 2000m/min. Strain 
gauge sensor 

Checkline      RFS/RFSE Variable 200Hz 10 ranges, 0-100 g 
up to 0-100Kg No No

Yes, can be 
using external 

electronics 
0.50% 2000m/min. Strain 

gauge sensor 
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Table 1 Yarn tension measuring instruments, their features and limitations (contd.) 

 

Manufacturer  Model No. Pulley 
size 

Frequency 
response Measuring range Data storage 

capacity Functionality Integration 
with controller 

Accuracy 
(+/-) 

Max. Velocity 
Range 

            Statistics/ 
Conn. to PC       

Checkline    TE 40-
200mm 350Hz 10 ranges, 0-50 g 

up to 0-50Kg No No
Yes, can be 

using external 
electronics 

1.50% 1000m/min. Strain 
gauge sensor 

Tensitron        TX Variable 40-100Hz 3 ranges, 0-125 g 
up to 50g-5Kg Yes Yes

Yes, can be 
using external 

electronics 
1.00% 2000m/min

Rothschild          R-2000 30mm Not mentioned 0.05-200,000cN Yes Yes No 2.00% 7000m/min

Schmidt         DTVB/DTVX 40mm 62Hz 4 ranges, 2-200cN 
up to 200-2000cN Yes Yes No 0.50% 2000m/min

Schmidt         DTFB/DTFX 32mm 62Hz 3 ranges, 2-200cN 
up to 50-1000cN Yes Yes No 0.50% 2000m/min

Schmidt        ET2/ET2P 24mm 5KHz
3 ranges, 0.5-
100cN up to 1-

500cN 
Yes Yes No 1.00% 2000-6000m/min

Schmidt   DX2 66mm Mechanical 
dial 

12 ranges, 10-50cN 
up to 5-20daN No  No No 1.00% 2000m/min 

Schmidt   DXE 38mm Mechanical 
dial 

6 ranges, 10-50cN 
up to 200-2000cN No  No No 1.00% 2000m/min 

Schmidt   DXV 38mm Mechanical 
dial 

7 ranges, 10-50cN 
up to 200-2000cN No  No No 1.00% 2000m/min 

Schmidt   DXP 27mm Mechanical 
dial 

3 ranges, 10-50cN 
up to 20-200cN No  No No 1.00% 6000m/min 

Schmidt   DXB 55mm Mechanical 
dial 

9 ranges, 10-50cN 
up to 5-20daN No  No No 1.00% 2000m/min 

Schmidt  DXR 125-
200mm 

Mechanical 
dial 

6 ranges, 200-
2000cN up to 5-

50daN 
No  No No 1.00% 1000m/min 

Schmidt  DXT 57-
117mm 

Mechanical 
dial 

9 ranges, 10-50cN 
up to 5-20daN No  No No 1.00% 1000m/min 
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Table 1 Yarn tension measuring instruments, their features and limitations (contd.) 

 

Manufacturer  Model No. Pulley 
size 

Frequency 
response Measuring range Data storage 

capacity Functionality Integration 
with controller 

Accuracy 
(+/-) 

Max. Velocity 
Range 

            Statistics/ 
Conn. to PC       

Schmidt   DXL 235mm Mechanical 
dial 

3 ranges, 200-
2000cN up to 2.5-

10daN 
No  No No 1.00% 4000m/min 

Schmidt  TS1 64-
224mm 500Hz 10 ranges, 0-50cN 

up to 0-50daN No  No No 1.00% 2000m/min 

Schmidt    TSP 64mm 500Hz 4 ranges, 0-50cN 
up to 0-500cN No  No No 1.00% 6000m/min 

Schmidt    TSH 150mm 500Hz 6 ranges, 0-1000cN 
up to 0-50daN No  No No 1.00% 4000m/min 

Schmidt    TSL 150mm 500Hz 5 ranges, 0-50cN 
up to 0-1000cN No  No No 1.00% 4000m/min 

Schmidt    TSF 270mm 500Hz 6 ranges, 0-100cN 
up to 0-5000cN No  No No 1.00% 5000m/min 

Schmidt    TSB1 7-20mm 500Hz 5 ranges, 0-100cN 
up to 0-2000cN No  No No 1.00% 1000m/min 

Schmidt  TSB2 30-
100mm 500Hz 6 ranges, 0-1000cN 

up to 0-50daN No  No No 1.00% 1000m/min 

Schmidt   Q 65mm Mechanical 
dial 

9 ranges, 2-10cN 
up to 50-1000cN No  No No 1.00% 1000m/min 

Schmidt   MK 56mm Mechanical 
dial 

8 ranges, 3-12cN 
up to 50-400cN No  No No 1.00% 1000m/min 

Schmidt   DX2S 54mm Mechanical 
dial 

10 ranges, 10-50cN 
up to 5-20daN No  No No 1.00% 5000m/min 
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Table 2 Sensing principles and control techniques used in the development of yarn tension measurement and control systems by various companies 

 
Sl. 
No. US Patent # Year Sensing Principle Control Technique Assignee 

            
1 6105895 2000 Hall sensor Only sensing Meminger-IRO, Germany 
2 6095449 2000 Hall sensor Braking arm IRO AB, Sweden 
3 6050142 2000 Strain gauge Only sensing Murata, Japan 
4 5996925 1999 Strain gauge Variation in winding speed Toray Engg., Japan 
5 5877434 1999 Hall sensor Variation in winding speed Schalfhorst, Germany 
6 5871163 1999 Capacitive Braking washers Savio, Italy 
7 5791542 1998 Hall sensor Tensioning arm Lawson-Hemphill, USA 
8 5684255 1997 Strain gauge Only sensing Sulzer Rueti, China 
9 5566574 1996 Strain gauge Disk tensioners Intl. Trading S.R.L, Italy 

10 5329822 1994 Hall sensor Disk tensioners Schalfhorst, Germany 
11 5141169 1992 Strain gauge Varying winding speed Teijin Seiki, Japan 
12 4848075 1989 Strain gauge Servomotor  Palitex Project Co., Germany 
13 4677860 1987 Strain gauge Only sensing Barmag AG, Germany 
14 4605182 1986 Tensioning device Hysteresis type Otto Zollinger, Inc.  
15 4532760 1985 Tensioning device Electromagnetic disk Millken Research Corp. 
16 4182167 1980 Strain gauge Only sensing Toray Engg., Japan 
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2.1.2 Yarn Tension Generators 
 

Once the tension in the yarn is measured using one of the devices mentioned above, the 

operator sets the tension in the yarn to the required level by using means that are known as 

tension generators or compensators or simply tensioning devices. Bhargava [1] classifies 

tension generators under four different categories. Spring type, ball type, disc type, gate and 

roller type tensioners fall under these categories. 

 

i) Additive type 

ii) Multiplicative type 

iii) Additive cum multiplicative type 

iv) Self compensating type 

 

i) Additive type tension devices add a constant tension to the input tension. A good example 

of this category is a disk-tension device. To calculate the added tension due to a disk-tension 

device, the formula, To = Ti + 2 µW, can be applied. Where W is the applied force and µ is 

the coefficient of friction between the yarn and the tension-device. With irregular type of 

yarns such as spun, air-entangled and effect-yarns and knots, additional peak tensions are 

generated. These thick places have to spread the two disks very rapidly apart and the mass of 

the disks resist this forced motion, due to which high tension spikes are generated. Rotating 

hysteresis tension devices are devices that are used to set a certain output tension by 

changing the strength of the magnetic field between the braking plates (Fig. 7) also belong to 

this category. These devices are less affected by irregular yarns because changes in 

coefficient of friction and the tension level on the electro-magnetic type can be easily and 

precisely changed through voltage changes of the magnetic spool. 

 

ii) Multiplying type tension devices operate by multiplying the incoming tension. Post-

tension devices fall into this category. The multiplying factor can usually be selected by 

changing the total deflection of the yarn strand. The formula used for calculating the output 

tension in this case, is called the “belt-formula” and is same as the Capstan equation.  



  
Figure 7 Hysteresis brakes used in direct cabling process [37] 

 

These tensioning devices handle irregular yarns better than the common disk-tension devices 

since the strand is deflected rather than pinched. The general equation for calculating the 

output tension in this case is given by To = Ti x eµθ (Capstan equation). 

 

 
Figure 8 Additive type tension generators [1] 

(c)  
(b)  

(a)  

 
Figure 9 Multiplicative type tension generators [1] 
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iii) Additive cum multiplicative type tensioning devices comprise of both additive and 

multiplicative elements. The general equation for calculating the output tension in this case is 

given by To= [{(Ti + 2µW1) x eµθ1 + µW2} x eµθ2+ µW3] x eµθ3. A typical example for this kind 

of tensioning device is shown in Figure 10. 

 

 
Figure 10 Additive cum multiplicative type tension generators [1] 

 

(d) 

(a) 
(b) 

(c) 

Spring loaded adjustable arm 

Figure 11 Different types of tensioning devices [27] 

 

iv) Self-adjusting type devices change their settings depending on the output tension. An 

example of this type of tension device is a lever-type (Figure 11c). The upper arm is spring 

loaded in a clockwise direction. With low output tension, the lever is in the up position 

(dotted). In this position, the yarn has to run around the guides for an increased wrap angle, 
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which increases the yarn tension. With high output tension, the upper arm moves closer to 

the lower arm, thereby adding less tension. Measurements show that they work 

approximately as well as disk-tension devices (Figure 11a), and are not affected by yarn 

irregularity or knot passing. The ball-tension device (Figure 11d) also changes the applied 

tension, to some degree when the output tension changes. Higher yarn tension lifts the ball 

higher, for less wrapping, or reduces the pinching force between the ball and the guide. In 

general, these devices are simple and “low cost”. Their major drawbacks include scuffing of 

the yarn, tension variations depending on the friction coefficient, and tension spikes with 

irregular yarns and knots. 

(In the general formulae given above, To and Ti are the output and input tensions 

respectively, µ, W, and θ are the coefficient of friction between surfaces, force or pressure 

applied on the yarn and the angle of wrap over the surface respectively) 

 

A more serious condition is the tension “swelling” during the unwinding process. A long-

term change in tension level causes serious problems in applications where more than one 

yarn strand is processed simultaneously e.g., warping. These processes normally creel a 

reserve package through a transfer tail to the unwinding package for uninterrupted 

unwinding. As a result, the average tension in the yarn decreases after it is transferred to a 

new spool, because the yarn in the new spool is in a relaxed state. This often causes streaks in 

the finished fabric.  

 
Figure 12 Addition and multiplication of yarn tension due to passive tensioning devices [27] 
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2.1.3 Automatic Measurement and Control System 
 

Apart from the task of precisely measuring variation in yarn tension, textile processes also 

need adaptive control in order to ensure quality and efficiency. This is of greater importance 

in processes like unwinding, cabling and twisting, wherein slight changes in yarn tension will 

show up as distinct production faults in the end product. This category of yarn tension 

controllers not only measure variation in yarn tension, but also provide real-time control 

using mechanical and/or electromechanical control mechanisms.  

 

Numerous US and international patents deal with methods and devices for continuous 

automatic monitoring and control of yarn tension in various textile processes (Table 2). 

However, very few have the added advantage of being compact and low-cost. Savio’s Orion 

and Schlafhorst’s Autoconer (Figure 13) winding machines both have computer aided 

tension control systems, which incorporate a sensing element giving continuous feedback to 

a braking system through a computer. Whenever the sensor senses an abnormal increase in 

yarn tension, it sends a signal to a microcontroller and a braking device acts accordingly. 

Each winding head’s computer controls the yarn deposit on the package and automatically 

intervenes with a servo command that modifies the drive ratio between package and drum at 

critical diameters. The device adjusts itself at a constant distance from the nose of the tube 

and combines its action with the square section balloon breaker and significantly modifies 

the shape of the balloon, drastically reducing unwinding tension. This effect, combined with 

the Tensor action, contributes to a considerable reduction in winding tension. The Tensor 

(TENsion SensOR) continuously detects actual winding tension, being positioned 

immediately before the drum. It interacts, through the winding head computer, with the yarn 

tensioner to vary the pressure exerted on the yarn as required. The operating range of the 

yarn tensioner is set on the computer. When the yarn tensioner reaches the minimum value of 

its set range, it activates a preset speed reduction curve that is stored in the controller head. 

Tension constancy by doing this guarantees yarn-waxing uniformity and also acts as an anti-

wrap device. The motorized yarn tensioner, with centralized adjustment via the computer, 

controls uniformity with minimum yarn stress throughout the package formation. 



Schlafhorst’s Autotense FX, an active yarn tension regulation system for constant yarn 

tension feed, is a similar mechanism integrated with the Autoconer FX-series winding 

machines.  

  
Figure 13 Savio’s ORION Online Tensor® for tension control in yarn winding [44] 

 

Online tension scanning systems and sensor manufacturers like TEMCO (Textile Machinery 

Components) and BTSR (Best Technologies Studies and Research) have produced 

monitoring systems like ZKS 80 and SMART 200TS that are based on strain gauge and Hall 

effect sensor technologies (See section 2.1.1.2). However, these devices need to be calibrated 

frequently, because the responses of these sensors change drastically with time, which 

imposes serious limitations on their use. Furthermore, their large size restricts their 

integration into machines, and their high-cost makes them an uneconomic solution to be used 

in processes such as cabling, twisting and doubling. They can however be applied to 

machines such as rewinding, texturing, knit-de-knit etc.  

 

There is another category of yarn tension regulating system that has not been described here. 

This category comprises devices that pre-wind the yarn onto packages and let it off from 

thereon. These are generally called as storage feeders or accumulators. An example of such a 

device is the weft insertion system in weaving machines. The yarn here is first wound onto a 

cylinder and inserted intermittently from thereon while the weaving machine is running. 

Godet rollers, in which one of the cylinders’ axis is slightly offset, in winding and twisting 
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perform a similar function of equaling out the yarn tension after winding the yarn for a few 

wraps and then unwinding it thereafter. Figure 15(a) shows an example of such a device. 

 
r

M

g 

Yarn guide 

Figure 14 (a) BTSR’s SMART 200TS & (b) TEMCO’s ZKS80 Tension sensor

High-speed warp knitting machines use these devices for supplying and contr

the yarns in the warp direction. In this mechanism, conically tapered feed roll

predetermined speeds to engage the yarn and wrap it around their cylindrica

As the wraps of yarn proceed along the axis of rotation of both the rolle

decreasing circumference reduces the rate of feed of the yarn relative to the

thereby reducing the tension on the yarn as it is fed off of the rollers.  

(a)  (b) 
 

Figure 15 (a) Yarn tension compensating device [USP 4778118]  

(b) BTSR’s KTF Constant Yarn Tension Feeder [33] 
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BTSR’s KTF, a constant yarn tension feeder system that is used in knitting machines, for 

tensioning elastomeric yarns such as Lycra, also belongs to this category (Figure 15(b)). This 

device can tension monofilament yarns as fine as 12dtex running at a speed of 1500m/min, 

and can also be used on Jacquard machines running covered or interlaced, nylon and cotton 

yarns.  

 
2.2 Theoretical Models on Yarn Tension Measurement 
 
In order to design and develop a dynamic yarn tension measurement system, a thorough 

knowledge of tension build and variation in yarn structures due to their passage over solid 

surfaces was essential. As such, studies related to the theoretical analysis of tension variation 

in fibers and yarns were reviewed.  

 

During its travel, a yarn in any textile process experiences two kinds of friction; namely, 

static and sliding or kinetic friction [25]. Static friction can be defined as the one that the yarn 

experiences when the surface on which it passes is not in motion. This is seen in most of the 

cases in textile processes such as warping, weaving and knitting. Kinetic or sliding friction 

comes into play when both, the surface and the yarn are moving relative to each other and 

rub together and there could be a certain amount of slippage because the coefficient of 

sliding friction is smaller than the coefficient of static friction.  

 

The tension developed in the yarn during this process is partly due to the friction between the 

bodies and contact angle of the yarn with the surface that it passes over. It experiences both 

friction with the surface and inter-fiber or inter-yarn friction while it is running. The well-

known Capstan equation (T2 = T1eµθ) is generally used in calculating the output tension in the 

case of simple passage of yarns over cylindrical pegs. Several researchers have come up with 

improved versions of this equation [17, 19, 32] by taking into consideration other factors 

such as flexural or bending rigidity and radius of the yarn. The theories developed to date, 

however, do not take into consideration several other factors such as the type of material, 

speed of yarn, twist count, diameter of the Capstan, roughness index of the Capstan, and 



other minor factors such as climatic conditions. As a result, the Capstan equation, even with 

its inaccuracies, is still the most commonly used formula in the textile industry today [25]. 

 

Figure 16 shows the tension ratio as a function of the contact angle or the wrap angle of the 

yarn with the surface and the coefficient of friction between the two. It can be clearly seen 

from the Figure that the yarn tension increases radically when the coefficient of friction 

increases from 0.1 to 0.4.  

D

Figure 16 Yarn tension ratio T2/T1 as a function of coeffic
 
Apart from the factors mentioned above, yarn tension als

from a package. This variation or fluctuation in yarn tens

or long-term fluctuations. Short-term fluctuations are ten

unwinding cycle during unwinding of yarn from front to b

or from one lift-off point to the other; and long-term 

variations in yarn tension occurring due to decrease in

reveals that during this process, mean yarn tension inc

speed. Typical examples for short and long-term fluctua

Fig. 17, Fig. 18(a) and 18(b) below.  

 

Kurilenko et al  [19] analyzed this phenomenon and the f

the process. They investigated the unwinding tension rel

speed, diameter of the input package, and the distance f

yarn guide eye using a Rothschild tensiometer. 
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Figure 17 Typical yarn tension peaks during unwinding [8] 
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increases with increase in unwinding speed. Fig. 19 shows the variation in yarn tension with 

the distance from the package end to the yarn guide eye at various unwinding speeds for 

packages of different diameters. Investigations prior to this study [6, 18] on the influence of 

processing conditions on the yarn tension during unwinding dealt mainly with yarns from 

natural fibers being unwound at relatively slow speeds from small packages.  

 
Figure 19 Variation in yarn tension with the distance from the package end to the yarn guide eye at 

various unwinding speeds for packages of different diameters [19] 

 

Many tension sensitive processes such as high-speed texturing are also affected by this 

phenomenon of tension variation while unwinding and result in uneven dye pick-up. The 

tension spikes can also damage the yarn by over-stretching and weakening the strand. The 

irregularity of certain physical properties of the yarns and of the tension during processing 

result in the finished article containing faults like warp-ways and weft-way streaks, loops, 

shiny and broken places, etc., which affect the quality and appearance of the product 

adversely.  

 

In addition to the factors mentioned earlier, yarn tension during unwinding is significantly 

influenced by the yarn build and the state of the surface of the input package also. Fig. 20 

shows the variation in yarn tension during unwinding from a smooth and uneven surface. It 
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can be observed that though the minima of yarn tensions remain the same, the Tmax increases 

drastically due to unevenness of the package surface.  

 
Figure 20 Variation in yarn tension during unwinding from (1) smooth and (2) uneven surface [19] 

 

Godawat et al [8] analyzed the variation in yarn tension during over-end unwinding from 

cylindrical packages by synchronizing the tension values with balloon images and later 

carried out an image analysis to further investigate the phenomenon. Findings from their 

research can be listed as follows: 

 

1. Increase in balloon height causes increase in yarn tension 

2. Reduction in balloon count causes increase in yarn tension 

3. Highest possible tensions is seen with single balloon formations 

4. With the same balloon count an increase in unwinding speed causes increase in yarn 

tension 

5. Unwinding direction influences the balloon tension 

 

However, the drawback of this study was the image capturing technique used here, which did 

not match the high-speed and resolution of the tension sensor, which resulted in missing data. 
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Schmenk et al [30] designed a force sensor without any guide elements for measuring yarn 

tension in the twist zone of a high-speed false texturing machine. The sensor measured the 

resultant force on a yarn guide caused due to yarn tension, which was also theoretically 

calculated using the angle formed by the path of the yarn at the sensor.  Figure 21 shows the 

functional diagram and the sensor installed on the texturing machine. Functional tests were 

conducted in order to test the suitability of the sensor for the analysis of process instabilities. 

However, the equation Fr = 2FzCosα/2 used for calculating the resultant force experienced by 

the force sensor at the point of contact, considers the force sensor as a vertex where the 

resolved component force vectors meet, which is not true in the real case. The surface contact 

of the sensor with the yarn, being a conventional ceramic yarn guide, cannot be neglected 

when calculating the forces acting on the yarn. Also, the equation did not take into 

consideration several other factors such as the coefficient of friction and the angle of contact.  

 
Figure 21 Schmenk’s model for measuring output tension [30] 

 

Padfield [28] conducted a theoretical investigation on the fluctuation of tension during 

unwinding of yarn from cylindrical packages by comparing the theoretical unwinding 

tensions with the experimental values. The theoretical values for Tmax and Tmin were 

calculated using the formula, T = τ x moV2/g, where τ is the tension parameter, mo is the 

mass per unit length of the yarn, V is the constant velocity of withdrawal and g is the 

acceleration of gravity = 9.81m/s2. The tension parameter was estimated using a chart plotted 

between τ and z/c for p=2, where z is the greatest and least values of the tension 
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corresponding to z = l1+ l2 and z = l1, respectively, where l1 is the distance of the eye from 

the near end of the package and l2 is the length of the package; c is the radius of the cylinder 

and p is the air-resistance coefficient given by 16Pc/mo, P being the air-drag parameter = ½ 

Yarn diameter x Density of air x Drag coefficient Cd (given by Mack and Smart, 1954).  

 

Experimental values of unwinding tension were measured by withdrawing the yarn from the 

cylindrical package over a sensor, which employed strain gauges bonded on either sides of 

the eye. The strain gauges were connected in an unbalanced Wheatstone bridge and the 

output was amplified using a tuned amplifier, rectified and recorded by an Ediswan pen 

recorder. The Table below (Table 3) shows the comparison of the experimental and 

theoretical unwinding tensions obtained in his study. It was concluded that there was a strong 

agreement between both values subject to the stipulations and approximations made in the 

study. However, the effect of gravity and internal elastic effects of the yarn were neglected, 

which limits its applicability only to inflexible materials such as steel wires and not to 

ordinary textile yarns. It was also considered that unwinding took place in a singe balloon, 

but with varying guide eye positions, the number of balloons formed during unwinding could 

increase with increase in pigtail height.  
Table 3 Padfield’s comparison of experimental and theoretical unwinding tensions [28] 
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Apart from the variation in tension that the yarn experiences, there are several other factors 

that deteriorate the quality of yarn produced while processing yarn, which can in turn affect 

the quality of the end product. Twist blockage is one such factor. Twist blockage occurs 

when the yarn passes over guides and the twist cannot be reproduced freely. Whenever a yarn 

passes over a guide, its twist could vary and so it is believed that twist variations would 

invariably exist between the twisting zone and the final yarn. This reduces production 

efficiency, deteriorates yarn quality, as in the yarn strength, elasticity, etc. and the final fabric 

appearance because of irregularity in twist and dye absorption. Guo et al [13] proposed a 

simplified model for analyzing twist blockage between the yarn and guide in terms of yarn, 

machine, and operational parameters including the coefficient of friction, yarn torsional 

rigidity, yarn tensions, and the angle of wrap over the yarn guide. In this study, it was 

illustrated that the twist blockage increases with increase in coefficient of friction (Fig. 22) 

between the yarn and the contact surface, and that the level of twist difference before and 

after the guide could be controlled by the geometry and surface configuration of the guide. It 

was also concluded that the yarn torsional rigidity has a significant effect on twist blockage, 

which means, different twist factor and different kind of fibers will have different torsional 

rigidities and the twist blockage is large in yarns with lower twist factor (Fig. 22). The study 

also demonstrated that there was a linear relationship between twist blockage and the angle 

of wrap as well as yarn tension. However, the shortcoming of this study is that twist blockage 

is considered as a false twist phenomenon, which sometimes just varies twist distribution in 

the spinning zone, and has no significant effect on the final products’ twist level. 

  
Figure 22 Relationship between twist blockage, coefficient of friction and torsional rigidity [13] 
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2.3 Direct Cabling Process 
 
2.3.1 Direct Cabling Principle 
 

Direct cabling is an innovative approach to creating multifold torque balanced filament yarns 

that has found significant usage in the production of “Industrial Textiles” such as tire cord. It 

is a single-stage process in which two yarns are wrapped around each other without 

imparting turns or twist to the single yarns. One of the two untwisted yarn packages is fed in 

an overhead creel, which is an integral part of the direct cabling machine. The second yarn 

package is located above the rotating spindle, in the cabler spindle pot. Both yarns are 

controlled by mechanical tension devices mounted on the machine. This ensures that both 

yarns are cabled with uniform tension. During the cabling process the single ends do not 

receive any twist. 

 

Primarily, direct cabling is used as a mechanical finishing process applied in tire cord 

production. Cabled yarns support the quality and safety in tire cord production. Direct 

cabling produces high modulus and low shrinkage cords that impart fatigue resistance and 

thermal stability to the tire. It is also used in the production of carpet yarns, where untwisted 

BCF (Bulked Continuous Filament) yarn is fed, with the single filaments lying parallel to 

each other. The parallel arrangement of the fibers offers good covering capacity, thus higher 

productivity. Cabling assures that the yarn retains its volume. After cabling, tufting yarns are 

usually submitted to a heat-setting process. This, together with the yarn structure obtained 

through cabling, imparts good tip definition, and crush resistant properties to the produced 

fabric.  

 

2.3.2 Why yarns are directly cabled on cabling machines? 
 

Cabling is a mechanical yarn upgrading process, which precedes tire cord production. As 

reinforcing materials, tire cords play a vital role in the quality of tires. After nylon and 

polyester yarns are produced through polymerization, spinning and drawing, tire cords 

undergo twisting and weaving to be made into raw fabrics, followed by dipping in an 



adhesive solution to provide adhesion with rubber, and heat treating for dimensional stability 

of tire cord fabrics. 

 
Figure 23 Another way to explain the Direct Cabling principle [43] 

Manufactures such as Goodyear, Bridgestone, Michelin and Continental are into tire cord 

manufacturing. In contrast to the Two-for-One twisting process, the yarn balloon here 

contains only one yarn with a correspondingly low level of air resistance. Energy 

consumption levels are thus also considerably smaller. Because only one yarn is drawn from 

the pot, double-length feed packages are processed in one loading, which ensures longer 

operating times and the manufacture of substantial knot-free lengths of cabled yarn. 

2.3.3 Yarn Path with Direct Cabling 
 

In a direct-cabling machine, one of the feed-packages is loaded into the protection pot. 

The yarn end from here is unwound and tensioned by a yarn-brake located above the package 

in the pot (Figure 24). The second feed-package is loaded into a creel, unwound, and 

tensioned slightly before it enters the lower hollow shaft of the spindle. This yarn end wraps 

around the storage or reserve disc and forms a balloon around the pot package. At the balloon 

apex, both yarns meet and wrap around each other, which thus dissolves the false twist in the 

balloon yarn. Thus, one spindle rotation results in one cabling rotation. At the meeting point, 

both yarns must have the same tension in order to form a balanced composite yarn with no 

residual torque and equal lengths of component yarns [2]. In practice, the precise setting of 

the tension is determined by experiment. Whenever the spindle speed is altered, the pot-yarn 
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tension must be adjusted to compensate for a consequent increase or decrease in balloon 

tension. The most accurate test for balanced conditions is to measure the lengths of both ends 

after unplying and detwisting. 

  
Figure 24 Schematic showing the principle underlying Direct Cabling process [37] 

 
In the area of the yarn balloon formed by the second (creel: Figure 24) yarn, the air layer that 

is present between the protective pot and the balloon limiter surrounding the protective pot is 

penetrated by the balloon yarn and is partially subjected to rotations so that the yarn is 

subjected to a total of three components, i.e., the centrifugal force acting in the radial 

direction, the friction acting in a tangential direction and resulting from air friction and 

friction at the balloon limiter, as well as a yarn tensioning force acting in the axle direction 

and determined by the geometry of the spindle and the rotary or storage disk. These 

combined forces can result in intolerable loads on certain yarn types and can thus damage the 

yarn.  

 

2.4 Industry Visit 
 

An industry visit (Saurer Inc., Charlotte, North Carolina) was arranged in order to study the 

state of art in direct cabling process. Carpet Cabler, Techno Corder, and Cable Corder were 
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among the few machines studied during the visit. The spindle speed of the direct cabling 

machine supplied to Goodyear for producing tire cord ranged between 8,000-10,000 

turns/min and inserted around 400 turns/meter of yarn, essentially leading to a take-up speed 

of 20-25 meters/min. 

 
Figure 25 Allma Saurer’s Technocorder [37] 

 

The linear density of the yarns used on these machines typically ranged between 700 and 

1000dtex, viz. 630 - 900 denier. Two different yarn tension levels were maintained, one at 

the creel end and the other at the pot end.  The pot end is always tensioned by means of a 

mechanical system; either using a set of Godet rollers or mechanical hysteresis devices and 

the creel end is tensioned using dual spring-loaded capsules, alligator type tensioners (Figure 

26), or mechanical or electrical (electromagnetic - Textron) hysteresis devices. The creel 

tension can be adjusted or set at once on the computer, but the pot tension needs to be 

adjusted individually on each of the spindles. The tension in individual yarns is checked 

using a hand-held tensiometer, either mechanical or electrical, and set by running the yarns 

individually. This being a sheer trial and error method for regulating tension in the individual 

yarns, the current system will constitute significant set-up times before and after starting the 
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machine, and also in maintaining the yarn tensions while the machine is running. With 

increase in twisting and cabling machine speeds in the industry today, there is an immediate 

requirement for a fast and reliable system that can regulate tensions in both yarns in direct 

cabling process.  

 

Literature [27] reveals that if the tension has to be constant within a narrow margin during 

the whole cycle of a process, then the only solution is to use motorized, high-tech electronic 

control devices which incorporate a transducer, a closed-loop circuit with amplifier and an 

electromagnetic brake. However, for most applications, this solution is prohibitively 

expensive and cumbersome to use. Volkmann [14] states: “It is almost impossible to monitor 

the condition of a yarn being twisted by a direct cabling machine. Nowhere along this path is 

a convenient place the yarn can be passed through appropriate sensing equipment on this 

machine. No other solutions of this problem have been met with any success.” Since there is 

no such mechanism in the industry today, the current research is aimed at designing and 

developing a system that can perform online measurement of yarn tension and controlling it 

thereafter. A system that is small and easily installable, and also inexpensive at the same 

time. 

 

    
Figure 26 Spring-loaded capsule and Alligator type tensioners in Direct Cabling 
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Figure 27 Saurer CableCorder CC3 
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3. OBJECTIVES 
 

A critical literature review disclosed that there are several types of yarn tension measurement 

and control mechanisms adopted in various processes in the textile industry today. The 

theories behind these systems, their applications and limitations are discussed. Also, the 

literature survey led to a better understanding of the theoretical models developed for yarn 

tension measurement. In addition, an industry visit gave a clear picture of “state of the art” 

yarn tension monitoring and control techniques for the direct cabling process. It is concluded 

from all of the above that yarn tension control in direct cabling is customarily executed by 

first measuring tension manually, using hand-held tensionmeters, and then adjusting it using 

traditional tension generating devices. Since there is no such mechanism in the industry 

today, the current research was aimed at designing and developing an automated system that 

can perform online measurement and control of yarn tension in direct cabling mechanism.  

 

The objective of this research is to demonstrate the application of Micro Electro Mechanical 

Systems (MEMS) technology with Radio Frequency (RF) technology in effectively carrying 

out dynamic online measurement and control of yarn tension. A novel technique to achieve 

online control of yarn tension using tension data measured in real-time. The goal here is to 

design and develop a device that can ensure uniform twist in a cabled yarn by controlling 

tensions in the individual yarns, enabling the formation of a homogenous yarn composed of 

equal lengths of both yarns. The idea is to design an effective yarn tension control system 

that essentially comprises of (a) An optical twist measurement system that can dynamically 

measure twist in the cabled yarn and send a signal to the control system when it is not equal 

to the pre-set value (b) A wireless yarn tension sensor that can be incorporated in the path of 

both the component yarns in a direct cabling machine and that can wirelessly transmit yarn 

tension data onto a computer (c) An effective control module that can add or reduce yarn 

tension based on the tension sensed by the wireless yarn tension sensor and the pre-set value 

for the tension. The idea is to develop a system that incorporates all of the above mentioned 

elements, where each element works in conjunction with another, as shown in the Figure 

below, to effectively carry out online yarn tension measurement and control. The optical 



sensor will measure the twist in the cabled yarn Iout and send a signal to the control system if 

the measured value is not equal to the pre-set value Ireq. Once the control system gets the 

signal, it checks for the individual tensions in both component yarns, T1out and T2out. 

Depending on which one of these values is not equal to the pre-set value for tension Topt, the 

control module will add or reduce tension in that component to bring back the tension value 

to within the optimum range. Ways of measuring twist inserted in the cabled yarn using 

optical micrometers and digital imaging systems for verifying the uniformity of twist in the 

cabled yarn have been evaluated, because variation in tension manifests variation in twist. 

Using the twist values obtained from the sensing systems will allow the individual tensions in 

the component yarns to be adjusted, resulting in the formation of a uniform cabled yarn with 

equal lengths of both component yarns. 

 

 
 

In order to achieve the goals of the research, the objectives of the current study are to:  

 

1. Develop instruments (hardware and software) to execute online measurement and 

control of dynamic yarn tension using MicroElectroMechanical Systems (MEMS) 

technology based semiconductor strain gauges with Radio Frequency (RF) 

transmission and variable speed D.C. motors.  
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2. Perform signal analysis to smooth the raw data and determine the sensitivity of the 

developed device in detecting yarn tension through filtering of circuit noise and 

vibration and thus assessing the range and applicability of the device.  

3. Conduct experimental work under controlled test conditions to study the influence of 

running speed, yarn type and input tension on the device output and yarn tension 

measurement frequency. 

4. Evaluate three different optical sensing systems such as micrometers to measure the 

amount of twist induced in the cabled yarn and controlling its uniformity from the 

obtained twist values. 

5. Demonstrate the functioning of the control module, to ensure uniformity in the output 

tension of yarn from the device by verifying it experimentally. 
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4. FABRICATION OF THE YARN TENSION MEASUREMENT 
AND CONTROL SYSTEM 

 

The research project is aimed at performing theoretical investigations and practical tests to 

optimize the cabling process by making use of microminiature sensors and small-scale 

mechatronic systems to obtain identical tensions of the inside and outside threads. Research 

efforts concentrated on achieving this goal. 

 

4.1 Wireless Yarn Tension Measurement System (WYTMS) 
 

Since tension control is a vital parameter for quality, productivity and efficiency of direct 

cabling machines, individual yarn tensions need to be regulated for equal lengths of spindle 

and creel yarns in the cord assuring equal cabling tension and high cord quality. In the 

current direct cabling machines, creel yarn tension is servo assisted (Textron: Figure 28(c)), 

which can be centrally controlled using a personal computer (PC). In the case of the spindle 

or pot end (Figure 28(b)), the yarn tension needs to be adjusted individually on each of the 

spindles. Tension in single yarns is checked using a hand-held tension meter (Figure 28(a)), 

either mechanical or electronic, and set by running them individually. The creel yarn, which 

forms the outer balloon, is set at a certain tension level using an electromagnetic tensioning 

device by running it without the spindle yarn. It is first unwound from the supply package, 

threaded through the reserve disc under the spindle pot, and pulled off from thereon. Once 

the tension in the creel yarn is set according to the required tension, the yarn from the 

package in the spindle or pot is run without the creel yarn and the tension here is set by 

controlling the wrap on the Godet rollers. Both the yarns are cabled together once they are 

regulated for equal lengths.  

 

In order to measure and control this critical tension, there needs to be a sensing and actuation 

mechanism on the machine, which could enable adaptive and effective regulation of yarn 

tension. With the implementation of sensors on the direct cabling machine that will measure 

dynamic yarn tension in both yarns, it is possible to construct a controller that can be 



integrated with the operating system in a "closed loop" and can react to any yarn tension 

variation immediately. 

 

   
 

Figure 28 (a) Check-line® hand-held digital tension meter [39] (b) Spindle or pot yarn (c) Textron® creel 

tensioning device 

 
In order to construct such a system, two modules were designed; one to measure dynamic 

change in yarn tension and the other to control it. Since the creel yarn normally passes 

directly from its supply to the center of the twister spindle, and then forms a balloon whence 

it is fed to the cabling point (pigtail), there is not a convenient place where the yarn can be 

passed through appropriate sensing equipment. This restrains any wired tension sensor from 

being installed on the machine for performing online measurement. As such, a wireless yarn 

tension measurement system was conceptualized and constructed to demonstrate the 

capability of combining MEMS (Micro electro-mechanical Systems) technology and RF 

transmission in effectively carrying out this task.  

 

4.2 Design and Description of the Sensing Module: Hardware 
 

A yarn tension sensing device that can be incorporated in a moving yarn path in a direct 

cabling machine was designed and developed. Its applicability in acquiring signals and 

wirelessly transmitting the measured values to a remote PC was demonstrated. A control 
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algorithm to actively and adaptively control the measured tension in the yarn was also 

developed. A control module based on the algorithm developed that can be integrated with 

the wireless sensor to form a closed loop control system was constructed and demonstrated. 

 

Figure 29 is a schematic of the device developed for sensing tension. The unit comprises two 

ceramic yarn guides fixed on either sides of the mounting bracket, which guide the yarn in 

and out of the sensing area. A ceramic dowel made of 95-99.7% pure alumina (aluminum 

oxide) is positioned right in between the two yarn guides, at an angle of inclination of 15 

degrees from their centers, in order to keep the angle of contact as low as possible, resulting 

in the low tension being added. Alumina was chosen because of its low thermal coefficient of 

expansion, which is very essential in industrial environments wherein the response of the 

sensor varies radically due to slight change in temperature. Embedded on this ceramic dowel 

are two semiconductor strain gauges, on either ends of the beam, which form two opposite 

arms of a Wheatstone (half) bridge. The surface of the ceramic dowel is first etched and sand 

blasted for better bond between the surface and epoxy, and then chemically cleaned with 

acetone, followed by thorough drying. EpoxyliteTM 6203FF epoxy is used for affixing the 

strain gages onto the ceramic beam and the beam is later baked in the oven at 110degF to 

200degF for 1hour. More information about installation of semiconductor strain gauges can 

be found elsewhere [34]. The ceramic dowel in this case acts as the transducer in the sensor. 

This transducer can dynamically measure any variation in yarn tension. The change in 

resistance developed in the strain gage is doubled because of the bridge configuration. This 

enables increased sensitivity of the transducer in the sensing device. 

 

Semiconductor strain gages are devices that exhibit change in resistance when subjected to 

strain. This property makes them very useful in measuring extremely small amounts of force 

with accuracy and precision. These gages are used in various applications ranging from 

measurement of internal pressures inside solid rocket engines to delicate medical apparatus 

used in microsurgery. Gages made from semiconductor materials have advantages over more 

conventional types of strain gages. These include homogeneity, increased sensitivity, and 

decreased size. 



 
Antenna

 

Yarn

Ceramic guide 

Strain gauges 

Figure 29 Schematic of the wireless yarn tension measurement system 

 
Some semiconductor strain gages range down to 0.027" (0.69 mm) in length. Those used in 

this research are made from Czochoralski pulled boron doped bulk silicon and bear no P/N 

junction [34]. The silicon is etched to shape, eliminating the potential for molecular 

dislocation or cracks, thereby optimizing their performance. The resistance exhibited by a bar 

type strain gage, (Figure 30) bearing a gage factor of 155+/-10 at 78DegF is 540+/-50 Ohms, 

and so an input of +5V with a strain of 400µstrain would result in an output of approximately 

100mV. 

 
Figure 30 Bar-type semiconductor strain gauge [34] 

 
The strain gauges mounted on the ceramic beam are connected to a RF transceiver, which has 

on board bridge completion resistors (as shown in Figure 31) that complete the half-bridge. 

The board is powered using a 9VDC Nickel-Cadmium battery with 120mAh output, which 
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distributes 3VDC to all three gauges equally and also self-powers using the same battery. 

These transceivers are also available in miniature enclosures with rechargeable Lithium 

batteries along with multiunit recharging stations. This allows multiple nodes to be in placed 

in service while other nodes are recharging. The rechargeable Li-Ion batteries can be charged 

in ~45 minutes, providing 600 milliamp-hour capacity. The battery's lifespan will depend 

heavily on how often the sensing nodes are asked to record and transmit data. Assuming that 

80% of the time the node draws only 6 milliamps current for RF receive link active, and 20% 

of the time the node draws 28 milliamps for excitation of one 350 ohm strain gauge bridge 

and sensor RF transmit link active, it can be estimated that the rechargeable lithium-ion 

battery will last for ~57 hours. The strain resolution exhibited by the wireless strain gauge 

system is typically +/- 1 microstrain and it has a data storage capacity of up to 2MB. The 

transceiver can be programmed to datalog at sample rates anywhere between 32 to 2048 

sweeps/sec at a RF carrier frequency of 916MHz. Operating temperature of the transceiver is 

between –40 and +85degC. 

 

As for the yarn path, the yarn passes through one of the yarn guides and enters the sensing 

area, passes over the ceramic dowel, and exits through the other guide, and in the event of 

change in tension in the yarn, the strain applied on the gauges would change, due to which 

there would be a change in resistance value exhibited by the gauges. This change in 

resistance is converted to a voltage value using the onboard circuitry and this way, the 

wireless sensor transmits data (amount of strain induced and read by the gage due to input 

yarn tension) in the form of digital bits to a USB Basestation that is connected to the host 

computer. Since the sensors are calibrated for voltage values against strain applied in gm, 

tension variations can be clearly seen on the graph that plots tension in yarn in cN vs. time in 

ms. The sensor here is referred to as a “Node” and three strain gages can be connected to 

each of these nodes. Every node is capable of transferring data from all three channels at the 

same time. However, with increase in the number of bridges connected to the node, the 

streaming speed can decrease, or can result in missing data bits. The PC with Base Station 

transceiver triggers data logging (from up to 30 meters), and then requests logged 

data to be transmitted for data acquisition, display, & analysis. 



 
Figure 31 Internal Bridge Completion Resistors [35] 

 

 
Figure 32 Wireless Yarn Tension Measurement System 

 

A 2KHz sweep rate & 2 Mbytes of memory can be utilized if the node is used in a data-

logging mode. And since each node has a unique address, a single host transceiver can 

address thousands of sensor nodes. The Base Station may trigger one or all nodes, sending a 

timing signal for millisecond network synchronization. Nodes may also be wirelessly 

commanded to transmit data continually, at 1KHz sweep rates, for a pre-programmed time 

period. The continuous wireless transmission mode allows for real time data acquisition and 
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display from a single multi-channel sensor node at a time. The system architecture for the 

described sensing module is shown in Figure 33. 

 
Figure 33 Architecture of the sensing module [35] 

 

4.2 Design and Description of the Sensing Module: Software 
 

The main components of the wireless data acquisition system used here are the base station, 

node, controller, and the action log. The base station is the device directly connected to the 

computer through USB interface, which provides the link for communication between the 

computer and the node. The controller and action log are physical areas of the main Agile-

Link™ application software that is running on the host computer. More information about 

using this software can be obtained elsewhere [35]. 

 

The controller is the area where all the base stations and nodes are listed. The action log 

provides a record of all actions as well successes and failures during base station and node 

operations. This will stream back real-time data to the host PC, similar to the graph in Figure 

34 (response from three half-bridge strain gauges is seen). Since only one channel was used 
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in the research, the other two channels remained closed. Each of these channels is signal 

conditioned and routed to an A/D converter. 

 
Figure 34 Real-time data being streamed from the nodes [35] 

 

The system uses a twelve-bit A/D converter, to convert the output of the A/D converter to 

volts using the following transfer function: 

 

OutputVolts = OutputBits x 3.00[Volts]

            4096[Bits] 

 

A schematic showing the communication between the base station and the node (yarn tension 

sensor) is given below. Each spindle on the cabling machine would have one of these nodes, 

which would communicate with the host PC, and based on the response values streamed the 

PC would execute online control.  
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Figure 35 Schematic of the base station communicating with a sensor node [35] 

 

4.3 Development of the Closed loop Control Module 
 

With the implementation of these sensors on the direct cabling machine, it was possible to 

realize a yarn tension controller that can be integrated with the operating system in a "closed 

loop" that can react to any yarn tension variation immediately. A closed-loop control circuit 

will allow adaptive and effective regulation of yarn tension immediately upon measuring, so 

that quick and correct adjustment to the pre-defined tension level can be ensured.  

10W Linear 
Actuator

Chopper Drive 

Signal 
Conditioner

Power Supply CTT Test bed 

USB BaseStation Wireless Sensor 

 

LabView 

Figure 36 Schematic of the closed-loop control module 
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There are two main elements in the control system developed: (i) the LabView® program 

that runs the algorithm for controlling the direction and speed of the linear actuator, based on 

the input tension value received from the wireless sensor, (ii) the linear actuator itself, which 

is in contact with the yarn and controls the tension in it by moving the control elements up 

and/or down. The first part constitutes the software of the control module and the second one 

the hardware. A schematic of the control system developed is shown in Figure 36. 

 

LabView program that runs the control module 
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Figure 37 LabView® program that runs the control module 

 

Shown in Figure 37 is the front panel window of the LabView program created for running 

the control module. The input to this VI (virtual instrument) is a cached data sheet where the 
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rol module 

ive the linear actuator are the wireless sensor, the 

SB Basestation, the RS-232 cable that connects the COM port of the PC to the NI Signal 

 USB Basestation have already been discussed in 

e sensing module earlier. The RS-232 is a universal and standard data interface used to 

wireless yarn tension sensor logs the data and purges it from time to time (every 1µsec). The 

logic generator or the control algorithm that is the backbone of the VI, supplies voltage to the 

linear actuator based on the input value streamed by the wireless sensor. Based on the voltage 

supplied, the actuator moves either up or down, depending on whether the tension in the yarn 

is to be reduced or increased. Gauge 1 is an indicator of the optimal value set by the user to 

control the tension in yarn and Gauge 2 is an indicator for the value streamed by the wireless 

sensor. If the value in Gauge 2 falls below the value set in Gauge 1, then it indicates that 

there is less tension in the yarn and so the linear actuator will move downward, adding 

tension to the yarn, until the value in Gauge 2 gets to the value preset in Gauge 1. However, 

once the value in Gauge 2 equals the value in Gauge 1, the actuator will stop moving. 

Similarly, when the value in Gauge 2 exceeds the value in Gauge 1, it indicates that there is 

excess tension in the yarn, and so the actuator will start moving upward until a point where 

values in both gauges are equal, by aligning the pegs and lowering the tension in the yarn. 

This action is performed in a closed-loop until the sensor senses the required input yarn 

tension, hence regulating uniform tension in the yarn. Though the technique employed here is 

a discrete and effective method of control, there are other control techniques such as the PID 

(Progressive, Integral and Derivative) control, using which, a smoother way of controlling 

yarn tension can be attained.  

 

Hardware that runs the cont

 

The main elements of the hardware that dr

U

conditioning board (SC 2043 SG), the power supply for driving the linear actuator, the 

chopper drive and the linear actuator itself. 

 

The functions of the wireless sensor and the

th

transfer data from a PC to any other device at 256kbps and line lengths of 50ft or less. This 

cable connects the COM port of the computer and the signal conditioning board. Since the 
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nditioning board here is to send signals (for both direction and 

eed) from the control program to a chopper drive (Haydon Switch and Instrument Inc.) that 

 moves upwards, lowering the input 

nsion in the yarn, thus getting the value of input tension within the specified range. 

RS-232 port or the COM port can supply only limited power to another device, it is required 

that the signal conditioning board supplies the power to run the linear actuator. However, 

since the signal conditioning board used here (NI-SC 2043 SG) is unable to deliver such high 

power, an external power supply that incorporates a step down transformer to convert 110-

120VDC to 12VDC at 1A current and 10W power was employed to supply the required 

power to the linear actuator.  

 

The function of the signal co

sp

incorporates a driver circuit to drive the linear actuator. A chopper drive is a power-efficient 

method of current driving a stepping motor (linear actuator here) to obtain higher stepping 

rates. Torque is maintained in this case, which otherwise would have diminished due to the 

effects of counter E.M.F. and increased coil impedance. An oscillator circuit is also included 

on the drive with an on-board speed control potentiometer to control the speed of the 

actuator. The linear actuator (Figure 36) used in constructing the control module is a bipolar, 

non-captive, stepping motor that incorporates a threaded rotor in conjunction with a lead 

screw or center shaft with step angle of 15degrees, which can provide rapid linear movement 

in both directions (inward or outward) at a speed of 0.016inches/step. The rotor moves 24 

steps per revolution, and the maximum rotor speed is 21.82 revolutions per second, which 

means that the actuator can move the center shaft through a distance of 8.38 inches in 1sec. 

The control module was engineered and demonstrated to respond to varying input tensions. It 

comprises of five ceramic pegs, three constantly fixed onto a fixture and two on a movable 

arm that is threaded into the actuator shaft (Figure 38).  

 

In the event of increase in yarn tension, the movable arm

te

Similarly, if the tension in the yarn is below the specified range of input tension, then the 

movable arm pulls the yarn down, adding tension to it, hence getting the value of input 

tension within the specified range. This action is performed by the system in a closed loop, 

wherein the LabView program receives tension values from the wireless sensor, and based on 



its magnitude, the algorithm decides whether or not the shaft should move, and if it should, 

then in which direction. 

 

Ceramic Pegs 

Linear Actuator 

Center Shaft 

Yarn 

Figure 38 Control Module of the Wireless Yarn Tensi Control System 

 

An eff stem 

 a moving yarn path with dynamic change in input yarn tension.  

on Measurement and 

ective way of controlling yarn tension has been executed by demonstrating this sy

in
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5. EXPERIMENTAL WORK 
 
5.1 Materials and Experimental Design 
 
5.1.1 Formation of Cabled Yarns 

Four yarn samples with two different materials were cabled on the ICBT CD350 Cable 

Corder available in the College facility (Filament and technology laboratory), according to 

the experimental design shown in Table 4. Two other yarn samples were procured from the 

industry for experimental purposes. Yarn types, linear densities and twist per meter of the 

yarn samples used in the experiments are mentioned in Table 5. The linear densities and twist 

per meter of the yarn samples were calculated using standard test methods ASTM 1423 and 

ASTM 885 respectively. Single yarns were plied with another yarn of the same count and 

type to produce cabled yarn. Yarn samples of different twist counts (t1, and t2) were produced 

by varying the tension in individual component yarns, again measured using a hand-held 

tensiometer (Checkline® DTMX-500).  

Table 4 Experimental design for producing yarn samples 

Yarn type Nylon, Polyester 

Input tensions 

(T1, T2 are the tensions in individual 
component yarns) 

t1 (T1=T2) 

t2 (T1>T2) 

 
 

Table 5 Yarn sample specifications 

 

NO. MATERIAL  TYPE LINEAR DENSITY (Tex) TWIST (tpm) 
          
1 NYLON BALANCED 46.66 296 
2 NYLON UNBALANCED 46.66 380 
3 POLYESTER BALANCED 456.88 122 
4 POLYESTER UNBALANCED 456.88 125 
5 NYLON - TC BALANCED 288.88 393 
6 GLASS FIBER BALANCED 565 100 
          



 

It is well known that difference in individual yarn tension manifests unbalanced twist in the 

cabled yarn, due to which one yarn wraps around the other, resulting in the formation of a 

yarn with unbalanced twist (Figure 39). A study was conducted to show the difference in the 

performance of yarns having balanced and unbalanced twist. 

 

 

 
Figure 39 Difference in yarn structures with balanced and unbalanced twist 

 

Since most of the yarns produced on direct cabling machines were tire cords, assessment of 

their tensile behavior was very essential. As such, tensile tests were conducted to show the 

difference in tenacity of both the yarns. Two yarns with different twists were produced on the 

ICBT CD350 direct cabler, by inducing different tension levels in the component yarns. The 

CD350 is a heavy-duty type, Direct Cabler with adaptation to direct cabling process. Two-

ply yarns with perfect balance can be produced in one-step operation on this machine. One 

was produced by equaling the tension in both yarns and forming a yarn of balanced twist and 

the other was produced by changing the tension in the component yarns. The initial yarns 

used were high strength Polyester yarns of 218denier yarn count. The tensile tests were 

conducted on an MTS Sintech Tensile Tester using ASTM D2256. Results from this test are 

shown in Figure 40. It can be seen from the results shown in Figure 40 that the yarn with 

balanced twist (9 tpi) has better tensile strength (~8lb Peak load) when compared with that of 

the yarn with unbalanced twist (5 tpi - 6lb Peak load). 
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Moreover, it can be observed that the yarn with unbalanced twist has two peak loads, which 

shows that the yarn has two breaking strengths, proving it to be weaker due to the non-

uniform distribution of load on the component yarns. 

 
Figure 40 Graphs showing tensile strength test results for yarns with (i) Balanced and (ii) Unbalanced 

twist 

5.1.2 Experimental Design 

Since the wireless sensor employs vibration-sensitive transducers and temperature sensitive 

semiconductor elements, its functioning in a noisy and vibratory textile environment is 

speculative. As such, the possibility of measuring twist in the cabled yarn (since variation in 

tension in individual yarns manifests variation in twist in final cabled yarn) using Optical 

micrometers and imaging systems was also explored.  

Quantification of how tension variation causes change in twist and structure of the cabled 

yarn was realized by conducting tests using three different optical sensing devices: CTT 

(Constant Tension Transport System)-YPT Yarn Profiler, Keyence’s Optical Micrometer and 

BTSR’s Twist measurement system. Experimental design for conducting these tests is shown 

in Table 6 below. System evaluation of each of the above-mentioned devices (Figure 41) was 

performed by running the cabled yarns (from Table 5) on the CTT and comparing the values 

obtained from these sensing techniques with the actual experimental values. 
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Optical sensor 

Figure 41 Experimental test set-up for evaluating optical sensors 

 

Table 6 Experimental design for testing the optical sensors 

Yarn type 6 yarn samples produced from Table 6 

Machine Speed 10 – 100m/min 

Input tension 10 – 50grams 

Optical sensors YPT Yarn Profiler, Keyence’s Optical 
Micrometer and BTSR’s Twist measurement 

system 

Each of the six cabled yarns produced from the above mentioned experimental design in 

Table 5 were run on the CTT at varying machine speeds and input tensions as mentioned in 

Table 6. All three of the optical sensing devices mentioned here were used to measure the 

twist count of all the yarn samples. The optical devices here are basically measuring the 

variation in the outer diameter of the yarn, while it is running. As such, every bump in the 

yarn profile would be counted as a twist node. If the yarn is uniformly cabled (which were 

confirmed by visual inspection) i.e. the yarn has equal lengths of both yarns, then ‘n’ number 

of measurements would show up as ‘x’ microns in a certain length ‘l’ of the yarn. If the 

optical sensor senses anything other than this value in that length of yarn, suppose ‘y’ as 
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shown in Figure 42, then there is twist imbalance, and therefore the yarn has unbalanced 

twist, or unequal lengths of both component yarns, which means there is variation in tension 

in both yarns (because variation in tension manifests variation in twist). By carrying out a 

series of tests in such manner, according to the experimental design shown in Table 6, the 

most suitable and accurate technique for twist measurement and tension control in individual 

yarns using the twist values was proposed. 

 

y 

l 

 

 

x 

l 

Figure 42 Principle underlying yarn twist measurement 
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5.2 Yarn Profiler (YPT) -CTT Evaluation 
 

In order to identify a suitable device for twist measurement in moving yarn, the Yarn Profiler 

(YPT-Figure 44) on Lawson-Hemphill’s CTT (Constant Tension Transport) Yarn appearance 

and hairiness tester (Figure 43) was evaluated. The CTT is a versatile instrument satisfying 

many different test needs such as abrasion, shrinkage, elongation and yarn profiling. The 

main element of this instrument is a tension arm that is spring loaded and compensates the 

tension in the yarn by its to and fro motion. The instrument also comprises of a Driven 

Universal Compensator Tension (DUCT) device, which is a positive feed device providing a 

constant and controlled yarn tension. It is a driven device, which is capable of compensating 

for a yarn overfeed conditions and thereby improves the yarn metering accuracy of the CTT. 

 
Figure 43 LH-410 CTT Yarn appearance and hairiness tester [45] 

  

The Yarn Profiler (YPT) is a software program developed by LH to analyze yarn diameter 

using an optical system. The system uses an Optical Sensing Head and a computer to obtain 

the yarn diameter information and create a display of the yarn diameter information on the 

computer screen. Yarn events such as thickness variation can be visually analyzed from the 

image screen using event parameters.  

 

Yarn diameter measurement principle 
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The yarn diameter is measured optically while the yarn is passing between an optical sensing 

head and a light source. The head has 2048 light receiving elements that are referred to as 

“Pixels”. When the yarn passes, light is projected on one side of the yarn and is either 

blocked by the yarn or received by a pixel in the CCD array. The pixels that receive light are 

considered “Light pixels” while the ones that are not receiving light are called “Dark pixels”. 

 
Figure 44 Yarn Profiler [45] 

 

The computer calculates the yarn diameter as the distance between the first dark pixel and the 

last dark pixel. The yarn diameter is plotted to form the Diameter Graph. The YPT software 

automatically creates the Yarn Profile image from the yarn Diameter Graph. The YPT 

software reports the yarn diameter value only in pixels, and 1 mm = 308 pixels or 1 pixel = 

0.00324 mm. YPT consists of snapshot images of the yarn taken as it passes by the camera. 

Each snapshot is called a Scan. The scan rate of the camera is fixed; therefore the number of 

scans per cm of the yarn will depend on the test speed (See Table 7).  

 
Table 7 Test speed vs. test length chart 

Test speed vs. test length chart 

Test speed Number of scans/cm Measured every Test Length (cm) 

49m/min 40 0.25mm 375 

97m/min 20 0.50mm 750 

 
 

57



 
 

58

The YTP software stores maximum 15000 scans per test. The test length of the yarn is 

limited and it was determined by dividing the maximum number of scans by the scans/cm 

provided at the selected test speed. Once the image is scanned, various event parameters such 

as Event Length, Filter Scan, Deadband, Fixed and Variable Thresholds can be set to get the 

precise number of events in a certain length. Half the number of events obtained by this 

method gives the twist in that length of the yarn.  

 

The six cabled yarn samples mentioned in Table 5 were used in the evaluation of this optical 

sensor according to the experimental design in Table 6, whose results will be discussed in 

Chapter 6. 

 

5.3 BTSR Twist Measurement System Evaluation 
 

BTSR’s (Best Technologies Studies and Research) SMART200TTS is a twist measurement 

system that employs a tiny little optical sensor (LED) to sense the nodes in twisted yarn, 

displaying the twists per unit length of the yarn. The system was devised to be set on textile 

machines that perform yarn covering or yarn twisting, such as tire cords, carpets, wrappings, 

sewing thread etc., and used as a yarn quality control during its production. The user can set 

values for yarn speed and the measurement mode while setting up the controller on the 

machine. Up to 200 sensors can be integrated with a single controller that can display data 

obtained from all of the sensors. The IS3W-TTS, which is the optical sensor here, is an 

Infrared sensor able to detect the variation in diameter of a moving yarn. The sensor reads the 

shape and therefore the profile of body of the yarn twisted. It is able to measure yarn twist 

frequency from 1 to 1000 Hz and has a resolution of ± 1 Hz. The sampling period is 100µs 

and the accuracy of the A/D used to study the signal is 10bits. Combined with the controller, 

this sensor counts the number of twists per second, the number of twists per meter (TPM) 

and per inch (TPI) of the yarn, and stopping the position if there is any difference between 

the real value and the fixed value. Shown in Figure 45 is the tiny optical sensor that can be 

incorporated in a yarn path to measure twist in it. Seen to the right end of the same Figure is 

the controller that displays the twist information measured by the sensor. 



 

  
Figure 45 BTSR’s SMART200TTS Twist Measurement System [33] 

 

The above mentioned twist measurement system was evaluated according to the 

experimental design mentioned in Table 6, using yarn samples listed in Table 5. The 

experimental test bed (CTT) is shown in Figure 46, wherein the yarn is made to pass right in 

between the sensor and receiver of the sensing head.  Results from the controller were 

collected using data displayed on the monitor, which will be discussed later in Chapter 6. 

 

 
Figure 46 Experimental test bed for evaluating BTSR SMART200TTS Twist Measurement System 

 

5.4 Keyence Optical Micrometer Evaluation 
 

The final optical sensing system chosen to be evaluated for measuring twist in cabled yarns 

was a Keyence Optical Micrometer (LS7000 series-Shown in Figure 47(b)). This is a high-
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speed linear CCD and telecentric optical system that collects samples at 2400 samples/sec. 

The system comprises a GaN LED emitter and HL-CCD receiver with a repeatability of +/-

0.06µm and resolution of 0.001microns. The measuring range of the device is 0.04 to 6mm 

and the measuring accuracy is +/-0.5µm. The device works as shown in Figure 47(a), 

wherein the object whose diameter is to be measured in centered between the transmitter and 

the receiver of the sensing head, and the device employs simple optics to measure the change 

in diameter of the yarn by magnifying its profile using lenses. The value measured by the 

sensor is sent to an A/D converter in the controller (see Figure 47), from where the value 

measured is sent to the video output to be displayed on the LCD monitor. The controller also 

comprises a target viewer, enabling the user to view the target whose diameter is being 

measured on the display unit.  

 

   
Figure 47 (a) Working Principle of an Optical Micrometer (b) LS7010 Optical Micrometer [65] 

 

Since the device did not have a digital counter integrated with the controller that could 

measure the twist or nodes in the cabled yarn, the analog output of the controller was 

connected to a NI signal conditioning board in order to find the twist in the yarn. The analog 

signals from here were filtered using digital filters in LabView and the frequency of the 

output was measured in order to count the number of events, which are the number of twist 

nodes in this case. Figure 48 (a) shows the experimental setup for collecting data from the 

controller and (b) shows the GUI for programming and setting up the controller.  
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Figure 48 (a) Experimental setup for collecting data using DAQ board (b) GUI for controller setup 

 

The aforementioned device was evaluated using the experimental design given in Table 6 

using six yarn samples listed in Table 6. Data collected from the DAQ board was analyzed to 

assess the accuracy and range of the sensor in finding the twist in the cabled yarn. The 

experimental test setup used for conducting these experiments is shown in Figure 49. Since 

all the systems proposed for evaluation were to be tested under the same machine, yarn and 

atmospheric conditions, the test bed used here is similar to the one used in the evaluation of 

systems mentioned previously. The results obtained here are discussed in detail in Chapter 6. 

Table 8 shows a comparison between the three aforementioned devices with respect to their 

scans per centimeter for all yarn speeds. 

 
Figure 49 Experimental test setup for evaluating Keyence Optical Micrometer LS7010 
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Sampling 
Speed 

15000 
scans/test 

Sampling 
period 100µs 2400samples/sec Yarn 

System YPT Yarn 
Profiler BTSR TMS Keyence 

Micrometer cm/sec 

Speed m/min scans/cm scans/cm scans/cm  
10 200 600.240096 144.057623 16.66 
20 100 300.030003 72.00720072 33.33 
30 66.66 200 48 50 
40 50 149.9925004 35.99820009 66.67 
50 40 119.9904008 28.79769618 83.34 
60 33.33 99.990001 23.99760024 100.01 
70 28.57 85.70449092 20.56907782 116.68 
80 25 74.99062617 17.99775028 133.35 
90 22.22 66.65777896 15.99786695 150.02 

100 20 59.99160118 14.39798428 166.69 
 

Table 8 Yarn Speed vs. Scans/cm for each system 

 



6. RESULTS AND DISCUSSION 
 

6.1 Signal Analysis and System Evaluation 

In order to assess the developed device and ensure its proper functioning, a series of test were 

conducted on the wireless yarn tension sensor and the signals acquired from it were analyzed 

using Fast Fourier Transform (FFT) and digital filtering techniques built into LabView® 

software. Signal analysis was performed to smooth the raw data and determine the sensitivity 

of the developed device in detecting yarn tension through filtering of circuit noise and 

vibration and thus assessing the range and applicability of the device. A schematic of the 

sensing module is shown in Figure 50. 

 

Figure 50 Schematic of the proposed research 

A series of tests were conducted according to the experimental design shown below (Table 8) 

in order to assess the functionality of the sensing module. Four multifilament yarn types, 

namely Nylon, Polyester, Spectra and Dyneema, each of about 1000dtex yarn count, were 
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run at five different speeds, ranging from 20mpm to 60mpm (with 10mpm increment each 

time), at different input tension levels (ranging from 20grams to 50grams, with 10grams 

increment each time) on the CTT (Constant Tension Transport) machine (equipment 

available in the College facility, Braiding laboratory). Machine speeds, yarn counts and input 

tensions selected in this experimental design were according to industry set values. 

Table 9 Experimental design for testing the wireless yarn tension sensor 

Yarn type Nylon, Polyester, Spectra, Dyneema 

Machine Speed 20–60m/min 

Input tension 20–50grams 

NO. MATERIAL  TYPE LINEAR DENSITY (Tex) 
        
1 POLYESTER Flat - Multifilament 114.2 
2 NYLON Flat - Multifilament 110.6 
3 DYNEEMA Flat - Multifilament 105.4 
4 SPECTRA Flat - Multifilament 102 
        

Signals were acquired from the wireless sensor and transmitted to a remote PC using a USB 

base-station and Agile-link ® software, in the form of digital bits, which were converted to 

tension values according this flow chart; wherein slight change in each of the following 

values, will bring about change in the other value to follow proportionally:  

 Voltage Tension Bits Resistance O/P Voltage Tension 

The sensor was initially calibrated using these measured values and by checking the input 

tension using a hand-held tensiometer (Checkline® DTMX-500) for obtaining the response 

curve of the sensor (Figure 52). A Nylon multi-filament yarn of 1106dtex, running at 

30m/min, was used for calibration. The offset and gain values obtained from the resultant 

calibration curve (Figure 51) were incorporated into AgileLink® software to obtain tension 

values in grams straight from the sensor. It can be observed from the response curve of the 

sensor that the curve is considerably linear in its working range (0-125gm), considering a 

calculated value of the ratio of total sum of squares to regression sum of squares being 0.99. 
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Figure 51 Calibration curve for the wireless sensor 

Data was collected from each of the yarn samples by changing parameters according to the 

experimental design mentioned in Table 8, whose results are displayed in Figures 80 to 83. 

Analysis of the signals acquired from these experiments was performed in the frequency and 

time domain using FFT (Fast Fourier Transform) analysis toolbar in LabVIEW ® software 

by importing the .txt files obtained from AgileLink® into LabVIEW®. The linearity of the 

response curve of the sensor was checked in the case each of the yarn samples. Figure 53 

shows real-time data being streamed by the wireless sensor in the form of yarn tension in cN 

for one of the yarn samples. The results of the parametric study conducted on the wireless 

yarn tension sensor to evaluate its performance with variation in both input yarn tension and 

yarn speed are shown in Figures 54-57. 

It can be observed from the results obtained (Figure 54-57) that the output sweep value of the 

sensor, which is indicated as the output yarn tension in cN increases linearly with increase in 

input yarn tension. This indicates the proper functioning of the wireless yarn tension sensor 

in the case of all yarn samples, at all speeds. 
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Wireless Yarn 
Tension Sensor Tensiometer 

Figure 52 Experimental test set-up for calibrating and evaluating the wireless yarn tension sensing and 

control system 

It is also inferred from the results that with increase in yarn speed, the tension sensed by the 

wireless sensor decreases linearly in the case of all four samples of yarn. This is due to the 

reduction in magnitude of ‘µ’, which is the coefficient of friction between the yarn and the 

ceramic dowel, with increase in yarn speed [62]. Since the sensor built here is based on the 

Capstan equation, the output of the sensor is expected to obey the Capstan equation, which is 

clearly seen in the results. Increase in yarn speed from 20m/min to 60m/min shows 

significant reduction in yarn tension from anywhere between 15 to 35 bits, which is 

equivalent to 1.5 to 3.5cN. The measured values for the coefficient of friction between the 

yarn samples (Polyester, Nylon, Dyneema and Spectra) and the ceramic guide were found 

using a Lawson-Hemphill friction tester and the values were 0.32, 0.3, 0.28 and 0.29 

respectively. The results of the individual yarns for different tension levels are shown in 

Chapter 9. In addition to the above mentioned the analysis of the results of the tests 

conducted on the wireless yarn tension sensor shows that the signal is noiseless. This was as 

expected, because a hardware anti-aliasing filter, which is a one pole active filter with a –3db 
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frequency of 500Hz and a roll off of –20db decade, was incorporated in the RF transceiver 

used. This was verified by conducting an FFT analysis in each case, using functions in 

LabView®. 

 

Figure 53 Real-time data being streamed from the wireless yarn tension sensor 

The main frequency as observed from the FFT results (Figure 58) is around 250Hz and any 

other peak, from vibration etc., when compared with this value in the frequency domain, is 

considered minute or negligible. This indicates that the streamed value is a true 

representation of the tension value experienced by the yarn. It can also be observed from the 

results that with decrease in the linear density of the yarn (from Polyester to Spectra), the 

streamed tension value decreases linearly. However, this change is not significant due to 

small differences in the linear densities of the yarn samples used here.  
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Figure 54 Sensor output for varying input yarn tension and varying speed - Polyester 
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Figure 55 Sensor output for varying input yarn tension and varying speed - Nylon 
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Figure 56 Sensor output for varying input yarn tension and varying speed – Dyneema 

Spectra
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Figure 57 Sensor output for varying input yarn tension and varying speed – Spectra 
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Figure 58 Fast Fourier Transform (FFT) analysis of the raw data obtained from the wireless sensor 

 
Evaluation of the Control Module 
 

The evaluation of the control module was carried out by inducing sudden intentional changes 

in yarn tension while running a 1100dTex Nylon multi-filament yarn on the CTT machine at 

20m/min with 40cN input tension. It was observed that the response time of the control 

module is ~5sec for an input change of 50cN in the yarn tension (shown in Figure 37). Also, 

a controlled test was carried out to check the range of working of the device. Table 10 shows 

the comparison between the experimental values and the theoretical values obtained for the 

output tension. Test results show that the control module can add or remove up to 90 cN from 

the input yarn tension. It was observed from the obtained results that though the response 

curve of the control module did not agree with the theoretical values obtained from the 

Capstan equation, it had close resemblance to a typical process response curve for a discrete 

continuous control system. 
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Table 10 Working range of the control module 

 

Distance, 

mm 

Angle of 

wrap 
Radians 

Total angle of 

wrap 

Theoretical output 

tension, cN 
Sweep value 

Experimental

output tension, 

cN 

0 0 0 0 40 1894.2728 36 

5 39.805 0.694818389 5.558547111 211.933106 1985.27992 60.4 

10 59.036 1.030506178 8.244049422 474.2989634 2015.86428 68.6 

15 68.198 1.190433978 9.523471822 696.191503 2053.90824 78.8 

20 73.3 1.279492222 10.23593778 862.0751051 2127.3853 98.5 

25 76.504 1.335419822 10.68335858 985.899792 2133.72596 100.2 

30 78.69 1.373577667 10.98862133 1080.440438 2165.05628 108.6 

35 80.272 1.401192356 11.20953884 1154.465138 2174.75376 111.2 

40 81.469 1.422086656 11.37669324 1213.827115 2208.69494 120.3 

45 82.405 1.438425056 11.50740044 1262.36427 2225.47904 124.8 

50 83.157 1.451551633 11.61241307 1302.762341 2230.70076 126.2 

 

6.2 Results of Experimental Designs for Optical Sensor Evaluation 
 

6.2.1 YPT Yarn Profiler Evaluation 
 

The yarns produced for evaluation of the optical sensors (Table 5) were run on the CTT at 

varying machine speeds and input tensions as mentioned in Table 6. It was observed in the 

case of the yarn profiler that though the number of scans per cm of the yarn decreased as the 

test speed increased; the yarn profiler was able to recognize the twist count in the yarn up to a 

certain speed. However, at yarn speeds greater than 60m/min, the yarn profiler fails to record 

data, sufficient enough to find the twist in the yarn sample, especially in the case of fine 

yarns. Typical results obtained from these trials are shown in the example in Figure 59.  



 
Figure 59 Yarn Profiler (YPT) output for Sample 3 at 20m/min with 20gf input yarn tension 

 

Once the output as shown in Figure 59 is obtained, the user has to set the threshold and 

deadband values to determine the number of events occurring in a certain length of the yarn. 

This can be estimated by setting the threshold value near to the average diameter of the yarn 

displayed in pixels. The deadband settings would again depend on the thickness of the cabled 

yarn. Thick yarns with high twist will have a higher deadband when compared to thin yarns 

with high twist. Hence the YPT has certain limitations, due to which it cannot be integrated 

with a direct cabling machine. Firstly, there is no fixed threshold value, using which, twist in 

all yarns can be determined. The user will have to play with multiple threshold values in 

order to determine the events/unit length and the twist in the yarn, which is a sheer trial and 

error method of measurement. Secondly, the present CCD is a large device that cannot 

readily be mounted on cabling machines due to its size and also the vibration on the machine. 
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All these limitations demand for a new device that can do all the functions mentioned above 

and also be fabricated into a smaller sized instrument. 

 

Following is the graph showing the output of the YPT for Sample 1 with varying yarn speed 

and input yarn tension.  
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Figure 60 Yarn Profiler (YPT) output for Sample 1: Twist per meter vs. Yarn speed 

 

It can be observed from Figure 60 that for sample 1, which is a Nylon yarn 46.66Tex with 

balanced twist, 296tpm, the output of the yarn profiler is close to the experimental or real 

value of twist of the yarn at low speeds such as 20, 30 and 40m/min. However, the output 

value for twist for this sensor decreases with increase in yarn speed. This is because the 

sensor has a constant number of scans (15000 per test) irrespective of the yarn moving speed. 

As such, the number of data points or scans will decrease with increase in yarn speed and as 

a result, the sensor fails to accurately determine the exact number of nodes in the run time 

recorded. Hence, the accuracy of the sensor is close to 100% only at speeds lower than 

40m/min and gradually reduces thereafter.  
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It can also be observed from the results that the change in yarn input tension does not have 

any significant effect on the performance of the sensor. This can be attributed to the fact that 

all the yarn samples used in this evaluation are high strength filament yarns which are fully 

oriented. Hence, the effect of input yarn tension on the amount of twist in the yarn or the 

physical appearance of the yarn is ruled out. Moreover, tension ranges used in these 

experiments, viz. 10gf-50gf are not any close to values where the twisted yarn could undergo 

physical changes such as axial extension.  

 

Following is the graph showing the output of the YPT for Sample 2 with varying yarn speed 

and input yarn tension.  
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Figure 61 Yarn Profiler (YPT) output for Sample 2: Twist per meter vs. Yarn speed 

 

In the case of sample 2, which is a Nylon yarn 46.66Tex with unbalanced twist, 380tpm, it 

can be observed that the output of the yarn profiler is 13-40% less than the experimental 
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value for its twist. This shows that the yarn profiler is unable to determine twist in cabled 

yarns with unbalanced twist. This is because a single threshold value cannot determine the 

number of nodes in a yarn with unbalanced twist. The process of finding the number of twist 

nodes in a given length for a given time becomes tedious when the yarn diameter is changing 

randomly. In the case of yarns with unbalanced twist, where one yarn wraps over the other, 

the twist density changes radically with slight change in yarn tension, making the cabled yarn 

look non-uniform. As such, the yarn profiler is unable to measure twist in yarns with 

unbalanced twist. It can also be observed that with increase in yarn speeds the value of the 

twist determined by the sensor for the same yarn decreases gradually. Similar to the case in 

Sample 1, there is no effect of input yarn tension on the output of the sensor.  

YPT - Sample 3

0

20

40

60

80

100

120

140

160

180

20 30 40 50 60 70 80 90

Speed (m/min)

TP
M

20gf
30gf
40gf
50gf

 
Figure 62 Yarn Profiler (YPT) output for Sample 3: Twist per meter vs. Yarn speed 

 

Shown in Figure 62 is the output of the yarn profiler for Sample 3 with varying input yarn 

tension and varying yarn speed. It is clearly observed from the graph that the accuracy of the 

yarn profiler in measuring twist in this yarn, which is a Polyester 456.88Tex with balanced 
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twist, 122tpm, decreases with increase in yarn speed. The accuracy is close to 100% for yarn 

speeds below 40m/min and decreases thereafter. Similar to the cases discussed earlier, the 

effect of yarn input tension is insignificant in this case. 
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Figure 63 Yarn Profiler (YPT) output for Sample 4: Twist per meter vs. Yarn speed 

 

For sample 4, which is a Polyester 456.88Tex with unbalanced twist, 125tpm, the accuracy of 

the yarn profiler is observed to remain constant up to 60m/min and reduce thereafter. This is 

because the linear density of the yarn sample is ten times higher than the same for sample 2 

and hence the thickness is substantially higher in this case. As such, the contours of the twist 

nodes are more prominent and as a result, the yarn profiler is able to recognize the twist in 

the yarn with higher accuracy even at higher speeds.  

 

Shown in Figure 64 is the output of the yarn profiler for Sample 5 with varying input yarn 

tension and varying yarn speed. It can be observed from the result here that the accuracy of 
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the yarn profiler in measuring twist in this yarn, which is a Nylon tire cord 288.88Tex with 

393tpm, tends to remain consistent with increase in yarn speed. 
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Figure 64 Yarn Profiler (YPT) output for Sample 5: Twist per meter vs. Yarn speed 

 

The accuracy is in the range of 92.4-98.3% for yarn speeds between 20m/min and 90m/min. 

Hence, it can be observed that the yarn profiler is able to determine twist in thick yarns with 

high twist at all running speeds. The yarn sample mentioned in this test is a Nylon tire cord 

manufactured for Goodyear Inc. and provided for research purposes by Saurer Inc. in 

Charlotte, N.C. 

 

In the case of sample 6, which is a thick yarn of 565Tex with balanced 100tpm, made of 

glass fiber, it can be observed that the output of the yarn profiler is consistent with change in 

yarn speed. The accuracy of the sensor is between 80-90% of the experimental value for yarn 

speeds between 20-90m/min. This shows that if a slight correction factor is added to the 

output of the yarn profiler, the twist in cabled yarns can be determined with higher precision. 
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Similar to all other cases discussed earlier, there is no effect of input yarn tension seen on the 

output of the sensor.  
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Figure 65 Yarn Profiler (YPT) output for Sample 6: Twist per meter vs. Yarn speed 

 

From all the results discussed for the yarn profiler (YPT), it can be observed that if a 

correction factor such as a second order differential equation is incorporated into the output 

of the sensor, the accuracy of the sensor will increase and consistency in the output can be 

achieved even at higher yarn speeds. However, due to its large size and slow data processing 

capabilities, the yarn profiler will pose some limitations if used in processes like direct 

cabling. 

 

6.2.2 BTSR Twist Measurement System Evaluation 
 

Similar to the experiments described above, the yarns produced for evaluation of the BTSR 

twist measurement system (Table 5) were run on the CTT at varying machine speeds and 
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input tensions as mentioned in Table 6. Since the twist measurement system was built for the 

purpose of measuring twist in cabled yarns (as stated by the manufacturer), the device has a 

controller to measure and display the count or the twist in a given length of yarn at a given 

speed. Analyses of these results are discussed in the sections below.  

 

Following is the graph showing the output of the BTSR twist measurement system for 

Sample 1 with varying yarn speed and input yarn tension.  
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Figure 66 BTSR Twist Measurement System output for Sample 1: Twist per meter vs. Yarn speed 

 

It can be observed from Figure 66 that for sample 1, which is a Nylon yarn 46.66Tex with 

balanced twist, 296tpm, the output of the twist measurement system is close to the 

experimental value for twist in the yarn. The accuracy of the sensor ranges from 88.4% to 

97.8% between 20-90m/min of yarn speed. Though the thickness of the yarn here is very 

small, the sensor has a frequency range of 1 to a 1000Hz in terms of twist, and so the twist in 

the yarn is easily identifiable by the sensor. Moreover, the thickness of this yarn is well 
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within the sensing range of the sensor (0 to 500µm) and hence the output is consistent even at 

high speeds.  

 

It can also be observed from the results here that the change in yarn input tension does not 

have any significant effect on the performance of the sensor. This again is because the yarn 

samples used in this evaluation are high strength filament yarns which are fully oriented. 

Hence, the effect of input yarn tension on the amount of twist in the yarn or the physical 

appearance of the yarn is ruled out. 

  

Following is the graph showing the output of the BTSR twist measurement system for 

Sample 2 with varying yarn speed and input yarn tension.  
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Figure 67 BTSR Twist Measurement System output for Sample 2: Twist per meter vs. Yarn speed 

 

From the results obtained for sample 2, which is a Nylon yarn 46.66Tex with unbalanced 

twist, 380tpm, it can be observed that the output of the system is in agreement with the 

experimental value to a certain extent. The accuracy of the sensor ranges from 88.8% to 
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100% between 20m/min to 90m/min yarn speeds. Observed in this case also is a receding 

trend line, which however, shows an increase in accuracy of the sensor.  
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Figure 68 BTSR Twist Measurement System output for Sample 3: Twist per meter vs. Yarn speed 

 

Shown in Figure 68 is the output of the twist measurement system for Sample 3 with varying 

input yarn tension and varying yarn speed. It is clearly observed from the graph that the 

accuracy of the yarn profiler in measuring twist in this yarn, which is a Polyester 456.88Tex 

with balanced twist, 122tpm, increases with increase in yarn speed. The difference between 

the measured value and the experimental value for twist is close to 13% for yarn speeds 

below 70m/min and decreases thereafter down to -10.5%. It is also observed that the twist 

value obtained approaches the experimental value as the tension in the yarn increases. 

However, this trend is not evident at yarn speeds 40, 50 and 60m/min. 

 

For sample 4, which is a Polyester 456.88Tex with unbalanced twist, 125tpm, it is observed 

that the accuracy of the sensor increases with increase in speed. The difference between the 
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measured value and the experimental value for twist in the yarn decreases from 14.4% to 0% 

over a speed range of 10m/min to 90m/min. 
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Figure 69 BTSR Twist Measurement System output for Sample 4: Twist per meter vs. Yarn speed 

 

However, the sensor reads values lower than the experimental value thereafter. Since the 

yarn thickness here is higher when compared to other yarn samples, the sensor is able to 

determine the twist in the yarn even at high speeds.  

 

Shown in Figure 70 is the output of the twist measurement system for Sample 5 with varying 

input yarn tension and varying yarn speed. It can be observed from the graph that the 

accuracy of the system in measuring twist in this yarn, which is a Nylon tire cord 288.88Tex 

with 393tpm, tends to remain consistent with increase in yarn speed. The sensor initially 

exhibits an accuracy of about 92.7% at 10m/min and increases thereafter, approaches 100% 

and reduces to 91.6% from thereon. Hence, it can be observed that the twist measurement 

system is able to determine twist in thick yarns with high twist at all running speeds.  
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BTSR - Sample 5
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Figure 70 BTSR Twist Measurement System output for Sample 5: Twist per meter vs. Yarn speed 
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Figure 71 BTSR Twist Measurement System output for Sample 5: Twist per meter vs. Yarn speed 
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In the case of sample 6, which is a thick yarn of 565Tex with balanced 100tpm, made of 

glass fiber, it can be observed that the output of the system is receding linearly with increase 

in yarn speed. The accuracy of the sensor increases from 87% to 100% from a yarn speed of 

10m/min to 100m/min. This shows that the twist measurement system is able to determine 

twist in cabled yarns with higher precision. Moreover, with increase in yarn speed, the value 

of the twist determined by the sensor approaches the experimental value. Similar to all other 

cases, there is no effect of input yarn tension seen on the output of the sensor.  

 

From the results discussed above, it can be observed in this case also that if a correction 

factor such as a second order differential equation is incorporated in the output of the sensor, 

the accuracy of the sensor will increase and the consistency of the output will be seen even at 

higher yarn speeds. Furthermore, critical analyses of the results obtained here show that the 

BTSR twist measurement system is the most appropriate sensor for application in processes 

such as direct cabling due to the proximity of the response of the sensor to the experimental 

values.  

 

6.2.3 Keyence Optical Micrometer Evaluation 
 

The Keyence Optical Micrometer was set up on the CTT machine as shown in Figure 49 and 

the experiments were carried out according to the experimental design given in Table 6. 

Results of these tests are discussed in the following sections. Following is the graph showing 

the output of the YPT for Sample 1 with varying yarn speed and input yarn tension.  

 

It is observed from Figure 72 that for sample 1, which is a Nylon yarn 46.66Tex with 

balanced twist, 296tpm, the output of the optical micrometer is close to the experimental or 

real value of twist of the yarn at speeds lower than 60m/min. The accuracy of the sensor in 

this range is between 89.5% and 91.8%. However, the sensor shows a catastrophic drop in 

value for twist in yarn for speeds greater than 60m/min, resulting in the failure of the sensor 

to determine twist in the cabled yarn. There are two reasons for this behavior of the sensor at 

those speeds: (a) the Nylon yarn sample used in this case is a yarn of lower linear density 



when compared to other yarn samples, and so the frequency of vibration during its travel will 

be higher [64] (b) with increase in yarn speed, the amplitude of vibration will also increase 

linearly [63]. 
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Figure 72 Keyence Optical Micrometer output for Sample 1: Twist per meter vs. Yarn speed 

 

Thus, the sensor error will be equivalent to this amplitude of vibration, which will be 

amplified at higher speeds. Furthermore, the vibration in the yarn can cause frequencies that 

approach frequencies in the surrounding circuit, creating circuit noise. Hence, the 

performance of the sensor is considerably fair only at speeds lower than 60m/min and 

deteriorates drastically thereafter.  

 

It can also be observed from the results here that the change in yarn input tension does not 

have any significant effect on the performance of the sensor. This again is due to the fact that 

all the yarn samples used in this evaluation are high strength filament yarns and the effect of 

input yarn tension on the amount of twist in the yarn or the physical appearance of the yarn is 

void. 
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Following is a graph showing the output of the micrometer for Sample 2 with varying yarn 

speed and input yarn tension.  
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Figure 73 Keyence Optical Micrometer output for Sample 2: Twist per meter vs. Yarn speed 

 

In the case of sample 2, which is a Nylon yarn 46.66Tex with unbalanced twist, 380tpm, it 

can be observed that the sensor is unable to recognize the twist in the cabled yarn. This is 

because of the difference in frequency of the PWM signal generated by the sensor due to 

random variation in frequency of the input signal when a yarn of unbalanced twist is used. 

The following formula was used to find the twist in the yarn: 

 
Twist in yarn, t = (f x 60)

       (2 x S) 
 

Where ‘f’ is the frequency of the output signal, and ‘S’ is the rate at which the yarn is moving 

in m/min. Thus, with increase in the frequency of vibration, which is prominent in the case of 

this yarn, there is random variation in the frequency of the sensor output and hence the twist 
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value determined by the sensor is erroneous. The result shows that the micrometer is unable 

to determine twist in thin yarns with unbalanced twist. Moreover, with increase in yarn 

speed, the value of the twist determined by the sensor for the same yarn is decreasing 

gradually. Similar to the case in Sample 1, there is no effect of input yarn tension on the 

output of the sensor.  

Keyence - Sample 3

0

20

40

60

80

100

120

140

160

10 20 30 40 50 60 70 80 90 100

Speed (m/min)

TP
M

20gf
30gf
40gf
50gf

 
Figure 74 Keyence Optical Micrometer output for Sample 3: Twist per meter vs. Yarn speed 

 

Shown in Figure 74 is the output of the micrometer for Sample 3 with varying input yarn 

tension and varying yarn speed. It is clearly observed from the graph that the accuracy of the 

micrometer in measuring twist in this yarn, which is a Polyester 456.88Tex with balanced 

twist, 122tpm, remains consistent with increase in yarn speed. The accuracy stays at 80.72% 

throughout the experiment for all yarn speeds. This is because the linear density is ten times 

greater than samples 1 and 2 and hence the yarn profile is distinct in this case and slight 

variation in yarn diameter is clearly seen. Similar to the cases mentioned earlier, the effect of 

yarn input tension is insignificant in this case also. 
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Figure 75 Keyence Optical Micrometer output for Sample 4: Twist per meter vs. Yarn speed 

 

For sample 4, which is a Polyester 456.88Tex with unbalanced twist, 125tpm, the accuracy of 

the micrometer is observed to remain constant throughout the experiment. The difference 

between the measured value and experimental value for twist is observed to be 16.5% 

initially at 10m/min and rises gradually up to 17.6% at 100m/min. Though the yarn in this 

case has unbalanced twist, the greater thickness helps the sensor in identifying the twist in the 

yarn. Furthermore, the contours of the twist nodes are more prominent in this case and as a 

result, the micrometer is able to recognize the twist in the yarn with high accuracy even at 

higher speeds.  

 

Shown in Figure 76 is the output of the yarn profiler for Sample 5 with varying input yarn 

tension and varying yarn speed. It can be observed from the graph that the accuracy of the 

yarn profiler in measuring twist in this yarn, which is a Nylon tire cord 288.88Tex with 

393tpm, tends to remain consistent with increase in yarn speed. The accuracy is about 92% 
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for all yarn speeds at all input yarn tension levels. Hence, it can be observed that the 

micrometer is able to determine twist in thick yarns with high twist at all running speeds. 
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Figure 76 Keyence Optical Micrometer output for Sample 5: Twist per meter vs. Yarn speed 

 

In the case of sample 6, which is a thick yarn of 565Tex with balanced 100tpm, made of 

glass fiber, it can be observed that the output of the micrometer remains constant with change 

in yarn speed. The accuracy of the sensor is between 14.24 to 13.3% of the experimental 

value for the twist in the yarn throughout the experiment. The response is a straight line 

parallel to the experimental value at all speeds because of its high sampling rate 

(2400samples/sec). This shows that if a correction factor is subtracted from the output of the 

micrometer, it will be able to determine twist in cabled yarns with higher precision, attaining 

an accuracy of 100%. Similar to all other cases, there is no effect of input yarn tension seen 

on the output of the sensor. It can be observed from the results discussed above that though 

the sensor is unable to identify twist in thin yarns; its accuracy in finding the twist in thick 

yarns at all yarn speeds is commendable.  
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Figure 77 Keyence Optical Micrometer output for Sample 6: Twist per meter vs. Yarn speed 

 

 

 
 

90



 
 

91

7. CONCLUSIONS 
 

The objective of this research was to explore the possibility of combining MEMS 

(MicroElectroMechanical Systems) technology with RF technology to wirelessly measure 

and control yarn tension in direct cabling mechanism. A novel method was developed to 

monitor and control yarn tension. The objectives were achieved by assessing the performance 

of this system under a variety of controlled test conditions. Experiments on the wireless yarn 

tension sensor were carried out with varying yarn speeds and input yarn tensions. The 

linearity in response of the sensor was verified for input yarn tensions between 0 and 125gf. 

Signal analyses of the data collected from the wireless sensor shows that the system is noise 

free and there is no interference observed in the RF transmission. The principle of working of 

the control system was proven by demonstrating the control module on the CTT machine. 

Since the wireless sensor comprises temperature and vibration sensitive semiconductor 

transducers, the functioning of the system was demonstrated in a controlled environment, 

omitting any interference with the noise around.  

 

However, in order to effectively perform online measurement and control of yarn tension in a 

noisy environment, an alternate approach, the possibility of using optical sensors to measure 

twist in cabled yarn was also explored. Since variation in tension in the individual yarns 

manifests variation in twist in the final cabled yarn, optical solutions to effectively carry out 

yarn tension control were proposed. Experimental designs with varying yarn speeds and 

input yarn tensions were executed in order to evaluate three different optical sensing systems, 

namely, Yarn Profiler (YPT), BTSR Twist Measurement System, and a Keyence Optical 

Micrometer.  

     

Results from the experimental designs showed that the YPT is a tedious process of finding 

twist in cabled yarn. The limitations of this system can be listed as follows: 

 

1. Receding accuracy with increase in yarn speed, due to missing data points 
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2. Large size of the sensing head, due to which it cannot be mounted on machines like 

the direct cabling machine 

3. Slow process of finding the twist in the yarn by setting different threshold and 

deadband values for every single yarn. The user has to change the settings in the 

software for each test in order to accurately find the twist in the cabled yarn 

 

Results from the experiments conducted for the evaluation of the BTSR Twist Measurement 

System showed that the system exhibited consistency in response for all yarns at all speeds. 

The accuracy of the system remained constant throughout the experiments for all yarns. The 

advantages of this system can be listed as follows: 

 

1. Small size of the sensing head, which can be mounted on any machine with ease 

2. Controller has a user interface for easy operation and a monitor that displays twist 

information 

3. Several sensors can be connected to the same controller, making it an ideal solution 

for applications like the direct cabling machine 

 

Results from the experiments conducted for the evaluation of Keyence Optical Micrometer 

showed that the system has very high accuracy and resolution. However, it fails to determine 

the twist in thin yarns (~10µm dia.). The high sampling rate (2400 samples/sec) makes this 

system an ideal solution for direct cabling in carpet manufacturing process. Some of the 

limitations of this system can be stated as follows: 

 

1. Absence of digital counters on the system makes it difficult for the user to count the 

number of twist nodes in the yarn 

2. Twist in thin yarns cannot be determined due to error amplification in the system at 

high speeds 

3. Large sensing area, due to which the sensor head cannot be mounted on machines like 

the direct cabling machine 
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Hence the BTSR Twist Measurement System could be implemented on a direct cabling 

machine in order to effectively carry out twist measurement in cabled yarns. The wireless 

yarn tension sensor developed could be used in any textile process where yarn tension needs 

to be monitored continuously. It can be easily mounted on any machine, since it runs on low 

voltage batteries and does not have any wires attached to it.  
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8. SUGGESTIONS FOR FUTURE WORK 
 

Due to limited resources, the wireless yarn tension sensor could not be tested for various 

other characteristics of the transducer. Selection parameters that are to be taken into 

consideration while evaluating the performance of any transducer are suggested as follows: 

1. Range and Span: i.e. 0 mg to X mg, X mg 

2. Permissible Error: Difference between the measured value and true value i.e. +/-X mg 

3. Accuracy: Extent to which the measured value is right, % of full range output 

4. Sensitivity: output/input i.e. mV/mg 

5. Hysteresis Error: same value when moving up, and down 

6. Non-linearity error: percentage of full range, deviation from the straight line 

7. Repeatability/reproducibility: ability to give the same output for repeated input values 

8. Stability: ability to give same value over a time, measure drift over a temperature 

9. Dead band/time: Range of input values to which there’s no output 

10. Resolution: smallest change in input value that gives an observable change in the 

output 

11. Output impedance: impedance is connected in series or parallel with the circuit, so 

affects the output value 

 

Additional static and dynamic characteristics to be evaluated for the assessing the wireless 

sensor performance: 

1. Response time: The time which elapses after a constant input, a step input, is applied 

to the transducer up to the point at which the transducer gives an output 

corresponding to some specified percentage, e.g. 95% of the value of input 

2. Time constant: 63.2% of the response time; a measure of the inertia of the sensor and 

how fast it can react to changes in its input; the bigger time constant the slower will 

be its reaction to a changing input signal 

3. Rise time: Time taken for the output to rise to some specified percentage of the 

steady-state output. Often the time taken for the output to rise from 10% to 95% of 

the steady-state value 
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4. Settling time: Time taken for the output to settle to within some percentage, e.g. 2% 

of the steady-state value 

 

Though the control mechanism demonstrated in this work was integrated with the computer 

using an internal DAQ board and external power supply, methods of communicating 

wirelessly between two sensors (essentially a sensor network) have been developed at the 

Center for Robotics and Intelligent Machines at North Carolina State University. These 

modules can be used to enable wireless communication between the sensor and the controller 

on the machine. The ideal solution would be to develop a network of such sensors, where 

sensing heads can talk to each other in order to effectively control the yarn tension.  

 

Furthermore, once such a communication protocol is established between the two sensors 

(transmitter and receiver), a battery charger can be devised, which can continuously charge 

the batteries running these devices. Since the mechanism employs pulleys or pegs, over 

which yarns move at high speeds, a system can be developed, which can act as tiny dynamos 

for generating low voltages to charge theses batteries, making it the ultimate wireless 

solution. 

 

Now that a device for wireless yarn tension measurement has been developed, future studies 

can be carried out in advancing this technology by using Bluetooth to communicate with base 

stations and control devices. Bluetooth is again a wireless technology which is more 

advanced in terms of both bandwidth and operating frequency (2.4GHz) with a wider 

working range (30m). Once a control mechanism is developed with such interface, an online 

control system can be developed and linked to the web, so that the user will have ubiquitous 

access to the machine speed, yarn tension and other process parameters and control 

mechanisms.  
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9. APPENDICES 
 

9.1 Specifications of the hardware used 
 

National Instruments DAQ: The Keyence optical micrometer and the control system used in 

the experiments were wired to a signal conditioner board (or DAQ board) that is connected to 

an internal data acquisition board (inside the computer). The DAQ board, SC 2043 SG, is a 

multi-channel strain gauge signal conditioner from National Instrument. There are eight 

analog inputs (for the eight sensors) and eight digital inputs. The internal data acquisition 

board, PCI 6024E, is also from National Instrument, and interfaces the DAQ board to the 

computer. Its main function is to transform voltage output from the DAQ board into binary 

bits (0 and 1). The computer selected for this research is a Pentium IV, 2.4 GHz, 1024MB 

RAM. This computer is capable of handling the data at all experimental settings mentioned 

in the experimental designs of the research. 

 

The same components were also used in the integration of the control module and the 

wireless sensor. The NI PCI-6024E is a multifunction internal DAQ Board with a sampling 

rate of 200 kS/s. It comprises of a 12-Bit processor and has 16 analog input channels. It is a 

low-cost data acquisition board that uses E Series technology to deliver high-performance, 

reliable data acquisition capabilities in a wide range of applications [36]. 

 

9.2 Essential features enlisted for the tension-sensing device before its 
development 
 

1. Should be resistant to the harsh environment in textile processes  

2. Resistant to spin finish and coning oil  

3. Non-susceptible to mechanical vibrations, mechanic and electronic dampening  

4. Protected against electric noise, aliasing  

5. Insensitive to both, yarn and ambient temperatures 

6. Should have very low power consumption and very high battery life  



7. Needs very high sampling rate and high-speed controller for automation 

 

9.3 Schematics of the Aluminum housing developed for the wireless 
sensor 
 

Figure 78 shows the schematic of the housing developed for mounting the wireless sensor. 

The sensing peg was mounted at an angle of 15 degrees from the yarn guides located on 

either sides of the housing. Synthetic supports were glued to the bottom of the metal work in 

order to hold the circuit away from the metal work and avoid any kind of noise amplification. 

 

 

 
 

Figure 78 Schematics of the Aluminum housing developed for the wireless sensor 
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9.4 Circuit diagram for connecting the strain gauges to the RF Transceiver 
 

Figure 79 shows the circuit diagram for connecting the strain gauges to the RF transceiver. 

Since a single strain gauge was used in the experiment, the gauge was connected through 

channel 3 and the battery terminals to pins 18 and 14, in order to ease soldering of the gauge 

to the circuit.  

 
Figure 79 Circuit diagram for connecting the strain gauge to the RF transceiver 

 
9.5 WYTMS output for varying yarn speed: Polyester 

 Figures 80 to 83 show the output of the wireless yarn tension measurement system at 

varying input yarn speeds for different materials. 
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Figure 80 Wireless sensor output for varying input yarn speed: Polyester 
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9.6 WYTMS output for varying yarn speed: Nylon  
Nylon @ 20gf
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Figure 81 Wireless sensor output for varying input yarn speed: Nylon 

 
 

100



9.7 WYTMS output for varying yarn speed: Dyneema 
Dyneema @ 20gf
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Figure 82 Wireless sensor output for varying input yarn speed: Dyneema 
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9.8 WYTMS output for varying yarn speed: Spectra 
Spectra @ 20gf
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Figure 83 Wireless sensor output for varying input yarn speed: Spectra 
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9.9 Block diagram of the LabView program developed for FFT analyses 
 

The following LabView program (Block diagram is shown below) was developed to 

analyze the output of the wireless sensor using the FFT analyses toolbox in LabView.  

 

Figure 84 Block diagram of the LabView program built for FFT analyses 

 
 

 



Figure 85 shows the block diagram of the LabView program developed for running the control module. The description of the 

working of this program is given in Chapter 4.  

 
Figure 85 Block diagram of the LabView program developed for the control module 

9.10 Block diagram of the LabView program developed for the control module 
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9.11 Evolution of the wireless sensor 
 

Shown in Figure 86 are the stages of development of the wireless yarn tension sensor. In 

Stage 1, the sensor is tested for its RF signal transmission without any gauges connected 

to its circuit. In Stage 2, the node is configured without any strain gauge. In Stage 3, the 

strain wizard is run after connecting a strain gauge to one of the channels of the 

transceiver circuit (without any load on the strain gauge). In the final stage, stage 4, a 

load is applied on the strain gauge to test its sensing capability (before calibration).  

 

 
Stage 1 

 
Stage 2 

Stage 3 Stage 4 

 
Figure 86 Stages in the evolution of the wireless yarn tension sensor 
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