
ABSTRACT 

SHIM, WOO SUB. A Diagnostic Expert System for the Coloration of Polyester 
Materials. (Under the supervision of Dr. Renzo Shamey and Dr. Jeffrey A. Joines). 
 

 The resolution of textile related problems across the globe necessitates 

collaboration amongst interdisciplinary teams of experts where it must be recognized 

that the perturbation of one part would affect many others. Resolution of problems in 

the coloration industry, for instance, can be very time consuming and highly 

challenging as the process is influenced by a large number of, often, interactive 

variables. In addition, there is a growing realization that the complex problems faced 

by the industry go beyond the abilities of local individual experts, and that there is a 

diminishing expertise base to address various challenges. The utilization of a field of 

artificial intelligence known as expert systems can help address many of the 

problems in the textile industry more effectively, and economically.  

 Thus the purpose of this study was to develop a knowledge-based diagnostic 

expert system (ES) to troubleshoot issues in the coloration of polyester materials as 

the most widely used synthetic fiber. This was accomplished in four stages: selection 

of a suitable ES development tool, knowledge acquisition, design and development 

of appropriate modules and finally testing and evaluation of the system. A Windows 

based version of C Language Integrated Production System (wxfuzzyCLIPS: ver. 

1.64) was selected as the development shell. A review of the most commonly 

occurring problems in the dyeing of polyester in the forms of yarn, knitted and woven 

fabric with various classes of disperse dyes and employing different dyeing methods 



and machines was carried out. In addition over fifty coloration experts  from several 

countries were contacted and asked to participate in an electronic technical survey 

of which fourteen coloration experts (with a range of industrial and/or academic 

experience from 6 to 45 years) responded. Additionally, the knowledge reported in 

the literature was incorporated into this database. After the knowledge base of the 

system was developed, it was verified, validated and evaluated using human experts 

as well as case studies. The validation and verification process involved debugging, 

testing and evaluation of various modules. Assessments were based on the 

comparative performance of human experts and the expert system through several 

faulty dyed samples. The system should be ideally tested in an industrial setting to 

ensure a satisfactory performance is achieved as verified by several human experts. 

The results of testing and evaluation demonstrated good performance of the system 

when compared to human experts. This system is a powerful tool to diagnose issues 

related to the coloration of polyester, which can save time, energy and reduce the 

environmental impact of the sector. It can also be used as a training tool for novice 

and practical dyers and a decision making aid for seasoned experts as well as 

management personnel.  
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1 INTRODUCTION 

1.1 THE MOTIVATION OF THE RESEARCH 
  

The color and textile industry, like most industries with a long existence, has 

experienced many technologies advances which have brought about improvements 

to quality and productivity. Control technology is concerned with regulating the state 

of control of productivity and quality of a process. The development of an electronic 

decision support system requires the combined efforts of experts from many fields of 

textiles, and must be developed with the cooperation of the manufacturers who use 

them. Expert tends to be trained in rather narrow domains and is best at solving 

problems within that domain. However, there is a growing realization that the 

complex problems faced by manufacturers go beyond the abilities of individual 

experts. Interdisciplinary teams of experts must work in unison to formulate solutions 

to faulty textile products problems. Textile must be viewed as a system of interacting 

parts where the perturbation of one part affects many others [1-3].  

 With limited personnel resources for problem solving, interest has been 

aroused in a filed of artificial intelligence called expert system. In textiles, expert 

systems are capable of integrating the perspectives of individual disciplines (e.g. 

pretreatment, dyeing, and finishing) into a framework that best addresses the type of 

a decision-making required of modern textiles. Expert systems can be one of the 

most useful tools for accomplishing the task of providing growers with the day-to-day, 
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integrated decision support needed to grow their textile products [4,5]. 

In production context of developed countries, introduction of automation and 

information technology is increasingly taking place in many production stages. 

Therefore, the extremely dynamic and innovative color and textile firms employing 

the latest technologies and well-paid professionals with artificial intelligent technique 

have emerged and concentrated in specialized districts.  Especially, the coloration 

process will be systematically characterized by a large number of variables, and the 

effects of each upon the final outcome of the process will be identified and 

embedded in a computerized diagnostic expert system. We built a systematic 

knowledge base from individual experts from many sources, e.g. machinery 

designers and manufacturers, dyestuff manufacturers, practical dyers, academic 

researchers, chemical researchers, fiber manufacturers, and apparel manufacturers. 

The outcome will be a powerful and comprehensive knowledge base that will be 

rapidly searchable to identify causes and remedies for problem that arise in the 

coloration process [6-8].  

 This proposal will directly lead to assisting the color and textile industry by 

providing and additional/alternative means of accessing high quality cost effective 

coloration expertise which shall no longer be limited to the rapidly shrinking reserve. 

This is a significant issue now and will only increase in importance over the years. In 

addition, overall costs and problems leading to the re-coloration of faulty dyed 

samples will be minimized which can lead to large reductions in lead times of the 

textile supply chain. 
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 The overall motivation of this research is to develop a diagnostic expert 

system for dyeing of polyester. This will lead to a reduction in costs and delivery as 

well as environmentally friendly benefits, by minimizing the future occurrence of 

faults during the coloration process and by systematically identifying remedies for 

non-complying production lots. Besides, as this expert system can be used as a 

training tool, understanding the underlying parameters that influence the outcome of 

the coloration process by providing a simple, user friendly and accessible expertise 

program can substantially reduce the occurrence of problems in the coloration sector 

and thus provide a more efficient environment for the sustainable production of high 

quality products in the near the future. 

 

1.2 THE OBJECTIVES OF THE RESEARCH 
 

The main objective of this research is to develop a knowledge-based diagnostic 

expert system for troubleshooting problems in the dyeing of polyester. This will be 

achieved through collection of a significant amount of information from several 

sectors of the industry, including dye manufacturers, machinery manufacturers, 

theoretical and practical dyers as well as utilizing the knowledge already reported in 

the literatures. Dyeing process involves many variables and the task is sensitive to 

minor variations in dye application. The process of troubleshooting, specifically in 

textile dyeing, has been traditionally carried out by human experts or specialists 
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where a best estimate, possible through a process of elimination, requires answers 

to a series of questions and/or actual laboratory tests. Although some of the defects 

can be analyzed by the practical dyers, in many cases, the defects can be analyzed 

only by a special textile laboratory setup for this purpose, with qualified personnel 

and special equipment. Expert systems can increase production, improve quality, 

and reduce costs in the color and textile industry. The use of expert system 

exhibiting artificial intelligence is a relatively new technology in attempt to provide a 

systematic, as well as diagnostic approach for the dyeing process [9-12]. 

 A window based version of CLISP, C Language Integrated Production System, 

developed by National Aeronautics and Space Administration (NASA), will be used 

to create a user friendly platform as an interface with the operator. Dr. Renzo 

Shamey has developed a prototype modular dyeing expert system, DEXPERT, for 

the dyeing of cotton at Heriot-Watt University in 2004. The advantage of a modular 

approach is that a large problem can be broken down into manageable sub-

problems/modules. In this research, a new module for the dyeing of polyester in the 

yarn, and fabric (knitted and woven) forms developed. In addition to reducing costs 

and delivery time, this will lead to increased environmentally benefits, by minimizing 

the future occurrence of faults during the coloration process and by systematically 

identifying remedies for non-complying production lots [13]. 

 This research accomplished in the following four stages; knowledge 

acquisition, selection of appropriate tools and techniques, design and development, 

testing and evaluation. First of all, we showed a review of the most commonly faced 
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problems in the dyeing of polyester in the yarn, knitted and woven fabric forms with 

various dyes and dyeing methods. Secondly, we started with a development of an 

expert system module by using the wxfuzzyCLIPS version 1.64 and an outline of the 

various stages in the system development cycle. It gave a detailed description of 

various modules of the expert system, which include; dyeing of woven and knitted 

fabric, yarn dyeing, poor reproducibility, and associated dyeing methods as well as 

recommendations. Lastly, we checked the knowledge base of the system validation 

against hypothetical test cases, validation by case studies and validation against 

human experts. Evaluators were asked to rate our expert system based on the 

evaluation criteria such as convenience, speed, time saving among other factors. In 

summary to develop the expert system the approach was broken into two main 

phases: 

 Phase 1- Knowledge Acquisition and Coding 

In this stage, close collaboration with experts in the domain from USA and other 

countries will take place. We have coloration experts’ contacts in several countries 

for instance the UK, France, Italy, Turkey, Iran, Greece, Egypt, South Korea, China 

and Japan.  Questionnaires regarding the role of various factors in the development 

of faults in the dyeing of polyester were given to experts to obtain expert opinion. 

Knowledge base included information obtained from human experts as well as other 

sources, such as peer reviewed papers, textile magazines, textbooks, thesis and 

internet. The collected information classified, sorted and coded in wxfuzzyCLIPS.  
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 Phase 2- Verification, Validation and Evaluation 

After knowledge acquisition and coding, this system is assessed through verification 

and validation. This stage involved debugging, testing and evaluation of the module 

through laboratory, industrial and hypothetical test cases performed by both human 

experts as well as the expert system. Based on the performance of the system, 

modifications may be required to obtain optimal performance.  
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2 ADVANCES AND TRENDS IN THE 
APPLICATION OF ARTIFICIAL 
INTELLIGENCE IN THE COLOR AND 
TEXTILE INDUSTRY 

 

2.1 CHAPTER OVERVIEW 
 

The color and textile industries involve the interaction of a large number of variables. 

However, the exact relation between the variables and the product properties is yet 

to be established conclusively. Several reasons exist that help explain why the 

precise nature of this relationship has not bee yet realized: the high degree of 

variability in raw materials. The reasons are the high degree of variability in raw 

materials, multistage processing, and a lack of precise control on process 

parameters among others.  

 Artificial intelligence was employed by textile researchers to help manage this 

complex array of problems in the 20th century. The earlier applications of artificial 

intelligence in color and textile fields included knowledge-based expert systems, 

fuzzy logic and artificial neural networks. This chapter reviews some of the major 

applications of artificial intelligence in different sectors of the color and textile 

industries. 

 



 9

2.2 ARTIFICIAL INTELLIGENCE 
 

Artificial Intelligence (AI) can be generally defined as the study of methods by which 

a computer can simulate aspects of human intelligence but AI is not confined to 

methods that are biologically observable. After WWII, a number of people 

independently started to work on intelligent machines. The English mathematician 

Alan Turing may have been the first. He also may have been the first to decide that 

AI was best researched by programming computers rather than by building 

machines. By the late 1950s, many were researching AI, and most of them were 

basing their work on programming computers. Alan Turing's 1950 article [1] 

discussed conditions for considering a machine to be intelligent. He argued that if 

the machine could successfully pretend to be human to a knowledgeable observer 

then one should certainly consider it intelligent. This premise satisfied most people 

but not all. In Turin’s test the observer could interact with the machine and a human 

by teletype which avoided requiring the machine imitating the appearance or the 

voice of a person. Both the human and the machine would try to persuade the 

observer that they were human. In the last several years, there has been a large and 

energetic increase in research efforts aimed in the emerging field of soft AI 

computing. The vast success of commercial applications in this field has led to a 

surge of interest in a variety of techniques for possible applications throughout the 

color and textile industry [2].   
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2.3 EXPERT SYSTEM 
 

Experts are people who are very good at solving specific type of problems. Their skill 

usually comes from extensive experience and detailed specialized knowledge of the 

problems they handle. Examples include consulting physicians, interpreters of oil 

well data, and engineering experts who carry out diagnosis and repair of high 

technology equipment, such as computers. A computer-based expert system seeks 

to capture enough of the human specialist’s knowledge so that it will solve the 

problem directly as well. Expert systems are basically computer programs that either 

recommend or make decisions for people, based on knowledge collected from 

experts in the field (rule-based systems) [3] or databases of previous formulations 

(case-based systems) [4].  

 In a rule-based system, the knowledge needs to be highly structured. It is 

often represented as production rules, expressing the relationship between several 

pieces of information. These are conditional statements that specify actions to be 

taken or advice to be followed, and have the form IF (condition), THEN (action), 

UNLESS (exception) and BECAUSE (reason). More elements can be added by 

having several clauses joined by operators such as AND or OR. Mathematical 

formulae and algorithms can also be included [5, 6].  

Rule-based systems can be developed using either conventional languages (like 

Java, C or C++), which have the advantage of wide applicability but slow 

implementation, or specialized languages (like Lisp or Prolog) that have been 
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specifically developed for expert systems and are faster to implement. Alternatively, 

they can be developed with the assistance of shells and toolkits, two type of 

computer program that are capable of forming an expert system once they have 

been loaded with the relevant knowledge. Shells and toolkits compromise on 

flexibility, but allow rapid development. For example, CLIPS (C Language Integrated 

Production System) [7] is a rule-based language that was developed by NASA's 

Johnson Space Center and is available free-of-charge with source code from 

numerous web sites. Formulogic [8], available from Logica in the UK, is a reusable 

software kernel developed by a consortium of Shell Research.  Today, general rule-

based systems are a part of virtually every enterprise and can be divided into two 

categories, those intended to mimic human expertise and those intended to 

automate or codify business practices or other activities.  

 In a case-based system [9-11], the knowledge is stored in the form of 

previous examples, both successful and unsuccessful, and not as abstract rules. 

Case-based systems, like rule-based systems, can be developed by using either 

conventional computer languages or shells and toolkits. Figure 2.1 illustrates the 

basic components of an expert system [12-14] and is defined below: 

- Expert editor: the component that allows the creator of the program or the human 

expert to enter information into the knowledge base. Information here will be used 

in the knowledge base.  

- Knowledge base: A store of factual and heuristic knowledge. An expert system 

provides one or more knowledge representation scheme for expressing knowledge 
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about the application domain. Some tools use both frames (objects) and IF-THEN 

rules.  

- Current problem information: the area that gathers the data on changing 

conditions in the problem. 

- User interface: The means of communication with the user. The user interface is 

generally not a part of the expert system technology, and was not given much 

attention in the past. However, it is now widely accepted that the user interface can 

make a critical difference in the perceived utility of a system regardless of the 

system's performance. 

- Inference engine: contains the logical programming to examine the information 

provided by the user, as well as facts and rules specified within the knowledge base. 

It evaluates the current problem situation and then seeks rules that will provide 

advice about the situation. It is not accessible to the expert system designer, but is 

instead built into the system that the designer uses. 

- Solution/Advice: the area where a result is generated from the knowledge based 

on problem information gathered from the user through the user interface.  

- User: the individual who has a problem and requires the expert system to help him 

or her solve the problem in real world. 
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Figure 2.1. Basic components of an expert system [12-14]. 
 

Moreover, expert system development usually proceeds through several phases 
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- Conventional programs rely upon sequential execution of program steps; 

expert systems execute rules and procedures in any order. 

- It can operate with uncertainty in data and knowledge. 

- It can offer multiple solutions ranked in the most likely order. 

Unlike conventional computer programs, expert systems are partitioned in a manner 

that separates the knowledge base from the reasoning mechanism. Because of this, 

the following advantages can be realized [15-23]: 

- The reasoning mechanism can be used for other applications by simply 

replacing the domain specific knowledge. 

- The knowledge can be used in other ways by chaining the inference 

mechanism. 

- A partitioned area of rules provides the program with the ability to explain 

itself. This feature of expert systems is known as transparency and enables 

the expert system to be very user friendly. 

- With a separate knowledge base, there is the possibility of designing systems 

which check the consistency of their own rules, modify rules which already 

exist, and create new rules to remain flexible in changing situations. 

Expert systems have the followings advantages when compared to the human 

expert [15-23]: 

- The ability to imitate human thought and reasoning; 

- Make modification of knowledge very convenient; 



 15

- Ability of interpretation and transparence makes interaction more user 

friendly; 

- With the machine learning technique, knowledge can be acquired 

automatically and directly from experimental data and real time examples; 

- Provide expert level recommendations understandable to users;  

- The ability to handle uncertain information; 

- Reduce missing data and better collection of data; 

- Reduce employee training cost; 

- Reduce danger and the amount of human errors; 

- Review transactions that human experts may overlook; 

- Combine multiple human experts’ intelligence; 

- Permanence. 

 

Limitations 

Although significantly advantageous to many entities, limitations of knowledge-based 

expert systems may arise through [15-23]: 

- The lack of human common sense needed in some decision makings; 

- The creative responses human experts can respond to in unusual 

circumstances; 

- Domain experts not always being able to explain their logic and reasoning; 

- The challenges of automating complex processes; 

- The lack of flexibility and ability to adapt to changing environments; 
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- Not being able to recognize when no answer is available; 

- Little learning from experience; 

- Difficulties in verification; 

- No common sense; 

- Expensive and time-consuming to develop; 

- Require a broad set of training examples, which are not easily available in 

many cases; 

- Problems are encountered while determining, the optimum number of training 

cycles, as there are no prescribed set of guidelines for selection of training 

algorithm or the number of neurons hidden in the layers; 

- Validations outside the training range are necessary for extrapolation. 

 

Despite the fact that expert systems have several limitations, they have been widely 

successful and proved their value in a number of important applications by being 

able to analyze many practical problems that lie within defined parameters.  

 

2.3.2 Expert systems in color control and the textile industry 

The color and textile industry, like most industries with a long history, has 

experienced many technological advances which have brought about improvements 

to quality and productivity. Control technology is concerned with regulating the state 

of control of productivity and quality of a process.  Usually, this state of control is 
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assessed with computer based monitoring systems, which measure production 

and/or quality characteristics directly at the machine. The development of an 

electronic decision support system requires the combined efforts of experts from 

many fields of textiles, and must be developed with the cooperation of the 

manufacturers who use them. Experts tend to be trained in rather narrow domains 

and are best at solving problems within that domain. However, there is a growing 

realization that the complex problems faced by manufacturers go beyond the 

abilities of individual experts. Interdisciplinary teams of experts must work in unison 

to formulate solutions to faulty textile product problems. Textiles must be viewed as a 

system of interacting parts where the perturbation of one part affects many others. 

 With limited personnel resources for problem solving, interest has been 

aroused in a filed of artificial intelligence called expert systems. In textiles, expert 

systems are capable of integrating the perspectives of individual disciplines (e.g. 

pretreatment, dyeing, and finishing) into a framework that best addresses the type of 

a decision-making required of modern textiles. Expert systems can be one of the 

most useful tools for accomplishing the task of providing growers with the day-to-day, 

integrated decision support needed to grow their textile products. Expert systems 

have been employed in many fields within the color and textile domains.  Some of 

these are reviewed in the following sections. 
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2.3.2.1 Textile product manufacturing 

Expert systems are used in the design of industrial fabrics and made-to-measure 

clothing. An expert system that aids in the structural design process for woven 

industrial fabric was developed at North Carolina State University [24]. Designers 

use the system to integrate knowledge concerning the structural properties of yarns 

and fabrics with a customer’s desired fabric characteristics. The system searches an 

industrial fabric database to attempt to find a match that meets the customer’s 

requirements. If an exact match is not found, the system will attempt to redesign a 

similar fabric found in the database to meet the customer’s requirements. If the 

system is still unable to make a match, the system will attempt to synthesize the 

entire design process to produce the fabric [24].  

 A research team at the University of Maryland developed the Clothing Design 

Expert System (CDES) [25]. The CDES contains the Alteration Definition Tool (ADT) 

and the Pattern Requirement Language (PRL). These two tools provide a flexible 

way to change and expand the system’s expertise. The ADT, similar to CAD 

environment, allows the user to generate and store sets of alteration sequences that 

geometrically modify a pattern.  The PRL executes the alteration sequences 

generated by the ADT. Data about the customer’s order is processed and the PRL 

generates an altered pattern. The CDES has captured the expertise of the 

decreasing number of knowledgeable experts in the pattern alteration industry [25]. 

The Institute of Textile Technology and a textile machinery vendor developed 

TEXPERT, an expert system designed to help technicians with machines exhibiting 
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excessive warp and weft stops, quality problems and mechanical and electrical 

malfunctions. TEXPERT incorporates graphic images of the machine part in 

question to illustrate the corrective action suggested to solve the problem [26]. 

Realtex PAT, developed by a machine vendor, integrates an expert system with a 

real time monitoring system. Diagnostic time and trial-and-error procedures are 

reduced by this system. The system analyzes the data collected by the monitoring 

system to detect machines with below-standard performance. If a problem is 

detected, corrective suggestions are sent to the machine vendor to remedy the 

problem. Once the corrective action is performed, Realtex PAT monitors the 

adjustment to determine if the correction had a positive or negative effect on the 

performance of the machine [26]. Knowledge Based Management System (KBMS), 

a production scheduling system, utilizes an icon-based user interface to enhance the 

user’s productivity. Once a purchase order is entered into the system, KBMS breaks 

down the order items into the raw materials required for processing. The system 

schedules production for one week and gives priority to the orders most easily 

processed. KBMS then informs the materials handling department when orders can 

or cannot be produced within the next week. KBMS has greatly improved customer 

satisfaction and the company’s ability to schedule orders [27]. 

 

2.3.2.2 Dyeing and finishing 

Wooly, developed by Sandoz Products, is an expert system, which allows the dyer to 



 20

read off important chemical and physical data on the products to be used in wool 

finishing instead of having to consult reference works such as shade cards or 

technical information bulletins. Product data and application procedures can thus be 

much more easily identified and adapted [28, 29]. Pre-matic, developed by CIBA, 

was used for the bleaching of cotton fabrics [30]. BAFAREX, developed by BASF, 

was designed for the determination of dyeing recipe for cotton and polyester/cotton 

articles, using vat and disperse dyes [31]. OPTIMIST, also developed by BASF, was 

used for the optimization of dyeing processes [32]. TEXPERTO, developed by 

SANDOZ was designed for fulfilling textile finishing recipe and its performance [33]. 

Another expert system, is used for the selection of fluorescent whiteners [34], 

waterproof breathable clothing [35], and for oil and water repellency [36]. Some 

other expert systems which have been developed to help the dyer include: 

SMARTMATCH for color matching by Datacolor International [37-39], CALOPOCA 

for color match by CIBA [40], and optimizing lab-to-bulk reproducibility [41], for 

dyeing recipe determination [42], DATAWIN for dyeing control system [43], and 

IGCSE Expert system for the application of dyeing theory which covers all dye/fiber 

classes and several solvent systems [44]. Expert system for polyester exhaust 

dyeing, developed by China Textile Institute, was designed for integrating practical 

experience and academic theory to help manufacturers fully utilize their essential 

technology, as well as provide technicians with valuable information [45].  

 Recently, DEXPERT [46] was developed at Heriot-Watt University, as a 

diagnostic expert system for the dyeing of cotton material using FuzzyCLIPS, a 
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fuzzy version of C Language Integrated Production System. The system comprises a 

total of 4786 rules and is capable of diagnosing about 132 faults in the pretreatment 

and dyeing of cotton in woven, knitted and yarn package form with direct, reactive, 

vat, sulphur and azoic dyes and gives suggestions for the corrective measures [46]. 

2.3.2.3 Yarn and fabric development 

FIBRE was built using an inexpensive expert system shell called MICROEXPERT 

[47]. This system is a rule-based, backwards chaining system suitable for fiber 

identification [48]. Using an expert system technology, an intelligent diagnosis 

capable of tracing possible breakdown causes of fabric defects, is then applied to 

the fabric inspection process [49]. WOFAX, A Worsted Fabric Expert System, is 

intended to provide guidelines or assistance during each stage of the fabric forming 

process and to predict fabric properties directly [50, 51]. MODEX expert system 

enables users to perform classical steps of product development as usual and to 

profit from the application of CAD technology, from drafting to knitting machine 

control [52]. TESS, an expert system for diagnosing defects in woven textiles, was 

developed by Swiss Federal Laboratories for a Materials Science and Technology 

Research Institution (EMPA). Some other expert systems which have developed to 

assist the textile manufacturer include the design of various military fabrics [48] and 

technical textiles [53]. 
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2.3.2.4 Other textile fields 

Cruycke, in a general article on CIM (Computer Integrated Manufacturing) in 

weaving technology, briefly discussed how expert systems might be used to help 

management decision-making processes, including the analysis of a CIM databank 

via induction programs [49]. In another development an expert system was used to 

select sizing agents and included relevant information about the sizing parameters 

[54]. By selection of the most suitable sizing agents, setting the required size add-on 

level, and setting data of the sizing machine, environmental charges and energy 

consumption are reduced, and the following weaving process is optimized. This 

leads to reduced costs and higher quality of the produced warp yarn [54]. An expert 

system for color grading of cotton has been developed that can be trained using a 

statistical method based on Bayes’ theorem or a genetic algorithm [55, 56].  

2.4 FUZZY LOGIC 
Fuzzy logic [57-60] is described as "a superset of the conventional Boolean logic 

that has been extended to handle the concept of partial truth." Everything in Boolean 

logic has to be either true or false. Fuzzy logic uses values that represent varying 

degrees of truth to enable applications to handle situations in which there is no 

absolute positive or negative assertion. The system is useful for cases in which a 

situation has to be analyzed and that situation has too many variables to account for 

everything with complete precision. The general inference process proceeds in three 

(or four) steps in Figure 2.2 [60-63].  
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Figure 2.2. A general fuzzy system with fuzzification and defuzzification units and 
external dynamic filters. Reproduced from [63]. 
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inferencing, the output membership function is scaled by the rule premise's 

computed degree of truth. 

3. Under COMPOSITION, all of the fuzzy subsets assigned to each output 

variable are combined together to form a single fuzzy subset for each output 

variable.  Again, usually MAX or SUM are used. In MAX composition, the 

combined output fuzzy subset is constructed by taking the point wise 

maximum over all of the fuzzy subsets assigned to variable by the inference 

rule (fuzzy logic OR).  In SUM composition, the combined output fuzzy subset 

is constructed by taking the point wise sum over all of the fuzzy subsets 

assigned to the output variable by the inference rule. 

4. Finally is the (optional) DEFUZZIFICATION, which is used when it is useful to 

convert the fuzzy output set to a crisp number.  There are more 

defuzzification methods than you can shake a stick at (at least 30). Two of the 

more common techniques are the CENTROID and MAXIMUM methods.  In 

the CENTROID method, the crisp value of the output variable is computed by 

finding the variable value of the center of gravity of the membership function 

for the fuzzy value.  In the MAXIMUM method, one of the variable values at 

which the fuzzy subset has its maximum truth value is chosen as the crisp 

value for the output variable. 

2.4.1 Advantages and limitations of fuzzy logic 

The following is a list of some advantages of fuzzy logic [64-71]: 
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- Reduces the design development cycle: with a fuzzy logic design 

methodology consuming steps are eliminated. In addition, during the 

debugging and tuning cycle human experts can change one’s system by 

simply modifying rules, instead of redesigning the controller.  

-   Simplifies design complexity: fuzzy rules are very easy to learn and use, even 

by non-experts. It generally takes only a few rules to describe systems that 

may require several lines of conventional software. 

- Enhances control performance: in many applications fuzzy logic can result in 

better control performance than linear, piecewise linear, or lookup table 

techniques.  

- Simplifies implementation: fuzzy rules can help simplify implementation by 

combining multiple inputs into single IF-THEN patterns while still handling 

non-linearity.  

- Reduces hardware costs: fuzzy Logic enables the use of a simple rule based 

approach which offers significant cost savings 

 

Despites having several advantages, fuzzy logic systems do have some limitations 

as stated below [64-71]. Fuzzy logic systems: 

• are complex to develop, 

• require considerable computing ability, 

• are difficult to explain to users, and 

http://www.aptronix.com/fide/whatfuzzy.htm�
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• require extensive time and cost for verification, validation and 

evaluation. 

2.4.2 Fuzzy logic in color and textile industry 

Fuzzy logic applications have been applied to several areas in the textile industry. 

The ultimate goal remains the reduction of production costs to create a competitive 

market for local products in a market becoming increasingly saturated with cheaper 

imports.  This goal has been the major driver for the development of programs that 

increase quality and productivity while providing flexibility and when possible at 

reduced cost. For example, continuous in-line monitoring coupled with advanced 

signal analysis techniques using fuzzy logic could gradually replace off-line testing to 

provide better process insights and thus higher yields and product quality. Similar 

benefits could be reaped from gains in the fiber and yarn sectors by improving the 

predictive capabilities of fabric and apparel properties. Efforts to automate and raise 

processing speed with the employment of the state-of-the-art textile equipment 

would thus help reduce labor costs and make the industry more competitive. 

2.4.2.1 Identification or Classification 

A color tolerance system based on fuzzy logic, called CAT/QC-AI, was developed by 

Westland as a part of a standard color quality control system [72]. The system allows 

the acceptability tolerance for a given colored product to be determined from a set of 

colorimetric readings for a set of samples whose acceptability to the standard is 
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known. A fabric defect identifying system using fuzzy logic has also been developed 

which is capable of identifying non-defect, slub (warp direction), slub (weft direction), 

nep, as well as composite defects [73-76].  In addition, the use of this system makes 

it possible to construct an inexpensive and effective fabric defect inspection system. 

Classification of dyeing defects has been investigated using image processing and 

fuzzy neural network approaches [77]. The defects investigated included filling band 

in shade, dye and carrier spots, mist, oil stain, tailing, listing, and uneven dyeing on 

selvage. Authors demonstrated that the fuzzy neural network approach can be used 

to precisely classify dyeing samples by the features selected. In a different study a 

method of fuzzy comprehensive evaluation was investigated for grading fabric 

softness [78]. Correlation of fuzzy evaluation, subjective evaluation and the 

Kawabata primary hand evaluation was also estimated statistically. 

2.4.2.2 Grading or Diagnosis 

In an attempt to diagnose the acceptance of machine grading of colored cotton fuzzy 

logic has been employed. The results from a fuzzy inference system (FIS) show 

consistent classifications for the samples from different years [79-81]. An intelligent 

system based on fuzzy logic has been developed for the fault analysis associated 

with sewing machine operation [82-84]. Prasad et al. [85] developed a novel method 

for automating the color matching process. The use of fuzzy logic approach was 

shown to produce a conditional color match between a test sample and a standard 

based on tristimulus values. 
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2.4.2.3 Planning or Control 

The decisive point in wet cross linking process is the determination of the residual 

water content of the fabric after condensation. This depends on various process 

parameters. Automatic control by fuzzy logic has been shown to provide a definite 

and constant residual moisture content resulting in optimized processing times, 

higher product quality and possible savings in energy [86]. The control of the 

concentration of caustic soda on the fabric during mercerization has been carried out 

based on monitoring and control of caustic soda concentration during the production 

process [87]. In another development a computer program was developed to 

simulate the control of weaving speed in weaving machines based on fuzzy logic 

[88].  

2.5 ARTIFICIAL NEURAL NETWORKS 
Artificial Neural Networks (ANN) is a computational structure inspired by the study of 

biological neural processing. Biological neurons transmit electrochemical signals 

over neural pathways. Each neuron receives signals from other neurons through 

special junctions called synapses. Some inputs tend to excite the neuron; other 

tends to inhibit it. When the cumulative effect exceeds a threshold, the neuron fires 

and sends a signal down to other neurons. Neural networks solve problems by self-

learning and self-organization. They derive their intelligence from the collective 

behavior of simple computational mechanisms at individual neurons [89, 90]. 

Computational advantages offered by neural networks include [91-93]:  
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- Knowledge acquisition under noise and uncertainty, 

- Flexible knowledge representation, 

- Efficient knowledge processing, and 

- Fault tolerance  

 

 About 80% of all practical applications of neural networks are based on 

multilayer perception (MLP) (see Figure 2.3 for an example). In MLPs, the units 

(neurons) are arranged in distinct layers and each unit receiver weight provides input 

from each unit in previous layer. Initially the output is calculated with an initial set of 

weights. Then weights are modified according to the expected output by reducing 

the difference between the actual & expected output values. Each of the input out 

pairs would be presented to the network in turn and small changes would be made 

to weights each time. The presentation of all the training pairs to the network is 

known as an epoch. Training may require many hundreds of thousands of epochs 

and could take many hours even in a fast computer. When training is complete, the 

values of the weights are fixed. Now comes the recall phase. During the recall phase 

the weights are not modified, but the network can be used to predict output values 

when given only input values. If the network has been trained correctly then it will be 

able to predict accurately all the training data as well as other input values that the 

neural network has not previously seen. This important property is called 

generalization and is not usually the property of a conventional system.  

 The topology of a neural network refers to its framework as well as its 
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interconnection scheme. The framework is often specified by the number of layers 

and the number of nodes per layer. The types of layers include: 

• The input layer: the nodes are called input units, which encode the instance 

presented to the network for processing. 

• The hidden layer: the nodes are called hidden units, which are not directly 

observable and hence hidden. They provide nonlinearities for the network. 

• The output layer: the nodes are called output units, which encode possible 

concepts to be assigned to the instance under consideration. 

 

Figure 2.3. Schematic representation of the MLP [93]. 
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2.5.1 Advantages and limitations of artificial neural networks 

Although artificial networks at present cannot approach the wide-ranging abilities of 

the human brain, they display several advantages over conventional problem-solving 

algorithms [94-100]. 

- Diversity of application: artificial neutral networks do not need to be designed 

for a particular application and through suitable training can undertake a wide 

variety of tasks. 

- Fault tolerance: neutral networks are fault-tolerant. 

- Ability to deal with new situations: once trained, a network can deal with 

previously unseen data. 

- Parallel operation: artificial neutral networks have the capability for parallel 

operation built in. 

- Rule discovery: artificial neural networks operate by discovering new 

relationships among their input data. 

- Incorporation of fuzzy logic: artificial neutral networks are, because of their 

design, able to cope with fuzzy data without modification. 

The following are some limitations of artificial neural networks [94-100]: 

- no established development guidelines; 

- not appropriate for all type of problems; 

- no explanation capabilities; 

- a black-box approach to problem solving. 



 32

2.5.2 Artificial neural network in the color and textile industry 

There are many aspects of a textile process, such as fiber identification, where exact 

rules are known to exist among the various parameters involved. As such 

identification and classification of faults in fabrics and carpets has witnessed one of 

the strongest thrusts of research. In contrast applications in the field of manmade 

fibers and dyeing process have been found to be limited, with a majority of the 

research concentrating on texturing. 

2.5.2.1 Fibers 

Wilkerson [101] et al. has reported the use of neural networks in cotton cultivation. A 

spectral-index model was developed that was based on light-energy data reflected 

from the cotton canopy in four wavelength bands ranging from 460 to 770 nm. By 

using neural networks, it was possible to identify patterns in the spectral data and 

thus identify sites which needed supplemental nitrogen. Near-infrared (NIR) 

spectroscopy can be used for the identification of textiles. In a study Jasper and 

Kovacs [102] has collected 390 different fabric samples of seventeen different type 

of fiber. For each sample, 700 NIR absorbance measurements were taken from 

1100 to 2500 nm at 2 nm intervals. It was shown that after training, the neural 

network had a prediction accuracy ranging between 94% and 99% for all samples. 

The network was also able to correctly identify blend compositions despite the fact 

that it was not trained to do so.  



 33

 Classification of two popular animal fibers, merino and mohair, is another 

important yet typical area involving pattern recognition and classification. She et al. 

[103] developed a hybrid ANN termed WoolNet consisting of two segments in which 

an unsupervised network extracts a certain number of features from the image of the 

sample. These features are then used to train a multilayered perception, an artificial 

neuron, with a back propagation algorithm to identify such fibers. Allan [104] in a 

different study described how neural networks can be trained to recognize and 

quantify spectral data from a set of natural-fiber samples. Statistical preprocessing of 

the data and development of multiple neural networks to convert the spectra into 

amino-acid assays have been shown to result in a fiber classifier which performs 

with low error on a mixed set of merino-wool and Chinese-cashmere samples. 

Sankaran et al. [105] have described a computerized Fiber Identification and 

Analysis System (FIAS), which digitizes the image captured by a CCD camera, 

identifies the fiber species by applying a pre-trained neural network, measures its 

diameter, and displays the data graphically. Leonard et al. [106] used NIR 

spectroscopy with a neural network to identify fibers in textile waste. The prediction 

errors ranged from 1.2% for polyamide fibers to 3.2% for polyester fibers. Pynckels 

[107] approached the problem primarily by looking at the color of the waste fiber 

instead of the shape and size of the components. He pointed out that color is less 

likely to change during harvesting, ginning, and further processing and thus is a 

more reliable measure of fiber content. Several classification techniques including 

sum of squares, fuzzy logic, and neural networks were used to classify waste into 
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four groups; bark, leaf, hairy seed coats (HSC), and smooth seed coats (SSC). The 

inputs to the neural network were L*(lightness), a*(redness/greenness), 

b*(yellowness/blueness), and R (roundness). Two hidden layers with four and six 

neurons were used. The outer layer had four neurons corresponding to the four type 

of trash. The sum-of-squares method classified 91.8% of bark, 84.7% of leaf, 90.7% 

of HSC, and 77.3% of SSC correctly. Ulmer et al. [108] developed neural networks 

for formulating structure-property relationships for the glass transition temperature 

(Tg) of amorphous and semi-crystalline polymers. It was suggested that other 

networks for predicting degradation and relaxation temperatures and various other 

physical and mechanical properties of polymeric materials could also be developed. 

 

2.5.2.2 Yarns 

In regards to yarns the areas that have been investigated include classification of 

card-web defects, control of sliver evenness, and predicting the spinnability of a yarn.  

Pynckels et al. [109] has described an experiment in which twenty type of cotton 

were evaluated for 29 fiber properties. Ring-and rotor-spun yarns were made under 

different spinning conditions to produce yarns of different counts and twist factors. A 

neural network was trained with data from 700 spinnable and 700 unspinnable yarns 

to predict the spinnability from fiber properties and process parameters. The trained 

network was able to predict the spinnability of the remaining yarns with remarkable 

accuracy, with 90% of the spinnable fibers and 95% unspinnable fibers being 
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classified correctly. Huang and Chang [110] described a neural network controlled 

auto-leveller in which the linear density of the feed sliver and the desired linear 

density of the output sliver are the inputs and the ratio of front and back roller 

speeds is the output.  Results showed that the CV% of the output silver could be 

brought down from 3.37 to 2.73. Use of a fuzzy self-organizing controller caused the 

same value to reach only 2.91. Ramesh et al. [111] used a multilayer feed-forward 

network with a single hidden layer trained using the back-propagation algorithm to 

predict the strength and elongation of air-jet-spun yarns from the yarn count, 

percentage of polyester fiber in a polyester/cotton blends, and front and back nozzle 

pressures. The prediction error was less than 2%. Cheng and Adams [112] used 

eight fiber properties from high volume instrument (HVI) results to predict the count 

strength product (CSP) of ring spun yarns with the help of neural networks. 

Increasing the number of hidden layer neurons always gave better results for the 

training set while four neurons in the hidden layer gave the best results for the 

testing set, yielding a correlation coefficient of 0.84 between predicted and actual 

values. Sette et al. [113] used a neural network to model the spinning process with 

41 fiber properties and five machine parameters as input and nine yarn properties as 

output. This work was the first use of genetic algorithms and neural networks in a 

textile process and showed immense potential for other applications.  

 However, caution should be exercised when trying to predict the optimal yarn 

properties because the yarn properties are dictated by the yarn’s end-use or the 

customer’s specification. Nimmen et al. [114] also used genetic algorithms and 
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neural networks to select the best cotton blend in terms of price and quality. Cabeco-

Silver et al. [115] investigated the use of artificial neural networks trained with the 

back-propagation algorithm for the real time quality assessment and decision 

making in the blending of cotton fibers. Vangheluwe et al. [116] used relaxation 

curves of yarn after dynamic loading as experimental data for training multilayer 

feed-forward neural networks with a back-propagation algorithm. Jackowska-

Strumillo et al. [117] used traditional mathematical models and neural networks to 

model the rotor spinning process. The model of cotton yarns spun on a BD200S 

machine allows the determination of average force and coefficient of mass variation 

in the yarns as a function of the yarn linear density and rotational speed of rotor.  

Suh and Kim [118] used time series analysis and neural network techniques to 

characterize the density profiles of spun yarns as an indicator of yarn evenness from 

signals captured by a Zweigle G-850 machine. The signals were processed using a 

data reduction method and then used to create fabric images with fabric visualization 

software. Veit et al. [119] described an experiment in which yarns were textured in 

the laboratory by varying the machine parameters, including the D/Y ratio, texturing 

speed, yarn count, and draft and reported that it is possible to use neural networks 

to determine the machine setting which will give desired yarn properties. 
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2.5.2.3 Fabric 

Dorrity and Vachtsevanos [120] described an experiment to analyze the dynamic 

response of a microprocessor-based slasher-monitoring unit with 50/50 

polyester/cotton blended yarns. Tests were conducted to study the relationships 

between various slasher parameters and yarn properties. The design of the slasher 

unit was based on a neural network and fuzzy logic based model. Predicting knitting 

machine parameters to produce a fabric with desired properties has also been 

attempted by Ucar and Ertugrul [121]. The gauge and diameter of the machine were 

predicted from the fabric loop length, wale density, yarn count, and yarn twist using 

an adaptive neuro fuzzy inference system in which a radial based neural network 

was used to create and fine tune the Sugeno-Takagi fuzzy system. Mori and 

Komiyama [122]  described an experiment in which ten observers were asked to 

rank wrinkled fabrics made of cotton, linen, rayon, silk, wool, and polyester fiber on a 

scale of 1(most wrinkled) to 5(least wrinkled). Fan et al. [123] suggested a method of 

predicting garment drape with the help of artificial neural networks. A database 

consisting of drape images and fabric properties included fabric weight, warp and 

weft shear rigidity, bending rigidity, tensile extensibility, and thickness. Park et al. 

[124] compared the performance of neural networks, a neuron-fuzzy method, a fuzzy 

method developed by authors using bending tester (Kawabata system, KEF-FB) and 

subjective results given by 30 observers to obtain the total hand value of knitted 

fabrics.  The results of neural, fuzzy and neuro fuzzy models agree better with the 

subjective test than the results from bending tester. Lai [125] attempted to predict 
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the quality of fused composite interlinings from face fabric and interlining properties 

as well as fusing conditions with the aid of feed-forward neural networks. The 

properties of fused composites, which were being predicted, were the strike-back 

area of resins, peeling strength, total hand value, and total quality level. Fan et al. 

[126] attempted to classify 97 fabrics into four groups by analyzing fabrics with 

Kawabata’s fabric evaluation system and then applying neural networks and 

dimensionality reduction. Chen et al. [127] trained a neural network with a back-

propagation algorithm to identify twelve types of fabric faults. The system was able 

to classify correctly all defects except oil stains, smashed thread, and kinky thread. 

Tsai and Hu [128] described the use of neural networks trained with the back-

propagation algorithm to classify fabrics according to appearance defects by 

analyzing images and classifying into five categories: normal, missing end, missing 

pick, broken, and oily. The classification rate for the training set was 96% or higher 

in all cases. Choi et al. [129] used a fuzzy expert system to identify fabric defects. 

They used neural networks to generate the membership functions of the fuzzy rules. 

Their neural network could be trained to generate small, medium, and large class-

membership functions or non-defect, weft slub, nep, warp slub, and composite 

defects. In another study classification of carpets according to the wear was 

attempted by Van Steenlandt et al. [130] using neural networks trained with a back-

propagation algorithm. Schulz [131] reported an objective grading system for carpet-

surface changes which records color images of the surfaces of carpets before and 

after wear and uses neural networks to assess the change in the characteristics and 
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deliver a rating. Barrett et al. [132] designed an on-line ANN classifier of fabric type 

and number of plies to improve stitch formation and fabric quality in sewing 

machines. Stylios and Sotomi [133] described how neural networks and fuzzy logic 

can be used to improve the performance of a sewing machine. Stylios and Parsons-

Moore [134] also showed how seam pucker can be predicted effectively in woven 

fabrics using fabric thickness, weight, and warp / weft bending stiffness as inputs to 

a neural network trained with the back-propagation algorithm. It has been suggested 

that neural networks can be used in this manner for combating seam pucker 

formation. Park and Kang [135, 136] used a laser sensor on an automatic sewing 

machine to convert the puckered shape of a sewn fabric to numerical three 

dimensional data co-ordinates. These were used to train a feed-forward neural 

network with the back-propagation algorithm to evaluate seam pucker. Gong and 

Chen [137] used nineteen fabric properties measured by the Kawabata evaluation 

system to predict the performance of fabrics during garment manufacture by means 

of neural networks. Watada et al. [138] proposed a neural network model which uses 

cluster analysis to classify consumer behavior with regard to clothing according to 

the attributes and tastes of consumers.  

 

2.5.2.4 Color 

Westland et al. [139] predicted color recipe using an artificial neural network 

although the technical details of the process were not disclosed. Jasper et al. [140, 
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141] gave a detailed analysis of color recipe prediction based on employing three 

different methods: Beer’s law (error 51.0%), modified Beer’s law (error 9.0%), and a 

feed-forward neural network (error 2.6%). Marjoniemi and Mantysalo [142, 143] 

reported an experiment in which an Adaptive Neuro Fuzzy Inference System 

(ANFIS) was used to predict dye absorbance from wavelength and concentration. 

Beck et al. [144] reported the use of a feed-forward neural network for color 

matching and indicated a satisfactory performance of the system. Faes [145] 

showed how neural networks based on colorimetric data obtained from reflection 

measurements of the dyed material can be used as a reliable predictor of visual 

assessments. Bezzera and Hawkyard [146] reported an experiment in which three 

different feed-forward neural networks were used to predict the concentration of 

fluorescent dyes from the total spectral radiance factor (SRF), XYZ, and L*a*b* 

values respectively. DEXPERT, a diagnostic expert system designed primarily for the 

dyeing of cotton material based on FuzzyCLIPS, is capable of diagnosing about 132 

faults in the pretreatment and dyeing of cotton in woven, knitted and yarn package 

form with direct, reactive, vat, sulphur and azoic dyes and gives suggestions for the 

corrective measures [147, 148]. A troubleshooting diagnostic system for the dyeing 

of polyester and p/c blends is currently under development at the college of textiles 

of North Carolina State University. This system utilizes a hybrid approach involving 

fuzzy logic and expert system technology.  
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2.6 CONCLUSIONS 

In this chapter, some of the major applications of artificial intelligence in several 

sectors of the textile industry were reviewed. It was shown how diverse artificial 

intelligence technologies, including neural networks, expert systems, fuzzy logic and 

others can be integrated into the industrial models to improve the quality of the 

products and increase consumer satisfaction. As discussed reports show that the 

use of artificial intelligence can result in applications with significantly improved 

benefits to textile manufacturers and their customers. Clearly artificial intelligence 

can become a valuable asset and an integral component of many important 

applications within the color and textile industry.  Opportunities exist to implement 

these advanced technologies that are successfully adopted in some industrial 

domains across other functional sectors of the industry. It is therefore expected that 

the utility of technologies based on artificial intelligence increase into the future as 

we move toward the age of smart textiles.  
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3 PRACTICAL PROBLEMS IN THE 
COLORATON OF POLYESTER  

      

3.1 CHAPTER OVERVIEW 

Today, polyester is still widely regarded as a cheap and uncomfortable fiber, but this 

image is slowly beginning to change with the emergence of polyester luxury fibers. 

As shown in Figure 3.1, polyester fibers currently comprise a commanding 77% 

share of the total worldwide production of the major synthetic fibers [1]. More than 

95% of all polyester fibers manufactured today is based on Polyethylene 

terephthalate (PET) [2-5]. The dyeing properties of polyester are strongly influenced 

by many of the processing conditions to which each fiber may be subjected during 

manufacturing or in subsequent handling.  

 

 

  

 

 

 

 

Figure 3.1. World production of major synthetic fibers in 2006 [2]. 
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Significant differences in properties of fibers can therefore arise due to their different 

processing history [6]. This chapter discusses problems in the coloration of polyester 

in various forms.  

 

3.2 OVERVIEW OF POLYESTER  

British chemists, John Rex Whinfield and James Tennant Dickson, employees of the 

Calico Printer's Association of Manchester, patented "polyethylene terephthalate" 

(also called PET or PETE) in 1941, after advancing the early research of Wallace 

Carothers [7, 8]. They indicated that Carothers's research did not include the 

formation of polyester from ethylene glycol and terephthalic acid. Polyethylene 

terephthalate is the base polymer in the manufacture of synthetic fibers such as 

polyester, Dacron, and Terylene. Polyester is commonly made from petroleum based 

chemical compounds to form fibers, films, and plastics. The starting compounds 

used in the formation of PET are shown in Figure 3.2.  
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Figure 3.2. Starting compounds for the manufacture of polyethylene terephthalate 
(PET) fiber [9-11]. 
 

 Polyester fibers are highly crystalline, mechanically tough and hydrophobic [6]. 

Poly(ethylene terephtalate) is generally made from either purified terephthalic acid 

(PTA) or dimethylterephthalate(DMT) together with ethylene glycol. Early polyester 

production was based solely on the ester, but, with the advent of PTA on a 

commercial scale in 1964, it became possible to implement processes based on the 

acid [12]. In general, there are two routes to forming polymers, batchwise or 

continuous. Early production was entirely batchwise, but the advantages of 

continuous production, particularly when integrated with the spinning processes, are 

such that most large scale production is now continuous. Batchwise productions are 

now confined mostly to fine filament yarns, variants and non-fiber end uses. 

 Batchwise systems usually comprise two reaction vessels: an ester 

interchange vessel or esterfier and a polymerization vessel. An ester interchange 
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vessel is equipped with heating facilities (external, internal, or both), an agitator, 

ancillary vessels for metering in ethylene glycol and molten dimethyl terepthalate 

and for introducing a catalyst, and a fractionating column from which the distillate, 

mainly methanol, is collected in a further vessel and sent for purification. Esterfiers 

are also heated vessels, and contain a mechanism for the agitation of the contents. 

Terephthalic acid may be charged as a solid, or more probably as dispersion in the 

glycol, along with any additives, from a mixing vessel. The water produced is 

removed by way of a column to return glycol to the batch and a pressure control 

valve. A simplified arrangement for the manufacture of the polymer is shown 

in Figure 3.3. 

 

Figure 3.3. Batchwise production of poly(ethylene terephthalate) from dimethyl 
terephthalate [9,13]. 
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 Continuous polymerization units usually consist of at least three vessels, an 

ester interchange or a direct esterification unit, a unit for reducing the excess glycol 

content and producing a pre-polyester, and one for completing the polymerization 

process. The first stage consists of a stirred vessel or vessels where excess glycol is 

removed and the molecular weight of the product from the first stage is raised to an 

intermediate value under slightly reduced pressure. The third stage consists of a 

reactor or reactors that give a high-surface-to-volume ratio and frequent renewal of 

surface. The product is extracted from a final reactor by a screw that conveys it 

either directly to melt-spinning or to a polymer extrusion and chipping unit. A 

simplified schematic arrangement of a continuous polymer production technique is 

shown in Figure 3.4. 

 

Figure 3.4. Continuous production of poly(ethylene terephthalate) from terephthalic 
acid [9,13]. 
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3.3 OVERVIEW OF MANUFACTURING OF FIBER, 
YARN, AND FABRIC 
 

Typical steps in the production of polyester in the fiber, yarn, and fabric forms are 

summarized in Figure 3.5. In the case of direct-spun polymer from a continuous 

polymerization line, the polymer is supplied in molten form and the polymerization 

process is controlled in such a way to produce a uniform feedstock. When the 

polymer is in solid form, particularly if it is derived from batchwise production, 

additional processes of blending, drying, and melting are necessary. Polymer 

characterization and blending may be needed to ensure uniform feed to spinning, 

particularly for filament yarn production. Polymer designed for staple fiber does not 

require such tight control because of the fiber blending processes at a later stage. 

The polymer is dried before melting to prevent hydrolysis. Drying is usually carried 

out at a temperature of about 170°C by passing hot air of controlled humidity through 

a bed of polymer granules. Too high a temperature leads to oxidative reactions and 

discolorations, too low a temperature to insufficient drying [14]. Dried polymer picks 

up water very rapidly, so it must be fed directly to an extruder or hopper under dry 

nitrogen without further exposure to air. Melt spinning requires no chemical reactions 

and no solvent recovery system. Polymer melt spinning processes fall into four 

classes [15-18]:  

 Relatively low spinning-speed processes directed toward producing a spun 

yarn or tow with little or no orientation (LOY), which subsequently can be oriented by 



 66

applying a high draw ratio. Higher spinning-speed processes directed toward 

producing a partially oriented spun yarn or tow (POY), which subsequently can be 

oriented by applying a relatively low draw ratio. Still higher spinning-speed 

processes are directed toward producing a highly oriented spun yarn or tow, which 

normally will not be subjected to an orientation process. Ultra high spinning-speed 

processes lead to products with exaggerated skin-core differentiation and unusual 

morphology. The highest and most uniform orientation is obtained by applying a low 

spinning speed in the order of 3000-4000 m min-1 and a high draw ratio. Although 

spun-yarn tenacity rises steadily when spinning speed is increased at a speed of 

6000-7000 m min-1, above 7000 m min-1 a pronounced skin-core structure develops, 

with a highly oriented, crystalline, porous skin and a much less oriented, crystalline, 

and porous core. A product of this type has the interesting property of dyeability in 

boiling water without a carrier [19, 20]. Spun yarn of low orientation is subjected to a 

stretching or drawing process to convert it into commercially useful yarn of high 

orientation. Although polyester yarns can be oriented by drawing at room 

temperature, the stress required to initiate drawing under these conditions is high 

and the process is found to be unstable. To obtain a uniform product, it is necessary 

to draw at a temperature above the glass temperature of the spun yarn. In practice, 

the draw temperature is often in the range of 90-100 °C. In the case of the filament 

yarn, the yarn is crystallized through heat setting during the drawing process when it 

passes over a hot plate at a temperature in the range of 140-220 °C, or by using a 

heated draw roller at a similar temperature. The dyeing property of fibrous polymeric 
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materials depends on the relative amount of the amorphous phase and the chain 

packing, especially in the intermediate phase between crystalline and amorphous 

phases [21]. Thus, the dyeing property will be affected by the amount of crystalline 

region according to the draw. There are two type of continuous filament fiber: (1) 

monofilament, which is a single strand of continuous filament and (2) multifilament, 

which consists of two or more strands of continuous filament twisted together to form 

a single strand [22]. Multifilament yarns consist of a bundle of continuous filaments, 

either twist free or twisted [23]. 

  

 The manufacturing of fabric is based on two main methods: weaving and 

knitting. Weaving is done by fitting one set of yarns, known as the warp yarns, on the 

loom which form the length of the fabric. The other set of yarns interlaced at right 

angles with the warps, are called weft or filling yarns. The yarns can be interlaced in 

many different ways dependent on the weaving patterns used. Common weaves 

used for most fabrics include plain, twill and satin patterns [24]. Knitting may be 

characterized as the inter-looping of one or more set of yarns. When compared with 

woven fabrics, knitted fabrics are more stretchable and therefore specially suited for 

the manufacture of undergarments. Prior to processing into apparel and other 

finished products, however, woven and knitted fabrics pass through several water-

intensive wet processing stages.  
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Figure 3.5. General steps in the formation of polyester fiber, yarn, and fabric [14, 15]. 
 

Continuous melt 
polymerization 

casting 

Batchwise melt 
polymerization 

blending 

drying 

cutting 

melting 

Solid-Phase 
polymerization 

Extrusion 
(melt spinning) 

blending 

Low-speed 
winding (LOY) 

Intermediate- 
speed winding  

(POY) 

Spin-
drawing 

High-speed 
spinning 

Can-oil In-line 
drawing 

drawing drawing 

Continuous filament yarn 
breaking cutting 

setting 

crimping 

drawing 

Staple fiber warping sizing weaving 

Knitting 
(weft or warp) 

Fabric 



 69

 

3.4 OVERVIEW OF WET PROCESSING FOR 
TEXTILE PRODUCTS 
 

Processing of polyester is divided into several steps as shown in Figure 3.6. Grey 

fabric is received from in-house weaving department or from external sources. It is 

unloaded and piled in the store and inspected. Smaller length fabric pieces are then 

stitched together to allow smooth transition through machinery without major 

interruptions. Inspection includes examining the fabric for the presence of holes, 

untidiness and general quality on a table where amendable faults are repaired 

manually by needles and thread. Non-repairable fabric are rejected and sent back to 

supplier, whereas fabrics with acceptable quality are transferred to the appropriate 

processing section through manual trolleys. This process is also known as reception. 

In general, the first step in the pretreatment of greige fabrics is singeing to remove 

the protruding hair from the surface of the fabric. This is generally carried out on 

desizing machines in which singeing is the ancillary part. There are two chambers in 

the desizing machine. Singeing is carried out in the first chamber and desizing in the 

second. In singeing, the fabrics are passed over a series of burners where the loose 

hairy fibers protruding from the surface are removed to produce a smooth and clean 

look. The protruding fibers, if not removed give the cloth a matted and raw 

appearance, even after finishing. Desizing mainly removes the sizing material such 

as starch, waxy, and oil applied to the yarns before weaving. Scouring is a cleaning 
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process in which oily or waxy contents are removed. After scouring fabric becomes 

more absorbent compared to its greige counterpart, however, the natural coloring 

matters present in natural fibers are often not removed. These coloring impurities are 

removed through bleaching where the fabric is generally treated in rope form. 

Bleaching chemicals such as hydrogen peroxide or sodium hypochlorite are 

prepared in separate containers and poured in the machine’s trough. After scouring 

and beaching, fabric is treated with an acid to neutralize the alkalis present to 

prevent fabric damage and degradation. Neutralization is carried out in an acidic 

bath which is subsequently discharged and the fabric is washed with fresh water to 

remove traces of acid from its surface. 
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Figure 3.6. Major steps in processing of polyester. 
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pattern. Three methods of dyeing processes are batch, semi-continuous, and 

continuous dyeing. Batch dyeing involves applying a dye from a solution or a 

suspension at a specific liquor ratio to the textile substrates where the depth of the 

color obtained is determined by the amount of colorant present in relation to the 

quantity of fiber, although other factors also influence the overall dye uptake. Semi-

continuous dyeing is characterized by performing dyeing in a continuous mode but 

fixation and washing steps are run discontinuously. Continuous dyeing is operated at 

constant composition, i.e. a long length of textile fabric is pulled through each stage 

of the dyeing process. Printed color is applied only to specific section of the cloth 

using a number of printing techniques that include screen printing and inkjet printing 

systems to obtain a preset design. Dye fixation is carried out by steaming or baking 

the printed material followed by washing to remove surplus dye and thickness. 

Finishing operations endow the fabric with a particular appearance, surface texture 

or characteristic such as water repellent, stain repellent, antistatic, biocide, stiffened, 

shape retentive and wrinkle resistant [25-28]. The key considerations for improving 

dyehouse productivity are displayed in Figure 3.7 and summarized below [29-32]:  
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Figure 3.7. Key factors for improving dyehouse productivity [29-32]. 
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3.5 COLORATION PROBLEMS ORIGINATING 
FROM MANUFACTURING POLYESTER 
 
 

3.5.1 Problems Caused by Polymerization 

The orientation and crystallinity of polymer chains have a significant impact on fiber 

properties. Highly crystalline and oriented fibers have lower elongation at break, are 

stiffer, not very absorbent, difficult to dye and stable to changes in temperature and 

moisture. Orientation and crystallinity of fibers are determined during the 

polymerization step. The diminution of the degree of polymerization and the 

associated fall in tenacity and extension is largely attributable to a cleavage of the 

macromolecular chains [33]. Polymerization is generally carried out in a closed 

chemical reactor containing a number of inlets and a product (polymer) outlet. The 

temperature and pressure inside these reactors are closely controlled. 

 The dye uptake in polymer is controlled by the number of crystals present and 

the orientation of the amorphous phase [34, 35]. This is based on the fact that the 

dye diffusion depends on the segmental mobility of the amorphous region, which in 

turn depends on the regional order as well as the number, size and size distribution 

of the crystallites. The porosity of the fiber, i.e. the number, size and distribution of 

the recesses existing in the matrix, can also affect dye uptake [36, 37].  

 Variation in the concentrations of monomers, temperature, and the time of 

polymerization can also alter the end-group concentration [38-40]. Side reactions 
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such as involving the aldehyde group and diethylene glycol (DEG) during the 

polymerization of polyester fiber also influence the final product. Increasing the 

concentration of DEG in the final polyester fiber increases the dyeability of the fiber. 

However, DEG also lowers the melting point of polymer and gives an inferior 

polymer with poor strength and high sensitivity to UV light. In addition, it has been 

observed that the humidity during polymerization aid to increasing in the ease of 

diffusion of the dye molecules into the substrate [41-43]. Several  approaches have 

been attempted to improve the dyeability of polyester, the most recent involving 

incorporation of certain vinyl monomers in the dyeing bath of polyester and 

subjecting the polyester fibers to vinyl graft polymerization using either radiation [46] 

or chemical initiation prior to dyeing [47,48]. The color strengths of the grafted 

samples are higher than their unmodified counterparts. Also, the color strength of the 

grafted samples follows shown [49]: MMA(methylmethacrylate) > 

St/MMA(Styrene/MMA) >  St(Styrene) > MAA (methacrylic acid). Differences in the 

color strength obtained with the various monomers in question could be ascribed to 

differences in [50-53]:  

- affinity of the monomer to both dye and substrate; 

- molecular size of the monomer; 

- hydrophobic/hydrophilic balance of the monomer; 

- ability of the monomer for intimate association with and/or dissolution of the 

dye; 
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- ease of conversion of monomer to oligomers and molecular weight of the 

latter; 

- ability of the monomer and/or its oligomers to form a film containing the dye in 

the case of polyester; and  

- dissolution of the oligomers in their own monomer 

 

   However, monomers could be associated with the favorable effect of duration o 

fiber swellability and diffusion of the dye molecules into, and their absorption on, the 

fiber molecules.  

      

3.5.2 Problems Caused by Glass Transition Temperature (Tg) 

The glass transition temperature of a polymer has considerable influence on the way 

in which a dye diffuses within the polymer substrate. It has been shown that Tg is 

influenced by the size and the shape of molecules, and by interaction between the 

dye and the substrate and that dyeing can reduce it [54]. Dyes are commonly 

applied as dispersions in water. Slight solubility in water is advantageous, since it 

permits diffusion to the fiber surface. But the substantial solubility in water is 

disadvantageous, since it leads to poor dyebath exhaustions. The challenge is to 

obtain a sufficient diffusion rate into the fiber to build up an adequate shade, which is 

a consequence of the relatively high glass-rubber transition temperature (Tg) of the 

fiber. There are four main solutions to this problem as shown below [55]. 
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• The use of carriers 

     Carriers are organic compounds added to the aqueous dyebath to increase the 

rate of dye diffusion at the dyeing temperature. Carriers are plasticizers for the fiber 

and are preferably of poor solubility in water.  Dye diffusion is influenced by the 

extent of Tg lowering caused by the plasticizing effect of the carrier in the polymer. 

Among the more important varieties of carriers are O-phenylphenol, biphenyl, 

methylnaphthalene, O-dichlorobenzene, and methyl salicylate [56]. They are 

dispersed in bath at 1-8 gL-1 along with the dyestuff, migrate relatively rapidly into 

the fiber, plasticize the non-crystalline regions, and thus reduce the glass transition 

temperature.   

     However, there are disadvantages to this technique; the carriers are expensive 

enough to add significantly to the cost of dyeing; they are undesirable from an 

environmental perspective; some are toxic, and their residual presence in the fiber 

can lead staining, odors and reduced light fastness and for these reasons carriers 

are preferably removed by treatment with hot air after dyeing. On the other hand, the 

application of carrier permits they permit the use of conventional dyebaths at 

atmospheric pressure. Carriers must, however, satisfy the following requirements 

[57-60]:         

- must not be toxic or mutagenic; 

- must not have too high a vapor pressure; 

- must not volatilize in steam; 
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- must be readily emulsifiable or soluble; 

- should be cheap; 

- must be very effective; 

- must be readily removable and not have an adverse effect on dye fastness; 

- must cause no degradation or discoloration of the fiber 

 

Typical carriers accelerating the dyeing of polyester are [24, 46, 61, 62]:   

- Aromatic hydrocarbons such as diphenyl, naphthalene and toluene; 

- Phenols, e.g. phenol, o- and p-chlorophenols, o- and p- phenylphenol and m- 

cresol; 

- Chlorinated aromatics: mono, di- and tri-chlorobenzene and chlorinated 

naphthalene; 

- Aromatic acids including benzoic, chlorobenzoic and o-phthalic; 

- Aromatic esters, e.g. methyl benzoate, butyl benzoate, dimethyl and 

diethylphthalate, dimethlterephthalate, phenyl salicylate; 

- Aromatic ethers such as p-naphthylmethyl ether; and,  

- Miscellaneous compounds including acetophenone, phenyl cellosolve, 

phenylmethyl carbinol, methyl salicylate and benzanilide. 

 

     The ideal carrier for use in dyeing should produce appreciable color yield at boil 

in a practicable dyeing time at low carrier cost, and without seriously affecting 

physical properties of fiber or fastness properties for of the dyes. It should not cause 
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carrier spotting and should be free from toxic or noxious effects during dyeing. Some 

of the disperse dyes recommended for dyeing with carriers is [63-65]: 

- C.I. Disperse Yellow 42, 218, 229 and 236; 

- C.I. Disperse Orange 13, 25 and 37; 

- C.I. Disperse Red 13, 50, 60, 73, 91, 92 and 343; 

- C.I. Disperse Violet 26 and 28; 

- C.I. Disperse Blue 56; 

 

• High temperature dyeing 

 Super atmospheric pressure or high temperature (HT) dyeing is usually 

carried out at a temperature of 125-130 °C and a correspondingly elevated pressure. 

At such temperatures the diffusion rate of the dyes is high enough to produce 

satisfactory shades in a dyeing time of about a one hour. High-pressure beams, jets, 

and jigs can be used. Although such equipments tend to be more expensive than 

conventional atmospheric pressure equipments, their cost is more than offset by the 

omission of carriers. HT dyeing involves the following advantages compared with 

carrier dyeing [19, 66]: 

- there is no adverse influence on light fastness; 

- there is no toxic effect; 

- no additional effluent problems arise; 

- no expenditure on carriers; 

- unlevel and spotting are obviated. 
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     Unfortunately, problems sometimes arise due to extraction of cyclic trimer from 

the fiber during HT dyeing. The trimer crystallizes from the dye liquor on cooling, 

deposits in cooler regions of the vessel, and may contaminate the fabric.  Additives 

are marketed to minimize the formation and quantity of deposits. Processes 

involving selective hydrolysis of the dissolved trimer by alkali either at the start or at 

the end of process have been described elsewhere [67]. Hydrolysis technique 

requires careful selections of dyes since many disperse dyes are degraded under 

alkaline conditions. Discharging the dye liquor at the dyeing temperature without 

cooling is a very effective means of reducing the formation of deposits but this 

method requires a second pressure vessel. Regular cleaning of vessel always 

remains important. 

 

• Thermofixation 

     Thermofixation (commercially known as Thermosol® process) is particularly 

suited to continuous dyeing processes, since it involves padding the dyestuff from 

dispersion onto the fabric, drying, and then heating to a temperature of 180-220 °C. 

At such temperatures, diffusion rates are so high that a few seconds suffice for 

adequate penetration of dye molecules into the substrate. Many variables affect the 

final shade of the dyed fabric during the thermofixation process. Some of these 

variables are: Thermosol period, temperature, type of disperse dyestuff, and pad 

bath auxiliaries. The advantages of thermofixation can be summarized [20, 68-70]:   
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- due to the continuous process, a large yardage can be dyed more 

economically than by batch processes; 

- dye utilization is excellent; 

- no carrier is required, thus the chances of spotting and impairment of light 

fastness are eliminated; 

- the fabric is processed in open width, thereby eliminating the problem of rope 

marks; 

- dyeability is not affected by previous heat setting; 

- the energy consumption is lower than batch process due to the shorter of 

dyeing cycles, lower liquor ratio and use of energy recovery devices. 

 

Some of the shortcomings of the thermofixation dyeing of polyester are listed below 

[20, 68-70]:  

- ‘listing’ can occur due to different nip pressure and migration of color during 

the intermediate drying; 

- two sidedness may occur due to uneven drying on two sides of the fabric or 

due to uneven padding; 

- pale spots or specks may be formed due to condensation of water or foam as 

well as the residual alkali on the goods; 

- colored specks may be present due to incorrect concentration of dyestuff and 

auxiliary; 

- ending and tailing marks may form due to high affinity of the dyes; 
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- pale shade due to poor penetration of dyestuff may be formed; 

- dark or pale selvedges may be present due to feeding liquor from one side of 

the padding trough only; 

- frosted dyeing may be caused by color migration during intermediate drying 

or thermofixation stage; 

- widthways variation in drying may occur due to irregular air jets and velocity 

of air circulation in stenter; 

- foam may be generated by the excessive use of dispersing agents and other 

auxiliaries in pad liquor; 

  

   The disperse dyes applied to polyester by the thermosoling require a suitable 

heating time to ensure good penetration of the dye [71, 72]. Sometimes, particulate 

migration in fabric padded with disperse dyes during intermediate drying prior to 

thermofixation can be a serious problem which can lead to shade variation and 

unlevelness in continuous dyeing procedures.  Migration can be prevented by [73-

75]: 

- should keep the low pick up in padding  

- should prepare the immersed fabric  

- should dry all sections of substrate uniformly  

- should use disperse dye with low concentration of dispersing agent; and 

- should include antimigrants in the padding solution 
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• Modification of the chemical structure of the fiber to reduce its Tg 

 Modification of the polymer to reduce the glass transition temperature has 

been attempted to increase the rate of dyeing [76,77]. This can be achieved by 

incorporating a small amount of comonomer within the fibers’ backbone. The most 

effective comonomers are aliphatic in character. Replacing a small proportion, 

usually 5-10 mol%, of terephthaloyl unit by units derived from an aliphatic 

dicarboxylic acid such as glutaric acid (also called pentanedioic acid: 

HO2C(CH2)3CO2H) or adipic acid (also called hexanedioic acid: (CH2)4(CO2H)2) 

produces fibers that will dye at the boil without carriers. . Aromatic units, for example, 

based on isophthalic acid, act primarily through reducing crystallinity, and these are 

therefore less effective. Reducing the crystallinity of the oriented polymer reduces 

the glass transition temperature and increases the rate of diffusing of dyes. 

Modification by copolymerization technique is not wholly beneficial, however, and 

many physical properties, such as recovery, crease retention, and resistance to 

shrinkage can be obtained [78, 79].  

 

3.5.3 Problem Caused by Oligomers 

Oligomer is a general term given to a smaller chain length of polymer (in case of 

polyester) made up of two or more molecules of basic ethylene terephthlate i.e. 

linear dimmer (Figure 3.8) or trimer (Figure 3.9), produced as a side reaction during 

the manufacture of the polymer (polyester). Approximately 0.1 to 1.0% oligomer is 
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produced as a side reaction in the manufacture of polyester. Oligomers as low 

molecular weight polymers are released into the dyebath when polyester is dyed. 

The oligomer because of its smaller chain length is in the form of a fine powder 

which is entrapped is the polymer and during high temperature polyester dyeing 

migrates to the surface. These surface deposits form a crystalline structure with a 

melting point around 317 to 320 °C and exhibit birefringence in polarized light. The 

displacement of oligomer to the fiber surface is higher at increased depths of shade. 

The surface oligomer content almost doubles on dyeing dark and extra dark shades. 

These oligomers can deposit on the yarn or the surface of the dyeing machinery. 

Oligomer deposits in dyeing machinery result in lost productivity due to the time 

required to clean the machine with alkaline chemicals. When the amount of 

oligomers increases, it manifests itself in excessive white powder formation on rings 

and ring rail. Oligomers also cause problems in spinning of dyed fibers. This 

behavior causes problems during dyeing and finishing stages [47, 56, 80-82]. Some 

of these issues are listed below: 

- Oligomer deposits hinder uniform fabric passage especially when dyeing 

tightly wound goods/packages, and this increases the risk of unlevelness  

- The effectiveness of the pump decreases due to oligomer deposits in yarn 

and beam dyeing, and this increases the risk of unlevel dyeings. 
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- During the processing of dyed polyester yarn abrasion causes oligomer 

deposits in the machine which results in considerable dusting of the 

surroundings.  

- The processing properties of yarn (especially sewing threads and in weaving) 

deteriorate due to high yarn friction coefficients caused by the presence of 

oligomers which cause an increased number of broken threads. Oligomers 

decrease the color brilliance of the dyed fiber due to scattering of diffused 

light which makes the surface appear dead and dull especially in dark shades, 

such as black, navy, etc. 

- The agglomeration of dyestuff/oligomers causes poor rub fastness properties 

because disperse dyes are deposited on oligomer crystallites which have 

poor crock fastness.  

- Textile fabrics very often tend to "chalk" due to the presence of powdery 

oligomer deposits on the surface. 

- Oligomer deposits on winding or twisting machinery guides cause high 

tensions and increase friction on the yarn, leading to poor package 

construction and end breaks. 

- More frequent cleaning of dyeing and winding machines is needed due to the 

formation of oligomeric deposits within machinery, which increases down-

time and lowers efficiency. 
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Also, there are several problems caused by oligomer deposits leading to unlevel 

dyeings [47, 56, 80-82]. A summary of these problems is given below: 

- Filtration effect (inside – out variation) can be caused due to the build-up of 

oligomers in yarn packages.  

- Oligomer deposits on pump result in improper pump pressure. 

- Oligomers can choke spindle holes which disrupt appropriate flow patterns. 

- Oligomer deposits on heating elements result in variations in rate of 

temperature. 

- Dusting during coning occurs which requires care to prevent potential health 

hazards. 

- Disruptions to heating, fluid flow and pump circulation also increase overall 

energy costs of the process. 

 

The surface oligomer concentrations can be significantly reduced in an alkaline 

medium. Oligomers can be suspended in the reduction clearing liquor and removed 

when the liquor is drained.  Oligomer deposits on the fiber surface are therefore 

removed by the reduction-clearing process, although more severe treatments may 

also be necessary to remove the cyclic trimer from dyeing vessels [83].  Several 

recommendations have been put forth to resolve problems pertaining to deposition 

of oligomers, although it has been stated that these solutions do not address the 

wide range of associated problems [84-86]. Methods employed include:  
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- The use of carriers based on chlorinated benzenes; 

- Incorporation of lubricants to facilitate dissolution of oligomers and prevent 

their redeposition;  

- Use of hot dybath drop; 

- Application of alkaline reduction clearing after scouring. 
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Figure 3.8. Molecular structure of a linear dimmer [80]. 
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Figure 3.9. Molecular structure of a cyclic trimer [80]. 
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3.5.4 Problems Due to Melt Spinning 

The properties of a synthetic fiber are determined by their spinning conditions. In the 

melt spinning process, the factors that determine properties include the tension 

acting on the fiber and fiber temperature [33].  The following points are also to be 

considered in the spinning process [15, 33, 81]: 

- draft distribution and setting; 

- type of ring and traveller; 

- spindle speed; 

- twist; 

- lift of the machine; 

- creel type; 

- feed material; 

- length of the machine and; 

- type of drive. 

 

 Denier is controlled by ensuring the flow of polymer through each spinneret 

hole is uniform. However if a hole is dirty or has polymer sticking to it, its effective 

diameter is reduced; and the filament that comes out becomes finer. If the spinneret 

has been used for substantial periods, then some of the holes would be worn out 

and filament emerging out would be rough and non-uniform [56].  
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 The undrawn or partially-oriented yarns produced by melt spinning have 

relatively low degrees of molecular orientation and are easy to dye. Drawn materials, 

on the other hand, show much higher degrees of molecular orientation [14]. 

Excessive heating of polyester during the extrusion process, triggered by too high 

spindle speeds, can result in deformation, flattening, twisting and partial bonding of 

fibers to each other [9]. 

 Variations in fiber diameter due to the spinning process cannot be corrected 

later and may even be exacerbated during the drawing process. Such variations 

influence the dyeing behavior and the final appearance of the finished goods. 

Various factors affecting variations in fiber diameter include [16-18, 72, 82]: 

- spinneret hole diameter; 

- poor quality melt/dope of the polymer containing big particles of additives, 

dulling agents, oxidized or cross-linked polymers and foreign bodies; 

- Turbulence in the solidification zone, draft in the cooling chimney, variations 

in the cooling air-flow rates, inefficient cooling, variations in the coagulation 

bath concentrations; 

- Poor spinneret design, crowding of holes; 

- Fluctuations in throughput; 

- Presence of gels, naps, cross-linked polymers, polymer dusts in filtered melt-

dope that pass through the spinnerets, and; 

- Polymers with different melt rheology, and redried polymer. 
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3.5.5 Problems Due to Drawing and Draw Line 

After extrusion, the fiber is said to be unoriented or undrawn. The polymer chains 

within the fiber begin to orient themselves along the longitudinal axis of the fiber 

because of the flow of the long polymer chains through the spinneret hole. However, 

their degree of orientation and crystallinity at that point is quiet low. Polyester fibers 

are produced at various draw ratios, ranging from the relatively low values used for 

some staple fibers and draw-bulked yarns, to the high values for high-tenacity 

products, some of which may have received further hot-stretching treatments [6]. A 

drawing process enhances the orientation of the molecular chains and causes an 

increase in close-packing or crystallinity. A drawing process enhances the orientation 

of the molecular chains and causes an increase in close-packing or crystallinity. The 

polyester produces a considerable degree of crystallinity, since after the initial 

manufacturing stage the oriented polymer is largely amorphous.  In general, the 

diffusion rate of dye increases with decreasing draw ratio [83,84]. When draw ratio 

increases, dye uptake decreases because of the change in crystallite and 

amorphous sectors orientation. The change in crystallite orientation is slight; 

however, the orientation of chains in the amorphous region increases substantially. 

Therefore, increased overall orientation within the fiber decreases the amount of dye 

uptake. The solidification temperature of amorphous polyethylene terephthalate lies 

between 68 and 69 °C, and that of crystalline PET at 79-81 °C [24]. Also, heat 
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temperature below the crystallization temperature, the extension values increase 

with rising temperature and the tenacity values diminish.  

 Draw line is the place where all major fiber properties including denier, 

tenacity, elongation at break, crimp properties, spin finish, shrinkage and dye ability 

are shaped. Polyester filaments with low preliminary orientation exhibit the largest 

variation in the cross-section in cold drawing. With increasing pre-orientation, the 

natural draw ratio diminishes and with it a reduction in cross-section. The shrinkage 

tendency of polyester filament generally diminishes with the rising degree of drawing. 

The drawing speed exerts almost no effect on polyester filament with a high 

preliminary orientation. 

 Two of the most important factors that influence fiber properties in a spinning 

mill are spin finish and crimp. Spin Finish is applied to the undrawn tow at melt 

spinning stage essentially to provide cohesion and static protection. In the draw line, 

a major portion of this finish is washed away, and a textile spin finish is put on the 

tow by either kiss rolls or a spray station. This textile finish consists of two 

components, one that gives cohesion and lubrication and the other confers static 

protection. The percentage spin finish is decided by the end use of the fiber. The 

second important factor after spin finish is crimp. Crimping is required to ensure 

smooth running of fibers through various production steps. After the tow is crimped, 

the crimps are set by passing the tow through a hot air chamber. The temperature at 

this point can also affect the tenacity and dyeability of the fiber. These properties are 

also controlled by the draw ratio and annealer temperature (220 °C).  



 92

 

3.5.6 Problems Due to Cutting 

Cutting defects can be detected during production as smoothly cut fiber ends are 

only marginally dyed, while squeezed fiber ends are dyed intensively [33]. A highly 

tensioned tow is first laid over sharp blades and pressed down by a pressure roll and 

the filaments ends are then cut. The success of the process varies depending on the 

degree of disturbance of the original fiber arrangement on the converter during the 

cutting process [14]. In addition, if some blades become blunt, then the pressing of 

tow onto the blades creates high temperatures and so tip fusion occurs. In tip fusion 

tips of neighboring fibers stick to each other and form fiber clusters. The separation 

of fibers in such clusters is almost impossible. However, if these sections are not 

removed clusters will be transferred into the yarn and cause a yarn fault. Moreover, if 

the blades are not very sharp they will not produce straight edges and some 

rounding of fiber tips at the cut edge could result. Such fibers are called nail heads 

and constitute a form of fault.  

 When fibers are cut, they fall down by gravity into the baler. Because of 

crimping clusters may be formed. Clusters should be opened out as they can 

otherwise result in choking in blow-room pipe or in chute feeds. Fiber clusters are 

opened by using a ring of nozzles below the cutter through which high pressure air 

jets are pointed up. In addition to the faults specified, over length fibers are those 

whose length is greater than the cut length plus 10mm and these are often caused 
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by broken filaments which cannot be straightened by tensioning at the cutter [22, 23, 

85].  

 

3.5.7 Problems Due to Fiber Size and Cross-Sectional Shape 

The size and cross-sectional shape of fibers, normally described by denier or tex, 

have direct effects on the surface properties of fibers as well as many yarn and 

fabric properties. Properties that depend on the proportion of surface areas of 

fibrous products, such as dyeing and chemical reactions, are expected to vary with 

fiber size [86]. Although the rate of chemical reactions should be enhanced by higher 

surface-to-volume ratios, in fibers with smaller diameters the final results may not be 

equally positive. More dye is needed to achieve the same shade in dyeing fabrics 

containing microdenier fibers than those of regular denier fibers. This is because the 

higher surface-to-volume ratio of smaller fibers enhances dye adsorption and, thus, 

dye uptake. In addition, the increased curvature of fibers enhances with decreasing 

fiber diameters, while on the other hand increased surface also increases light 

reflectance. The increased light reflectance in smaller fibers due to higher curvatures 

results in a lighter appearance, for the same amount of dye applied, in comparison to 

coarser fibers [87]. Consequently, larger amounts of dye are needed to dye fabrics 

containing microdenier fibers than those with regular denier fibers. In terms of cross 

section the study of suitably stained cross-sections of polyester fibers, under the 

electron microscope, show a reticulate pattern with a few small voids that are 
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possibly associated with the presence of solid particles of delustrants [14]. It is 

reasonable to infer that the changes in dyeing behavior that have been described 

earlier are associated with changes in the size, spacing, and distribution of these 

highly-ordered regions and that these influence, and are influenced by, the number 

and arrangement of chain folds in the materials [9,88].  

 

3.6 PROBLEMS ORIGINATING FROM FIBER 

Polyester is produced as medium and high tenacity staple fibers of various lengths. 

Staple fibers are usually drawn to give medium tenacities, but may be spun from 

polymers of lower average molecular weight to give improved pilling performance. In 

addition, staple fibers are generally crimped and many of the filament yarns are 

bulked by false-twist or some other texturing process [83, 89]. Many complex factors 

exert an influence on these processes and their interrelationship is not completely 

resolved at present [90-93]. Among the factors that influence these processes are 

melting point, spinning temperature, the viscosity of the polymers, shape, dimension 

and arrangement of the spinneret orifices, the amount of feed doffing speed and 

cooling conditions, such as construction of the duct, cooling medium, and 

temperature. 

 Polyester fibers are treated with lubricant and antistatic to assist in the 

spinning and other associated mechanical processes. These are used to help with 
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the production of suitable yarn and fabric for warping, weaving or knitting. However, 

the application of these surfactants may decrease fiber dyeability and moreover they 

can appear as specks in the dyed material [94, 95]. Also, surfactants on the yarn or 

fabric surface can hinder the diffusion of the dye and stain its surface [67]. 

Substrates ‘contaminated’ with surfactants, however, are readily cleaned by 

comparatively mild scouring procedures involving dilute solutions of soap or anionic 

or nonionic surfactants (or their mixture), containing trisodium phosphate or sodium 

carbonate [31, 65, 96, 97]. 

 

3.7 PROBLEMS ORIGINATING IN THE 
FORMATION OF FILAMENT YARNS 
 

Several parameters which include denier variations, periodic denier, filament count, 

twist per inch/ twist direction, fiber cross section, luster, tensile strength, elongation 

at break, and broken filaments affect dyeability of polyester yarns [17, 23, 98-100].  

 Polyester yarns are semi-crystalline in the sense that their density is midway 

between that of highly organized crystals and the extreme randomness of an 

amorphous structure [101]. Undrawn or partially-oriented yarns produced by melt 

spinning and cooling the polymer are easy to dye. Such materials have relatively low 

degrees of molecular orientation which explains their rapid dyeing. On the other 

hand, drawn yarns show much higher degrees of molecular orientation and dye at 

much slower rates. Filament yarns must also be twisted to a level that will permit the 
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production of reasonably permeable dyeing packages and the twist must be set 

before the yarn is rewound. Flat or very-low-twist continuous filaments used for the 

production of yarn packages lie very closely together. Such packages have very low 

permeability and for economically acceptable weights of yarn are difficult to dye 

uniformly.  

 Filaments are cut to staple fibers to produce spun yarns that are similar in 

touch to natural fibers. As filaments have a very artificial feel to them, they are 

specially treated or textured to improve their appearance and function. One main 

advantage of using filaments is that pilling is heavily reduced. Polyester filament 

yarns may be dyed as wound packages on rigid, perforated conical or cylindrical 

centers, on cylindrical interlaced springs or, more rarely, in the forms of mock-cakes 

or hanks [14]. Generally, the most satisfactory form of dyeing filament packages is in 

the form of cheese, cross-wound on a stainless, interlaced spring, preferably of the 

type which has some radial compressibility as well as the normal degree of axial 

compressibility [102]. As already stated finer denier fibers appear lighter in shade 

and require more dye to be matched to the same shade as with a coarser denier 

fiber [103]. More recently, some manufacturers that produce fabrics with silk-like or 

peach-skin-like appearances have introduced self-extensible filament yarns with 

apparently improved dyeing properties [32,104].  
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3.8 PROBLEMS ORIGINATING FROM TEXTURING 
FILAMENT YARNS 

Texturing is a manufacturing process that introduces bulk to an otherwise flat yarn. 

Continuous filament yarns are textured by several different methods such as false-

twist, stuffer-box, knit-de-knit, gear crimping, edge crimping, and air-jet [105]. These 

techniques impart permanent helical deformation to the yarn. The filaments are 

crimped or looped at random to give the yarn greater volume or bulk; then, the yarns 

are heat-set by passing through a heating unit which provides dimensional stability. 

The most common form of texturing is false-twist, in which stacked friction disks or 

cross-belt assemblies are used [23].  

 During the texturing process, the yarn is further drawn which imparts 

additional strength and chain orientation to yarn before knitting or weaving 

processes [96]. With an increase in the temperature of texturing chamber up to a 

certain point, dye uptake decreases but beyond this point dye uptake begins to 

increase [106]. This increase in dye uptake results from crystal formation. An 

increase in crystallinity limits the available area where dye molecules can diffuse into 

the fiber. The increase in dyeability results from the melting and recrystallization of 

numerous smaller crystals into fewer larger crystals. When theses, small crystals 

melt and recrystallize the overall area for dye penetration increases. In addition, in 

friction disc texturing, dye uptake increases due to increases in disc spacing, the 

angle of yarns orientation on the disc, and from the increase in the surface helix 

angle of the twisted yarn. These changes can give rise to an increase in the twist 
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inserted into the yarn which decreases crystallinity [107]. In order to obtain uniform 

dyeings on textured polyester materials additional factors should also be taken into 

considerations which include pretreatment, selection of dyestuffs and auxiliaries, 

dyeing cycle as well as dyeing machine [35]. 

 

3.9 PACKAGE DYEING PROBLEMS ORIGINATING 
IN YARN WINDING  

Package dyeing is the process of batch dyeing yarn packages wound on perforated 

tubes where radial circulation of the liquor occurs. The principal mechanical factors 

influencing the rate of dyeing are [103,108-110]: 

- rate of liquor circulation 

- rate of temperature 

- porosity of package 

- liquor viscosity 

- density of winding 

 

 Each package should be the same size, density, and weight; otherwise the 

dye liquor follows the path of least resistance leading to unlevelness. Package 

should also be wound as softly as possible without sloughing to allow yarn to shrink 

without impeding the dye bath flow or deforming the yarn text to the dye tube. When 

dyeing yarns which are swell or shrink a cushion on the dye tube will assist in level 

dyeing. Flow rate and cycle time vary with fiber blends and dye machine used. Trial 
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and error should be used to determine the best conditions for package dyeing. 

 Thus, the success of yarn package dyeing is dependent on the degree of the 

preparation of the yarn packages. The use of package dyed polyester yarn is a 

method for the textile producer to increase flexibility and diversity in areas of fabric 

formation. In some manufacturing processes, considerable economics can be made 

if yarn is supplied on package all holding the same length and dyed with levelness.  

This is greatly affected by yarn package. The most important winding parameters are 

as follow [103,108-110]: 

- winding type 

- winding system 

- winding ratio 

- winding angle 

- package density 

- package shape type 

- cone volume 

- spindle up and down speed 

  

 However, during the spinning and twisting, there is a hairiness or disturbance 

of surface fiber. Increased hairiness has found to be the cause of stripes in dyed 

package. An amount of hairiness on surface fiber will be made strip after dyeing 

process. This effect can be caused by [108]: 
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- impact of the balloon of yarn against the edge of overlapping divider plates 

causing periodic disturbance of yarn 

- increasing the spindle speed on ring frames 

- using different weights of ring travelers 

- using different type of caps, e.g. straight and bell caps 

- tacky or otherwise unsatisfactory roller coverings causing partial licking of the 

yarn 

 

 A well wound package not only prevent hairiness for level dyeing but it would 

also minimize the danger of many other dyeing problem. Proper preparation of 

wound packages is very important for successful dyeing. Faulty packages with 

varying and improper density to not give level shades even with all precautions 

taken during dyeing [62]. This is on account of large differences in the rate of flow of 

liquor caused by density variations. Too hard a package leads to uneven dyeing due 

to channeling of dye liquor; while too soft a package gives difficulty in unwinding at 

the next process and may necessitate slowing down of machine speed and also 

increase the hard waste level. Also, uniformity of package density, both with package 

and between packages, is important. An obvious result of density variations between 

packages is shade variation from package to package and resultant effect on fabric 

appearance. There are factors affecting level and uniformity of wound package 

density; winding tension, yarn count, yarn fineness, yarn twist, pressure between 

package and winding drum, type of supply packages, increase in package diameter, 
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yarn reversals on cross-wound package [111].  

 Winding tension is determined by tension weights used on tensioning devices 

by winding speed. It decides the tightness with which yarn is laid onto the package 

and hence there is generally increase in package density with increase in winding 

tension. Conditions like winding speed, tension weights and package size remaining 

constant, yarn count decides the winding tension and spacing of yarn layers on the 

package. Both tension and spacing of yarn layers reduces as the count become finer. 

The effect of reduced tension is to decrease the package density, while that of closer 

spacing of yarn layers is to increase the package density. The pressure between 

package and winding drum is decided by dead weights on the cradle or spring 

loading. Increasing the pressure leads to more compact yarn package formation. 

The type of packages supplied has some bearing on the pattern of the liquor flow. 

The shape of cheese packages has been shown to be ideal for a uniform liquor flow 

throughout the yarn package. Packages prepared from ring bobbins are 

characterized by local variations in density while those prepared from winding exhibit 

fairly uniform density throughout the package. In the case of package, the number of 

winds decreases as the package is built up. This results in opening out the space 

between yarn layers and leads to lowering of density [18].  Package density reduces 

as its diameter increases.  It has been observed that the decrease in package 

density is more in the initial stages. Therefore, the variation in density within a 

package will be much less if a bigger diameter sleeve is used and if the final 

diameter is increased by the same amount. In the winding process, yarn is traversed 



 102

from edge to edge with the result that there are yarn reversals at the edge in the 

cross wound packages. Since there is a greater thread density at the reversal points 

compared to the body of the package, the edges become hard. Thus, the presence 

of hard edges on yarn packages is the characteristic feature of cross wound 

packages. Wound package faults like rib boning, soft nose or base, straight wind, 

etc., are instrumental in giving local variations in dye pick-up as the faulty portion 

differs in density from the rest of the package [11,81,112]. 

 A range of precautionary recommendations have been listed to help 

overcome some of the problems due to winding [113]: 

- the winding tension should be lowered by reducing tension weights and 

winding speed; 

- excessive tension variations between spindles should be avoided so as to 

ensure uniformity of density between packages; 

- the pressure between package and drum should be lowered by reducing 

dead weights on package cradle; 

- the compensating system, which lifts up the package progressively in 

proportion to the increase in package diameter, should be checked to ensure 

proper functioning; 

- the lateral displacement motion which prevents formation of hard edges 

should also be checked to ensure proper functioning; and 

- yarn package faults including ribboning, soft nose or base, straight wind, etc. 

should be minimized as much as possible. 
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3.10 PROBLEMS ORIGINATING IN FABRIC 
FORMATION 
 

Generally fabric constructions are separated into three types: non-woven, woven, 

and knitted [54,114,115]. Nonwovens fabrics are produced directly from fibers 

without intermediate fiber consolidation steps such as spinning into yarn or thread 

[116]. The resulting structure and physical properties of nonwoven fabrics differ from 

woven textiles, even when the basic fiber is the same, making them especially well-

suited for a wide variety of applications without coloring [116]. 

 Woven fabrics are classified according to their weave pattern or structure and 

the manner in which warp and weft yarns cross each other. The three fundamental 

weave patterns, of which others are variations, are the plain, twill, and satin. In a 

plain weave, also known as calico, tabby, taffeta, or homespun weave, the weft yarn 

passes over alternate warp threads, requiring two harnesses only. The relatively 

simple construction is suited for the production of inexpensive fabrics and printed 

designs. Variations are produced by the use of groups of yarns, as in basket weave 

and monk's cloth, or by alternating fine and coarse yarns to make ribbed and corded 

fabrics, as in the warp-ribbed Bedford cord, piqué, and dimity and the weft-ribbed 

poplin, rep, and grosgrain. The second primary weave pattern, twill, shows a 

diagonal design made by causing weft threads to interlace two to four warp threads, 

moving a step to right or left on each pick and capable of variations, such as 
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herringbone and corkscrew designs. Noted for their firm, close weave, twill fabrics 

include gabardine, serge, drill, and denim. Satin weave pattern has floating or 

overshot warp threads on the surface which reflect light, giving a characteristic luster. 

When the uncrossed threads are in the weft, the weave is called sateen [63, 117, 

118]. The main factors which can give rise to uneven dyeing during the manufacture 

of woven fabrics are [20, 63, 119, 120-122]:  

- Variation of stretch in the warp, or longitudinal, yarns; 

- Variation in weft and warp yarns characteristics (twist, twist direction, count, 

hairiness, blend ratio composition, color, etc.); 

- Variation of the weft, woof, or filling crosses the warp, binding the warp 

threads; 

- Variation of picking, or inserting the weft; and battening; 

- Variation of making the fabric compact;  

- Variation of frames for holding the warp and throwing the weft;  

- Variation in size application and; 

- Fly or foreign fiber woven into the fabric. 

 

        Knitting is a fabrication process in which needles are used to form a series of 

interlocking loops from one or more yarns or from a set of yarns. Also, knitting is the 

most common method of interloping and is second only to weaving as a method of 

manufacturing textile products [123]. The main factors which can give rise to unlevel 

dyeing during the manufacture of knitted fabrics are [20, 63, 119, 120-122]:  
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- Variation of fiber diameter, yarn linear density, and tightness factor; 

- Variation in weft and warp yarns characteristics (twist, twist direction, count, 

hairiness, blend ratio composition, color, etc.); 

- Variation of the the angle of spirality of yarn; 

- Fly or foreign fiber knitted into the fabric; 

- Variation in kind of knitting machine (manual or electronic version); 

- Variation in course length and; 

- Variation in wale density. 

 

 Reports have also highlighted the importance of environmental and storage 

conditions on level dyeing of knitted goods. In a specific case, clean pre-scoured 

knitted goods made of texturized polyester yarns exhibited small dark areas, 

resembling water spots, after dyeing due to unfavorable storage surroundings such 

as high humidity and temperature [123]. Microscopic examination of fault provided 

no hints for the cause of unlevelness. The material was clean and showed no 

encrustations or deposits. It was found, however, that the dried fabric was stored 

under a shed roof where rain drops occasionally fell onto the fabric through an open 

window. The fabric which was thus wet in some areas was subsequently heat set in 

a tenter frame. After dyeing the heat set fabric it was found that the stains only 

appeared in the wetted areas. Heat setting partially wet fabric may have resulted in 

non-uniform setting which can affect dye uptake.  

In addition, fabric weight and structure exert a considerable influence on the rate of 
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heating and level dyeing [102].  As the thickness of the fabric layer increases, a 

sharp increase in the heating-up time is observed. The increase in heating-up time 

accompanying an increase in the weight of the material, however, is not exceptional 

and is due to heat transfer principles.  

 In addition to the issues identified above, fabric yellowing is also often 

encountered as a common problem before the dyeing and finishing steps. Yellowing 

may be due to a range of various reasons including those listed below [3, 22, 113]: 

- Air oxidation; 

- Drying at high pH;, 

- Gases, NO2 and Ozone; 

- Acid sensitive brightener; 

- Excessive use of brightener and; 

- Micro-organisms, algae, and humic acids. 

 

 

3.11 PROBLEMS ORIGINATING FROM 
PRETREATMENTS 
 

As a term, preparation has two implications in textile processing. In greige 

manufacturing, this term is used to describe the process which prepares yarns for 

weaving and knitting such as slashing of warp yarns prior to weaving. In dyeing and 

finishing, the term is used to describe those processes that prepare fabrics for the 
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subsequent steps and coloration and finishing. Fabric preparation is the first within a 

series of wet processing steps where greige fabric is converted into finished fabric. 

The steps that follow preparation including dyeing or printing and finishing, are 

greatly influenced by how well the fabric is prepared. Improper preparation is often 

the cause of problems encountered in the dyeing and finishing steps. Successful 

preparation depends on several factors [11, 84, 109, 114, 122]: 

- The level and type of impurities present; 

- The chemicals used in various stages of preparation; 

- The water supply and; 

- The type of machinery used; 

 

3.11.1 Problems Due to Singeing 

Singeing is a process applied to both yarns and fabrics to produce an even surface 

by burning off projecting fibers, yarn ends, and fuzz. This is accomplished by 

passing the fiber or yarn over a gas flame or heated copper plates at a speed 

sufficient to burn away the protruding material without scorching or burning the yarn 

or fabric [22]. Fibers protruding from yarn and/or fabric appear darker after dyeing, 

leading to an inferior fabric appearance. Weaving defects such as raised and 

depressed areas in the textile fabric can cause difficulties during singeing and 

therefore should be minimized [9]. Singeing is usually followed by passing the 



 108

treated material over a wet surface to assure that any smoldering is halted. Singeing 

process improves several fabric characteristics which include: increased wetability, 

improved dyeing characteristics, increased reflection due to minimizing the "frosty" 

appearance and generating a smoother surface, better clarity in printing, improved 

visibility of the fabric structure, less pilling, and decreased contamination through 

removal of fluff and lint [11]. If singeing is to be carried out after dyeing care must be 

exercised in selecting dyes which must have good sublimation fastness. Although 

proper singeing is required to produce a uniform fabric surface, the sequence in 

which it is conducted is important. Various parameters may have to be taken into 

account for each type of fabric processed. These parameters include [31,124,125]: 

- flame intensity; 

- singeing speed; 

- distance between the flame and substrate; 

- method of singeing; 

- singeing position and; 

- yarn package shape and type. 

 

3.11.2 Problems Due to Desizing 

Sizing agents are applied to reduce the frictional properties of warp yarns by means 

of coating their surfaces with film-forming polymers. The desizing procedure 

depends on the type of size. It is therefore necessary to know what type of size is on 
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the fabric before desizing. Size removal depends essentially on the following factors 

[125-129]: 

- viscosity of the size in solution; 

- ease of dissolution of the size film on the fiber; 

- amount of size applied; 

- nature and amount of the plasticizers; 

- fabric construction; 

- method and nature of washing-off; and 

- temperature of washing-off. 

- Starch is the most difficult size to remove. It does not dissolve in water and 

must be broken down chemically into water soluble compounds by enzymes, 

oxidizing agents, or acids. Typical desizing processes involve the following 

steps involve the following steps [130]: Saturating the fabric with the following 

solution at 160 °F:  

0.1-1.0 %  Bacterial amylase enzyme 

10. 0 %  Sodium chloride 

0.5 %   Calcium chloride 

0.1-0.2 %  Wetting agent (non-ionic) 

- Digestion of the starch, according to one of the following processes:  

Batch for 2-12 hours. 

J-box for 10-30 minutes at 170-180 °F. 
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Steam for 30-120 seconds at 210-212 °F. 

Thorough washing at 180 °F or above. 

 The washing step is very important in removing the starch from the fabric 

[127]. After desizing, the fabric should be analyzed to determine the uniformity and 

thoroughness of the treatment. An alternative desizing procedure is oxidative 

desizing with peroxides. The oxidizing agent is hydrogen peroxide or in some cases 

a combination of hydrogen peroxide and potassium dipersulfate, and the process is 

done under alkaline conditions. Traditional desizing is performed by using acid or 

oxidative desizing agents which is associated with many drawbacks and limitations. 

However, due to its relatively uncontrolled and non-specific reaction, the cellulose 

material also gets damaged and looses strength. With the introduction of enzyme 

based desizing process, the limitations and drawbacks of traditional desizing 

process can be overcome. The enzymatic desizing process is performed by using α-

amylase enzyme. Advantages of enzymatic desizing over traditional desizing include 

[125,127-129]: 

- Better strength retention due to very specific reaction of enzyme with the 

sizing agent which does not adversely affect cellulose; 

- Saving of water as multiple washing is not required to remove the residual 

chemicals after desizing; 

- Process time of desizing can be reduced; 



 111

- Neutralization is not required because same processing conditions are 

required in next process leading to zero salt formation in Effluent Treatment 

Plant (ETP); 

- Savings in energy as desizing takes place at moderate temperatures; 

- Softer fabric feel and less hairiness on the fabric; 

- No adverse effect on other bath auxiliaries due to mild process conditions 

used; 

- No adverse effect on fabrics containing Lycra or polyester; 

- Safe and easy handling of reagent and 

- No adverse effect on machinery. 

 

 There are several problems associated with the desizing process. Some of 

these issues and precautionary recommendations are listed below [125,127-129]: 

- Incomplete and/or uneven desizing and washing off can adversely affect the 

subsequent caustic scouring process in which the fabric may shrivel to one 

side due to slipperiness compounded by the caustic bath; 

- The size recipe applied on the warp including information on the preservative 

used, softeners, other additives, etc. should be made available to the 

processor so that action could be taken to provide suitable desizing process 

and recipe; 

- It is necessary to ensure that the size recipe does not contain any ingredients 

that cannot be made soluble and or emulsified and washed off.  



 112

 

3.11.3 Problems Due to Scouring 

The scouring process removes water insoluble materials such as oils, fats, and 

waxes from textile fibers. These impurities coat fibers and inhibit rapid wetting, 

adsorption and absorption of dye and chemical solutions. In addition, the scouring 

process softens and swells motes which facilitate their destruction during bleaching. 

Oils and fats are removed by saponification with a hot sodium hydroxide solution. 

Unsaponifiable materials such as waxes and dirt are removed by emulsification. 

Both of these processes (saponification and emulsification) take place within a 

typical scouring process. The typical scouring process involves the following steps 

[130]: 

- Saturate the fabric with the following solution at 180 °F: 

0.1-0.2 % Surfactant 

0.3-0.5 % Sequestering agent 

4.0 %  Sodium hydroxide 

- Steaming using one of the following methods: 

60-90 minutes at 212 °F in J-box, or 

20-30 minutes at 212 °F in open-width box steamer 

- Thorough washing at 180 °F. 
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 Synthetic fibers are scoured with milder formulations such as soap or 

detergent containing comparatively small amounts of alkali (0.1-0.2% sodium 

carbonate). The choice of auxiliaries such as surfactant and chelating agent is 

essential to obtain a complete scour. After scouring, the fabric should be checked for 

thoroughness of scouring. An alternative to aqueous scouring is solvent scouring. 

This process uses organic solvents such as perchloroethylene and trichloroethylene 

as a scouring medium instead of water. The oils, fats and waxes on fibers are easily 

dissolved in these solvents. This process does not produce any fiber damage, and 

has low energy requirement. However, in textile processing mills most solvents are 

often not employed due to their volatility, health and safety as well as cost 

considerations. The important parameters that should be considered in the 

successful execution of the scouring process are as follows [125,127-129]: 

- concentration of alkali; 

- type of alkali; 

- temperature; and 

- time. 

 

 The high concentration of alkali and high temperature in the scouring solution 

may lead to harsh surface of substrate and unlevel dyeing. The complete removal of 

the scouring agent from the substrate by wash-off stage should be considered to 

prevent dyeing defects.  
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3.11.4 Problems Due to Bleaching 

The bleaching process destroys color impurities in fibers producing a white substrate. 

This is usually accompanied by treating the fibers with an oxidizing agent which 

oxidizes the color impurities to colorless compounds. Hydrogen peroxide, sodium 

hypochlorite, and sodium chlorite are the most common bleaching agents. After 

bleaching, fabric should be visually observed for motes and pin holes. It should be 

practically free of motes. Inadequate mote removal usually results when the pH is 

too low during bleaching, peroxide decomposition during bleaching is high, or the 

motes are not adequately softened in scouring. Pin-holes are the result of localized 

fiber degradation by hydrogen peroxide and are usually catalyzed by metal ions such 

as iron and copper.  

 A problem that is often detected after dyeing is the silicate deposits especially 

after dyeing to light shades. These deposits are seen as light patches or spots 

during bleaching. Silicate deposition can be detected by the formation of an intense 

yellow color in a molybdic acid test conducted on the ashed fabric. Deposition of 

silicates on the fabric can be caused by several factors which are listed below [130-

132]: 

- Improper ratio of Na2O to SiO2 in the bleach solution. The ratio should be        

approximately 1:1; 
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- low pH during bleaching, since solubility of sodium silicate increases with pH 

in the alkaline range; and 

- inadequate rinsing of bleached fabric. 

  

 Sodium silicate is difficult to completely rinse from fabric because the pH 

decrease with rinsing leads to decreased solubility of the silicate. Potassium silicate 

is more soluble than sodium silicate and thus more free rinsing. Short fabric contact 

times provide more flexibility in choosing temperature and bleach and stabilizer 

concentrations, and minimize or prevent fiber damage due to metal impurities and 

specific alkaline hydrolysis of polyester fibers [112]. Several types of synthetic fibers 

are bleached with peracetic acid (CH3CHOOH) rather than with hydrogen peroxide 

because satisfactory reflectance values of fabrics may be obtained at a lower pH 

without fiber damage. The most common problems in bleaching with hydrogen 

peroxide are as follows [125,127-129]: 

- inadequate formation of latent deposit; 

- low degree of whiteness; 

- uneven whiteness; 

- broken or torn off substrate; 

- reduced mechanical strength; 

- catalytic damage; and 

- resist mark formation. 
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The disadvantages in bleaching with sodium chlorite are as follows [125,127-129]: 

- a possibility of liberating the toxic gas, chlorine dioxide; 

- the equipment is expensive because of the need for exotic construction 

materials; 

- no rapid bleach process available; 

- poor absorbency due to residual fast and waxes; 

- incompatible with most dyes and FBAs; and 

- use of multi-chemical baths which need control 

  
 Thus, fibers subject to alkaline hydrolysis and degradation thus may be 

bleached with peracetic acid at pH of 6.0-8.0 without appreciable fiber degradation 

or hydrolysis. The mechanism by which peracetic acid bleaches fibers is thought to 

be similar to that of hydrogen peroxide, since both are catalytically decomposed by 

metal ions and stabilized by sequestering agents such as the polycarboxylic acids. 

 

3.11.5 Problems Due to Neutralization  

After scouring and bleaching, fabric is treated with an acid to neutralize the alkaline 

effect and prevent fabric damage and degradation. In the batch 

neutralizationinvolving rope washing, jet or winch machinery, the bath is first filled 

with water and an appropriate amount of suitable acid(s) and then fabric in the rope 



 117

form is allowed to submerge in the bath. Once the neutralization is completed, acidic 

bath is discharged and fabric is washed with fresh water to remove acidic traces 

from its surface. The important parameters in the neutralization process, which 

should be controlled, are concentration of alkali, temperature of reaction, contact 

time between substrate and alkali and washing to neutralize [84,111,133-140]: 

 Caustic soda is also used for a weight-reduction treatment of polyester. The 

principle object of the weight-reduction treatment is to improve fabric hand, but it is 

also utilized for other purposes such as removing surface fibrillation. However, the 

removal of caustic soda from the fabric is very crucial for the development of luster 

and shrinkage control. The concentration of caustic soda solution in the fabric should 

be reduced to less than 5% with the fabric on the frame. After the fabric comes out of 

the frame, the residual caustic soda should be thoroughly rinsed out. Generally, it is 

difficult to remove the residual amounts of caustic soda from the fabric by rinsing 

alone, and therefore residual amounts are neutralized with a dilute acid solution.   

 

3.12 PROBLEMS ORIGINATING FROM WATER 
QUALITY 

 

Water is the most important processing medium for a dyehouse. Definitely, the 

highest water use in textile wet processing is for the general purpose of washing and 

in preparation (desizing, scouring, bleaching) and dyeing as shown in  
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Figure 3.10. Water is universally used as a solvent for the coloration of polyester and 

has a strong plasticizing action on them.  

 

 
Figure 3.10. Schematic diagram of water use in dyeing and finishing processes. 

 

 Various textile wet processes are influenced in different ways by the presence 

of impurities in the water supply [119]. The presence of chlorine, iron, and treatment 

chemicals commonly found in the water can have a major effect on dyeing process. 

Metals can be introduced from piping system, from the boiler through live steam or 

from dyeing equipment. Water for dyeing is usually chlorinated; it can change the 

shade of dyed fabrics or cause other effects on processing. This often contributes to 

poor color yield and laboratory to dye-house correlations for dye recipes. Some of 
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the most frequently observed dyeing defects can arise from water contamination 

[141]. These include inconsistent shade, blotchy and/or streaky dyeing, filtering, 

spots, resist marks. Shade variation can be caused by chlorine contamination of 

water. This can cause color loss for many classes of dyestuff. Shade variation also 

can also be caused by metal such as iron, copper, and other metals. These metals 

are known to affect many dyes, especially disperse dyes. Traces metals can change 

the shade of disperse colors, for example, the colors of azo dyes are reduced by 

metallic salts and anthraquinone dyes are chelated with metal. The most common 

metals affecting shade variation of textile goods in water are aluminum, copper, 

manganese and iron [94,116,142-144]. 

  

 The most common impurities present in water that contribute to water 

hardness and affect shade variation are as follows [94,116,142-144]: 

- Alkalinity and acidity; 

- Suspended matters (oil grease, clay, and sediments); 

- Calcium and magnesium; 

- Residual soaping/rinsing agents; 

- Silicate and silica; 

- Sulfate; 

- Chloride; and 

- Miscellaneous anions (sulphide, fluoride, etc.). 
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 Table 3.1 shows lists of disperse dyes and their susceptibility to shade 

change in the presence of metals such as iron and copper. The presence of calcium 

and magnesium in the process water can cause uneven and unbalanced washing off 

of unfixed dyes. This can lead to streaks, blotches, inconsistent shade. Water 

conditioners such as hexametaphosphate (hexaphos) are effective and are generally 

safe in the sense that they do not cause other undesirable effects such as shade 

variations. Blotchy or streaky dyeing can result from acidity and alkalinity in the 

water which can affects exhaustion, leveling, and fixation of dyes. These problems 

can be avoided by several ways, including the judicious use of chelates and/or 

dispersants, dye selection, or water purification prior to use.  

 Depending on sources of water used, it is critical to know whether chlorine is 

present in the dyebath employed for the dyeing of polyester fibers with disperses 

dye. Sodium thiosulfate is the preferred antichlor agent to remove traces of chlorine 

present and its slight overuse does not harm the dyes. Water hardness and the 

presence of metals can also affect some dyes. In such case the use of 

ethylenediaminetetraacetic acid (EDTA) is recommended. When metal-containing 

dyes are in use the application of EDTA should be avoided since it can strip the 

metal form the dye molecule. Sodium hexametaphosphate can be used to control 

water hardness where EDTA cannot be used [82]. Reduction decomposition can be 

caused by ionization of metal or stabilization of reduction causing metal ion. Some 

dyes are decomposed by the reducing power generated by the ionization of metal. 

Some metal ions deteriorate the stability of dye dispersions leading to low color 
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yields. Formation of a complex between metal ions and disperse dyes depends on 

the chemical structure of dyes. Especially, the shade of red anthraquinone dyes 

changes markedly to bluish as a result of complex formation which causes shading 

troubles in dyeing. The shade change due to the formation of complexes depends 

on the metal; Fe2+, Fe3+, Cu2+ complexes change markedly, but the change due to 

complex formations with Mg2+, Cu2+ is to a smaller extent. To prevent the influence of 

metal ions, the addition of a sequestering agent is effective. For Fe2+, Fe3+, Cu2+, 

EDTA and NTA (the abbreviation for Nitrilo Triacetic Acid, a kind of a sequestering 

agent) are applied, and for Mg2+, Cu2+ polycarbonic acid type are mainly used. 

 

Table 3.1. Disperse dyes affected by metals [116]. 
 

Anthraquinone dyes that 
chelate with metals Disperse dyes that do NOT chelate with metals 

C.I. Disperse Red 3 C.I. Disperse Red 65 C.I. Disperse Red 338 
C.I. Disperse Red 55 C.I. Disperse Red 73 C.I. Disperse Red 339 
C.I. Disperse Red 60 C.I. Disperse Red 88 C.I. Disperse Green 9 
C.I. Disperse Red 91 C.I. Disperse Red 90 C.I. Disperse Blue 60 
C.I. Disperse Red 116 C.I. Disperse Red 117 C.I. Disperse Blue 148 
C.I. Disperse Red 263 C.I. Disperse Red 153 C.I. Disperse Blue 165 
C.I. Disperse Blue 27 C.I. Disperse Red 177 C.I. Disperse Blue 183 
C.I. Disperse Blue 56 C.I. Disperse Red 274 C.I. Disperse Blue 291 
C.I. Disperse Blue 73 C.I. Disperse Red 305 C.I. Disperse Blue 337 
C.I. Disperse Blue 118 C.I. Disperse Red 307 

 Note. Yellows are generally insensitive to metals. 

 

Sequestering (chelating) agents can be defined by their ability to form a complex 

with metal ions which allow these ions to remain in solution despite the presence of 

precipitating agents. They are normally applied to mask hardening alkaline-earth 
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cations and transition metal ions in aqueous solutions, in order to eliminate their 

damaging effects which include [125,145]: 

- Catalytic destruction of hydrogen peroxide; 

- Potential inactivation of the enzymes in enzymatic desizing, resulting in poor 

size removal; 

- Precipitating soaps in scouring process (especially calcium and magnesium 

ions), forming a sticky insoluble substance. , The sticky deposits impair fabric 

handle; cause resist spots in dyeing, attract the soil to the material and cause 

inconsistent absorbency in subsequent processes; 

- Drastically reducing the solubility and the rate of dissolution of surfactants, 

due to formation of complexes with alkaline and alkaline earth salts; thus 

impairing the wash removal ability of the surfactants. 

 

 However, the influence of reduction caused by the ionization of metals in a 

dyebath cannot be avoided by such sequestering agents, and should be considered 

separately. For example, if there is iron powder present in the dyebath, a reducing 

power is generated when Fe becomes Fe2+ or Fe3+. After ionization a sequestering 

agent can catch such ions. Even after the formation of a complex between Fe2+ and 

the sequestering agent, the product still has reducing power. Therefore, reducing 

power cannot be neutralized by the sequestering agent only. To prevent the adverse 

influence of metals reducing power, the addition of an oxidizing agent is 

recommended, but the optimum amount of this agent should be decided carefully. 
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For example, for a dyebath including 50 ppm of Fe2+, the addition of 1 g/L of sodium 

chlorate is effective. However, an excess amount of chlorate leads to the 

decomposition of the dye by oxidation, thus the use of chlorate is not generally 

recommended. If the amount of metal in the dyebath is small, anti-reducing agents 

such as sodium meta-nitrobenzene sulfonate could be employed. Decomposition by 

reduction of the dye by iron powder or Fe2+ is subject to occurrence in acidic 

conditions. Beside metals, some auxiliaries with reducing power often cause dyeing 

troubles. Therefore if susceptible dyes to reduction are used, auxiliaries with non-

reducing power should be selected carefully. The quality of water can be varied 

depending on the treatment methods used. The following approaches have been 

recommended [94,116,142-144]: 

- water should be filtered, using sand filters, to remove the suspended solids; 

- it should be neutralized to a pH around 7; 

- treated, if necessary, to remove residual chlorine; and 

- softened to remove and precipitate heavy metal ions. 

 

 

3.13 PROBLEMS ORIGINATING FROM HEAT 
SETTING 
 

Heat setting may take place before or after dyeing, and there are advantages and 

disadvantages to both. Heat setting prior to dyeing is desirable and indeed 
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considered by some to be essential to impart stability to the polyester, especially, if 

the temperature used during dyeing exceeds the normal atmospheric boil. Heat 

setting polyester fabrics is commonplace in today’s industry because this process 

imparts dimensional stability and improves crease and wrinkle resistance. The 

advantages of heat setting before dyeing are [11,101,146]: 

- Dyeing can be carried out in rope form at high temperature under pressure 

without fabric deformation;  

- A variety of disperse dyes can be used since they will not be subjected to 

high heat setting temperature and; 

- Dyeing following heat setting can help remove the stiff hand imparted by heat 

setting. 

 

   Disadvantages to heat setting before dyeing are [11,101,146]: 

- Any impurities not removed during the scouring process may be permanently 

set into the fabric creating dye resist or dark spots;  

- Any unlevel temperatures during heat setting will cause variations in the 

shade of the dyed fabric and; 

- If fabrics sized with polyvinyl alcohol are heat set before desizing, some of 

the size may be permanently set into the fabric. 

 

The advantages of heat setting after dyeing are [11,101,146]: 



 125

- Unlevel dyeings that result from non-uniform heat setting temperatures can 

be avoided and; 

- Energy savings result because the fabric does not need drying after 

preparation. 

 

Disadvantages of heat setting after dyeing are [11,101,146]: 

- Creases can be created during dyeing which cause unlevel dyeings;  

- Only certain disperse dyes can be used which will not volatilize during heat 

setting leading to shade differences and; 

- Thermo-migration of the dyes may take place which causes the dye to no 

longer be fixed inside the fiber. This problem will drastically affect the 

fastness properties of the fabric. 

 

 Heat setting alters the internal molecular structure of the fiber causing the 

amorphous regions to become more oriented. This increase in orientation limits the 

number of polymer chains that can move. It is this chain movement that allows dye 

molecules to enter the fiber [11]. The heat setting temperature is usually 130 °C 

above the temperature the fabric will experience during further processes [60]. 

Above 165 °C, dye uptake increases because crystalline areas become less 

oriented. This decrease in crystal orientation allows more polymer chain movement; 

therefore, an increased area is exposed for dye molecules to penetrate the fiber. 
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3.14 PROBLEMS ORIGINATING FROM STEAMING 

Steaming is one of the most important processes in textile finishing, as well as being 

widely used in preparation and dyeing. Controlled temperature, moisture and 

amount of air in machine are the main objectives to get for ideal steaming process. 

Problems originating at the steamer include water spots and loss of depth or change 

of shade. The steam should be saturated and shall have no sensitive heat to dry the 

fabric. Even the best steamer cannot produce high grade fabric if the steam used is 

superheated. Superheated steam can cause defects in the fabric. In the alkaline 

scouring step, even slight superheating of the steam can cause migration of the 

caustic soda in the fabric, leading to permanent marks and uneven dye uptake in 

dyeing processes [147,148]. Superheating of the steam also results in instability of 

dimension and lint. This may be detrimental to smooth, crease-free fabric running. 

Therefore, the effectiveness of steaming process depends largely on achieving and 

maintaining the supply of steam in a constant rate and air detection at some point 

[149,150]. Modern steamers come with instrumentation to control the levels of 

chemicals and water. Specially designed inlet to avoid ingress of cool air and shorter 

distance between the guide rollers to avoid crease formation are the other features.  
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3.15 PROBLEMS ORIGINATING FROM OTHER WET 
PROCESSES 
 

Controlling the dyeing process itself is of prime importance and critical factors 

influencing the dyeing process must be identified. These usually include pH, time, 

temperature, liquor ratio, electrolyte and auxiliaries. Adding excessive chemicals to 

recipe will increase cost and may cause quality problems. All parameters, including 

the temperature and amount of water added to a bath, should be documented and 

provided to mill operators responsible for mixing the recipe.  

 The use of polyester fibers in many textile applications is growing very rapidly 

due to their high strength, good elastic recovery, and dimensional stability after heat 

setting as well as suitability for blending with natural fiber [110]. However, the main 

drawbacks in polyester based textiles which include, for example, low moisture 

content, static accumulation, soiling, uncomfortable feel, pilling tendency, and 

difficulty in dyeing, are attributed to their high crystallinity, compactness, hydrophobic 

nature, and absence of chemically reactive groups [151]. Therefore, considerable 

efforts and technical developments have been extended to upgrade their quality and 

usefulness and these include through carrier free dyeing, package dyeing, and 

incorporation of anionic or cationic active sites in the fiber, Thermosol dyeing, and 

dyeing in an alkaline medium [152-155]. 
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3.15.1 Problems Caused by Foaming 

Foam is applied by means of an air knife, with the knife forming a 30-45 ° angle, in 

which ram pressure can easily build up. The air knife not only applies the foam 

superficially but also presses it deep into the textile good [156]. The generation of 

foams in textile processing, due to the presence of surfactants, causes a number of 

problems. The need to control foam during dyeing and finishing is well recognized. 

Excessive foam can cause [115]: 

- Floating and tangling of goods;  

- Uneven dyeing and; 

- Non-uniform application of finishes. 

 

 A yarn package contains a significant amount of entrapped air. When 

introduced into a dye bath containing a surfactant, the air produces a finely 

dispersed foam cushion as soon as dye liquor begins to flow through the package. 

Foam prevents flow of liquor through the yarn and the resistance to flow may 

become so great as to deform or even burst the package [33,157]. In high 

temperature jet dyeing machines there is considerable turbulence and foam is 

produced preventing dye bath-fiber contact and uneven dyeing results. Also, in 

padding dry fabric passes rapidly through a bath containing the dye or chemical to 

be applied. If the bath contains a surfactant, air introduced by the fabric produces 

foam, which prevents intimate contact between solution and fiber even during 



 129

squeezing between the padding fibers. To prevent or reduce the formation of foam 

during or after textile processes the use of anti- and de-foaming agents is 

recommended. As these agents are almost insoluble in water, they are applied from 

emulsion. When such emulsion is very stable, the agent is not released for 

adsorption at the foam interfaces and it cannot fulfill its purpose [123,158].  

Antifoams are commonly used in jets to decrease foam resulting form turbulence 

inside the jet. Even through antifoams are included in most formulas, it is best to find 

the foam producer and remove or change it rather than introduce another dyebath 

auxiliary [159].  

 

3.15.2 Problems Caused by Dyeing Processes 

The details of the dyeing process can vary considerably between different types of 

textile materials employing different types of dyeing equipment. For example, the 

maximum permissible rate at which the temperature of the bath can be raised may 

be determined by the relationship between the rate of circulation of the dye-liquor 

and the rate of transfer of the dye from bath to fiber such as in the dyeing of yarn in 

hank dyeing machines. Technical problems abound during dyeing of polyester and 

its blends. The preparation of stock solution for dyeing should be careful to not 

create unpleasant odor which can cause health problems, pollute the air or water 

quality. The criteria for choosing a dyeing process vary and may include the 

following [63,161]: 
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- shade range; 

- fastness requirements; 

- quality requirements and control; 

- cost; 

- equipment availability and; 

- selection of the dyes. 

 

There are three main types of processes for the dyeing of polyester materials; batch, 

continuous, and semi- continuous. Table 3.2 shows general dyeing processes 

according to the specific end products. Batch processes are the most common 

method used to dye textile materials and often depend on the type of equipment 

available and the weights or lengths of the material to be dyed. Batch dyeing is often 

called exhaust dyeing because the dye is gradually transferred from a relatively 

large volume dyebath to the material being dyed over a long period of time. 

Generally, flexibility in color selection is better and cost of dyeing is lower the closer 

dye application is to the end of the manufacturing process for a textile product. 

Polyester and some other synthetic fibers dye more easily at temperatures higher 

than 100 °C. Batch dyeing can give rise to some bruises and pilings due to hydraulic 

and mechanical impact during high temperature dyeing process [130].  

 Batch dyeing involves applying a dyestuff from a solution or suspension at 

specific liquor to goods ratio. At the end of the dyeing operation the spent dye-bath 

liquor is drained out of the vessel. The post-dyeing stage consists of washing with 
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water to remove unfixed amounts of dyestuff from the textile substrate. Atmospheric 

becks can be used for dyeing at temperatures up to the boil (~100°C). Pressurized 

becks are used for dyeing at temperatures higher than 100 °C. The greatest 

advantages of becks are their simplicity, versatility and relatively low price.  

 

Table 3.2. General methods used for the dyeing of polyester. 
 

Dyeing Methods 

Batch dyeing 
Dipping method 

High/normal-pressure jet dyeing 

Jig (or jigger) dyeing 

Beck (or wince) dyeing 

Padding method Cold pad-batch dyeing 

Continuous dyeing Hot flue dyeing coloring 

Semi-continuous dyeing Pad-jig dyeing 

 

 Beck dyeing machines subject fabrics to relatively low lengthwise tension and 

encourage the development of yarn crimp and fabric. However, Becks can cause 

abrasion, creasing and distortion of some fabrics. Jet dyeing machines resemble 

becks in that a continuous loop of fabric is circulated through the machine. However, 

the cloth transport mechanism is dramatically different between machines. Jet 

dyeing machines provide the following advantage compared to atmospheric becks 

for dyeing fabrics made from texturized polyester [20,32,123]: 
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- Vigorous agitation of fabric and dye formulation in the cloth tube increases 

the dyeing rate and uniformity; 

- Rapid circulation of fabric through the machine minimizes creasing because 

the fabric is not held in any one configuration very long; 

- Lengthwise tension on the fabric is low so the fabric develops bulk and 

fullness of handle; 

- Dyeing at high temperature of about 130 °C gives rapid dyeing, improves dye 

utilization, improved fastness properties and makes possible the elimination 

of carriers required when dyeing at lower temperatures and; 

- The lower liquor ratio used in jet dyeing allows shorter dye cycles and saves 

chemicals and energy. 

 

 However, jet dyeing machines provide the following disadvantages compared 

to atmospheric becks for dyeing fabrics made from texturized polyester [20,32,123]: 

- Capital and maintenance costs are higher; 

- Limited accessibility makes cleaning between dyeings and sampling for color 

during the dye cycle difficult; 

- The jet action tends to generate foam in dye formulations in partially flooded 

jet machines and; 

- The jet action may damage the surface of certain type of fabrics. 

 

 The term package dyeing usually refers to dyeing of yarn which has been 
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wound on perforated cores so that dye liquor can be forced through the package. 

Packages may be tubes, cheeses or cones. Liquor ratio in a package dyeing 

machine is typically about 10:1 when the machine is fully loaded. The use of lower 

liquor ratios can save water, energy and chemicals. If the liquor covers the yarn 

package but does not fill the top dome of the machine, the liquor ratio would be 

slightly lower than it would in fully flooded machines. 

 Continuous dyeing is suitable for woven fabrics. Most continuous dye ranges 

are designed for dyeing blends of polyester and cotton. Continuous dyeing is 

operated at constant composition of dyebath in which a long length of textile fabric is 

pulled through each stage of the dyeing process. In general these techniques 

operate at high dyestuff concentrations of 10 to 100 g/L but hardly generate any 

waste beside those due to equipment clean-up discharges. A continuous dye range 

is efficient and economical for dyeing long runs of a particular shade. Tolerances for 

color variation must be greater for continuous dyeing than batch dyeing because of 

the speed of the process and the large number of process variables that can affect 

the dye application. The polyester fibers are dyed in the first stages of the range by a 

pad-dry-thermofix process. The cotton fibers are dyed in the latter stages of the 

range using a pad-steam process. Fabric previously prepared for dyeing enters the 

dye range from rolls. Uniformity of application of dye requires that continuous dyeing 

be done in open width. Typical line speed in a continuous dyeing process is 50 to 

150 meters per minute. Padding is a critical step in continuous dyeing. The disperse 

dye formulation (and sometimes the dyes for the cellulosic component) is applied in 
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the first padder. The fabric is immersed in the dye formulation usually at room 

temperature and squeezed to give a uniform add-on of dye formulation across the 

width and along the length of the fabric. Low temperature in the formulation in the 

padder minimizes tailing. Higher temperature promotes wetting of the fabric in the 

short time the fabric dwells in the pad formulation. The wet fabric leaving the padder 

enters dye uniformly deposited on the fabric. Radiant pre-drying using infrared 

energy inhibits migration of the dye. Drying is completed using steam-heated 

cylinders. A thermal treatment called Thermosol fixes the disperse dye on the 

polyester fibers. The Thermosol oven heats the fabric to a temperature of 390-

430 °C, the exact temperature depending on the particular dyes being applied. The 

dye sublimes and diffuses into the polyester fibers during the Thermosol treatment. 

The fabric dwells in the Thermosol oven for about one to two minutes. 

The function of the cooling cans is to lower the fabric temperature so that it does not 

heat the solution in the chemical pad. The chemical padder applies the dyes onto the 

fibers. The steamer heats the wet fabric so that the dye can diffuse into the fibers. 

The fabric usually dwells in the steamer for 30-60 seconds. The washing section of 

the range is used for rinses, chemical treatments which may be required to complete 

the dyeing, and washing of the fabric to remove unfixed dye and chemicals used in 

the dyeing [73, 94, 131, 142, 143, 157, 162, 163]. 

 Semi-continuous dyeing is characterized by performing dyeing in a 

continuous mode but fixation and washing steps are run discontinuously. In this 

process the fabric passes through a padding machine where it is impregnated with 



 135

the dyeing bath, and then the dyestuff is fixed on a jigger. Sometimes the fabric can 

be dried in a hot-flue drier after padding, before entering the jigger. The application 

of the dyestuff by padding allows for homogeneous dyeing and time saving when 

compared to traditional jigger dyeing. The advantages of semi-continuous dyeing 

methods for polyester include [73, 94, 131, 142, 143, 157, 162, 163]: 

- suitability for smaller lengths dyed to a given color that would be insufficient 

to justify continuous processing; 

- optimum use of readily available equipment; 

- high productivity and better uniformity at the padding stage than batch 

dyeing; and 

- continuity of color over long runs compared with batch dyeing 

 

3.15.3 Problem Caused by Reduction-Clearing Process 

The dyed polyester should be cleared of surface deposited dye as well as auxiliaries 

by means of treatment with detergent or reductive or oxidative treatments, in order to 

secure optimum fastness of the dyeing. Customer complaints of low fastness to 

perspiration or water in polyester are always associated with the presence of loose 

dye particles on the fiber surface. For example, Fastness problems arising from the 

presence of surface deposited dye are most commonly associated with deep colors 

and it has observed that it is very difficult to preserve surface cleanliness in navy 
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blues, bottle greens and strong browns [49]. 

 Owing to the use of insoluble dyes on polyester which tend to aggregate at 

100 °C or above and deposit on the fiber, and also to low rate of diffusion of dyestuff 

into the fiber from the fiber surface, the rubbing and wet fastness properties can be 

poor. Loose dye is generally encountered after dyeing heavy-depth shades, but may 

also occur with other shades when dyeing has been carried out at too low a 

temperature, or for an insufficient length of time [75].  

 To enhance fastness properties and improve brilliance of shade of dyed 

polyester fibers the reduction-clearing process is carried out. The reduction-clearing 

process makes use of the hydrophobic property of polyester fibers, which prevents 

the penetration of the fiber by almost all ionized water-soluble reagents at 

temperature below the boil, and of the very slow migration from the fiber of disperse 

dyes at temperatures below 80°C [6]. A solution of caustic soda, sodium 

hydrosulphite and Lissolamine RC (cationic agent) has been found to be the most 

efficient method for this reduction-clearing process. The reduction-clearing process 

is carried out before the normal soaping treatment which is recommended for all 

dyeings on polyester fiber. However, in the presence of caustic soda, excessively 

severe reduction-clearing treatment can produce tendering of polyesters, and this 

tendency is increased by the presences of Lissolamine RC. In order to reduce any 

risk of damage to the fiber during reduction-clearing process, the temperature of 

treatment recommended above should not be exceeded. Control of the reduction 

clearing stage is influenced by four factors [28, 86, 130]: 
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- Temperature;  

- Flow rate of incoming clean water; 

- pH and; 

- Substantivity of hydrolyzed dye species. 

 

 In addition, the after-clearing operation should not adversely affect the 

desirable properties of polyester fiber. Specifically the process should not result in 

[164]:  

- corrosion of equipment; it should not be an irritant to represent any other 

danger to the health of the operators; 

-  generation of hazardous substances; neither should it generate hazardous 

substances in its reaction with the unfixed dyes and additives; 

- fastness problems; moreover efficient rinsing should not create effluent-

disposal problems and; 

- unjustifiable economics. 

 

3.16 PROBLEMS DUE TO APPLICATIAON OF 
DISPERSE DYES  

 

The Society of Dyers and Colourists (UK) defines disperse dyes as substantially 

water-insoluble dyes having substantivity for one or more hydrophobic fibers, e.g. 

cellulose acetate or polyester and usually applied from fine aqueous dispersion. The 
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dyeing property of fibrous polymeric materials depends on the relative amount of the 

amorphous phase and the chain packing, especially in the intermediate phase 

between crystalline and amorphous phases. Because of its rigid structure, well-

developed crystallinity and lack of reactive dye sites, PET absorbs very little dye in 

conventional dye systems. Disperse dyes are the most important class of colorants 

for dyeing polyester fibers. Many commercial disperse dyes are produced in a 

metastable crystalline form, which gives higher dye uptake than the 

thermodynamically stable form [165]. Disperse dyestuffs are absorbed and retained 

through a process of solution in the less crystalline regions [19]. Their saturation 

solubility in polyester is high [55]. A considerable amount of research has been done 

to improve the dyeability of PET fibers. Polymerizing a third monomer, such as 

dimethyl ester, has successfully produced a cationic dyeable polyester fiber into the 

macro-molecular chain. This third monomer introduces functional groups and dye 

sites to which the cationic dyes can be attached [166].  

 A dyeing process for polyester fiber at low temperature (40°C and below) has 

been reported [126]. This method employs a disperse dye in a microemulsion of a 

small proportion of alkyl halogen and phosphoglyceride. The main advantage of this 

method is low temperature processing, but there remains the environmental problem 

that is produced by using toxic carriers. The textile industry uses large amounts of 

water in dyeing processes emitting organic compounds into the environment. Due to 

this problem a dyeing process for polyester fiber has been developed in which 

supercritical CO2 is used as a transfer medium [167]. This method gives an option to 
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eliminate water discharge. It is low in cost, non-toxic, non-flammable and recyclable. 

When dyed in an aqueous medium, reduction clearing is to be carried out to stabilize 

color intensity, which produces more waste water. However, the main disadvantage 

of supercritical CO2 method is the high pressure used in the dyeing and cleaning 

vessel. Equipment designed for elevated pressure is more expensive than that 

employed for conventional application of chemical solvents at atmospheric pressure 

[168].  

 In practice, the major cause of color mis-math is often mis-formulation [169]. A 

mismatch can occur as the result of the loss of one or more of the dyes from the 

bath by agglomeration or, more commonly, by decomposition [6]. Therefore, the 

selection of disperse dye is very important for obtaining a level, well-penetrated 

result in dyeing of polyester in the most economical manner available. Some of the 

faults in the dyeing of polyester with disperse dyes include [61,125,170-172]: 

- ending and tailing due to unstable color dispersion or combination of dyes of 

different migration properties; 

- ring dyeing mostly due to variation in stretch during texturing; 

- skittery dyeing due to inadequate preparation, quality variation of fiber, poor 

solidity of shade in blends, irregular yarn tension in woven and/or knitted 

form; 

- localized pale dyeing due to air pockets in the materials; 

- precipitation of dye when the dyeing depth exceeds saturation value of the 

dye; 
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- blue spot on red dyeing due to the use of higher dosages of anthraquinone 

disperse dyes or due to the presence of greasy impurities on goods; 

- low color build-up and low brightness due to alkaline process water; 

- poor light fastness in carrier dyeing due to residual phenolic type carrier; 

- listing due to inconsistent heat setting, irregular tension in weaving of faulty 

batching and;  

- center selvedge variation because of poor winding, irregular liquor flow, 

incompatible selection of dyes or poor heat setting; 

 

3.16.1 Dye Parameters  

• Disperse Dyes 

This class of dyes has historical significance because it was the first class 

specifically designed for a particular fiber. This class was originally developed for 

secondary cellulose acetate because this fiber exhibited low water absorption, and 

alternative methods for improving the dyeing of acetate had proved unsuccessful 

[96]. By definition, disperse dyes, are a class of substantially water insoluble dyes, 

originally introduced for dyeing cellulose acetates, and usually applied form a fine 

aqueous suspension [6]. The majority of disperse dyes belong to three main groups 

based on their chemical constitution; azo, anthraquinone, and nitrodiphenylamine. 

Azo dyes provide mainly yellow, orange, red and some violet and blue dyes, and this 

group is the largest and most important and their water solubility is generally greater 
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than that of anthraquinones [173]. Anthraquinones yield bluish-red, violet, blue, and 

bluish-green dyes. Nitrodiphenylamines produce mostly yellow and orange-yellow 

dyes [174]. Figure 3.11 represents a typical azo dye, Figure 3.12 represents an 

anthraquinone, and Figure 3.13 represents a nitrodiphenylamine dye. 
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Figure 3.11. Disperse azo dye (C.I. Disperse Yellow 7). 
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Figure 3.12. Disperse anthraquinone dye (C.I. Disperse Blue 1). 
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Figure 3.13. Disperse nitrodiphenylamine dye (C.I. Disperse Yellow 1). 
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 Today, azo dyes are becoming more prevalent because of expensive 

manufacturing costs and environmental problems associated with anthraquinone 

dyes. However, level dyeings are achieved more easily with anthraquinones, 

therefore light shades are almost always produced with this dye class, while azos 

are used for heavy shades whenever possible [6, 96,116]. When using disperses 

dyes in jets, the dyes must possess the following criteria to yield level and 

reproducible dyeings [32,116,175]:  

- Good dispersion stability at high temperatures with rapid agitation; 

- Good leveling during the heating up phase, and uniform dye uptake during 

the exhaustion phase; 

- Provide the shortest cycle time possible and; 

- Easy reproducibility of shade with slight variation in temperature and rate-of-

rise. 

 

 Fiber blends have become increasingly important in recent years from 

commercial and technical standpoints. One of the most important blends in the 

apparel industry involves blending various ratios of cotton with polyester. If 

conventional azobenzene disperse dyes are used for the coloration of the 

polyester/cotton blends, they can result in staining of cotton to some extent and the 

removal of this stain can be difficult. This problem can be minimized by the 

introduction of alkoxy carbonyl groups into the coupling component during the 
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manufacture of dyes. A typical example of this type of dyes is shown in Figure 3.14. 

In the presence of alkali the alkoxycarbonyl groups can be hydrolyzed to the 

corresponding carboxylic acids, which give the dye water solubility but with little or 

no substantivity for cotton or polyester fibers.  

 

DYE-N-(C2H4COOAlk)2 

Figure 3.14. Typical structure of a new class of azobenzene disperses dye. 

 

• Aqueous Phase Transfer 

 Dispersion stability is the extreme case of an unbalance between dye 

agglomeration and dye diffusion. The consequences of such instability are known as 

non-levelness and insufficient fastness [149]. Correcting these shortcomings is very 

expensive. At the end of a dyeing process, the dye that has been absorbed by the 

fiber is in a state of dynamic equilibrium with the dye that remains in the bath, and 

the fraction of the latter that is in aqueous solution must be present in the same state 

of aggregation as the dye in the fiber. The aqueous phase transfer of disperse dyes 

can be described in four stages as follows [32,116,175]:  

- Some of the dye dissolves in the water of the dyebath; 

-  Molecules of dye are transferred from solution to the surface of the fiber; 

- The solution in the dyebath is replenished by the dissolution of more solid 

material from the dispersion and; 

- The adsorbed dye diffuses mono-molecularly into the fiber. 
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This mechanism mainly considers the sequence of events for a single fiber. In bulk 

form, the exhaust process may be considered to consist of three aqueous phase 

transfers which can be listed as [32,116,175]: 

- the transfer of dye from bath to fiber; 

- the completion of dye diffusion (fiber penetration) and; 

- the redistribution of dye between portions of the bath that have unequal 

amounts of absorbed dye during the first phase. 

   The uniformity of this initial aqueous phase transfer is influenced by the 

relationship between the dyeing rate and the rate of redistribution of the dye liquor 

throughout the bath, by the pumping speed in the case of liquor circulating machines 

or by the speed of transport of cloth in other cases. For the dyeing to be level and 

even, it is essential that the color dispersion remains stable during the dyeing cycle. 

Some of the factors leading to instability of dye dispersions are [61,125,170-172]: 

- unfavorable pH above 6; 

- low liquor ratio; 

- high dye concentration; 

- adverse influence of auxiliaries such as electrolytes, dispersing agents, 

leveling agents, etc.; 

- fibers of low absorption capacity; 

- liquor turbulence as in jet dyeing and; 
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- red, purple and blue disperse dyes of anthraquinone group which are 

susceptible to metal ions present in water (where sequestering agents should 

be added to the dyebath). 

 

• Dye-fiber Substantivity 

 The affinity of a dye for a given substrate through interactions such as polar 

or ionic attractions, hydrogen bonding, van der waals forces as is termed its 

substantivity. High dye substantivity means that the fibers become fully penetrated 

by the dyes within a few seconds of having reached the operating temperature 

presumably because both fiber and dye have similar mean energy densities. Some 

authors have previously proposed that the adsorption of disperse dyes on all 

hydrophobic fibers can be accounted for by the combination of strong hydrogen 

bonding and weak dispersion forces [116,172]. Also, hydrogen bonding has been 

mentioned as a more important contributor towards dye-fiber interaction than 

dispersion forces. In other words, dipole-dipole and dipole-induced dipole forces of 

interaction may operate between the fiber and the dye [46]. Therefore, the 

substantivity of disperse dyes towards polyester fiber can be attributed to a variety of 

forces of interaction which will in turn affect various dyeing properties. In the case of 

dyeing cellulosic fibers with anionic dyes, generally, the pH level of the dyebath 

solution in dyeing process is very high which results in an electrostatic repulsion 

force operating between anionic dye and fiber. In the case of polyester/cotton blends, 

by adding an appropriate amount of salt such as sodium sulphate or sodium chloride 
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to the dyebath for cotton component, the electrostatic barrier between fiber surface 

and dye, known as the Donnan potential, can be suppressed which helps facilitate 

dye/fiber contact hence improving substantivity. At equilibrium the counter-ion 

sodium is more concentrated on the fiber while the anion sulphate or chloride is less 

[6,116]. Care has to be exercised, however, to prevent the formation of ring dyeing 

because of higher substantivity of dye to the fiber [176]. In dyeing polyester with 

disperse dyes, the dyebath is slightly acidic to improve the stability of dye dispersion, 

however, the dyes are nonionic and therefore addition of electrolyte does not have a 

significant effect on improving dye substantivity and may in fact adversely affect the 

stability of dye dispersions. The substantivity of disperse dyes may be imparted to 

an extent by introducing various chemical groups into its structure or modification of 

its structure. These methods include [61,125,170-172]: 

- incorporating polar groups such as hydroxyl and amino/substituted amino 

groups in dye structures; 

-  inclusion of benzene or other groups which can provide flatness or planarity 

to the molecule, thereby increasing dye substantivity; 

- increasing the number of conjugated double bonds and; 

 

• Solubility 

Disperse dyes have relatively low solubility (approximately 0.1-100 mg/L) in 

aqueous mediums under general dyeing conditions. Aqueous solubility at 80 °C 

ranges from 0.2 to 100 mg/L. Solubility increases with temperature and is between 
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0.6 to 900 mg/L at 130 °C so the aqueous solubility of disperse dyes is some 3.5 

times greater than that at 95 °C [42]. Therefore at 130 °C a considerable amount of 

dye may be in solution. The increase in saturation value (Sf) of dye due to an 

increase in application temperature can be attributed to an increase in aqueous 

solubility [180]. 

 The adverse effects of many non-ionic products on the stability of dye 

dispersion have been known for some time. Very severe aggregation of dye can 

affect the dyeing properties of polyester fibers. Aggregation can take place in the 

presence of non-ionic agents of relatively low clouding point (the temperature at 

precipitating of solid and giving a cloudy appearance), when the temperature of the 

dyebath is raised above the clouding point of auxiliary compound(s) [177]. The 

solubility of disperse dyes is also influenced by the following additional factors 

[178,179]: 

- Crystal size and amount of dye molecule;  

- Aggregation and agglomeration of dye; 

- Change of dye’s crystal structure; 

- Solubilising effects of dispersing agents and other surfactants on dye; 

- Concentration of dispersing agent and; and  

- pH 

 

  Different crystal forms of a chemically identical disperse dye have been found 

to exhibit different saturation values on PET [181]. This is considered to be due to a 
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difference in the solubility of the different crystallographic forms of the dye in the 

water and fiber [182]. Under high-temperature conditions (125-135 °C), dye stripping 

is quicker, but depends o the water solubility of the dyes [6]. Selected non-ionic 

surface-active agents can be used to increase the solubility of disperse dyes in water. 

The use of nonionic surfactants results in the following benefits [183-185]: 

- increased migration, leveling and fiber penetration; 

-  increased rate of dyeing of the relatively insoluble, more complex dyes. This 

is of advantage when disperse dyes of better than average wet fastness are 

applied to acetate and nylon and; 

- less tendency for listing and ending in jig dyeing. 

 

 In addition, the solubility of disperse dyes is affected by temperature. The 

dissolved dye will diffuse into the fiber, but many perhaps form crystals first. These 

crystals are of the same system as the starting particles (crystal growth), and 

display a new structure (change of modification), or form only as the liquor cools 

[41].  

 

3.16.2 System Parameters  

• Temperature 

Polyester fibers are usually dyed in the region of 125-135 °C due to the low diffusion 

rate of disperse dyes at temperatures up to the boiling point [96]. Heat setting before 
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dyeing changes the capacity of polyester to absorb dyes. The temperature of a dry 

heat setting treatment affects the uptake of disperses dyes [75]. The effect of 

variation in temperature during heat treatment and dyeing is more severe and can 

result in a relatively large color difference between the differently-treated fibers that 

are dyed in the same bath [6]. When dyeing polyester with disperses dyestuff, 

absorption first falls with an increase in heat setting temperature and reaches a 

minimum at 160-180 °C and then continues to rise [34]. High heat setting 

temperatures in the presence of water should be avoided because of the resulting 

fiber damage. Also increasing steam pressure in the range used for twist-setting 

polyester yarns causes a gradual reduction in the quantity of dye taken up by the 

fiber over a given period.   

 During dyeing, the adsorption of disperse dyes onto PET fibers follows a 

Nernst obeying the simple partition mechanism described as follow: K = Df/Ds= Sf/Ss, 

where K is the partition coefficient and Df and Sf represent the concentration of dye 

on fiber and the saturation value of the dye on fiber, and Ds and Ss represent those 

in solution respectively [92]. An increase in application temperature decreases the 

partition coefficient, K, but increases the saturation value (Sf) of disperse dye. The 

reduction in K that accompanies an increase in temperature can be attributed to the 

exothermic nature and the negative entropy change involved in disperse dye 

adsorption together with an increase in solubility of the dye in the aqueous phase 

[116,123]. The increase in the rate of dyeing, as the temperatures rises, is 

associated externally with an increase in the water solubility of the dye and internally 
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with an increase in the rate of diffusion of the dye in the fiber. High-temperature 

dyeing therefore gives much improved leveling action as well as rapid build-up of 

color. 

 

• Particle Size 

 Disperse dyes are commonly milled in order to achieve the desired particle 

size and particle size distribution [75]. Since the dispersion of disperse dyes is 

thermodynamically unstable, the particle sizes tend to increase due to the decreased 

free energy of the system [24,102]. In addition, the enlargement of dye particles can 

be accelerated by the desorption of dispersing agents from the surface of dye 

particles under dyeing conditions [186]. The larger the particle size, the greater the 

attraction energy between the dye particles [187]. Large particles are thus likely to 

aggregate with each other, and dye dispersion gradually becomes unstable with 

increasing particle size. Therefore, the particle size of dye dispersion is closely 

related to its dyeing properties [188,189]. Owing to the range of particle sizes 

present in a typical dye dispersion and the higher solubility of the smaller particles, 

the dye solubility may become super-saturated with respect to the large particles,  

which in turn will reduce the mean solubility of the dispersion and thus reduce dye 

uptake. Such crystal growth, which can occur during cooling of the dyebath during 

HT dyeing and shading operations, can be promoted by nonionic leveling agents; 

anionic dispersants stabilize a disperse dye dispersion against crystal growth [190]. 

The effect of this in a disperse dyebath is to lower the limiting solubility and hence, 
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the optimum dye uptake by the substrate [171]. To achieve a desirable particle size 

and size distribution for optimal dyeing property, disperse dyes are usually milled in 

the presence of dispersing agent [61,191].  

 

• Dispersing Agents 

 In order to get the uniform dyeing goods, a dispersing agent should be added 

to the dyebath. Dispersing agents can aid to increase the aqueous solubility of 

disperses dyes. However, excessive additions of dispersing agents should be 

avoided; as this would impair the degree of exhaustion of the liquor and the rubbing 

fastness of dyeing [10]. The main functions of dispersing agents are [24,177,178]: 

- to assist the reduction of particle size of disperse dyes; 

- to facilitate reverse change from the powder to dispersion and; 

- to maintain uniform dispersion during dyeing. 

The choice of dispersing agent is of great importance. Dispersing agents are mostly 

anionic products; such as naphthalene sulphonic acid, cresol, and lignosulphonates 

[191]. Of these the first one is in extensive use. However, dispersing agents may 

cause staining of the fabric, specky and unlevel dyeing and have a reductive effect 

on dyes; they are also discharged in effluent with the residual dyeing liquor, 

increasing the COD (Chemical Oxygen Demand) and BOD (Biochemical Oxygen 

Demand) values of the effluent and cause other environmental problems [117]. One 

of the main factors causing aggregation of disperse dyes at high temperatures is the 

breaking away of the dispersing agent from the dye particles into the liquor.  
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• Leveling Agents 

 Leveling agents in use, other than the carriers, are ethoxylated products 

exhibiting non-ionic character; they are added to the deybath to obtain level dyeings. 

They function by reducing the strike rate of the dyes, which is achieved by retaining 

the dye in the bath by virtue of their solubilizing effect [185]. As the solubilizing effect 

of ethoxylated products is quite high, this results in reduced color yield the extent of 

which depends upon the dye type and the quantity of leveling agent added to the 

bath. Among the leveling agents employed in disperse dyeings are non-ionic 

ethylene oxides which help improve the leveling properties of the dye by keeping the 

dye in dispersion thus slowing down its exhaustion. They are soluble in water but 

their solubility decreases with increasing temperature to the extent that at a certain 

temperature they become insoluble. The temperature where leveling agents become 

insoluble is termed the cloud point; therefore, it is important to select leveling agents 

that have cloud points above maximum dyeing temperature [65,174].  

 

• Liquor Ratio 

 Liquor ratio is defined as the ratio of the amount of liquor in the dyebath to the 

amount of fabric (expressed by kg liquor/kg fabric). The use of low liquor ratios 

results in improved exhaustion levels are [192] and generates higher color yields. 

However, if the ratio is too low unlevelness may occur. The enhancement in the 

dyeing strength, expressed by the K/S value, of the dyed polyester substrates as the 
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liquor ratio decreases could be attributed to the greater swellability and accessibility 

of the polymer structure along with a greater availability of dye molecules and active 

ingredients in the vicinity of the so-called amorphous regions of the polyester 

polymer [56]. The control of liquor ratio parameter is highly important as it strongly 

influences the amount of water, energy and chemicals used in every stage of the 

textile processing where batch-wise operations are employed. Conventional 

methods of dyeing take place at liquor ratios between 10:1 and 30:1 for fabrics and 

between 10:1 and 15:1 for yarns. By comparison, the term ‘short liquor ratio 

processing’ is today taken to mean processing at liquor ratios in the range of 4:1 to 

6:1. The most important parameters in short liquor dyeing, which should be 

controlled to generate level dyeing results include [69,192]: 

- liquor ratio; 

- flow rate; 

- contact number (=Flow Ratio/Liquor Ratio) and; 

- concentration dyestuffs and chemicals. 

 

• Dyebath pH 

 Some disperse dyes degrade during aqueous dyeing, giving rise to off-shade 

and pale dyeings, although in some cases such pH-induced changes are reversible 

[180]. It has been concluded that color yield obtained with disperse dyes decreases 

with increasing pH; and in some cases, application at pH 8-10 destroys the dye [193]. 

Dulling of shade of anthraquinone disperse dyes can sometimes occur owing to the 
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presence of metals in the dyebath [194]. Commonly, aqueous dyeing is carried out in 

the pH range 4-4.5, the dyebath pH being adjusted using acetic acid or a suitable 

buffer system. When dyeing at high temperature, alkalinity in the dyebath should be 

avoided. Not only does alkalinity cause some loss in the yarn strength but, certain 

disperse dyes such as- Dispersol Fast Yellow A (C.I. Disperse Yellow 3) and Duranol 

Blue Green B (C.I. Disperse Blue 7) - show decreased exhaustion under alkaline 

conditions or, as in the case of Dispersol Fast Yellow GR and Dispersol Fast Rubine 

BT, may even decompose [75]. For these reasons, when dyeing at high 

temperatures or normal temperatures, the dyebath should be kept at pH 5-6, for 

example with a buffer such as sodium or potassium dihydrogen phosphate. 

Chelating agents are used to control the shade stability of metal-sensitive 

anthraquinone dyes and azo dyes are used for economical reasons [116]. It has 

been observed that certain azo dyes lose color at high pH in the presence of 

chelating agents. The color loss with sequestering agent is not a factor if dyebath pH 

is properly controlled in the range of 4-5. A pH of 5.5 to 6.5 is preferred in the dyeing 

of polyester/cotton blends with disperse dyes [82]. Also, polyester fibers can be 

degraded at high-temperatures, especially if the process waters are allowed to 

become alkaline. Dyebaths, therefore, should be buffered to a pH within the 

optimum range (pH 4.5-6) [6]. If shade corrections are required, for instance, if a 

grey shade gets greener after the addition of a further quantity of a rubine dye, the 

pH of the bath should be corrected first by the addition of a suitable buffer, such as 

mixture of the acid sodium phosphates, to bring the pH of the bath to 5 prior to 
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adjusting other parameters. 

 

• Carriers 

 In spite of the many advantages of high-temperature aqueous dyeing, 

circumstances arise in which its use is undesirable, either because of the presence 

of some other fiber that is unstable to the severe conditions, or because of the lack 

of suitable equipment, or because of some other factor that may have arisen within 

the complex diversity of the textile industry [25,170]. Carriers have been used to 

resolve above problems. Carriers are often referred to as plasticizing agents, as they 

promote dye migration and transfer to fiber through the loosening of inter-chain 

forces between the fiber molecules, resulting in level and satisfactory dyeings as 

well as prints [14,68]. Carriers permit easier movement of the polymer chain 

molecules and promote free volume availability in the fiber. The associated increase 

in segmental mobility of the polymer chains may be expected to increase the rate of 

dye diffusion and decrease the glass transition temperature (Tg) of the fiber [154].  

Polyester yarns and fabric typically can be treated in biphenyl/methylene chloride 

solutions at 21°C for 45 sec. This method is thought to utilize the rapid rate of 

diffusion of methylene chloride into polyester to promote the transport of carrier into 

the substrate prior to improving dyeability [144]. The use of carriers is intended to 

increase the exhaustion of dyes particularly deep shades, improve the migration and 

diffusion of dyes, and assist the coverage of fiber irregularities. At the same time, 

however, carriers accelerate the strike rate of dyes in the initial phase of dyeing and 
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thus cause unlevelness [191]. However, an alternative mechanism for the action of 

water insoluble carriers could be due to the formation of a surface layer of carrier 

around the fiber in which the dye is very soluble and which aids the rapid movement 

of dye into the fiber due to the intimate contact between dye and fiber [195]. Some 

carriers cause fiber shrinkage in the dyeing of polyester fibers with disperse dyes 

[196]. For instance, fabrics woven from staple fibers crimp-set at temperatures 

around 130 to 135 °C have been reported to experience up to 8% shrinkage [6]. In 

addition, toxicity, residual odors and the effect of carrier residues on light fastness of 

dyed substrates must be considered, as must the relative effectiveness of the carrier 

with the classes of dye that are to be employed. Many carriers have a deleterious 

effect on the light fastness of disperse dyeings, but the effect can in most cases be 

reduced by treatment with hot air between 150 and 180 °C for at least 30 seconds 

[150]. When dyeing is carried out in totally enclosed systems, excessive quantities of 

any carrier that has a solubilising effect on the dye should be avoided, otherwise 

poor color yields will be obtained [185].  

 

• Exhaustion 

 A typical exhaust dyeing application sequence for polyester can be divided 

into the three main phases of the process: adsorption phase (heating), diffusion 

phase (high temperature), and reduction clearing phase. Dye exhaustion should be 

as early and as complete as possible in order to satisfy the demand of short fixation 

times and in order to prevent subsequent exhaustion on cooling or even 
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recrystallization and agglomeration of recrystallized dye particles on the fiber surface 

[149]. Research has shown that some disperse dyes exhaust differently in 

combinations than singly, and this finding is contrary to what is commonly agreed 

upon in industry [198]. When dyes exhaust differently in combination than singly, 

they may be mutually affecting each other because of a reaction in the dyebath, at 

the fiber/dyebath interface, or inside the fiber. A possible influencing factor may be 

the larger amount of dispersing agents present in a combination shade. This effect is 

less distinct in the presence of larger amounts of two dyes which cause a 

displacement effect at the fiber surface [146]. If only one dye is used, determining 

critical exhaustion is easily by a laboratory procedure. However, very few shades are 

matched with one dye, and dye manufactures therefore group dyes according to 

their individual rates of exhaustion for use in combinations to ensure level and 

reproducible dyeings. There is a significant exhaustion temperature during the 

dyeing phase which corresponds to a temperature where polymer chains achieve 

mobility. This mobility allows dye penetration, and this significant temperature is 

influenced by the size and steric configuration of the dye molecule. Concentration 

must be considered when determining the exhaustion temperature of a dye because 

as concentration increases, exhaustion temperature also increases [56]. Up until this 

temperature is reached, the rate-of-rise can be rapid because no significant 

exhaustion takes place. The ability to increase temperature minimizes time and 

energy that was spent with a lower, constant rate-of-rise. Minimizing time is also 

important to limiting the exposure time of the dyes to external forces which can 
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break up dye dispersion [199]. 

 

The exhaustion of dye is facilitated by the following factors [146,198,200,201]: 

- constant bath concentration gradient by dozing of chemicals from the stock 

liquor. 

- the improved absorbency of the substrate; 

- increased dwell time in the impregnation bath, which is machinery related; 

- any operation that would physically push the chemicals into the substrate; 

- providing energy to increase the diffusion and penetration process and; 

 

• Levelness 

Many factors are involved in leveling property of dyed polyester substrates. 

These factors include small variations in spinning and drawing conditions during 

fabric manufacturing, the solubility of disperse dyes, pH, and type and amount of 

auxiliaries such as carrier, leveling agent, dispersing agent, emulsifier and 

antifoaming agent, etc. As already explained carriers essentially shift the fixation to 

lower temperatures without radically changing the rate of adsorption [6,202]. The 

levelness issues arise in the strike stage of dyeing processes, when dye is being 

transferred from the dispersion to the fibers, and their elimination depends on the 

effectiveness of the redistribution of dye during the subsequent leveling stage which 

is effectively due to dye migration. The best conditions for level dyeings exist in 

polyester dyeing when the dyes are uniformly distributed over the entire body of 
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material as quickly after beginning of the dyeing process as possible and then 

exhaust on tone [149]. Thus, the levelness of the polyester dyeing depends on 

[110,162,203,204]: 

- stability of the dye dispersion; 

- solubility of the dyes; 

- contacts between the liquor and fiber; 

- dyeing temperature and time and; 

- diffusion rate of the dye into the fiber. 

 

• Migration 

 Disperse dyes show thermal migration, i.e. migration of dye from core to 

surface during drying of dyed goods at 170 °C or above [205]. Migration of disperse 

dyes of high molecular weight that have high sublimation fastness is pronounced. 

Whenever thermal migration poses a low wash fastness problem the remedy is to 

post-scour the dyed material followed by drying at 140 °C or below [206]. During 

storing of the dyed material, some disperse dyes have the tendency to be desorbed 

from polyester and be reabsorbed in the layer of oil or finishing agent, particularly 

under the influence of heat, humidity and pressure. As the dye migrates from the 

core to the surface of the material, the fastness to light, sublimation, and wet 

treatments may be adversely affected. In general, nonionic emulsifiers and finishing 

agents are responsible for thermal migration. 
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• Fastness 

 Dispersed-dyed polyester substrates show remarkably good fastness 

properties. During 1950s and 1960s, the development of high temperature 

processing methods placed sever demands upon disperse dye technology in terms 

of fastness [31]. Disperse dyes are considered to be fully fixed when optimal depth 

of shade and fastness is reached and subsequent hot air treatment causes no 

further change in shade [179]. Some researchers have highlighted the importance of 

establishing correlations between disperse dyes molecular structure and their 

fastness properties. General tendencies have been observed, for example, switching 

the halogen group of 2-bromo-4,6- dinitrophenyl diazo components with a cyano or 

nitro functional group was noted to improve wet fastness [207]. During the 

development of new disperse dyes for polyester fiber it was recognized that 

sublimation and migration fastness properties seem to be contradictory. Sublimation 

fastness is probably the most important fastness property of dyed polyester after 

their light fastness. Migration occurs during drying or heat treatment of polyester 

fibers containing spinning oils, nonionic surfactants, spin finishes, or other auxiliaries, 

which reduces the colorfastness of the dyed textile goods [205]. Also, the 

thermomigration phenomenon which occurs after heating dyed polyester has been 

shown to also impair the crock, water, wash and perspiration fastness. In addition, 

time migration of dye can occur after extensive storage of the treated textiles without 

major exposure to heat [74]. Many piece-dyed goods are heat-set before dyeing, but 

some have to be set after dyeing. Even a very slight stain on the white or light 
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colored fibers or yarns present in a patterned fabric can produce a noticeable 

change in its overall appearance. In addition, heat setting after dyeing affects 

thermomigration of the dyes which causes the dye to no longer be fixed inside the 

fiber. This problem will drastically affect the fastness properties of the fabric [60]. 

Thus, it is necessary to take care in the selection of dyes for such end-uses, to 

ensure that the fastness of the dyed yarns or fibers will be adequate [58].  

 

 

3.17 PROBLEMS ORIGINATING IN EQUIPMENTS 

The use of high quality machinery on the factory floor greatly improves the frequency 

of “Right First Time (RFT)’’ dyeing. Additional equipment can be purchased to 

monitor dyeing efficiency, but in general a good understanding of dye chemistry and 

good shade matching equipment has been suggested to be sufficient. On the factory 

floor, machines that are automated will improve the dyeing process by maintaining 

the correct time, temperature and pH. It is important to select appropriate equipment 

for the given process, and based on end-use requirements of products, to ensure 

good maintenance and performance. Improper cleaning action on equipments gives 

rise to problems with poor wash, crock, and light fastness and thus obtaining the 

appropriate shade on the fabric becomes difficult [148,208-210]. 

 The choice of dyeing equipment utilized in textile dyeings influences the 
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substantivity of the dye. Yarns can be dyed in a package dyeing machine, rope 

goods in a jet or beck, and flat goods in a jig. The important factors to consider in the 

selection of machinery are the flow patterns of the fabric and solution, to determine 

the effects on substantivity. The higher the interactions between the goods and dye 

solution, the higher the substantivity will be. Having a dynamic solution with a high 

flow rate allows the hydrodynamic boundary layer to be compensated for and 

increases the affinity of the dye. 

 

• Dyeing Machines 

Dyeing machines may be broadly classified into two types [121,197,208,211]: 

- Batchwise dyeing machinery allowing processing in rope-form (beck, jet) or in 

open width (jig) and; 

- Continuous dyeing machinery aimed for high production. 

The basic requirements of dyeing machinery are [121,197,208,211]: 

- providing sufficient movement for the liquor to penetrate uniformly into the 

textile materials; 

- The liquor movement should not be so vigorous that the material is damaged, 

entangled or felted; 

- The material used for the construction must be stable during prolonged 

boiling with acidic or alkaline solutions; 

- The heating arrangements of the machine should be able to maintain uniform 

temperature throughout the liquor; 
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- There should be provision for addition of concentrated dye solution in such a 

way so that it is well diluted before it encounters the textile materials and; 

- All moving parts and attachments should be protected against the corrosive 

action of steam and acidic fumes. 

 

 Atmospheric beck (or winch) can be used for dyeing at temperatures up to 

1OO°C. Pressurized beck is used for dyeing at temperatures higher than 1OO°C. 

The greatest advantages of becks are their simplicity, versatility and relatively low 

price. Beck machinery subjects fabrics to relatively low lengthwise tension and 

encourage the development of yarn crimp and fabric bulk. However, becks tend to 

use large amounts of water, chemicals and energy. Becks can also cause abrasion, 

creasing and distortion of some fabrics. The deficiencies of beck are listed as follows 

[29,31,32,121,149,175,210]: 

- formation of running creases during dyeing which may not be removable 

even by stentering; 

- considerable longitudinal tension exerted on the goods resulting in elongation 

and deformation; 

- rapid heating and cooling promoting deformation; 

- dimensional stability not ensured even if the material is heat-set before 

dyeing; 

- long liquor ratio hampering economy of dyeing; 

- risks of entanglement of fabric rope and; 
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- difficulty in maintaining uniform temperature throughout the dyebath. 

 

 The most commonly used production dyeing machine is the jet. The jet dyeing 

system utilizes a pressurized water jet to move fabric through the machine, and a 

pump to circulate that jet and dye liquor together. The jet dyeing system was 

introduced as a way to have both dynamic goods and liquor. This enables the 

highest amount of dye and fiber interactions which increases and allows for the 

highest standard potential of the dye. Also, jet machines can be used at low liquor 

ratios, making them the choice of machinery to carry out a reactive dyeing and 

achieve the highest affinity from the dye. Jet dyeing machines provide the following 

advantages compared to atmospheric becks for dyeing fabrics made from texturized 

polyester [29,31,32,121,149,175,210]: 

- Vigorous agitation of fabric and dye formulation in the cloth tube increases the 

dyeing rate and the uniformity; 

- Rapid circulation of fabric through the machine minimizes creasing because 

the fabric is not held in any one configuration very long; 

- Lengthwise tension on the fabric is low so the fabric develops bulk and 

fullness of handle; 

- Dyeing at high temperature of about 130 °C gives rapid dyeing, improved dye 

utilization, improved fastness properties and makes possible the elimination 

of carriers required when dyeing at lower temperatures and; 
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- The lower liquor ratio used in jet dyeing allows shorter dye cycles and saves 

chemical and energy. 

 

Some disadvantages of jet dyeing machines compared to becks are as follows 

[29,31,32,121,149,175,210]: 

- Capital and maintenance costs are relatively higher; 

- Limited accessibility makes cleaning between dyeings and sampling for color 

during the dye cycle difficult; 

- The jet action tends to make formulations foam in partially flooded jet 

machines and; 

- The jet action may damage the surface of certain type of fabrics. 

 

  A jig (or jigger) consists of a trough for the dye or chemical formulation and 

the fabric is run from a roll on one side of the machine through the formulation in the 

trough and wound on a roll on the opposite side.  When the second roll is full the 

drive is reversed and the fabric is transferred through the formulation back to the first 

roll. A jig machine is normally used for dyeing under atmospheric pressure although 

pressurized, high temperature jigs have also been made. Covering the top of a jig 

minimizes heat loss to the atmosphere, keeps the temperature uniform on all parts of 

the fabric and minimizes exposure of the formulation to air. Minimizing exposure to 

air is most important when using sulfur and vat dyes since these dyes can be 

oxidized by atmospheric oxygen. Maximum batch size on a jig may be up to several 
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thousand meters of fabric. Jigs exert considerable lengthwise tension on the fabric 

and are therefore more suitable for woven than for knitted fabrics. Since the fabric is 

handled in open width, a jig is very suitable for fabrics which crease if dyed in rope 

form. 

 

 Yarn is dyed in hank form or in the form of packages, namely cones, cheeses 

or bobbins. All yarn packages for dyeing must provide [29,31,32,121,149,175,210]: 

- adequate stability during handling during loading and unloading of yarn in the 

machine spindle; 

- they should withstand the change in temperature of the flowing liquor and 

pressure during reversal of flow; 

- all packages must accommodate a small amount of shrinkage in some yarn 

and the effect of fiber swelling when wetted out; 

- the wound yarn should not be trapped, otherwise the back-winding of the 

packages will be disturbed and; 

- fairly sufficient resistance to liquor flow at different temperature and pressure 

both within and between the packages. 

 

 The principles of beam dyeing are essentially identical to those of package 

dyeing. Either yarn or fabric can be beam dyed. The fabric or yarn is wound on a 

perforated beam. A beam machine can be designed to hold a single beam or 

multiple beams in a batch. Beam dyeing of warps is practical in producing patterned 
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fabrics where the warp yarn will be one color and the filling will be another color. The 

dyeing faults, which commonly occur in beam dyed materials, include 

[29,31,32,121,149,175,210]: 

- Gross unevenness near the edge mostly due to slack winding; 

- Uneven or light patches due to air bubbles; 

- Variation near the edge on inside layers due to misjudged overlap of the steel 

collar and; 

- Variation in shade between the inside and outside layers. The inner layers 

are relatively more deeply dyed than the outside layers as the concentration 

of dye diminishes as the dye liquor passes through the roll especially in the 

case of high affinity dyes. 

 

 In hank dyeing (also called skein dyeing); skeins of yarn are mounted on a 

carrier which has rods (sticks) at the top and bottom to hold the skeins. The skeins 

are suspended in the dye machine and dye liquor is gently circulated around the 

hanging skeins. Perforated plates can be used at the top and bottom of the machine 

to help provide a uniform flow of the dye liquor. Alternatively, the dye liquor can be 

pumped through perforations in the sticks so that it cascades down over the hanging 

skeins. Hank dyeing produces good bulk in the yarn because of the low tension on 

the yarn in the dyebath. The method is used mainly for bulky yarns like acrylics and 

woolens for knitted outerwear and hand knitting. Woolen carpet yarn is sometimes 

skein dyed. Skein dyeing uses a high liquor ratio and a lot of energy. Uniform dyeing 
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is difficult to achieve in a skein dyeing machine. Slow winding and back-winding 

requirements of the process make it labor intensive. Package dyeing has thus 

replaced most of hank dyeing even though the yarn bulkiness achieved in skein 

dyeing is usually not matched in package dyeing. The advantages claimed for 

package dyeing over hank dyeing include the following [29,31,32,121,149,175,210]: 

- elimination of hank reeling; 

- reduced waste; 

- faster back winding; 

- more controlled dyeing with better levelness and fastness; 

- lower liquor ratio causing savings in water, effluent, energy, dyes and 

chemicals; 

- lesser floor space; 

- less  labor intensive; 

- high temperature dyeing and rapid drying possible and;  

- larger control on the process makes automation easier. 

 

• Issues related to Other Machinery 

 Many dyers describe creasing as the most frequently encountered problem 

on the continuous dyeing range. A padder is usually employed to apply the required 

chemicals to the substrate. The two major problems attributable to difficulties with 

padding are shading, either side to side or side to center, and dye spots. .  

Availability of a satisfactory steam supply is critical. Steam that is too hot and dry will 
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cause drying of the fabric and prevent reduction. Other problems originating at the 

steamer include water spots and loss of depth or change of shade.  

Washing is necessary not only after dyeing, but also after scouring, bleaching, and 

mercerization, etc. With the introduction of polyester and the use of wider fabrics, it 

became almost impossible to avoid problems due to creasing in rope processing 

machinery. Wash boxes serve the purpose of initial rinse to remove the chemicals 

applied in the chemical pad and improve the final fastness characteristics of the 

fabric by removing unfixed dyes. The efficiency of wash boxes to produce these 

results with a minimal consumption of water has become of considerable importance 

in recent years. Recently, open-width washing boxes gradually replaced rope 

washers. Some of the merits of rope washers are [29,31,32,121,149,175,210]: 

- flexibility with fabric width up to a certain limit; 

- easy movement of fabric over long distances; 

- higher running speeds; 

- less storage space; 

- less floor-space for the washer; 

- less capital and maintenance costs; 

- less tension on the fabric; 

- better relaxation of fabric resulting in better handle and; 

- savings of water, time, and labor. 

 

The disadvantages of rope washing are [29,31,32,121,149,175,210]: 
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- unsuitable for certain fabric type and weights;  

- need for additional opening stage after washing; 

- fabric structure is prone to distortion or creasing and; 

- light fabrics are prone to tangling. 

 

 The purpose of the predyrer is to remove a sufficient amount of water from 

the padded fabric to reduce the migration capability of the dye molecules. Predrying 

is not intended to stop the migration of dye particles but to control it so that dye 

molecules will be evenly distributed throughout the fabric. However, dye migration is 

a major problem in this step that needs to be controlled by temperature and time. In 

the case of polyester, the appropriate conditions for heat pre-setting are, commonly, 

180°C for 30 sec.; however, it is recommended that appropriate temperatures and 

time should be decided after testing the breaking stress of fiber. The advanced types 

of infra-red predryers are designed to cool quickly and avoid the swing away issue 

during machine stoppage. However, general predryers are not equipped with 

infrared heaters. In order to control the rate of water evaporation the passage length 

inside the drier can be increased and the temperature gradients at different sections 

of the drier kept minimal. If the temperature gradients were high, the mobile water 

would tend to evaporate faster and facilitate migration. Drying is especially an 

important process for both dyed package and dyed yarns. The yarn shipped to the 

knitter or weaver must contain the commercially acceptable amount of moisture, as 

any deficiency is a direct loss of profit. The moisture content of the yarn going from 
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the dye house to the winding department must also be uniform, as variations lead to 

uneven pick-up of wax, which in turn can give an uneven coefficient of friction and 

erratic knitting. Insufficient drying leads to packages being shipped noticeably damp, 

which results in faulty dyeing and irate customers.  

 Dryers should also have sufficient pressure at the end of the range to dry the 

fabrics completely. Dryer improves the appearance of the dyed fabric significantly, 

and reduces the residual moisture in the fabric. It also enhances the dye range 

efficiency by up to 20-25% [Ref]. Consideration should be given to weight of dyeings 

and desired machinery speed, temperature, and dwelling time. The stenter is the 

only drying machine that provides adjustment and control of fabric width during 

drying. Stenter performs several other functions which include 

[29,31,32,121,149,175,210]: 

- heat-setting of fabrics made of polyester and blends; 

- application and fixation of several finishing agents and; 

- imparting particular mechanical finishes affecting appearance and feel, 

commonly known as stenter finish. 

 

3.18 PROBLEMS ORIGINATING FROM HUMAN 
FACTORS 
 

The faulty dyeings are directly or indirectly caused by reasons connected with 

human resources such as chemical operator, control operator and dye shift operator 
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and the communication failure among them. In the dyeing process, the following 

additional factors should be considered [88,112,129,179,211-213]: 

 

• Chemical Storage 

The aged and/or low quality chemicals and dyestuff affect the dyeing property of the 

final goods. The chemical store should only carry the necessary inventory of 

chemicals and dyestuffs, and at any point of time, if any of these become redundant; 

they need to be disposed of. There should be a periodic review on the inventory of 

stores and identification of redundant items. Before disposing of chemicals, the 

stores however, verify whether any other departments would need any of these 

items. A written formatted procedure should be established to record the 

transactions to avoid essential items getting disposed of due to indiscretion. Basic 

precautions such as the following must be taken: 

- Highly reactive chemicals need to be stored in closed compartments to avoid 

exposure to moisture; 

- Some of the binders have a certain shelf life and need to be used up in time; 

- Some chemicals such as hydrosulphite of soda. and hydrogen peroxide need 

to be stored  separately and;  

- Segregated weighing areas must be established to avoid incompatible 

commodities getting contaminated during weighing, e.g. weighing of 

hydrosulfite of soda away from the weighing zone of dyes.  
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• Equipment and Maintenance 

The success of dye house is closely linked with its engineering maintenance support, 

without which the operations can come to a grinding halt. The other aspect is the 

role played by individuals in supplying and maintaining the utilities. Only the needed 

tools and equipment maintenance kit should be stored in the department. It is a 

common experience to notice the maintenance tools and items remaining in the 

work place long after the maintenance are carried out. Such items mess up the 

place and could be a cause for accidents and also damage dyed products. Thus, it is 

necessary that the operators are trained with respect to the fundamentals of practice 

so that they consciously understand the unit is under control irrespective of whether 

the unit is modern or employs older version machinery and that when things go 

wrong they would be in a better position to resolve problems.  

 

• Discipline and Training 

A knowledgeable and cooperative dyer and his team are the most important assets 

for any dye house. The most challenging part of the training is the acceptance of the 

principles and adopting the same as mandatory. This is not a one-time exercise and 

therefore the practice should become a habit. Any new recruit should be trained first 

before he or she is assigned the work. The personnel should acquire the necessary 

attitudinal skills to achieve the work culture to function as a team complementing and 

supplementing each other. The discipline and training is an ongoing process, which 

would inculcate a stage of harmony and self-confidence in the work force. A machine 
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well maintained would work trouble free, turn out good quality and give higher 

productivity. The men would be motivated to achieve high standards of performance. 

The program for the day for the machine and men would be clearly understood and 

carried out in the time span scheduled. The morale, enthusiasm and discipline of the 

men would be high, and procrastination, a fundamental negative factor in a 

competitive work environment, should have no place.  

 

• Color Matching Communication 

In the case of human communication situations, which involve interaction between 

two or more individuals, directly or in a chain, the interpretation of what is said and 

what is understood by different individuals is not likely to be the same. In a one to 

one or group relationship clarifications and explanations sort out the understanding 

better. However, in a chain communication, the clarification and/or explanation 

phase may not always exist, and at that stage the problems start. In a verbal 

situation, the understanding at the end of the chain could be totally distorted, each 

link contributing to the confusion. 

For example, in a number of occasions, the supplier does not very often understand 

the user requirements of what constitutes the right fabric ‘hand’. Metameric 

matchings, and shade tolerances are some of the very common causes for 

contention and much energy and time are wasted in sorting out these issues. 

Concurrence between the user and vendor on the shade and acceptable tolerances 

thus need to be sorted out first. 
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• Cleanliness for Better Motivation 

Cleanliness of the dye house surroundings motivates operators to work better. It is a 

common observation that the cut ends of the fabric after stitching or detached end 

pieces at the end of an operation are thrown about on the floor near the vicinity of 

the stitching area and/or machine. Besides, cleaning up of the machinery and the 

surroundings is the responsibility of the operator concerned. He or she should 

maintain his/her machine clean and to a constant state of readiness all the time.  

 

3.19 CHAPTER CONCLUSION 

 This chapter provided a review of possible problems caused by many factors in a 

dyeing process. It was shown that dyeing as a process contains a considerable 

number of variables, and errors in any or all of them can produce dyeings which are 

not acceptable, with the result that expensive shading has to be used. Many faults 

that can arise in earlier stages of processing become clearly visible for the first time 

after dyeing and it is necessary for the dyer to learn to recognize their symptoms. 

Some of the common dyeing problems include dye spots, migration, uneven dyeing, 

staining, and shading, off shade colors, poor hand and poor fastness. In general, 

most of these faults result from the following:  

- Ingredients (fiber, yarn, and fabric); 

- Pretreatments (desizing, scouring, bleaching, and neutralization); 
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- Dyestuff and auxiliary (quality, compatibility, and weighing); 

- Dye bath (temp., time, pH, and electrolyte); 

- Equipments (control units, and cleanliness); 

- Water quality (metal impurities, hardness, and control); 

- Processes (dyeing, wash-off, drying, and reduction-clearing) and; 

- Human factors (chemical/control/dye shift operator, inspector). 

 

 A categorized list of possible causes associated with faults in the dyeing of 

polyester is given in Appendix 1-11. The dyeing strategy depends on the quality of 

the dyed material as judged by fastness properties. Dyeing and physical properties 

can be improved with a decrease in overall costs together with ecological 

advantages. The textile industry, especially the dyeing and finishing sector, needs to 

adopt a more critical attitude by solving dyeing problems in order to establish the 

most logical methods of improving human performance. 
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4 DESIGN AND DEVELOPMENT OF A 
KNOWLEDGE-BASED TROUBLESHOOTING 
EXPERT SYSTEM FOR THE COLORATATION 
OF POLYESTER 

4.1 CHAPTER OVERVIEW  

The methodology employed in the construction of the knowledge-base to drive the 

expert system as well as the diagnostic expert system for the coloration of polyester 

in the forms of yarn, woven and knitted substrates will be discussed. The chapter will 

also describe the diagnosis of symptoms and causes as well as explain the functions 

developed for expert system shell. With the help of several human experts and 

information found in literature, appropriate language expressions for typical dyeing 

symptoms and possible causes have been defined. 

4.2 EXPERT SYSTEM  

If a dyeing fault is allowed to remain for the entire completion of a product, large 

amounts of time and money will be wasted. Troubleshooting faults requires analytical 

skills, knowledge and potentially years of experience. Elementary skills can be used 

to solving common faults but faults that are infrequent or cannot be solved by a 

general personnel, owing to a lack of in-depth knowledge, requires an expert’s 

intervention. The troubleshooting process in the textile dyeing industry has been 

traditionally carried out by human experts where a best estimate requires answers to 
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a series of questions to find the most likely or the root cause(s) of the problem. 

Although some of the defects can be analyzed by practical dyers, many defects must 

be analyzed in a specialized textile laboratory with qualified personnel and extensive 

equipment. However, human experts may not be available at all times or at all due to 

various factors (i.e., retirement, turnover, etc.). With limited personnel resources for 

solving dyeing problems, interest has been aroused for using computerized expert 

systems since they are capable of providing a consistent level of performance 24 

hours a day.  Expert systems can be employed as useful tools to accomplish the 

task of providing the industry with the day-to-day integrated decision making support 

needed to resolve problems and increase the quality and output of textile products. 

The main objective of developing an expert system is to capture the knowledge or 

expertise of human experts as well as the pertinent knowledge from the literature 

including peer reviewed manuscripts, textbooks, theses, journals, and the internet 

and then transfer all the knowledge to users in the problem domain.  

 Current expert systems have made solid achievements in supporting decision 

makers; they use prior experience to solve problems in different domains. Expert 

systems have been somewhat successfully employed in the coloration and textile 

finishing domain. For example, WOOLY was developed by Sandoz Products to 

enable the dyer to read off important chemical and physical data on the products to 

be used in wool finishing instead of having to consult reference works such as shade 

cards or technical information bulletins [1]. BAFAREX, developed by BASF, was 

designed for the determination of dyeing recipes for cotton and polyester/cotton 
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materials, using vat and disperse dyes [2]. OPTIMIST, also developed by BASF, was 

used for the optimization of the dyeing processes [3]. TEXPERTO, developed by 

SANDOZ was designed for optimizing textile finishing recipes [4]. Another expert 

system for use in the finishing sector was designed to deal with the selection of 

suitable fluorescent whiteners [5]. In addition, a number of expert systems have also 

been developed to assist dyers. For instance, SMARTMATCH was developed by 

Datacolor International as a color matching tool [6,7] while another was designed for 

the determination of dye recipes [8]. An expert system for exhaust dyeing of 

polyester, designed to integrate practical experience and academic theory to help 

manufacturers accomplish their essential technological objectives was developed by 

the China Textile Institute [9,10]. More recently, DEXPERT was developed to 

troubleshoot the problems in the dyeing of cotton material [11-14]. The new expert 

system looks to extend DEXPERT into the realm of polyester substrates. The 

research specifically aims to capture expert responses by addressing the 

interrelation of symptoms and causes for fourteen common dyeing faults determined 

in the dyeing of polyester substrates. Three sources will be summarized and 

compared: knowledge base of the expert system, pertinent knowledge obtained from 

the literature as well as responses obtained from a panel of seven industry experts.  
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4.3 EXPERT SYSTEM DEVELOPMENT  

4.3.1 System Principles 

 

The goal of this project is to develop a computerized expert to aid dyers in the 

diagnosis of dyeing problems. The universal steps in the development of any expert 

system are shown in Figure 4.1 [15,16]. The development is based on a dialogue 

between a knowledge engineer and a group of human experts in an attempt to 

acquire the expert’s knowledge and decision making process. This step is similar to 

a system designer in conventional programming discussing the system customer 

requirements with a client for whom the program will be built. Once the information is 

gathered and analyzed from the expert(s), the knowledge is coded precisely into a 

knowledge base. Once the knowledge base and experts system are built, human 

experts will judge and compare the expert system’s knowledge base and provide 

comments to the knowledge engineer. This process is reiterated until the 

performance of the system is judged to be satisfactory by the human expert.  
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Figure 4.1. Development stages of an expert system [15,16]. 
 
 

 A key issue in developing an expert system today involves the methodology 

employed to represent an expert’s knowledge. Several factors need to be 

considered when selecting the knowledge representation scheme [16-18] which 

include the following: 

• Specialized knowledge of the expert should be represented faithfully; 

• The knowledge must be available in a form that can be interpreted by the 

programmer; 

DIALOGUE 

 EXPLICIT 
KNOWLEDGE 

Human 
Expert 

Knowledge 
Engineer 

Knowledge Base of 
Expert System 



 220

• Domain knowledge should be separated from the interpretation 

component of the program to allow editing of the knowledge-base without 

having to reprogram the interpreter; and 

• A line of reasoning which can be understood and critiqued by a human 

should be supported. 

4.3.2 Language, Tool, and Shell  

The previous section discussed the process of developing an expert system. In the 

development of an expert system it is important to distinguish between the language 

and development tools used. Language is a translator of commands written in a 

specific syntax. LISP and PROLOG are general purpose programming languages 

that have been used to create expert system inference engines and shells. A CLIPS 

which provides an inference engine to execute the LISP statements.  To provide the 

reader with a context it may be useful to describe the historical development of some 

of these languages. LISP was invented by John McCarthy in 1958 at MIT and 

published in the seminal paper titled "Recursive Functions of Symbolic Expressions 

and Their Computation by Machinery, Part I” [19]. PROLOG was created in 1972 

by Alain Colmerauer and Philippe Roussel, based on Robert Kowalski's procedural 

interpretation of Horn clauses. It was motivated in part by the desire to reconcile the 

use of logic as a declarative knowledge representation language with the procedural 

representation of knowledge that was popular in North America in the late 1960s and 

early 1970s. It is a general purpose language which is often associated with artificial 
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intelligence and computational linguistics [20].  

 The development of CLIPS started in 1984 at NASA-Johnson Space Center 

(as an alternative for their existing ART inference system) and continued until the 

mid 1990s when the development group's responsibilities ceased to focus on expert 

system technology. A CLIPS is an acronym for "C Language Integrated Production 

System”. Like other expert system languages, CLIPS deals with rules and facts 

where various facts can make a rule applicable or fire. A CLIPS is a productive 

development and delivery expert system tool which provides a complete 

environment for the construction of rule and/or object-based expert systems. CLIPS 

is probably the most widely used expert system tool, with applications in several 

sectors including the government, industry, and academia, because it is fast, efficient 

and free of charge. The key features of CLIPS are its knowledge representation 

capability, portability, extensibility and validation ability [21-25]. From a knowledge 

representation perspective, the CLIPS environment provides a cohesive tool for 

handling a wide variety of knowledge with support for three different programming 

paradigms: rule-based, object-oriented and procedural. It is written in C for portability 

and speed and has been installed on many different operating systems without code 

changes. CLIPS can be ported to any system which has an ANSI compliant C or 

C++ compiler. CLIPS can be embedded within procedural code, called as a 

subroutine, and integrated with languages such as C, Java, FORTRAN and ADA 

providing for complete integration into other systems and/or the ability to be 

extended to perform some new future task. The standard version of CLIPS provides 
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an interactive, text oriented development environment, including debugging aids, on-

line help, and an integrated editor.  

 One of the key issues in developing an expert system is the verification and 

validation of the system and CLIPS includes a number of features to support the 

verification and validation of expert systems including support for modular design 

and partitioning of a knowledge-base. Depending on the implementation, the 

inference engine may provide forward chaining, backward chaining, or both (i.e., bi-

directional chaining). Expert system languages focus on providing flexible and robust 

ways to represent knowledge. The forward chaining starts with all the data available 

and uses the inference rules in the knowledge system to match the known data to 

extract more data. The system then uses the new data to try to satisfy other 

inference rules until the final goal has been inferred (i.e., data is chained to gather 

new data which is chained to other data). For example, consider a system with the 

following four rules defined in Table 4.1.  

Table 4.1. Four rule example 
 
 

 

 

 
 Suppose, the following new fact is placed into our system: Mr. Shim is a fourh 

year PhD student. As soon as this data is presented to the system, it searches all 

the rules for any whose conditions were not true before but are now true based on 

1. If someone is a fourth year PhD student, then they need a job. 
2. If someone is a fourth year PhD student, then they live off campus. 
3. If someone needs a job, they will become a chemist. 
4. If a person is a chemist, they will work for DuPont. 
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the new information. It then adds their conclusions to the known data. In this case, 

rules one and two will fire which have conditions that match this new fact. The 

system will immediately create and add the two facts below: Mr. Shim needs a job 

and Mr. Shim lives off campus.  These facts in turn can trigger other rules. As each 

new fact arrives, the system would look for yet more rules that are made true. In this 

case, the fact Mr. Shim needs a job would trigger/fire Rule Three, resulting in the 

addition of another fact: Mr. Shim will become a chemist which in turn fires the final 

rule Mr. Shim will work for DuPont is therefore inferred that Mr. Shim will work for 

DuPont. On the other hand, backward chaining works in the opposite direction by 

requiring a piece of data. It searches rules to answer the question. Suppose we put 

the same following fact into our system: Mr. Shim is a fourth year PhD student. The 

system will not do anything until a goal is presented to the system: Is anyone going 

to work for DuPont? The system will try to answer the question by searching for 

either a fact that gives the answer directly or for a rule by which the answer could be 

inferred. It searches for all rules in the knowledge system whose conclusions, if 

made true, will answer the question. There are no direct rules that answer the 

question, but Rule Four if fired, would answer the question. Next the system would 

check to see if anybody is a chemist which in turn would fire Rule Three since there 

are no facts that directly answer this particular question. Now the system will check 

to see if anybody needs a job which in turn fires Rule One and finally there is a direct 

fact (Mr. Shim) that answers there is a PhD student who is a fourth year. So the fact 

proved Rule One that proved Rule Three which in turn proved Rule Four which has 
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answered the question.  

Next,  the expert system paradigm allows two levels of abstraction; data 

abstraction and knowledge abstraction. An example of this separation used in expert 

systems and seen in the example presented in Table 1 is facts (data abstraction) and 

rules (knowledge abstraction) in a rule-based expert system language. Compared to 

the wide variation in domains/problems, only a small number of artificial intelligence 

methods are known to be useful in expert systems for the general application to 

represent knowledge, make inferences, or generate explanations. Therefore, 

systems can be built using the general methods without any domain-specific 

knowledge which are known as tools, or simply shells. 

 A Tool is composed of a language with utility programs to aid the development, 

and to facilitate delivery of application programs. Utility programs may include text, 

graphics, debugging, and coding creators. A tool may be integrated with all its utility 

programs in one environment to provide user-friendly and easy accessible interface 

to the user. For example, a simple tool may not provide facilities for file management 

and so user would have to exit the tool to give conventional commands in a C host 

language to manage the generated file [26, 27]. 

 A Shell on the other hand is a special purpose tool designed for certain types 

of applications in which the user must supply only the knowledge-base. The first 

shell, called MYCIN, was created at Stanford University in the mid 1970’s when the 

medical knowledge-base of the MYCIN expert system used to diagnose blood 

infections was stripped from the expert system. MYCIN was designed as a backward 
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chaining system to diagnose disease. By simply removing the medical knowledge, 

the EMYCIN shell was created which allows any knowledge about other kinds of 

consultative systems that utilized the backward chaining approach to be inserted [28, 

29]. There are advantages as well as disadvantages of using an expert system 

development tool. The greatest advantage is the amount of time saved by using a 

tool that has the rule base or inference engine embedded rather than developing the 

engine from scratch along with the knowledge base, rules and user interface.  Other 

advantages are relatively obvious and include the following as identified by Whiters 

[30]: “A person skilled in specialized AI languages is not needed; the shell can be 

used many times for many different applications; and prototypes can be easily and 

rapidly constructed to monitor the development of the expert system.”  

 The main disadvantage of using a shell is the imposed inference structure 

and the knowledge representation schemes which must be employed. These 

imposed structures limit the system designers’ flexibility in providing the best method 

to reason with data and the best manner by which knowledge can be represented for 

a particular problem. However, the best tools remedy these problems by providing 

different control structures and knowledge representation designs which can be 

selected by the user for optimum application [31]. The following are some of the 

additional shortcomings which may be experienced when using a development tool 

[32,33]: 

• The old framework may be inappropriate to the new task;  

• The old rule language may be inappropriate to the new task; 
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• The tool may be appropriate for one problem domain, but inappropriate for 

others because of various characteristics of the domain; 

• The control structure embodied in the inference engine may not sufficiently 

match the new expert’s way of solving problems; and 

• There may be task specific knowledge hidden in the old system in 

unrecognized ways. 

4.3.3 Components  

The basic components of a general expert system are shown in Figure 4.2 and 

consist of the rule creator, the knowledge base, the problem application, interface, 

inference engine, result and finally the user or decision maker [34-36]. 
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Figure 4.2. Basic components of an expert system. Reproduced from [34-36]. 
 

• Rule creator: This allows the creation of the program and the ability for the 

human expert to enter information into the knowledge-base. The information 

entered here forms the basis of the knowledge-base. 

• Knowledge-base: This component actually stores the factual and heuristic 

knowledge. An expert system provides one or more knowledge representation 

schemes to express knowledge about the application domain. Some tools use 

both frames (objects) and IF-THEN rules. 

• Faced problem: This is the area that gathers the data or changing conditions 

in the problem. 

• User interface: One of the critical components which provides the means of 

communication with the user/decision maker. The user interface is generally 

not a part of the expert system technology, and was not given much attention 

in the past. However, it is now widely accepted that the user interface can 

make a critical difference in the perceived utility of a system regardless of the 

system's performance. 

• Inference engine: This section contains the logical programming to examine 

the information provided by the user, as well as facts and rules specified 

within the knowledge base. It evaluates the current problem situation and 

then seeks rules that will provide advice about the situation. This is not 



 228

usually accessible to the expert system designer, but is instead built into the 

system that the designer uses. 

• Solution/Comment: The result which has been generated from the 

knowledge-base using the problem; information gathered from the user 

through the user interface is presented in this section of the system. 

• User: Finally and perhaps the most important component of the expert system, 

the user is the individual who requires and needs the expert system to help 

them solve the problem in the real world. 

  
 

4.4 CONSTRUCTION OF KNOWLEDGE BASE 

Moreover, expert system development usually proceeds through several phases 

including problem selection, knowledge acquisition, knowledge representation, 

programming, testing and evaluation. The next sections will describe these steps in 

the context of the polyester diagnosis problem. 

Figure 4.3 shows the timeline and steps used to acquire the knowledge for 

the expert system. The first stage determined the common symptoms in the dyeing 

of polyester and will be discussed in Section 4.4.1. Second stage was supposed to 

determine the relationship between causes for the symptoms using a web-based 

survey created using Survey Monkey™ as seen in section 4.4.5. However, the 

results were compounded and difficult to ascertain expert’s opinion. The final stage 

created a modified survey using Excel to determine the interrelation between 
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symptom and cause using certainty values ranging from 0 to 10 in section 4.4.6. 

 

Figure 4.3. Timeline for determination of symptoms, possible causes, and their 
interrelationship. 
 
 

4.4.1 Selection of a Group of Most Commonly Occurring Dyeing 
Faults 

 

The first task in the development of the expert system was to categorize the 

frequently found problems in the coloration of polyester. Initially a list of potential 

symptoms seen in Figure 4.4 was generated from the literature [14] as well as 

discussions with a few experts.  A discussion on the definitions of the symptoms will 

be discussed later in this section. 
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Figure 4.4. A first version of polyester dyeing symptoms. 

 
After the initial list was generated; a few experts were surveyed to comment on the 

completeness of the potential symptoms as well as add any that may have been 

missed. Based on their feedback, the list was modified to the second version of a list 

of symptoms as shown in Figure 4.5. The symptom associated with ‘pork marks’ was 

deleted since it is not a common issue in the coloration of polyester. It was 

suggested that S15 (Repulsive odor), S17 (Stiffness), and S18 (Electrostatic charge) 

be combined under one heading of comfort properties.  

S1 - Fastness issue 
S2 - Poor color yield 
S3 - General unlevelness  
S4 - Change in strength 
S5 - Localized damage  
S6 - Broken yarn and fabric 
S7 - Speck, stain or spot 
S8 - Appearance of the goods  
S9 - Presence of steaks 
S10 - Pressure marks 
S11 - Stop and Pork mark  
S12 - Different shade  
S13 - Dye stain 
S14 - Reproducibility  
S15 - Repulsive odor 
S16 - Thermosol dyeing issue  
S17 - Stiffness 
S18 - Electrostatic charge  
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Figure 4.5. A second version of polyester dyeing symptoms. 

 
 The same process of soliciting a set of experts for comment on the list of total 

potential symptoms as well as add any that were missed was repeated with the 

revised list. Based on their responses, the list was modified to select the final list. 

Broken yarn and Torn fabric (S6) was suggested to be combined with the symptom 

Local Damage (S5) and S10 (Pressure and Rope Mark) and S11 (Stop mark) was 

combined into one symptom stop, rope, and pressure marks. In addition, Thermosol 

dyeing issues (S17) was deleted since it was not general enough in the dyeing of 

polyester. The final fourteen symptoms depicted in Figure 4.6, as well as their 

probable causes, were selected by surveying several coloration experts as well as 

utilizing information reported in the literature over a period of one year.   

 

S1 - Fastness issue 
S2 - Poor color yield 
S3 - General unlevelness  
S4 - Change in strength 
S5 - Localized damage  
S6 - Broken yarn and fabric 
S7 - Speck, stain or spot 
S8 - Appearance of the goods  
S9 - Presence of steaks 
S10 - Pressure marks 
S11 - Stop and Pork mark  
S12 - Different shade  
S13 - Dye stain 
S14 - Reproducibility  
S15 - Comfort properties (Repulsive odor, Stiffness, Electrostatic charge) 
S16 - Ending and Tailing 
S17- Thermosol dyeing issue  
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Figure 4.6. Most common faults encountered in polyester dyeing. 
 

 

 A general description of each of the fourteen faults and images will be given: 

• Reproducibility means the acceptable production of a given color in a 

consistent manner from lot (batch) to lot (batch) as well as over extended 

periods of time. Poor reproducibility (see Figure 4.7 for an example) is one of 

the critical issues for the loss of productivity and profit within the textile 
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industry. The problem is often manifested if the shade of the dyed product 

does not match a given standard, or in extreme cases where lots produced in 

different batches appear different from one another. The fault requires some 

form of corrective action which may include dye or chemical additions, 

prolonging the run time, and stripping, re-dyeing and over-dyeing of the textile 

substrate which can cause damage. In addition, correct procedures require 

extra time and processing, while increasing the risk of physical damage to the 

substrate.  

 

Figure 4.7. Example of reproducibility symptom 
 

• Fastness is the colored material property to resist change, loss of color or 

fading and is determined by exposing the dyed substrate to certain chemicals, 

mechanical or other conditions. Some of the most common types of fastness 

properties (see Figure 4.8 for an example) are  wash, light, crock (wet and 

dry), chlorine, and perspiration.  
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Figure 4.8. Example of inadequate fastness symptom. 

• Color yield is the depth of color obtained when a standard weight of colorant 

is applied to a substrate under specific dyeing conditions. Poor color yield 

(see Figure 4.9 for an example) may occur due to low dye substantivity to the 

substrate and low dye fixation on the substrate.  

 

Figure 4.9. Example of poor color yield symptom. 

• Mechanical strength generally indicates tensile strength of the substrate and 

is obtained by measuring the tensile properties of the substrate (see Figure 

4.10 for an example). 
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Figure 4.10. Example of reduced mechanical strength symptom. 

• Unlevelness is a term used to describe the non-uniform distribution of dye 

over the entire substrate. In an unlevel dyeing, relatively light and dark 

patches may be observed on the textile substrate. Unlevelness (see Figure 

4.11 for an example) may also be expressed in other ways such as patchy 

concentrated colored areas. Unlevelness can occur mainly due to the use of 

wrong dyeing conditions and incomplete preparation of materials.  

 

Figure 4.11. Example of unlevelness symptom. 

• Local damages is often associated with presence of broken yarn and/or 

damaged sections within the fabric which could include holes, puncture marks, 

tears and abraded or thinned out sections (see Figure 4.12 for an example).  
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Figure 4.12. Example of local damage symptom. 

• Shade variation is a type of color variation in which the hue is slightly different 

compared to that of a reference material (see Figure 4.13 for an example). 

Specifically shading refers to an expression of color difference from a 

reference dyeing such that another dye must be added to the recipe to 

generate a match. 

 

Figure 4.13. Example of shade variation symptom. 

• Comfort is regarded as a fundamental property when a dyed good is valued 

and in this case refers to a range of properties that include lack of repulsive 

odor, electrostatic charge, stiffness, poor hand and pilling (see Figure 4.14 for 

an example).  
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Figure 4.14. Example of comfort property symptom. 

• Dye stains refer to heavy colored stains that are very difficult to remove. 

Stains occur due to insufficient diffusion of dye into the substrate (see Figure 

4.15 for an example).  

 

Figure 4.15. Example of dye stains symptom. 

• Adverse changes in appearance include cracks, creasing and dimensional 

instability which can negatively affect the appearance of the textile substrate 

(see Figure 4.16 for an example).  
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Figure 4.16. Example of adverse changes in apperance. 

• Specks, stains, or spots often occur in the dyeing of fabrics. These blemishes 

are regarded as defects and are often temporary surface colorations due to a 

coating of colorant on the fiber that is insufficiently diffused into the textile 

substrate. These can also occur as a result of insufficeint or nonuniform 

affinity between colorant and the substrate (see Figure 4.17 for an example). 

 

Figure 4.17. Example of specks, stains, or spots. 

• Stop, rope and pressure marks are made due to stoppage of processing 

machinery, an indentation; or an imprint due to the application of pressure on 

a section of the textile substrate. These are often seen as having a different 

color compared to the body of the substrate (see Figure 4.18 for an example).  



 239

 

Figure 4.18. Example of stop, rope, and pressure marks. 

• Streaks are lines or bands differentiated by color or texture from their 

surroundings. These can occur due to poor desizing, improper wetting and 

lubrication of the garments, or overloading of the garments (see Figure 4.19 

for an example).  

 

Figure 4.19. Example of streaks. 

• Ending, tailing and listing marks refer to color variation between upper and 

bottom, or the edge and the center of the substrate (see Figure 4.20 for an 

example). Tailing in continuous dyeing is often seen as color variation from 

the inside to the outside of a beam. In listing the variation is seen as a stripe 
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on the edge of a length of fabric which is mostly due to temperature variations 

in the vessel.  

 

Figure 4.20. Example of ending, tailing and listing 
 

 

4.4.2 Categorized Possible Causes of Dyeing Faults 

The production of dyed polyester goods is not a straightforward one-step procedure 

and often involves many processes each with a number of variations and each 

variation containing a number of variables. Thus, textile dyeing is characterized by a 

large number of variables, each with a distinct degree of effect on the final outcome 

of the process. The vast assortment of variables, as well as the inter-relation among 

these factors, makes right-first-time (RFT) dyeing quite demanding while 

troubleshooting faulty dyeing even more exacting and arduous.  

 Faults in polyester dyeing can be attributed to a number of different causes 

ranging from the production of the actual fiber, yarn and fabric substrates to the 

pretreatment and preparation of substrates, quality of dyestuff, water and auxiliaries, 



 241

as well as the dyebath and process conditions and machinery including pad 

Thermosol® and the post-dyeing operations. While the list is not exhaustive it 

highlights some of the most common problems that dyers may face on a daily basis 

and therefore may be a useful resource when assessing a fault or attempting to 

ascertain the root cause(s) of a symptom. Careful consideration of the possible 

cause(s) of the fault can enable a suitable corrective action to be taken in a timely 

manner to ensure that the same faults do not re-occur and this in turn can lead to 

savings in the total time and cost of the operation. The underlying causes influencing 

the dyeing of polyester were first established to assist the dyer in possibly 

eliminating the causes from occurring or indentifying the potential problems. To 

portray these causes and their interactions, a fish bone diagram was created as 

seen in Figure 4.21. The fishbone diagram is very useful for identifying the sources 

of variability in a process, and its importance in comparison to other possible causes 

affecting the final outcome. The most significant key variables/causes in the dyeing 

of polyester start from left or head of fishbone diagram and decrease to right or tail of 

the fishbone. For each arm on the fishbone, the most significant causes are closer 

the backbone. The fishbone was reviewed through regular meetings over the period 

of one year to develop the final version seen in Figure 4.21. The developed fishbone 

diagram is composed of seven major arms that can affect the dyeing of polyester 

substrates: human factor, ingredient, pretreatment, water quality, dyebath, 

equipment, and post-dyeing operations. Each of these major areas will be discussed 

in detail in Sections4.4.2.1 to 4.4.2.7. 



 242

 

 
Figure 4.21. A fishbone diagram illustrating some of the key parameters influencing the dyeing of polyester 
material. 
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4.4.2.1 Human factor 

The faulty dyeing is directly or indirectly caused by reasons connected with human 

factors such as experience (e.g. qualification, age and knowledge), integrity (e.g. 

diligence, prudence, self-control, intuition and delay in operation), incorrect setting 

(e.g., equipment setting, emotion and eye fatigue) and communication skill (e.g. 

personality and type of language) as depicted in Figure 4.22. Shift operators involve 

many stages where decisions and processes rely on individual skills and 

performances. Even with standardized practices and procedures, humans often 

perform and make adjustments and assessments or do not follow the SOPs.  

Figure 4.22. Possible causes originating from human factor. 
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 A knowledgeable and cooperative dyer and his team are the most important 

assets for any dye house. The most challenging part of the training is the 

acceptance of the principles and adopting the same as mandatory. This is not a one-

time exercise and therefore the practice should become a habit. Any new recruit 

should be trained first before he or she is assigned the work. The personnel should 

acquire the necessary attitudinal skills to achieve the work culture to function as a 

team complementing and supplementing each other. The discipline and training is 

an ongoing process, which would inculcate a stage of harmony and self-confidence 

in the work force. A machine well maintained has a better chance to work trouble 

free, turn out quality products as well as have higher productivity. Personnel should 

be motivated to achieve high standards of performance and their requirements for 

the day should be clearly understood and carried out in the time span scheduled. 

The morale, enthusiasm and discipline of the personnel should be high, while 

procrastination, a fundamental negative factor in a competitive work environment, 

should have no place.  

 

4.4.2.2 Ingredient 

The preparation of the ingredients such as fiber, yarn and fabric is extremely 

important in obtaining high quality dyed products.  It should be noted that the 

majority of problems which occur in dyeing are not always due to inadequate 

preparation but they often represent half the issues associated with dyeing textile 
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substrates. Polyester is produced as medium and high tenacity staple fibers of 

various lengths. Staple fibers are usually drawn to give medium tenacities, but may 

be spun from polymers of lower average molecular weight to give improved pilling 

performance. Variations in tension, either within yarn or between them, can produce 

deformations during producing yarn. In addition, winding density is one of the most 

important package characteristics that affect the quality of the dyed package. 

Several parameters which include denier variations, periodic denier, filament count, 

twist per inch/ twist direction, fiber cross section, luster, tensile strength, elongation 

at break, and broken filaments affect dyeability of polyester yarns as shown in Figure 

4.23.



 246

Figure 4.23. Possible causes originating from ingredient. 
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Defects in the manufacture of either woven or knitted fabrics can be grouped as 

process defects. The main factors which can give rise to uneven dyeing during the 

manufacture of fabrics: Variation of stretch in the warp, or longitudinal, yarns; 

variation in weft and warp yarns characteristics (e.g., twist, twist direction, count, 

hairiness, blend ratio composition, color, etc.); variation of the weft, woof, or filling 

crosses the warp, binding the warp threads; variation of picking or inserting the weft; 

and battening; variation of making the fabric compact; variation of frames for holding 

the warp and throwing the weft;  variation in size application and; as well as the 

presence of fly or foreign fiber woven or knitted into the fabric. 

4.4.2.3 Pretreatment 

Pretreatment is an essential processing component of textiles as shown in Figure 

4.24. To achieve a satisfactory end product, suitable preparation of the textile is 

essential. Grey woven cloth from a loom is quite unattractive and contains numerous 

natural as well as added impurities which hinder the successful completion of 

subsequent processing steps such as dyeing, printing and finishing. Major steps 

involved in textile wet pretreatment include, desizing, scouring, and bleaching. Sizing 

agents are applied to reduce the frictional properties of warp yarns by means of 

coating their surfaces with film-forming polymers. The desizing procedure depends 

on the type of size. Size removal depends essentially on the following factors: 

viscosity of the size in solution; ease of dissolution of the size film on the fiber; 

amount of size applied; nature and amount of the plasticizers; fabric construction; 
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method and nature of washing-off; and temperature of washing-off. The scouring 

process removes water insoluble materials such as oils, fats, and waxes from textile 

fibers. These impurities coat fibers and inhibit rapid wetting, adsorption and 

absorption of dye and chemical solutions.  

 

Figure 4.24. Possible causes originating from pretreatment. 
 

 In addition, the scouring process softens and swells motes which facilitate 

their destruction during bleaching. Oils and fats are removed by saponification with a 

hot sodium hydroxide solution. Unsaponifiable materials such as waxes and dirt are 

removed by emulsification. Both of these processes (i.e., saponification and 



 249

emulsification) take place within a typical scouring process. The bleaching process 

destroys color impurities in fibers producing a white substrate. This is usually 

accompanied by treating the fibers with an oxidizing agent which oxidizes the color 

impurities to colorless compounds. Hydrogen peroxide, sodium hypochlorite, and 

sodium chlorite are the most common bleaching agents. After bleaching, fabric 

should be visually observed for motes and pin holes. It should be practically free of 

motes. Inadequate mote removal usually results when the pH is too low during 

bleaching, peroxide decomposition during bleaching is high, or the motes are not 

adequately softened in scouring. Pin-holes are the result of localized fiber 

degradation by hydrogen peroxide and are usually catalyzed by metal ions such as 

iron and copper which cause dye variations to occur.  

4.4.2.4 Water Quality 

The quality of textile products is affected by the water quality as shown in Figure 

4.25. Various textile processes are influenced in different ways by the presence of 

impurities in the water supply and during washing stage. Generally, processed water 

should have little or no chlorine, low metal content (i.e., iron and copper) and low salt 

concentrations (i.e., chloride and sulfate). Alkalinity, pH and presence of colorants 

especially those with affinity to fabric (i.e., residual dyes) are also of concern. The 

presence of chlorine, iron, and treatment chemicals commonly found in the water 

can have a major effect on dyeing process. Metals can be introduced from piping 

system, from the boiler through live steam or from dyeing equipment. Water for 
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dyeing is usually chlorinated; it can change the shade of dyed fabrics or cause other 

effects on processing. This often contributes to poor color yield and laboratory to 

dye-house correlations for dye recipes.  

 

Figure 4.25. Possible causes originating from water quality. 
 

 Shade variation can be caused by chlorine contamination of water. This can 

cause color loss for many classes of dyestuff. Shade variation also can also be 

caused by metal such as iron, copper, and other metals. These metals are known to 

affect many dyes, especially disperse dyes. Traces metals can change the shade of 

disperse colors, for example, the colors of azo type dyes are reduced by metallic 

salts and anthraquinone type dyes are chelated with metal. 
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4.4.2.5 Dye Bath Conditions 

A dye can generally be described as a colored substance that has an affinity to the 

substrate to which it is being applied. Dyes are generally applied in an aqueous 

solution, and may require a mordant to improve their wash fastness properties on 

the fiber. Dye consumption in a dyeing process and the colorfastness characteristics 

of the dyed goods are very important factors to consider in order to obtain high 

quality products in the textile industry. Controlling the dyeing process, especially 

dyebath conditions, is of prime importance. Critical factors must be indentified. 

These usually include temperature, liquor ratio, pH, time, and auxiliaries as shown 

in Figure 4.26.  

 

Figure 4.26. Possible causes originating from dyebath. 
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Polyester fibers are usually dyed in the region of 125-135 °C due to the low diffusion 

rate of disperse dyes at temperatures up to the boiling point. The control of liquor 

ratio parameter is highly important as it strongly influences the amount of water, 

energy and chemicals used in every stage of the textile processing where batch-

wise operations are employed. Conventional methods of dyeing take place at liquor 

ratios between 10:1 and 30:1 for fabrics and between 10:1 and 15:1 for yarns. Some 

disperse dyes degrade during aqueous dyeing, giving rise to off-shade and pale 

dyeings, although in some cases such pH-induced changes are reversible. It has 

been concluded that color yield obtained with disperse dyes decreases with 

increasing pH; and in some cases, application at pH 8-10 destroys the dye. In order 

to get the uniform dyeing goods, a dispersing agent should be added to the dyebath. 

Dispersing agents can aid to increase the aqueous solubility of disperse dyes. 

However, excessive additions of dispersing agents should be avoided. Leveling 

agents in use, other than the carriers, are ethoxylated products exhibiting non-ionic 

character; they are added to the deybath to obtain level dyeings. They function by 

reducing the strike rate of the dyes. In spite of the many advantages of high-

temperature aqueous dyeing, circumstances arise in which its use is undesirable, 

either because of the presence of some other fiber that is unstable to the severe 

conditions, or because of the lack of suitable equipment. Carriers have been used to 

resolve above problems. Carriers are often referred to as plasticizing agents, as they 

promote dye migration and transfer to fiber. 
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4.4.2.6 Equipment 

It is important to select appropriate equipment for the given process, and based on 

end-use requirements of products, to ensure good maintenance and performance as 

shown in Figure 4.27. The important factors to consider in the selection of machinery 

are the flow patterns of the fabric and solution, to determine the effects on 

substantivity. The higher the interactions between the goods and dye solution, the 

higher the substantivity will be. Having a dynamic solution with a high flow rate 

allows the hydrodynamic boundary layer to be compensated for and increases the 

affinity of the dye. The basic requirements of dyeing machinery are providing 

sufficient movement for the liquor to penetrate uniformly into the textile materials. 

The liquor movement should not be so vigorous that the material is damaged, 

entangled or felted. The material used for the construction must be stable during 

prolonged boiling with acidic or alkaline solutions. The heating arrangements of the 

machine should be able to maintain uniform temperature throughout the liquor. 

There should be provision for addition of concentrated dye solution in such a way so 

that it is well diluted before it encounters the textile materials and all moving parts 

and attachments should be protected against the corrosive action of steam and 

acidic fumes. In addition, all equipment should be keeping the clean surroundings. 
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Figure 4.27. Possible causes originating from equipment.
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4.4.2.7 Post Dyeing Operations 

Post-dyeing operation is called as after treatment as shown in Figure 4.28. It is 

generally the final stage in the manufacturing of textile products. Each finish is 

designed to accomplish some specific purpose. Occasionally, however, treatments 

do not result in desired properties and should be controlled. The dyed polyester 

should be cleared of surface deposited dye as well as auxiliaries by means of 

treatment with detergent or reductive or oxidative treatments which called reduction 

clearing process, in order to secure optimum fastness of the dyeing. Customer 

objections of low fastness to perspiration or water in polyester are always associated 

with the presence of loose dye particles on the fiber surface. Predrying is not 

intended to stop the migration of dye particles but to control it so that dye molecules 

will be evenly distributed throughout the fabric. However, dye migration is a major 

problem in this step that needs to be controlled by temperature and time. In the case 

of polyester, the appropriate conditions for heat pre-setting are, commonly, 180°C for 

30 sec.; however, it is recommended that appropriate temperatures and time should 

be decided after testing the breaking stress of fiber. The advanced types of infra-red 

predryers are designed to cool quickly and avoid the swing away issue during 

machine stoppage. The wash-off stage usually proceeds to remove unfixed dye, 

auxiliary, and insoluble materials on the dyed substrate.  
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Figure 4.28. Possible causes originating from post-dyeing operation. 
 

Faults in polyester dyeing can be attributed to innumerable causes ranging 

from the production of fiber, yarn and fabric forms, to pretreatment and preparation 

of substrates, quality of dyestuff, water and auxiliaries, as well as dyebath and 

process conditions and machinery, including pad Thermosol®, as well as post-

dyeing operations. A detailed list of possible causes is given in Table 4.2. Whilst the 

list is not exhaustive it highlights some of the most common problems that dyers 

may face on a daily basis and therefore may be a useful resource when assessing a 

fault or attempting to ascertain the root cause(s) of a symptom. Careful 

consideration of the possible cause(s) of the fault can enable a suitable corrective 

action to be taken in a timely manner to ensure that the same faults do not re-occur 
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and this in turn can lead to savings in the total time and cost of the operation. 
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Table 4.2. Categorized Lists of Possible Causes Associated with Symptoms in the Dyeing of Polyester with 
Disperse Dyes. 

 
FIBER 

C1 Die head cleanliness 

 

DYESTUFF 

C30 Inadvertent use of incorrect dye  

 

 
 
AUXILIARY f 

C83 Washing time too short 

C2 Degree of polymerization C31 Improper dye selection a C84 Inadequate fabric/water movement 

C3 Degree of crystallinity C32 Improper dye selection b C85 Excessive foaming 

C4 Degree of orientation C33 Improper dye selection c C86 Incompatibility of reagents 

C5 Variation in fiber glass transition temp 
temperature 

C34 Incorrect dye weighing C87 Wrong auxiliary selection 

C6 Presence of tint/oligomer C35 Poor quality dyestuff C88 Wrong carrier type selection 

C7 Incomplete removal of oligomers C36 Dye aggregation C89 Inadequate solubility of auxiliary 

C8 Catalytic damage C37 Dye precipitation in dyebath  
 

PAD 
THERMOSOL 

C90 Thermosol period too long 

C9 Inconsistent draw ratio C38 Dye sedimentation due to storage C91 Thermosol period too short 

C10 Presence of foreign fibers  C39 Dye incompatibility  C92 Dented/damaged/worn off nip  

YARN 

C11 Uneven winding density  C40 Dye substantivity too high C93 Inconsistent hardness of mangle/ nip roller pressure 

C12 Channeling-due to irregular winding C41 Dye substantivity too low C94 Pre-drying time too long  

C13 General package deformation C42 High dye diffusion coefficient C95 Pre-drying time too short  

C14 Swollen or puffy package shoulder C43 Low dye diffusion coefficient  
MACHINERY 
 

C96 Damaged wash box; sharp machine edges/sections 

C15 Mechanical defect (broken yarn) C44 Low dye sublimation C97 Corrosion or rusting of machine parts 

FABRIC 

C16 Fly fiber knitted or woven C45 High dye sublimation C98 Contaminated equipments g 

C17 Variation in warp/weft yarn twist C46 Severe dye migration C99 Machine malfunction h 

C18 Variation in warp/weft tension C47 Poor dye migration 

POST-
DYEING 

OPERATION 
 
 

C100 Washing temp. too high  

C19 Variation in density (knitting, 
weaving) 

C48 Dye bleeding C101 Washing temp. too low  

C20 Mechanical defect (torn fabric) C49 Dye recrystalization C102 Washing time too long 

PRETREATMENT/ 
PREPARATION 

C21 Inadequate removal of colored 
materials 

C50 Dye degradation C103 Washing time too short 

C22 Incomplete removal of spinning oil  
 
 
 
 
 
 
 
 
 
 

DYEBATH & 
PROCESS 

CONDITIONS 
 

C63 Dyebath pH too high  C104 Inadequate wash bath water 

C23 Incomplete removal of knitting oil C64 Dyebath pH too low  C105 Reduction temp. too high  

C24 Redeposition of knitting oil/spinning 
oil 

C65 Initial dye concentration too high  C106 Reduction temp. too low  

C25 Redeposition of insoluble substances C66 Initial dye concentration too low  C107 Reduction time too long  

C26 Resist/latent deposits C67 Liquor-to-goods ratio too high C108 Reduction time too short  

C27 Insufficient desizing C68 Liquor-to-goods ratio too low C109 Excessive reducing agent used 

C28 Inappropriate bleaching C69 Machine overloaded  C110 Insufficient reducing agent used 

C29 Incomplete scouring C70 Bath temp. too high C111 Excessive caustic soda used 

WATER 

C51 Presence of manganese/calcium in 
source water 

C71 Bath temp. too low C112 Insufficient caustic soda used 
C52 Presence of iron/copper in source C72 Rapid temp. rise C113 Drying temp. too high  
C53 Presence of chlorine/chloride  C73 Inconsistent bath/steam temp. C114 Drying temp. too low  

C54 Presence of silica in source water C74 Wrong temp. for the type of dye C115 Excessive crocking 

C55 Presence of silicate deposits  C75 Dyeing time too long C116 Insufficient steam airing 
C56 Presence of sulfates in source 

water 
C76 Dyeing time too short a : high energy level b: medium energy level c: low energy level dyes 

d: sulphide, fluoride, etc. 
e: oil, grease, clay, sediments, etc 
f: soaping agent, rinsing agent, leveling agent,  dispersant, fixing agent, acetic acid, Na2CO3,   
NaOH, wetting agent, softener, emulsifier, Na2CO3, NaCl 
g: dyeing, washing, drying, etc. 
h: power, heat, valves, pressure, etc. 
 

C57 Presence of miscellaneous anions d  C77 Flow rate too high  

C58 Presence of suspended materials e C78 Flow rate too low 

C59 Residual soaping or rinsing agent  C79 Wrong wash bath pH  

C60 High total water hardness  C80 Inadequate fabric/water movement 

C61 High acidity of source water C81 Excessive foaming 

C62 High alkalinity of source water C82 Softener spotting 
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4.4.3 Selection of Experts 

The acquisition of knowledge from the human expert is an extremely complex task. 

In general, a human expert is very busy and his time is important. For this reason, 

special attention was paid in selecting the human experts to contribute the 

construction of knowledge base for the expert system. An expert should have the 

following characteristics.  

- Expert must be able to analyze their own reasoning process and to transmit 

this analysis to the knowledge engineer. This ability can differ from one 

person to another. Mostly, it is difficult to determine precisely how decisions 

are made. It is paradoxical that, sometimes, the more competent the experts 

are, the less capable they are to explain their knowledge and their reasoning 

process, since these become more and more intuitive. 

- Expert must show willingness to collaborate and without that, any project is 

bound to failure. 

- Expert must have fluent communications, enabling good interaction in both 

directions. 

- Expert must have plenty of time at his/her disposal, which is a determinant 

factor to achieve the expected results. 

 There is sometimes only one person suitable for the role of expert, and so, 

selection may not be possible. In cases like this, we must verify that this person 

meets the above mentioned requirements and, if so, we may consider him/her an 
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adequate expert. 

4.4.4 Creation of Refining Team 

The refining team has been created with the aim of giving complementary 

knowledge and points of view to those of the expert as well as to check the 

correctness of their knowledge based on mentioned several sources. When several 

responses are collected from human experts, the refining team normally analyzes 

and filters them to determine the key information. For the DEXPERT-P, experts were 

selected to represent all the functions related to dyeing symptoms and their causes. 

In this case, our expert system group contacted people who have responsible for 

ingredient developer, dyers and finishers, and quality and information systems. 

4.4.5 Preparation of Questionnaire 

The aim of the electronic survey created in Survey Monkey was to collect the 

expertise to derive specific causes affecting dyeing defects. Experts were asked to 

access the following web site and could re-enter the survey at any time to update 

their responses. In addition, experts can resume the survey if he or she wishes to 

complete sections and return at a later time to complete the rest of the survey. A 

certainty factor of ten indicates an excellent correlation between cause and symptom, 

(i.e., cause is the main source of the symptom) while a zero indicates a very poor 

correlation with the cause. In addition, individual experts can select a * which 

indicates no response in case he or she are not sure of the correct response with 
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regard to this cause for this symptom. If they did not select a certainty factor, the 

system automatically defaulted their response to be zero. Therefore, they do not 

need to select a certainty factor for every cause that is zero. The prepared web-

based survey via survey monkey tool consisted of six pages relating the 116 causes 

to each of the 14 symptoms. The user was able to return at any given stage to make 

it easier to complete.  The questionnaire was distributed to fifty two experts from the 

USA and several countries in Europe and Asia. An overall response rate of 26% 

(fourteen experts responded) for completed questionnaires was obtained which is 

excellent. The information, which was captured, filtered and analyzed into rules for 

building a knowledge base. Figure 4.29 shows an example of a few questions and 

answers used in the survey. Experts were asked to rank the interrelation of fault 

andcause for each of the 114 causes by using certainty factor ranging from zero to 

ten.
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Figure 4.29. List of all questions and possible answers. Sourced from 
http://www.surveymonkey.com/s.aspx?sm=1BgqH9v_2fRSzzS5ObX0SLkQ_3d_3d. 
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After initial analysis, the answers given were confounded because the initial set of 

questions dealt with polyester and polyester cotton blends.  Therefore, it was difficult 

to determine if the intercalations was with cotton or polyester. Also, several people 

mentioned it took too long to fill out and seemed to require lots of time to finish all 

questions even though the survey was carefully designed to be in a spreadsheet 

format. Based on the information, the survey and the format were revised. Therefore 

a second revised questionnaire format using Excel as the interface was designed to 

make it easier for people traveling to fill it out. Figure 4.30 shows the spreadsheet 

which was then re-distributed to the fifty two experts in the world. The survey 

spreadsheet consists of columns containing the fourteen symptoms and the rows 

corresponded to the 116 possible causes. The cells then represent the inter-

relationship between symptom and cause allowed the user to select between zero to 

ten with a ten being a direct relationship between symptom and cause. A cell left 

blank was assumed to be zero. The spreadsheet provides a dropdown menu to 

ensure the user chooses the correct number. 
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Figure 4.30. Real spreadsheet to request expert opinion about the inter-relationship between symptom and cause 
using certainty factor range from 10-0. 
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4.4.6 Knowledge Acquisition using an Electronic Survey 

During the knowledge acquisition from expert, concrete information about dyeing 

problems is needed to guide the development of the knowledge base. The 

information has to be specific and narrow enough to be useful. The knowledge 

acquisition processes involve collecting, eliciting, organizing, analyzing and 

interpreting the information. Acquiring special knowledge from the expert is 

distinguished from the more general knowledge. One of the most commonly used 

techniques for the quantitative survey is the questionnaire. Electronic surveys offer 

significant advantages over traditional print and telephone surveys [37-39]:  

• Less cost: Web-based and email electronic surveys cost considerably less 

than mail or telephone surveys. You eliminate printing, postage and extra 

personnel costs.  

• Higher response rates: An electronic survey is likely to generate a high 

response rate. Survey recipients frequently find that using their computer to 

answer questions is easy, quick and convenient.  

• Fast response and real-time data analysis: Recipients generally respond to 

electronic surveys more rapidly than traditional print surveys, and we can 

analyze data as it is collected.  

• Flexible: Unlike a printed survey, an electronic survey can be revised and/or 

customized for different targets quickly and easily.  

http://www.infosurv.com/web-survey.htm�
http://www.infosurv.com/email-survey.htm�
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 The quantitative knowledge was obtained through an electronic survey as well 

as interviews with domain experts.  Acquiring this information took a long time owing 

to the time constraints and willingness of the experts.  In the case we are now 

studying, this phase can divided into two clearly parts in time. Firstly, one consisted 

of a group of interviews where the knowledge engineer uses for his/her expertise 

have been disclosed. Secondly, one consisted of the input of additional knowledge 

that has taken place during the phase of development and set up of the system, 

during which the expert has reviewed and updated the additional knowledge 

included here. We may then conclude that the acquisition of knowledge from the 

expert has gone through the whole project and has required a great number of 

meetings between the expert and the knowledge engineer. 

 Human experts are asked to solve a specific problem. The questionnaire is a 

key means for obtaining expert interviews on the consistency and accuracy of a 

particular dyeing problem diagnosis. The method was used to identify the inter-

relationship between a dyeing symptom and the cause that maybe the problem by 

allowing the expert to specify a certainty value. The certainty values are classed into 

eleven levels (i.e. 0,1,2,3,4,5,6,7,8,9, and 10.) A certainty factor of zero represents a 

very poor correlation between cause and symptom (i.e., cause is the definetly not 

the  main source of the symptom) while a certainty factor of  excellent correlation 

between the cause and symptom. 

 A series of questionnaires was generated and reviewed for suitability by a 

select group of experts to determine the interrelation among 14 common dyeing 
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faults and a range of 115 possible causes. Over fifty experts from several countries 

covering several sectors of the industry including dye manufacturing, machinery 

manufacturing, academia as well as practical dyers with a range of industrial and/or 

academic experience from 6 to 45 years, were contacted. Fifteen coloration experts 

responded to the electronic survey which is quite when normal response to surveys 

is generally less than 20%. Responses were collected and suitably organized. 

Additionally, the pertinent knowledge reported in the literature was incorporated into 

a suitable form in following tables. Sources of knowledge included textbooks, peer-

reviewed papers, manuals, thesis and internet. Thus, the knowledge base of 

Polyester Expert System (DEXPERT-P) consists of knowledge at an expert level on 

certain subjects. 

 The presence of commonness of cause/effect relationships among certain 

causes and symptoms was also investigated and cases with commonness criteria 

were noted for further analysis. Dyeing fault is not caused by just one cause but 

multiple possible causes from several sources. For example, we have found that 

C30 (most likely cause for S2-Inadequate Fastness) have seen and involved in 

symptom 1 (Reproducibility), 9 (Dye Stains), and 10 (Poor Color Yield) as shown 

in Figure 4.31. Interestingly, among mostly likely cause was often found other 

symptoms as a common cause. In order to compare the responses of individual 

experts against the expert systems’ knowledge base three symptoms, two with a 

large number of expert responses indicating a high degree of certainty for the 

cause/symptom relationship as well as one containing a small number of responses 
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were selected. Responses from experts were compared against a new panel of 

participating experts, the reported knowledge in the literature, as well the knowledge 

base of the expert system under development. All responses from the fourteen 

experts about the inter-relationship between a symptoms and a possible cause are 

given in Appendix 12-25. 

 

Figure 4.31. An example of sorting method for commonness and category. 
 

4.4.7 Sorting Expert Responses to Construct a Knowledge Base 

The experts participating in the construction of the Expert System were asked to 

rank the interrelation of symptoms and causes using certainty factors (CF) from zero 

to ten.  Recall, a selection of zero indicated with high certainty that no relationship 
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between the cause and symptom existed while a ten indicated with high certainty 

that an excellent relationship between symptom and cause existed. For instance, a 

cause with CF of eight is most likely the correct cause as compared to a cause with 

CF of three.  The expert responses were classified into three broad categories of 

most likely (High CF, 7-10), likely (Medium CF, 4-6) and least likely (Low CF, 0-3) 

causes for each symptom using a statistical sorting method as shown in Figure 4.32.  

This was done to take into account different experts’ relative scales (i.e., something 

that was low for one expert may have been a one while a low meant two for another 

expert).  

 However, the least likely values were not used as a certainty factor in this 

system due to the certainty factor from zero to three can be regarded as the trivial 

causes. When the dyer want to troubleshoot in the dyeing of textile, he or she really 

want to mostly likely cause or likely cause to save time to  we have designed to 

assist user’s understanding and decision. The median was then calculated for CF 

responses obtained from fourteen experts since the median is less sensitive to 

extreme variations compared to the mean value and is a better measure where 

highly skewed distributions are considered (i.e., it not biased by outliers which can 

occur for example if four reviewers said eight and one said two).  

http://davidmlane.com/hyperstat/A15885.html�
http://davidmlane.com/hyperstat/A11284.html�
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Figure 4.32. An example of sorting method for three categories. 
  

 Information was sorted into two groups, most likely and likely groups as seen 

in Figure 4.33; all symptoms have been applied with the same sorting method. When 

expert responses were correlated against each other, a poor correlation was noticed 

indicating that no consensus was present among the experts solicited. In addition 

apparent contradiction in responses was also observed which again indicates the 

resolution of problem diagnosis is significantly dependent on the expert selection. In 

the construction of the knowledge base, however, whenever a contradiction was 

observed, the median response as well as the reported causes in the literature was 

considered to address the apparent disagreement. Moreover, when more than one 

fault is present in the dyed samples, commonness of the cause among faults was 
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considered as commonness provides an additional measure of significance in the 

identification of the correct cause. Because of this fact, common causes among the 

faults have the highest a priori probability of being the root cause of the symptom. In 

case of C30 (Inadvertent use of incorrect dye), 35 (Poor quality dyestuff), 74 (Wrong 

temp. for the type of dye), and 71 (Bath temp. too low), they have shown that will be 

contributed to create multiple dyeing faults based on the analysis. 

 

 

Figure 4.33. An example of sorting method for two groups in S2-In adequate 
Fastenss. 
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4.5 DESCRIPTION OF POLYESTER EXPERT 
SYSTEM 

4.5.1 System Architecture 

Knowledge acquisition facility is software providing dialog facility between an expert 

and the system. This facility is used to input facts and rules based on knowledge 

development. Polyester Expert System (or DEXPERT-P) was developed using an 

expert system shell, CLIPS (C Language Integrated Production System). It was 

developed by the Software Technology Branch, NASA/Lyndon B. Johnson Space 

Center. A CLIPS was designed to facilitate the development of software to model 

human knowledge or expertise. DEXPERT-P has been designed to find the causes 

of faulty root in the dyeing of polyester. Identification and diagnosis of faulty dyeing 

samples is a knowledge-based activity, which has been divided into three phases. 

The architecture of the system is illustrated in Figure 4.34. 

• Phase I-Main Interfaces: The system seeks input from the user to establish 

the form of substrate, e.g. yarn, woven or knitted goods. The user is asked to 

press the appropriate button to indicate substrate from on the interface screen. 

The action leads to initial sorting of the symptoms according to the form of the 

polyester material under examination.  

• Phase II-Inference: Variables such as type of process (e.g. high temperature 

dyeing, Thermosol, carrier), and machinery (Jet, Package, Jig, etc.) are then 

considered to examine the appropriate knowledge base. An interactive 
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session involving queries about the symptoms is then initiated and responses 

to the questions are processed to facilitate finding the likely cause(s) of 

symptom(s). The program is designed in a modular form to encapsulate 

knowledge in various categories and facilitate expansion of the system when 

desired.  

• Phase III-Diagnose: This step involves an interaction between the user and 

the expert system in which the likely cause(s) of a symptom are given. In 

addition, the user is provided with an opportunity to indicate whether the 

suggested cause(s) resolved their problem(s). If the user indicates that the 

response did not resolve the symptom an iterative process can be initiated to 

enable the user to consider other likely combinations of factors. In each step, 

however, the database examines the causes based on the likelihood of 

relevance using the certainty factors. In addition, an additional function called 

“Explain” has been incorporated to provide supplementary information about 

the causes identified.  

 

 For example, If ‘reduced strength’ and ‘dye stains’ are selected as symptoms 

in the dyeing of knitted polyester, the user will be prompted to select ‘knitted’ form in 

the initial screen, followed by selecting ‘reduced strength’ and ‘dye stains’ from the 

list of symptom images shown in the second screen interface. The user will then be 

asked to indicate the type of process, e.g. ‘High temp. High pressure’ and the 

machinery, e.g. ‘jet’ from the appropriate lists. At this point, an interaction will be 
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initiated which will involve seeking responses from the user to a series of queries. 

The final response will be based on the integration of variables involved and the user 

responses. 
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Figure 4.34. Overall architecture of the Polyester Expert System Knowledge Base. 
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4.5.2 Knowledge representation in DEXPERT-P 

Rule-based expert systems have wide application for diagnostic tasks where 

expertise and experience are available. The procedures that a troubleshooting 

expert performs can be broken down into multiple steps and encoded into “rules.” A 

rule describes the action(s) that should be taken if a symptom is observed, for 

instance. A set of rules can be incorporated into a rule-based expert system, which 

can then be used to generate diagnostic solutions. General rules refer to a set of 

rules that are used to solve general problems. DEXPERT-P can be applied to 

various application domains after changing the domain-specific behavior base and 

the domain specific rules. Some general production rules are formulated as follows: 

If  Condition A 
    Condition B 
            . 
            . 
            . 
Then Consequence A 
         Consequence B 
            . 
            . 
            . 
The production rules that capture the expert’s knowledge are compiled in a rule-

based knowledge base, the format of which presents below: 

 

If <attribute1><attribute2>•••••<attribute3> Then [<effect-1><CF1>] 
                                                                          [<effect-2><CF2>] 
                                                                          [<effect-3><CF3>] 
 

The attribute of the pattern on the left-hand side is a structure feature such as the 
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category of a dyeing defect.  An example of the pattern is <inadequate fastness>, 

<process>, <machinery>, etc. The effect category in the rule that refers to general 

categories, for instance, the criteria of a down in grading, such as fiber, yarn, fabric, 

pretreatment, water quality, dyestuff, auxiliary, machinery, and post dyeing 

operations, etc. The CFi are the certainty factor that refers to the expert’s reliance 

opinion.  

Figure 4.35 show the pattern of knowledge representation in DEXPERT. For 

example, if he or she has dye stains on the polyester woven fabric followed by high 

temp. high pressure process and jet machine, DEXPERT-P assert that the possible 

cause is dye aggregation. In general, however, dyeing fault is not caused by just one 

cause but multiple possible causes from several sources. So, to find a solution, we 

need to collect and study lots of possible causes and must identify them at the initial 

stage for finding the causes of fault. 
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Figure 4.35. An example pattern of knowledge representation in DEXPERT. 

4.5.3 Inference in DEXPERT-P 

Forward chaining in CLIPS inference is quite similar to tree-based logic in that you 

start from the symptoms. Once you identify the symptoms, the expert system 

calculates forwards to find a result. Instead of having to program the flow of the 

diagnosis, identifying step after step, you simply define a set of rules that could all 

run in parallel. "If A, then B." "If B, then Z." "If not B, then X." The shell runs all the 

rules in an unspecified sequence, setting variables as appropriate and finally arriving 

at a result. Thus, the decision of rule is crucial to the design of rule-based expert 

system. A number of factors (substrate forms, kinds of symptoms, process, 

machinery, etc.) need to be taken into account in the selecting rules. These rules 

have common IF-THEN structures and can be manipulated by the forward chaining 

method.  

 In any complex problem domain, information is usually time varying, 

imprecise, and incomplete, that is, uncertain. The cause of such uncertainty may be 

the result of imprecise concepts, sensor noises, approximate rules, summaries of 

conflicting opinions from multiple sources, or assertions from insufficient data. In 

order to be precise in reasoning about the knowledge base of an expert system with 

uncertainty, there are two possibilities that can be used in DEXPERT-P. 

 

• Certainty Factor 
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 The term of certainty factor is as a method for the representation of uncertain 

knowledge in the rule-based expert system MYCIN [40,41]. A certainty factor, CF 

(H,E) is a numerical measure between -1 and +1, defined in terms of measures of 

belief and disbelief. A negative CF indicates that the hypothesis H is disconfirmed by 

the evidence E; a positive CF indicates the hypothesis H is confirmed by the 

evidence E.  In addition, a zero of CF indicates the E does not influence the belief in 

the H. The degree of certainty levels has been incorporated in the diagnostic 

process. The certainty factor theory deals with the human belief rather than the 

classic frequency interpretation of probability. This would enable the user to select 

high certainty level, medium certainty level and see all possible causes. Thus, it is a 

measure of the degree of belief of all statements in a given context, and the CF 

values do not have to sum up to 1.  

 For DEXPERT-P, the range of CF values is [0, 1], where absolute truth is 

equal to 1 and certain falsehood is represented by 0 as shown in Figure 4.36. The 

implementation of certainty factors in DEXPERT-P is based on creating a certainty 

factor attribute for each object, and maintaining values of this attribute in the 

appropriate rules that use the objects.  

 

(defrule Repro1 
(High) 
(Jet) 
=> 
(assert (Inadvertent use of incorrect dye) CF 0.9)  
(assert (Dye aggregation) CF 0.8) 
(assert (Machinery overloaded) CF 0.7) 

Decreasing CF for
 the Priority of Rule 
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(assert (Incomplete removal of spinning/knitting oil) CF 0.6) 
(assert (Presence of iron/copper in source water) CF 0.5) 
) 
 

Figure 4.36. An example of the use of certainty factor in rule. 
 

• Salience 

 The main mechanism for exerting influence over the preferential selection of 

rule is Salience. Salience is a mechanism used by some expert systems to add a 

procedural aspect to rule inference. Certain rules may be given a higher salience 

than others, which means that when the inference engine is searching for rules to 

fire, it places those with a higher salience at the top of the agenda. CLIPS provide a 

mechanism that allows user's to set priorities on certain rules. It is referred to as rule 

salience and is set using integer values. It allows integers between the values –10, 

000 and 10, 000. Rules that do not have salience declared are considered to have a 

salience of 0. A salience of 0 does not mean that the rule has no salience but that it 

has a neutral salience that stands between –10, 0000 and 10, 000. The example of 

salience in DEXPERT-P is shown in Figure 4.37. 

 
(defrule fastnee1-A 
(Carrier) 
(Jig) 
(declare (salience 500)) 
 
=> 
;;High CF Commoneness;; 
(assert (Uneven winding density) CF 0.7) 
(assert (Insufficient desizing) CF 0.7) 
(assert (Machinery overloaded) CF 0.7) 
(assert (Dyeing time too short) CF 0.8) 
(assert (Dye aggregation) CF 0.8) 
(assert (Poor quality dyestuff) CF 0.8)  
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(assert (Inadvertent use of incorrect dye) CF 0.9)  
) 
 
(defrule fastnee1-B 
(Carrier) 
(Jig) 
(declare (salience 400)) 
 
=> 
;;High CF;; 
(assert (High total water hardness) CF 0.7) 
(assert (Inconsistent bath/steam temp.) CF 0.7) 
(assert (Excessive amount of auxiliary used) CF 0.7) 
(assert (Dye sedimentation due to storage) CF 0.7) 
(assert (Dye incompatibility) CF 0.8) 
(assert (Incorrect dye weighing) CF 0.9) 
) 
 
(defrule fastnee1-C 
(Carrier) 
(Jig) 
(declare (salience 300)) 
 
=> 
;;Medium CF Commoneness;; 
(assert (Contaminated equipments) CF 0.4) 
(assert (High alkalinity of source water) CF 0.4) 
(assert (Redeposition of insoluble substances) CF 0.4) 
(assert (Reduction time too short) CF 0.5) 
(assert (Wrong auxiliary selection) CF 0.5) 
 (assert (Improper disperse dye selection/medium energy level) CF 0.5) 
(assert (Variation in weaving density) CF 0.5) 
(assert (Variation in warp/weft tension) CF 0.5) 
(assert (Variation in warp/weft yarn twist) CF 0.5) 
(assert (Inconsistent draw ratio) CF 0.5) 
(assert (Catalytic damage) CF 0.5) 
 (assert (Inadequate removal of colored materials) CF 0.6) 
(assert (Incomplete scouring) CF 0.6) 
(assert (Incomplete removal of spinning/knitting oil) CF 0.6) 
) 
 
(defrule fastnee1-D 
(Carrier) 
(Jig) 
(declare (salience 200)) 
 
=> 
;;;Medium CF;;; 
(assert (Reduction temp. too high) CF 0.4) 
(assert (Reduction time too long) CF 0.5) 
(assert (Reduction temp. too low) CF 0.5) 
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(assert (Predrying time too short) CF 0.5) 
(assert (High acidity of source water) CF 0.5) 
(assert (Improper disperse dye selection/high or low energy level) CF 0.5) 
(assert (Degree of orientation) CF 0.5) 
(assert (Degree of polymerization) CF 0.5) 
(assert (Excessive reducing agent used) CF 0.6) 
(assert (Machinery malfunctions) CF 0.6) 
(assert (Inappropriate bleaching) CF 0.6) 
(assert (Variation in fiber glass transition temperature) CF 0.6) 
(assert (Degree of crystallinity) CF 0.6) 
) 

Figure 4.37. An example of the use of salience. 
 

4.5.4 Creation of the User Interface 

The user interface serves as a communication bridge between the user and the 

system. This communication is needed both for taking input from the user as well as 

giving back output. The user interface assists and guides users in interacting with 

the expert system, prompts them in finding important information, displays the 

results and explains important reasoning activities within the system so that user 

would feel that they were working with the human experts. 

By selecting proper status of the components, user will be able to simulate 

any blackout situation on the system. For example, the input from the user included 

information about substrate forms, symptoms, processes and machinery. The output 

from the system includes the possible causes of the selected symptoms and 

explanation of the diagnoses. A friendly and flexible graphical interface, shown 

in Figure 4.38, has been created to satisfy the different needs of different users. The 

main and window are presented three knowledge bases; yarn, woven and knitted 

polyester forms. Additional information is available on Help and Acknowledgements 
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check boxes. 

 

 

 
Figure 4.38. The main menu of Polyester Expert System. 

   
 

 

4.5.5 Function of Symptoms 

Conventional expert systems depend only on textual input. To enable an expert 

system to produce correct results, user must be capable of mapping what they see 

in a form of real symptoms to answers to questions asked by expert system. The 

college of Textiles at NC State University has developed fourteen faulty dyeing 
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sample images to elevate diagnostic accuracy and heighten user knowledge. 

DEXPERT-P can reach an accurate diagnosis through selected symptom from real 

defected images and apply the reasoning process while taking into account the 

selected symptom. The realistic image-selection component is employed to identify 

and classify dyeing symptoms into a knowledge base as shown in Figure 4.39-

Figure 4.41. 

 The user is presented with a large number of options. In the case of the 

symptoms, the user can choose one or more symptoms (limited three selections) 

and then proceed to decide process and machinery for diagnosis. The user has to 

go through the same selection process each time if the user wants to see other 

symptoms. DEXPERT-P starts the user out by entering any number of symptoms 

and then having the user narrow the search by selecting process, machinery, and 

certainty level.  
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Figure 4.39. Typical symptoms images in polyester yarn form. 
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Figure 4.40. Typical symptoms images in polyester woven form. 
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Figure 4.41. Typical symptoms images in polyester knitted form. 

 

4.5.6 Function of Category 

There are numerous variable factors that might be responsible for selected 

symptom(s). The system had divided into eleven cateogries which might be 

contributed to it (them) and/or changed from process components. Each category is 

designed to stimulate user’s reasoning, to save operating time, not to make angry 

user with lots of questions, and to help remind whole dyeing process he (or she) 
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involved. In the case of the category, the user can choose one or more categories as 

shown in Figure 4.42.  

• FIBER, YARN, and FABRIC: The formation of fiber, yarn and fabric is directly 

linked with physical properties such as degree of crystallinity and 

polymerization for fiber; winding density, twist, tension, draw ratio for yarn; 

variation in warp/weft density in weaving and knitted, fly or foreign fiber woven 

or knitted for fabric. Each substrate have lots of variables affecting dyeability.  

• PRETREATMENT: Pretreatment and preparation are essential of processing 

components of textiles. Grey woven cloth from a loom is quite unattractive 

and contains numerous natural as well as added impurities which hinder the 

successful completion of subsequent processing steps such as dyeing, 

printing and finishing. Major steps involved in textile pretreatment include, 

desizing, scouring, mercerization and bleaching. 

• DYESTUFF: A dye can generally be described as a colored substance that 

has an affinity to the substrate to which it is being applied. Dyes are generally 

applied in an aqueous solution, and may require a mordant to improve their 

wash fastness properties on the fiber. Dye consumption in a dyeing process 

and the colorfastness characteristics of the dyed goods are very important 

factors to consider in order to obtain high quality products in the textile 

industry. 

• WATER QUALITY: The quality of textile products is affected by the water 

quality. Various textile processes are influenced in different ways by the 
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presence of impurities in the water supply and during washing stage. 

Generally, process water should have little or no chlorine, low metal content 

(i.e., iron and copper) and low salt concentrations (i.e., chloride and sulfate). 

Alkalinity, pH and presence of colorants especially those with affinity to fabric 

(i.e., residual dyes) are also of concern.  

• DYE BATH CONDITIONS & AUXILIARY: Controlling the dyeing process itself 

is of prime importance. Critical factors must be indentified. These usually 

include pH, time, temperature, liquor ratio, electrolyte and auxiliaries. 

• PAD THERMOSOL: This process may be characterized as having the 

following five steps (1) passing a textile through a pigment pad containing a 

disperse dye; (2) drying the dye-impregnated textile; (3) fixing the disperse 

dye on the dry textile by a heat treatment operation; (4) fixing disperse dye 

thereon through an alkaline reducing solution, called the chemical pad, at a 

temperature about 70°- 90° F., and (5) passing the textile with the dyes and 

reducing solution thereon into an air free developing chamber. In the 

developing chamber, the textile is subjected to steam.  

• MACHINERYRY: It is important to select appropriate equipment for the given 

process, and based on end-use requirements of products, to ensure good 

maintenance and performance.  

• POST-DYEING OPERATIONS: After-treatment is generally the final stage in 

the manufacture of textile products. Each finish such as reduction clearing, 

wash-off and drying is designed to accomplish some specific purpose. 
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Occasionally, however, treatments do not result in desired properties and 

should be controlled. 

 
 

Figure 4.42. A screenshot of Category interface. 
 

4.5.7 Function of Diagnosis 

The diagnosis is preceded in the following steps: 

1. Select Process (High Temp. High Pressure, Carrier, Thermosol) 

2. Select Machinery (Jet, Jig, Beck, Thermosol Dye Range) 
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3. Press ‘Diagnose’ button to start the diagnosis: the user-system interface consists 

of a flexible interface for query, which accepts natural language is in a concise form. 

It is believed that this "forcing" of the users to express themselves in a condensed, 

normally creates the right atmosphere for the "problem solving" communication with 

the system to follow. The selection of certainty level is similar to human thinking 

behavior. It would be capable of dealing with uncertainty or ambiguous information 

source. An example dialogue box is shown in Figure 4.43. More detailed intelligent 

questions are given in Appendix 26-39. 
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Figure 4.43. An example of diagnosis functions in system. 
  

4.5.8 Function of Explanation 

 

The Explanation function acts as the explanation of the system by using Visual Basic 

programming. It has an ability to trace and explain the conclusion of some questions, 
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such as the following: 

- How was a certain conclusion reached? 

- What rules made that conclusion? 

- What facts are the input facts or what facts are the derived facts? 

- What questions made the attribute of resource? 

- Why was a certain alternative rejected? 

 

 Explanation function shows the path of reasoning to the user for tracking the 

output result. This also makes the system itself more reliable in providing the 

problem solution. If the user want to see how a specific cause can result in the 

selected symptom, the can press “Explain” button to see the explanation in more 

detail. These provide useful information which might be overlooked by the user 

easily and can help the understanding of knowledge in the whole of manufacturing 

process. In addition, how this cause can result in the formation of symptom in the 

question and how it could be prevented in the near future. At the end of question-

answer stage between the system and the user, the likely causes of the selected 

symptom are shown in the center-window as shown in Figure 4.44. Once the user 

makes a response on the query, it is feedback to the system and the inference 

engine will drive the selection decision process forward until the final solution is 

attained.  
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Figure 4.44. An example of explanation functions in system. 

  

4.5.9 Running DEXPERT-P 

The procedure for installing and running the polyester expert system is given in 

Appendix 40.  As an example, some rules related to problems (S2-Inadequate 
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fastness (S2), S4-Presence of specks, stains or spots, and S10-Poor color yield) will 

be discussed below.  If the user select ‘Woven’ as a substrate, ‘S2/S4/S10’ as 

symptoms, ‘Dyestuff/Dye bath conditions/Water quality’ as category, ‘High temp. 

High Pressure’ as a process, ‘Jet’ as a machinery and then the system will start the 

interaction with the user using intelligent questions to find the possible causes of 

S2/S4/S10 as shown in Figure 4.45. 

 

Figure 4.45. An example of running in system. 
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4.6 CHAPTER CONCLUSION 

This chapter has explained the methodology employed for the development of 

polyester expert system to troubleshooting of dyeing faults. A comprehensive 

knowledge base which is the most important stage in the design of expert systems 

has constructed. This has included information obtained from human experts as well 

as other sources, such as peer reviewed papers, textile magazines, textbooks, 

thesis and internet. Especially, expert practitioners from industry, academia, and 

research institutes were surveyed on their use of coloration. The collected 

information classified, sorted and coded in wxfuzzyCLIPS version 1.64. The 

complete source code is too huge to be included in this chapter and has given as 

individual files for each module in the CD accompanying the dissertation. 
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5 TESTING AND EVALUATION OF A 
KNOWLEDGE-BASED TROUBLESHOOTING 
EXPERT SYSTEM FOR THE COLORATION 
OF POLYESTER 

 

5.1 CHAPTER OVERVIEW 

In order to validate the knowledge within the knowledge base of the developed 

expert system the diagnosis of faulty dyed samples was carried out by both human 

experts and the expert system and their performance was compared. A number of 

potential users were asked to evaluate the expert system developed and provide 

feedback. The results show the expert system gives a highly satisfactory 

performance when compared to human experts. In addition, the computerized 

system shows additional advantages which include its utility as a powerful training 

tool as well as providing a convenient and user-friendly aid for dyers and decision 

makers. 

5.2 TESTING OF POLYESTER COLORATION 
EXPERT SYSTEM 

 

The validation, verification, and evaluation of expert systems is claimed to be an 

integral part of the design and development process. As already described an expert 
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system is a computer program that includes a representation of the experience, 

knowledge, and reasoning processes of an expert. Validation is the process of 

determining that the system actually fulfills the purpose for which it was intended. 

Verification of an expert system, or any computer system, is the task of determining 

that the system is built according to a certain set of specifications. Evaluation reflects 

the acceptance of the system by the end users and its performance in the field. 

Several researchers conclude that one verifies to show that the system is built 

correctly, validates to show that the right system has been developed, and evaluates 

to show the system is valuable [1-4].  

 The purpose of the validation is to make sure the system does the job that it 

was intended to do. Validation is the determination that the completed expert system 

performs the functions in the requirements specification and is usable for the 

intended purposes. The scope of the specifications is rarely precise, and it is 

practically impossible to test a system under all the rare events possible. Therefore, 

it is impossible to have an absolute guarantee that a program satisfies its 

specification; only a degree of confidence that a program is valid can be obtained. To 

validate the system the serviceability of the program must be tested based on 

examples in the texts and other test cases and the results of the program compared 

with independently computed results for the same examples. It is important to use a 

test set covering all the important cases which contains enough examples to ensure 

that correct results are not just anomalies. 

 The purpose of the verification is to check whether the system has been built 
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correctly (i.e., does the code exactly reflect the detailed design? does the design 

reflect the requirements? is the code accurate with respect to the syntax of 

language? and does the detailed design show the design objectives?) [1-4]. 

Verification, thus, involves completeness and consistency checks, as well as 

examining for technical correctness using various techniques. 

 The final step is evaluation. Evaluation addresses the issue "is the system 

valuable? or is the system practical" This is reflected by the acceptance of the 

system by its end users and the performance of the system in its application (i.e., 

does the expert system provide an improvement over the practices it is intended to 

supplement?; is the system valuable as a training tool?; does the detailed design 

show the design aims?; is the system user friendly?; and is the system maintainable 

by people?) [1-4].  

 To illustrate the difference, the task might be to build a system to diagnose the 

reasons for the formation of dyeing faults in the dyeing of polyester materials. What 

happens if someone gets faulty dyeings such as dye stains or inadequate fastness 

or local damage, these are symptoms and then he or she may want to establish why 

it happened in the first place. We can doubt some categories such as water quality 

and pretreatment and want to investigate them in detail. In general, however, dyeing 

fault is not caused by just one cause but multiple possible causes from several 

sources. So, to find a solution, we need to collect and study lots of possible causes 

and must identify them at the initial stage for finding the causes of fault. The 

specifications of some of the underlying causes of spot formation may be obtained 
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from textbooks, technical reports, and peer-reviewed papers. The serviceability 

means giving the system to users to assess whether it can compute the correct 

response(s). Even if a system produces the correct result, it could fail the evaluation 

if it is too cumbersome to use; requires data that is not readily available; does not 

really save any effort; does something that can be estimated accurately enough 

without a computer; solves a problem rarely needed in practice; or produces a result 

not universally accepted because different people define the response in different 

ways. A more detailed description of each of these steps, in relation to the expert 

system developed in this study, is given in the following sections. 

5.2.1 Validation Approach 

The purpose of the validation is to check “Whether the RIGHT system is built?” i.e. 

whether the system does the job that it was intended to do? Samples of faulty dyed 

polyester materials (yarn package, woven and knitted fabrics) were produced at the 

College of Textiles at North Carolina State University in USA, to validate the 

accuracy of the diagnoses by the expert system and compare expert system’s 

diagnoses to responses given by the human experts.   

 Fourteen faulty dyed polyester woven samples were produced at the College 

of Textiles at NCSU and exhibited to experts at the 2008 Fall AATCC Technical 

Committee Meeting to obtain expert dyers’ opinion on the likely cause(s) of the 

symptoms and to validate the knowledge within the knowledge base of the 

developed expert system. 100% woven polyester fabrics were provided by NC State 
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Pilot Plants. Fabrics were cut into 4 x 4 inch samples and dwelled through pad 

thermosling process using thermosol dye range at 210 ºC for 2 minutes. Disperse 

Blue 2BNL (C.I. Disperse Blue 56) were used to dye sample. Acetic acid 

(CH3COOH) and leveling agent (Novadye NT-90) were added as auxiliaries. After 

dyeing, samples were ironed when necessary to eliminate creasing and line. We 

have prepared fourteen most dyeing faults as shown in Table 10 and obtained the 

actual causes for the comparison of diagnosis accuracy between system and human 

expert.  

 Seven experts, with a range of industrial and/or academic experience from 10 

to 35 years, took part in this part of the experiment. Experts were provided with the 

option to view each sample inside a Macbeth Judge II (X-Rite) viewing booth 

illuminated with a fluorescent D65 daylight simulator to provide all experts with 

identical viewing conditions and to minimize variations in their responses. All other 

extraneous light sources were excluded during the assessment. Experts were asked 

to initially identify the symptom(s) by observing each faulty dyed sample and then 

suggest the most likely cause(s) for the formation of these faulty dyeings, as shown 

in Figure 5.1. Lastly, experts were shown a complete list of the symptoms as well as 

the categorized list of possible causes, and were allowed to modify their responses 

in light of this information and add and/or remove possible causes to their original 

response(s) if so desired. All responses obtained in this section were collected for 

further analysis. 
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Figure 5.1. Visual assessment for validation stage using Light booth with D65 
illuminant. 
 

 Table 5.1 shows the responses from three different types of knowledge in the 

diagnosis of two symptoms in woven fabrics, namely presence of streaks (S5) and 

dye stains (S9). The median responses from 14 industry experts who contributed to 

the development of the expert system’s knowledge base are given in the left column, 

while knowledge from the literature is shown in the middle column and responses 

from the individual experts that took part in the final validation interview are given in 

the right column. Analysis of these responses indicated that for the most part overall 

responses from the three expert sources were approximately consistent. So the 

panel of experts had said, “first of all we have identified the fault was” In this case 

the fault was the presence of streaks. The people highlighted in gray have identified 

them as presence of streaks and the other three experts in this case, said rope 
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marks, shade variation, and bar so similar for the most part and they have identified 

some other causes. However, the responses of the individual experts when 

compared against each other were different especially with respect to the most likely 

cause(s) of the faulty dyed samples and only a few cases with agreement were 

noted amongst experts. Experts Ew3, Ew4 and Ew7, for instance, considered variation 

in warp/weft tension (C18) as the most likely cause of the creation of streaks while 

experts Ew2 and Ew5 thought variation in fabric density through knitting or weaving 

(C19) was also a critical factor. In addition apparent contradictions in responses 

were also observed. In case of Ew1, he has identified the faults as rope marks and 

suggested most likely causes as mechanical problems such as 

dented/damaged/worn off nip (C92), inconsistent hardness of mangle/nip roller 

pressure (C93), corrosion or rusting of machine parts (C97), contaminated 

equipments (C98), and machine malfunction (C99). In case of Ew4, he has identified 

the faults as shade variation and suggested most likely causes as pretreatments 

such as insufficient desizing (C27), inappropriate bleaching (C28), and incomplete 

scouring (C30). In case of Ew6, he has identified the faults as bar and suggested 

most likely causes as machinery related causes. 

Generally individual experts tend to diagnose a given fault using one or, in 

some cases, a small number of related causes. Furthermore, individual experts may 

overlook some possible causes of faults due to having different educational 

backgrounds and industrial experiences whereas the expert system is less likely to 

do so. As can be seen, the presence of streaks is attributed to several causes 
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according to the literature and the expert system’s knowledge base shows nine 

causes with medium CFs that may be responsible for the formation of this defect.  

However, some of the prominent causes of the defect as highlighted by the expert 

systems’ knowledge base as well as the literature are not predicted by the panel of 

experts interviewed.  

 Table 5.2 shows responses relating causes to the inadequate fastness 

symptom (S2) of woven fabric as another example. Here responses from the three 

different knowledge-bases do not show consensuses amongst sources. The most 

prominent cause for this symptom according to the expert system is the inadvertent 

use of the incorrect dye in the dyebath as well as the use of poor quality dyestuff. 

Only experts Ew4 and Ew5 gave responses (low bath temperature, wrong temperature 

setting, and short dyeing time) as leading causes and these were consistent with 

some of the causes provided by the Expert System as well as the literature. 

Interestingly, some of the individual experts indicated unrelated causes such as 

machinery and process related variables to be the causes of this symptom.  

 Coloration machinery include a large number of components and introduce 

numerous variables such as damaged and rusted sections, contaminated parts as 

well as malfunctions related to power, heat, valves, pressure, etc. which can affect 

the dyeing process. In addition the control of the dyeing process is related to 

additional factors including pH, time, temperature, liquor ratio, electrolyte, auxiliaries, 

etc. which can significantly influence the outcome of the dyeing process. Machinery 

related factors are not always easily discernible. Identification of machinery or 
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machinery related causes as the cause responsible for the formation of a symptom 

therefore cannot provide a quick means of remedying the dyeing problems. A narrow 

and detailed examination of the possible causes must therefore be taken into 

account to reduce overall correction time and the cost of the operation.  
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Table 5.1. Responses from a panel of industry experts, expert system’s knowledge base and the literature concerning 
formation of streaks (S5) and dye stains (S9) on woven polyester fabric. 

√: consistent diagnosis 

S5- Presence of Streaks 
Expert System’s Knowledge Base Literature  Expert Panel Interviewed 

Cause Description High 
CF Medium CF Commonness Reported Causes  EW1 EW2 EW3 EW4 EW5 EW6 EW7 

C5 Presence of tint/oligomer  6 S1 [5-11]        

C17 Variation in warp/weft yarn 
twist  6 S1,3 [5], [12-15], [16]        

C18 Variation in warp/weft tension  6 S1,3 [5], [12-15], [16-17]   √  √  √ 
C10 Presence of foreign fibers  5 S1,2,4 [5], [14], [18-19]        
C13 General package deformation  5 S1,3 [5], [14], [20-23]        

C19 Variation in density (knitting, 
weaving)  5 S1,3 [5], [12-16]  √   √   

C9 Inconsistent draw ratio  5 S1 [5], [14], [24]        

C12 Channeling-due to irregular 
winding  4 S1,3,8 [5], [14], [17], [20-23], [25]        

C11 Uneven winding density  4  [5], [14], [17], [20-23], [25]        
S9- Dye Stains 

Expert System’s Knowledge Base Literature  Expert Panel Interviewed 
Cause Description High 

CF Medium CF Commonness Reported Causes  EW1 EW2 EW3 EW4 EW5 EW6 EW7 

C36 Dye aggregation 8  S1 [5], [23], [26-29] √  √  √   

C30 Inadvertent use of incorrect 
dye 7  S1,2,10 [5], [21], [23], [27-28] √       

C37 Dye precipitation in dyebath 7   [5], [23], [26-28], [30], [50] √  √  √   
C39 Dye incompatibility  6 S2,3,4,10 [5], [23], [26-28], [30-34], [64] √  √  √   
C35 Poor quality dyestuff  5 S4 [5], [23], [26-28], [36]        

C38 Dye sedimentation due to 
storage  5 S4,10 [5], [23], [26-28] √  √     

C49 Dye recrystalization  5 S4 [5], [23], [26-28], [37]        

C74 Wrong temp. for the type of 
dye  5 S1,8 [27-28], [33], [37-38]  √      

C87 Wrong auxiliary selection  5 S1,2,3,4,8,10,13 [5], [7], [22], [39-42], [43-44]        
C86 Incompatibility of reagents  5 S1,2,4,10 [5], [7], [22], [31], [39-42]        

C83 Poor quality (aged/old) 
auxiliary used  4 S1,3,4,10 [5], [7], [22], [36], [39-43]        

C84 Incorrect auxiliary weighing  4 S1,4,10 [5], [7], [22], [39-43], [36-37],[45-
46]        
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Table 5.2. Responses from a panel of industry experts, expert system’s knowledge base and the literature concerning 
inadequate fastness (S2) of dyed polyester woven fabrics. 
 

S2- Inadequate Fastness 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium 
CF Commonness Causes reported in the literature EW1 EW2 EW3 EW4 EW5 EW6 EW7 

C30 Inadvertent use of incorrect dye 9  S1,9,10 [5], [23], [26-28]        
C35 Poor quality dyestuff 8  S1,10 [5], [23], [26-28], [36]        
C74 Wrong temp. for the type of dye 8  S3,10 [27-28], [33], [37-38]    √    
C71 Bath temp. too low 7  S3,10 [34], [36-38], [27-28], [45], [47]    √ √   
C33 Improper dye selection a 8   [5], [13], [23], [26-27], [45], [48-49], [50-51]        
C48 Dye bleeding 8   [5], [23], [26-28], [52]        
C46 Severe dye migration 7   [5], [23], [26-28], [30]        
C104 Inadequate wash bath water 7   [7], [22]        
C106 Reduction temp. too low 7   [7], [10], [22], [37]        
C101 Washing temp. too low 7   [7], [22], [37], [40], [53-54]        
C103 Washing time too short 7   [7], [22], [37], [40], [53-54]        
C110 Insufficient reducing agent used 7   [7], [22]        
C76 Dyeing time too short  6 S8 [27-28], [36-38], [55]    √    
C88 Wrong carrier type selection  6 S4,10 [5], [7], [22], [31], [39], [40-42],[56-58]        
C91 Thermosol period too short  6 S1 [59-61]        
C108 Reduction time too short  6 S1 [7], [10], [22], [37]        
C10 Presence of foreign fibers  5 S1,4,5 [5], [14], [18-19]        
C22 Incomplete removal of spinning oil  5 S1,4,10 [7], [13], [22], [28], [62-63]        
C23 Incomplete removal of knitting oil  5 S1,4,10 [7], [13], [22], [28], [62-63]        
C39 Dye incompatibility  5 S3,4,8,9 [5], [23], [26-28], [31-34],[64]        
C32 Improper dye selection b  5 S1,3,10 [5], [23], [26-28], [46], [48-49],[65-66]        
C87 Wrong auxiliary selection  5 S1,3,4,8,9,10,13 [5], [7], [22], [39-44]        
C113 Drying temp. too high  5 S1 [7], [22], [37], [61]        
C68 Liquor-to-goods ratio too low  4 S1,6,8 [27-28], [34], [37-38]    √    
C86 Incompatibility of reagents  4 S1,4,9,10 [5], [7], [22], [31], [39-42],        
C36 Dye aggregation  5  [5], [23], [26-29]        
C41 Dye substantivity too low  5  [5], [23], [26-28], [51], [67]        
C50 Dye degradation  5  [5], [23], [26-28], [68], [37], [69-71]        
C79 Wrong wash bath pH  6  [27-28], [37-38]    √    

√: consistent diagnosis; a dyes with medium energy level; b dyes with low energy level
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 In addition, eleven faulty dyed polyester knitted samples and four faulty dyed 

polyester yarn packages were produced at the College of Textiles at NCSU and 

exhibited to experts at the 2009 AATCC International Conference site to obtain 

expert dyers’ opinion on the likely cause(s) of the symptoms and to validate the 

knowledge within the knitted and yarn knowledge base of the expert system 

developed. 100% knitted polyester fabrics were provided by NC State Pilot Plants. 

Fabrics were cut into 4 x 4 inch samples and dyed via high temp. high pressure 

process using jet dyeing machine at 130 ºC for 30 minutes. After dyeing, samples 

were ironed when necessary to eliminate creasing and line. Disperse Blue 2BNL (C.I. 

Disperse Blue 56) were used to dye sample. Acetic acid (CH3COOH), deformer 

(Burst 100) and leveling agent (Novadye NT-90) were added as auxiliaries. We have 

prepared eleven dyeing faults as shown in Table 9 and 11 and obtained the actual 

causes for the comparison of diagnosis accuracy between system and human expert.  

Seven experts, with a range of industrial and/or academic experience from 11 to 45 

years, participated in this validation process. Similar to the previous validation 

interview, experts were asked to initially identify the symptom(s) as seen on each 

faulty dyed sample and then suggest the most likely causes for the formation of 

these faulty dyeings. Again experts were asked to view each sample inside a 

Macbeth Judge II (X-Rite) viewing booth illuminated with a fluorescent D65 daylight 

simulator to provide all experts with identical viewing conditions and to minimize 

variations in their responses. Lastly, experts were shown a list of the symptoms as 

well as the categorized list of possible causes, and were allowed to modify their 
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responses in light of this information and add and/or remove possible causes to their 

original response(s) if so desired. All responses obtained in this section were 

collected for further analysis. Two symptoms were selected for discussion here, 

however, the full set of responses are also given in the Appendix 41-62. Table 5.3 

and Table 5.4 show the responses from three different types of knowledge in the 

diagnosis of these two selected symptoms, namely local damage (S12) for knitted 

fabric and poor color yield (S10) for yarn package. The median responses from 14 

industry experts who contributed to the development of the expert system’s 

knowledge base are given in the left column of two tables, while knowledge from the 

literature is shown in the middle column and responses from the individual experts 

that took part in the final validation interview are given in the right column. So the 

panel of experts had said, “first of all we have identified the fault was” In this case 

the fault was local damages. All experts have identified them as local damages; 

however, they have identified causes differently.  

 The responses of the individual experts when compared against each other 

were similar especially with respect to the most likely cause(s) of the faulty dyed 

samples. In case of local damage on knitted fabric, experts EK1, EK2, EK4, EK5 and 

EK6, for instance, considered damaged wash box; sharp machine edges/sections 

(C30) as the most likely cause of the creation of local damage while experts EK3 

and EK7 thought catalytic damage (C35) and  mechanical defect (broken or torn 

yarn) (C74) were also a critical factor. Most knitting faults are often recognized 

through visible inspection due to the stringent set of appearance requirements which 
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are necessary for textile goods that are used for apparel and clothing. An approach 

to fault control in knitting necessitates a careful examination of a variety of causes as 

many causes for the formation of faults can often be related. Some of these reasons 

depend on yarn properties, knitting machinery related and knitting room 

surroundings. Therefore, faults can be reduced to a minimum by continuous and 

systematic monitoring of the whole process and control of yarn package supply. In 

addition, an inadequate training of knitting technicians could contribute to the 

formation of some faults.  In case of poor color yield on yarn package, experts EY1, 

EY3, EY4 and EY7, for instance, regarded bath temperature issues (C70,71) as the 

most likely cause of the creation of poor color yield. Experts, EY4 and EY7 

especially pointed out same causes (C74, 76, 63, 71, 70, and 67). While experts 

EY2 and EY6 thought poor quality (aged/old) auxiliaries used (C83) was also an 

important factor.  
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Table 5.3. Responses from a panel of industry experts, expert system’s knowledge base and the literature concerning 
local damage (S12) in dyed knitted fabric. 
 

S12- Local Damage 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Causes reported in the literature EK1 EK2 EK3 EK4 EK5 EK6 EK7 
C30 Damaged wash box; sharp machine edges/sections 7   [16], [40], [44], [72] √ √  √ √ √  
C35 Catalytic damage  6 S1,12 [13], [41], [73-74]       √ 
C74 Mechanical defect (broken or torn yarn)  4 S11 [13], [41-42], [61], [75-76]   √     
C71 Mechanical defect (broken or torn fabric)  4 S11 [13], [22], [28], [41], [54]        

 

√: consistent diagnosis 
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Table 5.4. Responses from a panel of industry experts, expert system’s knowledge base and the literature concerning 
poor color yield (S10) of yarn package. 
 

S10- Poor Color Yield 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Causes reported in the literature EY1 EY2 EY3 EY4 EY5 EY6 EY7 
C74 Wrong temp. for the type of dye 8  S2,3 [17], [20], [24], [38], [64]   √ √   √ 
C27 Insufficient desizing 7  S1 [9], [25], [28], [30], [35], [38], [42]        
C29 Incomplete scouring 7  S3 [9], [28], [30], [35], [38], [42], [47]        
C35 Poor quality dyestuff 7  S1,2 [20], [38], [41], [51], [61], [77]  √      
C76 Dyeing time too short 7  S1,3 [17], [20], [24], [38], [51], [78]    √   √ 
C30 Inadvertent use of incorrect dye 8   [38], [41], [61], [77]      √  
C63 Dyebath pH too high 7   [17], [20], [24], [38], [79-80]    √   √ 
C91 Thermosol period too short 7   [8], [12], [81]        
C41 Dye substantivity too low 7   [20], [38], [41], [61], [66], [77], [82-83]        
C50 Dye degradation a 7   [17], [20], [38], [41], [61], [68], [77], [84-86]        
C71 Bath temp. too low  6 S1,8 [17-18], [20], [24], [31], [38], [46] √  √ √   √ 
C70 Bath temp. too high  6 S1,3 [17-18], [20], [24], [31], [38], [46] √  √ √   √ 
C39 Dye incompatibility  5 S2,3,4,8,9 [10-11], [18], [20], [38], [41], [61], [64], [77], [82], [87]        
C38 Dye sedimentation due to storage  5 S4,9 [20], [38],  [41], [77], [61]        
C37 Dye precipitation in dyebath  5 S1,3,4 [82], [41], [24], [38], [61], [13], [65]        
C51 Presence of manganese/calcium  5 S1,4 [13], [24], [38], [41], [61], [88]        
C53 Presence of chlorine/chloride  5 S1,3 [13], [24], [38], [41], [61], [88]        
C62 High alkalinity of source water  5 S1 [13], [24], [38], [41], [61], [88]        
C87 Wrong auxiliary selection  5 S1,2,3,4,8,9,13 [30], [33], [37], [41-42], [89-92]      √  
C86 Incompatibility of reagents  5 S1,2,4,9 [10], [30], [41-42], [89-92]        
C88 Wrong carrier type selection  5 S2,4 [10], [30], [41-42], [60], [89-94]      √  
C22 Incomplete removal of spinning oil  4 S1,2,4 [9], [28], [30], [35], [38], [42]        
C23 Incomplete removal of knitting oil  4 S1,2,4 [9], [28], [30], [35], [38], [42]        
C32 Improper disperse dye selection b  4 S1,2,3 [15], [20], [34], [38-41], [58], [61], [77]      √  
C83 Poor quality (aged/old) auxiliary used  4 S1,3,4,9 [30], [37], [41-42], [51]  √    √  
C84 Incorrect auxiliary weighing  4 S4,9 [17], [30], [33-34] [37], [41-42], [51]        
C60 High total water hardness  5  [13], [24], [38], [41], [61], [88]        
C67 Liquor-to-goods ratio too high  5  [17-18], [20], [24], [38]    √   √ 

√: consistent diagnosis; a due to chlorine, high temp.; b medium energy level
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 Table 5.5 and Table 5.6 show responses relating causes to shade variation 

(S8) of knitted fabric and dye stains (S9) of yarn package as other examples. Here 

responses from the three different knowledge-bases do not show consensuses 

amongst sources. In case of knitted fabric, only experts EK3 and EK4 gave same 

response (Liquor-to-goods ratio too low) as leading cause and this was consistent 

with some of the causes provided by the knowledge base of system as well as the 

literature. Interestingly, some of individual experts (EK1, EK2 and EK6) answered other 

symptoms such as streak and skitteriness and suggested unrelated causes such as 

fabric and pretreatment related variables for this symptom. The most prominent 

cause for this symptom according to the expert system, however, was uneven 

winding density in the form of yarn which is used for knitting. The yarns in a knitted 

fabric are organized into a regular set of loops in horizontal rows. The loops from 

each horizontal row of a knit are pulled through the loops of the previous row, either 

in a knit stitch (up through the previous loop) or a purl stitch (down through the 

previous loop). The two primary directions in a knit are called the course and the 

wale, with the course traveling in the direction of a single row of loops and the wale 

traveling in the direction of the stack of loops. Thus, the successful completion of 

knitting depends on the properties of yarn such as density, twist, length, and count. 

In case of yarn package, only EY2 gave responses (Dyeing time too short, Bath temp. 

too low) as leading causes and these were consistent with some of the causes 

provided by the knowledge base of system as well as the literature. The most 

prominent causes for this symptom according to the expert system were wrong temp. 
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for the type of dye, insufficient desizing and incomplete scouring. Disperse dyes are 

generally divided into three types to facilitate the selection of suitable type: E-type 

disperse dyes are level dyeing types and not good for sublimation fastness. These 

disperse dyes are designed for exhaustion dyeing with carrier. SE-type disperse 

dyes are fast to sublimation, in terms of their fastness to sublimation come between 

the S and E types dyes which can be used with both these two types as 

supplementary components. S-type disperse dyes possess excellent high 

temperature exhaustion property and outstanding, pitting, hot water, sublimation 

fastness. In other words, disperse dyes highly depend on the temperature in the 

dyeing process. There is an old saying in textiles: ‘well prepared is half dyed” is the 

fundamental sentence for dyers and finishers. The objective of the pretreatment is to 

remove coloring material and the impurities introduced during the fiber and yarn 

spinning and weaving processes, such as spinning/knitting oils, desizing and 

antistatic agents, and lubricants. After scouring, the half-finished dyeings with good 

whitens and moisture absorption and wetting properties can be obtained. Thus, the 

pretreatment is very crucial stage before the coloration process. It can be seen that 

the generated knowledge base also shows a better performance than individual 

experts as the system is significantly more comprehensive compared to the 

knowledge of any individual expert. The effectiveness of the expert system in 

determining the root cause(s) of the symptoms is the important factor when 

comparing the system against individual experts.  
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Table 5.5. Responses from a panel of industry experts, expert system’s knowledge base and the literature concerning 
shade variation (S8) of knitted fabric (Disagreement). 
 

S8- Shade Variation 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Causes reported in the literature EK1 EK2 EK3 EK4 EK5 EK6 EK7 
C11 Uneven winding density 8  S1,3 [13], [32], [41-42], [56], [61], [75-76]        
C13 General package deformation 7   [13], [41-42], [61], [75-76]        
C47 Poor dye migration  6 S1,3 [20], [38], [41], [61], [77]        

C12 Channeling-due to irregular winding  5 S1,3,5 [13], [32], [41-42], [56], [61], 
[75-76]        

C40 Dye substantivity too high  5 S7 [20], [38], [41], [61], [66], [77], 
[82-83]        

C43 Low dye diffusion coefficient  5 S3 [20], [29], [38], [41], [61], [66], [77], [82-
83], [95]        

C74 Wrong temp. for the type of dye  5 S1,9 [17], [20], [24], [38], [64]    √    
C68 Liquor-to-goods ratio too low  5 S1,2,6 [17-18], [20], [24], [38]   √ √    
C71 Bath temp. too low  5 S1,10 [17-18], [20], [24], [31], [38], [46]    √   √ 
C76 Dyeing time too short  5 S2 [17], [20], [24], [38], [51], [78]    √    
C69 Machine overloaded  5 S6 [20], [24], [38], [96]    √    
C80 Inadequate fabric/water movement  5 S1 [20], [24], [38]     √   
C87 Wrong auxiliary selection  5 S1,2,3,4,9,10,13 [30], [33], [37], [41-42], [89-91]        

C39 Dye incompatibility  4 S2,3,4,9 [10-11], [18],  [33], [38], [41], [61], [77], 
[87]        

C72 Rapid temp. rise  4 S1 [17], [19-20], [24], [31], [38], 
[46], [64],    √    

C78 Flow rate too low  4 S3 [17], [20], [24], [38], [43], [71], [97]    √    
 

√: consistent diagnosis 
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Table 5.6. Responses from a panel of industry experts, expert system’s knowledge base and the literature concerning 
dye stains (S9) of yarn package. 
 

S9- Dye Stains 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Causes reported in the literature EY1 EY2 EY3 EY4 EY5 EY6 EY7 
C36 Wrong temp. for the type of dye 8  S1 [20], [38], [41], [50], [61], [77]        
C30 Insufficient desizing 7  S1,2,10 [20], [38], [41], [61] [77]        
C37 Incomplete scouring 7   [20], [38], [41], [61], [65] [77], [82]        

C39 Poor quality dyestuff  6 S2,3,4,10 [10], [11], [18], [20], [38], [41], [61], [64], 
[77], [82], [87]        

C35 Dyeing time too short  5 S4 [20], [38], [41], [51], [61], [77]  √      
C38 Inadvertent use of incorrect dye  5 S4,10 [20], [38], [41], [61], [77]        
C49 Dyebath pH too high  5 S4 [17], [20], [38], [41], [61], [77]        
C74 Thermosol period too short  5 S1,8 [17], [20], [24], [38], [64]        
C87 Dye substantivity too low  5 S1,2,3,4,8,10,13 [20], [30], [33], [37], [41], [89-92]        
C86 Dye degradation a  5 S1,2,4,10 [10], [20], [30], [41], [89-92]        
C83 Bath temp. too low  4 S1,3,4,10 [20], [30],  [37], [41], [51], [89-92]  √      

C84 Bath temp. too high  4 S1,4,10 [17], [20], [30], [33-34], [37], [41], 
[51], [89-92]        

 

√: consistent diagnosis; a due to chlorine, high temp. 
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 In summary, expert judgment is not a 100% accurate. An individual’s accuracy 

and repeatability must be assessed in comparison to his or her peers, producing a 

consistency score. As can be seen, the performance of the knowledge base for 

developed expert system was found to be better than the human experts in 

diagnosis of dyeing faults. In addition, it can be assumed that this system has 

comprehensive as well as useful information. A more detailed comparison of 

diagnoses from the human experts and the expert system and their feedback are 

given in Appendix 41-62 (41-51 for woven, 52-60 for knitted, and 61-62 for yarn 

package, respectively). 

5.2.2 Verification Approach 

The construction of an expert system requires many steps: development of the 

knowledge base, the coding of the knowledge base/rules and the development of a 

system that a user can utilize to make decisions.  This task is not very dissimilar for 

the traditional software engineering approaches to verification of a working program. 

For our system the verification was accomplished through the following tasks:   

 Review and proof-reading of the knowledge-base coded in the system; 

 Comparison of the system output, on the basis of the knowledge-base coded 

in the system, with the knowledge that was gathered from various sources in 

the knowledge elicitation step and checking whether the system gave correct 

output for a given input; 
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 Checking the system for anomalies such as redundancy, conflict, circularity 

and deficiency. This involved deletion of redundant rules and/or functions, 

addition of more rules and/or functions to remove any deficiency in the 

knowledge-base and alteration of rule and/or functions to remove any 

conflicts or circularity; and  

 Checking the behavior of the system in case of unexpected inputs from the 

user and addition of extra rules to make the system degrade meaningfully or 

gracefully when it cannot offer the user an effective diagnostic solution to their 

problem(s). 

  

 Three major criteria should be utilized in the verification on an expert system: 

confidence, criticality, and codability [97-101]. Confidence is the level of consistency, 

reliability and dependability of decision support as a result of utilizing the system. 

Within a rule-based structure, confidence is often best implemented by requiring that 

the developer establish sets of rules of attributes and conclusions from which rules 

can be constructed. Criticality is the degree to which usage of the system is 

protected or shielded from possible bugs and flaws within the actual system. When 

knowledge is represented in production rules, inconsistencies in the knowledge base 

appear as conflicts, redundancies, and/or subsumption. These inconsistencies can 

be one of the critical reasons why the system does not perform properly. Conflict 

occurs when two rules succeed in the same situation but with contradictory results; 

when two distinct rules fire for the same situation and have the same results; 
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redundancy has occurred and needs to be removed. Subsumption happens when 

two rules contain the same information or policies, but one of the rules contains 

additional restrictions on the situations in which it will succeed. Codability deals with 

the how easy are the system able to be maintained and is based entirely on the 

flexibility and capability of the knowledge representation (i.e., structure) used to build 

the knowledge base. Just as interactivity considers the ease of user interaction, 

codability measures the same for the underlying code base and program. The power 

and flexibility of the knowledge representation determines the system’s ability to 

express the domain knowledge completely as well as how easy it is to modify and 

maintain as new knowledge is added. The refining team has tried to check the bugs 

and whole working process to neat the system. The polyester expert system was 

working and running as desired without bug and was satisfied by a refining team.  In 

conclusion, the DEXPERT-P was ready to get some evaluation from some potential 

users.  

 

 

5.3 EVALUATION OF POLYESTER COLORATION 
EXPERT SYSTEM  

 

Evaluating or assessing the quality of an expert system is an integral aspect of the 

knowledge engineering lifecycle. It serves both as an audit to justify the system as 

well as provide a mechanism for design improvements. The purpose of the 
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evaluation is to gauge the opinion of the end user on the value or utility of the 

system on its effectiveness and ease of use in solving the user’s problems.  

 

5.3.1 System Evaluation 

Usefulness is the significance of the task in terms of its consequences and the 

frequency with which the task is undertaken. If the impact of the task upon the 

operations of users is significant or if the task is required to be performed regularly, 

the utility of an expert system in carrying out such a task is considerably higher.  

Therefore, the utility of an expert system is a factor influencing its quality [102-104]. 

User-friendliness is the ease with which users learn to be proficient with the system 

as well as the ease with which users utilize the system. User-friendliness is a vital 

characteristic that has been highlighted in systems analysis texts [105, 106]. This 

criterion can be improved by the incorporation of realistic images and friendly text 

character. Speed is the adequacy of the system in terms of response times to typical 

situations. Expert systems are expected to bring about improvements in the elapsed 

time of a decision-making process [107, 108]. Education/Training value is the level of 

training those results for novice end-users as a consequence of utilizing the system. 

The explanation for the system’s reasoning provides training and indoctrination to 

the non-experience user [109-110]. By capturing the knowledge and expertise of the 

organization or institute and encoding it into problem-solving strategies with 

provisions for explanations, novice end-users eventually learn the expert’s way of 
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performing a task. Novelty is the extent to which new ideas or methods are possible 

with the use of the system [111-112]. By new ideas or methods, I mean that solutions 

not anticipated by the developers have been achieved. Novel applications that are 

discovered by users and others can yield significant benefits. Overall performance is 

the degree to which the system is valuable, available, reliable, maintainable, 

comprehensive, and explainable [113-116]. New technology is justified by 

demonstrating that the advantages drawn from using it exceed the costs associated 

with implementation. In addition, the richness and comprehensiveness of an expert 

system’s knowledge base should establish the extent of the search for solutions-the 

number of alternatives that can be examined.  

 

5.3.1.1 Initial System Evaluation Results 

The initial validation was performed using three potential users who had a wide 

range of experience in the coloration process. These were also experts who 

participated in several of the surveys in building the knowledgebase. Each user was 

presented with an evaluation copy of the system and they were asked to rate the 

system according to the six different evaluation criteria on a four-point Likert scale: 

excellent, good, average, and poor in Table 5.7. 
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Table 5.7. The percentage values of the results of the evaluation of the system. 
 

 Poor Average Good Excellent 
Usefulness   2/3 (66%) 1/3 (33%) 
User-friendliness  1/3 (33%) 2/3 (66%)  
Response-time   2/3 (66%) 1/3 (33%) 
Education/Training value  1/3 (33%) 1/3 (33%) 1/3 (33%) 
Novelty   3/3 (100%)  
Overall performance 1/3 (33%) 1/3 (33%) 1/3 (33%)  

  

Some Initial comments from the three potential users were: 

• Please prepare simple and reasonable questions. But, this system will be 

helpful for the practical dyers. 

• Need larger variety of expertise. Experts for survey should have practical 

experience rather than academic background. Experiences should be from 

wet processing and yarn/fabric productions. In conclusion, the concept of the 

system is excellent tool. 

• Pics need to be bigger or zoomable/ some results do not follow/ Sometimes 

NEXT button will not continue to next thing, etc. 

  

 From the initial evaluation, the overall good impression ‘Usefulness’, ‘User-

friendliness’, and ‘Response-time’ of the diagnosis was favorable owing to the fact 

that the polyester expert system provided a comprehensive information about the 

coloration of polyester and glossary on symptom, process, machine etc. and a user 

interface with an interactive graphic view window, a material single/multiple selection 

module, as well as the function of quick response was succeeded. In addition, users 
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can select material types and check several symptoms for the selected materials.  

However, the overall performance overshadowed the results owing to the initial 

version having glitches and bugs which were discovered and removed. Interestingly, 

three potential users have graded “excellent” on Novelty criterion due to this state-of-

art of expert system has proven the intelligent tool as supplementary program which 

is designed to assist dyer and finisher. 

 The excellent rating of the ‘Usefulness’ and ‘Education/Training value’ was 

seen by the initial users as one of the most important contributions since the system 

provides a comprehensive list of possible causes of a fault which can assist the dyer 

to determine the root cause of the fault. The user is able to access this useful 

information to help understand dyeing principles. So, the system has a considerable 

potential as a training tool for novice dyers by assisting them in obtaining coloration 

knowledge more quickly. Human knowledge has to be developed over many years 

of education, training, and experience. But, this system can reduce time and money 

to develop and transfer this useful information to novices very quickly (i.e. cheap 

way to train to dyers). 

 

5.3.1.2 Final System Evaluation Results 

The final validation was performed using five potential users who had a wide range 

of experience in the coloration process. I have introduced the polyester expert 

system to experts at the 2009 Spring AATCC Technical Committee Meeting to obtain 
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textile dyer’s evaluation on the developed system. These were also experts who 

participated in several of the surveys in building the knowledgebase. Each user was 

presented with an evaluation copy of the system and they were asked to rate the 

system according to the six different evaluation criteria on a four-point Liker scale: 

excellent, good, average, and poor in Table 5.8. 

 

Table 5.8. The percentage values of the results of the evaluation of the system. 
 

 Poor Average Good Excellent 
Usefulness   5/5 (100%)  
User-friendliness  1/5 (20%) 2/5 (40%) 2/5 (40%) 
Response-time   3/5 (60%) 2/5 (40%) 
Education/Training value  1/5 (20%) 1/5 (20%) 3/5 (60%) 
Novelty  1/5 (20%) 3/5 (60%) 1/5 (20%) 
Overall performance  1/5 (20%) 4/5 (80%)  

 

 

Some final comments from the five potential users were: 

• Please expand other type of fiber, e.g. polyester carpet, polyester/cotton 

blend, and nylon/cotton blend, etc. 

• Fastness expert system, e.g. light, wet, rubbing, and perspiration, needed. 

• y/n should be changed y-n or y or n to not confuse input method. 

  

 From the final verification, the overall good impression ‘Usefulness’ and 

‘Overall performance’ of the diagnosis was favorable as expected due to that the 

polyester expert system included a comprehensive information about the coloration 
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of polyester and glossary on symptom, process, machine etc. and a user interface 

with an interactive graphic view window, a material single/multiple selection module, 

as well as the overall performance criterion was improved. Interestingly, five potential 

users have graded “excellent” on Usefulness criterion because they have found all 

possible causes at the end of running of system. In conclusion, the five potential 

have expressed and evaluated well and expected other expert system for the other 

type of fiber and wanted have a CD to keep it  in his or her company and introduce it 

to someone who need to be solved problem in the dyeing filed. 

5.3.2 Diagnosis Evaluation 

The aim of this stage is to compare the diagnosis accuracy between individual 

human expert and polyester expert system. Samples of faulty dyed polyester 

materials in the form of yarn package, woven fabric, and knitted fabric were prepared 

by the college of textiles at NC State University. The exact causes of each of the 

faults were obtained to assist in the determination of the diagnosis accuracy of the 

system as well as human experts.  The faulty samples were presented to 21 human 

experts during two different conferences.  Each of the textile substrates (yarn 

packages, woven fabric, and knitted fabric) were diagnosed by seven different 

human experts. Table 5.9 through Table 5.11present the comparison results obtained 

from the human experts versus the expert system for each of the different substrate 

types. 
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 Four different yarn package samples were presented to the seven experts 

(i.e., labeled EY1, EY2, etc.), they were presented with possible symptoms and 

causes to choose for the best possible cause. As seen in Table 5.9, the human 

experts on average were able to diagnose only about 40% of the samples with 

maximum correctness being 75% while the expert system (DEXPERT-P) was able to 

diagnose a 100% of the samples. It should be noted that the system is able to 

diagnose with a few potential causes (i.e., on average 3.5 causes generated by the 

system) or just three percent of the total causes which indicates a very good system. 

One could build a system that just shows all 116 causes to get a 100% compliance. 
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Table 5.9. Comparison of Diagnoses of Faulty Yarn Package by Human Experts and Polyester Expert System 
(DEXPERT-P). (High Temp. High Pressure dyeing/ Package machine). 
 
 

No. Symptoms Actual Causes 
Human Experts DEXPERT-P 

EY1 EY2 EY3 EY4 EY5 EY6 EY7  
# of 

Suggested 
Cause(s) 

Percent of 
Total 

Causes 
1 General 

Unlevelnee 
- Variation in time and temp. 
- Poor pump pressure √   √    √ 4 4/116 

(3.4%) 

2 Shade Variation - Variation in time and temp. 
- Poor pump pressure   √ √    √ 4 4/116 

(3.4%) 

3 Dye Stains - Poor mixing technique     √  √ √ 2 2/116 
(1.7%) 

4 Poor Color Yield - Wrong set up time, temp., pH. 
- Poor pre-washing √  √ √  √ √ √ 4 4/116 

(3.4%) 
Percentage accuracy  50% 0% 50% 75% 25% 25% 50%  

100% 
 

3.5 2.98% Expert Mean Accuracy 39% 
Experience  30yr 41yr 11yr 35yr 30yr 11yr 45yr 

Weighted Average of Seven Experts Accuracy 39% 

 
 

• EY1- EY7: Seven human experts, a range of industrial and/or academic experience from 11 to 45 years, in 2009 AATCC Conference at 
Myrtle Beach in USA 

• √: consistent diagnosis 
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 Fourteen different samples representing all fourteen symptoms were 

presented to the seven human experts (i.e., EW1, EW2,, etc.) for diagnosis.  This time 

the experts were not as successful in indentifying the underlying causes with a 14% 

average success rate and only 35% for the best human expert. The expert system 

(DEXPERT-P) was able to diagnose a 71% of the samples when used by the person 

who created the samples in Table 5.10. It should be noted that the four samples that 

were not indentified correctly by the system, no human expert was able to determine 

the cause either. Further research in why the system was not able to capture the 

information will be investigated. Again the system only utilizes a small potential 

number of causes (i.e., two percent) to generate the potential list which indicates the 

system has been able to partition the causes very efficiently and effectively. 
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Table 5.10. Comparison of Diagnoses of Faulty Woven Fabric by Human Experts and Polyester Expert System (PES). 
(Pad-dry-thermafix process/ Dye range). 
 

No. Symptoms Actual Causes 
Human Experts DEXPERT-P 

EY1 EY2 EY3 EY4 EY5 EY6 EY7  
# of 

Suggested 
Cause(s) 

Percent of 
Total 

Causes 
1 Reproducibility - Inconsistent dyeing bath conditions  

(time, pH, temp. etc.) √    √ √  √ 3 3/116 
(2.6%) 

2 Inadequate 
Fastness 

- Selection of dye 
- Before and post washing properly        √ 7 7/116 

(6%) 

3 General 
Unlevelnee 

- Variation in time and temp. 
- Poor pump pressure √     √  √ 4 4/116 

(3.4%) 

4 Specks, Stains, 
and Spots 

- Incomplete preparation  
- Incomplete removal of impurities        √ 3 3/116 

(2.6%) 

5 Streaks 
- Fabric deformation (density, twist, etc) 
- Twisted fabric during exhausting dyeing 
- Improper loading in bath 

   √    √ 3 3/116 
(2.6%) 

6 Stop, Rope, and 
Pressure Marks 

- Stopped machine abruptly  
(mechanical problem, human error)         0 0/116 

(0%) 

7 Ending and 
Tailing Marks - Changed speed dwell time into pad roll  √ √   √   0 0/116 

(0%) 

8 Shade Variation - Variation in time and temp. 
- Poor pump pressure √     √  √ 4 4/116 

(3.4%) 

9 Dye Stains - Poor mixing technique √   √  √ √ √ 2 2/116 
(1.7%) 

10 Poor Color Yield - Wrong set up time, temp., pH. 
- Poor pre-washing √  √    √ √ 4 4/116 

(3.4%) 

11 
Reduced 

Mechanical 
Strength 

- Too severe pretreatment  
- Rehandling (redyed, rewashed) 
- Too high temp. 

       √ 1 1/116 
(0.8%) 

12 Local Damage - Damaged machine 
- Improper loading or unloading    √    √ 1 1/116 

(0.8%) 

13 
Adverse 

Changes in 
Appearance 

- Cooling too fast 
- Improper turnover 
- Overloaded machine 

        0 0/116 
(0%) 

14 Comfort 
Properties 

- Fabric overworked (extra abrasion in a machine) 
- Too fast turnover         0 0/116 

(0%) 
Percentage accuracy  35% 7% 14% 21% 7% 35% 14% 

 
71% 

 
2.3 1.9% Expert Mean Accuracy 19% 

Experience  30yr 35yr 25yr 18yr 10yr 25yr 35yr 
Weighted Average of Seven Experts Accuracy 20% 

• EW1- EW7: Seven human experts, a range of industrial and/or academic experience from 10 to 35 years, in 2008 AATCC Technical 
Meeting at Raleigh in USA 

• √: consistent diagnosis
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 As seen in Table 5.11, a similar result was obtained for the faulty knitted 

fabrics.  The PES was able to accurately diagnose 81% of the samples as compared 

to an average of 36%. However, this time the best expert was able to correctly 

diagnose 72% or 8 out of 11 compared to 9 out of 11. It should also be noted that the 

PES was not able to identify all samples as compared the human experts (e.g., 

sample 10 and 11). Future work will need to ascertain what information people used 

to determine the cause and this information is incorporated into the knowledge base.  



 336

Table 5.11. Comparison of Diagnoses of Faulty Knitted Fabric by Human Experts and Polyester Expert System (PES). 
(High Temp. High Pressure dyeing/ Beck machine) 
 

No. Symptoms Actual Causes 

Human Experts DEXPERT-P 

EY1 EY2 EY3 EY4 EY5 EY6 EY7  
# of 

Suggeste
d 

Cause(s) 

Percent of 
Total 

Causes 

1 Inadequate 
Fastness 

- Selection of dye 
- Before and post washing properly        √ 7 7/116 

(6%) 

2 General 
Unlevelnee 

- Variation in time and temp. 
- Poor pump pressure       √ √ 4 4/116 

(3.4%) 

3 Specks, Stains, 
and Spots 

- Incomplete preparation  
- Incomplete removal of impurities    √   √ √ 3 3/116 

(2.6%) 

4 Streaks 
- Fabric deformation (density, twist, etc) 
- Twisted fabric during exhausting dyeing 
- Improper loading in bath 

       √ 3 3/116 
(2.6%) 

5 Shade Variation - Variation in time and temp. 
- Poor pump pressure  √  √ √  √ √ 4 4/116 

(3.4%) 

6 Dye Stains - Poor mixing technique       √ √ 2 2/116 
(1.7%) 

7 Poor Color Yield - Wrong set up time, temp., pH. 
- Poor pre-washing √  √  √  √ √ 4 4/116 

(3.4%) 

8 
Reduced 

Mechanical 
Strength 

- Too severe pretreatment  
- Rehandling (redyed, rewashed) 
- Too high temp. 

√  √  √ √ √ √ 1 1/116 
(0.8%) 

9 Local Damage - Damaged machine 
- Improper loading or unloading √ √  √ √ √ √ √ 1 1/116 

(0.8%) 

10 
Adverse 

Changes in 
Appearance 

- Cooling too fast 
- Improper turnover 
- Overloaded machine 

    √    0 0/116 
(0%) 

11 Comfort 
Properties 

- Fabric overworked (extra abrasion in a machine) 
- Too fast turnover  √  √ √  √  0 0/116 

(0%) 
Percentage accuracy  27% 27% 18% 36% 54% 18% 72%  

81% 
 

2.6 2.25% Expert Mean Accuracy 39% 
Experience  30yr 41yr 11yr 35yr 30yr 11yr 45yr 

Weighted Average of Seven Experts Accuracy 42% 
 

• EK1- EK7: Seven human experts, a range of industrial and/or academic experience from 11 to 45 years, in 2009 AATCC Conference at 
Myrtle Beach in USA  

• √: consistent diagnosis 
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 The percentage accuracy of the polyester expert system performed 100% for 

yarn package, 71% for woven fabric, and 81% for knitted fabric, respectively, as 

shown in Table 5.12. The low accuracy of the human experts as compared to the 

polyester expert system is expected. In general, an individual expert tends to 

diagnose a given fault using one or in some cases a small number of related causes. 

Furthermore, individual experts due to having different educational backgrounds and 

industrial experiences may overlook some possible causes of faults whereas the 

expert system is less likely to do so since it presents the user with an unbiased array 

of questions. In addition, some of the prominent causes of the defect as highlighted 

by the polyester expert system are not predicted by the panel of experts interviewed. 

However, the polyester expert system showed not 100% diagnosis accuracy but still 

better performed than individual experts. In addition, note the DEXPERT-P 

evaluation had information the human experts were not able to have in terms of 

temperature, etc. However, it does not note that the system was able to predict when 

the user is able to answer the questions correctly. Also note the system is able to 

efficiently and effectively determine the potential causes by the average number 

causes generated and the low potential. 
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Table 5.12. Comparison of Diagnoses of All Faulty Samples. 
 
 

 Expert Panel  DEXPERT-P 
 Y W K Total  Y W K Total 

Average 39% 19% 36% 31% Average 100% 71% 81% 84% 

Max 75% 35% 72% 61% 
Average # of 
Suggested 
Cause(s) 

3.5 2.3 2.6 2.8 

Weighted 
Average 39% 20% 42% 34% Average of 

Total Causes 2.98% 1.9% 2.25% 2.38% 

 
Unit: Percentage 
Y: Yarn package, W: Woven fabric, K: Knitted fabric 
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5.4 CHAPTER CONCLUSION 

The chapter demonstrates the testing and evaluation of the diagnostic knowledge-

based expert system (DEXPERT-P). The testing results demonstrated good 

performance of the system as compared to human experts and the evaluation 

results showed the potential value and utility of the system in the polyester dyeing 

industry.  Major differences between the expert system and the individual experts 

exist even though the individual experts in the panel had sufficient experience and 

educational background. The knowledge base presented in the expert system 

provided a more comprehensive solution since it combines the fourteen experts 

knowledge with the literature knowledge. Therefore, DEXPERT-P will greatly reduce 

the time to determine the cause of the dyeing problem as well as increase the 

accuracy as compared with individual experts. Furthermore, overall costs and 

problems leading to the re-dyeing of faulty dyed samples will be minimized which 

can lead to large reductions in lead-times of the textile supply chain complex. In 

addition, the methodology we developed to construct the knowledge-base for the 

expert system can be applied to build expert systems for other problems where 

additional knowledge would be beneficial.  

 It is well understood that the subject of diagnosis of dyeing problems is huge 

and enormously complex and a diagnostic expert system in this domain could be 

more effectively developed by modular approach rather than by a single knowledge 

based expert system. For this reason, DEXPERT-P has aimed at tackling common 
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dyeing problems without going into the extreme expertise of specific and very 

specialized details.   
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6 CONCLUSIONS AND RECOMMENDATIONS 
FOR FUTURE WORK 

 
 

6.1 RESEARCH SUMMARY 

The objective of this research was to develop a knowledge-based expert system for 

troubleshooting problems in the dyeing of polyester material. This research was 

accomplished in the following two key stages: 1- knowledge acquisition and coding, 

and 2- testing and evaluation. The main findings of the work are summarized below. 

 

• Phase 1-Knowledge Acquisition and Coding 

 Through hundreds of selected papers from scientific journals, textbooks, 

manuals, textile magazines, theses, reports, and the World Wide Web, a large body 

of knowledge related to dyeing problems of polyester material was obtained. In 

addition, a number of dyeing experts from USA and other countries participated in 

the study, whose responses to an electronic survey were used as an additional 

source of knowledge. Fourteen common dyeing faults in the dyeing of polyester 

substrates were identified. A large list of potential causes, based on the literature, 

was also developed and these causes together with fourteen symptoms were 

reviewed for relevance, suitability and accuracy by a select panel of experts. A series 

of questionnaires were prepared and reviewed for suitability by a select group of 
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experts to determine the interrelation among 14 common dyeing faults and a range 

of 116 possible causes. Over fifty experts from several countries and covering 

several sectors of the industry including dye manufacturing, machinery 

manufacturing, academia as well as practical dyers were contacted and fifteen 

coloration experts, with a range of industrial and/or academic experience from 6 to 

45 years, responded to the electronic survey. Experts were asked to rank the 

interrelation of symptoms and causes using certainty factors (CF) from 0 to 10 where 

0 denoted with high certainty that no relationship between cause and symptom 

existed and 10 indicated with high certainty that a strong relationship between 

symptom and cause was present. Responses thus collected were suitably organized 

and the knowledge reported in the literature was also incorporated in the database. 

A database of responses was thus generated which was classified into three broad 

categories of most likely (High CF), likely (Medium CF) and least likely (Low CF) 

causes for each symptom based on statistical sorting methods. This knowledge was 

transferred into an expert system programming environment using wxfuzzyCLIPS: 

ver. 1.64. 

 

• Phase 2-Testing and Evaluation 

 After knowledge acquisition and coding, the system was assessed through 

verification and validation processes. In the verification the knowledge base of the 

expert system was checked for anomalies and inconsistencies. This testing stage 

involved debugging, testing and evaluation of the modules. In validation the following 
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tests were conducted: system validation against hypothetical test cases, validation 

using case studies and validation based on human experts through laboratory, 

industrial and hypothetical test cases. Finally in the evaluation phase, a select 

number of experts were asked to rate the developed expert system based on six 

evaluation criteria which included usefulness, user-friendliness, response-time, 

education/training value, novelty and overall performance. This stage involved 

evaluation of the module through laboratory, industrial and hypothetical test cases 

and a comparison of responses based on human experts as well as the expert 

system.  

 

 In conclusion, a knowledge-based expert system has been developed to 

troubleshoot the coloration of polyester material. For the fourteen symptoms 

considered the system contains a comprehensive set of solutions since it combines 

responses from the surveyed experts as well as the reported knowledge in the 

literature. This expert system can greatly reduce the time to determine the root 

cause(s) of the dyeing problems compared with individual experts. In addition, the 

system can be used as a training tool for dyeing trainees, troubleshooting inspectors, 

and top management personnel to assist in identifying the causes of dyeing faults. 

The system can be used to provide an understanding of the underlying parameters 

that influence the outcome of the coloration process by providing expertise in a 

simple, user friendly and accessible form. It is expected that the system can be used 

to substantially reduce the occurrence of problems in the polyester coloration sector, 
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especially in countries where expertise may be scarce or in high demand. 

 An expert system of this nature will be particularly of great assistance to all 

involved in the coloration sector as it will facilitate a better understanding of the 

causes of the problems and assist practical dyers in making appropriate decisions 

for necessary action.  

 The performance of the polyester expert system (PES) in diagnosing dyeing 

faults was tested against the real causes of faults and in comparison with seven 

human experts in each knowledge base category, i.e. yarn, woven and knitted 

fabrics. The system performed with 100% accuracy in the diagnosis of yarn package 

faults, 71% accuracy for woven fabric faults, and 81%accuracy for knitted fabric 

faults. In comparison, the mean, as well as highest and lowest agreement amongst 

causes identified by human experts and real causes were as follows. In the case of 

yarn faults, of the seven experts interviewed the highest agreement was 75% and 

the lowest 0% while the mean was 37.5%. For woven material the he highest 

agreement was 35% and the lowest 7% while the mean was 21%. and for knitted 

fabric faults the highest agreement was 72% and the lowest 18% while the mean 

was 45%. These values show that the expert system outperforms all human experts 

assessed on an individual basis and also provides more accurate responses 

compared to the mean response obtained from seven experts. It can be also seen 

that the resolution of problems in the industry is highly dependent on the expertise of 

the troubleshooter and that it may take a significant period of time before an expert 

resolves the root cause(s) of a problem. In contrast, the expert system provides a 
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very efficient search engine to identify a comprehensive set of root causes and 

remedies for polyester dyeing faults that arise in the manufacturing process. 

Furthermore, with the use of the system overall costs and problems leading to the 

re-dyeing of faulty dyed samples can be minimized which can lead to large 

reductions in lead-times within the textile manufacturing supply chain.  

 

6.2 MAJOR CONTRIBUTIONS 

The major contributions of this research are: 

• Some of the major applications of artificial intelligence in several sectors of 

the textile industry have been reviewed. It was shown how diverse artificial 

intelligence technologies, including neural networks, expert systems, fuzzy 

logic and others can be integrated into the industrial models to improve the 

quality of the products and increase consumer satisfaction. 

• A thorough review of the problems in the dyeing of polyester has been 

completed. This can be a starting point for further research, for example, in 

the dyeing of polyester/cotton blends. In addition, an overview of various 

textile operations for polyester materials is given. Various key stages and 

factors involved in the production of dyed polyester materials are examined in 

detail.  This information can be used in the troubleshooting of common 

problems in the dyeing of polyester substrates. 
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• Fourteen most common dyeing faults were identified along with 116 potential 

causes which can be used to determine dyeing variables, as well as the inter-

relation among these factors which in turn can be used to improve the 

frequency of right-first-time (RFT) dyeings and reduce demand on 

troubleshooting faulty dyeings.  

• A fishbone diagram was developed indicating the complexity  

of the inter-relationship among variables influencing the coloration process. 

Faults in dyed polyester materials in the forms of yarn, woven, and knitted 

were attributed to a range of causes which included poor quality of fiber, faulty 

spinning, inappropriate yarn package formation, improper weaving or knitting, 

impurities in water, poor quality of dyes and auxiliaries, lack of control in the 

processes involved, machine malfunctions and human errors. 

• An electronic survey, using online SuveryMonkey as well as spreadsheets in 

Excel software, was developed and distributed worldwide to experts to 

ascertain whether a cause is the source of a given fault. Over fifty experts 

from several countries and covering several sectors of the industry including 

dye manufacturing, machinery manufacturing, academia as well as practical 

dyers were contacted and fourteen coloration experts, with a range of 

industrial and/or academic experience from 6 to 45 years, responded to the 

electronic survey. Responses were collected and suitably organized via a 

statistical method. 
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• The development stages of a diagnostic expert system to be used in the 

coloration industry have been described. The methodology developed to 

construct and code the knowledge-base for the expert system can be applied 

to build expert systems for other problems where additional knowledge would 

be beneficial. The expert system’s knowledge base could assist the US textile 

industry by addressing, in part, the problem of the rapidly shrinking pool of 

dyeing experts through provision of an alternative source of cost effective 

coloration expertise. 

• The Polyester Expert System provides an accurate diagnosis of selected 

symptoms based on the real causes of the defects using only the reasoning 

process. Realistic fault images were produced to represent each of the 14 

woven, 12 knitted and 6 yarn symptoms and these were incorporated into the 

expert systems’ interface to aid operators in their identification and 

classification of dyeing symptoms. Since a potentially large number of 

symptoms and their combinations can be selected, the user has been limited 

to select three or less symptoms in each of the three knowledge bases (yarn, 

knit and woven). Since the likelihood of producing substrates exhibiting more 

than three simultaneous symptoms is low, this was deemed a suitable 

strategy to minimize coding complexities. The users are also prompted to 

select the type of process and machinery used before diagnosis. This 

approach provides the most efficient method for the identification of root 

causes of a given fault or a combination of faults. An explanation function is 
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also incorporated to provide the user with simple reasoning behind each 

response.  

• A suitable validation process that can be used to verify the performance and 

accuracy of the coded knowledge base has been developed. This was 

achieved by developing faulty dyed yarn, knitted and woven polyester 

samples. Expert dyers were then asked to determine the likely cause(s) of the 

symptoms for each sample. Responses obtained from expert participators 

were then collected and compared against the expert system as well as the 

real causes of the symptoms.  

  

6.3 SUGGESTIONS 

The following suggestions are aimed for future works: 

• Knowledge acquisition 

 Although information for constructing a knowledge base is often obtained 

during face-to-face interviews between experts and knowledge engineers, practical 

problems of communication between the knowledge engineer and an expert are 

rarely addressed. In addition, the sources such as journals, textbooks, etc. are not 

often utilized in a knowledge base especially about the detailed dyeing faults and 

possible causes. The knowledge engineer should spend time analyzing the 

information available to sort out common problems and the myriad of variables. They 

should also identify the correlation between problem and cause. 
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• Analysis of Survey 

 Before the preparation of the questionnaire to obtain expert coloration 

opinions, one should decide how the responses should be analyzed appropriately. In 

general, a survey could consist of data collected from a questionnaire or from 

measurements, such as those taken as part of a quality control process. If one 

ignores a suitable analysis method or an appropriate survey tool and set of 

questions, there is potential to waste time and miss potentially important findings 

and results as well as have the expert inputs be useless. 

 

• Selection of system language  

 Selection of the system language has large impact on the success and ease 

of the expert system. The CLIPS system when used as an expert system shell is 

more likely to implement new and sophisticated AI features as they are developed as 

well as the ability to process rule based systems quickly. In addition, CLIPS has the 

advantage of being open source with various extensions such as FuzzyCLIPS, 

AGENT CLIPS, DYNACLIPS, KnowExec, CAPE, PerlCLIPS, wxCLIPS that give it an 

advantage with respect to support of methods like fuzzy logic and agents. 

 However, the future of expert system may depend highly on the evolution of 

the web with the user having the ability to utilize a complete internet expert system 

which is centrally located and can be maintained and updated relatively easily. 

Therefore, a more user friendly programming language such as advanced JAVA, 
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C++, and Visual C++ languages should be employed in building an expert system or 

at least the interface linked to a CLIPS engine. These three conditions make a case 

for utilizing JESS (Rule Engine for the JavaTM Platform). Hybrid expert systems 

combining the effectiveness and simplicity of fuzzy rules and artificial neural 

networks, together with conventional expert systems are being increasingly 

deployed as new tools to tackle the large array of problems in the textile industry. 

These tools will be used to complement experts’ knowledge, train novice employees 

and quickly respond to challenges. New systems will be more powerful, technically 

competent and will be adaptive to various challenges that require instant, accurate 

and reliable responses. However, the full integration of expert systems within various 

sectors of the industry will be greatly influenced by the implementation methods. To 

that end flexible and adaptable features that enable the users to personalize the 

system and create a seamless and intelligent interface will be among the challenges 

of expert system development in the future.  

 

• Qualification of knowledge engineer 

 The knowledge engineer is one of the most important components of the 

expert systems development, which includes knowledge acquisition. They should 

manage all information as well as code the rules properly into the system. Little 

attention has been paid to the individual skill and related training of knowledge 

engineers, and processing ability of information into rule, etc. By experience, a 

knowledge engineer generally has a better software background in order to develop 
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the expert system efficiently, but that is not required to be a knowledge engineer. 

Despite the fact that in many sectors of science and technology there is an 

abundance of expertise, the sheer volume of rapidly expanding scientific knowledge, 

technology, or the interactions of many parts of a complicated process is becoming 

increasingly difficult to grasp and process. Human experts, therefore, cannot be 

expected to know everything of importance even within a small sector of their 

specialization. In addition, the knowledge engineer should have a working 

knowledge of the domain application to be more effective in developing a successful 

tool. 

 

• Design of other textile expert system 

 There are many other application areas for the use of expert systems relating 

to textiles. Polyester Coloration Expert System methodology can be applied to other 

sectors such as printing, coating, and finishing of different textiles. In addition, other 

areas within the textile industry such as garment manufacturing, color matching, 

virtual try-on-clothing, and pattern designing could also benefit from the application 

of expert systems. The ability to combine the PES system with the previously 

developed system for cotton (DEXPERT) into one system capable of handling 

blends would be another potential useful extension of the expert system developed. 
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6.4 FINAL REMARKS 

In the last several decades the highly competitive global market trends necessitated 

geographical shifts in certain industrial activities with subsequent shrinkage of 

expertise in affected domains, especially in the industrialized world. Moreover, 

currently the assessment and analysis of expertise can be highly time consuming 

and provision of advice even on occasional basis may not be economically feasible 

especially in large domains. Thus computerized expert systems can provide an 

alternative and practical method of providing help when needed. With limited 

personnel resources for problem solving, interest has been aroused in the field of 

artificial intelligence called expert systems since computerized expertise providing a 

consistent level of performance can be made available 24 hours a day. Expert 

systems can be employed as useful tools to accomplish the task of providing the 

industry with the day-to-day, integrated decision making support needed to resolve 

problems and increase the quality and output of textile products.  

 The main objective of developing this expert system was to capture the 

knowledge or expertise of human experts and the pertinent knowledge from the 

literature including peer reviewed manuscripts, textbooks, theses, journals, and the 

internet, and then transfer the knowledge to users in the problem domain. The 

knowledge based expert system developed for the coloration of polyester substrates 

(yarn packages as well as knitted and woven fabrics) has been demonstrated to 

have good performance as compared to human experts while the evaluation results 
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have shown the potential value and utility of the system in the polyester dyeing 

industry. However, like any other software or expert system, its first version is far 

from perfection and there is an ample room for further quantitative enhancement as 

well as qualitative improvement. It is hoped that this work will stimulate the 

investigation into similar computer-based projects and therefore serve as a 

benchmark to begin both an effort to develop additional computer-based diagnostic 

expert systems in textiles and to further investigate the possibilities to improve this 

system. It is ultimately hoped to produce a comprehensive diagnostic system to 

cover all common dye-fiber combinations.  

 Finally, the actual information gathered and presented for the troubleshooting 

of common problems in the dyeing of polyester substrates is also helpful for training 

novice dyers as well as expanding the knowledge of seasoned experts. The expert 

system knowledge base will directly lead to assisting the US textile industry in 

addressing the problem of the rapidly shrinking pool of dyeing experts, in part, by 

providing an alternative means of access to cost effective coloration expertise. 
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APPENDIX 1. Possible causes associated with dyeing 
faults originating from FIBER. 

FIBER 

Cause Description References cited (in Chapter III) 

C1 Die head cleanliness 224, 229, 270, 272, 287, 289 

C2 Degree of polymerization 33-37, 230, 240, 250, 255, 299, 310, 310, 
317, 319, 321 

C3 Degree of crystallinity 230, 242, 255, 294, 302, 314, 326 
C4 Degree of orientation 230, 241, 250, 255, 287, 288, 297, 319, 321 

C5 Variation in fiber glass 
transition temp temperature 54, 230, 235, 255, 315 

C6 Presence of tint/oligomer 80-82, 230-232, 237, 255, 285, 298, 300, 
328, 329 

C7 Incomplete removal of 
oligomers 

80-82, 230-232, 237, 255, 285, 298, 300, 
328, 329 

C8 Catalytic damage 230, 255, 317, 318 
C9 Inconsistent draw ratio 230, 238, 255, 295 
C10 Presence of foreign fibers 120-122, 230, 255, 315, 316 

 

APPENDIX 2. Possible causes associated with dyeing 
faults originating from YARN. 

YARN 

Cause Description Ref. (in Chapter III) 

C11 Uneven winding density 108-110, 223, 226, 230, 233, 250, 250, 251, 
276 

C12 Channeling-due to 
irregular winding 223, 226, 230, 233, 250, 250, 251, 255, 276 

C13 General package 
deformation 223, 226, 230, 233, 250, 255 

C14 Swollen or puffy package 
shoulder 223, 226, 230, 233, 250, 256 

C15 Mechanical defect 
(broken or torn yarn) 223, 226, 230, 233, 250, 257 
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APPENDIX 3. Possible causes associated with dyeing 
faults originating from FABRIC. 

FABRIC 

Cause Description Ref. (in Chapter III) 

C16 Fly fiber knitted  
or woven 120-122, 230, 255, 315, 316 

C17 Variation in warp/weft 
yarn twist 230, 243, 252, 255, 279 

C18 Variation in warp/weft 
tension 230, 243, 252, 255, 256, 280 

C19 Variation in density 
(knitting, weaving) 230, 243, 252, 255, 256, 279, 316 

C20 Mechanical defect 
(broken or torn fabric) 223, 226, 230, 233, 250, 255 

 
 
 
 

APPENDIX 4. Possible causes associated with dyeing 
faults originating from PRETREATMENT. 

PRETREATMENT 

Cause Description Ref. (in Chapter III) 

C21 Inadequate removal 
of colored materials 212, 220, 232, 233, 252, 278 

C22 Incomplete removal 
of spinning oil 212, 220, 232, 233, 252, 278, 313 

C23 Incomplete removal 
of knitting oil 212, 220, 232, 233, 252, 278 

C24 
Redeposition of 

knitting oil/ 
spinning oil 

212, 220, 232, 233, 252, 278 

C25 Redeposition of 
insoluble substances 212, 220, 232, 233, 252, 278 

C26 Resist/latent deposits 212, 220, 232, 233, 252, 278 

C27 Insufficient desizing 127-129, 212, 220, 232, 233, 252, 254, 
283, 319, 323, 327 

C28 Inappropriate 
bleaching 

212, 220, 232, 233, 252, 268, 278, 
319, 323, 327 

C29 Incomplete scouring 212, 220, 232, 233, 252, 278, 319, 
323, 327 
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APPENDIX 5. Possible causes associated with dyeing 
faults originating from DYESTUFF. 

DYESTUFF 

Cause Description Ref. (in Chapter III) 

C30 Inadvertent use of 
incorrect dye 61, 220, 234, 212, 250 

C31 Improper dye 
selection a 61, 212, 213, 228-230, 234, 250, 257, 291 

C32 Improper dye 
selection b 61, 212, 213, 228-230, 234, 250, 257, 291 

C33 Improper dye 
selection c 61, 212, 213, 228-230, 234, 250, 257, 291 

C34 Incorrect dye  
weighing 61, 212, 213, 221, 230, 234, 250, 269, 277 

C35 Poor quality  
dyestuff 61, 212, 230, 234, 250, 273 

C36 Dye aggregation 61, 212, 221, 230, 234, 250, 259 

C37 Dye precipitation  
in dyebath 61, 165, 212, 221, 230, 234, 250 

C38 Dye sedimentation d  61, 212, 230, 234, 250 
C39 Dye incompatibility 61, 212, 230, 234, 250, 282, 283, 292, 301 

C40 Dye substantivity  
too high 61, 212, 221, 230, 234, 250, 260, 305, 306 

C41 Dye substantivity  
too low 61, 212, 221, 230, 234, 250, 260, 305, 306 

C42 High dye diffusion 
coefficient 61, 212, 221, 230, 234, 250, 260, 305, 306 

C43 Low dye diffusion 
coefficient 61, 212, 221, 230, 234, 250, 260, 305, 306 

C44 Low dye  
sublimation 61, 212, 221, 230, 234, 250, 260, 305, 306 

C45 High dye  
sublimation 61, 212, 221, 230, 234, 250, 260, 305, 306 

C46 Severe dye  
migration 61, 212, 228-230, 234, 250 

C47 Poor dye  
migration 61, 212, 230, 234, 250 

C48 Dye bleeding 61, 212, 230, 234, 250, 261 
C49 Dye recrystalization e 61, 212, 230, 234, 250, 269 

C50 Dye degradation 61, 230, 234, 212, 250 ,262, 269, 304, 308, 
311 

a: high energy level b: medium energy level c: low energy level dyes d: due to storage e: due to 
variation in dyeing temp. 
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APPENDIX 6. Possible causes associated with dyeing 
faults originating from WATER. 

WATER 

Cause Description Ref. (in Chapter III) 

C51 
Presence of 

manganese/calcium  
in source water 

142-144, 212, 214, 230, 250, 255 

C52 Presence of iron/copper 
in source water 142-144, 212, 214, 230, 250, 255 

C53 
Presence of 

chlorine/chloride in 
source water 

142-144, 212, 214, 230, 250, 255 

C54 Presence of silica in 
source water 142-144, 212, 214, 230, 250, 255 

C55 
Presence of silicate 
deposits in source 

water 
142-144, 212, 214, 230, 250, 255 

C56 Presence of sulfates in 
source water 142-144, 212, 214, 230, 250, 255 

C57 Presence of 
miscellaneous anions f 142-144, 212, 214, 230, 250, 255 

C58 Presence of suspended 
materials g 142-144, 212, 214, 230, 250, 255 

C59 
Residual soaping or 
rinsing agent in bath 

water 
142-144, 212, 214, 230, 250, 255 

C60 High total water 
hardness 142-144, 212, 214, 230, 250, 255 

C61 High acidity of  
source water 142-144, 212, 214, 230, 250, 255 

C62 High alkalinity of  
source water 142-144, 212, 214, 230, 250, 255 

f: sulphide, fluoride, etc. g: oil, grease, clay, sediments, etc. 
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APPENDIX 7. Possible causes associated with dyeing 
faults originating from DYE BATH & PROCESS 
CONDITIONS. 
 

DYEING BATH 
& PROCESS 
CONDITIONS 

 

Cause Description Ref. (in Chapter III) 

C63 Dyebath pH too high 212, 234, 246, 269, 296, 269 
C64 Dyebath pH too low 212, 234, 246, 269, 296, 269 

C65 
Initial dye 

concentration too 
high 

212, 234, 246, 307 

C66 Initial dye 
concentration too low 212, 234, 246, 307 

C67 Liquor-to-goods ratio 
too high 212, 234, 246, 269, 292 

C68 Liquor-to-goods ratio 
too low 212, 234, 246, 269, 292 

C69 Machine overloaded 212, 234, 246, 314 

C70 Bath temp.  
too high 212, 234, 246, 269, 274, 275, 292 

C71 Bath temp.  
too low 212, 234, 246, 269, 274, 275, 292 

C72 Rapid temp. rise 212, 234, 246, 269274, 275, 284, 293 

C73 Inconsistent 
bath/steam temp. 

212, 224, 234, 246, 247, 253, 269, 274, 
275 

C74 Wrong temp. for the 
type of dye 212, 234, 246, 269, 284 

C75 Dyeing time too long 212, 234, 246, 269, 273, 303 
C76 Dyeing time too short 212, 234, 246, 269, 273, 303 

C77 Flow rate  
too high 212, 234, 246, 263, 269, 290, 307 

C78 Flow rate  
too low 212, 234, 246, 263, 269, 290, 307 

C79 Wrong wash  
bath pH 212, 234, 246, 269 

C80 
Inadequate 
fabric/water 
movement 

212, 234, 246 

C81 Excessive foaming 212, 218, 234, 244, 266 
C82 Softener spotting 212, 216, 218, 234, 264 
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APPENDIX 8. Possible causes associated with dyeing 
faults originating from AUXILIARIES. 

AUXILIARY h 

Cause Description Ref. (in Chapter III) 

C83 Washing time too 
short 215, 217, 218, 222, 230, 232, 233, 265, 273 

C84 
Inadequate 
fabric/water 
movement 

213, 215, 217, 218, 222, 230, 232, 233, 265, 
273, 277 

C85 Excessive foaming 215, 217, 218, 222, 232, 265 

C86 Incompatibility of 
reagents 215, 217, 218, 222, 230, 232, 282, 324, 331 

C87 Wrong auxiliary 
selection 215, 217, 218, 222, 265, 277, 313 

C88 Wrong carrier type 
selection 

215, 217, 218, 222, 265, 232, 248, 282, 309, 
313 

C89 
Inadequate 
solubility of 

auxiliary 
230, 232, 233, 265 

h: soaping agent, rinsing agent, leveling agent, dispersant, fixing agent, acetic acid, Na2CO3, NaOH, 
wetting agent, softener, emulsifier, Na2CO3, NaCl 
 

 

APPENDIX 9. Possible causes associated with dyeing 
faults originating from PAD THERMOSOL. 
 

PAD 

THERMOSOL 

Cause Description Ref. (in Chapter III) 

C90 Thermosol period too 
long 227, 243, 245, 247, 321 

C91 Thermosol period too 
short 227, 243, 245, 247, 321 

C92 Dented/damaged/worn 
off nip 213, 224, 229, 270, 272 

C93 
Inconsistent hardness 
of mangle/ nip roller 

pressure 
213, 224, 229, 270, 272 

C94 Pre-drying time too 
long 227, 245, 247, 269, 320 

C95 Pre-drying time too 
short 227, 245, 247, 269, 320 
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APPENDIX 10. Possible causes associated with dyeing 
faults originating from MACHINERY. 
 

MACHINERY 
 

Cause Description Ref. (in Chapter III) 

C96 
Damaged wash 

box; sharp machine 
edges/sections 

224, 229, 270, 272 

C97 Corrosion or rusting 
of machine parts 224, 229, 270, 272 

C98 Contaminated 
equipments i 224, 229, 270, 272, 287, 289 

C99 Machine 
malfunction j 213, 224, 229, 270, 272 

i: dyeing, washing, drying, etc. j: power, heat, valves, pressure, etc. 
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APPENDIX 11. Possible causes associated with dyeing 
faults originating from POST-DYEING OPERATION. 
 

POST-DYEING 
OPERATION k 

 
 

Cause Description Ref. (in Chapter III) 

C100 Washing temp. 
too high 217, 232, 233, 267, 269, 289 

C101 Washing temp. 
too low 217, 232, 233, 267, 269, 289 

C102 Washing time 
too long 217, 232, 233, 267, 269, 289 

C103 Washing time 
too short 217, 232, 233, 267, 269, 289 

C104 
Inadequate 
wash bath 

water 
232, 233 

C105 Reduction 
temp. too high 232, 233, 269, 298 

C106 Reduction 
temp. too low 232, 233, 269, 298 

C107 Reduction time 
too long 232, 233, 269, 298 

C108 Reduction time 
too short 232, 233, 269, 298 

C109 
Excessive 

reducing agent 
used 

232, 233, 339 

C110 
Insufficient 

reducing agent 
used 

232, 233, 339 

C111 
Excessive 

caustic soda 
used 

320,332,333 

C112 
Insufficient 

caustic soda 
used 

320,332,333 

C113 Drying temp. 
too high 232, 233, 247, 269, 318, 322 

C114 Drying temp. 
too low 232, 233, 247, 269, 318, 322 

C115 Excessive 
crocking 257, 335, 336 

C116 Insufficient 
steam airing 147-150, 337 

k: reduction clearing, washing, drying stages 
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APPENDIX 12. A responded spreadsheet from expert who has 28 yrs expriences. 
 

 CAUSES S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 S-11 S-12 S-13 S-14 
C1 Die head cleanliness 5 0 0 0 5 0 0 0 0 0 0 0 0 0 

C2 Degree of polymerization 8 0 0 0 10 0 0 0 0 0 0 0 0 0 

C3 Degree of crystallinity 8 3 0 0 10 0 0 0 0 0 10 0 8 8 
C4 Degree of orientation 8 0 0 0 10 0 0 0 0 0 10 0 8 8 

C5 Variation in fiber glass transition 
temperature 8 0 0 0 10 0 0 0 0 0 0 0 0 8 

C6 Presence of tint/oligomer 5 0 0 0 5 0 0 0 0 0 0 0 0 10 

C7 Incomplete removal of oligomers 5 0 0 0 5 0 0 0 0 0 0 0 0 10 
C8 Inadequate removal of colored material 5 0 0 0 0 0 0 0 0 0 0 0 0 0 

C9 Uneven winding density 3 0 0 0 3 0 0 0 0 0 0 0 0 0 

C10 Channeling-due to irregular winding 3 0 0 0 3 0 0 0 0 0 0 0 0 0 
C11 General package deformation 3 0 0 0 3 0 0 0 0 0 0 0 0 0 

C12 Swollen or puffy package shoulder 3 0 0 0 3 0 0 0 0 0 0 5 0 0 

C13 Mechanical defect (broken or torn 
yarn/fabric) 8 0 0 0 10 0 0 0 0 0 10 10 10 10 

C14 Catalytic damage 8 0 0 0 5 0 0 0 0 0 0 8 0 0 
C15 Variation in warp/weft yarn twist 5 0 0 0 8 0 0 0 0 0 0 10 0 10 

C16 Variation in warp/weft tension 5 0 0 0 8 0 0 0 0 0 5 10 10 10 

C17 Variation in density (knitting, weaving) 3 0 0 0 8 0 0 0 0 0 5 10 10 10 
C18 Inconsistent draw ratio 3 0 0 0 8 0 0 0 0 0 0 10 10 8 

C19 Incomplete removal of spinning oil 8 0 0 0 0 0 0 0 8 3 0 0 0 0 

C20 Incomplete removal of knitting oil 8 0 0 0 0 0 0 0 10 3 0 0 0 0 
C21 Redeposition of knitting oil/spinning oil 8 0 0 0 0 0 0 0 5 0 0 0 0 0 

C22 Redeposition of insoluble substances 8 0 0 0 0 0 0 0 8 0 0 0 0 0 

C23 Resist/latent deposits 5 0 0 0 0 0 0 0 8 0 0 0 0 0 
C24 Presence of foreign fibers 5 0 0 0 10 0 0 0 10 0 0 8 0 0 

C25 Fly fiber knitted or woven 0 0 0 0 0 0 0 0 0 0 0 8 0 0 
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C26 Insufficient desizing 8 0 5 0 3 3 0 3 3 8 0 0 0 0 

C27 Inappropriate bleaching 8 0 8 0 0 0 0 0 0 0 0 0 0 0 

C28 Incomplete scouring 8 0 8 3 3 3 0 3 3 8 0 0 0 0 
C29 Inadvertent use of incorrect dye 10 10 5 8 0 5 0 10 10 8 0 0 0 0 

C30 Improper disperse dye selection – high 
energy level 10 0 8 3 3 3 0 8 0 3 0 0 0 0 

C31 Improper disperse dye selection – 
medium energy level 10 5 5 3 0 0 5 3 0 0 0 0 0 0 

C32 Improper disperse dye selection – low 
energy level 10 10 3 3 0 0 8 0 5 0 0 0 0 0 

C33 Incorrect dye weighing 10 0 8 3 0 0 0 0 0 0 0 0 0 0 

C34 Poor quality dyestuff 10 10 10 10 3 3 8 10 10 10 0 0 0 0 
C35 Dye aggregation 8 5 5 8 0 0 5 8 8 3 0 0 0 0 

C36 Dye precipitation in dyebath 8 3 8 8 0 0 8 8 10 3 0 0 0 0 

C37 Dye sedimentation due to storage 10 3 8 8 0 0 8 8 8 3 0 0 0 0 
C38 Dye incompatibility 10 0 8 0 0 0 8 8 0 5 0 0 0 0 

C39 Dye substantivity too high 3 0 0 0 0 0 10 5 0 0 0 0 0 0 

C40 Dye substantivity too low 8 8 8 0 0 0 10 3 5 8 0 0 0 0 
C41 High dye diffusion coefficient 3 0 0 0 0 0 3 0 0 0 0 0 0 0 

C42 Low dye diffusion coefficient 10 8 8 0 0 0 8 5 5 8 0 0 0 0 

C43 Low dye sublimation 3 0 0 0 0 0 8 0 0 0 0 0 0 0 
C44 High dye sublimation 10 10 0 0 0 0 3 0 0 0 0 0 0 0 

C45 Severe dye migration 3 8 0 0 0 0 3 0 0 0 0 0 0 0 

C46 Poor dye migration 10 3 8 0 0 0 8 8 5 5 0 0 0 0 
C47 Dye bleeding 8 8 5 0 0 0 5 5 3 3 0 0 0 0 

C48 Dye recrystalization-due to variation in 
dyeing temp. 8 5 5 0 0 0 0 5 8 3 0 0 0 0 

C49 Dye degradation – due to chlorine, high 
temp. 10 3 3 0 0 0 3 0 0 3 0 0 0 0 

C50 Presence of manganese/calcium in 
source water 10 3 3 10 0 3 5 8 10 10 0 0 0 0 

C51 Presence of iron/copper in source water 5 0 0 8 0 0 0 0 0 0 0 0 0 0 

C52 Presence of chlorine/chloride in source 
water 10 0 10 5 0 0 5 8 0 10 0 0 0 0 

C53 Presence of silica in source water 0 0 0 8 0 0 0 0 0 0 0 0 0 0 
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C54 Presence of silicate deposits in source 
water 0 0 0 8 0 0 0 0 0 0 0 0 0 0 

C55 Presence of sulfates in source water 3 0 0 3 0 0 0 0 0 0 0 0 0 0 

C56 Presence of miscellaneous anions 
(sulphide, fluoride, etc.) 3 0 0 0 0 0 8 0 0 0 0 0 0 0 

C57 Presence of suspended oil, grease, clay, 
sediments, etc. 8 0 0 8 0 0 3 0 0 0 0 0 0 0 

C58 Residual soaping or rinsing agent in 
source water 3 0 0 3 0 0 5 0 0 3 0 0 0 0 

C59 High total water hardness 10 5 5 10 0 3 8 5 10 5 0 0 0 0 

C60 High acidity of source water 10 0 0 3 0 0 8 3 0 8 0 0 0 0 
C61 High alkalinity of source water 10 0 0 0 0 0 8 0 0 8 0 0 0 0 

C62 Dyebath pH too high 10 0 8 0 0 0 8 0 0 8 0 0 0 0 

C63 Dyebath pH too low 10 0 8 3 0 0 8 3 0 8 0 0 0 0 
C64 Initial dye concentration too high 5 5 5 3 0 5 5 5 0 0 0 0 0 0 

C65 Initial dye concentration too low 3 0 0 0 0 0 5 0 0 0 0 0 0 0 

C66 Liquor-to-goods ratio too high 10 0 10 0 0 0 10 0 0 5 0 0 0 0 
C67 Liquor-to-goods ratio too low 8 5 8 3 0 8 3 5 0 0 0 0 0 0 

C68 Machine overloaded 8 3 0 0 0 10 0 10 5 0 0 0 0 0 

C69 Bath temp. too high 5 5 8 0 0 0 8 5 0 8 8 8 8 10 
C70 Bath temp. too low 10 8 8 0 0 3 5 5 0 5 0 0 0 0 

C71 Rapid temp. rise 10 5 8 0 0 5 5 8 0 5 0 0 8 0 

C72 Inconsistent bath/steam temp. 8 5 3 0 0 0 5 3 0 5 0 0 0 0 
C73 Wrong temp. for the type of dye 10 8 8 3 0 0 8 5 3 10 0 0 0 0 

C74 Dyeing time too long 8 3 8 0 0 0 0 5 0 10 10 8 0 8 

C75 Dyeing time too short 8 5 8 0 0 5 3 5 0 10 0 0 0 0 
C76 Thermosol period too long 8 5 0 0 0 0 8 0 0 10 5 8 0 8 

C77 Thermosol period too short 10 8 0 0 0 0 8 0 0 10 0 0 0 0 

C78 Poor quality (aged/old) auxiliary used 10 3 8 8 0 0 10 10 8 10 0 0 0 0 
C79 Incorrect auxiliary weighing 8 3 8 8 0 3 10 8 5 8 0 0 0 0 

C80 Excessive amount of auxiliary used 8 0 8 5 0 0 8 5 3 8 0 0 0 0 

C81 Incompatibility of reagents 10 0 8 5 0 3 10 5 5 8 0 0 0 0 
C82 Wrong auxiliary selection 10 3 8 8 0 3 10 10 8 8 0 0 0 0 

C83 Wrong carrier type selection 8 5 3 3 0 3 5 5 3 5 0 0 0 0 
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C84 Inadequate solubility of auxiliary 8 3 5 5 0 0 8 3 3 3 0 0 0 0 

C85 Softener spotting 8 0 0 8 0 0 0 0 0 8 0 0 0 0 

C86 Flow rate too high 3 0 0 0 0 0 5 0 0 0 0 0 8 0 
C87 Flow rate too low 8 0 3 0 0 0 5 10 0 0 0 0 3 0 

C88 Dented/damaged/worn off nip 10 0 10 0 0 0 3 0 0 0 0 0 10 0 

C89 Inconsistent hardness of mangle/ nip 
roller pressure 8 0 10 0 0 0 5 0 0 0 0 0 8 0 

C90 Damaged wash box; sharp machine 
edges/sections 10 0 0 0 0 0 5 0 0 0 0 0 0 0 

C91 Corrosion or rusting of machine parts 8 0 3 8 0 0 3 0 0 0 0 0 0 0 

C92 Contaminated equipments (dyeing, 
washing, drying, etc.) 10 0 3 5 0 0 3 0 0 0 0 0 0 0 

C93 Machine malfunction (power, heat; valves, 
pressure, etc.) 10 0 8 0 0 0 10 0 0 0 0 0 10 0 

C94 Reduction temp. too high 8 0 3 0 0 0 3 0 0 0 0 0 0 0 

C95 Reduction temp. too low 8 8 3 0 0 0 0 0 0 0 0 0 0 0 

C96 Reduction time too long 8 0 3 0 0 0 3 0 0 0 0 0 0 0 
C97 Reduction time too short 8 8 3 0 0 0 0 0 0 0 0 0 0 0 

C98 Excessive reducing agent used 8 0 0 0 0 0 3 0 0 0 0 0 0 0 

C99 Insufficient reducing agent used 10 8 0 0 0 0 5 0 0 0 0 0 0 0 
C100 Excessive caustic soda used 8 0 0 0 0 0 0 0 0 0 0 0 0 0 

C101 Insufficient caustic soda used 8 3 0 3 0 0 0 0 0 0 0 0 0 0 

C102 Inadequate wash bath water 8 5 5 8 0 0 5 0 0 0 0 0 0 0 
C103 Wrong wash bath pH 8 5 5 3 0 0 5 3 0 0 0 0 0 0 

C104 Washing temp. too high 10 0 0 0 0 0 0 0 0 0 0 0 0 0 

C105 Washing temp. too low 8 8 3 3 0 0 3 0 0 0 0 0 0 0 
C106 Washing time too long 5 0 0 0 0 0 0 0 0 0 0 0 0 0 

C107 Washing time too short 8 5 3 3 0 0 3 0 0 0 0 0 0 0 

C108 Inadequate fabric/water movement 5 0 0 0 0 0 0 5 0 0 0 0 0 0 
C109 Excessive foaming 5 0 0 0 0 0 0 0 0 3 0 0 0 0 

C110 Excessive crocking 8 3 0 0 0 0 0 0 0 0 0 0 0 0 

C111 Pre-drying time too long 8 3 0 0 0 0 0 0 0 8 0 0 0 10 
C112 Pre-drying time too short 5 0 0 0 0 0 0 0 0 0 0 0 10 10 

C113 Drying temp. too high 8 3 0 0 0 0 0 0 0 5 0 0 0 10 
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C114 Drying temp. too low 5 0 0 0 0 0 0 0 0 0 0 0 0 10 

C115 Insufficient steam airing 10 3 10 0 0 0 0 0 0 0 0 0 8 8 
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APPENDIX 13. A responded spreadsheet from expert who has 10 yrs expriences. 
 

 CAUSES S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 S-11 S-12 S-13 S-14 

C1 Die head cleanliness               
C2 Degree of polymerization               
C3 Degree of crystallinity               
C4 Degree of orientation               

C5 Variation in fiber glass transition 
temperature               

C6 Presence of tint/oligomer               
C7 Incomplete removal of oligomers               
C8 Inadequate removal of colored material 8  9            
C9 Uneven winding density               
C10 Channeling-due to irregular winding               
C11 General package deformation               
C12 Swollen or puffy package shoulder               

C13 Mechanical defect (broken or torn 
yarn/fabric)           9    

C14 Catalytic damage               
C15 Variation in warp/weft yarn twist               
C16 Variation in warp/weft tension               
C17 Variation in density (knitting, weaving)               
C18 Inconsistent draw ratio               
C19 Incomplete removal of spinning oil               
C20 Incomplete removal of knitting oil               
C21 Redeposition of knitting oil/spinning oil               
C22 Redeposition of insoluble substances               
C23 Resist/latent deposits               
C24 Presence of foreign fibers               
C25 Fly fiber knitted or woven               
C26 Insufficient desizing 7         8     
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C27 Inappropriate bleaching               
C28 Incomplete scouring 8  8       7     
C29 Inadvertent use of incorrect dye 10         9     

C30 Improper disperse dye selection – high 
energy level               

C31 Improper disperse dye selection – 
medium energy level               

C32 Improper disperse dye selection – low 
energy level               

C33 Incorrect dye weighing               
C34 Poor quality dyestuff  8        9     
C35 Dye aggregation 8        10      
C36 Dye precipitation in dyebath               
C37 Dye sedimentation due to storage               
C38 Dye incompatibility  8       8 8     
C39 Dye substantivity too high               
C40 Dye substantivity too low               
C41 High dye diffusion coefficient               
C42 Low dye diffusion coefficient               
C43 Low dye sublimation               
C44 High dye sublimation               
C45 Severe dye migration               
C46 Poor dye migration               
C47 Dye bleeding         10      

C48 Dye recrystalization-due to variation in 
dyeing temp.         10     8 

C49 Dye degradation – due to chlorine, high 
temp.         10    7  

C50 Presence of manganese/calcium in 
source water               

C51 Presence of iron/copper in source water               

C52 Presence of chlorine/chloride in source 
water               

C53 Presence of silica in source water               

C54 Presence of silicate deposits in source 
water               
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C55 Presence of sulfates in source water               

C56 Presence of miscellaneous anions 
(sulphide, fluoride, etc.)               

C57 Presence of suspended oil, grease, clay, 
sediments, etc.               

C58 Residual soaping or rinsing agent in 
source water               

C59 High total water hardness               
C60 High acidity of source water               
C61 High alkalinity of source water               
C62 Dyebath pH too high             8  
C63 Dyebath pH too low               
C64 Initial dye concentration too high               
C65 Initial dye concentration too low          6     
C66 Liquor-to-goods ratio too high               
C67 Liquor-to-goods ratio too low               
C68 Machine overloaded               
C69 Bath temp. too high               
C70 Bath temp. too low               
C71 Rapid temp. rise               
C72 Inconsistent bath/steam temp.   8            
C73 Wrong temp. for the type of dye  9       9      
C74 Dyeing time too long               
C75 Dyeing time too short               
C76 Thermosol period too long              8 
C77 Thermosol period too short               
C78 Poor quality (aged/old) auxiliary used               
C79 Incorrect auxiliary weighing               
C80 Excessive amount of auxiliary used               
C81 Incompatibility of reagents 9             7 
C82 Wrong auxiliary selection  9             
C83 Wrong carrier type selection               
C84 Inadequate solubility of auxiliary               
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C85 Softener spotting               
C86 Flow rate too high               
C87 Flow rate too low               
C88 Dented/damaged/worn off nip             9  

C89 Inconsistent hardness of mangle/ nip 
roller pressure               

C90 Damaged wash box; sharp machine 
edges/sections               

C91 Corrosion or rusting of machine parts               

C92 Contaminated equipments (dyeing, 
washing, drying, etc.)               

C93 Machine malfunction (power, heat; valves, 
pressure, etc.)               

C94 Reduction temp. too high           8   8 
C95 Reduction temp. too low               
C96 Reduction time too long           8    
C97 Reduction time too short               
C98 Excessive reducing agent used           8   6 
C99 Insufficient reducing agent used               
C100 Excessive caustic soda used              7 
C101 Insufficient caustic soda used               
C102 Inadequate wash bath water               
C103 Wrong wash bath pH               
C104 Washing temp. too high              8 
C105 Washing temp. too low               
C106 Washing time too long               
C107 Washing time too short               
C108 Inadequate fabric/water movement               
C109 Excessive foaming               
C110 Excessive crocking               
C111 Pre-drying time too long               
C112 Pre-drying time too short               
C113 Drying temp. too high               
C114 Drying temp. too low               
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C115 Insufficient steam airing               
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APPENDIX 14. A responded spreadsheet from expert who has 20 yrs expriences. 
 

 CAUSES S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 S-11 S-12 S-13 S-14 

C1 Die head cleanliness 6 7 5 3 3 3 4 6 5 6 1 0 5 7 
C2 Degree of polymerization 7 8 3 2 2 2 3 6 5 7 9 9 3 0 
C3 Degree of crystallinity 5 7 4 1 1 1 2 5 3 8 9 9  0 
C4 Degree of orientation 5 6 6 5 3 5 3 7 2 7 7 7 2 0 

C5 Variation in fiber glass transition 
temperature 7 3 9 8 8 6 2 5 7 1 3 1 1 0 

C6 Presence of tint/oligomer 8 8 6 10 10 8 3 6 9 9 1 1 7 7 
C7 Incomplete removal of oligomers 5 8 8 3 3 3 5 4 3 0 0 0 3 7 
C8 Inadequate removal of colored material 7 10 9 2 1 1 8 8 1 0 0 0 1 1 
C9 Uneven winding density 8 9 10 6 4 9 4 7 2 5 2 2 6 1 
C10 Channeling-due to irregular winding 8 3 10 5 9 7 2 5 2 9 0 0 0 0 
C11 General package deformation 1 1 1 1 7 5 0 0 0 1 0 0 10 0 
C12 Swollen or puffy package shoulder * * * * * * * * * * * * *  

C13 Mechanical defect (broken or torn 
yarn/fabric) 1 0 1 7 1 4 0 0 8 1 10 10 0 0 

C14 Catalytic damage 9 1 0 0 0 1 0 1 7 1 10 10 1 0 
C15 Variation in warp/weft yarn twist 5 2 6 2 1 1 0 0 0 0 4 0 3 0 
C16 Variation in warp/weft tension 5 2 6 2 1 1 0 0 0 0 4 0 3 0 
C17 Variation in density (knitting, weaving) 5 2 6 2 1 1 0 0 0 0 4 0 3 0 
C18 Inconsistent draw ratio 6 1 7 5 5 5 1 7 3 1 8 9 2 0 
C19 Incomplete removal of spinning oil 7 7 10 9 8 7 2 2 7 9 0 0 0 0 
C20 Incomplete removal of knitting oil 7 7 10 9 8 7 2 2 7 9 0 0 0 0 
C21 Redeposition of knitting oil/spinning oil 7 7 10 9 8 7 2 2 7 9 0 0 0 0 
C22 Redeposition of insoluble substances 9 3 9 8 4 6 7 3 7 0 0 0 9 6 
C23 Resist/latent deposits 9 3 9 8 4 6 7 3 7 0 0 0 9 0 
C24 Presence of foreign fibers 5 9 9 9 7 7 1 7 8 0 6 0 1 0 
C25 Fly fiber knitted or woven 5 9 9 9 7 7 1 7 8 0 6 0 1 0 
C26 Insufficient desizing 9 10 10 8 10 10 7 6 2 10 0 0 8 7 
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C27 Inappropriate bleaching 8 3 9 5 5 3 1 1 1 9 10 10 1 0 
C28 Incomplete scouring 9 10 10 8 10 10 7 6 2 10 0 0 8 2 
C29 Inadvertent use of incorrect dye 9 10 8 5 5 6 6 9 8 10 0 0 1 2 

C30 Improper disperse dye selection – high 
energy level 7 9 9 7 7 5 3 7 8 9 0 0 0 0 

C31 Improper disperse dye selection – 
medium energy level 7 9 9 7 7 5 3 7 8 9 0 0 0 0 

C32 Improper disperse dye selection – low 
energy level 7 9 9 7 7 5 3 7 8 9 0 0 0 0 

C33 Incorrect dye weighing 10 9 8 0 0 0 2 8 1 0 0 0 0 0 
C34 Poor quality dyestuff 10 9 8 0 0 0 2 8 1 0 0 0 0  
C35 Dye aggregation 9 6 9 10 10 10 9 0 10 1 0 0 1 0 
C36 Dye precipitation in dyebath 9 10 10 5 5 6 4 6 8 10 0 0 1 0 
C37 Dye sedimentation due to storage 9 10 10 5 5 6 4 6 8 10 0 0 1 0 
C38 Dye incompatibility 9 10 10 5 5 6 4 6 8 10 0 0 1 0 
C39 Dye substantivity too high 5 1 10 6 6 6 3 9 3 0 0 0 0 0 
C40 Dye substantivity too low 6 8 7 2 2 6 2 10 5 10 0 0 0 0 
C41 High dye diffusion coefficient 3 2 7 1 1 1 1 8 1 0 0 0 0 0 
C42 Low dye diffusion coefficient 3 7 8 2 2 2 2 9 1 10 0 0 0 0 
C43 Low dye sublimation 5 8 9 2 4 5 5 5 1 10 0 0 0 0 
C44 High dye sublimation 5 1 8 2 4 5 5 8 5 0 0 0 0 0 
C45 Severe dye migration 7 7 8 6 6 7 5 8 3 0 0 0 0 0 
C46 Poor dye migration 7 8 9 3 2 2 5 7 1 10 0 0 0 0 
C47 Dye bleeding 9 9 9 6 6 6 8 9 5 8 0 0 0 0 

C48 Dye recrystalization-due to variation in 
dyeing temp. 9 10 10 5 5 6 4 6 8 10 0 0 1 0 

C49 Dye degradation – due to chlorine, high 
temp. 9 10 10 5 5 6 4 6 8 10 0 0 1 0 

C50 Presence of manganese/calcium in 
source water 9 8 9 10 9 9 9 8 9 7 10 10 5 0 

C51 Presence of iron/copper in source water 9 8 9 10 9 9 9 8 9 7 10 10 5 0 

C52 Presence of chlorine/chloride in source 
water 9 8 9 10 9 9 9 8 9 7 10 10 5 0 

C53 Presence of silica in source water 9 7 7 7 5 5 6 7 4 8 0 0 3 6 

C54 Presence of silicate deposits in source 
water 9 7 7 7 5 5 6 7 4 8 0 0 3  
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C55 Presence of sulfates in source water 9 7 7 7 5 5 6 7 4 8 0 0 3 5 

C56 Presence of miscellaneous anions 
(sulphide, fluoride, etc.) 9 7 7 7 5 5 6 7 4 8 0 0 3 6 

C57 Presence of suspended oil, grease, clay, 
sediments, etc. 9 7 7 7 5 5 6 7 4 8 0 0 3 6 

C58 Residual soaping or rinsing agent in 
source water * * * * * * * * * * * * * * 

C59 High total water hardness 9 7 7 7 5 5 6 7 4 8 0 0 3 8 
C60 High acidity of source water * * * * * * * * * * 7 7 * * 
C61 High alkalinity of source water 4 6 6 5 2 2 8 7 4 5 10 9 7 4 
C62 Dyebath pH too high 4 6 6 5 2 2 8 7 4 5 10 9 7 4 
C63 Dyebath pH too low * * * * * * * * * * 7 7 * * 
C64 Initial dye concentration too high 7 4 10 2 2 5 3 8 2 1 0 0 0 0 
C65 Initial dye concentration too low 7 4 10 2 2 5 3 8 2 1 0 0 0 0 
C66 Liquor-to-goods ratio too high 1 1 0 0 0 0 0 1 0 0 0 0 0 0 
C67 Liquor-to-goods ratio too low 5 5 5 5 6 6 7 7 8 3 0 0 0 0 
C68 Machine overloaded 6 1 10 5 5 6 6 9 3 3 0 0 0 0 
C69 Bath temp. too high 8 5 9 8 7 7 7 10 8 6 3 3 1 0 
C70 Bath temp. too low 8 5 9 8 7 7 7 10 8 6 3 3 1 0 
C71 Rapid temp. rise 8 5 9 8 7 7 7 10 8 6 3 3 1 0 
C72 Inconsistent bath/steam temp. 8 5 9 8 7 7 7 10 8 6 3 3 1 0 
C73 Wrong temp. for the type of dye 9 10 9 8 8 8 8 8 7 10 1 1 1 0 
C74 Dyeing time too long 1 0 1 1 2 2 0 0 0 0 0 0 0 0 
C75 Dyeing time too short 8 7 7 6 5 4 3 9 0 9 0 0 0 0 
C76 Thermosol period too long 4 1 1 1 1 0 0 8 3 4 8 8 1 0 
C77 Thermosol period too short 4 8 8 9 6 6 7 7 5 10 0 0 0 0 
C78 Poor quality (aged/old) auxiliary used 9 10 10 10 8 8 8 8 9 9 3 3 6 0 
C79 Incorrect auxiliary weighing 9 10 10 10 8 8 8 8 9 9 3 3 6 0 
C80 Excessive amount of auxiliary used 9 10 10 10 8 8 8 8 9 9 3 3 6 0 
C81 Incompatibility of reagents 9 10 10 10 8 8 8 8 9 9 3 3 6 0 
C82 Wrong auxiliary selection 9 10 10 10 8 8 8 8 9 9 3 3 6 0 
C83 Wrong carrier type selection 9 10 10 10 8 8 8 8 9 9 3 3 6 0 
C84 Inadequate solubility of auxiliary 9 10 10 10 8 8 8 8 9 9 3 3 6 0 
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C85 Softener spotting 3 0 0 0 0 0 0 3 8 1 1 1 1 8 
C86 Flow rate too high * * * * * * * * * * * * * * 
C87 Flow rate too low * * * * * * * * * * * * * * 
C88 Dented/damaged/worn off nip * * * * * * * * * * * * * * 

C89 Inconsistent hardness of mangle/ nip 
roller pressure * * * * * * * * * * * * * * 

C90 Damaged wash box; sharp machine 
edges/sections 9 8 9 10 9 9 9 8 9 7 10 10 5 0 

C91 Corrosion or rusting of machine parts 9 8 9 10 9 9 9 8 9 7 10 10 5 0 

C92 Contaminated equipments (dyeing, 
washing, drying, etc.) 9 8 9 10 9 9 9 8 9 7 10 10 5 0 

C93 Machine malfunction (power, heat; valves, 
pressure, etc.) * * * * * * * * * * * * * * 

C94 Reduction temp. too high 6 2 7 7 3 4 4 4 4 3 0 0 0 0 
C95 Reduction temp. too low 8 10 9 9 10 9 9 9 3 7 8 8 0 0 
C96 Reduction time too long 6 2 7 7 3 4 4 4 4 7 0 0 0 0 
C97 Reduction time too short 8 10 9 9 10 9 9 9 3 3 8 8 0 0 
C98 Excessive reducing agent used 6 2 7 7 3 4 4 4 4 8 10 9 1 6 
C99 Insufficient reducing agent used 8 10 9 9 10 9 9 9 3 7 8 8 0 0 
C100 Excessive caustic soda used 7 9 9 6 6 5 6 9 4 8 8 8 0 0 
C101 Insufficient caustic soda used 8 8 8 7 7 7 6 6 3 9 2 2 4 0 
C102 Inadequate wash bath water 6 10 10 4 8 8 5 2 2 2 0 0 0 0 
C103 Wrong wash bath pH 7 9 8 1 1 1 4 3 3 0 7 7 0 0 
C104 Washing temp. too high 3 1 5 1 1 1 1 1 1 7 5 5 2 0 
C105 Washing temp. too low 3 9 9 6 6 2 2 0 0 0 0 0 0 0 
C106 Washing time too long 3 1 5 1 1 1 1 1 1 7 5 5 2 0 
C107 Washing time too short 3 9 9 6 6 2 2 0 0 0 0 0 0 0 
C108 Inadequate fabric/water movement 7 7 6 5 6 6 7 7 8 3 6 3 0 0 
C109 Excessive foaming 6 5 5 5 6 6 7 7 8 3 0 0 3 0 
C110 Excessive crocking * * * * * * * * * * * * * * 
C111 Pre-drying time too long * * * * * * * * * * * * * * 
C112 Pre-drying time too short * * * * * * * * * * * * * * 
C113 Drying temp. too high 5 0 0 0 0 0 5 8 0 0 8 8 0 0 
C114 Drying temp. too low 3 0 0 0 0 0 4 4 0 0 0 0 0 0 
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C115 Insufficient steam airing * * * * * * * * * * * * * * 
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APPENDIX 15. A responded spreadsheet from expert who has 35 yrs expriences. 
 

 CAUSES S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 S-11 S-12 S-13 S-14 

C1 Die head cleanliness               
C2 Degree of polymerization               
C3 Degree of crystallinity 7    7          
C4 Degree of orientation               

C5 Variation in fiber glass transition 
temperature     7          

C6 Presence of tint/oligomer   9            
C7 Incomplete removal of oligomers               
C8 Inadequate removal of colored material  7             
C9 Uneven winding density 7       8       
C10 Channeling-due to irregular winding        8       
C11 General package deformation        7       
C12 Swollen or puffy package shoulder  0      7       

C13 Mechanical defect (broken or torn 
yarn/fabric)               

C14 Catalytic damage           7    
C15 Variation in warp/weft yarn twist     8          
C16 Variation in warp/weft tension     8          
C17 Variation in density (knitting, weaving)               
C18 Inconsistent draw ratio     5          
C19 Incomplete removal of spinning oil 7    6          
C20 Incomplete removal of knitting oil 7    6          
C21 Redeposition of knitting oil/spinning oil               
C22 Redeposition of insoluble substances   8 7           
C23 Resist/latent deposits   8            
C24 Presence of foreign fibers               
C25 Fly fiber knitted or woven               
C26 Insufficient desizing 8             7 
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C27 Inappropriate bleaching 8              
C28 Incomplete scouring 8   8           
C29 Inadvertent use of incorrect dye 10 10       7      

C30 Improper disperse dye selection – high 
energy level               

C31 Improper disperse dye selection – 
medium energy level               

C32 Improper disperse dye selection – low 
energy level               

C33 Incorrect dye weighing 10         7     
C34 Poor quality dyestuff 7 8       7 7     
C35 Dye aggregation    7     7      
C36 Dye precipitation in dyebath         7      
C37 Dye sedimentation due to storage               
C38 Dye incompatibility         7      
C39 Dye substantivity too high     6   8       
C40 Dye substantivity too low          8     
C41 High dye diffusion coefficient               
C42 Low dye diffusion coefficient               
C43 Low dye sublimation               
C44 High dye sublimation               
C45 Severe dye migration               
C46 Poor dye migration 7 7   7   8       
C47 Dye bleeding  10             

C48 Dye recrystalization-due to variation in 
dyeing temp.               

C49 Dye degradation – due to chlorine, high 
temp.          7     

C50 Presence of manganese/calcium in 
source water               

C51 Presence of iron/copper in source water               

C52 Presence of chlorine/chloride in source 
water               

C53 Presence of silica in source water               

C54 Presence of silicate deposits in source 
water               
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C55 Presence of sulfates in source water               

C56 Presence of miscellaneous anions 
(sulphide, fluoride, etc.)               

C57 Presence of suspended oil, grease, clay, 
sediments, etc.   7 7           

C58 Residual soaping or rinsing agent in 
source water               

C59 High total water hardness               
C60 High acidity of source water               
C61 High alkalinity of source water               
C62 Dyebath pH too high          7     
C63 Dyebath pH too low          7     
C64 Initial dye concentration too high       8        
C65 Initial dye concentration too low       8        
C66 Liquor-to-goods ratio too high          7     
C67 Liquor-to-goods ratio too low      7       7  
C68 Machine overloaded 7     7       7  
C69 Bath temp. too high               
C70 Bath temp. too low          7     
C71 Rapid temp. rise               
C72 Inconsistent bath/steam temp. 7              
C73 Wrong temp. for the type of dye 7              
C74 Dyeing time too long      6     7    
C75 Dyeing time too short 7    6     7     
C76 Thermosol period too long           7    
C77 Thermosol period too short          7     
C78 Poor quality (aged/old) auxiliary used      7  7 7    7 7 
C79 Incorrect auxiliary weighing        7 7    7 7 
C80 Excessive amount of auxiliary used              7 
C81 Incompatibility of reagents               
C82 Wrong auxiliary selection      8  7 7    7 7 
C83 Wrong carrier type selection               
C84 Inadequate solubility of auxiliary               
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C85 Softener spotting    9           
C86 Flow rate too high      6         
C87 Flow rate too low        7       
C88 Dented/damaged/worn off nip            7   

C89 Inconsistent hardness of mangle/ nip 
roller pressure               

C90 Damaged wash box; sharp machine 
edges/sections            7   

C91 Corrosion or rusting of machine parts               

C92 Contaminated equipments (dyeing, 
washing, drying, etc.)   6 6           

C93 Machine malfunction (power, heat; valves, 
pressure, etc.) 8              

C94 Reduction temp. too high               
C95 Reduction temp. too low  7             
C96 Reduction time too long               
C97 Reduction time too short  7             
C98 Excessive reducing agent used               
C99 Insufficient reducing agent used  7             
C100 Excessive caustic soda used               
C101 Insufficient caustic soda used  7             
C102 Inadequate wash bath water  9  7          7 
C103 Wrong wash bath pH  8            7 
C104 Washing temp. too high               
C105 Washing temp. too low  8            7 
C106 Washing time too long               
C107 Washing time too short  8            7 
C108 Inadequate fabric/water movement 8   7  8  7      7 
C109 Excessive foaming      6         
C110 Excessive crocking  10             
C111 Pre-drying time too long               
C112 Pre-drying time too short               
C113 Drying temp. too high  8         7    
C114 Drying temp. too low             7  
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C115 Insufficient steam airing               
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APPENDIX 16. A responded spreadsheet from expert who has 13 yrs expriences. 
 

 CAUSES S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 S-11 S-12 S-13 S-14 

C1 Die head cleanliness 5  10 10           
C2 Degree of polymerization 1          10   10 
C3 Degree of crystallinity 3             10 
C4 Degree of orientation 3          10    

C5 Variation in fiber glass transition 
temperature 9  10  10  10 10       

C6 Presence of tint/oligomer 5   10     10      
C7 Incomplete removal of oligomers 5   10     10      
C8 Inadequate removal of colored material 8 10  10           
C9 Uneven winding density 8      10 10       
C10 Channeling-due to irregular winding 8      10        
C11 General package deformation 6       10       
C12 Swollen or puffy package shoulder 6 9             

C13 Mechanical defect (broken or torn 
yarn/fabric) 3  10  10          

C14 Catalytic damage *          10 10   
C15 Variation in warp/weft yarn twist 7  10  10          
C16 Variation in warp/weft tension 7  10  10          
C17 Variation in density (knitting, weaving) 5    10          
C18 Inconsistent draw ratio 9    10          
C19 Incomplete removal of spinning oil 9  10 10      10     
C20 Incomplete removal of knitting oil 4  10 10           
C21 Redeposition of knitting oil/spinning oil 8  10 10           
C22 Redeposition of insoluble substances 7              
C23 Resist/latent deposits 5              
C24 Presence of foreign fibers 5    10          
C25 Fly fiber knitted or woven 6  10 10           
C26 Insufficient desizing 10         10     
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C27 Inappropriate bleaching 2          10 10   
C28 Incomplete scouring 6  10       10     
C29 Inadvertent use of incorrect dye 8 10       10 10     

C30 Improper disperse dye selection – high 
energy level 5  8            

C31 Improper disperse dye selection – 
medium energy level 3              

C32 Improper disperse dye selection – low 
energy level 2 8        8     

C33 Incorrect dye weighing 10              
C34 Poor quality dyestuff 8 10 10 10      10     
C35 Dye aggregation 8  10 10      6     
C36 Dye precipitation in dyebath 6  10 6      10     
C37 Dye sedimentation due to storage 10  6 6      10     
C38 Dye incompatibility 10              
C39 Dye substantivity too high 10  10    10        
C40 Dye substantivity too low 3         10     
C41 High dye diffusion coefficient 3              
C42 Low dye diffusion coefficient 4       10  10     
C43 Low dye sublimation 3  10       10     
C44 High dye sublimation 3 10             
C45 Severe dye migration 8 10        4     
C46 Poor dye migration 2  8     4       
C47 Dye bleeding 6 10             

C48 Dye recrystalization-due to variation in 
dyeing temp. 1 5 8 6    5 6 6     

C49 Dye degradation – due to chlorine, high 
temp. 0 10 10       6     

C50 Presence of manganese/calcium in 
source water 0   10      10 5 7   

C51 Presence of iron/copper in source water 0   10      10     

C52 Presence of chlorine/chloride in source 
water 0 10 7       8 10 8   

C53 Presence of silica in source water 0   10           

C54 Presence of silicate deposits in source 
water 0   10           
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C55 Presence of sulfates in source water 0  10            

C56 Presence of miscellaneous anions 
(sulphide, fluoride, etc.) *  6            

C57 Presence of suspended oil, grease, clay, 
sediments, etc. 0              

C58 Residual soaping or rinsing agent in 
source water 0  6       8     

C59 High total water hardness 8         8     
C60 High acidity of source water 8         10 6 4   
C61 High alkalinity of source water          10 10 10   
C62 Dyebath pH too high 8         10 10 10   
C63 Dyebath pH too low 8         10 6 4   
C64 Initial dye concentration too high               
C65 Initial dye concentration too low               
C66 Liquor-to-goods ratio too high 4         8     
C67 Liquor-to-goods ratio too low 5  10   10  5       
C68 Machine overloaded 10  10   10  10     10  
C69 Bath temp. too high           4 4  3 
C70 Bath temp. too low  10      8 9      
C71 Rapid temp. rise 4  10            
C72 Inconsistent bath/steam temp. 10              
C73 Wrong temp. for the type of dye 4 10       6 8     
C74 Dyeing time too long           10 8  6 
C75 Dyeing time too short 10 8 8       10     
C76 Thermosol period too long           3   6 
C77 Thermosol period too short  8   6    6 10     
C78 Poor quality (aged/old) auxiliary used 6  6       8     
C79 Incorrect auxiliary weighing 10   3    6 4 8    3 
C80 Excessive amount of auxiliary used    3           
C81 Incompatibility of reagents 9  8 4           
C82 Wrong auxiliary selection 4 4 9 5    5  8     
C83 Wrong carrier type selection    10           
C84 Inadequate solubility of auxiliary    8           
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C85 Softener spotting    10           
C86 Flow rate too high               
C87 Flow rate too low 10  8            
C88 Dented/damaged/worn off nip            10   

C89 Inconsistent hardness of mangle/ nip 
roller pressure               

C90 Damaged wash box; sharp machine 
edges/sections            10   

C91 Corrosion or rusting of machine parts    8        7   

C92 Contaminated equipments (dyeing, 
washing, drying, etc.)    8           

C93 Machine malfunction (power, heat; valves, 
pressure, etc.)             6 4 

C94 Reduction temp. too high           6    
C95 Reduction temp. too low  10             
C96 Reduction time too long 6          6    
C97 Reduction time too short               
C98 Excessive reducing agent used 7          7    
C99 Insufficient reducing agent used  10             
C100 Excessive caustic soda used           7    
C101 Insufficient caustic soda used  4             
C102 Inadequate wash bath water 8 8             
C103 Wrong wash bath pH 5 8             
C104 Washing temp. too high               
C105 Washing temp. too low  8             
C106 Washing time too long               
C107 Washing time too short  8             
C108 Inadequate fabric/water movement 5   3  8  8       
C109 Excessive foaming 6  8 9           
C110 Excessive crocking           2 10  10 
C111 Pre-drying time too long 10         5     
C112 Pre-drying time too short 6         5     
C113 Drying temp. too high 10         5    8 
C114 Drying temp. too low 6         5     
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C115 Insufficient steam airing 8         8     
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APPENDIX 17. A responded spreadsheet from expert who has 14 yrs expriences. 
 

 CAUSES S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 S-11 S-12 S-13 S-14 

C1 Die head cleanliness 3   3     3     3 
C2 Degree of polymerization           5    
C3 Degree of crystallinity          7     
C4 Degree of orientation          3     

C5 Variation in fiber glass transition 
temperature 3  3           3 

C6 Presence of tint/oligomer   3 3           
C7 Incomplete removal of oligomers  7 3 3           
C8 Inadequate removal of colored material  3  3           
C9 Uneven winding density   3    3 7       
C10 Channeling-due to irregular winding   3  3 2  7       
C11 General package deformation   2     3       
C12 Swollen or puffy package shoulder      2  3       

C13 Mechanical defect (broken or torn 
yarn/fabric)     3      5 9 2  

C14 Catalytic damage           5 7 4  
C15 Variation in warp/weft yarn twist     2          
C16 Variation in warp/weft tension               
C17 Variation in density (knitting, weaving)          3     
C18 Inconsistent draw ratio               
C19 Incomplete removal of spinning oil 3  4       4    3 
C20 Incomplete removal of knitting oil 3  4       4    3 
C21 Redeposition of knitting oil/spinning oil  4 3 2           
C22 Redeposition of insoluble substances   5 5  2         
C23 Resist/latent deposits   5 3           
C24 Presence of foreign fibers    4     2 3     
C25 Fly fiber knitted or woven    4     2 3     
C26 Insufficient desizing 3  4       4    3 
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C27 Inappropriate bleaching 5  3           5 
C28 Incomplete scouring 5  5       5    5 
C29 Inadvertent use of incorrect dye 5 5 3      5 5    5 

C30 Improper disperse dye selection – high 
energy level 3  3           3 

C31 Improper disperse dye selection – 
medium energy level  2        4     

C32 Improper disperse dye selection – low 
energy level  4        7     

C33 Incorrect dye weighing 5       5  5    5 
C34 Poor quality dyestuff  7 3      3 5     
C35 Dye aggregation  3  3     7 3     
C36 Dye precipitation in dyebath    3     5 3     
C37 Dye sedimentation due to storage 5         4    5 
C38 Dye incompatibility 7       4      7 
C39 Dye substantivity too high   6    6 6       
C40 Dye substantivity too low        5  6     
C41 High dye diffusion coefficient       4 5       
C42 Low dye diffusion coefficient   6    4 5       
C43 Low dye sublimation               
C44 High dye sublimation               
C45 Severe dye migration 5      5       5 
C46 Poor dye migration 5  7    4 6  6    5 
C47 Dye bleeding  6  6  4   7      

C48 Dye recrystalization-due to variation in 
dyeing temp.          4     

C49 Dye degradation – due to chlorine, high 
temp.          7     

C50 Presence of manganese/calcium in 
source water               

C51 Presence of iron/copper in source water               

C52 Presence of chlorine/chloride in source 
water               

C53 Presence of silica in source water               

C54 Presence of silicate deposits in source 
water               



 402

C55 Presence of sulfates in source water               

C56 Presence of miscellaneous anions 
(sulphide, fluoride, etc.)               

C57 Presence of suspended oil, grease, clay, 
sediments, etc.   4            

C58 Residual soaping or rinsing agent in 
source water          5     

C59 High total water hardness 6             6 
C60 High acidity of source water 3       3      3 
C61 High alkalinity of source water 3       3  5    3 
C62 Dyebath pH too high 7       7  7    7 
C63 Dyebath pH too low 6       6  6 3   6 
C64 Initial dye concentration too high   8     8       
C65 Initial dye concentration too low        8       
C66 Liquor-to-goods ratio too high               
C67 Liquor-to-goods ratio too low   8     8       
C68 Machine overloaded        6  3   5  
C69 Bath temp. too high               
C70 Bath temp. too low 7  6     5  9    7 
C71 Rapid temp. rise   6     5       
C72 Inconsistent bath/steam temp. 6  6     5      6 
C73 Wrong temp. for the type of dye 3         8    3 
C74 Dyeing time too long           2 2   
C75 Dyeing time too short        5  5     
C76 Thermosol period too long           3 3   
C77 Thermosol period too short          8     
C78 Poor quality (aged/old) auxiliary used 6  4      4     6 
C79 Incorrect auxiliary weighing 3             3 
C80 Excessive amount of auxiliary used 3             3 
C81 Incompatibility of reagents          5     
C82 Wrong auxiliary selection 3             3 
C83 Wrong carrier type selection          5     
C84 Inadequate solubility of auxiliary 3             3 
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C85 Softener spotting   3 8           
C86 Flow rate too high               
C87 Flow rate too low      5 5 6       
C88 Dented/damaged/worn off nip    7 5 5      9   

C89 Inconsistent hardness of mangle/ nip 
roller pressure   5   8         

C90 Damaged wash box; sharp machine 
edges/sections      7     6 10 7  

C91 Corrosion or rusting of machine parts    5        10   

C92 Contaminated equipments (dyeing, 
washing, drying, etc.)   3      7      

C93 Machine malfunction (power, heat; valves, 
pressure, etc.)      8       4  

C94 Reduction temp. too high           4 4   
C95 Reduction temp. too low  10 3            
C96 Reduction time too long           3 3   
C97 Reduction time too short  10 3            
C98 Excessive reducing agent used           2    
C99 Insufficient reducing agent used  8 2            
C100 Excessive caustic soda used           3 2   
C101 Insufficient caustic soda used  8 2            
C102 Inadequate wash bath water  2 2            
C103 Wrong wash bath pH               
C104 Washing temp. too high               
C105 Washing temp. too low               
C106 Washing time too long               
C107 Washing time too short               
C108 Inadequate fabric/water movement               
C109 Excessive foaming   6 9           
C110 Excessive crocking           5 6 5  
C111 Pre-drying time too long  2         2  3  
C112 Pre-drying time too short               
C113 Drying temp. too high  7         5  5  
C114 Drying temp. too low               
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C115 Insufficient steam airing               
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APPENDIX 18. A responded spreadsheet from expert who has 20 yrs expriences. 
 

 CAUSES S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 S-11 S-12 S-13 S-14 

C1 Die head cleanliness 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

C2 Degree of polymerization 6 1 1 1 1 1 1 1 1 1 1 1 1 3 
C3 Degree of crystallinity 6 1 1 1 1 1 1 1 1 1 1 1 1 3 

C4 Degree of orientation 6 1 1 1 1 1 1 1 1 1 1 1 1 3 

C5 Variation in fiber glass transition 
temperature 6 1 1 1 1 1 1 2 1 1 1 1 1 3 

C6 Presence of tint/oligomer 6 5 6 3 3 1 1 2 1 5 1 1 1 3 
C7 Incomplete removal of oligomers 6 5 8 3 3 1 1 2 1 5 1 1 1 3 

C8 Inadequate removal of colored material 6 1 9 3 3 1 1 2 1 1 1 1 1 1 

C9 Uneven winding density 6 1 7 1 3 1 1 7 1 1 1 1 1 1 
C10 Channeling-due to irregular winding 6 1 6 1 3 1 1 7 1 1 1 1 1 1 

C11 General package deformation 6 1 6 1 1 3 1 7 1 1 1 1 1 1 

C12 Swollen or puffy package shoulder 6 1 9 1 1 3 1 7 1 1 1 1 1 1 

C13 Mechanical defect (broken or torn 
yarn/fabric) 2 1 7 1 3 3 1 2 1 1 5 1 5 3 

C14 Catalytic damage 6 5 5 3 1 1 1 1 1 3 8 8 7 5 

C15 Variation in warp/weft yarn twist 3 1 8 1 6 1 1 1 1 1 1 1 6 5 

C16 Variation in warp/weft tension 3 1 7 1 6 1 1 1 1 1 1 1 6 5 
C17 Variation in density (knitting, weaving) 6 1 9 1 5 1 1 1 1 1 1 1 6 5 

C18 Inconsistent draw ratio 8 1 1 1 5 1 1 1 1 1 1 1 6 3 

C19 Incomplete removal of spinning oil 6 6 6 6 3 1 1 2 1 4 1 1 1 1 
C20 Incomplete removal of knitting oil 6 6 6 6 3 1 1 2 1 4 1 1 1 1 

C21 Redeposition of knitting oil/spinning oil 7 6 4 6 3 1 1 2 1 1 1 1 1 1 

C22 Redeposition of insoluble substances 7 6 4 6 3 1 1 2 1 1 1 1 1 4 
C23 Resist/latent deposits 7 1 5 6 3 1 1 2 1 1 1 1 1 1 

C24 Presence of foreign fibers 8 5 9 4 7 1 1 1 1 1 1 1 1 1 

C25 Fly fiber knitted or woven 3 5 9 8 7 1 1 1 1 1 1 1 1 1 
C26 Insufficient desizing 6 7 7 5 4 1 1 2 1 4 1 1 1 3 
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C27 Inappropriate bleaching 6 5 7 3 3 1 1 2 1 4 1 1 1 3 

C28 Incomplete scouring 6 7 7 5 3 1 1 2 1 4 1 1 1 3 

C29 Inadvertent use of incorrect dye 9 9 9 6 3 1 1 5 9 7 1 1 1 3 

C30 Improper disperse dye selection – high 
energy level 9 9 5 6 3 1 1 1 9 7 1 1 1 1 

C31 Improper disperse dye selection – 
medium energy level 9 9 3 6 3 1 1 1 9 7 1 1 1 1 

C32 Improper disperse dye selection – low 
energy level 9 9 2 6 3 1 1 1 9 7 1 1 1 1 

C33 Incorrect dye weighing 9 3 9 1 1 1 1 7 9 5 1 1 1 1 

C34 Poor quality dyestuff 9 9 9 9 3 1 1 8 9 9 1 1 1 1 

C35 Dye aggregation 7 7 8 5 3 1 1 7 9 7 1 1 1 1 
C36 Dye precipitation in dyebath 9 7 9 5 3 1 1 7 9 7 1 1 1 1 

C37 Dye sedimentation due to storage 6 7 7 5 3 1 1 7 9 7 1 1 1 1 

C38 Dye incompatibility 9 9 9 7 3 1 1 7 9 9 1 1 1 1 
C39 Dye substantivity too high 7 5 9 5 1 1 9 9 1 1 1 1 1 1 

C40 Dye substantivity too low 7 5 3 1 1 1 9 9 1 7 1 1 1 1 

C41 High dye diffusion coefficient 1 1 0 1 1 1 1 1 1 1 1 1 1 1 
C42 Low dye diffusion coefficient 6 5 6 5 1 1 1 7 1 1 1 1 1 1 

C43 Low dye sublimation 1 1 5 2 1 1 1 1 1 1 1 1 1 1 

C44 High dye sublimation 1 7 2 1 1 1 1 1 1 1 1 1 1 1 
C45 Severe dye migration 6 7 1 1 1 1 1 1 1 1 1 1 1 1 

C46 Poor dye migration 6 4 6 4 1 1 1 8 1 1 1 1 1 1 

C47 Dye bleeding 4 7 3 1 2 1 1 1 1 1 1 1 1 1 

C48 Dye recrystalization-due to variation in 
dyeing temp. 5 7 6 4 2 1 1 6 5 3 1 1 1 1 

C49 Dye degradation – due to chlorine, high 
temp. 9 7 4 3 1 1 1 1 5 8 1 1 1 1 

C50 Presence of manganese/calcium in 
source water 5 5 5 5 1 1 1 1 5 5 1 1 1 1 

C51 Presence of iron/copper in source water 5 5 5 5 1 1 1 1 5 5 1 1 1 1 

C52 Presence of chlorine/chloride in source 
water 5 5 5 5 1 1 1 1 5 5 1 1 1 1 

C53 Presence of silica in source water 5 5 5 5 1 1 1 1 5 5 1 1 1 1 

C54 Presence of silicate deposits in source 
water 5 5 5 5 1 1 1 1 5 5 1 1 1 1 
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C55 Presence of sulfates in source water 5 5 3 5 1 1 1 1 5 5 1 1 1 1 

C56 Presence of miscellaneous anions 
(sulphide, fluoride, etc.) 3 3 3 5 1 1 1 1 5 5 1 1 1 1 

C57 Presence of suspended oil, grease, clay, 
sediments, etc. 8 7 6 5 4 1 1 1 5 1 1 1 1 1 

C58 Residual soaping or rinsing agent in 
source water 4 5 4 1 1 1 1 1 1 5 1 1 1 1 

C59 High total water hardness 7 7 7 5 1 1 1 1 5 5 1 1 1 3 

C60 High acidity of source water 5 5 5 5 1 1 1 1 1 5 1 1 1 3 
C61 High alkalinity of source water 5 5 5 5 1 1 1 1 1 5 3 1 1 3 

C62 Dyebath pH too high 5 5 5 5 1 1 1 1 1 5 5 1 1 4 

C63 Dyebath pH too low 5 5 5 5 1 1 1 1 1 5 3 1 1 2 
C64 Initial dye concentration too high 5 5 5 5 5 1 9 9 1 1 1 1 1 1 

C65 Initial dye concentration too low 5 5 5 1 1 1 9 9 1 1 1 1 1 1 

C66 Liquor-to-goods ratio too high 2 1 2 1 1 1 1 1 1 1 1 1 1 1 
C67 Liquor-to-goods ratio too low 8 9 8 7 1 1 1 7 1 1 1 1 1 1 

C68 Machine overloaded 7 1 7 7 1 1 1 6 1 1 1 1 1 7 

C69 Bath temp. too high 4 2 4 1 1 1 1 1 1 1 1 1 1 1 
C70 Bath temp. too low 4 7 4 4 1 1 1 5 1 1 1 1 1 1 

C71 Rapid temp. rise 6 3 6 3 1 1 1 1 1 1 1 1 1 1 

C72 Inconsistent bath/steam temp. 6 3 6 3 1 1 8 1 1 1 1 1 1 1 
C73 Wrong temp. for the type of dye 7 9 7 6 1 1 1 1 1 9 1 1 1 1 

C74 Dyeing time too long 1 1 1 1 1 1 1 1 1 1 3 1 1 1 

C75 Dyeing time too short 7 5 7 5 1 1 1 5 1 8 1 1 1 1 
C76 Thermosol period too long 1 1 1 1 1 1 1 1 1 1 3 1 1 5 

C77 Thermosol period too short 6 7 6 5 1 1 1 1 1 8 1 1 1 1 

C78 Poor quality (aged/old) auxiliary used 7 9 7 8 4 1 7 5 9 9 3 1 3 4 
C79 Incorrect auxiliary weighing 7 9 7 8 4 1 7 5 9 9 3 1 1 1 

C80 Excessive amount of auxiliary used 7 5 7 5 4 1 7 5 9 9 2 1 1 7 

C81 Incompatibility of reagents 9 9 9 9 4 1 1 5 9 9 4 1 3 7 
C82 Wrong auxiliary selection 8 9 8 9 4 1 1 5 9 9 4 1 3 5 

C83 Wrong carrier type selection 8 9 8 9 4 1 1 5 9 9 4 1 3 5 

C84 Inadequate solubility of auxiliary 8 9 8 9 4 1 5 5 9 9 1 1 1 7 
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C85 Softener spotting 5 3 5 9 1 1 1 1 1 1 1 1 1 1 

C86 Flow rate too high 3 3 3 3 1 1 1 1 1 1 1 1 1 1 

C87 Flow rate too low 6 3 6 5 1 1 1 4 1 1 1 1 1 1 
C88 Dented/damaged/worn off nip 5 1 5 8 5 9 1 1 1 1 1 9 9 1 

C89 Inconsistent hardness of mangle/ nip 
roller pressure 9 3 9 6 9 1 1 1 1 1 1 4 9 1 

C90 Damaged wash box; sharp machine 
edges/sections 2 7 2 6 9 9 1 1 1 1 5 9 9 1 

C91 Corrosion or rusting of machine parts 2 2 2 4 9 9 1 1 1 1 3 4 9 1 

C92 Contaminated equipments (dyeing, 
washing, drying, etc.) 7 7 7 5 6 9 5 1 1 1 3 1 1 1 

C93 Machine malfunction (power, heat; valves, 
pressure, etc.) 7 9 7 5 4 9 9 9 1 6 7 7 9 5 

C94 Reduction temp. too high 4 2 4 2 1 1 1 1 1 5 7 1 1 3 
C95 Reduction temp. too low 4 9 4 4 1 1 1 1 1 1 1 1 1 1 

C96 Reduction time too long 6 3 6 1 1 1 1 1 1 5 7 1 1 3 

C97 Reduction time too short 4 9 4 2 1 1 1 5 1 1 1 1 1 1 
C98 Excessive reducing agent used 7 3 7 2 1 1 5 1 1 7 7 1 1 6 

C99 Insufficient reducing agent used 4 9 4 4 1 1 5 5 1 1 1 1 1 1 

C100 Excessive caustic soda used 6 6 6 4 1 1 5 5 1 4 9 1 1 8 
C101 Insufficient caustic soda used 4 6 4 4 1 1 5 5 1 1 1 1 1 1 

C102 Inadequate wash bath water 6 9 6 7 1 1 3 1 1 1 1 1 1 1 

C103 Wrong wash bath pH 5 8 5 5 1 1 1 1 1 1 5 1 1 1 
C104 Washing temp. too high 2 4 2 1 1 1 1 1 1 3 3 1 1 1 

C105 Washing temp. too low 4 8 4 4 1 1 1 5 1 1 1 1 1 1 

C106 Washing time too long 1 1 1 1 1 1 1 1 1 3 1 1 1 1 
C107 Washing time too short 6 9 6 3 1 1 1 5 1 1 1 1 1 1 

C108 Inadequate fabric/water movement 7 9 7 3 5 1 5 8 1 1 1 1 1 6 

C109 Excessive foaming 6 6 6 3 5 1 5 1 1 1 1 1 1 1 
C110 Excessive crocking 6 7 6 3 5 1 5 1 1 1 1 1 1 1 

C111 Pre-drying time too long 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

C112 Pre-drying time too short 5 9 5 3 1 1 1 1 1 1 1 1 1 1 
C113 Drying temp. too high 7 7 7 1 1 1 1 1 1 1 1 1 1 1 

C114 Drying temp. too low 2 2 2 1 1 1 1 1 1 1 1 1 1 1 
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C115 Insufficient steam airing 6 6 6 2 1 1 1 1 1 1 1 1 1 1 
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APPENDIX 19. A responded spreadsheet from expert who has 20 yrs expriences. 
 

 CAUSES S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 S-11 S-12 S-13 S-14 

C1 Die head cleanliness 8 8 10 9 0 2 8 9 5 7 2 2 * 6 

C2 Degree of polymerization 2 5 5 0 0 0 0 0 2 6 10 8 6 6 
C3 Degree of crystallinity 2 5 5 0 0 0 0 0 5 8 8 8 6 6 

C4 Degree of orientation 2 5 5 0 0 0 0 0 6 8 9 8 6 6 

C5 Variation in fiber glass transition 
temperature 8 8 8 8 8 5 0 6 8 8 6 6 8 8 

C6 Presence of tint/oligomer 8 9 8 9 0 2 2 5 7 6 2 2 3 6 
C7 Incomplete removal of oligomers 7 7 6 7 0 2 2 2 5 4 0 0 2 3 

C8 Inadequate removal of colored material 7 5 8 8 2 2 2 5 5 2 0 0 0 0 

C9 Uneven winding density 8 4 8 8 9 2 2 2 2 2 5 5 5 2 
C10 Channeling-due to irregular winding 8 5 8 8 8 2 2 7 2 2 4 2 2 2 

C11 General package deformation 8 5 8 8 8 2 2 7 2 2 4 2 2 2 

C12 Swollen or puffy package shoulder 8 5 8 8 8 2 2 7 2 2 4 6 7 4 

C13 Mechanical defect (broken or torn 
yarn/fabric) 2 0 5 2 2 2 2 0 0 0 8 8 7 7 

C14 Catalytic damage 8 6 6 4 2 2 2 5 5 5 8 8 7 7 

C15 Variation in warp/weft yarn twist 8 3 7 2 8 0 0 5 3 6 6 4 8 8 

C16 Variation in warp/weft tension 8 3 7 2 8 0 0 5 3 6 6 4 8 8 
C17 Variation in density (knitting, weaving) 8 3 7 2 8 0 0 5 3 6 6 4 8 8 

C18 Inconsistent draw ratio 8 3 7 2 8 0 0 5 5 7 4 4 2 2 

C19 Incomplete removal of spinning oil 6 7 7 5 3 2 0 2 5 6 2 2 2 2 
C20 Incomplete removal of knitting oil 6 7 7 5 3 2 0 2 5 6 2 2 2 2 

C21 Redeposition of knitting oil/spinning oil 6 7 7 5 3 2 0 2 5 6 2 2 2 2 

C22 Redeposition of insoluble substances 6 7 7 5 3 2 0 2 5 6 2 2 2 2 
C23 Resist/latent deposits 6 7 7 5 3 2 0 2 5 6 2 2 2 2 

C24 Presence of foreign fibers 9 8 7 5 5 2 2 2 8 7 2 2 2 2 

C25 Fly fiber knitted or woven 2 2 0 0 0 0 0 2 0 0 7 7 7 7 
C26 Insufficient desizing 6 7 7 5 3 2 0 2 5 6 2 2 2 2 
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C27 Inappropriate bleaching 8 6 6 4 2 2 2 5 5 5 8 8 7 7 

C28 Incomplete scouring 6 7 7 5 3 2 0 2 5 6 2 2 2 2 

C29 Inadvertent use of incorrect dye 10 10 10 8 2 3 5 8 9 10 2 2 2 2 

C30 Improper disperse dye selection – high 
energy level 8 2 8 5 2 3 2 6 7 7 2 2 2 2 

C31 Improper disperse dye selection – 
medium energy level 5 5 5 3 2 2 2 4 5 5 2 2 2 2 

C32 Improper disperse dye selection – low 
energy level 2 8 2 1 2 2 2 2 3 3 2 2 2 2 

C33 Incorrect dye weighing 10 2 2 2 2 2 2 2 2 2 2 2 2 2 

C34 Poor quality dyestuff 8 8 8 8 2 2 2 5 7 8 2 2 2 2 

C35 Dye aggregation 8 8 8 6 2 2 2 7 7 7 2 2 2 2 
C36 Dye precipitation in dyebath 8 5 8 6 2 2 2 5 5 10 2 2 2 2 

C37 Dye sedimentation due to storage 8 5 8 6 2 2 2 5 5 10 2 2 2 2 

C38 Dye incompatibility 8 5 8 8 2 2 2 4 5 2 2 2 2 2 
C39 Dye substantivity too high 8 2 7 6 2 2 2 5 5 2 2 2 2 2 

C40 Dye substantivity too low 8 7 2 2 2 2 2 3 3 6 2 2 2 2 

C41 High dye diffusion coefficient 2 4 2 2 2 2 2 2 2 2 2 2 2 2 
C42 Low dye diffusion coefficient 8 2 6 4 2 2 2 4 4 2 2 2 2 2 

C43 Low dye sublimation 2 2 2 0 2 2 2 0 0 0 2 2 2 2 

C44 High dye sublimation 2 5 2 0 2 2 2 0 0 0 2 2 2 2 
C45 Severe dye migration 8 6 2 2 2 2 2 2 2 5 2 2 2 2 

C46 Poor dye migration 8 2 7 5 2 2 2 4 6 5 2 2 2 2 

C47 Dye bleeding 2 8 2 4 2 2 2 0 0 3 2 2 2 2 

C48 Dye recrystalization-due to variation in 
dyeing temp. * * * 2 2 2 2 2 * * 2 2 2 2 

C49 Dye degradation – due to chlorine, high 
temp. 8 8 7 7 2 2 2 6 5 8 2 2 2 2 

C50 Presence of manganese/calcium in 
source water 5 5 6 6 2 2 2 2 6 6 2 2 2 2 

C51 Presence of iron/copper in source water 7 5 5 5 2 2 2 2 5 2 2 2 2 2 

C52 Presence of chlorine/chloride in source 
water 7 5 5 5 2 2 2 2 2 5 4 4 4 4 

C53 Presence of silica in source water 5 2 3 2 2 2 2 2 3 2 2 2 2 2 

C54 Presence of silicate deposits in source 
water 6 7 3 5 2 2 2 2 5 2 2 2 2 2 
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C55 Presence of sulfates in source water 2 3 5 4 2 2 2 2 4 2 2 2 2 2 

C56 Presence of miscellaneous anions 
(sulphide, fluoride, etc.) 2 3 5 4 2 2 2 2 4 2 2 2 2 2 

C57 Presence of suspended oil, grease, clay, 
sediments, etc. 2 3 3 5 0 2 2 2 6 2 2 2 2 2 

C58 Residual soaping or rinsing agent in 
source water 2 3 5 4 2 2 2 2 4 2 2 2 2 2 

C59 High total water hardness 5 5 6 6 2 2 2 2 6 6 2 2 2 2 

C60 High acidity of source water 8 6 3 3 2 2 2 2 2 3 2 2 2 2 
C61 High alkalinity of source water 8 8 6 5 2 2 2 2 2 7 5 5 5 5 

C62 Dyebath pH too high 8 8 6 5 2 2 2 2 2 7 5 5 5 5 

C63 Dyebath pH too low 8 6 3 3 2 2 2 2 2 3 2 2 2 2 
C64 Initial dye concentration too high 7 6 6 6 2 2 5 8 6 2 2 2 2 2 

C65 Initial dye concentration too low 7 4 4 2 2 2 2 6 2 4 2 2 2 2 

C66 Liquor-to-goods ratio too high 3 2 1 1 1 2 2 1 1 4 2 2 2 2 
C67 Liquor-to-goods ratio too low 6 4 7 5 1 5 2 5 5 2 2 2 2 2 

C68 Machine overloaded 8 6 7 7 2 2 2 6 7 7 2 2 2 2 

C69 Bath temp. too high 6 3 2 2 2 6 2 3 2 6 5 5 5 5 
C70 Bath temp. too low 8 8 9 7 2 2 2 5 7 9 2 2 2 2 

C71 Rapid temp. rise 8 3 7 6 2 2 2 6 2 2 2 2 2 2 

C72 Inconsistent bath/steam temp. 7 7 7 6 2 2 2 6 5 7 2 2 2 2 
C73 Wrong temp. for the type of dye 8 8 8 6 2 2 2 5 5 8 2 2 2 2 

C74 Dyeing time too long 5 2 2 2 2 2 2 2 3 3 2 2 2 2 

C75 Dyeing time too short 8 6 7 4 2 2 2 7 6 7 2 2 2 2 
C76 Thermosol period too long 5 5 2 2 2 2 2 2 2 3 4 5 4 4 

C77 Thermosol period too short 8 2 2 2 2 2 2 2 2 2 2 2 2 2 

C78 Poor quality (aged/old) auxiliary used 6 6 7 6 2 2 2 3 5 5 4 5 4 4 
C79 Incorrect auxiliary weighing 6 6 7 6 2 2 2 3 3 3 4 5 4 4 

C80 Excessive amount of auxiliary used 3 3 2 4 2 2 2 2 5 2 2 2 2 2 

C81 Incompatibility of reagents 5 5 5 5 2 2 2 5 5 5 2 2 2 2 
C82 Wrong auxiliary selection 6 6 7 6 2 2 2 3 5 5 4 5 4 4 

C83 Wrong carrier type selection 9 8 8 6 2 2 2 3 5 5 4 5 4 4 

C84 Inadequate solubility of auxiliary 6 6 7 6 2 2 2 3 3 3 4 5 4 4 
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C85 Softener spotting 2 5 2 8 2 2 2 2 6 2 2 2 2 2 

C86 Flow rate too high 2 2 2 2 2 2 2 2 2 2 5 5 4 4 

C87 Flow rate too low 7 5 7 5 2 2 2 2 5 5 2 2 2 2 
C88 Dented/damaged/worn off nip 2 2 2 2 0 2 2 2 2 2 8 8 8 8 

C89 Inconsistent hardness of mangle/ nip 
roller pressure 8 2 7 6 2 2 2 3 5 2 2 2 2 2 

C90 Damaged wash box; sharp machine 
edges/sections 2 2 2 2 2 2 2 2 2 2 8 8 8 8 

C91 Corrosion or rusting of machine parts 4 5 5 5 2 2 2 2 6 2 2 2 2 2 

C92 Contaminated equipments (dyeing, 
washing, drying, etc.) 4 5 5 5 2 2 2 2 6 2 2 2 2 2 

C93 Machine malfunction (power, heat; valves, 
pressure, etc.) 8 5 2 2 2 8 8 8 6 2 2 2 2 2 

C94 Reduction temp. too high 6 3 2 2 2 2 2 2 2 2 5 5 4 4 
C95 Reduction temp. too low 5 7 3 2 2 2 2 2 2 2 2 2 2 2 

C96 Reduction time too long 5 2 3 2 2 2 2 2 2 2 5 5 4 4 

C97 Reduction time too short 5 5 2 2 2 2 2 2 2 2 2 2 2 2 
C98 Excessive reducing agent used 6 3 2 2 2 2 2 2 2 2 5 5 4 4 

C99 Insufficient reducing agent used 5 7 3 2 2 2 2 2 2 2 2 2 2 2 

C100 Excessive caustic soda used 6 3 2 2 2 2 2 2 2 2 5 5 4 4 
C101 Insufficient caustic soda used 5 7 3 2 2 2 2 2 2 2 2 2 2 2 

C102 Inadequate wash bath water 2 7 2 2 2 2 2 2 2 2 2 2 2 2 

C103 Wrong wash bath pH 2 5 2 2 2 2 2 2 2 2 2 2 2 2 
C104 Washing temp. too high 2 2 2 2 2 2 2 2 2 2 6 6 6 6 

C105 Washing temp. too low 2 7 2 2 2 2 2 2 2 2 2 2 2 2 

C106 Washing time too long 2 2 2 2 2 2 2 2 2 2 5 5 5 5 
C107 Washing time too short 2 7 2 2 2 2 2 2 2 2 2 2 2 2 

C108 Inadequate fabric/water movement 2 7 2 2 2 2 2 2 2 2 2 2 2 2 

C109 Excessive foaming 5 5 7 7 2 2 2 2 5 5 2 2 2 2 
C110 Excessive crocking 2 2 2 2 2 5 2 2 2 2 5 5 5 5 

C111 Pre-drying time too long 0 2 2 2 2 2 2 2 2 2 2 2 2 2 

C112 Pre-drying time too short 5 5 5 2 2 2 2 2 2 2 2 2 2 2 
C113 Drying temp. too high 5 5 5 2 2 2 2 2 2 2 2 2 2 2 

C114 Drying temp. too low 5 5 5 2 2 2 2 2 2 2 2 2 2 2 
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C115 Insufficient steam airing * * * * * * * * * * * * * * 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 415

APPENDIX 20. A responded spreadsheet from expert who has 20 yrs expriences. 
 

 CAUSES S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 S-11 S-12 S-13 S-14 

C1 Die head cleanliness 8 1 2 3 2 1 1 1 0 0 0 0 0 0 

C2 Degree of polymerization 8 4 5 7 8 6 7 4 2 7 7 8 6 6 
C3 Degree of crystallinity 7 4 5 7 8 6 7 4 3 7 8 8 6 6 

C4 Degree of orientation 7 4 5 7 8 6 7 4 2 7 7 8 6 6 

C5 Variation in fiber glass transition 
temperature 6 4 5 7 8 6 7 6 2 7 9 8 8 8 

C6 Presence of tint/oligomer 6 4 5 6 6 5 7 6 3 6 8 8 8 8 
C7 Incomplete removal of oligomers 6 4 5 6 6 5 7 6 5 7 8 8 8 8 

C8 Inadequate removal of colored material 6 4 6 6 6 6 5 2 6 7 5 5 6 5 

C9 Uneven winding density 7 5 8 8 8 7 8 8 2 3 8 9 9 9 
C10 Channeling-due to irregular winding 6 3 6 4 8 6 8 7 2 6 6 9 9 9 

C11 General package deformation 6 2 6 4 7 6 8 7 2 6 7 9 9 9 

C12 Swollen or puffy package shoulder 8 3 6 4 8 6 8 7 2 6 7 9 9 9 

C13 Mechanical defect (broken or torn 
yarn/fabric) 8 3 6 4 8 6 8 5 2 6 9 9 9 9 

C14 Catalytic damage 6 5 8 5 7 6 5 4 2 6 9 8 8 8 

C15 Variation in warp/weft yarn twist 7 4 8 7 8 6 8 0 1 6 7 7 7 9 

C16 Variation in warp/weft tension 7 4 8 7 8 6 8 0 1 6 8 7 7 9 
C17 Variation in density (knitting, weaving) 8 4 8 6 7 6 8 0 1 7 8 7 7 9 

C18 Inconsistent draw ratio 8 3 8 6 7 6 8 7 1 6 9 7 7 9 

C19 Incomplete removal of spinning oil 6 5 6 7 7 6 7 0 3 7 5 5 6 5 
C20 Incomplete removal of knitting oil 6 5 6 7 7 6 7 0 3 7 5 5 6 5 

C21 Redeposition of knitting oil/spinning oil 6 5 6 7 7 6 7 0 3 7 5 5 6 5 

C22 Redeposition of insoluble substances 6 5 6 7 7 6 4 0 6 7 5 5 6 5 
C23 Resist/latent deposits 6 5 7 7 7 6 4 0 6 6 5 5 6 5 

C24 Presence of foreign fibers 5 5 6 6 7 6 4 0 3 6 5 5 6 5 

C25 Fly fiber knitted or woven 6 6 6 6 6 6 4 0 3 6 5 5 6 5 
C26 Insufficient desizing 6 8 6 7 7 6 6 0 6 7 5 6 6 5 
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C27 Inappropriate bleaching 6 8 6 7 4 6 5 0 4 8 5 6 6 5 

C28 Incomplete scouring 6 9 7 7 4 6 5 0 5 8 5 6 6 5 

C29 Inadvertent use of incorrect dye 8 9 6 7 4 6 5 0 6 8 5 4 6 5 

C30 Improper disperse dye selection – high 
energy level 8 9 6 6 4 6 5 0 6 9 3 3 3 3 

C31 Improper disperse dye selection – 
medium energy level 8 9 6 6 4 6 5 0 6 9 3 3 3 3 

C32 Improper disperse dye selection – low 
energy level 8 9 6 6 4 6 5 0 6 9 3 3 3 3 

C33 Incorrect dye weighing 8 9 6 5 4 6 5 0 6 9 3 3 3 3 

C34 Poor quality dyestuff 7 9 6 6 4 6 5 0 8 9 3 3 3 3 

C35 Dye aggregation 8 9 8 8 4 5 5 0 8 9 3 3 3 3 
C36 Dye precipitation in dyebath 8 9 7 8 4 5 5 0 8 9 3 3 3 3 

C37 Dye sedimentation due to storage 8 9 7 8 4 6 5 0 8 9 3 3 3 3 

C38 Dye incompatibility 8 9 6 7 4 5 5 0 8 9 3 3 3 3 
C39 Dye substantivity too high 7 9 7 7 6 5 6 0 8 9 3 3 3 3 

C40 Dye substantivity too low 7 9 7 7 6 5 6 0 8 9 3 3 3 3 

C41 High dye diffusion coefficient 7 9 6 6 4 5 6 0 7 9 3 3 3 3 
C42 Low dye diffusion coefficient 6 9 6 6 4 5 6 0 7 9 3 3 3 3 

C43 Low dye sublimation 7 9 6 6 6 5 6 0 7 9 3 3 3 3 

C44 High dye sublimation 7 9 6 6 4 5 6 0 7 9 3 3 3 3 
C45 Severe dye migration 7 9 7 7 4 5 5 0 7 9 3 3 3 3 

C46 Poor dye migration 7 9 6 6 4 5 5 0 7 9 3 3 3 3 

C47 Dye bleeding 7 8 7 5 4 5 4 0 6 9 3 3 3 3 

C48 Dye recrystalization-due to variation in 
dyeing temp. 7 9 7 6 4 5 4 0 8 9 3 3 3 3 

C49 Dye degradation – due to chlorine, high 
temp. 7 8 7 6 4 5 4 0 8 9 3 3 3 3 

C50 Presence of manganese/calcium in 
source water 7 8 7 6 4 5 5 0 7 7 4 5 5 4 

C51 Presence of iron/copper in source water 7 8 7 7 4 5 5 0 7 5 4 5 5 4 

C52 Presence of chlorine/chloride in source 
water 7 7 7 7 4 5 5 0 7 5 4 5 5 4 

C53 Presence of silica in source water 6 7 7 7 4 5 5 0 7 5 4 5 5 4 

C54 Presence of silicate deposits in source 
water 6 7 7 7 4 5 5 0 7 6 4 5 5 4 
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C55 Presence of sulfates in source water 6 7 7 7 4 5 5 0 7 6 4 5 5 4 

C56 Presence of miscellaneous anions 
(sulphide, fluoride, etc.) 7 6 7 7 4 5 5 0 7 6 4 5 5 4 

C57 Presence of suspended oil, grease, clay, 
sediments, etc. 7 7 7 8 6 5 5 0 7 7 4 5 5 4 

C58 Residual soaping or rinsing agent in 
source water 6 7 7 8 6 5 5 0 7 6 4 5 5 4 

C59 High total water hardness 7 8 7 8 6 5 5 0 7 7 4 5 5 4 

C60 High acidity of source water 7 8 7 8 6 5 5 0 7 7 5 5 5 4 
C61 High alkalinity of source water 7 8 7 8 6 5 5 0 7 7 5 5 5 4 

C62 Dyebath pH too high 7 8 7 8 6 5 5 0 6 7 7 7 7 7 

C63 Dyebath pH too low 7 8 7 8 6 5 5 0 6 7 7 7 7 7 
C64 Initial dye concentration too high 8 9 7 7 6 5 4 0 7 7 4 4 3 3 

C65 Initial dye concentration too low 8 8 7 7 6 5 4 0 6 7 4 4 3 3 

C66 Liquor-to-goods ratio too high 8 5 7 7 6 5 4 0 6 7 4 4 3 3 
C67 Liquor-to-goods ratio too low 8 5 7 7 6 5 4 0 7 7 4 4 3 3 

C68 Machine overloaded 8 6 7 7 6 7 4 0 7 6 4 4 3 3 

C69 Bath temp. too high 9 8 7 7 6 6 4 0 7 6 6 6 6 6 
C70 Bath temp. too low 9 8 7 7 6 6 4 0 6 8 4 4 6 6 

C71 Rapid temp. rise 7 8 7 7 6 6 4 0 7 6 3 3 3 3 

C72 Inconsistent bath/steam temp. 8 9 7 7 6 7 4 0 7 8 3 3 3 3 
C73 Wrong temp. for the type of dye 8 9 6 7 6 6 4 0 7 8 3 3 3 3 

C74 Dyeing time too long 7 7 6 7 6 6 4 0 7 7 3 3 3 3 

C75 Dyeing time too short 8 7 6 7 6 6 4 0 6 7 3 3 3 3 
C76 Thermosol period too long 7 5 6 6 6 6 4 0 7 7 3 3 3 3 

C77 Thermosol period too short 8 5 7 6 6 6 4 0 7 7 3 3 3 3 

C78 Poor quality (aged/old) auxiliary used 8 5 8 7 6 6 4 0 7 7 3 3 3 3 
C79 Incorrect auxiliary weighing 9 5 6 7 6 6 5 0 7 7 3 3 3 3 

C80 Excessive amount of auxiliary used 8 4 6 7 6 6 5 0 7 7 3 3 3 3 

C81 Incompatibility of reagents 8 4 8 7 6 6 5 0 7 7 3 3 3 3 
C82 Wrong auxiliary selection 8 6 6 7 6 6 5 0 7 7 3 3 3 3 

C83 Wrong carrier type selection 8 6 8 7 6 6 5 0 7 7 3 3 3 3 

C84 Inadequate solubility of auxiliary 8 6 8 7 6 6 5 0 7 7 3 3 3 3 
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C85 Softener spotting 7 6 6 7 6 6 5 0 6 6 3 3 3 3 

C86 Flow rate too high 8 6 6 6 6 6 5 0 7 6 3 3 3 3 

C87 Flow rate too low 8 6 6 7 6 6 5 0 7 6 3 3 3 3 
C88 Dented/damaged/worn off nip 7 5 8 7 6 6 7 0 7 6 3 3 3 3 

C89 Inconsistent hardness of mangle/ nip 
roller pressure 7 6 8 7 6 6 6 0 7 7 3 3 3 3 

C90 Damaged wash box; sharp machine 
edges/sections 7 6 8 7 6 6 6 0 6 6 3 3 3 3 

C91 Corrosion or rusting of machine parts 8 3 6 7 6 6 5 0 6 6 3 3 3 3 

C92 Contaminated equipments (dyeing, 
washing, drying, etc.) 8 5 6 7 6 6 5 0 8 6 3 3 3 3 

C93 Machine malfunction (power, heat; valves, 
pressure, etc.) 9 3 6 7 6 7 5 0 8 6 3 3 3 3 

C94 Reduction temp. too high 8 6 8 8 6 6 5 0 7 6 3 3 3 3 
C95 Reduction temp. too low 8 7 8 8 6 6 5 0 7 6 3 3 3 3 

C96 Reduction time too long 8 6 8 8 6 6 5 0 7 6 3 3 3 3 

C97 Reduction time too short 8 6 8 8 6 6 5 0 7 6 3 3 3 3 
C98 Excessive reducing agent used 7 7 8 8 6 6 5 0 7 6 3 3 3 3 

C99 Insufficient reducing agent used 7 7 8 6 6 6 5 0 7 6 3 3 3 3 

C100 Excessive caustic soda used 8 7 8 6 6 6 5 0 7 6 3 3 3 3 
C101 Insufficient caustic soda used 7 7 8 7 6 6 5 0 7 6 3 3 3 3 

C102 Inadequate wash bath water 7 8 8 7 6 7 5 0 7 6 3 3 3 3 

C103 Wrong wash bath pH 6 8 6 7 6 7 5 0 7 7 3 3 3 3 
C104 Washing temp. too high 7 7 6 6 6 7 5 0 7 8 3 3 3 3 

C105 Washing temp. too low 8 7 6 6 6 6 5 0 6 7 3 3 3 3 

C106 Washing time too long 7 6 6 6 6 6 5 0 6 8 3 3 3 3 
C107 Washing time too short 7 8 6 7 6 6 5 0 7 7 3 3 3 3 

C108 Inadequate fabric/water movement 6 5 7 7 6 6 5 0 7 6 3 3 3 3 

C109 Excessive foaming 8 6 7 7 6 6 5 0 7 7 3 3 3 3 
C110 Excessive crocking 8 6 7 6 6 6 5 0 7 7 3 3 3 3 

C111 Pre-drying time too long 7 8 6 6 6 6 7 0 7 6 3 3 3 3 

C112 Pre-drying time too short 7 7 6 6 6 6 7 0 7 6 3 3 3 3 
C113 Drying temp. too high 8 8 6 6 6 6 6 0 7 7 3 3 3 3 

C114 Drying temp. too low 8 8 6 6 6 6 6 0 7 6 3 3 3 3 
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C115 Insufficient steam airing 7 5 7 6 6 6 4 0 7 7 3 3 3 3 
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APPENDIX 21. A responded spreadsheet from expert who has 12 yrs expriences. 
 

 CAUSES S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 S-11 S-12 S-13 S-14 

C1 Die head cleanliness 4 0 0 8 0 0 0 0 0 0 0 0 0 0 

C2 Degree of polymerization 7 0 3 0 0 0 0 0 0 3 0 0 0 2 
C3 Degree of crystallinity 7 0 3 0 0 0 0 0 0 3 0 0 0 2 

C4 Degree of orientation 7 0 3 0 0 0 0 0 0 3 0 0 0 0 

C5 Variation in fiber glass transition 
temperature 7 0 3 0 0 0 0 0 0 3 0 0 0 0 

C6 Presence of tint/oligomer 0 2 0 8 0 0 0 0 0 0 0 0 0 0 
C7 Incomplete removal of oligomers 1 2 0 8 0 0 0 0 0 0 0 0 0 0 

C8 Inadequate removal of colored material 2 5 * * 0 0 0 0 0 0 0 0 0 0 

C9 Uneven winding density 5 0 8 0 4 3 0 10 0 0 0 0 0 0 
C10 Channeling-due to irregular winding 5 0 8 0 4 0 0 5 0 0 0 3 0 0 

C11 General package deformation 4 0 5 0 1 0 0 2 0 0 0 2 0 0 

C12 Swollen or puffy package shoulder 4 0 3 0 0 0 0 1 0 0 0 2 0 0 

C13 Mechanical defect (broken or torn 
yarn/fabric) 1 0 0 0 0 0 0 0 0 0 5 4 0 0 

C14 Catalytic damage 5 2 0 0 0 0 0 0 0 0 10 5 0 0 

C15 Variation in warp/weft yarn twist 8 0 7 0 4 0 0 0 0 0 0 0 0 0 

C16 Variation in warp/weft tension 8 0 5 0 4 0 0 0 0 0 0 0 0 0 
C17 Variation in density (knitting, weaving) 8 0 9 0 1 3 0 0 0 0 0 0 0 0 

C18 Inconsistent draw ratio 6 0 5 0 1 0 0 0 0 0 0 0 0 0 

C19 Incomplete removal of spinning oil 1 0 2 2 0 0 0 0 0 2 0 0 0 0 
C20 Incomplete removal of knitting oil 1 0 2 2 0 0 0 0 0 2 0 0 0 0 

C21 Redeposition of knitting oil/spinning oil 1 0 2 4 0 0 0 0 0 0 0 0 0 0 

C22 Redeposition of insoluble substances 1 0 2 4 0 0 0 0 0 0 0 0 0 0 
C23 Resist/latent deposits 1 0 2 4 0 0 0 0 0 0 0 0 0 3 

C24 Presence of foreign fibers 1 0 0 4 0 0 0 0 0 0 0 0 0 0 

C25 Fly fiber knitted or woven 1 0 0 4 0 0 0 0 0 0 0 0 0 0 
C26 Insufficient desizing 3 0 3 0 0 0 0 0 0 4 0 0 0 4 
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C27 Inappropriate bleaching 5 0 2 0 0 0 0 0 0 0 2 0 0 1 

C28 Incomplete scouring 5 0 1 0 0 0 0 0 0 4 0 0 0 2 

C29 Inadvertent use of incorrect dye 9 4 2 0 0 0 0 0 0 0 0 0 0 0 

C30 Improper disperse dye selection – high 
energy level 5 4 2 0 0 0 0 0 0 0 0 0 0 0 

C31 Improper disperse dye selection – 
medium energy level 5 4 2 0 0 0 0 0 0 0 0 0 0 0 

C32 Improper disperse dye selection – low 
energy level 5 4 2 0 0 0 0 0 0 0 0 0 0 0 

C33 Incorrect dye weighing 6 0 0 0 0 0 0 0 0 0 0 0 0 0 

C34 Poor quality dyestuff 4 5 0 0 0 0 0 0 0 0 0 0 0 0 

C35 Dye aggregation 2 0 0 5 0 0 0 0 8 0 0 0 0 0 
C36 Dye precipitation in dyebath 2 0 0 5 0 0 0 0 8 0 0 0 0 0 

C37 Dye sedimentation due to storage 2 0 0 5 0 0 0 0 7 0 0 0 0 0 

C38 Dye incompatibility 5 0 5 4 0 0 7 5 1 0 0 0 0 0 
C39 Dye substantivity too high 2 0 4 2 0 0 8 5 0 0 0 0 0 0 

C40 Dye substantivity too low 2 0 0 0 0 0 0 0 0 3 0 0 0 0 

C41 High dye diffusion coefficient 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
C42 Low dye diffusion coefficient 1 0 3 0 0 0 0 5 0 2 0 0 0 0 

C43 Low dye sublimation 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

C44 High dye sublimation 1 0 0 0 0 0 0 0 3 3 0 0 0 0 
C45 Severe dye migration 5 0 5 0 0 0 0 0 0 0 0 0 0 0 

C46 Poor dye migration 5 0 5 0 0 0 0 5 0 0 0 0 0 0 

C47 Dye bleeding 0 5 0 3 0 0 0 0 5 0 0 0 0 0 

C48 Dye recrystalization-due to variation in 
dyeing temp. 1 0 0 2 0 0 0 0 2 0 0 0 0 0 

C49 Dye degradation – due to chlorine, high 
temp. 3 5 0 0 0 0 0 0 0 6 0 0 0 0 

C50 Presence of manganese/calcium in 
source water 3 2 0 2 0 0 0 0 2 1 0 0 2 3 

C51 Presence of iron/copper in source water 3 2 0 2 0 0 0 0 2 1 6 10 2 0 

C52 Presence of chlorine/chloride in source 
water 2 1 0 1 0 0 0 0 0 0 0 0 0 0 

C53 Presence of silica in source water 1 1 0 1 0 0 0 0 0 0 0 0 0 0 

C54 Presence of silicate deposits in source 
water 1 0 0 2 0 0 0 0 0 0 0 0 2 3 
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C55 Presence of sulfates in source water 1 0 0 1 0 0 0 0 0 0 0 0 0 0 

C56 Presence of miscellaneous anions 
(sulphide, fluoride, etc.) 1 0 0 1 0 0 0 0 0 0 0 0 0 0 

C57 Presence of suspended oil, grease, clay, 
sediments, etc. 1 0 0 2 0 0 0 0 0 0 0 0 4 2 

C58 Residual soaping or rinsing agent in 
source water 1 0 0 0 0 0 0 0 0 0 0 0 2 0 

C59 High total water hardness 5 2 2 3 0 0 0 0 0 1 2 0 0 3 

C60 High acidity of source water 5 0 1 0 0 0 0 0 0 0 0 0 0 0 
C61 High alkalinity of source water 5 0 1 0 0 0 0 0 0 0 0 0 0 3 

C62 Dyebath pH too high 4 0 2 0 0 0 4 3 0 4 0 0 0 0 

C63 Dyebath pH too low 4 0 0 0 0 0 0 0 0 3 0 0 0 0 
C64 Initial dye concentration too high 0 0 3 0 0 0 5 3 3 0 0 0 0 0 

C65 Initial dye concentration too low 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C66 Liquor-to-goods ratio too high 0 0 0 0 0 0 4 0 0 4 0 0 0 0 
C67 Liquor-to-goods ratio too low 2 0 2 0 0 0 0 2 2 0 0 0 0 0 

C68 Machine overloaded 2 0 2 0 0 4 0 0 0 0 0 0 3 0 

C69 Bath temp. too high 0 0 3 0 0 0 0 3 2 2 3 0 4 0 
C70 Bath temp. too low 0 0 0 0 0 0 0 0 1 4 0 0 0 0 

C71 Rapid temp. rise 1 0 5 0 0 0 4 4 0 0 0 0 0 0 

C72 Inconsistent bath/steam temp. 3 0 4 0 0 0 0 0 0 0 0 0 0 0 
C73 Wrong temp. for the type of dye 2 0 0 0 0 0 2 0 0 4 0 0 0 0 

C74 Dyeing time too long 2 0 0 0 0 0 0 0 0 0 5 0 0 2 

C75 Dyeing time too short 3 0 2 0 0 0 3 2 0 4 0 0 0 0 
C76 Thermosol period too long 2 0 0 0 0 0 0 0 0 3 5 0 0 4 

C77 Thermosol period too short 1 5 0 0 0 0 0 0 0 5 0 0 0 0 

C78 Poor quality (aged/old) auxiliary used 3 2 0 0 0 0 0 0 0 0 0 0 0 0 
C79 Incorrect auxiliary weighing 3 0 0 0 0 0 0 0 0 0 0 0 0 0 

C80 Excessive amount of auxiliary used 2 0 0 0 0 0 0 0 0 0 0 0 0 0 

C81 Incompatibility of reagents 3 2 2 0 0 0 3 0 4 0 0 0 0 0 
C82 Wrong auxiliary selection 3 2 1 0 0 0 0 1 2 2 0 0 0 2 

C83 Wrong carrier type selection 3 2 1 4 0 0 0 0 2 2 0 0 0 2 

C84 Inadequate solubility of auxiliary 1 0 0 3 0 0 0 0 0 0 0 0 0 0 
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C85 Softener spotting 1 0 0 4 0 0 0 0 0 0 0 0 0 0 

C86 Flow rate too high 1 0 0 2 0 0 0 0 0 0 3 0 0 0 

C87 Flow rate too low 1 0 3 0 0 0 0 4 0 0 0 0 0 0 
C88 Dented/damaged/worn off nip 3 0 0 0 3 0 0 0 0 0 0 5 5 0 

C89 Inconsistent hardness of mangle/ nip 
roller pressure 4 0 4 0 2 0 5 0 0 0 0 0 0 0 

C90 Damaged wash box; sharp machine 
edges/sections 0 0 0 0 0 0 0 0 0 0 0 9 0 0 

C91 Corrosion or rusting of machine parts 2 0 0 4 0 0 0 0 0 0 0 5 0 0 

C92 Contaminated equipments (dyeing, 
washing, drying, etc.) 2 0 3 5 0 0 0 0 3 0 0 0 2 0 

C93 Machine malfunction (power, heat; valves, 
pressure, etc.) 3 0 1 0 0 3 1 2 0 0 0 3 2 0 

C94 Reduction temp. too high 1 0 0 0 0 0 0 2 0 3 0 0 0 0 
C95 Reduction temp. too low 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

C96 Reduction time too long 1 0 0 0 0 0 0 0 0 2 2 0 0 0 

C97 Reduction time too short 1 0 0 0 0 0 0 2 0 0 0 0 0 0 
C98 Excessive reducing agent used 2 0 0 0 0 0 0 0 0 3 0 0 0 0 

C99 Insufficient reducing agent used 2 0 0 0 0 0 0 1 0 0 0 0 0 0 

C100 Excessive caustic soda used 2 0 0 0 0 0 0 0 0 3 3 0 0 0 
C101 Insufficient caustic soda used 2 0 0 0 0 0 0 1 0 0 0 0 0 0 

C102 Inadequate wash bath water 1 3 0 0 0 0 0 0 0 0 0 0 0 0 

C103 Wrong wash bath pH 1 3 0 0 0 0 0 0 0 0 0 0 0 0 
C104 Washing temp. too high 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

C105 Washing temp. too low 1 2 0 0 0 0 0 0 0 0 0 0 0 0 

C106 Washing time too long 1 0 0 0 0 0 0 0 0 0 2 0 0 0 
C107 Washing time too short 1 3 0 0 0 0 0 0 0 0 0 0 0 0 

C108 Inadequate fabric/water movement 1 1 3 0 0 0 0 0 0 0 0 0 2 0 

C109 Excessive foaming 2 1 2 4 0 0 0 1 1 0 0 0 0 0 
C110 Excessive crocking 0 4 0 0 0 0 0 0 0 0 2 0 0 0 

C111 Pre-drying time too long 1 0 0 0 0 0 0 0 0 0 3 0 0 3 

C112 Pre-drying time too short 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
C113 Drying temp. too high 1 0 4 0 0 0 0 0 0 0 3 0 0 3 

C114 Drying temp. too low 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
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C115 Insufficient steam airing 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
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APPENDIX 22. A responded spreadsheet from expert who has 7 yrs expriences. 
 

 CAUSES S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 S-11 S-12 S-13 S-14 

C1 Die head cleanliness 6 3 7 8 8 4 4 6 6 3 2 3 7 4 

C2 Degree of polymerization 6 4 6 6 3 4 3 4 3 6 8 4 4 6 
C3 Degree of crystallinity 6 3 4 3 4 4 4 5 6 8 8 5 7 6 

C4 Degree of orientation 7 3 2 2 3 2 2 3 4 4 2 3 2 4 

C5 Variation in fiber glass transition 
temperature 9 5 5 6 6 4 3 6 4 6 6 4 5 4 

C6 Presence of tint/oligomer 8 6 7 8 8 7 6 5 6 6 2 3 5 5 
C7 Incomplete removal of oligomers 9 7 8 5 7 7 6 7 7 5 7 7 7 6 

C8 Inadequate removal of colored material 7 7 6 6 6 8 7 6 8 5 5 4 6 5 

C9 Uneven winding density 8 4 8 7 7 6 7 8 8 5 5 6 7 2 
C10 Channeling-due to irregular winding 8 4 8 4 6 6 5 6 6 4 5 4 6 4 

C11 General package deformation 8 5 7 7 8 8 8 8 8 5 4 5 7 5 

C12 Swollen or puffy package shoulder 7 5 8 6 6 7 7 7 7 5 5 6 6 4 

C13 Mechanical defect (broken or torn 
yarn/fabric) 4 3 3 6 5 6 7 4 4 3 8 9 8 7 

C14 Catalytic damage 6 5 7 5 6 7 5 5 6 7 6 5 4 5 

C15 Variation in warp/weft yarn twist 7 5 8 8 7 8 8 7 8 5 4 5 7 2 

C16 Variation in warp/weft tension 8 5 8 7 8 9 8 8 7 5 4 4 8 2 
C17 Variation in density (knitting, weaving) 8 4 8 7 8 7 8 8 7 4 4 4 6 4 

C18 Inconsistent draw ratio 9 7 8 7 6 7 7 8 7 5 5 5 7 4 

C19 Incomplete removal of spinning oil 8 7 8 8 8 8 7 7 8 4 5 6 6 2 
C20 Incomplete removal of knitting oil 8 7 8 8 8 8 6 6 7 5 4 5 5 3 

C21 Redeposition of knitting oil/spinning oil 8 6 7 7 7 8 7 6 6 6 5 4 5 3 

C22 Redeposition of insoluble substances 7 6 8 7 6 6 7 7 7 4 6 4 5 4 
C23 Resist/latent deposits 8 5 8 7 7 6 7 8 8 7 5 5 7 5 

C24 Presence of foreign fibers 7 7 8 8 8 7 6 7 8 5 4 5 7 6 

C25 Fly fiber knitted or woven 6 5 8 7 7 8 7 8 8 5 5 5 5 4 
C26 Insufficient desizing 8 4 8 7 7 6 7 7 8 8 5 5 4 7 
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C27 Inappropriate bleaching 6 4 7 6 6 5 6 5 6 4 5 5 4 4 

C28 Incomplete scouring 8 7 9 7 7 8 7 8 8 9 4 5 6 6 

C29 Inadvertent use of incorrect dye 9 8 8 7 7 6 7 7 8 6 5 5 6 5 

C30 Improper disperse dye selection – high 
energy level 7 8 7 8 7 6 6 5 5 6 6 4 5 5 

C31 Improper disperse dye selection – 
medium energy level 6 7 8 7 6 5 4 6 6 4 6 4 5 4 

C32 Improper disperse dye selection – low 
energy level 6 6 5 4 5 5 6 4 5 4 4 5 6 5 

C33 Incorrect dye weighing 8 5 5 4 5 4 6 5 4 5 4 6 4 3 

C34 Poor quality dyestuff 9 8 9 7 8 7 6 7 8 8 4 5 6 5 

C35 Dye aggregation 8 8 7 9 6 5 7 7 8 7 5 6 6 5 
C36 Dye precipitation in dyebath 8 8 9 6 7 8 6 5 8 7 5 4 6 5 

C37 Dye sedimentation due to storage 8 7 8 7 7 6 6 7 8 8 7 5 6 6 

C38 Dye incompatibility 9 8 9 7 8 7 8 7 8 6 5 4 5 4 
C39 Dye substantivity too high 8 6 8 5 6 5 6 5 6 4 5 4 5 5 

C40 Dye substantivity too low 6 5 6 7 5 4 6 5 4 6 4 3 2 3 

C41 High dye diffusion coefficient 7 5 7 6 5 4 5 6 5 6 5 6 4 4 
C42 Low dye diffusion coefficient 6 5 6 5 4 5 6 6 5 5 4 6 5 4 

C43 Low dye sublimation 7 7 6 5 4 3 5 4 2 3 3 4 3 3 

C44 High dye sublimation 6 4 5 4 5 3 4 5 4 4 5 3 4 5 
C45 Severe dye migration 8 6 4 5 6 4 5 6 6 4 5 4 3 4 

C46 Poor dye migration 6 6 8 5 6 4 5 6 6 7 5 4 5 4 

C47 Dye bleeding 8 8 8 7 6 7 7 6 8 6 5 4 6 6 

C48 Dye recrystalization-due to variation in 
dyeing temp. 8 6 8 6 7 7 8 7 8 6 5 5 6 6 

C49 Dye degradation – due to chlorine, high 
temp. 9 8 9 8 7 8 7 7 6 7 4 5 6 5 

C50 Presence of manganese/calcium in 
source water 7 8 7 6 5 6 6 6 5 6 5 4 3 4 

C51 Presence of iron/copper in source water 7 6 8 6 5 7 7 6 6 6 5 4 5 7 

C52 Presence of chlorine/chloride in source 
water 6 5 7 6 6 5 6 7 6 6 5 4 3 7 

C53 Presence of silica in source water 8 7 7 7 6 6 7 6 7 7 7 5 6 6 

C54 Presence of silicate deposits in source 
water 7 6 5 6 6 7 6 5 6 6 5 6 6 6 



 427

C55 Presence of sulfates in source water 7 5 6 5 6 4 5 6 6 7 5 5 6 6 

C56 Presence of miscellaneous anions 
(sulphide, fluoride, etc.) 6 5 6 5 4 5 6 6 6 5 4 6 5 6 

C57 Presence of suspended oil, grease, clay, 
sediments, etc. 8 7 9 7 6 5 5 6 7 7 6 5 5 4 

C58 Residual soaping or rinsing agent in 
source water 6 5 6 5 4 5 5 4 5 4 5 4 3 3 

C59 High total water hardness 8 6 7 6 5 4 5 6 6 7 7 5 6 6 

C60 High acidity of source water 6 7 7 5 6 6 5 6 7 6 6 5 5 4 
C61 High alkalinity of source water 6 5 7 5 5 6 5 5 6 7 5 6 6 5 

C62 Dyebath pH too high 6 5 6 4 5 6 5 4 5 6 6 6 5 5 

C63 Dyebath pH too low 6 5 5 6 4 5 4 5 6 7 5 6 4 4 
C64 Initial dye concentration too high 8 5 9 6 5 7 5 6 8 5 5 4 5 5 

C65 Initial dye concentration too low 5 5 4 5 6 4 5 3 4 2 2 3 5 2 

C66 Liquor-to-goods ratio too high 7 4 8 4 5 3 4 3 4 8 2 4 2 3 
C67 Liquor-to-goods ratio too low 8 4 8 3 4 5 4 5 4 8 2 4 3 4 

C68 Machine overloaded 8 4 8 3 6 5 4 7 7 7 5 6 4 5 

C69 Bath temp. too high 7 5 6 5 4 5 5 4 4 6 4 4 3 4 
C70 Bath temp. too low 6 5 7 5 4 3 5 4 4 4 2 3 4 4 

C71 Rapid temp. rise 9 5 9 6 7 7 5 6 7 5 4 2 3 3 

C72 Inconsistent bath/steam temp. 8 7 9 6 7 7 6 5 6 7 5 3 4 3 
C73 Wrong temp. for the type of dye 9 8 9 6 7 5 6 7 6 7 5 6 4 4 

C74 Dyeing time too long 6 5 6 4 5 3 4 5 3 3 8 4 5 3 

C75 Dyeing time too short 8 6 8 6 7 5 6 6 5 6 3 4 3 3 
C76 Thermosol period too long 9 6 5 3 4 3 4 5 4 3 8 8 7 6 

C77 Thermosol period too short 7 6 7 5 5 6 4 5 6 5 6 4 5 4 

C78 Poor quality (aged/old) auxiliary used 8 8 9 6 7 5 6 7 7 7 5 5 6 4 
C79 Incorrect auxiliary weighing 8 6 8 6 7 7 6 6 7 7 6 5 6 4 

C80 Excessive amount of auxiliary used 7 4 7 5 5 6 5 6 6 4 7 6 5 5 

C81 Incompatibility of reagents 7 6 8 6 6 5 6 5 6 7 5 5 4 4 
C82 Wrong auxiliary selection 8 5 8 5 6 4 5 5 5 8 7 6 5 7 

C83 Wrong carrier type selection 7 8 8 6 5 5 6 6 7 7 7 5 6 4 

C84 Inadequate solubility of auxiliary 8 7 9 6 7 8 7 7 8 6 8 7 5 5 
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C85 Softener spotting 5 5 8 6 7 7 6 6 7 5 5 6 5 5 

C86 Flow rate too high 5 4 5 4 5 4 3 4 5 4 4 3 2 3 

C87 Flow rate too low 7 5 7 5 4 5 4 3 4 3 4 5 3 4 
C88 Dented/damaged/worn off nip 7 5 6 4 5 5 6 5 4 5 5 6 4 6 

C89 Inconsistent hardness of mangle/ nip 
roller pressure 8 6 9 6 7 5 6 7 6 5 5 5 4 4 

C90 Damaged wash box; sharp machine 
edges/sections 4 3 5 4 3 4 4 5 5 4 3 4 3 3 

C91 Corrosion or rusting of machine parts 4 4 5 4 6 5 6 5 6 3 7 5 5 6 

C92 Contaminated equipments (dyeing, 
washing, drying, etc.) 6 5 6 4 5 4 4 5 4 6 7 5 4 4 

C93 Machine malfunction (power, heat; valves, 
pressure, etc.) 7 4 8 6 5 4 5 5 6 5 4 5 6 4 

C94 Reduction temp. too high 7 6 8 5 6 4 4 4 5 4 5 5 4 4 
C95 Reduction temp. too low 8 5 7 5 5 4 4 5 4 5 6 6 5 5 

C96 Reduction time too long 8 7 8 5 4 6 5 6 5 4 7 5 5 4 

C97 Reduction time too short 7 5 7 6 6 5 4 5 6 7 7 6 6 5 
C98 Excessive reducing agent used 7 8 7 5 6 6 5 5 6 7 7 6 6 5 

C99 Insufficient reducing agent used 6 7 7 6 5 3 3 4 3 3 4 3 3 3 

C100 Excessive caustic soda used 7 5 6 4 3 3 4 3 2 4 3 3 4 3 
C101 Insufficient caustic soda used 7 4 8 3 6 4 3 3 4 5 4 2 3 3 

C102 Inadequate wash bath water 6 7 7 5 5 4 3 3 3 6 3 4 4 3 

C103 Wrong wash bath pH 8 6 8 5 6 4 5 6 6 5 7 4 5 4 
C104 Washing temp. too high 5 4 5 4 3 2 3 3 3 6 7 5 4 5 

C105 Washing temp. too low 5 4 6 4 3 3 3 3 3 5 6 4 4 3 

C106 Washing time too long 7 5 6 3 4 4 3 4 5 4 8 4 5 4 
C107 Washing time too short 6 7 7 4 5 4 4 3 4 5 6 5 5 4 

C108 Inadequate fabric/water movement 7 5 9 4 4 3 4 6 5 5 4 4 2 3 

C109 Excessive foaming 6 5 6 3 4 4 2 2 3 4 5 4 4 5 
C110 Excessive crocking 5 5 6 3 4 5 6 5 4 4 7 8 5 4 

C111 Pre-drying time too long 5 4 6 2 3 3 4 3 4 3 8 4 4 4 

C112 Pre-drying time too short 5 4 4 3 3 3 4 2 3 4 5 5 4 2 
C113 Drying temp. too high 6 7 8 5 4 3 3 4 5 4 8 8 7 4 

C114 Drying temp. too low 5 5 4 3 5 4 4 3 3 4 5 5 4 3 
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C115 Insufficient steam airing 5 5 4 4 2 3 3 4 5 4 5 4 4 4 
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APPENDIX 23. A responded spreadsheet from expert who has 20 yrs expriences. 
 

 CAUSES S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 S-11 S-12 S-13 S-14 

C1 Die head cleanliness * * * 1 1 1 1 * 8 1 1 1 1 1 

C2 Degree of polymerization * 3 * 1 1 1 1 2 4 6 8 4 4 6 
C3 Degree of crystallinity 5 4 * 1 1 1 1 4 3 6 9 4 4 7 

C4 Degree of orientation 3 3 * 1 1 1 1 2 3 5 7 4 4 6 

C5 Variation in fiber glass transition 
temperature 3 2 5 1 1 1 1 1 4 5 8 4 6 7 

C6 Presence of tint/oligomer 1 2 7 1 1 1 8 5 5 3 3 2 3 4 
C7 Incomplete removal of oligomers 1 5 6 1 4 4 6 5 4 3 3 1 2 3 

C8 Inadequate removal of colored material 1 3 7 8 1 1 1 2 8 1 1 1 1 2 

C9 Uneven winding density 9 2 9 1 8 8 9 10 2 8 1 1 7 3 
C10 Channeling-due to irregular winding 3 2 9 1 8 8 3 10 4 3 1 1 5 3 

C11 General package deformation 3 2 9 1 8 8 7 10 2 * 1 1 5 3 

C12 Swollen or puffy package shoulder * 1 9 1 7 7 4 * 4 * 1 1 6 3 

C13 Mechanical defect (broken or torn 
yarn/fabric) 1 1 2 1 1 1 1 7 3 7 10 10 2 5 

C14 Catalytic damage * * * * * * * * * * * * * * 

C15 Variation in warp/weft yarn twist 8 2 7 1 4 4 1 3 1 2 7 1 7 5 

C16 Variation in warp/weft tension 2 2 8 1 4 4 1 8 1 1 7 1 7 5 
C17 Variation in density (knitting, weaving) 9 2 5 1 2 2 1 5 1 1 8 1 8 6 

C18 Inconsistent draw ratio * 1 2 1 1 1 1 * 1 1 6 1 6 6 

C19 Incomplete removal of spinning oil 7 5 9 9 2 2 1 5 8 8 1 1 1 1 
C20 Incomplete removal of knitting oil 7 5 9 9 2 2 * 5 8 8 1 1 1 1 

C21 Redeposition of knitting oil/spinning oil 7 2 9 9 2 2 1 2 3 2 1 1 1 1 

C22 Redeposition of insoluble substances 3 2 9 9 1 1 1 2 9 1 1 1 1 1 
C23 Resist/latent deposits 3 1 9 9 1 1 1 1 9 1 1 2 1 1 

C24 Presence of foreign fibers 9 6 9 9 1 1 1 1 4 1 1 1 1 2 

C25 Fly fiber knitted or woven 3 3 6 9 1 1 1 1 2 1 1 1 1 2 
C26 Insufficient desizing 9 5 9 2 9 9 7 8 4 9 2 1 5 5 
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C27 Inappropriate bleaching 9 3 9 1 9 9 7 9 4 8 2 1 5 8 

C28 Incomplete scouring 9 3 9 1 9 9 7 9 4 8 2 1 5 8 

C29 Inadvertent use of incorrect dye 10 2 2 2 2 2 1 5 3 8 1 1 1 2 

C30 Improper disperse dye selection – high 
energy level 5 3 7 2 9 9 1 7 6 8 1 1 1 1 

C31 Improper disperse dye selection – 
medium energy level 5 4 6 2 7 7 1 4 3 5 1 1 1 1 

C32 Improper disperse dye selection – low 
energy level 5 8 6 2 4 4 1 1 2 2 1 1 1 1 

C33 Incorrect dye weighing 10 3 2 2 1 1 1 2 3 2 1 1 1 1 

C34 Poor quality dyestuff 8 9 3 2 2 2 1 2 5 4 1 1 1 1 

C35 Dye aggregation 8 7 2 9 2 2 1 2 9 5 1 1 3 1 
C36 Dye precipitation in dyebath 8 4 6 9 2 2 1 2 8 5 1 1 2 1 

C37 Dye sedimentation due to storage 7 1 2 9 2 2 1 2 5 5 1 1 3 1 

C38 Dye incompatibility 7 5 8 9 6 6 1 5 9 5 1 1 2 1 
C39 Dye substantivity too high 3 2 9 2 9 9 7 10 10 1 1 1 1 1 

C40 Dye substantivity too low 3 7 4 2 6 6 3 6 2 8 1 1 1 1 

C41 High dye diffusion coefficient * * * * * * * * * * * * * * 
C42 Low dye diffusion coefficient * * * * * * * * * * * * * * 

C43 Low dye sublimation * * * * * * * * * * * * * * 

C44 High dye sublimation * * * * * * * * * * * * * * 
C45 Severe dye migration 3 7 7 1 3 3 4 7 3 3 1 1 2 2 

C46 Poor dye migration 3 5 9 1 7 7 4 6 1 2 1 1 3 2 

C47 Dye bleeding 4 10 2 1 7 7 2 2 2 1 1 1 7 1 

C48 Dye recrystalization-due to variation in 
dyeing temp. 3 4 4 8 2 2 1 2 3 2 1 1 3 2 

C49 Dye degradation – due to chlorine, high 
temp. 3 6 3 2 2 2 1 2 2 7 1 1 1 2 

C50 Presence of manganese/calcium in 
source water 8 2 2 2 2 2 2 1 2 1 1 1 1 1 

C51 Presence of iron/copper in source water 8 2 2 2 2 2 2 1 2 1 1 1 1 1 

C52 Presence of chlorine/chloride in source 
water 6 2 2 2 2 2 2 1 2 1 1 1 1 1 

C53 Presence of silica in source water 4 2 2 2 2 2 2 1 2 1 1 1 1 1 

C54 Presence of silicate deposits in source 
water 4 1 1 1 2 2 2 1 1 1 1 1 1 1 
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C55 Presence of sulfates in source water * * * * 2 2 2 1 1 1 1 1 1 1 

C56 Presence of miscellaneous anions 
(sulphide, fluoride, etc.) * * * * 2 2 2 1 1 1 1 1 1 1 

C57 Presence of suspended oil, grease, clay, 
sediments, etc. 3 1 8 9 2 2 1 2 1 1 1 1 1 2 

C58 Residual soaping or rinsing agent in 
source water * * * * * * * * 2 1 1 1 1 2 

C59 High total water hardness 8 2 2 2 2 2 2 2 1 2 1 1 2 2 

C60 High acidity of source water 2 2 2 2 2 2 2 2 1 2 2 1 1 6 
C61 High alkalinity of source water 2 2 2 2 2 2 2 2 1 2 5 1 1 4 

C62 Dyebath pH too high 7 8 9 2 7 7 8 8 7 9 3 1 2 8 

C63 Dyebath pH too low 7 7 9 2 6 6 8 8 5 8 6 1 1 7 
C64 Initial dye concentration too high 10 8 9 6 9 9 9 4 10 5 1 1 2 1 

C65 Initial dye concentration too low 10 2 4 1 1 1 1 4 2 9 1 1 1 1 

C66 Liquor-to-goods ratio too high 7 3 3 2 3 3 2 4 2 9 1 1 1 1 
C67 Liquor-to-goods ratio too low 7 7 9 8 9 9 7 8 10 2 1 1 2 1 

C68 Machine overloaded 7 3 4 2 7 7 2 5 4 4 1 5 2 1 

C69 Bath temp. too high 6 3 6 6 9 9 7 9 9 7 1 1 1 4 
C70 Bath temp. too low 6 8 7 2 3 3 2 5 3 9 1 1 1 2 

C71 Rapid temp. rise 6 3 7 6 9 9 8 8 8 7 1 1 1 1 

C72 Inconsistent bath/steam temp. 5 9 * 1 7 7 1 * * * 1 1 1 1 
C73 Wrong temp. for the type of dye 6 9 9 1 9 9 4 5 9 9 1 1 1 1 

C74 Dyeing time too long 2 2 3 1 4 4 3 2 2 2 1 1 1 8 

C75 Dyeing time too short 8 8 9 2 9 9 7 9 5 9 1 1 2 2 
C76 Thermosol period too long * * 3 * * * * * * * 1 1 * * 

C77 Thermosol period too short * * 9 * * * * * * * 1 1 * * 

C78 Poor quality (aged/old) auxiliary used 4 8 4 6 6 6 3 4 3 4 1 1 4 4 
C79 Incorrect auxiliary weighing 8 9 6 4 6 6 3 4 4 4 1 1 4 4 

C80 Excessive amount of auxiliary used 8 4 4 4 6 6 2 3 3 3 1 1 3 5 

C81 Incompatibility of reagents 6 5 6 8 7 7 2 5 6 4 1 1 3 5 
C82 Wrong auxiliary selection 8 7 6 4 5 5 2 5 5 5 1 1 7 3 

C83 Wrong carrier type selection 8 6 7 5 8 8 3 5 6 7 1 1 2 4 

C84 Inadequate solubility of auxiliary * * * * * * * * * * * * * * 
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C85 Softener spotting 2 2 9 9 1 1 1 2 1 1 1 1 1 2 

C86 Flow rate too high * * * * 2 2 * 7 4 3 1 1 1 1 

C87 Flow rate too low * * * * 2 2 * 5 2 7 1 1 1 1 
C88 Dented/damaged/worn off nip 2 2 8 1 5 5 1 * 7 1 4 8 2 1 

C89 Inconsistent hardness of mangle/ nip 
roller pressure 3 2 8 1 4 4 1 * * 1 1 9 2 1 

C90 Damaged wash box; sharp machine 
edges/sections 2 2 2 1 1 1 1 * 1 1 7 9 2 3 

C91 Corrosion or rusting of machine parts 7 1 5 7 2 2 1 3 2 1 1 5 1 2 

C92 Contaminated equipments (dyeing, 
washing, drying, etc.) 9 4 7 5 2 2 1 3 7 1 1 1 2 2 

C93 Machine malfunction (power, heat; valves, 
pressure, etc.) 9 9 9 1 9 9 5 9 9 9 7 9 2 9 

C94 Reduction temp. too high * * * * * * * * * * * * * * 
C95 Reduction temp. too low * * * * * * * * * * * * * * 

C96 Reduction time too long * * * * * * * * * * * * * * 

C97 Reduction time too short * * * * * * * * * * * * * * 
C98 Excessive reducing agent used * * * * * * * * * * * * * * 

C99 Insufficient reducing agent used * * * * * * * * * * * * * * 

C100 Excessive caustic soda used * * * * * * * * * * * * * * 
C101 Insufficient caustic soda used * * * * * * * * * * * * * * 

C102 Inadequate wash bath water 7 8 2 1 4 4 1 7 2 3 2 1 3 8 

C103 Wrong wash bath pH 9 8 2 6 9 9 1 7 2 8 2 1 7 6 
C104 Washing temp. too high 7 2 4 3 2 2 1 8 2 8 1 1 4 7 

C105 Washing temp. too low 7 9 2 2 1 1 1 6 1 2 1 1 4 2 

C106 Washing time too long 7 2 2 1 1 1 1 2 2 8 1 1 5 2 
C107 Washing time too short 7 9 2 2 1 1 1 8 2 3 1 1 8 8 

C108 Inadequate fabric/water movement 7 7 2 2 9 9 1 8 2 5 1 1 7 7 

C109 Excessive foaming 2 3 * 9 6 6 1 * 6 3 1 1 8 2 
C110 Excessive crocking 2 10 5 2 1 1 1 8 2 7 1 1 3 2 

C111 Pre-drying time too long * * * * * * * * * * * * * * 

C112 Pre-drying time too short * * * * * * * * * * * * * * 
C113 Drying temp. too high 8 2 8 1 2 2 1 1 4 5 5 3 4 8 

C114 Drying temp. too low 2 2 2 1 1 1 1 1 1 3 1 1 2 8 
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C115 Insufficient steam airing 8 2 1 1 1 1 1 1 1 1 1 1 1 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 435

APPENDIX 24. A responded spreadsheet from expert who has 28 yrs expriences. 
 

 CAUSES S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 S-11 S-12 S-13 S-14 

C1 Die head cleanliness * 0 0 * 0 0 0 0 0 0 * * * * 

C2 Degree of polymerization 7 6 0 * 0 0 0 0 0 6 * * * * 
C3 Degree of crystallinity 7 4 1 * 0 0 0 0 0 6 * * * * 

C4 Degree of orientation 7 6 1 * 0 0 0 0 0 6 * 0 6 6 

C5 Variation in fiber glass transition 
temperature 5 2 1 * 4 4 0 0 0 6 0 0 6 0 

C6 Presence of tint/oligomer 2 3 1 5 0 0 0 0 4 2 0 0 0 0 
C7 Incomplete removal of oligomers 2 2 1 1 0 0 0 0 0 2 0 0 0 0 

C8 Inadequate removal of colored material 4 * 1 4 2 2 3 0 2 2 0 0 0 0 

C9 Uneven winding density * * 7 * 7 7 0 8 0 3 0 0 0 0 
C10 Channeling-due to irregular winding 4 * 7 * 7 7 0 3 0 3 0 0 0 0 

C11 General package deformation 4 * 7 * 7 7 0 7 0 3 0 0 0 0 

C12 Swollen or puffy package shoulder 3 * 5 * 7 7 0 7 0 3 0 0 0 0 

C13 Mechanical defect (broken or torn 
yarn/fabric) 3 0 5 0 0 0 0 0 0 0 0 0 4 0 

C14 Catalytic damage * * * * * * * * * * * * * * 

C15 Variation in warp/weft yarn twist 2 0 0 0 0 0 0 0 0 0 8 8 8 7 

C16 Variation in warp/weft tension 4 0 0 0 6 6 0 0 0 0 8 8 8 7 
C17 Variation in density (knitting, weaving) 3 0 2 0 4 4 0 0 0 2 8 8 6 8 

C18 Inconsistent draw ratio 5 3 5 0 0 0 0 0 0 5 2 2 4 4 

C19 Incomplete removal of spinning oil 5 4 7 6 4 4 0 1 4 4 0 0 0 0 
C20 Incomplete removal of knitting oil 5 5 7 6 4 4 0 1 4 4 0 0 0 0 

C21 Redeposition of knitting oil/spinning oil 4 5 7 6 9 9 0 1 4 4 0 0 0 0 

C22 Redeposition of insoluble substances 4 5 6 6 9 9 0 3 2 4 0 0 0 0 
C23 Resist/latent deposits 2 2 5 7 0 0 0 0 3 4 0 0 0 0 

C24 Presence of foreign fibers 1 8 0 9 0 0 0 0 1 5 4 4 0 5 

C25 Fly fiber knitted or woven 1 2 0 8 0 0 0 0 1 2 1 1 0 0 
C26 Insufficient desizing 4 3 5 3 8 8 5 0 4 8 7 7 5 8 
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C27 Inappropriate bleaching * * * * * * * * * * * * * * 

C28 Incomplete scouring 3 3 4 5 2 2 2 2 0 5 1 1 2 3 

C29 Inadvertent use of incorrect dye 9 9 6 3 0 0 0 0 7 8 0 0 0 0 

C30 Improper disperse dye selection – high 
energy level 5 9 8 3 5 5 0 5 6 8 0 0 0 0 

C31 Improper disperse dye selection – 
medium energy level 5 9 5 3 2 2 0 0 6 6 0 0 0 0 

C32 Improper disperse dye selection – low 
energy level 5 9 3 3 0 0 0 0 6 2 0 0 0 0 

C33 Incorrect dye weighing 9 1 0 0 0 0 0 0 2 5 0 0 0 0 

C34 Poor quality dyestuff 8 * * 7 * * * 0 4 3 0 0 0 0 

C35 Dye aggregation 4 8 1 3 0 0 3 4 4 5 0 0 0 0 
C36 Dye precipitation in dyebath 6 9 5 5 2 2 3 6 6 5 0 0 0 0 

C37 Dye sedimentation due to storage 8 7 1 4 0 0 3 6 2 5 0 0 0 0 

C38 Dye incompatibility 8 6 3 4 0 0 3 1 6 6 0 0 0 0 
C39 Dye substantivity too high 8 0 6 0 6 6 9 8 6 2 0 0 0 0 

C40 Dye substantivity too low 8 8 0 0 0 0 0 0 3 9 0 0 0 0 

C41 High dye diffusion coefficient 3 * 0 0 0 0 0 0 0 2 0 0 0 0 
C42 Low dye diffusion coefficient 8 * 8 0 5 5 7 7 5 9 0 0 0 0 

C43 Low dye sublimation * 9 0 0 0 0 0 0 0 * 0 0 0 0 

C44 High dye sublimation * 9 0 0 0 0 0 0 5 * 0 0 0 0 
C45 Severe dye migration 7 8 6 0 0 0 4 0 0 1 0 0 0 0 

C46 Poor dye migration 7 2 0 0 6 6 0 8 5 7 0 0 0 0 

C47 Dye bleeding * 9 9 0 0 0 0 0 7 5 0 0 0 0 

C48 Dye recrystalization-due to variation in 
dyeing temp. * * * 7 0 0 0 0 0 4 0 0 0 0 

C49 Dye degradation – due to chlorine, high 
temp. 8 1 0 0 0 0 0 0 0 6 0 0 0 0 

C50 Presence of manganese/calcium in 
source water 5 * 1 0 2 2 0 0 0 6 0 0 0 0 

C51 Presence of iron/copper in source water 7 * 2 0 2 2 0 0 0 6 0 0 0 0 

C52 Presence of chlorine/chloride in source 
water 2 2 6 0 0 0 0 0 0 6 0 0 0 0 

C53 Presence of silica in source water 3 2 2 0 0 0 0 0 0 4 0 0 0 0 

C54 Presence of silicate deposits in source 
water 2 2 2 0 0 0 0 0 0 4 0 0 0 0 
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C55 Presence of sulfates in source water 2 2 0 0 0 0 0 0 0 0 0 0 0 0 

C56 Presence of miscellaneous anions 
(sulphide, fluoride, etc.) * 2 0 0 0 0 0 0 0 0 0 0 0 0 

C57 Presence of suspended oil, grease, clay, 
sediments, etc. 2 3 2 0 4 4 0 3 0 3 0 0 0 0 

C58 Residual soaping or rinsing agent in 
source water 2 2 2 0 0 0 0 0 0 2 0 0 0 0 

C59 High total water hardness * 2 1 0 0 0 0 0 0 0 0 0 0 0 

C60 High acidity of source water 2 2 0 0 0 0 0 0 0 0 0 0 0 0 
C61 High alkalinity of source water 2 2 0 0 0 0 0 0 0 0 0 0 0 0 

C62 Dyebath pH too high 4 2 0 0 0 0 0 0 0 0 3 3 0 0 

C63 Dyebath pH too low 4 2 0 0 0 0 0 0 0 0 1 1 0 0 
C64 Initial dye concentration too high 9 2 0 6 0 0 0 0 5 * 0 0 0 0 

C65 Initial dye concentration too low 9 2 0 2 0 0 0 0 0 * 0 0 0 0 

C66 Liquor-to-goods ratio too high 3 2 0 0 0 0 0 5 0 6 0 0 0 0 
C67 Liquor-to-goods ratio too low 3 2 0 0 8 8 0 5 4 0 0 0 8 0 

C68 Machine overloaded 3 4 7 0 8 8 0 5 6 0 0 0 8 6 

C69 Bath temp. too high 6 2 4 0 0 0 5 2 0 8 4 4 7 0 
C70 Bath temp. too low 6 6 6 3 4 4 0 5 5 8 0 0 0 0 

C71 Rapid temp. rise 4 4 8 2 8 8 0 7 3 0 0 0 7 0 

C72 Inconsistent bath/steam temp. 6 2 7 1 0 0 5 0 5 4 0 0 7 0 
C73 Wrong temp. for the type of dye * 8 7 4 8 8 5 6 5 8 4 4 7 0 

C74 Dyeing time too long 2 2 0 0 0 0 0 0 0 2 6 6 7 0 

C75 Dyeing time too short 9 8 6 3 7 7 0 7 5 8 0 0 0 0 
C76 Thermosol period too long 2 3 0 0 0 0 0 0 0 2 6 6 6 0 

C77 Thermosol period too short 9 8 5 3 0 0 5 0 4 8 0 0 0 0 

C78 Poor quality (aged/old) auxiliary used * 5 0 6 3 3 0 0 3 3 0 0 6 4 
C79 Incorrect auxiliary weighing 5 5 0 5 0 0 0 0 3 3 0 0 5 4 

C80 Excessive amount of auxiliary used 7 7 0 7 5 5 4 3 4 5 4 4 2 6 

C81 Incompatibility of reagents 3 7 2 6 4 4 0 0 3 5 3 3 2 5 
C82 Wrong auxiliary selection 5 7 1 7 5 5 4 3 3 5 3 3 5 5 

C83 Wrong carrier type selection 9 9 * * 5 * * 3 3 6 0 0 3 6 

C84 Inadequate solubility of auxiliary 2 5 3 7 0 0 0 2 2 2 0 0 0 3 
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C85 Softener spotting * 7 5 7 0 0 0 0 4 2 0 0 0 0 

C86 Flow rate too high 3 3 4 0 5 5 0 3 * 2 0 0 7 0 

C87 Flow rate too low 5 3 6 0 5 5 0 6 * 7 0 0 7 0 
C88 Dented/damaged/worn off nip 5 * 8 0 5 5 2 0 3 0 7 7 0 0 

C89 Inconsistent hardness of mangle/ nip 
roller pressure 5 * 7 0 0 0 2 0 3 0 0 0 0 0 

C90 Damaged wash box; sharp machine 
edges/sections 1 8 2 0 0 0 0 0 7 0 7 7 0 0 

C91 Corrosion or rusting of machine parts 1 1 1 6 0 0 0 0 0 0 7 7 0 0 

C92 Contaminated equipments (dyeing, 
washing, drying, etc.) 4 8 7 4 0 0 0 0 7 4 2 2 4 7 

C93 Machine malfunction (power, heat; valves, 
pressure, etc.) 6 8 5 0 7 7 6 0 5 4 3 3 7 7 

C94 Reduction temp. too high 4 2 5 0 0 0 0 0 0 5 3 3 7 0 
C95 Reduction temp. too low 4 9 5 0 0 0 0 0 2 2 0 0 0 0 

C96 Reduction time too long 5 3 5 0 0 0 0 0 0 2 3 3 6 0 

C97 Reduction time too short 5 9 5 0 0 0 0 0 2 5 0 0 0 0 
C98 Excessive reducing agent used 5 3 5 0 0 0 0 0 0 6 0 0 0 0 

C99 Insufficient reducing agent used 5 9 5 0 0 0 0 0 2 2 0 0 0 0 

C100 Excessive caustic soda used 3 2 5 0 0 0 0 0 0 6 5 5 0 5 
C101 Insufficient caustic soda used 3 2 5 0 0 0 0 0 2 2 0 0 0 0 

C102 Inadequate wash bath water 5 6 5 3 0 0 7 0 7 0 0 0 0 7 

C103 Wrong wash bath pH 2 2 2 0 0 0 0 0 0 0 0 0 0 0 
C104 Washing temp. too high 5 2 2 0 0 0 0 0 0 2 0 0 4 0 

C105 Washing temp. too low 4 7 5 3 0 0 7 0 5 0   0 0 

C106 Washing time too long 7 2 2 0 0 0 0 0 0 2 0 0 4 0 
C107 Washing time too short 6 7 5 2 5 5 7 0 5 0 0 0 0 0 

C108 Inadequate fabric/water movement 3 6 6 6 8 8 7 5 7 0 0 0 8 0 

C109 Excessive foaming * 4 4 6 0 0 6 0 5 0 0 0 5 0 
C110 Excessive crocking 1 9 0 0 0 0 0 0 4 0 0 0 0 0 

C111 Pre-drying time too long 3 2 0 0 0 0 0 0 0 0 0 0 0 5 

C112 Pre-drying time too short 7 8 5 0 0 0 6 0 2 0 0 0 0 0 
C113 Drying temp. too high 6 6 5 0 0 0 0 7 4 0 2 2 0 6 

C114 Drying temp. too low 2 6 5 0 0 0 7 0 4 0 0 0 0 0 
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C115 Insufficient steam airing * * * * * * * * * * * * * * 
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APPENDIX 25. A responded spreadsheet from expert who has 28 yrs expriences. 
 

 CAUSES S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 S-11 S-12 S-13 S-14 

C1 Die head cleanliness 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C2 Degree of polymerization 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C3 Degree of crystallinity 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C4 Degree of orientation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C5 Variation in fiber glass transition 
temperature 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C6 Presence of tint/oligomer 9 5 1 5 2 1 8 0 0 0 0 0 0 0 
C7 Incomplete removal of oligomers 9 1 1 1 1 1 10 0 0 0 0 0 0 0 

C8 Inadequate removal of colored material 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C9 Uneven winding density 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C10 Channeling-due to irregular winding 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C11 General package deformation 9 3 5 7 5 4 9 0 0 0 0 0 0 0 

C12 Swollen or puffy package shoulder 5 6 5 7 0 0 8 0 0 0 0 0 0 0 

C13 Mechanical defect (broken or torn 
yarn/fabric) 5 1 1 2 9 10 2 0 0 0 0 0 0 0 

C14 Catalytic damage 9 1 2 3 7 5 6 0 0 0 0 0 0 0 

C15 Variation in warp/weft yarn twist 9 2 2 6 4 2 4 0 0 0 0 0 0 0 

C16 Variation in warp/weft tension 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C17 Variation in density (knitting, weaving) 9 1 1 8 6 1 3 0 0 0 0 0 0 0 

C18 Inconsistent draw ratio 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C19 Incomplete removal of spinning oil 9 7 7 7 1 1 9 0 0 0 0 0 0 0 
C20 Incomplete removal of knitting oil 9 8 8 8 1 1 8 0 0 0 0 0 0 0 

C21 Redeposition of knitting oil/spinning oil 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C22 Redeposition of insoluble substances 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C23 Resist/latent deposits 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C24 Presence of foreign fibers 9 6 2 8 4 1 8 0 0 0 0 0 0 0 

C25 Fly fiber knitted or woven 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C26 Insufficient desizing 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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C27 Inappropriate bleaching 9 1 1 8 8 7 3 0 0 0 0 0 0 0 

C28 Incomplete scouring 9 9 8 8 1 1 7 0 0 0 0 0 0 0 

C29 Inadvertent use of incorrect dye 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C30 Improper disperse dye selection – high 
energy level 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C31 Improper disperse dye selection – 
medium energy level 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C32 Improper disperse dye selection – low 
energy level 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C33 Incorrect dye weighing 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C34 Poor quality dyestuff 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C35 Dye aggregation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C36 Dye precipitation in dyebath 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C37 Dye sedimentation due to storage 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C38 Dye incompatibility 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C39 Dye substantivity too high 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C40 Dye substantivity too low 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C41 High dye diffusion coefficient 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C42 Low dye diffusion coefficient 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C43 Low dye sublimation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C44 High dye sublimation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C45 Severe dye migration 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C46 Poor dye migration 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C47 Dye bleeding 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C48 Dye recrystalization-due to variation in 
dyeing temp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C49 Dye degradation – due to chlorine, high 
temp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C50 Presence of manganese/calcium in 
source water 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C51 Presence of iron/copper in source water 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C52 Presence of chlorine/chloride in source 
water 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C53 Presence of silica in source water 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C54 Presence of silicate deposits in source 
water 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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C55 Presence of sulfates in source water 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C56 Presence of miscellaneous anions 
(sulphide, fluoride, etc.) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C57 Presence of suspended oil, grease, clay, 
sediments, etc. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C58 Residual soaping or rinsing agent in 
source water 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C59 High total water hardness 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C60 High acidity of source water 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C61 High alkalinity of source water 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C62 Dyebath pH too high 2 2 7 5 0 1 0 4 0 0 0 0 3 3 

C63 Dyebath pH too low 2 2 7 5 0 0 0 2 0 0 0 0 2 0 
C64 Initial dye concentration too high 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C65 Initial dye concentration too low 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C66 Liquor-to-goods ratio too high 6 0 6 0 0 0 0 0 0 0 0 0 0 0 
C67 Liquor-to-goods ratio too low 8 8 8 8 0 6 0 4 0 0 0 0 0 0 

C68 Machine overloaded 0 2 6 7 0 0 0 4 4 2 8 4 5 0 

C69 Bath temp. too high 2 4 9 7 6 5 0 5 0 0 0 0 5 6 
C70 Bath temp. too low 7 9 10 10 10 0 0 0 0 0 0 0 0 0 

C71 Rapid temp. rise 8 2 5 8 2 0 0 0 0 0 0 0 0 0 

C72 Inconsistent bath/steam temp. 0 0 0 0 0 0 0 6 0 0 0 0 7 6 
C73 Wrong temp. for the type of dye 3 7 9 6 0 0 0 7 0 0 0 0 4 4 

C74 Dyeing time too long 5 7 7 6 4 0 0 0 3 0 2 0 6 6 

C75 Dyeing time too short 4 8 9 5 0 6 0 0 0 0 6 0 0 0 
C76 Thermosol period too long 5 7 7 5 6 0 0 0 4 0 2 0 6 6 

C77 Thermosol period too short 0 8 10 8 0 0 0 0 0 0 2 0 0 0 

C78 Poor quality (aged/old) auxiliary used 0 3 4 3 0 0 0 0 0 0 5 0 0 0 
C79 Incorrect auxiliary weighing 0 2 3 2 0 0 0 0 0 0 4 0 0 0 

C80 Excessive amount of auxiliary used 0 2 3 2 0 0 0 0 6 0 4 0 0 0 

C81 Incompatibility of reagents 0 6 7 6 0 0 0 0 0 0 4 0 0 0 
C82 Wrong auxiliary selection 0 5 5 5 0 0 0 0 0 0 6 0 6 6 

C83 Wrong carrier type selection 4 8 9 6 0 0 0 0 2 0 6 0 4 4 

C84 Inadequate solubility of auxiliary 0 5 5 3 0 0 0 0 0 0 0 0 0 0 
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C85 Softener spotting 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C86 Flow rate too high 0 0 4 2 0 0 0 2 2 2 0 2 4 4 

C87 Flow rate too low 0 4 4 2 0 0 0 2 0 0 0 0 3 0 
C88 Dented/damaged/worn off nip 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C89 Inconsistent hardness of mangle/ nip 
roller pressure 0 0 2 4 0 4 0 4 0 0 0 4 6 0 

C90 Damaged wash box; sharp machine 
edges/sections 0 0 2 2 0 4 0 2 2 0 0 4 5 2 

C91 Corrosion or rusting of machine parts 0 6 2 2 0 0 0 2 0 0 0 4 0 2 

C92 Contaminated equipments (dyeing, 
washing, drying, etc.) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C93 Machine malfunction (power, heat; valves, 
pressure, etc.) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C94 Reduction temp. too high 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C95 Reduction temp. too low 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C96 Reduction time too long 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C97 Reduction time too short 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C98 Excessive reducing agent used 5 6 6 0 4 0 0 4 0 4 4 4 0 4 

C99 Insufficient reducing agent used 0 0 0 0 0 0 0 4 0 2 0 2 0 0 

C100 Excessive caustic soda used 6 4 6 6 7 0 0 6 0 0 0 0 2 0 
C101 Insufficient caustic soda used 6 2 2 6 6 0 0 6 0 0 0 0 2 0 

C102 Inadequate wash bath water 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C103 Wrong wash bath pH 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C104 Washing temp. too high 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C105 Washing temp. too low 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C106 Washing time too long 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C107 Washing time too short 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C108 Inadequate fabric/water movement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C109 Excessive foaming 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C110 Excessive crocking 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C111 Pre-drying time too long 0 0 0 0 6 0 0 4 0 6 4 0 4 6 

C112 Pre-drying time too short 0 0 4 0 6 0 0 0 0 0 0 0 0 0 
C113 Drying temp. too high 5 4 0 0 2 0 0 2 6 2 2 0 4 4 

C114 Drying temp. too low 6 6 6 6 0 0 0 0 0 2 2 2 0 0 
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C115 Insufficient steam airing 3 4 5 6 0 0 0 0 0 0 0 0 0 0 
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APPENDIX 26.  Intelligent questions for S1-Reproducibility. 

 
S1-Reproducibility 

Cause Description Question to the User 
C30 Inadvertent use of incorrect dye  Have correct type of dye(s) been selected? 
C35 Poor quality dyestuff Was the quality of the dyes checked prior to application to the textile substrate? 
C36 Dye aggregation Are there insoluble or aggregated dye particles in the stock solution? 
C76 Dyeing time too short Was the exhaustion time shorter than the specified period in the guidelines? 
C69 Machine overloaded  Has the liquor to goods ratio been changed from the set guidelines? 
C27 Insufficient desizing Have the sizing agent been removed completely? 
C11 Uneven winding density  Is the yarn density the same throughout the fabric (i.e., is the fabric density consistent)? 
C34 Incorrect dye weighing Was the correct amount of dye weighed? 
C39 Dye incompatibility  Do the dyes have good compatibility with other auxiliaries? 
C38 Dye sedimentation due to storage Are the dyes stored in a climate controlled temperature and humidity area? 
C88 Wrong carrier type selection Was the correct type of carrier used? 
C85 Excessive amount of auxiliary used Was the correct amount of auxiliaries weighed? 
C73 Inconsistent bath/steam temp. Is the rate of temperature rise in the bath/steam correctly set? 
C60 High total water hardness  Has the source water been recently tested for the level of impurities present? 
C22 Incomplete removal of spinning/knitting oil Does the fabric show transparent areas resembling oil residues? 
C29 Incomplete scouring Did the fabric have a harsh/rough hand before dyeing? 
C21 Inadequate removal of colored materials Did the fabric have uniform whiteness throughout? 
C24 Redeposition of spinning/knitting oil Are there any visible insoluble impurities present on the fabric? 
C74 Wrong temp. for the type of dye Was the temperature of the dyebath set based on dye type and the manufacturerers’ guidelines? 
C37 Dye precipitation in dyebath Are dye containers stirred periodically? 
C47 Poor dye migration Do you notice porous inorganic particles on the substrate? 
C71 Bath temp. too low Is the temperature of the dyebath correctly set according to the manufactureres’ guidelines? 
C63 Dyebath pH too high  Is the pH of the dyebath correctly set according to the manufactureres’ guidelines? 
C86 Incompatibility of reagents Do the auxiliaries have good compatibility with the disperse dyes used? 
C83 Poor quality (aged/old) auxiliary used Was the quality of the auxiliaries checked prior to application to the textile substrate? 
C84 Incorrect auxiliary weighing Were the auxiliaries carefully weighed? 
C113 Drying temp. too high  Was the measured temperature of the drying step appropriate? 
C10 Presence of foreign fibers  Is there any foreign matter on or in the fabric? 
C8 Catalytic damage Was the same amount of peroxide applied to each fabric lot during bleaching? 
C9 Inconsistent draw ratio Was the same draw ratio used for yarns used in the fabric? 
C12 Channeling-due to irregular winding Was the yarn tension consistent during the winding process? 
C17 Variation in warp/weft yarn twist Is the  construction [especially, yarn twist] of yarns within the fabric the same? 
C18 Variation in warp/weft tension Is the  construction [especially, yarn tension] of yarns within the fabric the same? 
C19 Variation in density (knitting, weaving) Is the  construction [especially, weaving density] of yarns within the fabric the same? 
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C32 Improper disperse dye selection – medium energy level Do dyes have the appropriate energy level for the process used? 
C51 Presence of manganese/calcium in source water Are there any heavy metals present in the source water? 
C53 Presence of chlorine/chloride in source water Is there a high amount of chlorine and chloride present in source water? 
C52 Presence of iron/copper in source water Is there a high amount of iron and copper present in source water? 
C68 Liquor-to-goods ratio too low Is the liquor-to-goods ratio correct for dyeing process? 
C65 Initial dye concentration too high  Are the concentrations of dyes in the recipe formulation correct? 
C70 Bath temp. too high Is the temperature in bath set exactly? 
C72 Rapid temp. rise Is the rate of temperature rise in bath correct? 
C80 Inadequate fabric/water movement Are the amount of water and goods the same ratio in the bath? 
C87 Wrong auxiliary selection Did you use the correct type of auxiliary? 
C108 Reduction time too short  Is the time of the reduction clearing bath correctly set? 
C13 General package deformation Are the yarn characteristics such as elongation, tenacity, density and draw ratio the same?   
C25 Redeposition of insoluble substances Was the yarn characteristics such as elongation, tenacity, density and draw ratio the same during the package formation ? 
C62 High alkalinity of source water Did you check the alkality of source water? 
C91 Thermosol period too short Was the thermosoling period shorter than the specified period in the guidelines? 
C98 Contaminated equipments (dyeing, washing, drying, etc.) Were the machines used in jet/jig/beck/pad thermosol dyeing cleaned perfectly? 
C3 Degree of crystallinity Does the fabric made of polyester yarn used in dyeing have the same crystallinity? 
C5 Variation in fiber glass transition temperature Is the glass transition temperature of polyester fiber used in dyeing lower than the dyeing temperature? 
C28 Inappropriate bleaching Does the fabric used for dyeing have the same whiteness and have no insoluble materials visually? 
C64 Dyebath pH too low  Is the pH of the dyebath correctly set according to the manufactureres’ guidelines? 
C99 Machine malfunction (power, heat; valves, pressure, etc.) Are the valves including steam, drain, etc., functioning properly? 
C109 Excessive reducing agent used Was the correct concentration of reducing agent(s) used? 
C2 Degree of polymerization Does the fabric made of polyester yarn used in dyeing have the same degree of polymerization? 
C4 Degree of orientation Does the fabric made of polyester yarn used in dyeing have the same orientation? 
C31 Improper disperse dye selection – high/low energy level Do dyes have the appropriate energy level for the process used? 

C46 Severe dye migration Do you see the porous inorganic particles having fine pores of a specified pore diameter which can be affected to the migration 
of dye? 

C61 High acidity of source water Did you check the alkality of source water? 
C95 Pre-drying time too short  Are the pre-drying conditions such as time and temperature set up correctly? 
C104 Inadequate wash bath water Did you check the quality of water for washing step? 
C106 Reduction temp. too low  Is the temperature of the reduction clearing bath correctly set? 
C107 Reduction time too long  Was the reduction period appropriately set as spefied in the manual or guidelines? 
C105 Reduction temp. too high  Is the temperature of the reduction clearing bath correctly set? 
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APPENDIX 27.  Intelligent questions for S2-Inadequate Fastness. 

 
S2- Inadequate Fastness 

Cause Description Question to the User 
C30 Inadvertent use of incorrect dye Have correct type of dye(s) been selected? 
C35 Poor quality dyestuff Was the quality of the dyes checked prior to application to the textile substrate? 
C74 Wrong temp. for the type of dye Was the temperature of the dyebath set based on dye type and the manufacturerers’ guidelines? 
C71 Bath temp. too low Is the temperature of the dyebath correctly set according to the manufactureres’ guidelines? 
C33 Improper dye selection-low energy level Do dyes have the appropriate energy level for the process used? 
C48 Dye bleeding Did you find dye particles on dyed goods after you check colorfastness such as crocking, rubbing and washing? 
C46 Severe dye migration Do you see the porous inorganic particles having fine pores of a specified pore diameter which can be affected to the migration of dye? 
C104 Inadequate wash bath water Did you check the quality of water for washing step? 
C106 Reduction temp. too low Was the temperature of the reduction clearing bath correctly? 
C101 Washing temp. too low Was the temperature of washing water correctly? 
C103 Washing time too short Was the washing time period correctly? 
C110 Insufficient reducing agent used Was the correct concentration of reducing agent(s) used? 
C76 Dyeing time too short Was the exhaustion time shorter than the specified period in the guidelines? 
C88 Wrong carrier type selection Was the correct type of carrier used? 
C91 Thermosol period too short Was the thermosoling period shorter than the specified period in the guidelines? 
C108 Reduction time too short Is the time of the reduction clearing bath correctly set? 
C10 Presence of foreign fibers Is there any foreign matter on or in the fabric? 
C22 Incomplete removal of spinning/knitting oil Does the fabric show transparent areas resembling oil residues? 
C39 Dye incompatibility Do the dyes have good compatibility with other auxiliaries? 
C32 Improper dye selection-medium energy level  Do dyes have the appropriate energy level for the process used? 
C87 Wrong auxiliary selection Did you use the correct type of auxiliary? 
C113 Drying temp. too high Was the measured temperature of the drying step appropriate? 
C68 Liquor-to-goods ratio too low Is the liquor-to-goods ratio correct for dyeing process? 
C86 Incompatibility of reagents Do the auxiliaries have good compatibility with the disperse dyes used? 
C36 Dye aggregation Are there insoluble or aggregated dye particles in the stock solution? 
C41 Dye substantivity too low Did you check the substantivity of the disperse dye used in polyester dyeing? 
C50 Dye degradation  Are dye containers stirred periodically? 
C79 Wrong wash bath pH Was the pH in dyebath and washbath followed by manual or guideline appropriately? 
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APPENDIX 28.  Intelligent questions for S3-General unlevelness. 

 
S3-General unlevelness 

Cause Description Question to the User 
C29 Incomplete scouring Did the fabric have a harsh/rough hand before dyeing? 
C74 Wrong temp. for the type of dye Was the temperature of the dyebath set based on dye type and the manufacturerers’ guidelines? 
C71 Bath temp. too low Is the temperature of the dyebath correctly set according to the manufactureres’ guidelines? 
C76 Dyeing time too short Was the exhaustion time shorter than the specified period in the guidelines? 
C69 Machine overloaded  Has the liquor to goods ratio been changed from the set guidelines? 
C11 Uneven winding density  Is the yarn density the same throughout the fabric (i.e., is the fabric density consistent)? 
C68 Liquor-to-goods ratio too low Is the liquor-to-goods ratio correct for dyeing process? 
C22 Incomplete removal of spinning/knitting oil Does the fabric show transparent areas resembling oil residues? 
C40 Dye substantivity too high Did you check the substantivity of the disperse dye used in polyester dyeing? 
C72 Rapid temp. rise Is the rate of temperature rise in bath correct? 
C86 Incompatibility of reagents Do the auxiliaries have good compatibility with the disperse dyes used? 
C31 Improper disperse dye selection – high energy level Do dyes have the appropriate energy level for the process used? 
C12 Channeling-due to irregular winding Was the yarn tension consistent during the winding process? 
C17 Variation in warp/weft yarn twist Is the  construction [especially, yarn twist] of yarns within the fabric the same? 
C24 Redeposition of knitting oil/spinning oil Are there any visible insoluble impurities present on the fabric? 
C21 Inadequate removal of colored materials Did the fabric have uniform whiteness throughout? 
C39 Dye incompatibility  Do the dyes have good compatibility with other auxiliaries? 
C37 Dye precipitation in dyebath Are dye containers stirred periodically? 
C47 Poor dye migration Do you notice porous inorganic particles on the substrate? 
C43 Low dye diffusion coefficient Have you used the appropriate dye for good diffusion coefficient? 
C63 Dyebath pH too high  Is the pH of the dyebath correctly set according to the manufactureres’ guidelines? 
C73 Inconsistent bath/steam temp. Is the rate of temperature rise in the bath/steam correctly set? 
C87 Wrong auxiliary selection Did you use the correct type of auxiliary? 
C13 General package deformation Are the yarn characteristics such as elongation, tenacity, density and draw ratio the same?   
C18 Variation in warp/weft tension Is the  construction [especially, yarn tension] of yarns within the fabric the same? 
C19 Variation in density (knitting, weaving) Is the  construction [especially, yarn density] of yarns within the fabric the same? 
C27 Insufficient desizing Have the sizing agent been removed completely? 
C26 Resist/latent deposits Did the fabric have uniform whiteness throughout? 
C32 Improper disperse dye selection – medium energy level Do dyes have the appropriate energy level for the process used? 
C53 Presence of chlorine/chloride in source water Is there a high amount of chlorine and chloride present in source water? 
C65 Initial dye concentration too high  Are the concentrations of dyes in the recipe formulation correct? 
C98 Contaminated equipments (dyeing, washing, drying, etc.) Were the jet/jig/beck/pad thermosol machine used in dyeing cleaned completely? 
C70 Bath temp. too high Is the temperature in bath set exactly? 
C78 Flow rate too low Was the flow rate of dye liquor in bath set correctly? 
C81 Excessive foaming Did you find lots of foam in bath? 
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C83 Poor quality (aged/old) auxiliary used Was the quality of the auxiliaries checked prior to application to the textile substrate? 
C93 Inconsistent hardness of mangle/ nip roller pressure Are the nip roller pressure and hardness of magle meet the standard conditions? 

 
 
 
 
 

APPENDIX 29.  Intelligent questions for S4-Presence of specks, stains or spots. 

 
S4-Presence of specks, stains or spots 

Cause Description Question to the User 
C82 Softener spotting Has the good compatible and soluble softner in the wash bath been used? 
C22 Incomplete removal of spinning/knitting oil Does the fabric show transparent areas resembling oil residues? 
C25 Redeposition of insoluble substances Did you wash the dyed goods throughly before dyeing? 
C35 Poor quality dyestuff Was the quality of the dyes checked prior to application to the textile substrate? 
C86 Incompatibility of reagents Do the auxiliaries have good compatibility with the disperse dyes used? 
C83 Poor quality (aged/old) auxiliary used Was the quality of the auxiliaries checked prior to application to the textile substrate? 
C29 Incomplete scouring Did the fabric have a harsh/rough hand before dyeing? 
C37 Dye precipitation in dyebath Are dye containers stirred periodically? 
C38 Dye sedimentation due to storage Are the dyes stored in a climate controlled temperature and humidity area? 
C51 Presence of manganese/calcium in source water Are there any heavy metals present in the source water? 
C81 Excessive foaming Did you find lots of foam in bath? 
C87 Wrong auxiliary selection Did you use the correct type of auxiliary (or carrier)? 
C98 Contaminated equipments (dyeing, washing, drying, etc.) Were the jet/jig/beck/pad thermosol machine used in dyeing cleaned completely? 
C10 Presence of foreign fibers  Is there any foreign matter on or in the fabric? 
C26 Resist/latent deposits Did the fabric have uniform whiteness throughout? 
C49 Dye recrystalization-due to variation in dyeing temp. Do the dyes have high sensitivity towards slight fluctuation in dyeing conditions such as high temperature? 
C84 Incorrect auxiliary weighing Were the auxiliaries carefully weighed? 
C6 Presence of tint/oligomer Are there any visible insoluble impurities present on the fabric? 

C58 Presence of suspended oil, grease, clay, sediments, etc. Are there any suspended materials (oil, grease, clay, sediments, alkalinity, acidity, residual soaping and rinsing agents, etc.) 
present in the source water? 

C89 Inadequate solubility of auxiliary Do the auxiliaries have good solubility in stock solution? 
C85 Excessive amount of auxiliary used Was the correct amount of auxiliaries weighed? 
C16 Fly fiber knitted or woven Have the fabric a noticeable foreign fiber or yarn? 
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APPENDIX 30.  Intelligent questions for S5- Presence of Streaks. 

 
S5- Presence of Streaks 

Cause Description Question to the User 
C5 Presence of tint/oligomer Are there any visible insoluble impurities present on the fabric? 
C17 Variation in warp/weft yarn twist Is the  construction [especially, yarn twist] of yarns within the fabric the same? 
C18 Variation in warp/weft tension Is the  construction [especially, yarn tension] of yarns within the fabric the same? 
C10 Presence of foreign fibers Is there any foreign matter on or in the fabric? 
C13 General package deformation Are the yarn characteristics such as elongation, tenacity, density and draw ratio the same?   
C19 Variation in density (knitting, weaving) Is the  construction [especially, yarn density] of yarns within the fabric the same? 
C9 Inconsistent draw ratio Was the same draw ratio used for yarns used in the fabric? 
C12 Channeling-due to irregular winding Was the yarn tension consistent during the winding process? 
C11 Uneven winding density Is the yarn density the same throughout the fabric (i.e., is the fabric density consistent)? 

 
 
 

APPENDIX 31.  Intelligent questions for S6-Presence of stop, rope and pressure 
marks. 

 
S6-Presence of stop, rope and pressure marks 

Cause Description Question to the User 
C68 Liquor-to-goods ratio too low Is the liquor-to-goods ratio correct for dyeing process? 
C69 Machine overloaded  Has the liquor to goods ratio been changed from the set guidelines? 
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APPENDIX 32.  Intelligent questions for S7-Presence of ending and tailing marks. 

 
S7-Presence of ending and tailing marks 

Cause Description Question to the User 
C40 Dye substantivity too high Did you check the substantivity of the disperse dye used in polyester dyeing? 
C65 Initial dye concentration too high  Are the concentrations of dyes in the recipe formulation correct? 

 
 
 
 

APPENDIX 33.  Intelligent questions for S8-Shade variations. 

 
S8-Shade variations 

Cause Description Question to the User 
C11 Uneven winding density  Is the yarn density the same throughout the fabric (i.e., is the fabric density consistent)? 
C13 General package deformation Are the yarn characteristics such as elongation, tenacity, density and draw ratio the same?   
C47 Poor dye migration Do you notice porous inorganic particles on the substrate? 
C12 Channeling-due to irregular winding Was the yarn tension consistent during the winding process? 
C40 Dye substantivity too high Did you check the substantivity of the disperse dye used in polyester dyeing? 
C43 Low dye diffusion coefficient Have you used the appropriate dye for good diffusion coefficient? 
C74 Wrong temp. for the type of dye Was the temperature of the dyebath set based on dye type and the manufacturerers’ guidelines? 
C68 Liquor-to-goods ratio too low Is the liquor-to-goods ratio correct for dyeing process? 
C71 Bath temp. too low Is the temperature of the dyebath correctly set according to the manufactureres’ guidelines? 
C76 Dyeing time too short Was the exhaustion time shorter than the specified period in the guidelines? 
C69 Machine overloaded  Has the liquor to goods ratio been changed from the set guidelines? 
C80 Inadequate fabric/water movement Are the amount of water and goods the same ratio in the bath correctly? 
C87 Wrong auxiliary selection Did you use the correct type of auxiliary? 
C39 Dye incompatibility  Do the dyes have good compatibility with other auxiliaries? 
C72 Rapid temp. rise Is the rate of temperature rise in bath correct? 
C78 Flow rate too low Was the flow rate of dye liquor in bath set correctly? 
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APPENDIX 34.  Intelligent questions for S9- Dye Stains. 

 
S9- Dye Stains 

Cause Description Question to the User 
C36 Dye aggregation Are there insoluble or aggregated dye particles in the stock solution? 
C30 Inadvertent use of incorrect dye Have correct type of dye(s) been selected? 
C37 Dye precipitation in dyebath Are dye containers stirred periodically? 
C39 Dye incompatibility Do the dyes have good compatibility with other auxiliaries? 
C35 Poor quality dyestuff Was the quality of the dyes checked prior to application to the textile substrate? 
C38 Dye sedimentation due to storage Are the dyes stored in a climate controlled temperature and humidity area? 
C49 Dye recrystalization Do the dyes have high sensitivity towards slight fluctuation in dyeing conditions such as high temperature? 
C74 Wrong temp. for the type of dye Was the temperature of the dyebath set based on dye type and the manufacturerers’ guidelines? 
C87 Wrong auxiliary selection Did you use the correct type of auxiliary? 
C86 Incompatibility of reagents Do the auxiliaries have good compatibility with the disperse dyes used? 
C83 Poor quality (aged/old) auxiliary used Was the quality of the auxiliaries checked prior to application to the textile substrate?  
C84 Incorrect auxiliary weighing Were the auxiliaries carefully weighed? 

 
 
 

APPENDIX 35.  Intelligent questions for S10-Poor color yield. 

 
S10-Poor color yield 

Cause Description Question to the User 
C74 Wrong temp. for the type of dye Was the temperature of the dyebath set based on dye type and the manufacturerers’ guidelines? 
C27 Insufficient desizing Have the sizing agent been removed completely? 
C29 Incomplete scouring Did the fabric have a harsh/rough hand before dyeing? 
C35 Poor quality dyestuff Was the quality of the dyes checked prior to application to the textile substrate? 
C76 Dyeing time too short Was the exhaustion time shorter than the specified period in the guidelines? 
C30 Inadvertent use of incorrect dye  Have correct type of dye(s) been selected? 
C63 Dyebath pH too high  Is the pH of the dyebath correctly set according to the manufactureres’ guidelines? 
C91 Thermosol period too short Was the thermosoling period shorter than the specified period in the guidelines? 
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C41 Dye substantivity too low Did you check the substantivity of the disperse dye used in polyester dyeing? 
C71 Bath temp. too low Is the temperature of the dyebath correctly set according to the manufactureres’ guidelines? 
C39 Dye incompatibility  Do the dyes have good compatibility with other auxiliaries? 
C38 Dye sedimentation due to storage Are the dyes stored in a climate controlled temperature and humidity area? 
C37 Dye precipitation in dyebath Are dye containers stirred periodically? 
C51 Presence of manganese/calcium in source water Are there any heavy metals present in the source water? 
C53 Presence of chlorine/chloride in source water Is there a high amount of chlorine and chloride present in source water? 
C62 High alkalinity of source water Did you check the alkality of source water? 
C87 Wrong auxiliary (or carrier) selection Did you use the correct type of auxiliary (or carrier)? 
C86 Incompatibility of reagents Do the auxiliaries have good compatibility with the disperse dyes used? 
C22 Incomplete removal of spinning/knitting oil Does the fabric show transparent areas resembling oil residues? 
C32 Improper disperse dye selection – medium energy level Do dyes have the appropriate energy level for the process used? 
C83 Poor quality (aged/old) auxiliary used Was the quality of the auxiliaries checked prior to application to the textile substrate? 
C84 Incorrect auxiliary weighing Were the auxiliaries carefully weighed? 
C60 High total water hardness  Has the source water been recently tested for the level of impurities present? 
C67 Liquor-to-goods ratio too high Is the liquor-to-goods ratio correct for dyeing process? 

 
 
 

APPENDIX 36.  Intelligent questions for S11-Reduced mechanical strength. 

 
S11-Reduced mechanical strength 

Cause Description Question to the User 
C8 Catalytic damage Was the same amount of peroxide applied to each fabric lot during bleaching? 

C15 Mechanical defect (broken or torn yarn) Has the fabric (or yarn) defects such as torn or broken? 
 
 

APPENDIX 37.  Intelligent questions for S12-Local damage. 

 
S12-Local damage 

Cause Description Question to the User 
C96 Damaged wash box; sharp machine edges/sections Has damage or sharp section of the machine been checked? 
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C8 Catalytic damage Was the same amount of peroxide applied to each fabric lot during bleaching? 
C15 Mechanical defect (broken or torn yarn) Has the fabric (or yarn) defects such as torn or broken? 

 
 
 

APPENDIX 38.  Intelligent questions for S13-Adverse changes in appearance. 

 
S13-Adverse changes in appearance 

Cause Description Question to the User 
C87 Wrong auxiliary selection Did you use the correct type of auxiliary? 

 
 
 
 

APPENDIX 39.  Intelligent questions for S14-Comfort properties. 

 
S14-Comfort properties 

Cause Description Question to the User 
C27 Insufficient desizing Have the sizing agent been removed completely? 
C90 Thermosol period too long Was the Thermosol® period appropriately set as spefied in the manual or guidelines? 
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APPENDIX 40. How to install and run the expert system 
program? 
 
 
1. Please open the CD ROM 
 
2. You can see polyeser expert system folder. Please click that folder. Double click on the wxfz164o to 
install the wxclips application in your computer. 
 
 
Method 1-Recommend 
 
a. Once the installation is complete, wxclips icon will be created your computer window. 
 
b. Find the named 'PCS-Main' file in the folder and drag it to wxclips icon.  
 
c. The polyester expert system will run promptly. 
 
 
Method 2.  
 
a. Once the installation is complete, locate the wxCLIPS program among the installed programs on 
your computer and double-click on it. 
 
b. Once the wxCLIPS program opens, go in the file menu and click on 'load definitions' 
 
c. Locate the file 'PCS-Main' in the CD and open it.  
 
d. Once the file loads in the wxCLIPS window, go to 'application menu' and click on 'start application'.  
 
e. The polyester expert system will run promptly. 
 
 
 
If you are any concerns, please email to jacob0720@gmail.com for troubleshooting installation and 
running problems. 
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APPENDIX 41.  Responses from a panel of industry experts, expert system’s 
knowledge base and the literature concerning reproducibility (S1) of woven fabric. 

 
S1-Reproducibility 

Expert System’s Knowledge Base Literature Expert Panel Interviewed 
Cause Description High CF Medium CF Commonness Causes reported in the literature W1 W2 W3 W4 W5 W6 W7 
C30 Inadvertent use of incorrect dye  9  S2, 9,10 12,17,21,36,37        
C35 Poor quality dyestuff 8  S2,10 12,17,21,36,37,60        
C36 Dye aggregation 8   S9 8,12,17,21,36,37,46        
C76 Dyeing time too short 8  S3,10 21,33,36,56,60,90        
C69 Machine overloaded  7  S3 21,33,36,101 √ √      
C27 Insufficient desizing 7  S10 7,19,20,36,39,41,65    √    
C11 Uneven winding density  7  S3,8 10,13,17,20,37,38,63        
C34 Incorrect dye weighing 9   8,12,17,21,36,37,56,60,64,68        
C39 Dye incompatibility  8   12,17,21,36,37,69,70,71,79,88        
C38 Dye sedimentation due to storage 7   12,17,21,36,37        
C88 Wrong carrier type selection 7   2,4,5,9,17,19,20,35,69,96,100        
C85 Excessive amount of auxiliary used 7   2,4,5,9,19,52        
C73 Inconsistent bath/steam temp. 7   11,21,33,34,36,40,56,61,62        
C60 High total water hardness  7   1,17,33,37        
C22 Incomplete removal of spinning oil  6 S2,4,10 7,19,20,36,39,65        
C23 Incomplete removal of knitting oil  6 S2,4,10 7,19,20,36,39,65        
C29 Incomplete scouring  6 S4 7,19,20,36,39,55,65    √    
C21 Inadequate removal of colored materials  6 S3 7,19,20,36,39,65        
C24 Redeposition of knitting oil/spinning oil  6 S3,4 7,19,20,36,39,65        
C74 Wrong temp. for the type of dye  6 S8,9 21,33,36,56,71        
C37 Dye precipitation in dyebath  6 S3,4,10 8,12,17,21,36,37,45        
C47 Poor dye migration  6 S3,8 12,17,21,36,37        
C71 Bath temp. too low  6 S8,10 21,33,36,56,61,62,79 √     √  
C63 Dyebath pH too high   6 S3 21,33,36,56,83,99        
C86 Incompatibility of reagents  6 S2,4,9,10 2,4,5,9,17,19,20,69        
C83 Poor quality (aged/old) auxiliary used  6 S3,4,9,10 2,4,5,9,17,19,20,52,60        
C84 Incorrect auxiliary weighing  6 S4,9,10 2,4,5,9,17,19,20,52,56,60,64,68        
C113 Drying temp. too high   6 S2 19,20,34,56   √    √ 
C10 Presence of foreign fibers   5 S2,4,5, 17,42,102,103        
C8 Catalytic damage  5 S11,12 17,42,104,105        
C9 Inconsistent draw ratio  5 S5 17,25,42,82        
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C12 Channeling-due to irregular winding  5 S3,5,8 10,13,17,20,37,38,42,63        
C17 Variation in warp/weft yarn twist  5 S3,5 17,30,39,42,43,66        
C18 Variation in warp/weft tension  5 S3,5 17,30,39,42,43,63,66        
C19 Variation in density (knitting, weaving)  5 S3,5 17,30,39,42,43,66        
C32 Improper disperse dye selection – medium energy level  5 S2,3,10 12,15,16,17,21,36,37,44,68,78        
C51 Presence of manganese/calcium in source water  5 S4,10 1,17,36,37,42        
C53 Presence of chlorine/chloride in source water  5 S3,10 1,17,36,37,42        
C52 Presence of iron/copper in source water  5 S4 1,17,36,37,42        
C68 Liquor-to-goods ratio too low  5 S2,6,8 21,33,36,56,79        
C65 Initial dye concentration too high   5 S3,7 21,33,36,94     √   
C70 Bath temp. too high  5 S3,10 21,33,36,56,61,62,79 √     √  
C72 Rapid temp. rise  5 S8 21,33,36,56,61,62,71,80 √       
C80 Inadequate fabric/water movement  5 S8 21,33,36        
C87 Wrong auxiliary selection  5 S2,3,4,8,9,10,14 2,4,5,9,17,20,52,64        
C108 Reduction time too short   5 S2 19,56,85        
C13 General package deformation  4 S3,5 10,13,17,20,37,42        
C25 Redeposition of insoluble substances  4 S3,4 7,19,20,36,39,65        
C62 High alkalinity of source water  4 S10 1,17,33,36,37        
C91 Thermosol period too short  4 S2 14,32,34        
C98 Contaminated equipments (dyeing, washing, drying, etc.)  4 S3,4 11,16,57,59,74,76        
C3 Degree of crystallinity  6  17,29,42,81,89        
C5 Variation in fiber glass transition temperature  6  17,22,23,42        
C28 Inappropriate bleaching  6  7,19,20,36,39,65        
C64 Dyebath pH too low   6  21,33,36,56,83,99        
C99 Machine malfunction (power, heat; valves, pressure, etc.)  6  11,16,57,59,68        
C109 Excessive reducing agent used  6  19        
C2 Degree of polymerization  5  17,27,42,86,97,106,107,108        
C4 Degree of orientation  5  17,28,42,74,75,84,106,107,108        
C31 Improper disperse dye selection – high energy level  5  12,15,16,17,21,36,37,44,68,78        
C33 Improper disperse dye selection – low energy level  5  12,15,16,17,21,36,37,44,68,78        
C46 Severe dye migration  5  12,15,16,17,21,36,37        
C61 High acidity of source water  5  1,17,36,37        
C95 Pre-drying time too short   5  14,32,34,56        
C104 Inadequate wash bath water  5  19,20        
C106 Reduction temp. too low   5  19,20,56,85        
C107 Reduction time too long   5  19,20,56,85        
C105 Reduction temp. too high   4  19,20,56,85        

 
 
 
√: consistent diagnosis 
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APPENDIX 42.  Responses from a panel of industry experts, expert system’s 
knowledge base and the literature concerning general unlevelness (S3) of woven 
fabric. 
 

S3-General unlevelness 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Causes reported in the literature W1 W2 W3 W4 W5 W6 W7 
C29 Incomplete scouring 8  S10 7,19,20,36,39,55,65  

A 

 √   √ 
C74 Wrong temp. for the type of dye 7  S3,10 21,33,36,56,71     √  
C71 Bath temp. too low 7  S2 21,33,36,56,61,62,79     √  
C76 Dyeing time too short 7  S1,9,10 21,33,36,56,60,90       
C69 Machine overloaded  7  S1 21,33,36,101       
C11 Uneven winding density  7  S1 10,13,20,37,38,42,63       
C68 Liquor-to-goods ratio too low 8   21,33,36,56,79    √   
C22 Incomplete removal of spinning oil 7   7,19,20,36,39,65       
C23 Incomplete removal of knitting oil 7   7,19,20,36,39,65       
C40 Dye substantivity too high 7   17,36,37,67,93       
C72 Rapid temp. rise 7   21,33,36,56,61,62,71,80       
C86 Incompatibility of reagents 7   2,4,5,9,19,20,69       
C31 Improper disperse dye selection – high energy level 7   12,15,17,21,36,37,44,68,78       
C12 Channeling-due to irregular winding  6 S1,5,8 10,13,17,20,37,38,42,63       
C17 Variation in warp/weft yarn twist  6 S1,5 17,30,39,42,43,66       
C24 Redeposition of knitting oil/spinning oil  6 S1,4 7,19,20,36,39,65       
C21 Inadequate removal of colored materials  6 S1 7,19,20,36,39,65       
C39 Dye incompatibility   6 S2,4,8,9 8,12,17,21,36,37,69,70,71,79,88       
C37 Dye precipitation in dyebath  6 S1,4,10 8,12,17,21,36,37,45       
C47 Poor dye migration  6 S1,8 8,12,17,21,36,37 √      
C43 Low dye diffusion coefficient  6 S8 8,12,17,21,36,37,47,67,92,93       
C63 Dyebath pH too high   6 S1 21,33,34,36,56,83,99       
C73 Inconsistent bath/steam temp.  6 S14 11,21,33,34,36,40,56,61,62 √      
C87 Wrong auxiliary selection  6 S1,2,4,8,9,10,13 2,4,5,9,19,52       
C13 General package deformation  5 S1,5 10,13,17,20,37       
C18 Variation in warp/weft tension  5 S1,5 17,30,39,42,43,63,66    √   
C19 Variation in density (knitting, weaving)  5 S1,5 17,30,39,42,43,66    √   
C27 Insufficient desizing  5 S14 7,19,20,36,39,41,65  √ √   √ 
C25 Redeposition of insoluble substances  5 S1,4 7,19,20,36,39,65       
C26 Resist/latent deposits  5 S4 7,19,20,36,39,65       
C32 Improper disperse dye selection – medium energy level  5 S1,2,10 12,15,16,17,21,36,37,44,68,78       
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C53 Presence of chlorine/chloride in source water  5 S1,10 1,17,33,37,42       
C65 Initial dye concentration too high   5 S1,7 21,33,36,94       
C98 Contaminated equipments (dyeing, washing, drying, etc.)  5 S1,4 11,16,57,59,73,76       
C70 Bath temp. too high  4 S1,10 21,33,36,56,61,62,79     √  
C78 Flow rate too low  4 S8 21,33,36,50,56,77,94       
C81 Excessive foaming  4 S4 5,21,31,36,53       
C83 Poor quality (aged/old) auxiliary used  4 S1,4,9,10 2,4,5,9,17,19,20,52,60       
C93 Inconsistent hardness of mangle/ nip roller pressure  5  14,32,34,58       

 
√: consistent diagnosis 
A: Migration/ C46,113,114 
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APPENDIX 43.  Responses from a panel of industry experts, expert system’s 
knowledge base and the literature concerning presence of specks, stains or spots 
(S4) of woven fabric. 
 

S4-Presence of specks, stains or spots 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Causes reported in the literature W1 W2 W3 W4 W5 W6 W7 
C82 Softener spotting 7   3,6,21,33,36,51 

A B 

  

C 
 

 

D 
 

C22 Incomplete removal of spinning oil  6 S1,2,10 7,19,20,36,39,65    
C23 Incomplete removal of knitting oil  6 S1,2,10 7,19,20,36,39,65    
C24 Redeposition of knitting oil/spinning oil  6 S1,3 7,19,20,36,39,65    
C25 Redeposition of insoluble substances  6 S1,3 7,19,20,36,39    
C35 Poor quality dyestuff  6 S9 12,17,21,36,37,60    
C86 Incompatibility of reagents  6 S1,2,9,10 2,4,5,9,19,20,69    
C83 Poor quality (aged/old) auxiliary used  6 S1,3,9,10 2,4,5,9,19,20,52,60    
C29 Incomplete scouring  5 S1 7,19,20,36,39,55,65  √  
C37 Dye precipitation in dyebath  5 S1,3,10 8,12,17,21,36,37,45    
C38 Dye sedimentation due to storage  5 S9,10 12,17,21,36,37    

C51 
Presence of manganese/calcium in source water 

 5 S1,10 1,17,36,37 
   

C52 Presence of iron/copper in source water  5 S1 1,17,36,37    
C81 Excessive foaming  5 S3 5,21,31,33,36,53    
C87 Wrong auxiliary selection  5 S1,2,3,8,9,10,13 2,17,19,20,52,64    
C88 Wrong carrier type selection  5 S2,10 2,4,5,9,17,19,20,35,69,96,100    

C98 
Contaminated equipments (dyeing, washing, drying, etc.) 

 5 S1,3 11,16,57,59,73,76 
√ √  

C97 Corrosion or rusting of machine parts  5 S12 11,16,57,59 √ √  
C10 Presence of foreign fibers   4 S1,2,5 17,42,102,103    
C26 Resist/latent deposits  4 S3 7,19,20,36,39,65    

C49 
Dye recrystalization-due to variation in dyeing temp. 

 4 S9 12,17,21,36,37,56 
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C39 Dye incompatibility   4 S2,3,8,9,10 8,12,17,21,36,37,69,70,71,79,88    
C84 Incorrect auxiliary weighing  4 S1,9,10 2,4,5,9,17,19,20,52,56,60,64,68    
C6 Presence of tint/oligomer  5  17,18,19,24,42,72,85,87    
C58 Presence of suspended oil, grease, clay, sediments, etc.  5  1,17,33,36,37    
C89 Inadequate solubility of auxiliary  5  17,19,20,52   √ 
C85 Excessive amount of auxiliary used  4  2,4,5,9,17,19,20,52    
C16 Fly fiber knitted or woven  4  17,30,39,42    

 
√: consistent diagnosis, A: No answer, B: Unevern Dyeing/ C46,113,114, C: Blotchy Dyeing/ C65,66, D: Stripes/ C99  
 

APPENDIX 44.  Responses from a panel of industry experts, expert system’s 
knowledge base and the literature concerning presence of stop, rope and pressure 
marks (S6) of woven fabric. 
 

S6-Presence of stop, rope and pressure marks 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Causes reported in the literature W1 W2 W3 W4 W5 W6 W7 
C68 Liquor-to-goods ratio too low  6 S1,2,8 21,33,36,56,79 A B C D E F G 
C69 Machine overloaded  6 S8 21,33,36,101 

 
A: Blotchy/ C46,113,114 
B: Blotchy/ C46,113,114 
C: Wrinkling/ C93 
D: Cloudy/ C27,28,29 
E: Blotchy/ C75 
F: Creasing/ C70,71,74,27,28,29 
G: Creasing/ C27,28,31 
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APPENDIX 45.  Responses from a panel of industry experts, expert system’s 
knowledge base and the literature concerning presence of ending and tailing 
marks (S7) of woven fabric. 
 
 

S7-Presence of ending and tailing marks 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Causes reported in the literature W1 W2 W3 W4 W5 W6 W7 
C40 Dye substantivity too high  6 S8 8,12,17,21,36,37,67,93 A B C D E F G 
C65 Initial dye concentration too high  4 S1,3 21,33,36,94 

 
 
A: Crease/ C18,19,20,70,71 
B: Tangling/ C92,93,97,98,99 
C: Wrinkling/ C93 
D: Folding marks/ C17,18,19 
E: Streaks/ C18,20 
F: Rope mark/ C96,97,98,99 
G: Creasing/ C27,28,30 
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APPENDIX 46.  Responses from a panel of industry experts, expert system’s 
knowledge base and the literature concerning shade variations (S8) of woven 
fabric. 
 
 
 

S8-Shade variations 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Causes reported in the literature W1 W2 W3 W4 W5 W6 W7 
C11 Uneven winding density  8  S1,3 10,13,17,20,37,38,42,63  

A B C D 

 

E 

C13 General package deformation 7   10,13,17,20,37,42   
C47 Poor dye migration  6 S1,3 12,17,21,36,37   

C12 Channeling-due to irregular winding  5 S1,3,5 10,13,17,20,37,38,42,63 
  

C40 Dye substantivity too high  5 S7 8,12,17,21,36,37,67,93   
C43 Low dye diffusion coefficient  5 S3 8,12,17,21,36,37,47,67,92,93   
C74 Wrong temp. for the type of dye  5 S1,9 21,33,36,56,71  √ 
C68 Liquor-to-goods ratio too low  5 S1,2,6 21,33,36,56,79   
C71 Bath temp. too low  5 S1,10 21,33,36,56,61,62,79 √ √ 
C76 Dyeing time too short  5 S2 21,33,36,56,60,90   
C69 Machine overloaded   5 S6 21,33,36,101   
C80 Inadequate fabric/water movement  5 S1 21,33,36   

C87 Wrong auxiliary selection  5 S1,2,3,4,9,10,13 2,4,5,9,17,19,20,52,64 
  

C39 Dye incompatibility   4 S2,3,4,9 12,17,36,37,69,70,71,79,88   
C72 Rapid temp. rise  4 S1 21,33,36,56,61,62,71,80   

C78 Flow rate too low  4 S3 21,33,36,50,56,77,94   
 
√: consistent diagnosis, A: Shade/C27,28,29, B: Wrinkling/ C93, C: Fold marks/C17,18,19, D:Streaks/C18,19, E: No answer 
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APPENDIX 47.  Responses from a panel of industry experts, expert system’s 
knowledge base and the literature concerning poor color yield (S10) of woven 
fabric. 
 

S10-Poor color yield 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Causes reported in the literature W1 W2 W3 W4 W5 W6 W7 
C74 Wrong temp. for the type of dye 8  S2,3 21,33,36,56,71  

A B C 

 

D 

√ 
C27 Insufficient desizing 7  S1 7,19,20,36,39,41,65    
C29 Incomplete scouring 7  S3 7,19,20,36,39,55,65    
C35 Poor quality dyestuff 7  S1,2 12,17,21,36,37,60    
C76 Dyeing time too short 7  S1,3 21,33,36,56,60,90 √   
C30 Inadvertent use of incorrect dye  8   12,17,36,37    
C63 Dyebath pH too high  7   21,33,36,56,83,99    
C91 Thermosol period too short 7   14,32,34    
C41 Dye substantivity too low 7   8,12,17,21,36,37,67,93  √  

C50 
Dye degradation – due to chlorine, high temp. 

7   12,17,21,36,37,49,56,91,95,98 
   

C71 Bath temp. too low  6 S1,8 21,33,36,56,61,62,79   √ 
C70 Bath temp. too high  6 S1,3 21,33,36,56,61,62,79   √ 
C39 Dye incompatibility   5 S2,3,4,8,9 8,12,17,21,36,37,69,70,71,79,88    
C38 Dye sedimentation due to storage  5 S4,9 12,17,21,36,37    
C37 Dye precipitation in dyebath  5 S1,3,4 8,17,33,36,37,42,45    

C51 
Presence of manganese/calcium in source water 

 5 S1,4 1,17,33,36,37,42 
   

C53 
Presence of chlorine/chloride in source water 

 5 S1,3 1,17,33,36,37,42 
   

C62 High alkalinity of source water  5 S1 1,17,33,36,37,42    
C87 Wrong auxiliary selection  5 S1,2,3,4,8,9,13 2,4,5,9,17,19,20,52,64    
C86 Incompatibility of reagents  5 S1,2,4,9 2,4,5,9,17,19,20,69    
C88 Wrong carrier type selection  5 S2,4 2,4,5,9,17,19,20,35,69,96,100    
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C22 Incomplete removal of spinning oil  4 S1,2,4 7,19,20,36,39,65    
C23 Incomplete removal of knitting oil  4 S1,2,4 7,19,20,36,39,65    
C32 Improper disperse dye selection – medium energy level  4 S1,2,3 12,15,16,17,21,36,37,44,68,78    
C83 Poor quality (aged/old) auxiliary used  4 S1,3,4,9 17,19,20,52,60    
C84 Incorrect auxiliary weighing  4 S4,9 17,19,20,52,56,60,64,68    
C60 High total water hardness   5  1,17,33,36,37,42    
C67 Liquor-to-goods ratio too high  5  21,33,36,56,79 √   

 
√: consistent diagnosis , A: Blotchy/C80, B: Lighter color/ C73,C65,66, C: Too pale/C34,65,66, D: Low exhaustion/C66 
 

APPENDIX 48.  Responses from a panel of industry experts, expert system’s 
knowledge base and the literature concerning reduced mechanical strength (S11) 
of woven fabric. 
 

S11-Reduced mechanical strength 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Causes reported in the literature W1 W2 W3 W4 W5 W6 W7 
C8 Catalytic damage  6 S1,12 17,42,104,105 

A B C D E F G C15 Mechanical defect (broken or torn yarn)  5 S12 10,13,17,20,37,42 
C20 Mechanical defect (broken or torn fabric)  5 S12 17,30,39,42,66 

 
A: Abrasion marks/C115 
B: Rough Surface/ C30,34 
C: Dark marks/ C92,93,97,98,99 
D: Fuzzy/ C70,75,100,105,113 
E: Abrasion/ C96 
F: Abrasion/ C96,97,98,99 
G: Stuff picking/ C93 
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APPENDIX 49.  Responses from a panel of industry experts, expert system’s 
knowledge base and the literature concerning local damage (S12) of woven fabric. 
 

S12-Local damage 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Causes reported in the literature W1 W2 W3 W4 W5 W6 W7 

C96 
Damaged wash box; sharp machine edges/sections 

7   11,16,57,59 

A B C D 

√ √ 

E C8 Catalytic damage  6 S1,12 17,42,104,105   
C15 Mechanical defect (broken or torn yarn)  4 S11 10,13,17,20,37,42   
C20 Mechanical defect (broken or torn fabric)  4 S11 17,30,39,42,66   
C97 Corrosion or rusting of machine parts  4 S4 11,16,57,59 √ √ 

 
√: consistent diagnosis, A: Hole/ C67,68,75,76, B: Spots/ C86 
C: Lighter color/ C63,64,70,71,75,76, D: Broken fabric/ C34,65,66 
E: Hole/ C36,37 
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APPENDIX 50.  Responses from a panel of industry experts, expert system’s 
knowledge base and the literature concerning advanced changes in appearance 
(S13) of woven fabric. 
 

S13-Adverse changes in appearance 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Causes reported in the literature W1 W2 W3 W4 W5 W6 W7 

C87 Wrong auxiliary selection  4 S1,2,3,4,8,9,10 12,17,21,36,37 A B C D E F G 
 
A: Bar/ C92,93,97,98,99 
B: Dye stains/ C27,28,29 
C: Spots/ C65,66,81 
D: Folding marks/ C65 
E: Streaks/ No answer 
F: Streaks/ C18,20 
G: Sreaks/ C63,100,105,113 
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APPENDIX 51.  Responses from a panel of industry experts, expert system’s 
knowledge base and the literature concerning comfort properties (S14) of woven 
fabric. 
 

S14-Comfort properties 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Causes reported in the literature W1 W2 W3 W4 W5 W6 W7 

C27 Insufficient desizing  4 S3 7,19,36,39,41,65 A B C D E F G 
C90 Thermosol period too long  4  14,32,34 

 
 
A: Crack marks/ C71,71,72 
B: Uneven dyeing/ C73 
C: Wrinkling/ C81 
D: Tied dyed/ C36,37,38 
E: Blotchy dyeing/ C68 
F: Streaks/ C18,20 
G: Shade-off/ C63,100,105,113 
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APPENDIX 52.  Responses from a panel of industry experts, expert system’s 
knowledge base and the literature concerning inadequate fastness (S2) of knitted 
fabric. 
 

S2- Inadequate Fastness 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Causes reported in the literature K1 K2 K3 K4 K5 K6 K7 
C30 Inadvertent use of incorrect dye 9  S1,9,10 12,17,21,36,37      

A 

 
C35 Poor quality dyestuff 8  S1,10 12,17,21,36,37,60       
C74 Wrong temp. for the type of dye 8  S3,10 21,33,36,56,71  √     
C71 Bath temp. too low 7  S3,10 21,33,36,56,60,61,62,79  √     
C33 Improper dye selection a 8   12,15,16,17,21,36,37,44,68,78       
C48 Dye bleeding 8   12,17,21,36,37,48       
C46 Severe dye migration 7   8,12,17,21,36,37       
C104 Inadequate wash bath water 7   19,20       
C106 Reduction temp. too low 7   19,20,56,85       
C101 Washing temp. too low 7   4,19,20,54,56,76       
C103 Washing time too short 7   4,19,20,54,56,76       
C110 Insufficient reducing agent used 7   19,20       
C76 Dyeing time too short  6 S8 21,33,36,56,60,90  √     
C88 Wrong carrier type selection  6 S4,10 2,4,5,9,17,19,20,35,69,96,100       
C91 Thermosol period too short  6 S1 14,32,34       
C108 Reduction time too short  6 S1 19,20,56,85       
C10 Presence of foreign fibers  5 S1,4,5 17,42,102,103       
C22 Incomplete removal of spinning oil  5 S1,4,10 7,19,20,36,39,65  √ √ √ √ √ 
C23 Incomplete removal of knitting oil  5 S1,4,10 7,19,20,36,39,65  √ √ √ √ √ 
C39 Dye incompatibility  5 S3,4,8,9 12,17,21,36,37,69,70,71,79,88 √ √     
C32 Improper dye selection b  5 S1,3,10 12,15,16,17,21,36,37,44,68,78       
C87 Wrong auxiliary selection  5 S1,3,4,8,9,10,13 2,4,5,9,17,19,20,52,64       
C113 Drying temp. too high  5 S1 19,20,34,56       
C68 Liquor-to-goods ratio too low  4 S1,6,8 21,33,36,56,79  √     
C86 Incompatibility of reagents  4 S1,4,9,10 2,4,5,9,17,19,20,69 √      
C36 Dye aggregation  5  12,17,21,36,37,46       
C41 Dye substantivity too low  5  12,17,21,36,37,67,93   √    
C50 Dye degradation   5  12,17,21,36,37,49,56,91,95,98       
C79 Wrong wash bath pH  6  21,33,36,56       

√: consistent diagnosis,     A: Unlevel/ No answer 
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APPENDIX 53.  Responses from a panel of industry experts, expert system’s 
knowledge base and the literature concerning general unlevelness (S3) of knitted 
fabric. 
 

S3-General unlevelness 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Causes reported in the literature K1 K2 K3 K4 K5 K6 K7 
C29 Incomplete scouring 8  S10 7,19,20,36,39,55,65 

A 

 √ √  

B 

 
C74 Wrong temp. for the type of dye 7  S3,10 21,33,36,56,71     √ 
C71 Bath temp. too low 7  S2 21,33,36,56,61,62,79      
C76 Dyeing time too short 7  S1,9,10 21,33,36,56,60,90      
C69 Machine overloaded  7  S1 21,33,36,101      
C11 Uneven winding density  7  S1 10,13,20,37,38,42,63      
C68 Liquor-to-goods ratio too low 8   21,33,36,56,79      
C22 Incomplete removal of spinning oil 7   7,19,20,36,39,65  √ √   
C23 Incomplete removal of knitting oil 7   7,19,20,36,39,65  √ √   
C40 Dye substantivity too high 7   17,36,37,67,93      
C72 Rapid temp. rise 7   21,33,36,56,61,62,71,80      
C86 Incompatibility of reagents 7   2,4,5,9,19,20,69      
C31 Improper disperse dye selection – high energy level 7   12,15,17,21,36,37,44,68,78      
C12 Channeling-due to irregular winding  6 S1,5,8 10,13,17,20,37,38,42,63      
C17 Variation in warp/weft yarn twist  6 S1,5 17,30,39,42,43,66 √   √  
C24 Redeposition of knitting oil/spinning oil  6 S1,4 7,19,20,36,39,65  √ √   
C21 Inadequate removal of colored materials  6 S1 7,19,20,36,39,65  √ √   
C39 Dye incompatibility   6 S2,4,8,9 8,12,17,21,36,37,69,70,71,79,88      
C37 Dye precipitation in dyebath  6 S1,4,10 8,12,17,21,36,37,45      
C47 Poor dye migration  6 S1,8 8,12,17,21,36,37      
C43 Low dye diffusion coefficient  6 S8 8,12,17,21,36,37,47,67,92,93      
C63 Dyebath pH too high   6 S1 21,33,34,36,56,83,99      
C73 Inconsistent bath/steam temp.  6 S14 11,21,33,34,36,40,56,61,62      
C87 Wrong auxiliary selection  6 S1,2,4,8,9,10,13 2,4,5,9,19,52      
C13 General package deformation  5 S1,5 10,13,17,20,37      
C18 Variation in warp/weft tension  5 S1,5 17,30,39,42,43,63,66 √     
C19 Variation in density (knitting, weaving)  5 S1,5 17,30,39,42,43,66 √   √  
C27 Insufficient desizing  5 S14 7,19,20,36,39,41,65  √ √   
C25 Redeposition of insoluble substances  5 S1,4 7,19,20,36,39,65  √ √   
C26 Resist/latent deposits  5 S4 7,19,20,36,39,65      
C32 Improper disperse dye selection – medium energy level  5 S1,2,10 12,15,16,17,21,36,37,44,68,78      
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C53 Presence of chlorine/chloride in source water  5 S1,10 1,17,33,37,42      
C65 Initial dye concentration too high   5 S1,7 21,33,36,94     √ 
C98 Contaminated equipments (dyeing, washing, drying, etc.)  5 S1,4 11,16,57,59,73,76      
C70 Bath temp. too high  4 S1,10 21,33,36,56,61,62,79      
C78 Flow rate too low  4 S8 21,33,36,50,56,77,94      
C81 Excessive foaming  4 S4 5,21,31,36,53      
C83 Poor quality (aged/old) auxiliary used  4 S1,4,9,10 2,4,5,9,17,19,20,52,60      
C93 Inconsistent hardness of mangle/ nip roller pressure  5  14,32,34,58      

√: consistent diagnosis   A: Lope mark/ C113,114   B: Unlevel/ No answer 
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APPENDIX 54.  Responses from a panel of industry experts, expert system’s 
knowledge base and the literature concerning presence of specks, stains or spots 
(S4) of knitted fabric. 

S4-Presence of specks, stains or spots 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Causes reported in the literature K1 K2 K3 K4 K5 K6 K7 
C82 Softener spotting 7   3,6,21,33,36,51   

A 

  

B 

 
C22 Incomplete removal of spinning oil  6 S1,2,10 7,19,20,36,39,65   √  √ 
C23 Incomplete removal of knitting oil  6 S1,2,10 7,19,20,36,39,65   √  √ 
C24 Redeposition of knitting oil/spinning oil  6 S1,3 7,19,20,36,39,65   √  √ 
C25 Redeposition of insoluble substances  6 S1,3 7,19,20,36,39   √  √ 
C35 Poor quality dyestuff  6 S9 12,17,21,36,37,60 √     
C86 Incompatibility of reagents  6 S1,2,9,10 2,4,5,9,19,20,69      
C83 Poor quality (aged/old) auxiliary used  6 S1,3,9,10 2,4,5,9,19,20,52,60 √     
C29 Incomplete scouring  5 S1 7,19,20,36,39,55,65   √  √ 
C37 Dye precipitation in dyebath  5 S1,3,10 8,12,17,21,36,37,45      
C38 Dye sedimentation due to storage  5 S9,10 12,17,21,36,37      
C51 Presence of manganese/calcium in source water  5 S1,10 1,17,36,37      
C52 Presence of iron/copper in source water  5 S1 1,17,36,37      
C81 Excessive foaming  5 S3 5,21,31,33,36,53      
C87 Wrong auxiliary selection  5 S1,2,3,8,9,10,13 2,17,19,20,52,64  √    
C88 Wrong carrier type selection  5 S2,10 2,4,5,9,17,19,20,35,69,96,100      
C98 Contaminated equipments (dyeing, washing, drying, etc.)  5 S1,3 11,16,57,59,73,76    √  
C97 Corrosion or rusting of machine parts  5 S12 11,16,57,59    √  
C10 Presence of foreign fibers   4 S1,2,5 17,42,102,103      
C26 Resist/latent deposits  4 S3 7,19,20,36,39,65   √  √ 
C49 Dye recrystalization-due to variation in dyeing temp.  4 S9 12,17,21,36,37,56      
C39 Dye incompatibility   4 S2,3,8,9,10 8,12,17,21,36,37,69,70,71,79,88      
C84 Incorrect auxiliary weighing  4 S1,9,10 2,4,5,9,17,19,20,52,56,60,64,68      
C6 Presence of tint/oligomer  5  17,18,19,24,42,72,85,87      
C58 Presence of suspended oil, grease, clay, sediments, etc.  5  1,17,33,36,37      
C89 Inadequate solubility of auxiliary  5  17,19,20,52      
C85 Excessive amount of auxiliary used  4  2,4,5,9,17,19,20,52      
C16 Fly fiber knitted or woven  4  17,30,39,42      

 
√: consistent diagnosis, A: Stains/ No answer, B: Spots/ No answer 
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APPENDIX 55.  Responses from a panel of industry experts, expert system’s 
knowledge base and the literature concerning presence of streaks (S5) of knitted 
fabric. 
 

 
 
 
 
 
 
 
 
 

 
A: Pale patchy/ C39,43,70,86  B: Streaks/ C69,80 
C: Unlevel/ C20-29,40-45  D: Streaks/ C21-29,63-78 
E: Spots/ C21-29,63-78  F: Unlevel/ C70,71,75-78 
G: Streaks/ C21-29 
 
 
 
 
 
 
 
 
 
 

S5- Presence of Streaks 
Expert System’s Knowledge Base Literature  Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Reported Causes  K1 K2 K3 K4 K5 K6 K7 
C5 Presence of tint/oligomer  6 S1 17,18,19,24,72,85,87 

A B C D E F G 

C17 Variation in warp/weft yarn twist  6 S1,3 17,30,39,42,43,66 
C18 Variation in warp/weft tension  6 S1,3 17,30,39,42,43,63,66 
C10 Presence of foreign fibers  5 S1,2,4 17,42,102,103 
C13 General package deformation  5 S1,3 10,13,17,20,37,42 
C19 Variation in density (knitting, weaving)  5 S1,3 17,30,39,42,43,66 
C9 Inconsistent draw ratio  5 S1 17,25,42 
C12 Channeling-due to irregular winding  4 S1,3,8 10,13,17,20,37,38,42,63 
C11 Uneven winding density  4  10,13,17,20,37,38,42,63 
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APPENDIX 56.  Responses from a panel of industry experts, expert system’s 
knowledge base and the literature concerning dye stains (S9) of knitted fabric. 
 

S9- Dye Stains 
Expert System’s Knowledge Base Literature  Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Reported Causes  K1 K2 K3 K4 K5 K6 K7 
C36 Dye aggregation 8  S1 12,17,21,36,37,46 

A B C D E 

  
C30 Inadvertent use of incorrect dye 7  S1,2,10 12,17,21,36,37   
C37 Dye precipitation in dyebath 7   8,12,17,21,36,37,45   
C39 Dye incompatibility  6 S2,3,4,10 8,12,17,21,36,37,69,70,71,79,88   
C35 Poor quality dyestuff  5 S4 12,17,21,36,37,60 √  
C38 Dye sedimentation due to storage  5 S4,10 12,17,21,36,37   
C49 Dye recrystalization  5 S4 12,17,21,36,37,56   
C74 Wrong temp. for the type of dye  5 S1,8 21,33,36,56,71  √ 
C87 Wrong auxiliary selection  5 S1,2,3,4,8,10,13 2,4,5,9,17,19,20,52,64   
C86 Incompatibility of reagents  5 S1,2,4,10 2,4,5,9,17,19,20,69   
C83 Poor quality (aged/old) auxiliary used  4 S1,3,4,10 2,4,5,9,17,19,20,52,60 √  
C84 Incorrect auxiliary weighing  4 S1,4,10 2,4,5,9,17,19,20,52,56,60,64,68   
√: consistent diagnosis, A: Bar/ C11-14, B: Rope mark/ C16-19, C: Stains/ C105-110, D: Bar/ C16-19, E: Band /C16-20 
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APPENDIX 57.  Responses from a panel of industry experts, expert system’s 
knowledge base and the literature concerning poor color yield (S10) of knitted 
fabric. 
 

S10-Poor color yield 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Causes reported in the literature K1 K2 K3 K4 K5 K6 K7 
C74 Wrong temp. for the type of dye 8  S2,3 C74  

A 

   

B 

 
C27 Insufficient desizing 7  S1 C27   √ √ √ 
C29 Incomplete scouring 7  S3 C29   √ √ √ 
C35 Poor quality dyestuff 7  S1,2 C35      
C76 Dyeing time too short 7  S1,3 C76     √ 
C30 Inadvertent use of incorrect dye  8   C30      
C63 Dyebath pH too high  7   C63     √ 
C91 Thermosol period too short 7   C91      
C41 Dye substantivity too low 7   C41      
C50 Dye degradation – due to chlorine, high temp. 7   C50      
C71 Bath temp. too low  6 S1,8 C71  √   √ 
C70 Bath temp. too high  6 S1,3 C70 √ √   √ 
C39 Dye incompatibility   5 S2,3,4,8,9 C39      
C38 Dye sedimentation due to storage  5 S4,9 C38      
C37 Dye precipitation in dyebath  5 S1,3,4 C37      
C51 Presence of manganese/calcium in source water  5 S1,4 C51      
C53 Presence of chlorine/chloride in source water  5 S1,3 C53      
C62 High alkalinity of source water  5 S1 C62     √ 
C87 Wrong auxiliary selection  5 S1,2,3,4,8,9,13 C87      
C86 Incompatibility of reagents  5 S1,2,4,9 C86      
C88 Wrong carrier type selection  5 S2,4 C88      
C22 Incomplete removal of spinning oil  4 S1,2,4 C22   √ √  
C23 Incomplete removal of knitting oil  4 S1,2,4 C23   √ √  
C32 Improper disperse dye selection – medium energy level  4 S1,2,3 C32      
C83 Poor quality (aged/old) auxiliary used  4 S1,3,4,9 C83      
C84 Incorrect auxiliary weighing  4 S4,9 C84      
C60 High total water hardness   5  C60     √ 
C67 Liquor-to-goods ratio too high  5  C67     √ 

√: consistent diagnosis,     A: Blotchy/ C39,43,70,86,     B: Unlevel/ No answer 
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APPENDIX 58.  Responses from a panel of industry experts, expert system’s 
knowledge base and the literature concerning reduced mechanical strength (S11) 
of knitted fabric. 
 

S11-Reduced mechanical strength 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Causes reported in the literature K1 K2 K3 K4 K5 K6 K7 
C8 Catalytic damage  6 S1,12 17,42,104,105 

A B C D E F G C15 Mechanical defect (broken or torn yarn)  5 S12 10,13,17,20,37,42 
C20 Mechanical defect (broken or torn fabric)  5 S12 17,30,39,42,66 

 
 
A: Dark to light/ C39,43,70,86 
B: Blotchy/ C21-29,39,63-78 
C: Unlevel/ C21-29,40-45 
D: Appearance changed/ C105-110,113,114 
E: Stiffness/ C63-78 
F: Unlevel/ C96-99 
G: Unlevel/ C21-29 
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APPENDIX 59.  Responses from a panel of industry experts, expert system’s 
knowledge base and the literature concerning advanced changes in appearance 
(S13) of knitted fabric. 
 
 
 

S13-Adverse changes in appearance 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Causes reported in the literature K1 K2 K3 K4 K5 K6 K7 
C87 Wrong auxiliary selection  4 S1,2,3,4,8,9,10 12,17,21,36,37 A B C D E F G 

 
 
A: Rope mark/ C113,114 
B: Creasing/ C113,114 
C: Unlevel/ C21-29,40-45 
D: Creasing/ C16-19,113,114 
E: Heavy creasing/ C63-78 
F: Creasing/ C63-78 
G: Creasing/ C96-99 
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APPENDIX 60.  Responses from a panel of industry experts, expert system’s 
knowledge base and the literature concerning comfort properties (S14) of knitted 
fabric. 
 
 
 

S14-Comfort properties 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Causes reported in the literature K1 K2 K3 K4 K5 K6 K7 
C27 Insufficient desizing  4 S3 7,19,36,39,41,65 A B √ C D E F C90 Thermosol period too long  4  14,32,34  

 
 
√: consistent diagnosis 
A: Spots/ C23,24 
B: Abrasion/ C96-99 
C: Abrasion/ C96-99 
D: Abrasion/ C96-99 
E: Stiffness/ C96-99 
F: Pilling/ C13,96-99 
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APPENDIX 61.  Responses from a panel of industry experts, expert system’s 
knowledge base and the literature concerning general unlevelness (S3) of yarn 
package. 
 

S3-General unlevelness 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Causes reported in the literature Y1 Y2 Y3 Y4 Y5 Y6 Y7 
C29 Incomplete scouring 8  S10 7,19,20,36,39,55,65  √ √   

A 

 
C74 Wrong temp. for the type of dye 7  S3,10 21,33,36,56,71    √   
C71 Bath temp. too low 7  S2 21,33,36,56,61,62,79 √   √   
C76 Dyeing time too short 7  S1,9,10 21,33,36,56,60,90 √   √   
C69 Machine overloaded  7  S1 21,33,36,101    √   
C11 Uneven winding density  7  S1 10,13,20,37,38,42,63     √  
C68 Liquor-to-goods ratio too low 8   21,33,36,56,79    √   
C22 Incomplete removal of spinning oil 7   7,19,20,36,39,65  √ √    
C23 Incomplete removal of knitting oil 7   7,19,20,36,39,65  √ √    
C40 Dye substantivity too high 7   17,36,37,67,93   √    
C72 Rapid temp. rise 7   21,33,36,56,61,62,71,80    √   
C86 Incompatibility of reagents 7   2,4,5,9,19,20,69       
C31 Improper disperse dye selection – high energy level 7   12,15,17,21,36,37,44,68,78       
C12 Channeling-due to irregular winding  6 S1,5,8 10,13,17,20,37,38,42,63       
C17 Variation in warp/weft yarn twist  6 S1,5 17,30,39,42,43,66       
C24 Redeposition of knitting oil/spinning oil  6 S1,4 7,19,20,36,39,65       
C21 Inadequate removal of colored materials  6 S1 7,19,20,36,39,65  √ √    
C39 Dye incompatibility   6 S2,4,8,9 8,12,17,21,36,37,69,70,71,79,88       
C37 Dye precipitation in dyebath  6 S1,4,10 8,12,17,21,36,37,45       
C47 Poor dye migration  6 S1,8 8,12,17,21,36,37       
C43 Low dye diffusion coefficient  6 S8 8,12,17,21,36,37,47,67,92,93   √   √ 
C63 Dyebath pH too high   6 S1 21,33,34,36,56,83,99    √   
C73 Inconsistent bath/steam temp.  6 S14 11,21,33,34,36,40,56,61,62    √   
C87 Wrong auxiliary selection  6 S1,2,4,8,9,10,13 2,4,5,9,19,52       
C13 General package deformation  5 S1,5 10,13,17,20,37       
C18 Variation in warp/weft tension  5 S1,5 17,30,39,42,43,63,66      √ 
C19 Variation in density (knitting, weaving)  5 S1,5 17,30,39,42,43,66      √ 
C27 Insufficient desizing  5 S14 7,19,20,36,39,41,65  √ √    
C25 Redeposition of insoluble substances  5 S1,4 7,19,20,36,39,65  √ √    
C26 Resist/latent deposits  5 S4 7,19,20,36,39,65  √ √    
C32 Improper disperse dye selection – medium energy level  5 S1,2,10 12,15,16,17,21,36,37,44,68,78       
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C53 Presence of chlorine/chloride in source water  5 S1,10 1,17,33,37,42       
C65 Initial dye concentration too high   5 S1,7 21,33,36,94    √   
C98 Contaminated equipments (dyeing, washing, drying, etc.)  5 S1,4 11,16,57,59,73,76       
C70 Bath temp. too high  4 S1,10 21,33,36,56,61,62,79 √   √   
C78 Flow rate too low  4 S8 21,33,36,50,56,77,94 √   √   
C81 Excessive foaming  4 S4 5,21,31,36,53       
C83 Poor quality (aged/old) auxiliary used  4 S1,4,9,10 2,4,5,9,17,19,20,52,60       
C93 Inconsistent hardness of mangle/ nip roller pressure  5  14,32,34,58       

√: consistent diagnosis   A: Unlevel/ No answer 
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APPENDIX 62.  Responses from a panel of industry experts, expert system’s 
knowledge base and the literature concerning shade variations (S8) of yarn 
package. 
 
 
 

S8-Shade variations 
Expert System’s Knowledge Base Literature Expert Panel Interviewed 

Cause Description High CF Medium CF Commonness Causes reported in the literature Y1 Y2 Y3 Y4 Y5 Y6 Y7 
C11 Uneven winding density  8  S1,3 10,13,17,20,37,38,42,63  √   √ 

A 

√ 
C13 General package deformation 7   10,13,17,20,37,42       
C47 Poor dye migration  6 S1,3 12,17,21,36,37       
C12 Channeling-due to irregular winding  5 S1,3,5 10,13,17,20,37,38,42,63     √ √ 
C40 Dye substantivity too high  5 S7 8,12,17,21,36,37,67,93    √   
C43 Low dye diffusion coefficient  5 S3 8,12,17,21,36,37,47,67,92,93  √  √   
C74 Wrong temp. for the type of dye  5 S1,9 21,33,36,56,71       
C68 Liquor-to-goods ratio too low  5 S1,2,6 21,33,36,56,79   √ √  √ 
C71 Bath temp. too low  5 S1,10 21,33,36,56,61,62,79   √ √   
C76 Dyeing time too short  5 S2 21,33,36,56,60,90   √ √   
C69 Machine overloaded   5 S6 21,33,36,101   √ √   
C80 Inadequate fabric/water movement  5 S1 21,33,36       
C87 Wrong auxiliary selection  5 S1,2,3,4,9,10,13 2,4,5,9,17,19,20,52,64       
C39 Dye incompatibility   4 S2,3,4,9 12,17,36,37,69,70,71,79,88       
C72 Rapid temp. rise  4 S1 21,33,36,56,61,62,71,80   √ √   
C78 Flow rate too low  4 S3 21,33,36,50,56,77,94 √  √ √   

 
 
√: consistent diagnosis 
A: Shade variation/ No answer 
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