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Abstract 
Almedahls have for some time started to receive more customer complaints about uneven 

roller blind fabrics or so-called waves over fabric. The waves are a major problem for 

Almedahls customers since they make it hard to cut the fabric into roller blinds. The company 

believes that the waves appear due to different process parameters within their finishing line 

but the company do not yet know how or where. The thesis project strives to find an 

explanation to what waves over fabric are, why they appear and how they can be reduced. The 

documentation that Almedahls have made of the problem so far, including photographs and 

customer complaints reports, was examined. Orders produced from four selected grey-weaves 

during the last three years was examined and compared to received customer complaints and 

standard operations lists. No clear relationship was found and weaves with longer process 

lines did not seem to cause more waves to appear. However, addition of an extra colouring to 

the standard operations appeared to be more frequently occurring when a standard operations 

list had been changed. 

Waves over fabric were at an early stage related to the mechanical properties of the weaves as 

the weaves are exposed to stresses and strains during the entire production line. In Almedahls‟ 

finishing line the web and the beam tensions and the levelling mechanisms in the stenter 

frames appeared to be the parameters which especially apply stresses and strains. Tensile tests 

were performed to examine the mechanical properties of a few of Almedahls grey-weaves and 

half processed weave. The test results showed that a strain between 11-27 % can be applied 

before the test samples start to deform while calculations of the amount of strain applied by 

the stenter frames showed to be much less, between 2.5-3.5 %. The difference in size between 

the test samples and the weaves must be considered when comparing these results. The small, 

repeated strains applied by the finishing line may eventually lead to permanent deformation of 

the weaves and appear as waves. The combination of the web and the beam tensions can also 

result in a stretch in the bias-direction of the weave which cause deformation in the middle of 

the weave where waves most often appear. 

The thermal properties of the same weaves were also tested through DSC, Differential 

Scanning Calorimetry, tests. The test results showed that the polyester material in the weaves 

does not melt or deform at the temperatures Almedahls use in their processes.  

The shrinkage of the grey-weaves during the de-sizing processes was also considered through 

width measurements. The conclusion was that the structure of the grey-weave influences how 

much the weave will shrink and the dimension change of the weave may influence the 

appearance of waves and needs more investigation. 

 

Keywords:  
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Abstrakt 
Almedahls har under den senaste tiden börjat få fler och fler kundreklamationer angående 

vågiga vävar. Vågorna är ett stort problem när kunderna ska klippa rullgardinstyget till 

färdiga rullgardiner. Företaget tror att det är något som de själva gör i sina 

appreteringsprocesser som är anledningen till att vågorna uppstår men företaget vet hittills 

inte hur eller var vågorna uppstår. Det här examensarbetet är ett försök att hitta en förklaring 

till vad vågor är, när de uppkommer och hur de kan reduceras. Den dokumentation som 

Almedahls hittills gjort bestående av fotografier och kundreklamationsrapporter har studerats. 

Ordrar producerade av fyra utvalda råvävar under de senaste tre åren undersöktes och 

jämfördes med kundreklamationer och listor över standard operationer. Inga tydliga samband 

hittades och vågor verkade inte vara mer förekommande på vävar med längre processgångar 

även om det verkade som extra färgningsprocesser var mer förekommande när en 

processgång blivit ändrad. 

Vågor över väven kopplades tidigt till vävarnas mekaniska egenskaper eftersom vävarna 

ständigt utsätts för påfrestningar och spänningar under hela produktionskedjan. I Almedahls 

appreteringsprocesser var det spänningen från spannramarnas nålkedjor, bom/banspänningen 

och spannramarnas riktverk som framförallt verkade utsätta vävarna för pålagd spänning. 

Dragprovningstester genomfördes för att undersöka de mekaniska egenskaperna hos några få 

av Almedahls råvävar och halvfabrikat. Resultaten visade att en spänning på mellan 11-27 % 

kan läggas på testproverna innan de börjar deformeras medan beräkningar på den spänning 

spannramarna totalt ger upphov till är mycket mindre, mellan 2,5–3,5 %. Storleksskillnaden 

mellan testproverna och vävarna måste dock tas i beaktning.  De små upprepade spänningar 

som läggs på under appreteringsprocesserna kan så småningom leda till att permanent 

deformation uppstår och därigenom vågor. Kombinationen av nålkedjornas spänning och 

bom/banspänningen kan också resultera i en sträckning i en 45
o
 vinkel till varpen eller väften 

hos väven vilket innebär en deformation i vävens mitt och det är där som vågor oftast 

förekommer. 

De termiska egenskaperna för samma vävar testades också genom DSC, Differential Scanning 

Calorimetry, tester. Resultaten visade att polyester materialet i vävarna inte smälter eller 

deformeras vid de temperaturer som Almedahls använder i sina processer.  

Hur mycket som råvävarna krymper under avkokningen/förtvätten beaktades genom 

mätningar av vävarnas bredd.  Slutsatsen blev att råvävens struktur påverkar hur mycket 

väven kommer krympa och vävens dimensionsförändring kan ha en inverkan till att vågor 

uppkommer och behöver därför undersökas mer. 
 

Nyckelord:  

Almedahls, vågor, råväv, halvfabrikat, tyg, mekaniska egenskaper, termiska egenskaper, 

produktionslinje, appretur, processer, kund reklamationer, belastning, spänning, 

draghållfasthet 
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1. Introduction 
When Almedahls was founded in Örgryte, Göteborg in 1846 by H.H. Wesslau, their 

production consisted of weaving and flax-spinning. Since then, the company have developed 

and changed both its facilities and its product range several times. Over time, the product 

range has for example included table cloths, curtains and bed-linen (Almedahls, igår idag och 

imorgon, 2011). Today, Almedahl-Kinna AB, which is a part of the Almedahl group and 

hereafter denoted as Almedahls, is a company producing weaves for sun-protection and 

textiles for public and domestic environments which is sold to different customers all around 

the world (Koncernen Almedahls, 2011). 

Almedahls purchase their grey-weave from different suppliers in France, Germany, Malaysia 

and China according to Andrén.
1
 In their factory located in Kinna, Sweden, Almedahls print, 

coat and perform the finishing of their fabrics. The fabrics can be printed, coloured or 

uncoloured and Almedahls are especially focusing on so-called “black-out” roller blinds 

which purpose is to close out all light. Almedahls‟s customers buy the fabric and cut it into 

suitable sizes for their own different types of roller blinds.  

To gain an excellent effect and performance of a black-out roller blind it is essential that the 

roller-blind is hanging completely flat in the window. This property is also important from an 

esthetical point of view. An uneven, wavy roller blind hanging in a window is not attractive 

for a customer no matter if it is a “black-out” or ordinary, for example, printed roller blind. 

The necessity for the roller blind fabric to be even and flat is also important when cutting the 

fabric into the different roller blind products. If the fabric is uneven it will be harder to cut a 

perfect roller blind.  

Today, the demand on quality for any kind of product, including everything from cars to roller 

blinds, is increasing more and more. Almedahls‟s aim is to produce high quality products in 

order to keep their position and remain competitive on the international market. To keep the 

customers satisfied, reduce the amount of customer complaints and keep a low price on the 

products is hence essential. However, producing high quality products takes a lot of time and 

demands an extensive work from everyone within the company. This increases the production 

costs for the company and the final price for the customer. 

Due to the many parameters of the finishing line and their influence on each-other, it is 

difficult to determine which process steps or process parameters that actually causes an 

uneven fabric. This thesis project strives to find the reason to why fabrics become uneven by 

studying the finishing lines and customer complaints at Almedahls. 
 

1.1. Background 
Almedahls have for some time received more customer complaints about unevenness‟s 

appearing over their roller blind fabrics. The unevenness of a fabric will hereafter be referred 

to as waves over fabric since it is the term Almedahls use. The term grey-weave means the 

weave which Almedahls purchase from their suppliers which hence comes directly from the 

weaving loom and still has warp sizes applied to it. Also, the use of the word weave will relate 

to the half processed weave, after the de-sizing process, and the word fabric to a finished 

roller blind product which is sold to customers. The customer is the companies which buy the 

roller blind fabrics from Almedahls and cut them into different kinds of roller blind products, 

whilst the final customer is the customer who buy the roller blind.  

A list of used terms and definitions can be found in Appendix I. 

                                                      
1
 Andrén, B. Quality Manager at Almedahls [meeting in Kinna] (Personal communication, February 3 2011) 
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1.1.1. Definition of a Wave 

Without any deeper investigation or literature search, a wave over fabric was, at the initial 

stage of this thesis project, understood as tensions in the weave. Different kinds of tensions 

are applied during the different processing steps which a weave goes through within its 

production line from fibre to the final, woven product. These tensions seem to gather up in the 

weave and appear as waves when the finished fabric is rolled out on a table or is hanged in a 

window. Sometimes, if a few meters of the fabric is rolled out and allowed to relax for a 

couple of hours, over night or a week-end, the waves are reduced or, in some cases, they even 

vanish completely. However, this relaxation does not always help and the waves remain. The 

waves are believed to be areas in the fabric where the tensions have been so strong during the 

processes that the tensions become permanent and the weave is not able to relax back to its 

initial form. Figure 1.1 illustrates how Almedahls have rolled out a wavy fabric on a table. 

 

Figure 1.1 Waves over a fabric at Almedahls. 

The problem with waves and the tensions built-up in the weave can be seen from a textile 

mechanical point of view that is, to consider the mechanical properties of the weave, the yarn 

and the fibre to determine when and where tensions may build-up. When a textile fibre, or any 

other type of material, is exposed to an applied force there will be a stress built-up within the 

material. Different materials and in effect, different textile fibres, react differently to applied 

stresses according to the stress-strain properties of the specific fibre.  

According to Almedahls, the main part of the purchased grey-weave is fine without any 

waves and the waves are not constantly appearing on all their fabrics. Almedahls believe that 

the waves, which seem to occur over random fabrics, appear after the grey-weaves have gone 

through different finishing processes within their production line. Some of their attempts to 

change process settings have according to Andrén
2
 been successful. However, it has not yet 

been proven that it really is the finishing processes which create waves over fabric. The 

question is if the problem actually lies in these processes or if the solution can be found 

somewhere else within the production of the fabrics.  

The problem with waves over fabric is also closely linked to the formation of cuppings, which 

are uneven edges in relation to the middle of the weave. The attempts Almedahls do to reduce 

the cuppings during the production might be causing waves instead.  

1.1.2. Customer Complaints 

Each time Almedahls receives a customer complaint about a wavy fabric they start to 

investigate the problem and solves it for that specific fabric. Since the customer complaints 

are more common, Almedahls have started to document and investigate the waves more. One 

                                                      
2
 Andrén, B. Quality Manager at Almedahls [e-mail] (Received 6 May 2011) 
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part of the documentation consists of photographing randomly chosen secondary fabrics 

(weaves which are not sold due to spots, wrong print etc.) from their storehouse as can be 

seen in Figure 1. According to Almedahls the problem has probably always been there but 

increasing market demands on high quality products are now resulting in more customer 

complaints.  

Almedahls believe that the problem with waves over fabric is an important issue to be solved 

to enhance the quality of their products and the customer satisfaction. If the amount of fabrics 

with waves is reduced it will also mean a great economical benefit for the company as well as 

for their customers. The environmental aspect is also important; less customer complaints will 

lead to less material used as well as less pollution due to production and transportation of 

material. 

1.2. Aim 
The aim for this thesis project is to help Almedahls in their attempt to find an explanation to 

why, how and when waves over fabric appear in their processes.  

The first target is to examine the purchased grey-weaves and their properties to find out if 

these may have any influence on the appearance of waves. Thereafter, the different production 

lines and processes which the weaves go through within Almedahls finishing department will 

be studied. Parameters which are essential for the appearance of waves over fabric will be 

sought and evaluated. 

If possible, a method for Almedahls to detect the waves within the production line will be 

suggested.  

1.3. Limitations 
The problem with waves over fabric is extensive, the deeper the investigation get the more 

questions arise. It is not possible to solve the problem completely during the limited time of 

three months and it is necessary to limit the work.  

So far, Almedahls have been focusing on what they should change in their production 

methods to avoid the waves. Douglas C. Montgomery (2001, pp.13-14) explains in his book, 

Design and Analysis of Experiments, that all the ideas about the objectives of an experiment 

or as in this case, a problem, needs to be developed in the beginning and during the planning 

of an experiment. Consequently, it is relevant to claim that Almedahls will not be able to 

predict the appearances of waves nor find simple and economical methods to avoid them 

unless the problem is investigated from the foundation of the production. The investigations 

should therefore also consider the fibre, yarn and grey-weave levels in the production of roller 

blinds.  

There are three main parameters which can affect the product during the manufacturing; the 

machines the weave pass through within the production line, the machine operator (human) 

who operates and control the machines and the type of product itself. These three can be 

summated in Figure 1.2 seen below: 
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Figure. 1.2. Diagram illustrating the three main parameters affecting the product during the manufacturing. 

The three main parameters are in their turn influenced by sub-parameters which are illustrated 

as branches in the figure above.  

The actions of the customer also influence if Almedahls receive customer complaints on 

waves over fabric or not. Some customers can handle a wavy fabric and still use it; hence 

Almedahls will not receive any customer complaints. This parameter is not possible to 

investigate and is hence not discussed in this thesis report. 

An important sub-parameter is the chemicals used for washing, coating, colouring etc. 

Almedahls uses a large amount of different chemicals and these may be of importance to the 

appearance of waves. However, as the area of chemicals is vast it will not be possible to go 

very deep into the subject. The influence of chemicals used will not be totally neglected and a 

briefer research will be made. 

According to Post
3
, Almedahls‟s large range of different products includes 45-50 different 

grey-weaves. It will be impossible to investigate the appearance of waves on all these weaves 

and therefore four weaves have been selected. These weaves have been selected to represent 

the most common products Almedahls produce as well as to represent production lines which 

are of different lengths. The four weaves are listed below and have been given other names 

than the numbers Almedahls uses in order to more easily distinguish them from each-other: 

“Tight” – Used for coloured or white, black-out roller blinds 

“Hard” – Used for coloured or white, black-out roller blinds 

“Translucent” – Used for coloured, translucent roller-blinds 

“Raw”- Used for grey-weave coloured or colour-coated translucent roller blinds 

The difference between Tight and Hard is that the former have a denser weave construction. 

The four weaves are all made of polyester as is the majority of Almedahls weaves.  

1.4. Questions and Problem Formulation 
Even though Almedahls believes that it is the parameters within their production line which 

influence the appearance of waves, the information they have gathered is extensive which 

brings up many new questions and the deeper knowledge enlarges the problem even more. It 

has not yet been determined if it is the processes which cause the waves to appear and this 

thesis report will therefore try to answer the following questions: 

                                                      
3
 Post, M., Manager Processing Technologies at Almedahls. [At Almedahls] (Personal communication February 

17 2011) 
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Is it possible that the main affecting parameter is applied tensions during production line? If 

so, which parameters do apply tensions that will gather up in the weave? 

Is it possible that the properties of the polyester material or possibly the structure of the grey-

weave causes the waves to appear? 

Which are the mechanical properties of the weaves and how can these properties be 

considered to find the reason to the problem? 

Finally, if an affecting parameter is found, will it be possible to find a way of predicting 

waves over fabric and if so, is there a way for Almedahls to reduce them? 
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2. Method and Theory 
This chapter describes the methodology of how the thesis project has been carried out as well 

as it describes theory and facts which are relevant for the problem with waves over fabric. 

2.1. Methodological Discussion 
A major part of the thesis project consisted of going through the material already gathered by 

Almedahls. This information included; quality reports concerning customer complaints on 

wavy fabrics, photographs of wavy fabrics, as well as information about processes in 

Almedahls business system IFS. An analysis of a large amount of information was hence 

required and it was necessary to perform this analysis in an as structured way as possible. The 

aim was to structure up the production line of different products and to compare these with 

each-other in order to find common denominators which may or will cause waves over fabric. 

Another part of the thesis project was to examine the four grey-weaves and their 

corresponding half-processed weaves through mechanical and thermal testing to evaluate the 

materials mechanical and thermal properties. The purpose was also to find out if the 

mechanical properties of the grey-weaves can be used to predict their behaviour when the 

weave is exposed to tensions and heat during the finishing processes. The used test methods 

were performed with standardise testing equipment such as a tensile tester from Tinius Olsen 

for the mechanical testing and a DSC, Differential Scanning Calorimeter, from TA 

Instruments for the thermal testing. These tests were also performed as an attempt to see if 

there are differences between grey-weaves delivered from different suppliers. 

Information from literature sources regarding polyester, which the fibres in the selected 

weaves consist of, was also gathered. The aim of finding information about polyester was to 

mainly give an understanding of the material in the weaves as well as to complement and aid 

in the evaluation of the thermal tests results to predict the weaves behaviour.  

The production in the Kinna factory was studied to some extent through observations of the 

everyday work and through spontaneous interviews with the machine operators. These 

observations and interviews were documented by taking notes, photographing machines and 

weaves as well as by filming different finishing processes.  

The examinations and developed theories have been supported by information from literature 

and previous investigations and research performed by others in corresponding areas. 

Prepared and planned interviews as well as spontaneous interviews have been an important 

contribution to the thesis. It was, however, always necessary to critically compare the answers 

and information retrieved from the interviews since different people have different 

experiences and knowledge about the problem which most likely are influenced by their 

personal opinions.  
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2.2. Theory 
The problem with waves over fabric is a somewhat un-investigated field. However, there is 

information to find regarding; the fibre material, the mechanical properties of fibres and 

woven textiles, the modelling of weaves as well as about different textile finishing processes.  

2.2.1. Polyester 

The first commercially feasible PET, polyethylene terephtalate, fibre was formed in 1941 by 

the work of J.T. Dickson and J.R. Whinfield in laboratories in Lancashire, England, according 

to the book Textile science (Hatch 1993, p.215). However, the fibre was not introduced on the 

commercial market until 1951 by DuPont in America and by ICI Fibres in England, who in 

1947 both had bought the rights of manufacturing PET fibres. (Hatch 1993, p.215) The PET 

fibre is hereafter denoted as polyester or polyester fibre. 

The polymer chain of the polyester fibres consists of methylene groups, carbonyl groups, ester 

links and benzene rings and the degree of polymerization is found in the interval 115-140. It is 

a semi-crystalline material with a degree of crystallinity at about 35%. In addition the 

amorphous regions, approximately the remaining 65%, also has highly oriented polymer 

chains which in total makes the polyester fibres quite strong with a high breaking tenacity and 

high elastic recovery. This makes the polyester fibres withstand small, repeated stresses well 

and to also have low elongation under such conditions. The high tenacity can be explained by 

the well oriented polymer chains and the amount of crystalline regions within the fibres. The 

crystalline system prevents the polymer chains from slipping against each other due to 

effective inter-polymer interactions created between the electrons of the benzene rings in the 

polymer chains. This explains the low elongation at low, applied stresses. The elastic recovery 

of polyester fibres is 97% under conditions of 2% elongation. However, if the stress is 

increased the benzene electron clouds interactions will be affected as well as the weak van-

der-Waal forces between the polyester polymer chains resulting in slippage of the polymer 

chains. The polyester fibres will hence not withstand higher amounts of applied stresses 

without deformation of the polyester material. (Hatch 1993, pp.215-217)  

The spinning speed, the amount of heating and the amount of post-stretching used during the 

melt-spinning of polyester fibres has a great influence of the final properties of the fibres 

according to Spruiell (2001). During spinning of polyester fibres the material is heated to 

slightly above its melting temperature, Tm, and extruded through a spinneret and is afterwards 

stretched, so-called post-stretching, up to several times its original length. The higher the 

stretching, the higher the degree of orientation of the polymer chains will become. It is also 

during this post-stretching that the crystallization of the polyester material takes place. The 

molecular weight of the polymer resin, from which the polyester fibres are spun, as well as 

the mass flow rate per hole in the spinneret affects at which spinning speed the crystallization 

will take place. Crystallization develops at a lower spinning speed if the molecular weight is 

high. In the case when the mass flow rate is increased, a higher spinning speed is required to 

gain the desired level of crystallization within the polyester fibres. (Spruiell 2001, pp.51-53)  

Standard polyester has normally a moderate degree of crystallinity according to Fried. (2003, 

p.344) The morphology of a polymeric material and its‟ amount of crystalline regions is of 

great importance and influence the physical, thermal and mechanical properties of polymeric 

material such as polyester. (Fried, p.153)  
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2.2.2. Crystalline and Amorphous Regions 

In general there are few polymers which crystallize to 100 % according to Rennie (1999), 

especially if they are formed from melts consisting of initially highly entangled molecules. 

Instead, polymers are rather semi-crystalline than 100 % crystalline materials which means 

that crystalline regions are separated by amorphous regions. Polymers derived from melts 

usually crystallize in form of lamellas where the molecule chains mostly are folded and well 

ordered and this is the material‟s crystalline regions. (Rennie 1999, p.32) The amorphous 

regions consist of the same polymer chains but in these regions single polymer chains are 

instead randomly coiled and intertwined without any clear structure. (Fried 2003, p.19) Some 

of the well ordered chains in the crystalline regions also link different lamellas in different 

crystalline regions together across the amorphous regions. Due to the lamella construction the 

crystalline regions are harder and denser than the amorphous regions. If the molecules which 

create links between the crystalline blocks are long, then they will enhance the soft elastic 

properties of the material and make it possible to withstand larger strains according to Rennie. 

(1999, p.32.) 

2.2.3. The Necessity of Predicting Textile Behaviour 

The behaviour of a weave when it is exposed to applied tensions and stretches is considerably 

affected by its‟ geometry. For instance, the weft dimensions of the weave will decrease and 

the weft crimp will increase when the weave is stretched in the warp direction according to 

Jinlian Hu. (2004, p.61) Vidal-Salle and Boisse (2010, p.145) explain that it is the structure 

which the interlacing warp and weft threads create that directly influences the mechanical 

properties of woven fabrics. Since a woven fabric consists of yarns which, in turn, consist of 

fibres, the mechanical properties of the fibres must also be considered. Chen and Hearle 

(2010) states in the text Structural hierarchy in textile materials: an overview, that even 

though it is easy to measure the tensile properties of fibres, there are still complications since 

the material responds in a non-linear, inelastic and time dependent way. 

The pioneer within the modelling of woven fabric geometries is considered to be F.T. Peirce 

who published the book ’The Geometry of Cloth Structure’ in 1937. He assumed that the 

cross-sections of the yarns in the fabric were circular and that the yarns were completely 

flexible and incompressible. In combination with an arc-line-arc yarn path he combined these 

assumptions into a couple of equations which would explain the geometry of plain woven 

fabrics. (Chen and Hearle 2010, p.25) Chen and Hearle explain, however, that yarns are not as 

idealized in reality as Peirce assumed, instead the yarns rather gain an elliptical form due to 

the pressure which is created between warp and weft yarns during the weaving process. Pierce 

himself later developed his geometrical theory and assumed that the yarn cross-sections were 

elliptical instead but this new theory became too mathematically complicated to use. In time, 

Pierce‟s model was developed even more by many others. (Chen and Hearle 2010, p.26) 

In the first chapter of her book, Structure and Mechanics of Woven Fabrics, Hu (2004) 

explains that it is useful to understand the formation mechanism of fabrics when working with 

design and process control of fabrics. In order to understand these mechanisms it is essential 

to investigate the relationship between fibre properties, yarn structure, fabric construction and 

fabric physical properties. Hu also explains that even low-stress mechanical responses, not 

only high-stress responses, are related to several different properties of woven fabrics such as 

fabric hand, quality and performance. Consequently, if it is desired to understand the 

construction of woven fabrics and their quality, as well as to better understand process 

control, product development and process optimization, among others, it is necessary to 

understand the low-stress structural mechanics of the woven fabric according to Hu. (2004, 

p.2) 
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Hu claims that almost all the previous research of tensile behaviour of woven fabrics have 

mainly concerned predictive modelling consisting of complicated mathematical relations 

between stresses and strains. Pierces‟ model can be seen as an example of this. However, 

these models have not always been able to predict the tensile behaviour in a satisfying way 

according to Hu. When the book Structure and Mechanics of Woven Fabrics were written and 

published in 2004 it did not at that time exist a practical explicit function between stress and 

strain for tensile deformation of woven fabrics. (Hu 2004, pp.96-97)  

2.2.4. Anisotropy 

Textile materials are highly anisotropic which mean that they have different physical 

properties in different directions. Hu explains that they are also inhomogeneous, lack 

continuity and hence differ considerably from conventional engineering materials. As a result, 

textile materials easily deform, suffer from large strains and displacements even at low stress 

under ordinary conditions or in normal use. At low stress in room temperature they are even 

non-linear and plastic materials. (Hu 2004, p.2)  

Due to the anisotropy of the woven fabrics their tensile properties are also anisotropic that is, 

inhomogeneous, according to Hu. This is also the reason why different mechanics of 

deformation are needed when extensions are applied in different angles to the warp or the 

weft direction. In the 45
o
 angle to either the warp or the weft, also called the bias-direction, 

shear is the major determining factor for the tensile modulus whilst in purely the warp or the 

weft direction shear can be totally neglected. (Hu 2004, p.101) The bias-direction is illustrated 

in Figure 2.1. 

Another important factor for explaining the different mechanics of deformation is according 

to Hu the weave structure of the fabric. In an asymmetrical structure, such as twill or satin, the 

force needed to stretch the fabric differs greatly in different directions of the fabric. This also 

implies that when the fabric is stretched in the bias-direction, the shear deformation will 

influence the tensile properties of the fabric. (Hu 2004, p.102) 

 

 

 

 

 

 
Figure 2.1. Illustration of the bias-direction of a weave. 

The inter-fibre frictions give a high initial resistance for the bending and shear properties of a 

weave at low applied stress. However, when the applied stress overcomes frictional resistance 

between the fibres the behaviour of the weave will increasingly become dominated by inter-

fibre slippage which leads to a reduced stiffness of the weave. (Hu 2004, p.7) 

2.2.5. Tensile Behaviour 

In the book Structures and mechanics of woven fabrics, Hu (2004) write that textile materials 

are visco-elastic to their nature. This has also been demonstrated by Halleb and Amar (2007) 

in a study where relaxation tests were performed on fabrics with different types of weave 

structures of which one structure type was plain weave. (Halleb and Amar 2007, p.532) Hu 

explains that the visco-elastic properties means that when a fabric is stretched from zero to 

maximum stress, and afterwards is left to relax by releasing the stress completely that is, the 

Warp 

Bias-direction 
Weft 
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unloading of the applied stress, there will be a residual strain left in the fabric. If this process 

is demonstrated in a stress-strain diagram, such as the one illustrated in Figure 2.2, the curve 

of the unloading strain will, according to Hu, follow the curve of the loading strain but not go 

back to zero due to the residual strain. There will hence be an energy loss during the process 

which means that a deformed textile never can go back to its initial geometrical form. (Hu 

2004, p.92) 

 
Figure 2.2. Loading and unloading in a tensile stress-strain curve. (Hu 2004, p.92) 

Jinlian Hu explains that low-stress deformations cause small strains related in a linear way for 

conventional engineering materials whilst the stress-strain curves of textile materials normally 

are non-linear and more complex at these deformations. However, for textiles the curve in the 

stress-strain diagram becomes almost linear beyond a certain critical stress level and this 

critical level varies for different deformation modes, for example being very high for tension 

and very low almost near zero for bending and shear. (Hu 2004, p.6)  

The stress-strain behaviour is greatly affected by the weave structure of the fabric, which 

includes how porous, crimped and loosely connected the structure is, as well as which type of 

yarn that has been used according to Hu. For example, the crimp of the yarns straightens out 

under low stress leading to an initially small, tensile stiffness of the fabric. When the fibre 

crimp has almost disappeared and the friction between the fibres increases and the stress has 

become high, the fibre will become better oriented and stronger. This influences the stress-

strain curve to become almost linear hence similar to a solid. Between these two stages, low 

and high stress, the curve is non-linear demonstrating how the fibres consolidate and 

orientate. This can be seen in Figure 2.3 in chapter 2.2.7. Hu further states that it is hence the 

microstructure of the fibres that is, the crystalline and the amorphous regions in the fibres, 

which is affected by applied stresses making the microstructure more ordered. (Hu 2004, p.6)  

Hu states that in contrast to conventional engineering materials which requires stresses up to 

near failure, or point of breaking, before plastic deformation starts, fabrics are inelastic and 

gain irrecoverable deformations even when small stresses are applied. (Hu 2004, p.7) 

Hu explains that as a yarn or fabric is exposed to a cyclic loading, which means exposing the 

material to a series of loading and un-loading of stress, the loops of their stress-strain curves 

becomes thinner and thinner. This means that less and less energy is necessary to stretch the 

material and that the strain becomes smaller and smaller at the same maximum strain. This 

effect is due to the yarns‟ and the fabrics‟ inelastic properties. (Hu 2004, p.114) If irregular 

cyclic loading is applied to a woven fabric the extensional stresses will generate accumulated 

plastic strains in the yarns of the fabric. These plastic strains eventually lead to a permanent 

deformation of the fabric which is not possible to fully remove. (Hu 2004, p.115) This would 

explain why textile fabrics deform even when small stresses are applied.  
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The two yarn directions, the warp and the weft direction, must both be considered when 

evaluating how a fabric reacts when it is extended in either direction according to Hu (2004). 

This is because an extensional force will straighten out the yarn crimp also in the direction of 

the force which means that the warp and weft directions interact. When the contact between 

the two sets of yarns that is, at the crossover points, grows, the yarn amplitude in the weave 

will decrease as will also the weave angle. When tensions are applied to the weave one of the 

yarn sets will have an increase in crimp level while the other one will decrease at the same 

time. Hu claims that this is due to the so-called crimp-interchange at the crossover points in 

the weave. (Hu 2004, p.92)  

Hu explains that when a force is applied to one direction of the weave, then not only the crimp 

level of the yarns will be changed. The applied force will also extend both the yarn and the 

fibres themselves. The extension of the yarns and the fibres will, however, still be smaller 

than the effect which the de-crimp has on the total extension of the fabric. During extension of 

individual fibres, due to an applied force, the fibres also move in order to avoid the high 

strains which might be induced by the extension. According to Hu, the fibres are also 

restricted from moving due to inter-fibre strains created during the tensioning, which results 

in a loss of energy while the force is applied. (Hu 2004, pp.96-97) 

The ratio of the recovered work to the performed work in tensile deformation is called the 

tensile resilience, denoted RT. It is expressed as a percentage and can be presented with the 

formula seen in Equation 2.1 below. (Hu 2004, p.106) 

      
   

  
   Eq.2.1 

  ‟, or work recovery, is the tensile force at the recovery process and WT, the tensile energy 

in tensile deformation, is found as the area under the stress-strain curve during the loading 

process. (Hu 2004, p.106) The RT can also be calculated for varying angles, θ, where the 

tensile force is applied and Equation 2.1 becomes Equation 2.2 as seen below. (Hu 2004, 

p.110) 

      
    

   
   Eq.2.2 

According to Hu, an increased weft density of a fabric will increase the value of WT which 

indicates that more work is needed to extend a fabric with higher weft density. (Hu 2004, 

p.110)  

As Hu explains, it is reasonable to think that a square plain woven fabric should exhibit 

similar extensibility in both two principal directions. However, according to Hu, test results 

have shown that there are greater variations in extension of the two principal directions in a 

plain weave square fabric in comparison with a poplin fabric that is, a plain weave with the 

double amount of warp yarns in relation to the weft yarns, than would be anticipated. For 

many fabrics the RT, the tensile resilience, also seems to have a larger value in the warp 

direction than in the weft direction at the same time as the WT, the tensile energy, always 

exhibits lower values in the warp direction. From this Hu concludes that a woven fabric 

always is more extensible in weft direction regardless of its weave structure. (Hu 2004, 

pp.112-113) 

2.2.6. Predicting Mechanical Behaviour and the Deformation of Woven Textiles 

Several research articles have been written about the modelling and prediction of the 

mechanical behaviour of woven textiles which concerns application of different kinds of 

tensions to the fabrics.  
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Dolatabadi and Kovar (2009) have studied and published three articles, with contribution 

from Linka in the first article, regarding the geometry of plain weaves under shear 

deformation. Their investigations aimed to find a way to deal with geometrical deformation of 

woven fabrics under shear stress. This way they wanted to establish a way of evaluating the 

internal geometry of woven fabrics as well as to create a model for simulation of the change 

in fabric geometry and yarn deformation while the fabric is exposed to shear deformation.  

Dolatabadi, Kovar and Linka (2009) stated that the mechanical behaviour in the diagonal 

direction of a woven fabric is as important as the behaviour in the warp and the weft 

directions. To predict the mechanical properties of a woven fabric under shear is principally 

determined by the fabric configuration and the yarn orientation, which they chose to call 

fabric geometry. (Dolatabadi, Kovar and Linka, 2009) 

In their first article Dolatabadi, Kovar and Linka explain that the fabric geometry can be 

studied in 2D and 3D dimensions. The shear angles of the yarns, the yarn sett and the fabric 

elongation along the force direction as well as the contraction in the perpendicular direction, 

are all related to the 2D dimension. The 3D dimension consists of all the 2D parameters with 

addition of the spatial orientation and deformation of the warp and the weft yarns. In the first 

article they also conclude that, when concerning shear deformation in the bias-direction of a 

fabric, there appear three zones in the 2D level of the fabric. Pure shear deformation occurs in 

zone III, which is in the middle of the woven fabric far from the edges of the fabric and where 

there hence are no free yarn ends. Dolatabadi, Kovar and Linka claim that the shear 

deformation which occurs in this zone will lead to the buckling phenomenon in wide samples. 

In their studies, Dolatabadi, Kovar and Linka found that the widths of the samples they tested 

greatly affected the rupture mechanism of the sample. In addition, yarn slipping instead of 

yarn breaking was caused by a lower value of the critical width of the sample. (Dolatabadi 

and Kovar and Linka, 2009) 

In their second article Dolatabadi and Kovar (2009a) explains that it is essential to be mindful 

about the internal geometry of a woven fabric since it has a vital role when assessing the 

fabrics mechanical properties. Laboratory based examinations of the internal geometry are not 

suitable, especially if the fabric is exposed to stretch. The aim of their second article was 

therefore to use a new concept about packing density to create a three-dimensional 

geometrical model for plain weave fabrics. This model was supposed to predict the internal 

geometry before deformation. (Dolatabadi and Kovar, 2009a) The 2D model consisted of the 

assumption that the yarns, in the fabric, were free to rotate in the intersection points that is, in 

the cross-over points, without slipping. They also found out that the packing density of the 

yarns had a dominant effect on the fabrics‟ behaviour after the yarns had been blocked by 

each-other, the so-called jamming condition. (Dolatabadi and Kovar, 2009b) 

The third article by Dolatabadi and Kovar develops the 2D model to also consider the 

geometry of the whole fabric since the previous model was not able to evaluate the packing 

density of the yarns after the jamming condition. Through their literature study, Dolatabadi 

and Kovar concluded that the internal geometry of fabrics is significantly related to the 

locking angle, the buckling phenomenon and other treatments of fabrics under shear 

deformation. However, they believe that the existing published works are not sufficient to 

evaluate internal geometry of woven fabrics under shear deformation. Dolatabadi and Kovar 

finally concluded that their developed model is suitable for prediction of internal geometry of 

sheared fabrics and that through their investigations the idea that the critical shear angle 

corresponds to the yarns packing density can be established. They still believe, however, that 

more experimental work is needed to find a good and reliable way to predict the mechanical 

deformation of woven textiles. (Dolatabadi and Kovar, 2009b) 
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In an article by Halleb and Amar (2009), the two authors explain how they have developed a 

neural network simulating software based on a back-propagation algorithm with which they 

could predict the mechanical behaviour of a fabric through 10 coefficients. The authors also 

concluded that the essential properties influencing the mechanical behaviour of fabrics are: 

the Nm, the metric yarn number count in m/g, of the yarns in the direction of the stretching, 

what the fibre material consists of, the warp and the weft yarn count in the fabric as well as 

the weave itself. Halleb and Amar conclude their article by claiming that with the proposed 

analytical model and the neural model which they had used in their studies, they were able to 

predict the mechanical behaviour of the studied fabrics during stretch and relaxation using 

only five initial technical parameters. Halleb and Amar believes that their model can be used 

to predict fabrics mechanical behaviour under various levels of strain in advance which can be 

of use for different manufacturers. This way, the manufacturers can predict the behaviour 

before starting the production of the specific product. The method can also be used to 

minimize the amount of samples needed to test the quality of fabrics which will lead to 

economical savings for the manufacturer according to Halleb and Amar. (Halleb and Amar 

2009, p.714) 

2.2.7. Tensile Testing and DSC, Differential Scanning Calorimetry, 

Tensile 

One of the most common mechanical tests performed on materials is, according to G.M. 

Swallowe (1999b), the tensile test. The test consists of fastening a test sample between the 

grips of the tensile testing machine which are then moved apart at a constant, desired rate. The 

tensile test will measure how the material deforms under an applied stress. Swallowe explains 

that there are several risks for errors during this kind of test. First of all, the test sample may 

slip between the grips of the machine which consequently affects the obtained values. 

Secondly, the applied load will deflect by the machine itself when constant separation speed 

of the grips is used in order to determine the sample strain. To avoid these two problems it is 

therefore necessary to use an extensometer to evaluate the strain and roughened surfaces on 

the grips. (Swallowe 1999b, p.242) 

Stress is one of the many parameters of a material which can be determined by the results 

from tensile tests. (Swallowe 1999b, p.243) The measurement unit of stress is kg m
-2

, also 

known as Pascals shortened Pa, and is defined as the force per unit area which the material is 

being subjected to. Stress is often denoted with the Greek letter σ. Strain, which is denoted 

with the Greek letter ε, is a dimensionless unit since it is defined as the ratio of change in 

dimensions along a particular direction of the measured material in comparison to the original 

dimension. (Swallowe 1999a, p.219) 

The first portion of the stress-strain curve, starting at zero stress, is relatively straight and 

hence demonstrating a linear relationship between the stress and strain. (Hu 2004, p.100) Hu 

states that the initial region of the curve shows the de-crimping and crimp-interchange in the 

woven fabric. This region is marked as 1 in Figure 2.3. When the weave crimp has been fully 

extended it is only very small fibre stresses that have been developed within the fabric. Hence 

when the fabric is extended further it is possible due to the extension of the fibres within the 

interlaced yarns. (Hu 2004, p.101) 
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Figure 2.3. The different regions of a stress-strain curve. (Hu, p.91) 

According to Hu the second region, marked as 2 in Figure 2.3, represents the induced fibre 

extension which can be seen by the steep rising of the curve. This rising goes on until the 

summit is reached where the so-called yield point of the material is located. The level of the 

yarn-crimp and easiness with which the yarn itself is deformed by the applied stress, will 

determine how high the curve will reach. (Hu 2004, p.92) The tensile curve will, however, 

continue after the yield point and describe the permanent deformation of the material until it 

reaches the point of breaking. This part of the curve is not demonstrated in Figure 2.3. 

DSC 

The Differential Scanning Calorimeter, DSC, is a machine capable of determining the glass 

transitions, “cold” crystallization, phase changes, melting, crystallization, product stability, 

cure kinetics and oxidative stability of a material. This is possible since the DSC is developed 

to measure the temperatures and heat flows related to the thermal transitions in the material. 

(TA instruments, 2011) The DSC is hence a way of determining how a material is affected by 

heat. 

The Differential Scanning Calorimeter has been described in more details by Fried (2003). In 

the heating chamber that is, the test chamber, of the DSC machine has two small, individual 

platinum holders and each one of them contain an aluminium pan. One of the pans, the so-

called reference pan, is empty and the other one contains the test sample. The inside of the 

heating chamber can be seen in Figure 2.4. Fried explains that during a programmed heating 

cycle that is, a test cycle, the differential power needed to maintain both pans at an equal 

temperature is measured by two identical platinum-resistance thermistors and is recorded as a 

function of temperature. The measured values are demonstrated in a thermo-gram where 

different discontinuities of the sample can be observed. These discontinuities represents 

temperature transitions in the test sample such as the glass transition temperature, Tg, and the 

temperature of melting, Tm. When a semi-crystalline test sample is used it is also possible to 

determine its heat of fusion, ΔH. If the recorded ΔH is compared to the ΔH-value of the same 

material at 100% crystallinity, it is possible to calculate the fractional crystallinity of the test 

sample. (Fried 2003, pp.174-175)  
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Figure 2.4. The inside of the heating chamber in the DSC machine.

4
 

 ith the DSC it is possible to perform a “heat-cool-heat” test cycle. During this test the 

sample is heated to a chosen, upper temperature and then cooled down to a determined, lower 

temperature. Finally the sample is heated to the chosen upper temperature again. According to 

Lund,
5
 it is in this way possible to determine the thermal properties of the sample and 

examine the thermal history of the material. By examining the graphs of the obtained results it 

will hence be possible to see at which temperatures the material that is, the weave and the 

fibres, starts to melt or deform.  

The thermal properties of a material are of importance when exposing the material to heat 

during different finishing processes. If the fibres‟ thermal properties have been changed, the 

fibres may melt or start to deform at a different temperature when they are exposed to heat 

and steam in stenter frames, or during other finishing processes, than they are supposed to 

according to Lund.
6
 If the fibres melt or deform at a different temperature than expected, then 

they may also respond differently to applied stresses in the finishing processes than 

anticipated. This could especially be of importance when stresses are applied under conditions 

involving heat and steam.  

 

  

                                                      
4
 Picture from the Chemistry Laboratory at the University College of Borås. 

5
 Lund, A. PHD-student at The Swedish School of Textiles [in the chemical lab at The University College of 

Borås] (Personal communication April 6 2011) 
6
 Lund, A. PHD-student at The Swedish School of Textiles [meeting in Lunds‟ office] (Personal Communication 

March 9 2011) 
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3. Analysis of the Production at Almedahls 
This chapter aims to explain the problem with waves over fabric in more detail. It also 

describes the observations that have been made of Almedahls way of dealing with the 

problem so far as well as their everyday work. Some parts have been complemented with 

theory from literature.  

3.1. The Weaving and the Grey-Weave Inspection 
Almedahls buy, as earlier mentioned, their grey-weaves from different suppliers in France, 

Germany, Malaysia and China. The weaves are plain weaves of different widths, consisting of 

different yarns and with different warp and weft yarn counts depending on which kind of 

roller blind or curtain product they are supposed to be used for.  

Almedahls claims that their grey-weaves are fine without any waves when they arrive to 

Kinna. However, Andrén
7
, states that there is always a difference in length between the 

selvedge and the middle of the grey-weave since the selvedge usually is a little bit longer. Due 

to this difference in length there will appear long selvedges later in the production line which 

causes production problems according to Andrén. These long selvedges will later be seen as 

waves at the edges of the fabric when it is rolled out on a table. However, these waves are not 

the kind of waves which this thesis report discusses. 

Högberg,
 8

 a technician in the weaving lab at the Swedish School of Textiles, claims that the 

setup of the warp threads on the warp beam may be a reason for waves appearing over the 

fabric later on. If the warp threads end up on top of each-other it will result in local uneven 

tensions which make the warp threads much longer. This mostly occurs at the edges of the 

warp beam. Högberg states that even though all weavers are aware of this problem it is still 

not possible to control it completely. 

Björklund,
9
, a technician in the Colouring and Finishing Lab at the Swedish School of 

Textiles, also believes that one reason to why waves over fabric appear could be that 

something has gone wrong during the weaving. Both Högberg and Björklund state that yarn 

feeders which are not functioning properly are one example of such a reason. However, 

Björklund
10

 also believes that if the weave is without any waves from the beginning that is, 

from the weaving, then the fixation of the weave will be an important process to make sure 

the weave‟s mechanical properties are not altered by other finishing processes.  he only thing 

which could alter these properties, of a non-wavy and good fixated weave, would be if the 

temperatures used, at some point in the finishing processes, are not controlled according to 

Björklund.
 
 

According to Behera and Gupta (2007) there are also several stresses and strains which the 

yarns are exposed to during the weaving process. These are, for example; the cyclic extension 

of the yarns which cause stretch and tension peaks in the material; bending and flexing of the 

yarn which cause fatigue and inter-fibre slippage; as well as the constant warp tension which 

is based on the fabric set. These tensions work together and damage the warp yarn up until the 

yarn enters the weaving zone. It is also for this reason that warp sizes are applied to protect 

the yarns from these stresses. (Behera and Gupta 2007)  

                                                      
7
 Andrén, B. Quality Manager at Almedahls. [at Almedahls] (Personal communication, May 25 2011) 

8
 Högberg, R. Technician in the weaving lab at the Swedish School of Textiles [in the weaving lab ] (Personal 

communication, April 18 2011) 
9
 Björklund, M. Technician in the Colouring and Finishing Lab at the Swedish School of Textiles [email] 

(received April 13 2011) 
10

 Björklund, M. Technician in the Colouring and Finishing Lab at the Swedish School of Textiles [email] 

(received April 13 2011) 



23 

 

According to Andrén,
 11

 the amount of inspected grey-weave rolls at Almedahls is only 2% of 

the total amount of delivered rolls from the suppliers. Of the grey-weave rolls which are 

inspected it is only 10% of the roll that is actually looked at before it is sent to the finishing 

department. The grey-weaves have already been inspected to 100% that is, the entire amount 

of weave from all the rolls, by the supplier before shipping.
 
 

Even though Almedahls claims that the main part of the grey-weaves which arrive to the 

factory in Kinna is fine without any waves, the company have no way of determining if the 

grey-weave is wavy or not. The machine operators, who run the inspection machines for the 

incoming grey-weaves, claim that it is not possible to detect waves over a grey-weave when it 

goes through the inspection machine. Neither is the machine operators instructed to search for 

waves when they inspect the grey-weave. Long selvedge‟s are, however, easy to detect in the 

inspection machine since there are no applied tension in the weft direction of the weave which 

makes it possible to detect unevenness‟s in the warp direction according to Andrén.
12

 

Högberg
13

 also claims that it is not possible to see waves during the weaving process since the 

warp yarns and the weave is constantly stretched.
 
Hence, if it is not possible to detect 

waviness during the weaving it is not likely that waves will be detected during the weave 

inspection either.  

In fact, these details makes it quite impossible to claim that the grey-weaves arriving to 

Almedahls are fine and without any waves.  

3.2. The Production Line and the Finishing Processes 
Almedahls produces, as earlier mentioned, roller blinds and ordinary curtains in a large range 

of different prints and colour combinations. Each type of grey-weave can be used for several 

different types of roller blind or curtain fabrics and every different product requires different 

amount of process steps within the finishing line. One type of roller blind fabric which 

perhaps is left to have its natural grey-weave colour may only require a few process steps 

whilst a coloured one goes through several process steps. According to Almedahls the amount 

of processes a weave has gone through affects the appearance of waves over fabric. The more 

processes a weave passes through the more likely it is to suffer from waves. 

There are many parameters within the finishing line, and the entire production line, which 

may influence the result of the final fabric. Almedahls has previously summated these 

parameters in a fishbone diagram which is illustrated in Figure 3.1. which will be mentioned 

again in Chapter 3.2.3. 

 

Figure 3.1. Fishbone diagram – Finishing parameters which influence the result of the final fabric.
14
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 Andrén, B. Quality Manager at Almedahls. [at Almedahls] (Personal communication, February 15 2011) 
12

 Andrén, B. Quality Manager at Almedahls. [at Almedahls] (Personal communication, May 25 2011) 
13

 Högberg, R. Technician in the weaving lab at the Swedish School of Textiles [in the weaving lab ] (Personal 

communication, April 18 2011). 
14
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3.2.1.  Pre -Treatment 

The de-sizing of the grey-weave is one the first finishing processes which‟s aim is to remove 

the warp sizes. The warp sizes has, as mentioned in chapter 3.1, been applied to the warp 

yarns in order for them to endure all the abrasion from the shuttle loom and stresses and 

strains from the warp and take-up beams which they are exposed to during the weaving 

process. As is explained in Textile Science, if the size is not removed properly it will prohibit 

colorants and other chemicals to penetrate into the fibre core or to be applied to the fibre 

surface in the following process steps. One of the most common size materials is polyvinyl 

acetate, PVA, which is removed by washing the weave in a mild alkaline solution. (Hatch 

1993, p.387) 

The target of the scouring process is to remove impurities in the grey-weave and is often 

performed in a continuous process with the de-sizing. That is, after the grey-weave has gone 

through the de-sizing bath it goes directly into the scouring bath. (Perkins 1996, p.67) For 

synthetic fibres, the impurities which need to be removed through the scouring normally 

consist of used machine oils as well as colorants added to aid in fibre identification during the 

manufacturing of the grey-weave. (Hatch 1993, p.387) 

At Almedahls the majority of the grey-weaves go through a pre-treatment process. The pre-

treatment consists of the de-sizing of the weave to remove the warp sizes and the crimp of 

both the fibres and the weave structure. The de-sizing is carried out in a washing machine 

where each type of grey-weave has its own type of washing recipe modified to thoroughly 

remove the type of warp size used on the specific grey-weave. According to Bräck,
 15

  

Almedahls‟ different suppliers uses different warp sizes and therefore the recipes for the de-

sizing of different weaves are determined by which kind of warp size that the supplier have 

used on the weave.  

After the de-sizing, the pre-treatment of the weaves continues with the weaves being rolled up 

wet onto a beam which is left to stand rotating for one hour or up to 3-4 days according to 

Bodenhem,
 16

 Therefore the weaves are mostly left to air dry. Bodenhem states that the time 

that the beam is left to rotate depends upon how great the need of that specific weave is in the 

finishing department at the moment. After the weave has been air dried it goes directly to 

drying and fixation in stenter frame number 4 or number 6 according to Bodenhem.
 
When the 

grey-weave has gone through these pre-treatment processes, Almedahls denote the weave as a 

half-processed weave. However, as earlier mentioned, a half-processed weave is in this thesis 

report referred to as a weave. 

According to Andrén
 
the weave is controlled through the entire finishing line and almost the 

only place where it is free, without any forces pulling or pushing it, is before the weave enters 

the J-box at the start-end of the washing machine. When the weaves come out from the 

washing machine they are stretched and rolled up on beams directly and will remain stretched 

or rolled up on beams through the entire finishing line.
 
There are, however, one J-box at the 

start-end of both stenter frame number 4 and number 6. In these J-boxes the end of a weave 

batch is rolled out to sew it together with the following weave batch and facilitate the weave 

batch changes in these machines according to Post
17

. Consequently, since the weaves is not 

allowed to hang free it is not possible to detect any waves within the finishing line according 

to Andrén.
 18
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3.2.2. Standard Operations 

Each type of weave always goes through a line of standard operations developed for each 

specific product after the weave has first been through the pre-treatment processes. These 

standard operations can then be modified during the process line due to many different 

reasons. Examples of the modifications which can be performed are: an extra colouring 

process due to a poor colouring result; a levelling process to remove cuppings or; other 

processes which for some reason needs to be remade. The levelling process consists, 

according to Bräck,
 19 

of letting the weave pass through a stenter frame at 150 
o
C and under 

constant stretching. This process is, amongst other reasons, carried out to remove cuppings in 

the weaves.
 
 

Several of the different products Almedahls produce needs to go through the same kind of 

processes in the same machines. Therefore, each kind of process, for example a specific type 

of coating, can be performed on two different machines with similar machine properties. The 

reason is to avoid queues in the production line and to make sure that the product is delivered 

to the customer on time. That is, even if a certain product is supposed to go through a certain 

finishing process on a specific machine, which is given in the product‟s standard operation 

list, it can still be produced on the, so-called, “partner” machine with a similar result 

according to Bodenhem
20

. However, even if the two partner machines have similar machine 

properties Bodenhem explains that there are still some differences between them which could, 

in certain cases, affect the result of the final fabric.
 
 

The standard operations for the four selected weaves are demonstrated in Table 3.1, Table 3.2, 

Table 3.3 and Table 3.4. The tables do not include the pre-treatment processes. 

Tight 

Number Operation Description Machine 

1 Colouring HTJI1 

2 Stopping control COLOUR1 

3 Washing WASH1 

4 Wet finishing STENT6 

5 Coating STENT5 

6 Coating STENT7 

7 Coating STENT5 

8 Calandrering CAL1 

9 Curing STENT1 

10 Inspection INSP1 

Table 3.1. Standard operations for the Tight-weaves. 

The final products made of this weave can either be un-coloured or coloured. If the weave is 

to remain un-coloured then operation number 1, 2 and 3 will not be necessary. 
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Hard 

Number Operation Description Machine 

1 Colouring JET3 

2 Stopping Control COLOUR1 

2,5 String opening STRING 

3 Drying STENT6 

4 Halfway inspection M.INSP1 

5 Coating STENT7 

6 Coating STENT5 

7 Coating STENT7 

8 Coating STENT5 

9 Calandrering CAL1 

10 Curing STENT4 

11 Final Inspection INSP1 

Table 3.2. Standard operations for the Hard-weaves. 

Even for this weave the final products can either be un-coloured or coloured. If the weave is 

to remain un-coloured then operation number 1, 2, 2.5 and 3 will not be necessary. 

Translucent 

Number Operation Description  Machine 

1 Colouring JET3 

2 Stopping Control COLOUR1 

2,5 String opening STRING 

3 Drying STENT6 

4 Wet finishing STENT4 

5 Final Inspection INSP1 
Table 3.3. Standard operations for the Translucent-weaves. 

 

Raw 

Number Description operation Machine 

1 Coating STENT7 

2 Coating STENT7 

3 Final Inspection INSP1 

Table 3.4. Standard operations for the Raw-weaves. 

 

3.2.3. The Processes 

By the study of Almedahls fishbone diagram, seen in Figure 3.1., and the standard operations 

of Almedahls‟ weaves as well as their standard operation guidelines and comparing these to 

the literature information, it was concluded that the following parameters in Almedahls 

finishing department influence the properties and appearance of the final fabric: 

-the chemicals used in different processes 

-the dwell time during colouring 

-the heat in different processes 

-foulard pressure during padding 

-pH 

-the position of the coating knife (angel, height,) 

-the distance between the coating knife and the fabric 
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-the pre-feeding rate of the weave from the levelling mechanism  

-the drying and curing temperatures in the stenter frames 

-tension and stretching  

-the speed inside the stenter frames 

-temperature and pressure of the calendar rolls 

Some of these parameters will be discussed in this chapter section but also later in Chapter 3.3 

and Chapter 3.4. Due to the time limits of the thesis project not all of these parameters have 

been investigate in detail. 

Drying and curing takes place several times during the production line and the drying can, for 

example, take place after the colouring, the washing and other wet-processes where the 

following steps demand a dry weave. The curing is carried out after a finishing process when 

the purpose is to lock the weave into a desired arrangement of the warp and the weft yarns to 

gain the desired width of the weave or to cure an applied coating. Both drying and curing 

processes are carried out in stenter frames where the weave is held firmly at its selvedges by a 

pair of endless needle chains. The needle chains diverge as the weave pass into the oven of 

the stenter frame where it is exposed to heat. As the chains diverge the weave is hence, 

exposed to a certain amount of stress and strain or in simpler terms, the weave is stretched. 

The stenter frame can have different temperature zones in order to enable first drying of the 

weave followed by curing. The curing is performed at a more elevated temperature than the 

drying. (Hatch 1993, p.388) 

The colouring, or dyeing, of weaves can be performed in several ways but two examples are 

in a JET-machine or in a HT-Jigger, High Temperature, machine which are the types of 

machines Almedahls use. As Hatch explains, dyeing is a difficult process and the result 

depends on the dye and auxiliary chemicals being used, the dye bath temperature and pH as 

well as the time of the dyeing process. The dyeing process is a chemical process which 

consists of migration, diffusion and fixation of the colouring chemicals. The dye molecules 

migrate from the dye bath to the fibre surface where they are adsorbed and thereafter they 

diffuse into the fibre core. The dye molecules are finally fixed, or locked, inside the fibre by 

covalent or hydrogen bonds or other chemical or mechanical forces. (Hatch 1993, p.434) 

According to Bodenhem
21

 the colouring in the JET-machine is also a process step which 

applies stress to the weave, mainly in the warp direction. This stretch occurs when the weave 

is drawn through the machine‟s nozzle and is exposed to a water jet.  he H -jigger machine, 

also applies stresses in the warp direction when the weave is pulled back and forth between 

the two beams inside the machine. Figure 3.2 and Figure 3.3 illustrate a Jet-machine and a 

HT-jigger respectively. 

 

 

 

 

 

 

Figure 3.2. JET-machine at Almedahls.                     Figure 3.3. HT-Jigger at Almedahls. 
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The coating process consist of applying a foam, consisting of the coating chemicals mixed 

with air, and spreading it evenly out over the weave with a coating knife through a knife-over-

roller method which can be seen in Figure 3.4. (Rouette, 2001b) The distance between the 

coating knife and the weave as well as the angle of the coating knife will determine the 

amount of foam coating which will be applied to the weave. The weave is kept stretched by 

the stenter frame in order to apply a smooth and evenly thick foam coating. After the coating 

has been applied the weave passes into the stenter frame oven where it is cured.  

 
Figure3.4. Knife-over-roller (Rouette, 2001b). 

The wet finishing processes consist of passing the weave through an aqueous bath containing 

the desired finishing or coating chemicals. The surplus of liquid is afterwards pressed away by 

a pair of pad rollers before the weave passes into the stenter frame oven to dry and to be 

cured. The weave will take up different amounts of bath liquid depending on the type of fibres 

in the weave and the nip of the pad rollers. (Hatch 1993, pp.389-390) Since the pad rollers are 

pressed together to squeeze away the surplus of liquid the weave is hence also exposed to this 

pressure.  

In an ordinary calander machine there are at least two rollers which are normally made of 

steel making it possible to heat them if desired. However, rollers with other surfaces also 

exist. The calander process flattens out the weave giving it a smoother and more lustrous 

surface. The process can also be performed with the aim of compressing one or several foam 

coating layers which, for example, is the purpose in the production of roller blinds. The 

flattening or compressing effect is obtained at the so called nip between the two smooth, 

vertically stacked rollers in the calander machine which are hydraulically compressed against 

each other. The pressure can be as high as 1 ton/inch
2 

that is, 140 kg/cm
2
. (Hatch 1993, 

pp.388-389)  

The weave is always inspected after the last finishing process and thereafter packed and sent 

to the customer. According to Rouette, the weave inspection is carried out in inspection 

machines consisting of a table which the weave runs over in full width and is illuminated by 

lamps from above.  he machine operator controls the weave‟s quality which includes that 

several kinds of faults are marked out and marked according to how severe they are. The 

weave can, however, also be inspected in-between different finishing process. The inspection 

process does not influence the fabric in any other way than the way in which the weave is 

rolled up on the final beam. (Rouette 2001a)  

3.2.4. Chemicals 

Almedahls uses a lot of chemicals to produce and treat their products. Many finishing 

processes where chemicals are present also involve heat. For example, polyester is dyed with 

dispersed dyes which sublime into the fibres, a process which is induced in a hot dye-bath. 

When studying the different finishing processes and operations the thought that the chemicals 

may influence the material through sublimation and if Almedahls has considered this 

occurred.  
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When a new chemical is to be introduced at Almedahls the chemicals group at the company 

gathers and goes through the MSDS, Material Safety Data Sheet, for the specific chemical 

according to Bräck.
22

 The chemicals group mainly look at the environmental aspects and 

possible health impacts of the new chemical. When these aspects of the chemical are 

approved by the chemicals group a sample is ordered from the chemical supplier. The sample 

is then tested in Almedahls laboratory to see how compatible the new chemical is with the 

different weaves. Some of the new chemicals are also tested in the mini stenter frame at the 

Swedish School of Textiles before they are introduced into the production.  

According to Bräck, the laboratory tests are also performed to examine if the new chemical is 

compatible with other chemicals. Bräck also states that the chemicals group mainly look at 

which curing temperature that is necessary when they are considering the new chemical‟s 

properties. Since the company is mainly dealing with polyester weaves they look for 

chemicals which can be cured at 170-190
o
C.  

Almedahls are hence not considering if and how their chemicals may affect the weaves‟ 

mechanical properties. However, according to Björklund
23

 it is not likely that the colouring 

chemicals, or other chemicals, affect the mechanical properties of the weave when these are 

subliming into the fibres. To Björklund it is more likely that the exposure to heat changes the 

materials properties. She thinks that some chemicals may sublime into the fibres during dip-

and top-coating but that it depends upon which kind of chemical that is being used. 

3.2.5.  The Tensions applied by the Machines and the Dimensions of the Weave 

Throughout the entire production line, from fibre to final fabric, the material is exposed to 

different kinds of tensions. During the manufacturing of the polyester fibres the fibres are 

drawn during the spinning process to, for example, achieve a higher degree of crystallinity. 

(Spruiell 2001, pp.51-53) 

During the finishing processes it is mainly the „web‟ and the beam tensions which exhibit 

stresses on the weave.  he „web tension‟ is, according to Bodenhem,
24

 the tension which is 

applied to the weave in the weft direction by principally the diverging needle chains in the 

stenter frames. The web tension also remains in the weave when it leaves the machine and is 

rolled up onto the beam and through the web tension the final fabric gets its‟ desired width 

dimensions. The beam tension decides how hard the weave will be rolled up onto the beam 

and makes sure that the weave, or final fabric, is rolled up evenly onto the beam. The beam 

tension is adjusted by a beam break. The web and the beam tensions both stretches out the 

yarn crimp of the weave before the stretch starts to have an impact on the fibres as have been 

explained in chapter 2.2.5. Tensile Behaviour. 

Almedahls uses two different types of beam breaks, disc break and torque control, according 

to Bodenhem
25

. The disc break, the same kind of break which is used in cars, is a separate 

break connected to the beam with the purpose of slowing down the rotation speed of the 

beam. The disc break is mechanically adjusted with a screw and is delivering a constant break 

to the beam. An example of a disc break is illustrated in Figure 3.5. The torque control is also 

a separate break connected to the beam and is adjusted to co-operate with the speed in the 

stenter frame. This break is controlled digitally and is to some extent connected with the 

stenter frame. Bodenhem states that the torque control makes sure the weave is rolled off, or 

up onto, the beam at the same speed as the stenter frame is pulling it off the beam or feeding 
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the weave out off the stenter frame. This is not entirely the case for the disc break. Through 

adjustments of the torque control it is possible to stretch the weave as much as desired in the 

warp direction. Figure 3.6 illustrates a break of the torque control type. 

 

Figure 3.5. Disc break  Figure 3.6. Torque control 

Today, Almedahls mainly uses torque control on all machines except the washing machine 

and breaks are in general used at the output end of the machines according to Bodenhem.
26

 

However, if it is known that a certain product tend to crease or obtain cuppings during the 

finishing processes, then it is sometimes declared in the operation guidelines that a break 

should be used at the start-end of the machine as well in order to avoid these problems. 

By adjusting the breaks, and also the speed of the stenter frame, it is hence possible to make 

the weave either more “bubbly” or very stretched when it enters the stenter frame which will 

have an effect on the formation of cuppings and how much the weave will relax during the 

next process. Both Bodenhem and Andrén
27

 declare that if the weave is stretched too much by 

the beam tension it will create creases and folds whilst the weave is on the beam. Later, when 

the weave is rolled off the beam, it will relax by itself into some previous stage where it has 

been before but the creases and folds will remain.  

How much the weave is stretched by the web and beam tensions depends upon the different 

products which are produced. Sometimes really high beam tensions are used, for example to 

make it possible to apply the coatings to the weaves but also, as mentioned before, to prevent 

cuppings and folds.  

Bodenhem
28

 explains that the machines also consist of pendulum rods at the machine‟s start-

end which co-operate with the beam tension and are regulated automatically by the stenter 

frame. The pendulum rods are a so-called levelling mechanism, which makes sure that the 

weave is passing straight through the machine and that the weave is kept at a constant stretch 

during the entire passage through the stenter frame. It is also by the aid of the levelling 

mechanism that it is possible to regulate how the weave is feed into the stenter frame making 

it more “bubbly” or stretched as earlier mentioned. According to Bodenhem all the stenter 

frames, except one has a levelling mechanism. The machine without a levelling mechanism 

controls the feeding by adjusting the beam tensions instead. 
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The different grey-weaves which Almedahls purchase are of different widths but these are not 

the widths of the final fabrics. When a grey-weave passes through the washing machine 

during the pre-treatment, the grey-weave will shrink to a certain extent. How much each type 

of grey-weave shrinks is, however, not known by Almedahls. In the guidelines for the 

different operations which the weaves are to go through after the pre-treatment washing, the 

width which the weaves shall have when they comes out of the different machines is given.  

The width of the final fabric is as mentioned mainly adjusted by the web tension from the 

diverging needle chains. However, during the process steps performed in stenter frames the 

width of the weaves is always stretched a little bit larger than the width of the final fabric. The 

reason is to enable it to be fastened onto the needle chains. This extra amount of weave is later 

cut off by a device at the output end of the stenter frame prior to the final fabric being rolled 

up on a beam. How many centimetres extra that the weave is stretched differ from case to 

case but the value is between 2-7 cm that is, 0.5-3.5 cm on each side of the weave. Most 

commonly the added amount is 5 cm that is, 2.5 cm on each side of the weave. 

In mathematics, a vector is an element of, for example, force or velocity where both the 

magnitude and direction of the element has to be considered. Within the theory of vector 

algebra the resultant of two vectors can be seen and illustrated as a parallelogram of the two 

vectors. (Daintith and Martin 2010, p.885) 

According to vector algebra, the addition of two vectors, r1 and r2, follows the relationship in 

Equation 3.1 and can be illustrated as in Figure 3.7. (Harrison and Nettleton, 1994) 

                  Eq. 3.1 

(Harrison and Nettleton, 1994) 

 
Figure 3.7 The resulting vector, r, of the two vectors r1 and r2. 

(Harrison and Nettleton, 1994) 

The forces from them web and the beam tensions can hence be seen as vectors and their 

resulting vector hence, their combined force, can be calculated according to Equation 3.1. As 

was also illustrated in Figure 2.2, the resulting force of the web and beam tensions hence 

applies a stretch in the bias-direction of the weaves. According to Hu (2004, p.102), the 

tensile properties of a stretch in the bias-direction of a weave are mainly affected by the shear 

properties of the specific weave.  
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3.3. Cutting of Wavy Fabrics 
The waves which appear over different fabrics, cause different production problems and 

especially makes it difficult to cut the fabrics into roller blinds for Almedahls customers. 

Some of the customers have started to cut their roller blinds in the warp direction of the fabric 

instead of, as usually is the case, in the weft direction. It is especially when cutting in the warp 

direction to make larger and longer roller blinds that the waves cause big problems. The 

cutting directions are illustrated in Figure 3.8.  

 

 

 

 

 

Figure 3.8. Illustration of the cutting directions of a roller blind fabric. 

Andrén
29

 has explained that there sometimes occur inner tensions in the fabric which 

generates extra material in the middle of it or in other words, waves. These inner tensions are 

not as consistent over the width of the fabric as in the warp direction. Hence, if a smaller 

roller blind is cut that is, when the fabric is cut in the weft direction, the inner tensions and 

extra material in the middle will be able to easier relax and spread out. This effect is not 

achieved to the same extent when the roller blind is cut in the warp direction. The reason is 

that there a more selvedge material which holds the middle section of the fabric together and 

hence prevents the material to relax and spread out according to Andrén. Therefore, when 

cutting a fabric in the weft direction any possible waves over the fabric can be levelled out. 

This is a way for the customer to still use the fabric even if it has a small degree of waviness.  

Figure 3.9a illustrates a wavy fabric which has inner tensions and extra material in the middle 

of the fabric. However, by cutting off the selvedges of the fabric, the waves are levelled out to 

some extent even if the fabric has not yet been cut in the weft direction. Figure 3.9b illustrates 

how Almedahls have cut off the selvedges of the same weave as in Figure 3.9a.  
 

 

 

 

 

 

 

 

 

 

 

Figure 3.9a. Wavy fabric due to inner tensions.            Figure 3.9b. Wavy fabric after the selvedges been cut off. 

 

 

                                                      
29

Andrén, B. Quality Manager at Almedahls. [at Almedahls] (Personal communication, May 12 2011) 

Warp  

Weft 

Roller Blind Fabric 



33 

 

3.4. When a Customer Complaint is received 
All customer complaints which are to be credited that is, when the customer is to be payed 

back its‟ money, are documented in a quality report in Almedahls returned material 

administration, RMA, according to Andrén.
30

 However, even other customer complaints 

which are not to be credited but for some reason are of importance, are documented in the 

RMA. The problem with waves over fabric was first documented as a separate type of 

customer complaint on the 2
nd

 of March 2009 since Almedahls at that time had realized that 

the waves are a major problem and needs to be classified in its own category. 

When Almedahls receives a customer complaint of any kind, Andrén states that the company 

has a specific description, which they have illustrated in a flow chart, of how the complaint is 

to be dealt with. In general terms their way of acting can be described as illustrated in Figure 

3.10:  

 
Figure3.10. Flow chart over how a customer complaint is dealt with at Almedahls. 

If a preliminary answer is given, Andrén explains that Almedahls will first of all demand 

more information about the problem from the customer as, for example, batch numbers. If the 

problem is considered to be of great importance then a further, deeper investigation will be 

started. When a final answer is given to the customer it will be decided if the customer is to be 

repaid or not as well as if Almedahls shall demand the customer to send back samples of the 

concerned fabric.  

When Almedahls performs a deeper investigation of a customer complaint about waves over 

fabric they start by investigating how the specific batch has been produced. Andrén states that 

they look up if any extra processes have been performed on the weave in addition to the 

standard operations or if there have been any problems during the finishing processes which 

could explain the appearance of the waves. 

If Almedahls still has a roll of the same fabric batch or a piece of secondary quality fabric 

(fabrics which are not sold due to spots, wrong print etc.) of the same batch in their store 

house, they roll it out on a big table as have been explained earlier in the chapter 1.1.1., 

“Definition of a Wave”, and was illustrated in Figure 1.1. The fabric is observed to determine 

how wavy it is and then the weave is documented by taking a photograph. Afterwards it is 

kept laying on the table over night and the next day the fabric is once again observed and 

photographed to see if the waves have relaxed or not. In some cases the waves have 

disappeared completely and in others there is no difference at all. Sometimes the concerned 

fabric is also cut into a roller blind and hanged up to determine if and in which way waves 

appear over the roller blind. This is illustrated in Figure 3.11a and Figure 3.11b.  
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Figure 3.11a Wavy roller blind – front. Figure 3.11b. Wavy roller blind – from the side 

By studying the photographs of the documented weaves it has been possible to observe what 

the waves look like. It was seen that all the fabrics with waves also had different kinds of 

waviness. Some fabrics had waves which looked like big “strokes” from the edges towards 

the middle of the weave which is illustrated in Figure 3.12a. Other fabrics demonstrated a 

smaller waviness which covered the entire fabric, just like waves on water; this is illustrated 

in Figure 3.12b. Some fabrics demonstrated waviness somewhere in-between these two, as 

illustrated in Figure 3.12c.  

 

       Figure 3.12a “Big” waves.                Figure 3.12b. “Small” waves.             Figure3.12c. “Medium” waves. 

3.4.1. Analysis of the Customer Complaints 

The total amount of meters of fabric which have received customer complaints about waves 

over fabric between 2009 and February 2011 are demonstrated in Table 3.5. Almedahls uses 

other names for their orders but to facilitate the understanding of this chapter section, figures 

are instead used in combination with the weave names to distinguish the orders from each 

other.  

Weave 2009 [m] 2010 [m] 2011 [m] 

Tight-1 215   

Tight-2  596 30 

Hard-1 10   

Translucent-1 40   

Raw-1   1 

Raw-2  40 1 

Total 265 636 32 

Table 3.5: Total amount of customer complaints received on the selected weaves, 2009-2011 (in meters) 

These comparisons were made since Almedahls believe that a roller blind fabric with a longer 

or altered finishing line is more likely to become wavy than a if the finishing line was not 

altered. 
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When studying the process lines for the orders in Table 3.5 it was seen that the two Tight 

orders, the Hard order and the Translucent order had had a changed finishing line and had 

hence been subjected to other processes than only the standard operations for these weaves. 

The two Raw orders had only gone through their standard operations, but they had still 

received customer complaints.  

Through studying of the information about the operations performed on all the orders 

produced of the four selected weaves; Tight, Hard, Translucent and Raw, between 2009 and 

February 2011 the conclusions demonstrated in Table 3.6 and Table 3.7 could be drawn. 

Weave  Number of Modified Orders Added Processes or Changes 

Tight 9 orders out of totally 19 

orders 

-extra colouring  

-application of extra coatings 

-corrections due to bad foam 
 

Hard 87 orders out of totally 159 

orders 

-extra colouring,  

-halfway inspections 

-removal of black dots 

-splitting of the weave batch 

-notes about lumps in the foam 
 

Translucent 22 orders out of totally 58 

orders 

-extra colouring  

-extra edge cutting 

-weave rearrangement 
 

Raw 12 orders out of totally 69 

orders 

-added levelling process 
 

Table 3.6. Number of modified orders and the orders with added processes or changes. 

Weave  Number of Orders with Registered Customer Complaints 

Tight Four out of the totally 19 orders  
 

Hard One order among the 87 orders with alterations to their finishing line. 
 

Translucent Only one order but which had not had any changes to its‟ finishing line 
 

Raw Three orders of which one had had a changed finishing line. 
 

Table 3.7. Number of orders with registered customer complaints in comparison to the total amount of orders. 

The type of process which seems to have been more frequent in the orders with changes to 

their standard operations was extra colouring.  

3.4.2.  Case Study of a Problem with Creases appearing on the Tight-weave 

For a couple of days during the thesis project, a problem with the Tight-weave occurred in 

Almedahls finishing department. Soft creases had started to appear in the middle of the weave 

when it was rolled up on the beam. The finishing department had tried to deal with these 

creases by passing the Tight-weave through four extra curing processes hence, levelling 

processes, but without any satisfying results. The personnel in the finishing department had 

also tried to cut off more material than usual at the edges of the weave, since it was possible 

that the so-called long selvedges were the reason of the appearing soft creases, but this did not 

help either. One batch of the Tight-weave was at that moment in the final inspection 

department where creases still appeared in the middle of the beam when the weave was rolled 

up after the inspection table. The temporary solution became that the beam-tension at the 

inspection table was altered in order to roll up the weave smoothly onto the beam. Figure 3.13 

illustrate the creases which appeared while rolling up the weave in the final inspection 

department. 
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Figure 3.13 Soft creases appearing on the beam in the final inspection department. 

When studying the information about this particular Tight-weave batch and the operations 

which it had been through, it could be seen that the weave did not appear to have been 

subjected to more stretching than what is usual. The width of the grey-weave was 208 cm and 

the width of the weave after the first wet finishing process was 198 cm. The final fabric width 

was 199 cm after the last coating process. It is not known what the width of the weave was 

when it came out of the washing machine after the de-sizing processes. Consequently, it is not 

known how much the Tight-weave shrunk during the pre-treatment and neither how much it 

was stretched to gain the width of 198 cm. Therefore it is not possible to determine if it was 

the stretching in the stenter frames which may have caused the creases to appear.  

During a couple of days there had also occurred another problem in the finishing department. 

The problem was that the weight of the foam coating applied in one of the stenter frames had 

become extremely varying over the fabric with a difference of up to 25 g/m
2
. It was finally 

sort out that the reason was that the coating knife in the particular stenter frame had become 

uneven. The previously discussed Tight-weave batch had gone through this particular stenter 

frame and therefore it became clear to Almedahls that the soft creases had occurred due to the 

uneven weight achieved by the uneven coating knife.  
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4. Tests 
Both the Tensile tests and the DSC tests were performed on the weave samples seen in Table 

4.1. The weave called Old are the same weave as the weaves Translucent and Raw, which are 

two of the chosen weaves. However, Old represent an older name Almedahls still often use 

for the grey-weaves of Translucent and Raw – weave products.  

All the weaves are plain weaves with a slightly higher warp count than weft count with 

exception of R-Old-IK which has an equal yarn and weft count. All the different weaves 

consists of different types of polyester yarns but within one weave both the weft and the warp 

yarns are made of the same type of yarn. 

The letter R in front of the name of the weave represents that the sample is a grey-weave and 

still has warp sizes applied. The letter H in front of the name represents that the sample is a 

half-processed weave, hence a weave which has gone through the pre-treatment processes at 

Almedahls. The letter combinations after the names of the weaves represent the names of 

different grey-weave suppliers. One of the reasons for the tensile and the DSC tests were to 

also examine if there is any difference in the mechanical or the thermal behaviour between the 

grey-weaves delivered from different suppliers. 

Weave sample Kind of weave 

R-Tight-IA Higher warp count 

H-Tight-IA Higher warp count 

R-Hard-IG Higher warp count 

H-Hard-IG Higher warp count 

R-Hard-IK Higher warp count 

H-Hard-IK Higher warp count 

R-Old-IG Higher warp count 

R-Old-IK Equal weft and warp count 

Table 4.1. The weave samples used in the tensile and the DSC tests. 

4.1. Tensile Tests 
The tensile tests on the four selected weaves was to be performed in order to estimate how 

much stress or strain that can be applied to the weaves during, for example, different finishing 

processes within a production line. If the amount of stress or strain which Almedahls weaves 

goes through during the finishing processes are compared to the values obtained through the 

tensile tests, it will be possible to reason over if the applied web and beam tensions can 

deform the weaves or not and hence cause waves to appear. 

The tensile tests were performed on a dual column materials testing machine model; Tinius 

Olsen H10K-T, in the Polymer Lab at the University College of Borås which can be seen in 

Figure.4.1a. This machine has several grips to enable testing of several different kinds of 

materials. For the tensile tests the test grips no. 3 was used as can be seen in Figure. 4.1b. The 

tests were carried out by using a load-cell of 5000 N which can be seen in Figure.4.1c. The 

test settings can be seen in Table 4.2. 

Tensile Test Settings 

Load Range 500 N 

Gauge Length 100 mm 

Test Speed 100 mm/min 

Preload 10 N 
Table 4.2. The tensile test settings. 
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Figure 4.1a. Tensile testing machine.       Figure 4.1b. Test grips no. 3.          Figure4.1c. The used load-cell. 

The test samples were cut to 25 mm x 150 mm in size and ten samples in both the weft and 

the warp direction of each weave were cut that is, in total, 20 samples for each weave. The 

samples were marked with; the name of the weave, sample number, which direction that it 

was representing and finally with an arrow pointing out the warp direction of the sample. 

Figure 4.2 illustrates a few of the test samples. Each weave represented a “product” in the test 

and then the weaves were subcategorized into different test batches according to their weave 

supplier and if the weave was a grey-weave, denoted R in front of the weave name, or a half-

processed weave, denoted H in front of the weave name as earlier mentioned. 

 
Figure 4.2. Preparation of the test samples of the H-Hard-IG weave 

Before each new test batch was started the thickness mean-value of the batch was to be given 

as well as the width of the samples. The thickness was measured with a small apparatus, 

illustrated in Figure 4.3., where the samples were placed between a metal plate and a metal 

rod. The metal rod could be lifted in order to place the sample beneath it and the rod was also 

connected to a digital device which measured the thickness of the sample. The thickness was 

measured on three locations on both the first sample and on the last sample of each batch and 

an average value of the thickness was estimated.  

The widths of all samples for all batches were, as mentioned, 25 mm but the thicknesses of 

the samples were varying to some extent.  
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Figure 4.3. Apparatus for measuring the sample thickness. 

The test samples were placed and tested one at the time in the tensile testing machine. They 

were to be properly stretched between the grips and fastened firmly in order for them not to 

slip. The tests were started and controlled by a software program in a computer connected to 

the tensile testing machine. The force and extension of the machine were always set to zero 

before each test was started. The results were gathered by the computer and summated in 

tables and graphs. 

4.2. DSC Test 
The first six DSC tests were performed on the DSC-Q-2000 machine and the last three were 

performed on the DSC-Q-1000 machine both from TA Instruments and available in the 

Chemistry Laboratory at the University College of Borås. The DSC-Q-1000 machine can be 

seen in Figure 4.4.  

The test samples were placed in separate small aluminum pans and the weight of the test 

samples was to be between 3-5 mg. The performed tests were of the type “heat-cool-heat” and 

nitrogen gas was used as the purge gas to create and inert environment in the heating 

chamber. The running segment description for the DSC heat-cool-heat cycle can be seen in 

Table 4.3. The temperature was controlled by an air heater during the tests. The weight of the 

samples can be seen in Table 4.4. 

Running Segment Description 

1 Ramp. 10.00
o
C/min to 300

 o
C 

2 Mark end of cycle 1 

3 Ramp. 10.00
o
C/min to 25

 o
C 

4 Mark end of cycle 2 

5 Ramp. 10.00
o
C/min to 300

 o
C 

6 Mark end of cycle 3 

Table4.3. The DSC heat-cool-heat tests‟ running segment description. 

Weave sample Weight[mg] 

R-Tight-IA 3.8 

H-Tight-IA 3.3 

R-Hard-IG 4.2 

H-HardIG 3.5 

R-Hard-IK 4.0 

H-Hard-IK 4.1 

 R-Old-IG 4.3 

R-Old-IK 3.8 

Table4.4. The weight of the samples. 
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The DSC-tests were performed in order to investigate the thermal properties of the weaves. 

Two of the tests which were initially made on the DSC-Q-2000 machine were remade due to 

strange test results and the two remakes were performed on the DSC-Q-1000 machine.  

 

 

 

 

 

                Figure 4.4. The DSC-Q-1000 machine.               Figure 4.5. Device for closing of the aluminum pans. 

Each test sample was weighed and placed in a small aluminum pan which was closed with an 

aluminum lid by the aid of a device which can be seen in Figure 4.5. Afterwards all the 

aluminum pans were placed in the small holes on the chamber on the right side of the DSC 

machine which can be seen in Figure 4.7. Here they were put on hold waiting for their turn to 

be tested in the heating chamber on the left side in the machine which can be seen in Figure 

4.6. The test results were collected by the computer running the DSC machine and the 

computer software illustrated them in graphs. 

 

 

 

 

 

 
 

    Figure 4.6. The heating chamber of the DSC machine.           Figure 4.7.The chamber with the waiting test. 

4.3. Width Measurements  
The widths of Almedahls‟ grey-weaves are between 210 - 214 cm and the widths‟ of the 

majority of the final fabrics are 200 cm. Since Almedahls does not know how much their 

grey-weaves shrink during the de-sizing in the pre-treatment process, they neither know how 

many percent they are stretching the weaves in the different finishing process after the de-

sizing.  

In an attempt to investigate this, an instruction for the machine operators working with the 

washing machine and the first drying and fixation process, was included in the guidelines for 

these processes during a couple of days. The instructions were to measure the width of the 

four selected weaves before and after they entered the washing machine and before they 

entered the machine where the drying and fixation took place during the pre-treatment 

processes. These measurements were to be noted in IFS, Almedahls business system, by the 

machine operators.  

The results from the width measurements were then compared to the widths of the grey-

weaves to examine how much they had shrunk. The results were also compared to the widths 

of the weaves after the stenter frame processes to determine how much that Almedahls totally 

stretch each weave within the finishing line. The result of theses comparisons can be seen in 

Table 5.5. in Chapter 5.3.   
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5. Results 

5.1. Tensile Tests 
The tensile tests performed on the Tinius Olsen H10K-T tensile tester, resulted in both graphs 

and values recorded by the computer connected to the machine.  

Among the results the length elongation at the yield point for each sample in every batch was 

recorded. This elongation represented how much strain the sample that is, the weave in either 

the weft or the warp direction, had been subjected to before it started to deform at the yield 

point. If the strain had not been calculated and given by the computer, it would have been 

possible to calculate it instead by dividing the change in length of the sample with the initial 

length as can be seen in Equation 5.1. 

   Strain  ε 
  

  
   eq.5.1 

The maximum stress at the yield point was not recorded by the computer and it would 

therefore have been necessary to calculate it. The yield force of each sample in each batch, 

given in Newton (kg/m
2
) by the computer, was to be divided by the cross-section area of the 

sample, which is illustrated in Equation 5.2. 

  Stress 
 ield force

Cross-section area of the sample
 

   N

 m   Pa eq.5.2 

However, the cross-section areas of the weave samples are difficult to calculate since the 

weaves are not compact and consisting of fibres throughout the entire cross-section, but also 

of a lot of air between the fibres. To calculate the maximum stress would become quite 

complicated due to the difficulties of determining an equation for the cross-section area which 

gives a good and representative value. Therefore no calculations of the maximum stress at the 

yield point were performed. 

The obtained mean yield force values as well as the mean strain value of each weft batch, 

which was recorded by the computer, are demonstrated in Table 5.1. 

Sample -Weft Yield Force [N] Max Strain [%] 

R-Tight-IA 419.9 27.3 

H-Tight-IA 402.9 27.7 

R-Hard-IG 200.8 16.4 

H-Hard-IG 344.9 20.6 

R-Hard-IK 276.5 14.4 

H-Hard-IK 452.6 19.7 

R-Old-IG 148.4 12.5 

R-Old-IK 121.3 11.4 

Table 5.1. The mean yield force and the mean maximum strain, at the yield point, for the tested weft direction 

samples. 

Figure 5.1 to Figure 5.8 illustrates an obtained curve from each weft batch which is 

representative for the mean value of that specific batch. The yield point values for the curve 

that is, the values where the curve ends, are given next to the figure as well as the thickness of 

the specific sample.  

The results of the mean strain values will be compared to the calculations from the width 

measurements in chapter 5.3 Width Measurements. 
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Figure 5.1. At Yield Point: Extension: 28 mm, Force: 414 N 

Sample thickness: 0.17 mm 

 
Figure 5.2. At Yield Point: Extension: 28 mm, Force: 410 

Sample thickness: 0.16 mm 

 
Figure 5.3. At Yield Point: Extension: 16 mm, Force: 207 N 

Sample thickness: 0.32 mm 
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Figure 5.4. At Yield Point: Extension: 20 mm, Force: 323 N 

Sample thickness: 0.30 mm 

 
Figure 5.5. At Yield Point: Extension: 13 mm, Force: 267 N 

Sample thickness: 0.31 mm 

 
Figure 5.6. At Yield Point: Extension: 19 mm, Force: 439 N 

Sample thickness: 0.26mm 
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Figure 5.7. At Yield Point: Extension: 12 mm, Force: 155 N 

Sample thickness: 0.31 mm 

 
Figure 5.8. At Yield Point: Extension: 12 mm, Force: 123 N 

Sample thickness: 0.32 mm 

The mean values of the obtained yield forces and mean strain value of each warp batch from 

the tensile tests can be seen in Table 5.2. Figure 5.9 – Figure 5.16 shows a tensile test curve 

from each warp batch which is representative for the mean value of each specific batch. As 

before, the yield point values are the values where the curve ends or hence, has its‟ peak. 

Sample - Warp Yield Force [N] Max Strain [%] 

R-Tight-IA 452.1 42.5 

H-Tight-IA 455.4 38.6 

R-Hard-IG 471 24.6 

H-Hard-IG 514.8 22.1 

R-Hard-IK 657.7 22.3 

H-Hard-IK 718.5 19.6 

R-Old-IG 456.4 14.9 

R-Old-IK 438.7 15.5 

Table 5.2 The mean yield force and the mean maximum strain, at the yield point, for the warp batches. 

 

The results of the mean strain values will be compared to the calculations from the width 

measurements in chapter 5.3 Width Measurements. 
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Figure 5.9. At Yield Point: Extension: 49 mm, Force: 447 N 

Sample thickness: 0.17 mm 

 
Figure 5.10. At Yield Point: Extension: 45 mm, Force: 448 N 

Sample thickness: 0.16 mm 

 
Figure 5.11. At Yield Point: Extension: 23 mm, Force: 469 N 

Sample thickness: 0.32 mm 
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Figure 5.12. At Yield Point: Extension: 21 mm, Force: 512 N 

Sample thickness: 0.29 mm 

 

 
Figure 5.13. At Yield Point: Extension: 22 mm, Force: 663 N 

Sample thickness: 0.31 mm 

 
Figure 5.14. At Yield Point: Extension: 18 mm, Force: 707 N 

Sample thickness: 0.26 mm 
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Figure 5.15. At Yield Point: Extension: 16 mm, Force: 438 N 

Sample thickness: 0.32 mm 

 
Figure 5.16. At Yield Point: Extension: 15 mm, Force: 423 N 

Sample thickness: 0.33 mm 

The results and the tensile test curves of all the batches and samples can be seen in Appendix 

3 concerning the weft batches and in Appendix 4 concerning the warp batches. The curves in 

Appendix 3 and Appendix 4 shows the entire tensile curves for the test samples that is, they 

show the tensile properties up until the point of breaking. However, the part of the curves 

beyond the yield point is not of interest for this thesis project.  

When looking at all the curves in Appendix 3 it can be seen that the curves for all the weft 

batches seems to follow the same kind of behaviour. The results from the tensile tests of the 

warp batches demonstrated in Appendix 4 show that their curves are somewhat different from 

the weft batches but, compared to each-other, they warp batches seem to behave in a similar 

way.  
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5.2. DSC Tests 
The results from the DSC tests were registered and demonstrated as graphs by the connected 

computer. The graphs were analyzed with the aid of the TA Instruments Universal Analyzer 

software. The software was used to calculate the mean value of the temperature transitions for 

the first and the second heating cycles as well as to give the maximum peak value of the 

cooling cycle which represents the cold crystallization peak. The temperatures of melting for 

each batch are summarized in Table 5.3. For a few batches there also existed glass transition 

temperatures which are demonstrated in Table 5.3. as well. 

Temperature of Melting, Tm 

Sample First heating
 
[

o
C] Second Heating

 
[

o
C] Glass Transition, Tg, [

o
C] 

R-Tight-IA 254 255 108.20 

H-Tight-IA 253 254  

R-Hard-IG 250 240  

H-Hard-IG 253 252  

R-Hard-IK 255 255  

H-Hard-IK 253 253  

R-Old-IG 251 241 107.41 

R-Old-IK 256 255  

Mean value 253 251  

Std deviation. 1.96 6.35  

Table 5.3. The temperature of melting, Tm, from the DSC tests and the two cases with glass transition 

temperatures, Tg. 

The standard deviation for the obtained values from both the first and the second heating in 

Table 5.3., are not so large and far from the mean value of each first heating cycle. This 

would indicate that the warp sizes do not have a major effect on the DSC test results. 

The obtained values and curves from the DSC tests do not show any signs of a clear glass 

transition temperature, Tg, of the polyester material in the weaves and nothing really happens 

to the material until around 225
 o

C. The DSC test results did show that the material, in all 

weaves, melt at a temperature around 251
o
C which is the mean value of the temperature of 

melting, Tm, of the second heating. 

Figure 5.17. to Figure 5.24., shows the curves obtained from the DSC tests. The curves also 

shows the cold crystallization peaks of each sample and were marked out by the TA 

Instruments Universal Analyser software. However, the cold crystallization peaks were not of 

interest for this thesis project. Next to the temperature values of the peaks of the first and 

second heating values the heat flow value of each peak is also given. Neither these values 

were of interest for this thesis project but were still marked out by the software. However, it 

can be mentioned that with the aid of these values the degree of crystallinity can be 

calculated. 
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R-Tight-IA 

 

Figure 5.17. 

 

H-Tight-IA 

 

Figure 5.18. 
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R-Hard-IG 

 

Figure 5.19. 

 

 

H-Hard-IG 

 

Figure 5.20. 
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R-Hard-IK 

 

Figure 5.21. 

 

 

H-Hard-IK 

 

Figure 5.22. 
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R-Old-IG 

 

Figure 5.23. 

 

 

R-Old-IK 

 

Figure 5.24. 
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5.3. Width Measurements 
The results of the width measurements were used to calculate the wash shrink in the weft 

direction of the weave. They were also used to calculate an approximate value of how much 

strain the weave is totally exposed to when it is stretched during the following stenter frame 

processes before it becomes a final fabric. The calculations were performed as is illustrated in 

Equation 5.3 and Equation 5.4: 

 ash shrink        [
( idth before wash - width after wash 

 idth before wash
      eq. 5.3 

 otal stenter frame strain [
(Final fabric width-width after wash   cm 

lemgth after wash
      eq. 5.4 

The 5 cm which are added in equation 5.4 for the total stenter frame strain represents the extra 

amount of stretch which is added to enable the weaves to be fastened onto the needle chains in 

the stenter frames. 

The mean value results of these calculations are shown in Table 5.4. 

Weave Wash shrink [%] Total Stenter Frame Strain [%] 

Tight 1-2 2.5-5 

Hard 7 2.5- 3 

Translucent 6 3.5 
Table 5.4. The wash shrink and the total stenter frame strain calculated from the results of the width 

measurements. 

Sample Weft Yield Force [N] Max Strain [%] Total Stenter Frame Strain [%] 

R-Tight-IA 419.9 27.3 2.5-5 

H-Tight-IA 402.9 27.7 2.5-5 

R-Hard-IG 200.8 16.4 2.5- 3 

H-Hard-IG 344.9 20.6 2.5- 3 

R-Hard-IK 276.5 14.4 2.5- 3 

H-Hard-IK 452.6 19.7 2.5- 3 

R-Old-IG 148.4 12.5 3.5 

R-Old-IK 121.3 11.4 3.5 

Table 5.5. The mean yield force, the mean maximum strain at the yield point and the calculated total stenter 

frame strain. 

Table 5.5. shows both the mean maximum strain values obtained from the tensile tests for 

each weft batch and the calculated total stenter frame strain. The mean maximum strain values 

at the yield point from the tensile test are between 11-27 % and the result shows that the total 

stenter frame strain is between 2.5-3.5 % for the four selected weaves.  

When comparing the results of the strain values in Table 5.5 it can be seen that the total 

stenter frame strain is much below the strain which the weaves can handle without permanent 

deformation according to the tensile test results.  

According to Bodenhem
31

 the beam tension that is, the stretching of the weave in the warp 

direction, which is applied in the stenter frames is between 600-1200 N. This value can be 

compared to the obtained mean maximum yield force values for the warp batches which are 

demonstrated in Table 5.2. 
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Sample - Warp Yield Force [N] Max Strain [%] 

R-Tight-IA 452.1 42.5 

H-Tight-IA 455.4 38.6 

R-Hard-IG 471 24.6 

H-Hard-IG 514.8 22.1 

R-Hard-IK 657.7 22.3 

H-Hard-IK 718.5 19.6 

R-Old-IG 456.4 14.9 

R-Old-IK 438.7 15.5 

Table 5.2. The mean yield force and the mean maximum strain, at yield force, for the warp batches. 

As can be seen, the beam tension which Almedahls apply to the weave is much higher than 

the maximum force which the weave can handle according to the tensile test results. 

If this, quite large, difference in applied force is of any relevance is however difficult to 

determine since the tensile tests were performed on small weave sample and the beam tension 

is applied to much larger pieces of weave in the stenter frames. A higher force is in the stenter 

frames divided over a much larger cross-section area whilst a smaller force is divided over a 

smaller cross-section area in the tensile tests. The much larger force applied by the stenter 

frames is probably to some extent levelled out due to the much wider and longer weave.  
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6. Discussion 

6.1. The Information gathered by Almedahls 
The information which Almedahls have gathered about waves over fabric was quite extensive 

and there was also a lot of material to go through. It was not always possible to draw any 

conclusions from this large amount of information and the gathered information was not 

always collected in a consistent way which also made it difficult to interpret. For example, the 

rolled out fabrics were not always photographed before and after, and when they were, the 

photographs were not always marked with before/after or for how long time the fabric had 

been left to relax. Therefore the only conclusions which were possible to make from these 

photographs were that there are different kinds of waviness. 

The information about Almedahls processes and standard operations in the business system 

IFS, was also very extensive and difficult to go through and draw conclusions from. A lot of 

time and effort was hence put into understanding IFS and to find relevant information about 

waves over fabric. 

6.2. Standard Operations and the Effect of Chemicals 
The standard operations which Almedahls use for the four studied weaves are similar but 

differ in the number of processes steps.  

The received customer complaints about waves over fabric were studied and compared to the 

standard operations of the four selected weaves. No relationships between a certain process 

and the customer complaints could be drawn. The only extra process step which appeared in 

several of the finishing lines, where the standard operations had been altered, was an extra 

colouring process but this was not necessarily connected to the customer complaints.  

From the interviews with the personal at Almedahls it could be concluded that the vast 

amount of chemicals the company uses to produce their products are not likely to have any 

effect on the mechanical properties of the weave or the polyester material in the fibres. As 

Maria Björklund,
32

 also claimed through email correspondence, it is more likely that the heat, 

which the weave and fibres are exposed to during different finishing processes, affects the 

mechanical properties than the sublimation of chemicals for example during the colouring 

process. The colouring processes at Almedahls are, however, not performed at very high 

temperatures and the results from the DSC tests also showed that the polyester material is not 

altered at the temperatures which Almedahls use during, for example, colouring. 

One the other hand, Chen and Hearle (2010, p.14) states that chemicals which enter into the 

fibres do in fact influence the fibre degradation and that the fibre degradation is also affected 

by heat and light. This could especially be of importance during colouring processes. 

Therefore it is still possible that the colouring process can be a reason to why waves over 

fabric appear if the chemicals, through an extra colouring, degrades the fibres and 

consequently alters the weaves‟ mechanical properties. The colouring process also exposes 

the weaves to both heat and water during a long time which enhances the possibility for the 

weave to further shrinkage which may also be a reason for the appearance of waves over 

fabric. The aspect of how much the weave shrinks will be discussed in the next section of this 

chapter.  

From the comparisons between the customer complaints and the standard operations there 

could neither be concluded that a higher number of performed process steps increased the 

amount of customer complaints.  
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6.3. Weave Dimensions 
The examinations of the standard operations and the finishing processes which the weaves 

goes through showed that, except from the stretching in the stenter frames and the stretching 

from the beams, it is especially the washing, or de-sizing, which alters the weaves‟ 

dimensions. The widths of the weaves passing through the washing machine at Almedahls 

were therefore measured during a couple of days. The result indicates that some weaves 

shrink quite a bit in the weft direction while others do not shrink much at all. The reason for 

this could be that different weaves have different weave structures. As Högberg
33

 claimed in 

an interview; a weave with a sparse weave structure have a higher possibility to shrink due to 

washing than a weave with a more dense structure since the yarns in the later case lock each-

other into their current position.  

On the other hand, the amount of subsequent stretch needed in the following finishing 

processes to obtain the final width of the fabric is not, as perhaps could have been expected, 

higher for the weaves which have had a higher wash-shrink.  

6.4. Customer Complaints 
The products made of the Tight and the Hard weaves have more process steps involved in 

their product lines than the Translucent and the Raw weaves. If Almedahls statement that 

weaves going through more process steps are more likely to suffer from waves over fabric is 

true, then there would be a higher frequency in customer complaints on the orders produced 

of the Tight and the Hard weaves.  

However, when studying the received costumer complaints this is not entirely the case. The 

Tight-weaves have received the highest number, in meters, of customer complaints between 

2009 to February 2011 when considering the selected weaves. The amount of customer 

complaints on the Hard-weaves are, however, almost the same as for the two other weaves, 

Translucent and Raw.  

By looking at the orders which have had changes in their standard operations, it does not seem 

to be a higher frequency of received customer complaints on the weaves with a higher number 

of processes that is, the Tight and the Hard weaves. Hence this does not support the theory 

that more process steps increase the appearance of waves over fabric. On the other hand, this 

could verify what Almedahls have previously said; that waves over fabric are not constantly 

appearing on a specific type of weave.  

6.5. The Tests  

6.5.1. Tensile  

When performing tests there is always room for smaller deviations. Even if it seems as the 

obtained values and curves in Appendix 3 and Appendix 4 are quite different, when only 

looking at the curves, the final conclusion can still be that the results from the different 

batches, in either the weft or the warp direction, are similar and that the weaves from the 

different suppliers do not behave that different from each-other. The difference between the 

weft and the warp batches is reasonable since there, according to Hu (2004, pp.112-113), 

always is a difference in the extensional properties between the weft and warp direction of a 

fabric.  

The result values of the tensile tests shall, at this stage, foremost be seen as guide-lines to 

estimate if the applied tensions is a parameter which may be of great importance to the 

appearance of waves over fabric or not. Only a few of Almedahls 45-50 different grey-
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weaves
34

 have been tested and these results can hence neither be applied to all of Almedahls 

products. The results of the tensile tests may also have been influenced by many factors. One 

of these could be that the operator was not totally familiar with using the test equipment at 

first. Another reason is the fact that no standardized method for performing tensile test were 

used and the results can therefore not entirely be compared to results of other researchers‟ 

tensile test. On the other hand, the used extension speed was 100 mm/min which had been 

used in similar tests by Halleb and S.B. Amar (2010) where the French standard NF-G 07-001 

for tensile testing had been applied. Also, as Dolatabadi and Kovar (2009b) claims, laboratory 

based examinations of the internal geometry of woven fabrics are not suitable to determine 

the fabrics mechanical properties especially if the fabric is exposed to stretch. This adds to the 

fact that the tensile test should rather be seen as guidelines and indications of how the weave 

might respond to applied stress and strain, as the laboratory tests are not entirely similar to the 

actual conditions in the finishing processes.  

 

Since the tensile tests were performed on weaves which means that before the yarns are 

exposed to the applied stress and strain, the yarn crimp must first be stretched out. The strain 

result of the tensile tests hence includes the stretching of the yarn crimp. The stenter frames 

also stretched out the yarn crimp prior to applying the stress and strain to the yarns themselves 

and from this aspect it is hence possible to compare the values of the width measurements 

with the tensile test results. However, the conditions under which the stress and the strain 

were applied also have to be considered.  

In the stenter frames at Almedahls the stretching takes place under exposure to a temperature 

between 90-100
o
C. The weaves are later also cured at a temperature between 170-190

o
C but 

during this step no tensions are applied. When looking at the results from the DSC tests it can 

be seen that the material is not really affected by temperatures of 90 - 100
 o

C. This means that 

the material will not start to soften while it is exposed to stretching and heat at the drying and 

curing temperatures Almedahls use. It could be reasonable to think that if the material still 

softens a little due to the heat during the stretching, the weave could perhaps still be deformed 

even if the applied stretch is not higher than what the weave normally can handle without 

permanent deformation.  

6.5.2. DSC 

The fact that the DSC tests did not show any signs of a clear Tg for the polyester material in 

the fibres of all the test samples, would indicate that the material is relatively stable at the 

temperatures which Almedahls use in their finishing processes. The highest temperature 

Almedahls use is 190
o
C, according to Bräck,

35
 and it is used during the curing processes of 

the polyester weaves in the stenter frames. Therefore it is not likely that the temperatures 

Almedahls use during their finishing processes affect the fibre material in the weaves in such 

a way that undesired deformation occurs during stenter frame stretching.  

However, some tests did show a Tg; one sample around 50-60
 o

C and another sample around 

100
 o

C. The first of these samples were later remade and the result of that DSC test did not 

show a Tg. It is therefore probable that the obtained Tg values simply were test errors. The Tg 

values were also only obtained on grey-weaves were the size material was still present on the 

weave. Therefore it is possible that it was the size material which caused the sample to melt in 

a different way and show a Tg. 
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The DSC tests results showed that the polyester material, in all test samples, melt around 

251.40 
o
C which is far above the temperatures Almedahls use. The results from the small 

amount of performed DSC tests would hence indicate that the fibre material in the weaves is 

fine without any properties which might cause unexpected behaviour at lower temperatures. 

The fact that the grey-weaves comes from different suppliers seems to be of no consequence 

to the temperature of melting, Tm. More tests would nevertheless be necessary in order to 

draw any correct and reliable conclusions.  

6.5.3. The Relevance of the Tests  

It is important to discuss if it is relevant to perform tensile tests or DSC tests on Almedahls‟ 

weaves and if more tests of these kinds should be carried out.  

The tensile tests only shows how a small piece of a weave reacts to an applied strain in room 

temperature while the width measurements were to some extent from processes where the 

stretching has taken place during exposure to heat. The results from the tensile tests and the 

width measurements are therefore not completely compatible to be compared with each-other. 

Considering the DSC tests they only indicate at which temperature the material starts to melt.  

The finishing processes which the weaves goes through in Almedahls finishing line combine 

the application of stretch with the exposure to heat. If it is desired to continue the evaluation 

of the polyester material in the weaves through laboratory testing, DMTA tests, Dynamic 

Mechanical Thermal Analysis tests, would be more suitable. The DMTA exposes the test 

samples to mechanical stress during simultaneous heating and measures the mechanical 

properties as a function of time, temperature and frequency according to TA instruments 

(2011b) 

To get fully reliable laboratory test results more samples than in, for example, the tensile tests 

where only 20 samples of each weave were tested would be necessary. An eventual 

continuation of the width measurements of the weaves to gain a better base of material to 

evaluate must also be implemented under a longer period of time and with more instructions 

for the machine operators. 

6.6. Tensile and Width Comparison 
The weaves are not only stretched in the weft direction in the stenter frames but also in the 

warp direction by the beam tension. The weave is hence exposed to a combined stretch from 

the stenter frames and the beam tensions instead of stretch in purely the weft or the warp 

direction. This combined stretch could be seen as a bias-extension of the weave since the 

resultant of two perpendicular vectors, the two forces, is a vector in the 45
o
 angle to either one 

of the vectors as was shown in Figure 2.1. According to Hu, shear is the major determining 

factor for the tensile modulus when a weave is extended in the bias-direction. (Hu 2004, 

p.101) 

Since the weave is exposed to shear deformation it would, as Dolatabadi and Kovar and Linka 

claims, lead to a deformation in what they call the third zone of the fabric that is, in the 

middle of the fabric. According to them this shear deformation is also the cause for what they 

call „the buckling phenomenon’ or in other words, waves over fabric. (Dolatabadi and Kovar 

and Linka, 2009) Shear deformation in the third zone of the weave could hence be one reason 

to why waves over fabric appears and mainly does so in the middle of the fabric. Dolatabadi 

and Kovar also concluded that „the buckling phenomenon’ is dependant of the internal 

geometry of the fabric if deformations take place under shear stress. (Dolatabadi and Kovar 

2009b)  

The calculations from the width measurements also indicate that the applied stretch from the 

stenter frames are smaller than what would, as earlier mentioned, cause permanent 

deformations in the weave. But according to Hu even small applied stresses can cause 
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irrecoverable deformations of the fabrics since they are inelastic, (Hu 2004, p.7) which also 

occurs due to the anisotropy of the weaves. (Hu 2004, p. 2) In each of the finishing processes 

at Almedahls the weave is exposed to small stretches which to some extent are unloaded 

between the processes. The stretching within the finishing line could hence be seen as 

irregular cyclic loading of the weave. As mentioned before, Hu claims that this irregular 

cyclic loading lead to plastic strain within the fibres which eventually cause permanent 

deformations. (Hu 2004, p.115) It is therefore reasonable that the stretching within Almedahls 

finishing line cause permanent deformations to the weave which later results in waves 

appearing over the final fabric even thought the stretching in each separate stenter frame does 

not cause permanent deformation by itself.  

6.7. Is there a Way to Predict the Waves 
The two problems which had occurred in the finishing department, the soft creases and the 

uneven weight of the foam coating, generated many thoughts. First of all, maybe it is so that 

waves also can appear as a result of an uneven thickness or weight of the weave or final 

fabric. Secondly, perhaps the adjustments of the beam tension and of the levelling mechanism 

can indicate that waves will appear over the final fabric. 

During the performed tensile test, the thickness of the grey-weave and half-processed weave 

was needed to be specified to the computer which hence led to the weaves‟ thicknesses being 

measured. Before that moment, the thought that the thickness of the weave may vary had not 

really appeared but through these measurements it was clear that the thickness of the weave 

could differ just within a few centimetres distance. As an example, the thickness could be 

0.30 mm at one end of the sample and 0.34 mm at the other end that is,15 cm from each other. 

Hence the difference in thickness was not even 1 mm but it still existed.  

Andrén
36

 explained in an interview that the thickness of the final fabric can become a great 

problem for the roller blind product when it is to be used by the final customer. If the 

thickness differs over the width of the roller blind it will roll up unevenly on the roller blind 

rod device. A thickness difference even as small as one hundredth of a millimetre may gather 

up to become a lot of extra material on one side of the rod device according to Andrén. This 

will probably lead to received customer complaints, perhaps not to Almedahls but to their 

customers who constructs the roller blinds. 

An uneven thickness of the weave might result in different amounts of coating being applied 

over the weave even if the final surface still is flat after the calander process. This could 

generate different weights over the final fabric. If there is a difference in weight over the 

fabric it may result in the roller blind hanging unevenly in the window. Consequently, if the 

thickness of the weaves could be controlled and checked within the finishing department then 

perhaps it could be one way to predict the appearance of waves. 

Secondly, when the problem with the Tight-weave occurred, the handling of the problem was 

studied in the final inspection department. Through the observations of how the soft creases 

which had appeared on the beam was dealt with, through the changing of the beam tension 

before and after the inspection table, a though which had emerged earlier reappeared.  

The author had often observed that the weave is not always laying flat or is rolled up evenly 

on the beam. At the beginning of the thesis project the thought was to some extent neglected 

since one of these observations were made at the end of a beam when a weave was rolled off, 

and that fact may have been the reason for the unevenness. But the observation in the final 

inspection department made these thoughts relevant again. Maybe a wavy weave can be 
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detected when it is rolled up on the beam? Maybe the fact that the beam tension needs to be 

changed indicates that the weave is wavy? 

The adjustment of the pendulum rods in the levelling mechanisms of the stenter frames can 

also be seen as a process step where tensions are, deliberately, created and applied to the 

weave. The weave is, as an example, stretched on one side and compressed one the other side 

to make certain that it passes straight through and comes out straight from the stenter frame. 

The tensions created by the levelling mechanism get locked into their positions by the fixation 

heat in the stenter frame or the application of a foam coating. Since the weave is constantly 

stretched the waves cannot be seen during the processes even though they still exist. 

The reason to why waves are seen later when the final fabric is rolled out on a table or hanged 

in a window, is reasonably because the applied tensions, from the beam tensions or created by 

the levelling mechanism, are finally allowed to relax back when the previous constant stretch 

of the weave is removed. Hence, perhaps it can be possible to predict if a weave will show 

waviness later on by keeping track of how difficult it has been to roll up the weave onto the 

beams during the finishing line and how much the levelling mechanisms has been used to 

rearrange the weave.  

As mentioned before in chapter 3.2.1, Pre-Treatment; due to the fact that the weave is 

constantly stretched, waves over the final fabric are therefore difficult to detect whilst the 

weave is still going through the production line.
37

 If there are any waves or other strange 

construction properties of the weave already at the grey-weave level, it would most likely be 

possible to detect them directly after the washing machine. But, at Almedahls the weave is 

stretched and rolled up on a beam in a wet stage directly after the washing process. The weave 

would hence need to be dried but not fixated before any waves due to strange weave 

construction properties can be detected. Stenter frame number 4 and number 6 are the 

machines which are used for drying of the weaves during the pre-treatment process. At the 

start-end of these machines there are J-boxes where the weave can be stored. Perhaps some 

kind of wave inspection could be performed here before the weave enter the stenter frames for 

drying and fixation. If waves are detected it could be possible to find a way of levelling them 

out during the pre-treatment drying and fixation in stenter frame number 4 or number 6.  

The suggestions mentioned in this section are, however, only the author‟s hypothesizes of 

how it could be possible to detect waves over fabric within the finishing line at Almedahls. 

More investigations are needed in order to determine exactly how waves over fabric can be 

detected. 
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7. Conclusion 
This final thesis project was carried out to investigate why, how and when waves over fabric 

appear in Almedahls finishing line. The questions stated in the beginning of the report will be 

answered below. 

It is possible that one of the main affecting parameters which cause waves over fabric to 

appear is the tensions applied during the production line and perhaps especially the tensions 

applied during the finishing line. There are several processes in Almedahls finishing line 

which expose the weave to different amounts of tensions. These are mainly; the web tension 

from the diverging needle chains in the stenter frames, the beam tension from the beams 

which the weave is rolled up on as well as the levelling mechanisms which make sure that the 

weave is feed straight into the stenter frames.  

The properties of the polyester material in the four selected weaves which has been examined 

in this thesis project, does not seem to influence the appearance of waves over fabric. The 

temperature of melting, the Tm, for the four selected weaves is much higher than the 

temperatures Almedahls use in their processes.  

The construction of the grey-weaves can have an influence on the appearance of waves since 

the type of weave structure in a grey-weave affect how much it will shrink during the de-

sizing and the colouring processes. 

The mechanical properties of the four selected weaves were examined through tensile testing 

and were compared to measurements and calculations of how much the weaves are stretched 

in the stenter frames in Almedahls finishing line. The test results showed that the applied 

tensions in the stenter frames are by themselves probably not causing permanent deformation 

of the weaves. However, since the weaves goes through several process steps where tension 

are applied, the entire process line can be seen as a form of irregular cyclic loading. Literature 

studies showed that weaves still can gain permanent deformation when exposed to small, 

repeated stresses and therefore it is likely that Almedahls finishing processes can cause 

permanent deformations in the weave which may lead to the appearance of waves over fabric.  

It is also probable that the combination of the web and the beam tensions cause an extension 

in the bias-direction of the weaves and the tensile properties should therefore be affected by 

shear stress. According to the literature review of this thesis project it was also concluded that 

an extension in the bias-direction causes a deformation in the middle section of the weaves 

which is where the waves most often appears. 

Even though a few parameters which may have an influence on the appearance of waves over 

fabric have been detected, it is not at present totally clear what should be done in order to 

prevent the waves. More investigations of the different affecting parameters are necessary in 

order to find both a way to predict the waves and a way of reducing them. 

To sum up, the structure of the weave as well as the small the repeated stresses the weave is 

exposed to during the finishing line, are two main parameters which can cause tensions to be 

gathered up in the final fabrics and which later may appear as waves over fabric. 
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8. Suggestion for further work 
Here follows a few suggestions of further work which can be performed in order to 

investigate the problem with waves over fabric more. Further investigations of the problem 

are needed in order to find a way of detecting the waves within the finishing line as well as to 

find a way of reducing them. 

Investigate the influence of the grey-weaves‟ structure on the appearance on waves over 

fabric in more detail. 

Perform wash-tests to examine how much the different grey-weaves shrink. 

Carry out an analyze of the thicknesses and weights of the different grey-weaves, weaves and 

the different coatings in order to see how these co-operate and how these parameters can be 

related to waves over fabric. 

Further investigate how much tension that the weaves are actually exposed to while they pass 

through the stenter frames.  

Perform DMTA, Dynamic Mechanical Thermal Analysis, tests to analyze how the weaves 

react to applied tensions during heating. 

Investigate differences between different machines in Almedahls finishing department and in 

particular the differences between the so-called “partner” machines in order to find out how 

similar the results of the machines are. 
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Appendix A: Record of used Terms and Definitions 

Grey-weave:  

The weave which Almedahls purchase from their weave suppliers, it comes directly from the 

weaving loom and still has warp sizes applied to it. 

Weave:  

The half processed weave which have gone through Almedahls‟ the pre-treatment processes. 

Fabric:  

The finished roller blind product which is sold to Almedahls customers.  

Waves over fabric:  

The unevenness of a fabric which appears as waves. 

Cross-over point:  

The points in the weave where the warp and the weft yarns intersect each-other.  

Web Tension:  

The tensions which are applied to the weft direction of the weave by the diverging needle 

chains inside the stenter frames. 

Beam Tension:  

The tensions applied to the warp direction of the weave by the beam breaks which controls 

how fast or how slow the weave is rolled up onto the beam. 

Stress:  

The applied force to one direction of the weave divided by the weave‟s cross-section area. 

Stress is measured in N (kg/m
2
). 

Strain:  

The change in dimension in one direction of the weave. Strain is a dimensionless unit. 

DSC, Differential Scanning Calorimetry:  

Method which measures the temperatures and heat flows related to the thermal transitions in 

the tested material. The DSC makes it possible to determine the thermal properties of a 

material such as the glass transition temperature, Tg, and the temperature of melting, Tm.  

Glass transition temperature, Tg;  

The temperature range in which amorphous materials changes from being brittle into being 

plastic or rubbery. A material with amorphous regions starts to deform at the Tg.
38

 

Temperature of melting, Tm:  

The temperature at which a crystalline material starts to melt. 

Customer:  

The companies which buy Almedahls roller blind fabrics and cut them into roller blind 

products of different kinds. 

Final customer:  

The customer which buy the final roller blind product.  
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Appendix B: Standard Operations 

Tight 

Number Operation Description Machine 

1 Colouring HTJI1 

2 Stopping control COLOUR1 

3 Washing WASH1 

4 Wet finishing STENT6 

5 Coating STENT5 

6 Coating STENT7 

7 Coating STENT5 

8 Calandrering CAL1 

9 Curing STENT1 

10 Inspection INSP1 

 

Hard 

Number Operation Description Machine 

1 Colouring JET3 

2 Stopping Control COLOUR1 

2,5 String opening STRING 

3 Drying STENT6 

4 Halfway inspection M.INSP1 

5 Coating STENT7 

6 Coating STENT5 

7 Coating STENT7 

8 Coating STENT5 

9 Calandrering CAL1 

10 Curing STENT4 

11 Final Inspection INSP1 

 

Translucent 

Number Operation Description  Machine 

1 Colouring JET3 

2 Stopping Control COLOUR1 

2,5 String opening STRING 

3 Drying STENT6 

4 Wet finishing STENT4 

5 Final Inspection INSP1 

 

Raw 

Number Description operation Machine 

1 Coating STENT7 

2 Coating STENT7 

3 Final Inspection INSP1 
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Appendix C: All Tensile Test Curves – Weft Direction 

R-Tight-IA-weft 

 

 

 

H-Tight-IA weft 
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R-Hard-IG weft 

 

 

 

H-Hard-IG weft 
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R-Hard-IK weft 

 

 

 

H-Hard-IK weft 
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R-Old-IG weft 

 

 

 

R-Old-IK weft 
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Appendix D: All Tensile Test Curves – Warp Direction 

R-Tight-IA -warp 

 

 

 

H-Tight-IA warp 
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R-Hard-IG warp 

 

 

 

H-Hard-IG warp 
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R-Hard-IK warp 

 

 

 

H-Hard-IK warp 
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R-Old-IG warp 

 

 

 

R-Old-IK warp 
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Appendix E: Almedahls 

Contact Information, June 2011 

Almedahl-Kinna AB 

Lyddevägen 8 

Box 265 

SE-511 23 Kinna 

Phone: +46 (0)320 20 95 00 

Fax: +46 (0)320 20 95 30 

E-mail: info@almedahl-kinna.se 

Web-page: www.almedahls.se 

 

 

Source, logotype:  

http://www.almedahls.se/web/Daylight_Control_Solutions.aspx  2011-06-01  
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Visiting adress: Bryggaregatan 17  Postal adress: 501 90 Borås  Website: www.textilhogskolan.se 


