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Abstract 

Defects rate of product plays a very important role for the improvement of yield and financial 

conditions of any company. Actually defects rate causes a direct effect on the profit margin of 

the product and decrease the quality cost during the manufacturing of product. Companies strive 

to decrease the defects rate of the product during the manufacturing process as much as possible. 

By checking and inspection of defects of product at different point in a production cycle and 

management implement some changes specifically at those points in production where more 

defects are likely to happen.  

The project of defects rate of textile product in the yarn manufacturing process is so important in 

industry point of view. This process has large departments where the cotton passes in different 

process and may be effects the quality of yarn when it reaches the package form. A thousand 

defects opportunities create in the final package of yarn. That’s’ why it is decided to do work and 

implement DMAIC methodology in winding departments where the final package of yarn is 

make. Final package of yarn is the end product and from it is direct send to the customers and if 

any final product passes with some defects and may chance the customer complaint. 

The main thing of this project is to give the understanding of different problems in different 

departments in quality point of view and how to reduce the problems by taking preventive action 

against any defects produce during process. For quality of product and enhance the customer 

satisfaction, it is decided to more work on final end product in the form of DMAIC tool to reduce 

the defects rate of product before going to customer. Now days, defects rate reduction is so 

important especially in recession days, when every company wants to improve the financial 

goals and reduce quality cost of product. DMAIC methodology is a problem solving technique 

where process data is analyzed from different tools and indentify the problems which cause the 

defects produce in the product.  
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Chapter 1   Introduction 

1.1 Process Introduction 

The project is related to textile industry especially to Yarn manufacturing process. This project 

indentifies the different problems occurring during manufacturing of yarn in different processes, 

it also highlights the critical success factors which are most important in quality point of view. It 

also describes the preventive action against any failure. In the last process (winding), DMAIC 

tool is applied by the practical examples which was applied in practical field. 

The reason for choosing this project is to provide a better analysis on different processes in yarn 

manufacturing. It is very complicated and important process and it’s difficult to achieve the 

quality throughout the process. The main reason is the raw material, which do not posses good 

properties such as maturity, degree of reflectance, impurity and fiber strength and shade variation 

from bale to bale. 

1.2 Problem formulation 

In order to tackle the complex problems, the first thing is to construct a well structured problem 

formulation “a good representation”. There are different types of problem formulation like 

“What” what kind of problem that occurs during the yarn manufacturing process and its effects 

on quality 

“Why” why the problems create during process  

“How” how to solve the problems from different actions and implementation some rules in the 

process 

The thesis describes different problems in quality perspective in different departments and 

indentifies the reason for these problems due to carelessness of employees during manufacturing.  

Training of employees and preventive action against any failures in the department is necessary 

for any organization. DMAIC tool is used to indentify, measure, analysis the problems, in one of 

the department where the chances of defects of yarn is more. 
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 Figure 10: Blow room department   Source: 
www.rieter.com 

 

 

 

 

 

 

 

 

 

1.2 Brief Introduction of Departments 

1.2.1 Blow room Process: 

Blow room is the initial stage in spinning process. The name blow room is given because of the 

“air flow” And all process is done in blow room because of air flow. 

Blow room is consisting of different machines to carry out the objectives of blow room. In blow 

room the tuft size of cotton becomes smaller and smaller.  

Mixing of cotton is done separately as well as 

in blow room. Compressed layer of bale is also 

open in blow room with the help of machine.  

(Peter R.Loard. “The Economies, Science and 

Technology of Yarn Production” 1981) 

 

 

 

 

Figure 9 : Group member’s idea 
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Figure 11: Carding Machines. Source: www.rieter.com 

 

 

 

                                                                                     

1.2.2 Carding Process 

Carding process is very important role in spinning mill. It helps us both way to open the tuft into 

a single fiber and to remove the impurities and neps. Textile experts are convinced for the 

accuracy of following statement. 

“The card is the heart of spinning mill” and “well carded is well spun” (Vijykumar, 2007) [2] 

Card feeding is done by two ways. One is manually and other is through chute feed system. In 

manual case the lap which is produced in blow room and it is feed to the card. In chute feed the 

material is feed through air flow system to card machine.  It is important to say that lower the 

feed variation better is the carding quality. Lower the feed variation then draft variation will also 

be less. Then yarn quality will be consistent. If the card is having auto leveler then nominal draft 

should be selected properly.  In some 

circumstances card also act as a cleaner 

and remove a certain amount of short 

fiber. Approximately 90% cleaning 

efficiency is achieved with the help of 

carding machine [3]. 

 

 

                                                                                           

1.2.3 Drawing frame Process 

Draw frame is simple and cheap machine. In spinning regarding to quality point of view it play 

very important role .If its setting is not done properly then it affects yarn strength and elongation. 

For improving quality draw frame is final process in the spinning mill. 

 It affects on quality especially on evenness of sliver. In the spinning process there are chances of 

elimination of errors in draw frame machine. Draw frame play very important role for the quality 
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Figure 13: Comber machines. Source: www.rieter.com 

 

Figure 12: Drawing machines. Source: www.rieter.com 

 

of yarn. Without it participation quality can 

never be improved. [4]Drafting 

arrangement is the heart of the draw frame. 

Drafting arrangement should be simple, 

stable design, should have ability to 

produce high quality product. It should 

have high fiber control.   

Auto leveler is also used to adjust and to 

improve the linear density of the sliver. 

Without auto leveler it is very difficult to improve the quality of the draw frame sliver.   

1.2.4 Combing process 

For getting high quality of yarn, one extra process is introduced which is called combing process. 

Combing is an operation in which dirt and short fibers are removed from sliver lap by following 

ways. 

 In a specially designed jaws, a 

narrow lap of fiber is firmly 

gripped across its width 

 Closely spaced needles are 

passed through the fiber 

projecting from jaws. 

 

Short fiber which we remove is called 

comber noil. The comber noil can be recycled in the production of carded yarn. Yarn which is 

get from comber sliver is called comber yarn. Carded sliver are combine into comber lap in a 

single continuous process stage. Flat sheet of fiber which is get from comber lap is fed into the 

comber in an intermediate.   

There are different ways by which value of combing is used in the manufacturing of cotton. By 

spinning point of view combing process makes more uniformity in the yarn. Strength of yarn is 

also high because in combing process short fiber are removed and only fiber having good 



 
15 

 

Figure 14: Roving machines. Source: www.electrojet.com 

 

strength remains. So it play very important role for increasing the yarn strength. Because of 

straightened condition of fibers combing makes possible spinning smoother and more lustrous 

yarn. In combing process length of fiber are strong so it need less twist produced then carded 

yarn [21]. 

1.2.5 Roving frame 

 It is an intermediate process in which fibers are converted into low twist lea called roving. The 

sliver which is taken from draw frame is thicker so it is not suitable for manufacturing of yarn. 

Its purpose is to prepare input package for next process. This package is to prepare on a small 

compact package called bobbins. Roving machine is complicated, liable to fault, causes defect 

adds to the production costs and deliver the product. In this winding operation that makes us 

roving frame complex. There are two main basic reasons for using roving frame. 

(Peter R.Loard. “The Economies, Science and Technology of Yarn Production” 1981) 

 The roving sliver is thick and untwisted. Because of it hairiness and fly is created. So 

draft is needed to reduce the linear density of sliver. The ring drafting arrangement is not 

capable that it may process the roving sliver to make the yarn. 

 Draw frame can represent the worst conceivable mode of transport and presentation of 

feed material to the ring spinning 

frame.  

 

 

 

 

 

           



 
16 

 

1.2.6 Ring Spinning Process 

 Ring Spinning machine is used in textile industry to twist the staple fibers into a yarn and wind 

on a bobbin for storage and also input for the winding section for more precise the yarn to 

minimize the defects of end yarn. Ring machine is very important due to yarn quality. 

Ring Spinning is the most costly step to convert fibers into yarn and approximately 85% yarn 

produced in ring spinning frame all over the world. It is made to draft the roving into a desired 

count and impart the desired twist to produce the strength in the yarn. If twist is increased, yarn 

strength is also increased at optimum limit. 

 

 

 

 

 

 

 

 

 

 

1.2.7 Winding Section 

It is the last section of yarn manufacturing process where auto cone machines are installed and 

take an input material from ring spinning section as a yarn bobbin and give a yarn on paper cone 

after passing detecting instrument as a output. In winding section, there are lot of heads in auto 

cone machines use to wound the yarn from ring bobbin yarn to paper cone yarn. Now days, there 

are some companies to manufacturing these machines and Savio company is one of them which 

produce a fully automatic machine for spinning industries. In quality point of view, it is a very 

good machine and has also very low maintenance cost. 

Winding department plays an important role in the production and quality of yarn and causes 

direct effect on them. The yarn which made in ring section is not finish yarn and can’t sell to 

customer. After making the yarn in ring process, auto cone section made it more even yarn by 

 
Figure 15: Ring spinning machines. Source: www.rieter.com 
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passing through the optical sensor which is installed in different heads of machine. The yarn 

which is obtained from winding section is able to sell the customers 

 

 

 

 

 

 

 

 

 

  

 
Figure 16: Winding machines. Source: www.deltasuryatextile.com 

 



 
18 

 

Chapter 2    Theories of Six Sigma  

2.1 Six Sigma  

”A way of working towards perfection" [16] 

The Six Sigma is a financial improvement strategy for an organization and now a day it is being 

used in many industries. Basically it is a quality improving process of final product by reducing 

the defects; minimize the variation and improve capability in the manufacturing process. The 

objective of Six Sigma is to increase the profit margin, improve financial condition through 

minimizing the defects rate of product. It increases the customer satisfaction, retention and 

produces the best class product from the best process performance [ Pyzdek, Thomas. 2003] 

In order to use the Six Sigma in an organization, there are many things that are needed to achieve 

the financial goals in the organization as below, 

o Understand the needs and who are your customers, and what is product that you want to 

provide the customers  

o Review of the data, consumer survey report, and feedback of customers and determine 

the product standard that we provide and quality service. 

o Find out what are the defects are occurring and why these are produce during the 

manufacturing of process and how to reduce these problems by the different method. 

o After implementation of different improvement actions, set up good matrices and follow 

up these actions and become the new standard of operating process [17]. 

2.2 Six Sigma Improvement Approach 

The main thing of Six Sigma is to taking the existing product, process and improves them in a 

better way. It is a very powerful approach to achieve the financial goals for the organization and 

improving the company’s value by the following; 

http://innopac.lib.kth.se/search~S10?/aPyzdek%2C+Thomas./apyzdek+thomas/-3,-1,0,B/browse
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Figure 17: Six Sigma onion. Source: www.sixsigmagroup.co.uk 

 

 Data driven  

 Project based 

 Disciplined and systematic  

 Customers focused 

(internal & external) 

Success of every organization is 

dependent on, how to introduce 

and implement Six Sigma in the 

organization. For clear 

understanding, “Six Sigma 

Onion” is a best example for 

showing the process of implement 

Six Sigma in the organization 

[16]. 

2.3 Process Capability  

 Sigma value increases the process performance in a better way. Another way of measure the 

process capability and performance by the statistical measurements like Cp, Cpk, Pp and Ppk. 

The Six Sigma means a 3.4 % defects part per million or yield of 99.9997% (perfect parts). 

Following is the table of comparison of different Sigma values at different defects part per 

million and capability of process here [15]. 

 

 

 

 

 

 

SIGMA DPMO COPQ CAPABILITY 

6 Sigma 3.4 <10% of sales World Class 

5 Sigma 230 10 to 15% of sales  

4 Sigma 6200 15 to 20% of sales Industry Average 

3 Sigma 67000 20 to 30% of sales  

2 Sigma 310,000 30 to 40% of sales Noncompetitive 

1 Sigma    

Figure 18: Six Sigma value chart. Source: www.sixsigmaspc.com 
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DPMO - Defects per Million Opportunities                                                                                                          

COPQ - Cost of Poor Quality 

2.4 DMAIC Methodology    

The DMAIC is a basic component of Six Sigma methodology- a better way to improve work 

process by eliminating the defects rate in the final product. The DMAIC methodology has five 

phases Define, Measure, Analysis, Improvement and Control. 

2.4.1 Define Phase 

Goal: In this phase, define the purpose of project, scope and process background for both 

internal and external customers. There are a different tools which is used in define phase like 

SIPOC, Voice of Customer and Quality Function deployment [Pyzdek, Thomas. 2003]. 

 Output:  

 A clear understanding of process improvement and how is it measure by the 

implementation of different tools. 

 High level of process is achieved. 

 A lot of successful factors list show that what customer requirement is? 

 

2.4.2 Measure Phase 

Goal: In order to determine the root cause of defects, focusing the data gather from current 

process for improvement. There are different methods to analysis data by sampling, Gauge R&R 

and capability process.  

Output:  

http://innopac.lib.kth.se/search~S10?/aPyzdek%2C+Thomas./apyzdek+thomas/-3,-1,0,B/browse
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Figure 11: DMAIC methodology. Source: 

www.igneousesolutions.net 

 

 

 

 Problem statement focused in 

the process 

 Pinpoint the problem location 

due to different analysis of data 

 What the process is capable or 

not? 

2.4.3 Analyze Phase 

Goal: Identify the root causes of 

problems and confirm them from data 

analysis. There are different methods 

used for this phase are Regression 

Analysis, Design of Experiment and 

Process analysis. 

Output: What is the best setting for the improvement of process and also highlight the 

significant in the process. 

2.4.4 Improve Phase 

Goal: Develop the solution of problems in the process by implementing the different tools like 

FMEA and Pilot Plan. 

Output: Identification of planned actions that are implemented for improvement and should 

reduce the impact and also proposed solution for the problems. 

 

2.4.5 Control Phase 

Goal: Using data, evolution of solution of problems and future plan and also maintain the 

standing operating procedure. 

Output:  

 Analysis of data before and after  
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 Well monitored system 

 Completed documentation of process results [Pyzdek, Thomas. 2003]. 

  

http://innopac.lib.kth.se/search~S10?/aPyzdek%2C+Thomas./apyzdek+thomas/-3,-1,0,B/browse
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Chapter 3    Methodology 

3.1 Theoretical project 

Theoretical means concerned primarily with theories or hypothesis rather than practical 

consideration. It is preferred to select theoretical thesis due to experience in field of textile 

industries especially in spinning technology. In this thesis, it is focused in details of different 

departments which involve in the manufacturing of yarn but especially on quality of yarn 

product, corrective and preventive action and critical success factors which effects on quality and 

yield of product. 

For better understanding of process and analysis of data of different departments for the 

improvement of process, DMAIC methodology is a best technique which is using for analyze the 

process by the using of different tools like X-Y matrix, FMEA etc. Improving quality and 

continuous improvement can be done by the implementation of six sigma methodology. It is not 

only used for improvement of quality rather it is also use as a business management strategy or 

improvement of financial condition of organization. It was introduced by Motorola in 1980 [19]. 

 The objective of Six Sigma is to reduce the variation in the process and also defects of the final 

product. In order to reduce the defects it is focus on critical success factors and takes preventive 

action against any failures and also minimizes the mechanical faults by the proper training of 

maintenance team. Inspection is also very important factor for checking quality of product before 

going to customer. That’s why; it’s necessary to focus more work for removing the defects in the 

process and reduce the risk for any complaint of product (Tennant, Geoff 2001) 

Philosophy of Six Sigma is that if any defect occurs then it is necessary to look the process and 

take action for the cause. Excellent processes will allow average people to consistently generate 

superior result. Advantage of this technique is that customer will be more satisfied and loyal. 

Other advantage is that it improves efficiency and effectiveness of process and also financial 

saving is achieved in this way.  It is learned by experience that for the improvement of any 

process there is need of training of staff from all area like from research and development, 

quality and production.    

http://innopac.lib.kth.se/search~S10?/aTennant%2C+Geoff/atennant+geoff/-3,-1,0,B/browse
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3.2 Reliability and validity 

Reliability can be defined as” Measure of how stable, dependable, trustworthy and consistent a 

test in measuring the same thing each time. It can also be defined as  

  “The degree of consistency between two measures of the same things” (Mehrens and Lehman, 

1987) [20] 

 Validity can be defined as” the degree to which they accomplish the purpose for which they are 

being used” (Worthen et al., 1993) 

In this thesis it is explained everything regarding to quality and reduce the defect rate. This thesis 

is reliable in yarn production because it is explained all those factors which may influence for the 

betterment of quality. It is also focused on better testing of raw material, as if raw material will 

be good then it will have positive aspect on our yield. So because of these characteristics our 

thesis is reliable as it fulfills all basic needs. 

Validity of thesis is depending upon number of factors, like time, advancement in technology, 

overall economic environment, attitude and behavior of customer, supply and demand situation. 

3.3 Historical Experience 

Due to background experience in Yarn manufacturing process, it is decided to choose the thesis 

related to field “how to minimize the defects rate in different departments and final yarn by the 

DMAIC tool. During this job it was focused in all three departments such as Quality, 

Maintenance and Production. I followed all the standards which play important role for the 

satisfaction of the customer needs and expectations. Maintenance play important role in every 

field. It play very important role regarding to quality. Because of proper maintenance, quality of 

product will be better. So it was focus on maintenance department as well. This theoretical thesis 

is based upon our practical knowledge. 
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Chapter 4   Empirical Findings  

4.1Blow room 

Blow room is the initial step for yarn manufacturing process in spinning mill. In blow room 

cotton bales are opened and cotton is transfer from different number of machines with the help of 

air flow. This chapter clears the main objectives of blow room such as opening, cleaning and 

mixing and also describes the technical point regarding to quality point of view. Here also 

describes the defects which affect the yarn quality and preventive action to cover these defects 

according to quality standard. There is lot of things in this department which is described bellow; 

4.1.1 Objective  

Following are the basic operation or objectives of blow room 

 Opening 

 Cleaning 

 Mixing or blending 

 Micro dust removal 

 To extract the contamination in the cotton such as leaf, stone, iron particles, jute, poly 

propylene, colored fibers, feather and other foreign material from cotton by opening and 

beating. 

 To uniform feeding to the next stage such as carding machine 

 Recycling the waste material [5]. 

4.1.2 Technical points in Blow room 

Following are the technical points in the blow room  

 Opening in blow room means opening the cotton in small pieces. The operation of 

opening means to increase volume of flocks while the number of fiber in the flock 

remains constant. That is the specific density of material is reduced. 

  If the size of dirt particle is larger, it can be removed easily. 

 A lot of impurities and contamination are eliminated at the start of the process. 

 As much opening of cotton will be more, cleaning result will be more acceptable. But 

this cleaning of cotton is done on the basis of high fiber loss. High roller speed gives 

more better cleaning effect but also more stress on fiber. So roller speed is adjusted at a 



 
26 

 

nominal speed so there should be well opening of cotton and it does not effect of 

quality of fiber [5]. 

 Cleaning efficiency of cotton is depending upon trash percentage. The cleaning 

efficiency is different for different verities of cotton with same trash percentage 

 If the opening of cotton is done well in initial stage then cleaning becomes easier. As 

surface area of opened cotton is more, so therefore cleaning is more efficient. 

 In traditional method more number of machine are used to open and clean natural fiber 

 If automatic bale opener machine is used, the tuft size of material should be as small as 

possible. In this way more efficiency of machine is achieved and machine stopping 

time is reduced. 

 For the opening of cotton, use inclined spiked lattice (tray) at the initial stage always a 

better way of opening of cotton with minimum damage. 

 Mechanical action on fibers creates some problems in the quality of yarn in the form of 

neps. 

 In beating operation by using a much shorter machine sequence, fibers with better 

elastic properties. In this way spin ability can be produced. 

 Stickiness in the cotton affects the process very badly in the way of production and 

quality. 

  It is necessary to control the temperature inside the department, when use stickiness 

cotton. 

 Released of dust particles into the air occurs whenever the raw material is rolled 

beaten or thrown about. Accordingly the air at such position is sucked away. For the 

removal of dust perforated drums, stationary drums are used. 

4.1.3 Factors affecting on opening, cleaning and fiber loss 

These are the general factors which affect the degree of opening and cleaning 

 Type of opening device 

 Speed of opening device 

 Size of flocks in the feed 

 Thickness of feed web 

 Density of feed web 
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 Degree of penetration 

 Fiber coherence 

 Fiber alignment 

 Distance between feed and opening device 

 Through put speed of materials 

 Type of grid bar. Grid bar is part of blow room machine which is used for cleaning and 

opening purpose. 

 Air flow through the grid bar 

 Condition of pre opening 

 Amount of material processed 

 Ambient relative humidity percentage 

 Ambient temperature 

Atmospheric condition of blow room is also important to produce smooth and uniform 

quality yarn. It also affects the raw material that why it is very important to maintain 

ambient temperature and ambient relative humidity percentage in the blow room 

throughout the production. Low humidity and slightly higher temperature are preferred 

because of the cotton opening temperature.  

4.1.4 Critical success factors for Blow room 

For achieving yarn quality following are the critical success factor 

 Cleaning efficiency 

 Fiber growth  

4.1.5 Importance of yarn quality 

For producing high quality yarn, it is necessary to follow quality standards according to 

the customer needs and Market requirement. High value quality yarn is produced, if high 

quality yarn with minimum deviation is used. If fluctuation in yarn quality is high then it 

will be difficult for end use [6]. 
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4.1.6 Guide line for Achieving Yarn Quality 

 For producing high quality yarn, there is need of high standard raw material. Hence 70 to 

80 % of basic yarn quality is decided by raw material cotton. There is a direct 

relationship between certain quality characteristics of fiber and yarn. 

 Short fiber content is very important for producing yarn quality; 4 to 5 mm of fiber length 

is lost during processing. Fiber having 12 to 15 mm don’t contribute to strength but only 

the fibers more than this length contributes to produce positive characteristics in the yarn. 

 Fiber length should be more than 28 mm. This fiber length effects on yarn strength and 

yarn uniformity. End breakage also depends upon fiber length. For better yarn quality 

fiber length should be more than 28 mm. 

 Micronaire (fiber fineness) value should be 3.8 to 4.2. If micronaire is coarse, this always 

results in lower strength and lower elongation. 

 Cotton having stickiness should not be used. If cotton is sticky then it is better to reduce 

the percentage of sticky cotton in mixing. For such kind of cotton there is need of low 

humidity and high temperature. 

 Cotton with less contamination should be used. 

Process requirement for Blow room by quality point of view 

 If micronaire value is low, then process parameter of blow room becomes very critical. 

 After blow room process the neps increase in cotton. 

 In case of increasing the neps, the beater speed should be reduced instead of feed roller to 

beater setting. 

 Fiber rupture should be less than 2.5 percent. 

 Blow room setting should be set in such a way that the draft in cards is same for all the 

cards and the variation in feed density is as low as possible. 

 If trash percentage in cotton is less and number of neps in the sliver is more than at this 

stage, reduce the beating point. 3 beating points should be more than enough [6]. 

4.1.7 Defects and Causes 

 Neps formation  

 Curly cotton due to tight gauge 

 Lap clicking [7] 
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4.1.7.1 Causes of neps formation in blow room 

Due to following points neps formation takes place. And this nep formation strongly 

affect the yarn quality 

 Because of  too high or low moisture of cotton 

 Neps formation takes place when there is extremely fine cotton with high trash content 

 Reprocessing of laps and mixing of soft waste cotton, if the reprocessing, this will create 

bad affect of yarn quality. During reprocessing maximum neps are create which are 

difficult to remove in the next stage. So it is needed to avoid reprocessing of laps and soft 

waste cotton  

4.1.7.2 Causes of curly cotton 

Due to following points of curly cotton it should be set the parts of machine in a proper way so 

that following causes does not happen 

 Grid bar is the part of blow room machine which is used for cleaning purpose. Grid bar 

setting are very close to the beater 

 Causes of curly cotton are due to hooked or bent pins in beaters.  

4.1.7.3 Causes of Lap Licking 

Due to the following points lap clicking occurs. Lap is the output of blow room which is used for 

next step such as carding machine. To avoid the lap of licking we use roving ends within the lap 

to act as a layer separation. 

• Soft waste cotton should not use in mixing because it will create problem in the next 

stage. 

• Sticky nature of cotton, so avoid sticky cotton 

4.1.8 Preventive action  

4.1.8.1 Preventive Action for Neps Formation: 

 For avoiding neps formation it is necessary to select the cotton according to moisture 

content in the cotton. In both cases if moisture content is less or more, our process will 

become critical. 
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 As quality of our end product depends upon raw material. If cotton having more trash 

content then it is necessary to increase beating point. And this beating will directly affect 

our neps formation and neps formation will be more. 

 Cotton mixing supervisor should take action that during mixing soft waste and process 

lap not to be mix with fresh mixing. This step is necessary to avoid neps formation. As 

neps formation affect the quality of our yarn. 

4.1.8.2 Preventive action for curly cotton 

 For getting good quality product it is necessary to keep trained staff for maintenance 

point of view. There is a need of technical person who have full grip on their work. They 

should check the setting of machine and to keep machine update to avoid the problems. 

Machine setting must not be wide not so close to avoid curly cotton problem. 

4.1.8.3 Preventive action for lap licking 

 In order to prevent from lap licking it is necessary not to mix soft waste during mixing 

process. 

 Avoid sticky nature cotton as in case sticky nature cotton then as a preventive action 

inside temperature of department is to be controlled. In this case low relative humidity 

and high temperature is needed. 
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4.2 Carding Section 

The second step in the yarn manufacturing process is the carding. The blow room transfers the 

open cotton to this section through a pipe line for further process. Carding is the heart of 

spinning mill and in this section maximum cleaning of cotton is done. In this stage the cotton is 

more opened and separates the fiber individually. In this section the material is collecting in a 

can in the form of rope (the technical word is silver). This section also describes the technical 

point, critical success factor, preventive action and also describes the defects rate which affects 

the yarn quality. 

4.2.1 Objective of Carding 

 To open the flocks and separate the fiber individually 

 Cleaning or elimination of impurities [3] 

 Reduction of neps formation 

 To change the fiber into longitudinal direction or fiber alignment 

 Fiber blending 

 Removal of short fiber. 

 Formation of sliver 

4.2.1 Technical points in Carding 

Feeding of material to the card is done in a two ways 

1) Feed the material in the form of lap. 

2) Feed the material in the form of flock feed system.  Flocks are transported with the help of air 

flow  

4.2.2 Feed the material in the form of lap 

 Lap is the thick form of cotton sheet which is feed to the carding machine. The Linear 

density of the lap is very good and it is easier to maintain uniformity. 

 Lap takes heavier load in taker-in as laps are heavily compressed. 

 After the run out of lap feeding, when new lap is feed during this there is good fiber loss 

 In lap feeding auto- leveler are not required, hence investment and maintenance cost is 

less. 
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4.2.3 Flock feeding 

 High production is achieved by flock feeding system. 

 In flock feeding auto-leveler is used which maintain the uniformity of sheet 

automatically. So investment cost and maintenance cost is more. 

 In flock feeding high performance is achieved in carding due to high degree of openness 

of feeding cotton sheet [3]. 

4.2.4 Importance Points for Quality of Yarn  

Importance of quality in carding department depends upon following points 

 If wires are selected properly then 70% quality will be achieve in carding section. 

 Cylinder speed depends upon micronaire value. If micronaire value is lower than 3.5 the 

cylinder speed should be around 350 rpm. If micronaire is between 3.5 to 4 it can be 

around 450 rpm. And if micronaire is more than 4 than it can be around 500 revolution 

per minute [6]. 

 Grinding of the flat tops should be done once in a three month for better yarn quality. Flat 

tops play a major role in reducing the neps. 

 Licker-in and stationary flats wire should be changed after specific life mention by the 

company for achieving good yarn quality result. 

 Auto leveler setting in the card should be proper. Nominal draft should be correct. 

 Stopping time of the carding machine should be as minimum as possible. 

 In the carding machine 10 meter C.V % of card sliver should be less than 2. 

 Sliver weight difference between cards should not be more than 2.5 %. 

 Trash in sliver should be less than 0.1%. 

 Uniformity ratio of sliver should be same or better than raw material cotton 

 If the quality from a particular card is bad, immediate action to be taken to remove the 

problem. Lower the variation improves the yarn quality. 

4.2.5 Critical Success Factors 

In carding section, critical success factors play a very important role to enhance the 

quality of yarn such as cleaning of material, %age of neps removal, grains (wt.) per yard 

and also CV of output material. 
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4.2.6 Defects in Carding and Causes 

 Causes of high sliver variation 

 Nep formation 

 Holes or patches in card web 

 High sliver variation in due to difference in draft between card 

 Worn clothing and feed roller bearing also create variation in card sliver 

 If auto leveler is not working properly than this will also create high sliver variation. If 

auto leveler is off then check the wrapping of carding after every 30 minutes [10]. 

4.2.6.1 Causes for Neps Formation 

 Insufficient stripping 

 Dirty under casing ( grid bar) 

 Uneven flats setting 

 Under casing chocked with fly ( waste) 

 High roller speed  

4.2.6.2 Causes for Holes or Patches in Card web 

 Poor flat stripping 

 Hooked or damaged wires on flats 

 Damaged cylinder 

 Cluster of cotton embedded on cylinder wires  

Preventive action in carding process 

 In order to avoid sliver variation draft calculation should be correct. Testing of sliver 

must be on time at least 3 times during shift. 

 High sliver variation problem may also be due to maintenance problem. So concentrate 

on maintenance. If our maintenance of machine will be there, then it will get more 

efficiency and better quality will be achieved. If expiry time of some part of the machine 

is there, then on time it must be replaced. 

 Now a days in advance technology the cards, auto leveler are electronic which adjust the 

sliver weight automatically. For getting better result with automatic auto leveler, it is also 

necessary to check sliver weight manually as well. 
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4.2.6.3 Preventive action for nep formation 

 Over hauling of machine must be on time. During over hauling, setting of every part of 

the machine has to be checked. Flat setting play very important role for reducing nep 

formation. So flat setting must not be uneven. 

 Suction waste point should be properly working. This point must not be chocked. If there 

will be chock then neps formation will take place. Suction waste point also to be checked 

manually as well. 

 This problem is also related to maintenance. Over hauling of every machine must be on 

time. Wire of flats and cylinder have specific time limit of production. After that specific 

time limit it must be changed. As these play very important role by quality point of view.   
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4.3 Draw frame section 

After carding process the material is transfer to this section in the form of rope (the technical 

word is silver). The carding rope (silver) is in curly form so for further process to remove this 

curly form, draw frame machine is used. In this section the sliver get more parallel and uniform. 

This chapter also describes the technical point. Critical success factor, preventive action and 

also describes the defects rate which affect the yarn quality. 

4.3.1 Objective  

Following are the main objectives of draw frame section; 

 Parallelization of material 

 To improve evenness by doubling many card sliver 

 To produce uniformity in the material by mixing and blending different card sliver 

 Elimination of short fiber and fine dust by suction 

 To achieve sliver fineness by auto leveler 

 Drafting [4] 

Technical points in draw frame regarding to setting 

 If back roller setting is wider then it disturbs the yarn strength. It also affects yarn 

evenness and increases imperfection (neps 200%, thick +50, thin -50). 

 If pressure increases in back top roller then yarn strength is decreased and breakage rate 

is reduced. 

 If front roller speed is to be keep more wider then it improve the yarn strength 

 Sliver uniformity can be reduced if draft is more but fiber parallelization is improved.  

Critical success factor 

 Auto leveler gauge setting. 

 C.V% of output sliver. 

 Grains per yard  

Factor which affect the yarn quality 

Following are the factors which affects the yarn quality 

 Fiber length 

 Types of drafting 
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 Delivery speed 

 Fiber fineness 

 Auto leveler setting 

 Break draft 

 Total draft [9] 

4.3.2 How Much Importance for Quality? 

Following points are very important regarding to quality in draw frame 

 For improving quality auto leveler is very necessary. Auto levelers fulfill the requirement 

according to need. 

 Draw frame sliver test is very necessary after every ten days. A% (alarm of bad quality) 

should be less than 0.8% 

 1 meter C.V from uster testing machine should be less than 0.6 

 For improvement in quality, top roller buffing (polishing) should be done within a month. 

 After every hour there should be cleaning of top roller. If cleaning will not be there then 

sliver variation will be more. 

 10 meter sliver should be wasted when start the machine after overlapping, because if it is 

used in process then C.V may be increased. 

 Machine setting should be proper otherwise that back creel sliver breakage will increase. 

In this condition sliver piecing will be more. 

 From quality point of view 10 meter sliver should be wasted [6]. 

4.3.3 Causes of draw frame sliver variation 

These are the following point which affects the variation in draw frame 

 Break draft 

 Improper handling of material 

 Over filling of can with material 

 Top roller overlapping 

 Thick piecing of sliver when sliver is break 

 Improper working of auto leveler [8] 
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4.3.4 Preventive action of Frame sliver variation 

 To avoid sliver variation it should be concentrated on break draft. For cotton processing 

break draft is normally from 1.16 to 1.2 because if improper break draft is given, it will 

affect the quality of yarn in the form of thick and thin places. 

 Production department supervisor should cover draw frame material with polythene sheet 

to avoid fine dust otherwise it will create variation in the sliver. Fresh material is to be 

given to the next process, if fresh material not use then it will create variation in the 

sliver. 

 Draw frame material is very sensitive and it must not over fill. In case it compresses the 

material in the can, and it raptures the surface of sliver. So production supervisor should 

be strictly avoiding this. 

 Top roller cleaning is to be done after every 1 hour. In this way variation will be 

decreased in the sliver. 
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4.4 Combing section 

Combing section is used for get high quality in yarn manufacturing process. In this section the 

cotton is comes in the form of lap which is produce in lap former machine. In this section short 

fiber are removed from the cotton sheet and only that fiber which have a long length are used for 

getting high quality yarn. The output of combing is also in the form of sliver which is more 

parallel and smooth. In this section, describes of objectives, technical point, critical success 

factors, preventive action and defects of section which affects the quality of yarn.  

4.4.1 Objective 

The main objectives of the comber process are given below. 

 Elimination or removal of short fiber  

 Removal of impurities and fine dust from the cotton 

 To make the fiber more parallel and straightens [11]. 

4.4.2 Importance of combing process by quality point of view 

  Combing process is use for upgrading of the raw material. It influences the quality of yarn. 

Quality of yarn is affected by following main reasons 

 Yarn evenness 

 Smoothness 

 Cleanness 

 Strength 

  Visual appearance 

The point which is discussed above is used for improving the strength of the yarn. Less twist 

is needed in this case because short fiber is removed here and fiber only having long length 

remains.  

     These are following points which are very important for quality point of view 

 As much lap weight will be more then quality according to that will be lower. It depends 

upon comber type and fiber fineness. 
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 If micronaire will be fine, lap weight can be reduced to improve combing efficiency. If 

micronaire will be coarse then lap weight will be increase. 

 If draft will be less then fiber parallization will be less and there will be more chances of 

loss of fiber.  

 Top comb condition should be good. If damage top comb will be used then it will badly 

affect of yarn quality. Top comb is very important by quality point of view.  

 If cotton with low maturity is used then removal of short fiber is very necessary to avoid 

dying problem [6]. 

4.4.3 Critical success factors 

Following are critical success factors for combing process which affect the yarn quality.  

 Noil percentage ( short fiber %age) 

 Top comb penetration 

 The number of needle in top corn 

 Total draft between carding and combing action 

 Short fiber content in material  

 Fiber fineness 

4.4.4 Defects and causes in combing 

 Lap wt. variation 

 Number of piecing in comber 

 Brush cleaning problem 

4.4.4.1 Preventive action for lap licking 

This fault is due to raw material properties such as micronaire, if micronaire value is less 

than 3.8 then lap lacking tendency will be more.  Preventive action for such problem, it is 

necessary to concentrate on total draft between card and comber. This draft should be as 

low as possible that should be around 8.5. 

4.4.4.2 Preventive action for Number of piecing in comber 

Piecing is a periodic variation.  The amplitude of this fault should be as low as possible. 

Following affects this fault 
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 Detaching roller timing 

 Arranging this fault before entering to draft zone as this fault cancel each other.  

Now we will discuss about preventive action according to number of piecing in comber. 

As number of piecing in comber will be less then it will give us good quality of yarn.  

 It is necessary for supervisor that he strictly guides to the worker that how much piecing 

is important regarding to improvement of quality. 
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4.5 Roving frame section  

The input of roving frame is silver that comes from draw frame section where only parallel of 

comber sliver. In roving section reduce the linear density of draw frame silver by drafting. After 

reducing the linear density the silver is transfer into roving (a thin form of rope). This is first 

stage where twist is inserted for making a yarn in spinning mill. The output of this section is 

roving which is wind on a bobbin and this is suitable for further process. Here in this section 

describes a clear view of roving section objectives and technical point, critical success factor, 

preventive action and defects in the section. 

4.5.1 Objectives  

The main objective of roving frame are given below 

 Drafting the draw frame sliver into roving. 

 To insert the twist into the roving 

 Winding the twisting roving on bobbin [12] 

4.5.2 Drafting 

In roving frame two drafting frame are used.  

 In 4 over 4 drafting system, total draft should be 13 and in 3 over 3 drafting system the 

total draft should not be more then 11. 

  3 over 3 drafting system is better in that case when there is good fiber length 

4.5.3 Twisting 

It is very important factor which produces strength in the roving and twist is inserted 

with the help of flyer. When flyer rotates, the twist is produce in the sliver.  Twist level 

depends upon flyer speed and delivery speed.  

4.5.4 Winding 

For winding purpose we used builder motion. Important task of winding are 

  Shift the cone belt corresponding to increase in the bobbin diameter 

 Reverse the direction of movement of bobbin rail at the upper and lower ends of the lift 

stroke. 
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4.5.5 How Much Important for Quality? 

The following are the main point regarding to quality in Roving machine. 

 From quality point of view the break draft should be around 1.18 to 1.24. But break draft 

depends upon the drafting system and total draft. 

 Buffing should be on time and fter 20 days there should be buffing. If buffing is not done 

on time then it will create problem in the yarn such as thick and thin places. 

 Spacer (distance strip) color also affects the quality of yarn. We should change the color 

according to roving count. 

 Bottom and top apron also affect on quality in the form of thick and thin places produce. 

 Density of roving bobbin should be same as in this case if variation will be there then 

count C.V will increases [6]. 

4.5.6 Critical Factors Affecting Roving Strength 

Critical factors affecting roving strength are given below 

 The amount of twist and compactness of the roving. 

 Linear density and uniformity of the twist 

 CV% of roving [13]. 

4.5.7 Defects and causes in roving  

Following are the defects and causes in roving 

 Roving tension 

 Improper handling of material 

 Improper piecing in roving  

 Roving breakage 

4.5.7.1 Preventive action for roving tension 

 Roving tension is directly related to machine. The roving tension depends upon delivery 

rate and the difference between flyer speed and bobbin. For preventive action we should 

keep the delivery length and the speed difference constant then the tension in this case 

will be ideal. 
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4.5.7.2 Preventive action for improper handling of material 

 Roving material is very sensitive regarding to quality point of view. It is necessary to take 

care of material. The material should be handled in such a way that fine dust must not 

affect the material. It must be avoided touching because of its sensitivity. Fresh material 

should be used for next process. This material should not be keep for long time. If it will 

be kept for long time then it will create variation. C.V% increases if material is not used  

 Supervisor must treat its worker in a proper way so that handling of material should be 

according to policy of mill.  

4.5.7.3 Preventive action for improper piecing in roving  

 Supervisor should train his workers in a proper way. If end breakage is disturbed then its 

treatment should be proper. If piecing will not be proper then it will affect the next 

process.  

4.5.7.4 Preventive action for roving breakage 

 This problem is caused due to maintenance problem. Maintenance required machine 

stoppage but it is against the production. To enhance the quality of product, the machine 

maintenance is the chief requirement. For the proper solution of roving breakage, speed 

of machine, trained operator and proper management should be must otherwise it create 

sever problems in ring section. 
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Figure 12: Drafting System. Source: 
ww.rieter.com 

 

4.6 Ring Spinning Section 

The input of ring frame is roving which comes from roving section this is final stage where yarn 

is make. Here in this section need more drafting to reduce the liner density of roving and more 

twist to make a yarn. The output of ring frame is yarn which is wound on a ring bobbin which is 

used for next winding process. Here also describes the clear view of ring frame objective, 

technical points, preventive action and defects which affect the yarn quality. 

4.6.1 Function of Ring Process 

There is a different function of Ring Spinning process in which roving is converted into yarn 

through passing different zone like drafting, twisting and winding zone. There are three 

important zone of Ring processes below here. 

1- Drafting Zone 

2- Twisting Zone 

3- Winding Zone 

4.6.1.1 Drafting Zone 

Drafting is the first zone of ring process and is very important part of machine and mostly effects 

on the evenness and strength of yarn. In quality point of view, there are many points which are 

related to the quality of drafting system. 

o Type of the draft 

o Selection of drafting parts like apron, rubber cots 

o Range of draft 

o Draft designing and setting 

o Service and maintenance 

o Type of perforated drum 

4.6.1.2 Twisting Zone 

It is the second zone and is also very important part of 

Ring machine in which the strands of fiber are converted 

into a yarn by the twist inserted. The strength of yarn is 

depend upon the amount of twist which are given in twisting zone and it is most important than 

other zone due to required strength of yarn. 
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Figure 13: Twisting zone. Source: 

www.rieter.com 

 

There are some very important points related to twisting zone below here, 

1- Material and type of traveler 

2- Wear resistance  

3- Lubrication of fiber 

4- Smooth running 

5- Speed of traveler  

These above points are very important in yarn quality point of view; otherwise these cause very 

negative effects and increase the defects in the yarn quality. 

4.6.1.3 Winding Zone 

This is the last section of ring machine in which yarn is wound on the plastic bobbin by the up 

and down movement of ring rail which is linked to a small 

motor. It is also very important because the setting of ring 

rail makes coils of yarn on bobbin in such a way that the 

Z-twist is not open during winding process. 

Some points are very important during winding process 

1- Ring rail speed setting 

2- Bobbin material 

3- No. of coils per inch 

4.6.2 Ring Spinning Effects on Quality 

Ring spinning is the first stage of post spinning in which 

yarn produced from the roving installed on the hanger on the ring machine. Ring process is the 

heart of textile plant and there is lot of factors effect on the yarn quality. 

1- Speed of machine makes a major role on the yarn quality, as the speed increase of ring 

machine, the imperfection (Neps 200%, Thick +50, Thin -50) of yarn increase. 

2- Hairiness is also affected in ring production process and mainly produced by the 

movement of burnt traveler and high speed of machine. 
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3- CV of count is also very important and ring spinning process is the last stage of process 

where we can reduce the CV of yarn count. 

4- Imperfection of yarn count in quality point of view is so important that every customer 

required this quality standard, that imperfection should be minimum as possible. 

5- Ring spinning process also effects on twist variation during manufacturing of yarn. It 

causes major problems during working in next process. 

 4.6.3 Problems in Ring Process 

Ring spinning process is a very critical process in the whole plant and it has also the direct 

relation to production of plant. It’s difficult to manage it and lot of problems occurs during 

process. Following are some production, mechanical and electric problems here. 

o Most of operators don’t know about how to handle the machine. 

o Due to lack of training of employees, they can create problems when they work in the 

department like problems of material handling, wrong traveler and bobbin color. 

o Ends down is the major problems in ring machine and it cause an efficiency and 

production loss. 

o Due to lack of training of maintenance staff, mechanical fault is creating a problem and 

loss of mechanical parts, efficiency and production of plant. 

o Improper maintenance is also creating problems related to maintenance and electric fault 

during running of machine. 

o Electric problems are also occurred due to lack of electric staff and they are unable to 

take corrective and preventive action against any fault. 

o Some faults are occurred due to manufacturer of machine like software problem, 

communication problem and load capacity problems. 

4.6.4 Critical Success Factors 

In ring spinning process, there are some critical success factors which directly effect on yarn 

quality and profitability of the plant. 
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4.6.4.1 Strength of Yarn 

If there is need to reduce the defects and improve quality of yarn, strength of yarn is so important 

that without it we can’t take best results in the next process. Strength of yarn depends on twist of 

yarn, as the twist increases the strength is also increases up to a certain limit. 

4.6.4.2 CV of Yarn 

From customer’s point of view, CV of count is very important and it’s difficult to achieve and 

maintain in the ring spinning process. CV of yarn is the variation of different parameters like, 

strength, count etc. 
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4.7 Winding Process 

The cop who is prepared in the ring frame is not suitable for further process. So the yarn is 

converted into the shape of cone which is prepared in the winding. Practical experience shows 

that winding process alters the yarn structure. The factors which affect the yarn structure during 

winding are bobbin geometry, bobbin unwinding behavior, binding speed. This phenomenon 

does not affect the evenness of the yarn but it affects the properties of the yarn such as thick 

places, thin places, neps, and hairiness.  

For better understanding of process, following are the main operations of winding section; 

4.7.1 Objectives of winding  

 Elimination of disturbing yarn fault such as long thick places, long thin places, short thin 

places and short thick places. 

 To get the continuous length of yarn on cones for weaving process. 

 To wax the yarn during the winding process. 

 To get high efficiency of machine, that is high production level [14]. 

 4.7.2 How Much Importance for Quality? 

Following point should be considered for quality point of view 

 Winding speed should be 1200 meter per minute for getting good quality. 

 For getting good quality, yarn fault clearers device setting should be as close as possible 

in order to eliminate the disturbing yarn faults. 

 In order to get good quality of yarn count channel setting should be less than 7%. 

 Cone which we prepare for weaving purpose should have minimum fault for getting good 

quality, especially long thin places and long thick places. 

 For getting good quality yarn, splice strength must be 75% more than of the yarn 

strength. 

 Splice appearance should be good. Splice device should be checked twice in a week.  

 To get better efficiency cone weight should be 1.8 to 2.4  

 Yarn winding tension must not be high during winding. If we will keep it high then 

tensile properties will be affected such as elongation and tenacity 
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Figure 14: Yarn faults. Source: www.uster.com 

 If waxing attachment is below the clearers, the clearers should be clean at least once in a 

day. 

 Wax roller should rotate properly [6]. 

4.7.3 Yarn faults and clearing 

It is not possible that the yarn which produces is without faults because of different 

reasons. Stickiness of cotton can contribute to the formation of thick and thin places. Fly 

in the ring department is also one of the main reasons for short faults in the yarn. Because 

of the fly get spun into the yarn. 

Hence it is not possible to have fault 

free yarn from ring spinning. So it is 

necessary to have yarn monitoring 

system in the last production process 

in the spinning mill. [14] 

 

 

4.7.4 Yarn clearing concept of Uster Quantum clearer 

Yarn fault is divided into different classes according to their length and cross sectional size. The 

yarn fault length is measure in centimeters and cross sectional size is measured in percentage. 

The classes and there limits are set as below points.  

 Short thick places fault contains 16 classes with the limits 0.1 to 8 cm for the length and 

the cross sectional size are +100% to +400%. The classes are indicating A1 to D4.  

 Spinners’ doubles fault lies in E class fault, whose length is over 8 cm and cross sectional 

size is over step to +100. 

 Long thick places fault and thick ends fault have four classes. Yarn fault length is refer to 

be 8 cm to 38 cm and cross sectional size is -30%, -45% and -75%. The classes are 

designated H1, H2 and I1 and I2. 
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Figure 15: Yarn fault classes. Source: www.uster.com 

 

N means Neps 

S means short fault 

L mean long fault 

CCP mean coarse count 

CCM means fine count 

[14] 
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4.8 Implementation of DMAIC tool in Winding Department 

For the implementation of DMAIC methodology in one of the departments which is so critical, 

winding department is one of them which cause direct effects on the quality and yield loss for the 

manufacturing of yarn product. For this purpose data of winding department is necessary for 

understanding the problems that’s why it has decided to take the actual data of winding 

departments from textile plant. Dewan Textile Mill is one of plant from which the data has been 

collected of winding department and implements DMAIC methodology. 

4.8.1 Justification for the selection of winding section  
During production of different processes in the yarn manufacturing process, there are failures at 

many stages. All such failures are recorded in the manufacturing plant. Defects rate of all the 

process involved is summarized below. It was observed that worst defects % is at winding stage. 

Si it was decided to implement DMAIC tool in this process to eliminate a large variation in it. 

Winding section is a very critical department in yarn manufacturing process. In this department 

there are a lot of chances of defects opportunities in the final yarn. It is the last section of 

manufacturing process where defects can be minimized or eliminated. First of all it’s better to 

understanding the winding process in details. 

 4.8.2 Understanding of winding process 
After manufacturing of yarn from deferent departments in the preparatory process and ring 

department it is ready to make a shape into final cone form so that it can be shipped to customer 

for use. During winding process of yarn following objectives are met. 

 Scanning and faults removing  

Electric Scanners (uster) is used for checking and elimination of yarn faults during winding 

process. This process is called Usterization of yarn. Such faults are called scan-cuts.  

 Splicing of broken or cut yarn 

Auto splicing is done for broken yarn pieces to eliminate yarn knots and bad piecing.  

  Bigger package Conversion of yarn from small ring bobbins to bigger yarn cones of 

different international standard or as per requirement of customer.  

During achieving above objectives or making of winding cones some faults are created during 

the process. These faults need to be controlled through monitoring and continuous study. Most of 

the winding faults are very dangerous for the next subsequent process which can be warping or 
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Figure 16: Package formation of yarn. Source: 

www.Saviospa.it 

knitting or doubling. We can face complains from customer of breakage of yarn during 

unwinding process.  

To be saving from such complains form customer faulty winding fault cones are separated during 

inspection by inspectors. Following three decisions are taken at this stage. 

  

o Use as it is: 

Only in case when fault is of some minor category, and 

there is no risk of next process failure during 

unwinding. Decision is only taken by some senior 

person of quality. 

 

o Rewind: 

 Some faults can be removed after rewinding. But 

rewinding itself is costly affair and quality of cones 

also detritus after reprocessing.  

o Degraded as B grade: 

If fault is of such nature that rewinding can’t remove that fault and doubt for customer complains 

then such cones are downgraded to lower grade. Degrading cones in to lower grade is again 

financial loss to the company.     

             . 

There are five different phases here in which high light the problems of winding defects by the 

help of different tools. 

 

4.8.3 Define Phase 
In this phase, define the process at different angles with the help of tools like Pareto chart, XY 

matrix and cause and effect diagram. First of all there is a comparison of rejection rate of 

different departments given below. 

 

 



 
53 

 

4.8.3.1 Rate of Rejection of Departments 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Area Defects Production Defects % DPMO  Sigma level 

B Grade 5303 4684800 0.11 1132 4.5 

Final 

Inspection 

0 4684800 0.00 0 6 

Packing  1227 4684800 0.03 262 4.97 

Doubling 494 494700 0.10 999 4.59 

Winding  49752 4684800 1.06 10620 3.81 

Ring 4852 4684800 0.10 1036 4.58 

Simplex 14795 4684800 0.32 3158 4.54 

Can & Lap 2660 4684800 0.06 568 4.76 

      

      

 

Figure 17: Defects %age of Departments. Source: Data of Dewan Textile  
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4.8.3.2 SIPOC Diagram 
As it is decided to work and analysis the defects in winding section, following SIPOC diagram is 

used to understanding the clear relationship between customer and supplier relationship.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplier Input Process Output Customer 

Roving 

Department 

Roving Bobbin Spinning Ring Yarn Bobbin Preparatory of 

Winding Machine 

Preparatory of 

Winding Machine 

Ring Yarn Bobbin End Finder Bobbin with end at 

top 

Winding Spindle 

Winding Spindle Bobbin With end 

at top 

Winding Wound cone Auto doffer 

Auto doffer Wound cone Auto doffing Doffed Cone Inspection 

Department 

Inspection 

Department 

Doffed Cone Inspection Inspected Cone Packing 

Inspection 

Department 

Inspected Cone Pallet Formation Cone on Pallet Packing 

Packing Cone on Pallet Steaming Steamed Cone  Packing 

Packing Steamed Cone  Repacking & 

Inspection 

Packed Cone on 

Pallet 

Packing and Quality 

Control 

Packing Packed Cone on 

Pallet 

Shrink Wrapping Packed Pallets Logistic, Quality 

Control 

Logistic Packed Pallets Yarn Storage Ready for Storage Marketing, Quality 

Control 

Logistic Stored Yarn Final Inspection Pass Pallets Marketing, 

Customer 

Logistic, 

Marketing 

Pass Pallets Delivery to 

customer 

Delivered Pallets Customer 

Figure18: SIPOC diagram. Source:  Data of Dewan Textile 
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Figure19: Bar graph of winding defects. Source: Data of Dewan textile 
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4.8.3.3 Winding Defects 
There are many defects which are produced in winding section and show them in bar graph here. 

 

 

 

 

 

 

 

 

 

4.8.4 Measure Phase 
Measure the performance of the process by collecting the data and also write down the 

importance of different critical defects regarding to customer value. In this phase there is 

different data analysis here 

o Cause and Effect Analysis 

o Data Collection Plan 

o Measuring current base line 

o MSA 

o Process Capability 

 

 

         

 

Figure20: Stitch defects. Source: Picture from 

process (Dewan Textile) 
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4.8.4.1 Cause & Effect Analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Ranking Scale 1 ~ 9 (1 being lowest and 9 being Highest) 

 

 

      1 2 3 4 5 6 7 8   

  Rating of Importance to Customer 10 6 6 1 8 8 9 7   
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  Process Step Process Input                 Total 

1 Winding 

Machine 

Guide 9 9 1 3 3 3 3 1 235 

    Gas kit 9 9 1 1 1 3 3 1 217 

    Disk 9 9 1 1 3 3 3 1 233 

2 Personals Cradle Gauge 9 9 1 3 9 3 3 1 283 

    Suction Mouth Gauge 9 9 1 9 9 6 6 1 340 

    Over hauling 3 3 3 6 1 1 1 3 118 

    Inspection 9 9 1 6 9 9 9 1 388 

3 Material Scan cuts 9 9 9 9 9 9 3 6 420 

4 Environment Temperature 3 3 3 6 3 3 3 3 168 

    Humidity 3 3 3 3 1 1 1 1 101 

5 Product Plan Yarn Type 3 3 3 3 1 1 1 1 101 

    Count 6 6 6 6 1 1 1 3 184 

    Speed 9 9 6 9 9 6 6 6 405 

    Machine Change 3 3 1 3 3 1 1 1 105 

Total 930 558 240 68 496 400 396 210   
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4.8.4.2 Data Collection 
There is different way where the data collect of the yarn manufacturing process. Following are the 

different types of data which is collected from different source. 

For identify the problem of cross stitch, there is data collected here. 

o The system in a manufacturing plant is to collect a lot of data from department is already 

established. 

o Date and month, Yarn type, Operator and his experience, yarn count, Shift, production, Machine 

type and machine number, our hauling, scan cuts, Speed of machine, Temperature and 

humidity. 

o Responsibilities of person is shown in data to highlight the clear understanding regarding to 

process data and also take a data collection source like production and maintenance rejection 

report. 

4.8.4.3 Measurement System Analysis 
It is an especially design experiment to indentify the variation in the measuring components. A 

measurement system analysis considers the following things related to the process. 

o Selection of correct measurement system and approach 

o Capability and assessing the measuring device 

o Assessing of operators and procedures implement in a process 

o Calculating the uncertainty in the measurement   

4.8.4.4 MSA for Defective Yarn cones 
At winding section, inspection of yarn cone is done manually and conducts a MSA of attribute 

data. 

Sample Selection 

Sample Size = 50 cones  

Pass cones = 20  

Fail Cones = 20  

Borderline cones = 10  

Number of operators=3  
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Number of trials / operator = 2  

Overall %age appraiser = 82 % 

Overall %age attribute= 76 % 

4.8.4.5 Conclusion 
o Appraiser %age of this sample selection shows that it should be needed to retrain the 

inspectors to reduce the error. 

o Attribute %age of this sample shows that it should be needed to improve the existing 

system and redefine the defects parameters of winding section. 
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Figure21: Bar graph of shifts data. Source: Data of Dewan textile  

4.8.5 Analysis Phase  
Analysis the root causes of the process whether it can be improved or redesigned the process. 

There are different parameters involve in this phase which are given below. 

o Process Analysis 

o Regression analysis 

o Design of Experiment 

o Present FMEA 

To further understand defect Stitch following studies and charts were produced to analyze this 

problem from different angles. 

4.8.5.1 Effect of over hauling, 

product change and shift on 

Stitch defect 
Data shows that Evening shift has more 

defects as compared to morning and night 

shift. The night shift has minimum defects 

during manufacturing process. 

.  

 By deeply analyzing this problem, 

whenever change the product at machine 

or run the machine after overhauling 

chances of Stitch defects increases in first 

shift. Up till second shift things get 

normalized 

 

All overhauling is done mostly in 

morning shift by the maintenance team 

and restart the machine in evening shift. 

The same case with product change case, 

mostly product change in morning and 

evening shift .Top management are absent 

in night shift and all extra are avoided in 

night time 
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Figure22: Defects in yarn count. Source: Data of Dewan textile 

Figure21: Defects in yarn type. Source: Data of Dewan textile 

4.8.5.2 Effect of Yarn type on defect Stitch 
In yarn type, there are three types of yarn 

in relation to its end use. 

o Weaving Yarn 

o Knitting Yarn 

o Stretch Yarn (Lycra Yarn) 

 

 

 

According to different type of yarn, it is 

clear that the weaving yarn has more 

defect Stitch and then comes Knitting and 

Lycra yarn. 

                                                                                                          

Data shows that the fine count like 100s 

has high defects rate than the course count 

like 26s. As the count is going from fine 

to course, the defects rate goes down.  

 

The same case in knitting yarn, knitting 

yarn of fine count has high defects rate 

than course counts and it is gradually 

decreases from 40s to 26s count.                                                          

 

In lycra yarn, the same situation is also 

here but little bit difference because of 

lycra %age of different yarn as per 

customer requirement.  
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4.8.5.3 Conclusion 
In all types of yarn Weaving, Knitting and Lycra have more defects percentage in finer and 

lower as it goes towards course count. It is due to the finer count cone has more stay time on 

machine as compared to course counts. So opportunities of having stitch defects in finer counts 

cone is more as compared to courser counts cone. Whenever machine stopped for readjustment, 

overhauling and restarted it, then coming shift is critical to stitch defects. 

4.8.6 Improve Phase 
The improvement of process is calculated by the help of Design of Experiment. In order to improve the 

process, some settings are change which are the sever effect on the defects of final product. 

In this normal plot, some significant factors are shown which causes major effects on the defects on the 

product in the winding process. 

1- Scan cuts 

2- Speed of winding machine 

3- Disk of machine 

4- Suction mouth gauge 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Figure23: Normal plot of DoE.  Source: Data of Dewan textile 



 
62 

 

Figure24: X bar-R chart. Source: Data of Dewan textile 

4.8.6.1 Parameters  
                          Goal              Lower         Target        Upper        Weight        Import  

Defects Minimum                   0.17             0.17             0.3               1                   1  

Global Solution  

Scan.Cuts             =  37  

Speed                   =  700  

Disk                      =  1 (Good)                                                                      

Guage                  = -1 (< 6mm)  

 

Setting D-Value        Scan. Cut           Speed             Disk               Gauge  

Initial        1.0                37.00                700.00            Good              < 6mm  

Optimal    1.0               37.00                700.00             Good              < 6mm  

1                 1.0               40.2089           700.00             Good              < 6mm  

4.8.6.2 Conclusion 

Speed is already slow so no big influence on defect. Scan-Cuts and Disk life are most important 

factors. They need to be controlled to achieve optimum results best Scan-Cuts are below 40. 

Condition of Disk should be good always and the suction mouth gauge should be less then 6 mm 

4.8.7 Control Phase 
In control phase, the process will be check by applying the control charts whether it is control or 

not. Variation of whole process should be in control limits for control process. 

4.8.7.1 SPC 
Statistical process control is used 

to monitoring the consistency of 

process and makes the process is 

under control.  

Data of defects %age shows that 

the process is under control and 

there is not any point in this 

graph which is out of control 

limits. 
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4.8.7.2 Design the speed limits 
Speed of different yarn count on winding machine should be designed in different standard. The 

training of operators should also conduct for the understanding of speed limits of different 

product. 

4.8.7.3 Inspection procedure 
Inspection procedure of maintenance department improved and checking of suction mouth gauge 

and tension disk on daily basis and make the part of daily checking sheet form. 

4.7.7.4 MSA after inspector training 
For the improvement of measurement system analysis following steps have been taken. 

o After categorization the stitch fault in the cone, it is included in the SOP as it was a great 

confusion among operators to detect a stitch cone fault. 

o All operators were trained according to the new portion of SOP. 

After one month training of operators according to new portion of SOP, Measurement system 

analysis was conducted of attribute data.  

Sample Selection 

Total Sample size = 50 cones 

Pass cones  =  22 

Fail cones  =  22 

Borderlines cones  =  6 

No of Operators  =  3  

No of trials/ operator = 2 

Overall appraiser %age = 94% 

Overall attribute %age  = 90% 
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5 Discuss results 

In our thesis, we have achieved a lot of results regarding to process problems during 

manufacturing of yarn in different departments. First we have discussed all problems that can 

occur in the process, then at the same time we have also gave a preventive action for those 

problems. We have also highlighted the critical success factors of every department that can 

cause more dangerous in quality point of view and improvement of process. The main thing in 

our thesis is to reduce the defects rate and also reduce fault opportunities in the final yarn; we 

have worked in every department to reduce these opportunities and gave a solution in the form of 

preventive action. As in Six Sigma methodology, if we decrease the opportunities in the final 

product then we can increase the Sigma value which shows that the process improvement. We 

have also applied a basic tool of Six Sigma like DMAIC in our thesis in which highlighted the 

different phases of tool with respect to process behavior and importance in the manufacturing of 

yarn. Winding department where we have applied DMAIC tool is critical as compared to other 

departments in the process as it cause an increase defects rate percentage in the final product of 

yarn. In winding department, there is an Auto cone machine which winds the yarn on the cone 

and makes a final package for the end customers. It’s better to implement DMAIC tool to 

eliminate or reduce the defects at the last section of the department. After this section, we can’t 

improve the quality or reduce the defects in the final product. 

6 Conclusion and recommendation for further studies 

After the participation and share knowledge from our three applicants, the conclusion of our 

thesis is to highlight the issues in the manufacturing process. It is a good experience for us and 

gained a technical knowledge from it. Actually the report which we have written is the mixture 

of analysis and our practical experience and in this technical and advanced world, it is necessary 

to work in a systemic way and try to improve financial condition of the organization. We have 

also implemented DMAIC tool in our report to highlight the clear understanding about the 

problems and importance of critical success factors to the quality of final yarn product. 

In our opinion, the thesis which we have written is very useful for yarn manufacturing plant. In 

textile industry, especially in yarn manufacturing plant (Spinning Plant) there are eleven big 

departments and it’s difficult to achieve the objectives in every department without implement of 
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suitable system in the process. As our practical experience in yarn manufacturing plant, it is very 

necessary to reduce or eliminate the defects in ever department to achieve the required 

specification of customers in the final yarn end product. For capture market in these days and 

from customer’s requirements, product should have a good product of quality and service. 
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