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Summary 
This study is conducted together with the company Norden Machinery AB, one 

of the world’s leaders in tube filling equipment. The purpose was to increase the 

time in-between maintenance for the machines, by examining and replacing a 

component used in the system. The machine is built up by modules aiding in the 

full automatization of the process from ingoing shipping crate to outgoing 

shipping crate. The module focused on in this study is that of the robot arm 

working to move the empty tubes from their packaging into the infeed of the 

machine. The tool used on this robot is developed by Norden Machinery AB and 

is tasked with first securing the tubes in place by the use of gripping tools called 

“fingers” placed inside the empty containers. These “fingers” then slightly 

expand in size to secure the tubes in place. After this step is completed an 

actuator pushes the “fingers” out increasing the distance between them to match 

that of the infeed of the machine. This actuator motion is stopped by a belt 

securing the “fingers” location. The problem is that the belt today will not 

survive the desired amount of life cycles and Norden Machinery AB wishes to 

explore new alternatives with better suited properties for the application. This led 

to the problem formulation: 

 

“What properties are important for belts subjected to flexural loads during 

operation?” 

 

In order to solve the problem testing was devised to simulate that of regular 

operation of a machine. The testing equipment simulated the weights of the 

fingers and tubes by the use of aluminum weights; apart from this the testing 

equipment was similar to that of the tool used in the system. By testing belts in a 

wide range of flexibility or rigidity in regards to the currently used context, a hint 

towards what of these two alternatives performs better if any of them do. Testing 

was conducted for 4 weeks and 6 different belt candidates in a range of 

flexibility were tested. The tests concluded that the strongest alternative for the 

application was the monolithic belt FMT-02TXCT-U1, suffering close to no 

external damage from the application and no indicators of fractures emerging. 

However its ability to perform in the application is compromised by its high 

elasticity. Problems were also faced with this alternative after its mounting was 

disassembled and it was found out that the belt itself had compressed massively 

at the point where it was fastened. With these complications in mind, the belt 

that performed the best and also could be applied to the machines today was the 

FNB-5EZCH-P1 showing only minor damage being protected by its impregnated 

fabric. The impregnated fabric handles the compression forces that occur during 

the flexural loading better than the current context. Therefore the conclusion of 

this study was that:  

 

“FMT-02TXCT can handle the applications demands best however it does not 

currently conform to what is expected of a high priced industrial machine. With 

more studies around how to apply a belt of this type, it could certainly increase 

the machines life. However in today's context it is believed that FNB-5EZCH-P1 

could perform the task better than the current context FNB-5EQ.” 
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Sammanfattning 
 

Den här studien var utförd tillsammans med företaget Norden Machinery AB, 

världsledande inom utvecklingav tubfyllningsmaskiner. Meningen med denna studien 

var att öka tid mellan underhåll av maskiner i form av byte av en komponent i dess 

system. Maskinerna är uppbyggda i moduler som samarbetar för att processen från 

ingående varuleverans till utgående varuleverans ska vara fullt automatiserat. Modulen 

som har fokus i denna studien är en robotarm från ABB som har funktionen att flytta 

tomma tuber från dess förpackning till inmatning i tubfyllningsmaskinen. På denna 

robotarm sitter ett verktyg som är utvecklat av Norden Machinery AB,vars funktionförst 

och främst, är att säkra de tomma tuberna med hjälp av gripverktyg, kallade ”fingrar”, 

som förs in i tuberna. Dessa ”fingrar” expanderas därefter för att säkra tuberna. Nästa 

steg i processen är att tuberna lyfts från förpackning där de även seperareras från 

varandra för att passa in med inmatningen där tuber fästs med ett visst avstånd  mellan 

varandra. Denna seperation utförs av ett ställdon vilket stoppas av en rem installerad på 

varje fingers fäste. Problemet är att denna rem överlever inte önskade mängd livscykler 

och Norden Machinery AB vill utforska andra alternativ som ska agera som ersättare 

som  har bättre egenskaper för applikationen. Detta leder till en problemformulering: 

 

“Vilka egenskaper är viktiga för remmar utsatta för böjningsbelastningar under 

operation?” 

 

För att finna en lösning till detta problem så applicerades verklighetstrogna test av 

remmar som simulerar applikationen hos tubfyllningsmaskiner utvecklade av Norden 

Machinery AB. Varje fäste för rem och finger har inkluderingen av vikter i aluminium 

för att simulera de krafter som påverkar dem, bortsett från detta var alla delar snarlika 

till den verkliga applikationen. Ett brett utbud av remmar utnyttjas med variationer i 

form av egenskaperna flexibilitet och styvhet som skilljer sig från den rem som tidigare 

används. Detta för att att utvärdera hur dessa två egenskaper presterar i applikationen. 

Test utfördes i 4 veckor där 6 olika kandidater av remmar med varierande flexibilitet 

testades. Resultat av detta test visade att den monolitiska remmen,FMT-02TXCT-U1, 

visade inget externt slitage från applikationen och inga tydliga brottaviseringar. 

Dessvärre remmens förmåga att utföra rörelsen äventyras på grund av dess höga 

elasticitet. Ytterligare, problem dyker upp efter test var utfört där remmen deformeras av 

dess fästen. Den rem som presterade bäst samt de som kan appliceras i applikation idag 

är om man bortser från komplikationerna gällande den monolitiska remmen var FNB-

5EZCH-P1 vilket visar lite bevis på slitage då dess struktur är skyddad av det 

impregnerade vävda lagret på dess undersida.Detta impregnerade vävda lager hanterar 

tryckkrafterna som introduceras på remmens undersida av böjningsbelastningarna bättre 

än FNB-5EQ, den rem som tidigare används i applikationen. Sammanfattningen av 

studien är därmed: 

 

”FMT.02TXCT-U1 hanterar applikationens krav bäst dock så följer den inte vad som 

kan förväntas av en komponent i en industriell maskin av detta värde. Med mer 

forskning om hurvida man ska bäst applicera denna typ av rem så kan den utses som 

bäst för applikationen, vilket hade ökat livslängden. I nuläget så är slutledningen att 

FNB-5EZCH-P1 presterar bättre än vad den tidigare rem som används I applikationen. 
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Abstract 
 

The task performed in this assignment is to improve the reliability of Norden 

Machinery ABs product family. This is to be done by examining and replacing 

the belt used to stop the spreading of tubes from ingoing shipping crate to the 

infeed of the machine. The way that this was approached was by testing different 

candidates on a spectrum of their rigidity to find if a flexible or more rigid belt 

would perform better than the current context of the system. The testing was 

conducted for a period of 4 weeks and results were gathered by examining 

damages to the belts by the use of microscope. After the damage had been 

analyzed the conclusion was drawn that flexible alternatives seems to perform 

the task better than their rigid counterparts however more work is needed in the 

fields regarding the fastening and operation of the machine to use the best suited 

candidates derived from this test, the monolithic belt FMT-02TXCT-U1. 

 

Keywords: Conveyor belt, Norden machinery, Tube filling, Habasit, Belts, 

Positioning system, PET, TPU, Microscope, woven fabric, monolithic, fabric 

reinforcement 
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1. Introduction 

 

1.1 Background 
 

Under the latter half of the 16th century a powerful boom took its effect on 

Europe’s economy. This historical moment is what is known as the industrial 

revolution. Although many factors contributed to the increased, wealth the usage 

of machines was the most crucial factor in this revolution, hence where it has 

gotten its name [1]. 

The first machines were the spark that started this huge technological 

development as a consequence of the machines being more and more introduced 

into our lives. This gave the people a deeper understanding of these machines, 

giving them more opportunities to improve them and increasing their efficiency. 

The efficiency of the machines proved to surpass manual labor and production 

became more automatized. Today the machines are not as revolutionary as they 

once were, but that does not mean our search to improve them is not as strong as 

it was three hundred years ago and this persistence is very apparent in today’s 

industry[2]. 

 

When working with machines in the food and pharmaceutical industries 

development towards a clean and sterile environment is of vital importance. 

Hence it is sought after to take advantage of materials which excels in these 

environments. Important driving factors in this industry are the material 

selections, design, installation, cleanliness and maintainability. Creating a clean 

and sterile environment is critical to be able to prevent and to counteract possible 

contaminations and safety hazards. This means development in this industry is 

under a lot of laws and regulations which are strict and non-negotiable with 

utmost priority[3]. 

Filling machines are used in the food and pharma industries and is used to 

produce a vast range of products. Ordinarily in a tube filling system, external 

machines are integrated to further automatize the process. An example of this 

would be the integration of a system performing packaging of the finished 

product. An integration of robots that performs the tasks of supplying machine 

input and other miscellaneous tasks makes for improvements in precision, 

consistency and flexibility. In addition, the implementation of robots eliminates 

the human factor to contamination which is a leading cause of bacterial 

contamination[4]. 

 

One of the actors that stand for development and distribution of tube filling 

systems in the food industry is Norden Machinery. Established 1877 in Kalmar 

Sweden formerly known as Arenco. They have pioneered many innovations in 

this field such as: Hot air sealing, Design a seal® and robot feeding systems. 
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On said robot feeding system, a tool is used to grab and release empty tubes; to 

relocate them from their packaging to infeed of tube filling machine. This is 

done by so called fingers which are mounted on a rail located on the tool. Before 

the tubes are inserted to the infeed the fingers are repositioned in a linear fashion 

on the rail with the help of an actuator mounted on the end of the rail.  

In addition to this, the fingers needs to be separated as the tubes needs to be 

inserted in a set position predetermined by infeed of the machine. To accomplish 

this separation, a system where a belt attached to each and every finger on the 

rail is installed, essentially pulling them individually to their position when 

actuator is ejected. After tubes are released the fingers are contracted and the 

process starts over again.In Figure 1, the fingers and beltare highlighted. 

 

 
Figure 1: Belt attached to brackets holding gripping tools (Placeholder) 

 

This belt plays a crucial part in the function of the tool as if the strap is somehow 

in an inoperable state the machine will not get any tubes to fill. This means the 

mechanical properties of the strap has the important task of enduring the stresses 

that is imposed by the movements it is exposed to. Outside of the mechanical 

requirements it is necessary that the system also retains the environment aseptic. 

By these two needed properties it is natural that the current solution, the strap, is 

a belt manufactured for the sole purpose of a conveyor belt, meant for the food 

industry. These belts are structural sound for the function as a conveyor belt and 

its surface is engineered to be non-porous and to be easily cleaned[5]. However, 

as the belt used is exposed to movement inducing stresses on it which it is not 

originally designed for to endure, we arrive at the problem. 

1.2 Problem description 
 

The problem at hand is that the currently used belt does not survive the amount 

of lifecycles desired by Norden Machinery’s clients as it is not sustainable due to 

the maintenance needed. The hypothesis of the driving factors to the problem is 

that this belt, which in reality is meant to be used as a conveyor belt, is 

subjugated to movements it is not designed for. The belt is, namely, subjected to 

flexural and tensile movements in fluctuation which would not normally occur 

when the application is of a conveyor belt. As follows, the current belt does not 

sustain the amount of life cycles certainly needed for a part performing such a 
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primitive but vital function. Furthermore, Norden has forthrightly stated that no 

changes in dimensions were to be made of machine elements due to unwanted 

added costs. 

 

By thorough testing and understanding the wear of said belts, a proper study of 

reliable and stable alternatives to the current solution can be made. This is to 

reduce the current maintenance needed in terms of replacing the belt in question. 

 

1.3 Problem formulation 
  

Derived from the problem description the following formulation was 

constructed: 

 

“What properties are important for belts subjected to flexural loads during 

operation?” 

1.4 Goal and purpose 
 

The purpose behind the study is to increase the time between maintenance by increasing 

the amount of work cycles the tool can safely complete by generating better suited 

alternatives. A solution is sought after, which would benefit the company due to the 

increase in machines runtime as belt breakage would stop production. 

 

1.5 Limitations 
 

The study is mostly limited to the tool and the details that are important for the 

fastening of the belt. The study can only modify the fastenings and the belt itself 

and the dimensioning of the belt can be increased to a maximum width of 8mm. 

This limitation is set so that no adjustments of other machine elements are 

needed, plainly due to unwanted additional costs. Another limitation is the laws 

and regulations related to handling of pharmaceuticals and food products. It is 

important that the belt or its fastenings will not give way to any form of 

contamination. 

 

Limitation can also be found in the test results of the practical test, of flexural 

and tensile loads, at Norden Machinery. The equipment used for these tests are 

limited to only being able to test six belts at the time and is very time consuming. 

Hence most belts will only get one test not giving us conclusive data; however 

the data gathered from these experiments will not be used to prove the 

performance of the belts but rather to identify what properties are of the most 

importance to the desired properties.  This test equipment will be set up to 

conform to one of the clients of Norden Machinery which were proven to have 

problems of belt breaking. This client, which will throughout the paper be 

referred to as Indonesia, had a run-time of merely two weeks before the belt 

breakage. 
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2. Method 

 
The methods used in this report are acknowledged as a tool to organize and 

interpret the information gathered. It is used as a tool to solve problem and gain 

new knowledge. This information has to be utilized in an efficient way to 

develop a result that is clear cut and easily recreated in follow-up studies [6]. 

 

There are criteria on how the information should be presented to create relevance 

for the study. The relevancy of the study is usually split into two camps, the 

relevancy in terms of scientificas well asto the actor. The criteria for scientific 

relevance are based on the applicable value of the study and that it creates a 

ground for new knowledge to flourish. There needs to be a deep dive into current 

theories to ensure validity the study as well as the possibility to develop the 

study further [6]. 

 

The relevance to the actor, or actor relevancy, is a lot more result based than the 

aforementioned scientific relevancies. Here the weight of the relevancy of the 

study is placed upon its description ability to create a strong reaction. There is 

also weight in the company’s experience and contribution to the study and 

ofcourse the praxis criterion that a problem whose solution was not yet known 

has been found, a problem has been solved[6]. 

 

2.1 Method of inquiry 
 

The qualitative approach to research aim to get at subjective contents of the 

subject in question.  The condition for carrying a qualitative research method 

into effect is to form the inquiry to feature much like an everyday conversation. 

A method where the information gathered is highly dependent of the 

interviewee; befittingly this information is most credible but its value to the 

researcher’s goals of the study can be questionable[7]. 

 

Quantitative research, the more scientific approach to gathering data, is where 

statistical techniques are the centerpiece. Usually driven by questionnaires where 

a vast range of data is gathered through deliberate and thought out questions 

formed by the researcher. A method allowing for the researchers inquiry to be 

performed in a proper manor granted that these questions are backed with 

adequate knowledge about the phenomenon that is to be studied. With questions 

being brought out to a bigger group of respondents of a questionnaire for 

instance, problems may occur as a result of conformity of said respondents active 

in the study which can compromise the stability of data. With this given, to get 

reliable measurable material facing a study this method proves to be effective. 

This due to assessment of the information gathered through a quantitative 

approach is often structured and envisioned through theory and defining the 

problem[7]. 
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Mixed method refers to the usage of both of the aforementioned methods: 

quantitative and qualitative. This could be subsequently or concurrently used in 

either parts of a study or the study as a whole to make use of said methods each 

advantage and their separate excelling areas. The combination of the two allows 

for full comprehension of the researched subject, in contrast: it’s time consuming 

performing both methods. 

 

Approaching the study in this paper a use of both methods of inquiry seem to be 

adequate for the purpose. For example, statistics regarding life length and life 

cycles of current product in use would be entitled as quantitative while the 

specific technical data of said product would be gathered through qualitative 

means. 

2.2 Research method 
 

Selection of methodologies deemed appropriate for a study depends on what the 

subject of study is and how it will be performed.  

A case study research is a methodology focused on, simply, one phenomenon 

with separate variables. This allows the study to delve deeper into said 

phenomenon to be studied to further build understanding to expectantly derive at 

a “how” or “why”[8]. The knowledge produced by a case study provides a rich, 

detailed and manifold interpretation of the area in question[7]. 

 

In addition of choice of method of inquiry, a case study is often accompanied 

with mixed methods, or more specifically both quantitative and qualitative data. 

This is therefore the selected method that is to be utilized in this study. 

 

2.3 Scientific approach 

 

Research differentiates from one another in depending on the material used as a 

starting-point. If a work is initially based on theories and attainable concepts the 

work will be of a Deductive approach[6]. Based on the theories it is possible to 

constitute hypotheses, to create a conceptual understanding of the imaginable 

empirical facts of studied scenario[9]. 

 

If a work is initially based on empirical findings the work will be of an Inductive 

approach. The Inductive approach entail to explore as no foundation of theories 

to kick-off the research own assumptions and build theories upon doing 

inspecting and carrying out studies of researched phenomenon[6]. 

2.3 Data collection 

The subsistence needed to correctly perform a study and draw conclusions for a 

scientific research is data. The way the data used in the study needs to be 
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organized in groups, although the grouped data might overlap with each other 

this distinction is important. The two groups are classified as following: 

Primary data, which is data gathered by the researchers themselves. This could 

be performed through a range of methods. These include: through direct 

observation, executed measuring or interviews. As the data is obtained through 

these methods, an assessment of time-cost and in some cases economic 

costs[10]. 

Secondary data, which is data formerly gathered from research performed by a 

third party. This data is attainable through: archives, documents, registries and 

databases. When looking for secondary data it is important to evaluate and 

estimate how applicable it is to the specific case that is to be researched. While a 

bit easier to access it could prove to be difficult to come across data enough 

relevant to the study[10]. 

Commonly, a study is initiated by examination of secondary data to be able to 

get an overview of the subject. This is a good basis to be able to outline the 

problem that is to be studied to later perform own research on the subject, 

ultimately seeking primary data[10]. 

 

As searching for information tends to be time consuming, especially when using 

both types of data, a strategy is needed to make the process effective. An 

effective way of evaluate the data gathered is to cross-check the used source of 

information with others to be able to detect if they contradicts or complies with 

the information. This strategy of deeming the quality of information of a source 

is called triangulation[10]. 

 

2.4 Reliability and Validity 

When participating in a review process asking these questions about the possible 

source is a useful tool to deem its quality and relevancy. The question of 

observation is the first question that should be asked. Where was this source 

found?  This question is followed up by the questions of the sources origin. Is it 

real? Who funded the study? Why was the study made? For whom was the study 

made? The third question is about interpreting the information of the study. What 

does the study actually say? And the fourth and final question to ask is how can 

the studies theories or results be used in your study[7]? 

 

There are two concepts that address these questions and make it possible to 

translate theoretical constructs to empirical data points. The first of these 

concepts is Reliability. Reliability is the confidence that, for example, a 

measuring instrument provides measurements with reliable and stable qualities. 

Simply put, when deviations of measurements made by an instrument is frequent 

it means the reliability of this measurement instrument is low [6]. 
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Along with Reliability, next concept is also about the ability to perform 

accurately of a measurement instrument. This concept is Validity. Although this 

time it is not the ability of certainty of read measurements. Rather it is the ability 

of a measurement instrument to read what it is intended to read. To read the 

validity accordingly does not necessary give you empirical data but simply a 

notion of the ability to do [6].  
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3. Theory 

When working with any improvements on any product it is always important 

to have a clear understanding about the current context of the system. It is in 

everyone’s best interest that when dealing with a problem to know all the 

underlying theories that the system is based on to ensure the best results. 

This is how the theories will be presented. The chapter will look at 

mechanics of materials and plastics in general. Then move onto the 

commonly used polymer materials used in the conveyor belts. Next the 

structure of the conveyor belts will be covered with a focus on how belts and 

woven structures behave when subjected to tensile and flexural stresses and 

how to properly analyze them. Following the plastics and belts some rules 

and regulations setup by the federal drug administration (FDA) will be 

presented and referred to. These are the theories that define the current 

context of the system. 

The theories presented in the later stages of this chapter focuses on the 

testing and analysis of the new belts to ensure the best possible results.  

 

3.1Materials & Mechanics 
 

When dealing with problems of the nature of increasing life cycles of a product 

it’s important to know what is happening to the material, how does it behave 

during loading from different sources and what stresses are to arise? These are 

questions that are fundamental for some of the deduction needed to perform the 

study. 

 
3.1.1 Crystallography 

 

A material has a certain structure that is dependent on how the atoms are 

structured through the piece. There are two main groups that define this, 

crystalline materials and amorphous materials. The distinguishing factor between 

these two is that the general order of the structure. A crystalline material follows 

certain rules of recurring patterns, while an amorphous material is irregular in its 

pattern as can be seen in Figure 2[11]. 
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Figure 2: Amorphous structure (left) and Crystalline structure (right) [11] 

As for the structures of the crystalline materials it can take on certain forms that 

have a great impact on how the material will behave and is in great relation to 

the yield strength of the material. The following structures are FCC front 

centered cubic, BCC body centered cubic and HCP hexagonal closed-packed. 

Figure 3 will illustrate their main differences[11]. 

 

 
Figure 3: FCC (left), BCC (middle) and HCP (right) [11] 

 

 

As a material gets loaded enough the structure of the material will begin to move 

apart giving way to a change in planes for the structure as illustrated in Figure 4. 

This means that the material is plasticizing and has permanently changed its 

shape and some of its properties.This phenomenon is named dislocation[11]. 
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Figure 4: Dislocations [11] 

The stress that has to occur for the material to start plasticizing is known as its 

yield strength or Sy standing for strength yield. The yield strength of a material 

can lie inside a massive interval depending on material and is measured in 

megapascals (N/mm
2
) [11].  

 

𝑆𝑦 − 𝑌𝑖𝑒𝑙𝑑 𝑠𝑡𝑟𝑒𝑛𝑔𝑡 

𝑆𝑦 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡…  (1) 

 

3.1.2 Structural mechanics 

 

Knowing the yield strength of a material is crucial for the process of calculations 

in regard to how well the material handles certain loads. When dimensioning a 

product its often the yield strength of the material the designers use as a 

reference for what the maximum allowed stresses of the system can endure[12]. 

This is commonly used together with a factor known as the safety factor SF that 

is dependent on the risks involved in failure of the product and knowledge 

available about the selected materials. If the risks are high and the knowledge 

about the material used is poor, a high safety factor is desired and vice versa 

[12]. 

 

𝜎𝑎𝑙𝑙𝑜𝑤𝑒𝑑 − 𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑠𝑡𝑟𝑒𝑠𝑠 

𝑆𝐹 − 𝑆𝑎𝑓𝑒𝑡𝑦 𝑓𝑎𝑐𝑡𝑜𝑟 
 

𝜎𝑎𝑙𝑙𝑜𝑤𝑒𝑑 =
𝑆𝑦

𝑆𝐹
…  (2) 

 

When axially loading a piece as seen in Figure5, the stresses inside it can be 

defined as simply as the force F (N) divided by the area A (m
2
)[13]. 

 

𝜎 − 𝑆𝑡𝑟𝑒𝑠𝑠 

𝐹 − 𝐹𝑜𝑟𝑐𝑒 

𝐴 − 𝐴𝑟𝑒𝑎 
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𝜎 =
𝐹

𝐴
…   (3) 

 

 
Figure 5: Axial loading 

 

 

This however is only applicable if the load is centered. If the load is offset it will 

lead to the rise of a bending moment M (Nm). If the load is offset by a distance 

of e (m), it can be replaced by a centered equally sized force and a bending 

moment equal to the force times the distance e. This is known as eccentric 

loading displayed by Figure 6[13]. 

 

 
Figure 6: Eccentric loading [11] 

𝑀 − 𝑀𝑜𝑚𝑒𝑛𝑡 

𝑒 − 𝐸𝑐𝑐𝑒𝑛𝑡𝑟𝑖𝑐𝑖𝑡𝑦 
 

𝑀 = 𝐹 × 𝑒...   (4) 

 

By applying beam theory to a problem it’s possible to easily calculate different 

problems involving multiple load types using superposition. 

 

When material gets bent it is important to think of the effects the bending has on 

the material itself. On the top side the material is being dragged whilst on the 

bottom it is being pressed together. As displayed in Figure 7[13]. 
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Figure 7: Compression stresses (Tryckspänningar), Tensile stresses (Dragspänningar) and the 

Neutral plane (Neutrala lagret) [11] 

 

 

 

As seen in Figure7. The stress in the bended material goes towards 0 at a certain 

point. This is what's known as the neutral layer. This part of the system is located 

horizontally along the piece subjected to the bending and is placed at the height 

of the center of mass [13]. 

 

From the neutral plane the stress rises to tensile or decreases towards 

compression with regards to the height of the intersection were the stress is 

desired. This is a linear function based on the bending moment M (Nm) the piece 

is subjected to together with its polar bending moment of inertia I (mm
4
) and the 

height from the center of mass y (mm). 

 

 

𝐼 =
𝑏3

12
…   (5) 

 

 

𝜎 =  
𝑀

𝐼
× 𝑦...   (6) 

 
 

3.1.3 Plastics 

 

Polymer comes from the Greek words poly and meros; meaning many and parts, 

respectively.This is how plastics are structured, by long coal chains. The 

characteristics of the polymer aredependent on how these chains are structured. 

The main attributes is its degree of chain motion, degree of crystallinity and its 

polarity. However manufacturing faults such as micro cracks and or voids will of 

course also affect the behavior of the polymers[11]. 
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The industry for plastics has boomed in the last 40 years seeing an increase in 

use of over 1000%. This today has led to a massive expansion of the field and 

there is a massive range today of different types of plastics on the market with 

tons of different properties [12]. 

 

Polymeric structures can be quantified as semi-crystalline or amorphous. A 

crystalline structure is inherently very orderly as the polymer is arranged in a 

pattern unlike an amorphous structure that is inherently chaotic [13]. However, 

there are no fully crystalline polymers but rather those with a percentage of 

crystalline structure within them. This value fluctuates a lot depending on the 

polymer but the crystalline structure within these semi-crystalline polymers 

reaches around 30-60% [11]. 

 

The structure of the polymer affects its behavior. Once a polymer of an 

amorphous structure reaches a critical temperature Tg known as the glass 

transition temperature the amorphous polymer will become more flexible, soft 

and is able to be shaped. Mechanical properties of amorphous polymers will 

change dramatically once the glass transition temperature is reached. However, 

this is also true for semi-crystalline polymer structures. Instead of reaching the 

glass transition temperature Tganother temperature benchmark is used, the 

crystalline melting point Tm. Semi-crystalline polymer that reaches Tm will then 

begin to flow, although their mechanical properties will still be affected by 

reaching the glass transition temperature[12]. 

 

Apart from the groups of amorphous and semi-crystalline plastics can also be 

separated into three main groups Thermosets, Thermoplastics and Thermoplastic 

elastomers [13]. 

 

Thermoset plastics are known for their hardness and stiffness. But most 

importantly Thermosets are characterized by their inability to be remolded when 

heated [11].The Thermosets have a three dimensional crosslinked structure. This 

gives way to the property that it will not deform or flow under high heat. This 

structure can be achieved by the polymerization of monomers containing two or 

more double bonds, but can be reached by other methods as well[14]. 

Thermoplastics unlike thermosets will deform and flow under a certain 

temperature [12]. The thermoplastics structure is linear following parallel lines 

and this is what allows it to be reshaped. If you take a look at how the thermosets 

are structured the lines are anchored to each other and this gives way to this 

property [13].This is illustrated in Figure 8. 
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Figure 8: Thermoplastic structure (left) and thermoset structure (right) [11] 

 

Thermoplastic elastomers behave like rubber but are processed like a plastic[11]. 

It contains reversible cross-binds allowing for it to be reshaped [13]. 
 

3.1.3.1 PET plastics and their characteristics 

 

PET formally known as Polyethylene terephthalate is a widely used plastic. It is 

characterized by its strong rigidity, hardness, abrasion resistance, chemical 

resistance, usable at higher temperatures, dielectric properties, low water 

absorption rate, resistance to UV rays and a low coefficient of friction[15]. 

 

It is a semi-crystalline structured polymer that exhibits strong mechanical and 

physical properties. However the crystallization time of PET is quite long 

making it ideal for making clear bottles via blow molding but can be proven to 

be tricky to use in injection molding due to its long setting time [12]. 

 

PET in its nature, is a very recyclable material. It has three main ways of being 

recycled, trough mechanical recycling, by commodity recycling or by energy 

extraction. Whereas the mechanical and commodity recycling are very similar 

where the plastic is ground down to a fine powder and then reused. The 

difference in these two are that in the mechanical recycling the spill from 

production is being reused to form other products whilst the commodity 

recycling is breaking down and sorting all different components[11]. 

 

During energy extraction recycling the high levels of chemical energy in the 

plastic is utilized to create heat. This stems from the plastics origins as oil that 

contains a high level of chemical energy[11]. 
 

3.1.3.1 Thermoplastic elastomers, TPU and their characteristics 

 

Thermoplastic elastomers known as TPE’s are usually formed by a mix of a soft 

and a hard polymer. The cross-bonds, seen in Figure 9 below, are formed during 

the cooling of the material where it sets as pieces of soft segments and hard 

segments. The harder segments are enclosed in the softer segments[11]. 
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Figure 9: TPE cross-bonds [11] 

 

When approaching the Tg of the TPE starts behaving like a thermoplastic with 

the ability to be reshaped[11]. 

 

Thermoplastic polyurethane (TPU)is a polyester or a polyether with an 

additional -OH binding[11].The TPU is generally considered as one of the 

stronger TPE’s on the market; however it is also one of the more expensive. It is 

also exceptional at dealing with abrasion, good chemical resistance and shot 

dampening ability [15]. The polyether based TPU’s are generally stronger in 

areas of environmental protection such as UV lighting, Temperatures etc. and 

chemical resistance while the polyester based TPU’s generally has better 

mechanical properties [11]. 

 

TPE’s based of polyester or polyether displays incredible dynamic properties and 

is almost immune to the creep phenomenon. It also can take repeated loading 

very well without the loss of its mechanical properties [16]. 

 

3.2 Belt structure 
 

The belts used in the study are designed to utilize as conveyor belts. Two types of 

conveyor belts are explained in this chapter. 

 

3.2.1 Woven-fabric belts 

 

Composite materials means, in a technical sense, to combine a material with 

distinct attributes to another material which would otherwise lack these 

attributes. This, in essence, allows the attributes of this combination to 

compensate for both materials disadvantages[13]. 

 

Woven composites are widely known and applied in large areas due to its 

mechanical behavior. Most commonly these materials have been utilized in the 

aerospace and automotive industry in the form of woven carbon fabric[14]. 
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The composites are composed of a woven fabric and a reinforcement material, 

also known as matrix material, demonstrated in Figure 10 below. The fabric part 

of the belt is,normally, acting in a brittle fashion while the matrix material acts in 

a ductile fashion. To reinforce the material allows for the product to withstand 

fatigue stresses and impacts better than if it was just a plain weave. The matrix 

allows the composite to deform and absorb stresses[17]. In the case of its usage 

in the food industry as conveyor belts, these characteristics allows for belts to 

carry loads but at the same time endure the tension needed as they are stretched 

to prohibit the belt to slack when loaded. 

 

 
Figure 10: Structure of woven polymer fabric belt 

 
 

Woven-fabric composites provides great mechanical properties in the form of 

resisting transversal stresses due to its omnidirectional weave, a material worth 

considering for flexibility. The fabrics in these composites can take many 

different forms, but the weave structure does all follow a certain pattern. In a 

plain weave, shown in Figure 11,threads follows both in a vertical direction as 

well as a horizontal direction, these two are called warp and weft respectively. In 

the composites of fabric a reinforcing material referred to as matrix surrounds 

the fabric. A thread of warp and weft is seen as the load-carrying portion while 

the job of the matrix is to transfer loads[18]. As warp follows a vertical or 

longitudinal direction they are laid out parallel as the weft is threaded in a 

perpendicular fashion through the warp, alternating between threaded over and 

under. The form and complexity of the weave can vary but other, worth to 

mention that these variations in structure are mainly a change in alternations 

between warp and weft or the usage of different thickness[19]. Modification of 

warp and weft allows for tailoring of the mechanical properties, thusly playing a 

big role in this study.  

 



  
 

17 

 

 
Figure 11: Plain weave 

 

 

Polyester fabric (PET) is used in a vast amount within the textile industry, more 

so within the technical area of this industry. The technique makes it possible for 

a fabric which has great cost-to-performance ratio. The natural mechanical 

properties of polymer fabric can further be altered in terms of improving 

adhesiveness and resistance to bacteria, heat and flames. The fabric is used in 

products such as sail cloths, fishing nets and air-bags. Products which are 

relatively durable to the environments and conditions they are facing and which 

they are specifically designed for[20]. 

 

The previously mentioned fabric and matrix is, together, referred to as laminates. 

Additionally, further laminating the material, or in other words adding another 

layer, increases the thickness at the cost of flexibility[13]. Laminated composite 

material yields a great advantage over other materials matching in strength, in 

terms of weight[21]. 

 

3.2.2 Monolithic belts 

 

Monolithic, a word defined as formed or composed of material without joints or 

seams, which describes the belts clearly as they are composed of a material 

homogenously through and through. Monolithic belts composed of TPU are 

characterized as having great resistance to tearing and abrasive wear. In addition 

the belts display great flexibility, to some extent good tensile strength and lastly 
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elasticity prevalent in a material described as ductile. While the material is used 

to reinforce fabric in composite belts, the monolithic belts are more than capable 

in terms of performance as a conveyor belt. The belts are manufactured through 

the means of molding to get the, earlier mentioned, homogenous structure of 

material. The manufacturing process is called melt-processing[22]. 

3.3 Wear in belts 
 

When addressing wear, it is important to note to realize that wear prone to happen in 

metals is significantly different to plastics. The wear addressed in this part is not to be 

confused with the defining trait when talking about wear in metals, namely, loss of 

material. Thus, wear can happen in plastics and woven polymer fabrics although no 

material removal, only structural changes. Therefore, it is important to access the wear 

characterized by plastics and woven polymer fabrics to later be able to analyze them, 

properly [23]. 

 
3.3.1 Wear of woven-fabric belts 

 

When analyzing wear of fabrics can be complicated due to the vast arrange of 

damage accumulation within different types of wear. A laminated composite, 

affected by stresses, can show wear in the form of matrix wear, fiber wear, and 

delamination. [13] [23] These three types of wear are predominantly an 

escalation of each other where, more often than not, cracks are forming within 

matrix and propagates to interfacial de-bonding or even delamination[17]. 
 
3.3.1.2 Matrix wear 

 

When a woven-fabric composite of polymer is subjected to thermal conditions in 

tandem with mechanical stresses, matrix-cracking is prone to occur, Figure12. 

The stresses which are likely to cause matrix-cracking are shear and tensile 

stresses. Moreover,due to mechanical properties of polymers changes in 

temperature may change its behavior entirely. Thus, when using a polymer to 

carry out a mechanical function of certain nature, it is importantto take this into 

consideration [13][19] [20]. 

 

 
Figure 12: Matrix cracking 

 

Finally, the cracks is commonly located and observed at the vicinity of where 

warp and weft intersects each other. To be suggested, this is due to the 

concentration of stresses at these areas where the matrix is close to this junction, 

especially of areas between warp and weft which is demonstrated in Figure 

13[18]. 
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Figure 13: Cracks between warp and weft 

The fibers in woven-fabric shape the previously mentioned warp and weft of a 

material. When the composite is subjected to loads, the fiber and matrix 

relationship can be compromised due to matrix-cracking or strain within the 

laminates. These phenomena’s are called fiber/matrix de-bonding or interface 

de-bonding and specifically means that a separation between fiber and matrix is 

forming, illustrated in Figure 14. Although, the matrix-cracks can be seen as an 

origin for the de-bonding to happen, the other way around is also valid. These 

types of materials and their internal structure are namely dependent on each 

other and once the structural integrity of the material is compromised the 

escalated accumulation of damage eventually lead to fracture of belt[18]. 

 

 
Figure 14: Fiber-matrix debond 

3.3.1.3 Delamination 

 

Wear in the form of delamination is prevalent in composite materials which 

include polymers, demonstrated in Figure 15. This type of wear is most prevalent 

when the composite is subjected to adhesive wear but at the hand of bending and 

tensile loads the phenomenon can ensue. In a study inwear of laminates 

composing of TPU a correlation between the wear and heat dissipation was 

made. Upon further research in this mentioned study it was acknowledged that, 

at subsurface level, the delamination was comprised of cracks nucleation[22]. 

While delamination propagation is prone to start on the surface of the woven-

fabric composite it will also occur internally. With this at mind, the internal 

delimitation can grow to create larger and even multiply. Moreover, 

delamination is prone to occur near matrix cracks and these cracks are assumed 

to be the origination of said delamination. As previously mentioned study 

confirms the delamination having direct association with heat dissipation, 

another one states that it has high probability to occur in the vicinity of where 

bending is acting[24]. 
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Figure 15: Delamination 

Furthermore, delamination is prone to happen between plies of laminates, which 

is still possible internally. This type of delamination is referred to as inter-ply 

delamination which is an outcome from the bonding elements between laminates 

breaking, which causes the delamination between each laminates interfaces, 

demonstrated in Figure16. This type of delamination is with high probability to 

occur due to the absence of fabric in the area between laminates, as the structural 

integrity is weaker here. The inter-ply delamination can be counteracted by 

increasing the amount of cohesive layers[24]. 

 

 
Figure 16: Inter-ply delamination 

3.4 Analyzing tools 
 

There are a multitude of techniques to analyze wear by examining the surface of a 

material and a lot can be gathered from just the surface. In this chapter, the different 

methods for performing analysis on the belts will be brought up. 

 

3.4.1 Three-dimensional approach 

 

There are a multitude of techniques to analyze wear by examining the surface of 

a material and a lot can be gathered from just the surface. Although, as damage 

patterns is prone to occur on a subsurface level and internally in a material the 

list of alternatives for analyzing wear gets smaller. Additionally, when woven-

fabric belts are studied, a longitudinal cross section of the belt is sought after. 

This is due to the, aforementioned, different internal damage phenomenon that 

takes place in the fibers and matrix, which can be favorable to analyze. What can 

be additionally added to this is the fact that the area of woven composites as a 

whole has not seen much research, in regards to bending and how it affects it. 

While techniques such as ultrasonic C-scan, X-ray radiography and 

thermography solves this, they do not give the necessary level of definition to be 
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applied in this study, ultimately, leaving only a small selection of techniques 

available as ways to observe wear[17]. 

 

The X-ray micro-computed tomography (micro-CT) is a common and growing 

technique used for a wide area of applications, mainly its usage is limited to soft 

materials. The technique is still in its infancy, but a great deal can be seen in 

studies within biology; however, its use is increasing in research of wear in 

materials such as plastics. The technique produces images through multiple 

planes of cross-sections with a resolution capable of imaging elements as small 

as 0,01 µm. This is due to the ability to drive electromagnetic wavelengths 

through the material which is then converted to light, making it possible to 

visualize. The produced images are then stacked together, creating a three-

dimensional image shown in Figure17. A process that is, while accurate, very 

demanding of time even with the most advanced processing ability [25]. 

 

 
Figure 17: X-ray micro-computed tomography [25]. 

 

3.4.2 Two-dimensional approach 

 

While not as exact as through the means of a three-dimensional approach, 

observing the samples with only a two-dimensional view can yield sufficient 

results. Benefits for this approach are that it is more accessible and will give 

more comprehensible results. 
 

3.4.2.1 Solutions for analyzing internal damage accumulation 

 

Another way of approach to see internal damage and structure is to physically 

remove material of sample to, ultimately, create a cross-section with the goal to 

analyze it through looking at just a 2D-plane. While not allowing for the same 

level of observation of wear as 3D-techniques, it does yield noticeable results. 

Admittedly to provide these mentioned cross-sections, a correct cutting 

technique that is uncompromising of the materials structure is needed, otherwise 

surface quality would suffer[17]. 

 

This technique is even more applicable to see internal damage when, so called, 

penetration dyes are used. These dyes can give the needed contrast when 
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localizing small damages prone to happen, such as matrix cracks. These dyes are 

usually fluorescent and often accompanied with a microscope that is used to spot 

fluorescent light through the use of ultraviolet light illumination[19]. 

 

Furthermore, to optimize this technique, the process of analyzing with optical 

microscopy to gather data about internal cracks and alike, the act of cutting 

ultrathin-sections can be made. This is applied to study microstructural features 

and due to the nature of polymers, light can be transmitted through, due to the 

material having slight transparent features. As the process of doing this, is 

essentially the same as the basic procedure of the aforementioned tomography 

with the caveat that it is done manually without any processing done by a 

computer, this is very time consuming[19]. 

 

An example of techniques to guarantee good surface quality is with the use of a 

water cooled diamond cutting wheel[17]. Another one is a water jet, which 

arguably would bring the cleanest cut. Most importantly to not damage the 

sample, a cutting tool without teeth is preferred. Moreover, to cut a polymer 

fabric without altering the surface as it is subjected to developing heat 

dissipation, coolant and lubrication is needed opposed to rough cutting. Another 

argumentation for coolant and lubrication gives the thin blade protection, which 

is needed due to its fragility. While the inclusion of coolants and lubricants 

creates an extra step in the process in the form of cleaning the sample before 

proceeding with the analysis, it is certainly needed. While this is carried out, a 

careful process of polishing can be made to the newly cut cross section.This 

polishing will make sure that possible imperfections of the surface, made by 

preparing the cross section, are eliminated. These imperfections can vary from 

scratches , matrix damage, fiber damage and erosion[19]. 

 
3.4.2.2 Utilizing optical microscope 

 

While storing an optical microscope it is important to keep it clean from dust and 

other smaller particles. Due to the magnification used, these particles can get 

troublesome when they are obstructing the view of sample to be analyzed and to 

localize them can get really difficult. This can be solved with a dust-cover. 

 

When performing analysis with optical microscopy, usually it is important to 

have a greater understanding of the microscope and its features. Traditionally, 

there are multiple factors to take into consideration that could be at odds with 

getting a good resolution. These factors can be due to lighting, aperture, optical 

and alignment. While a problem, more advanced digital microscopes with 

included digital interfaces or software eliminates these factors due to automated 

computerized feedback[19]. 

 

As analysis is done on woven-fabric belts, the focus is to identify the different 

types of wear present in the belts. Initially, delamination will be the easiest to 

spot, followed by transversal matrix cracks and other cracks of considerable size 

or contrast while observing sample. As already these two will be hard to localize 
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through the means of optical microscopy, smaller accumulations of wear will be 

nearly impossible to identify, not mentioning even localize. 

3.5 FDA regulations 
 

Creating a safe and clean environment when in the pharmaceutical or food industry is of 

crucial importance. When talking about rules and regulations in this area it’s good to 

keep in mind the indirect food additives that can contaminate the product. This is 

defined as something that either becomes part of the product or changes the 

characteristics of the product[26]. 

 

The rules and regulations that the conveyor belt manufacturer, Habasit AB is 

conforming to with their products used in this study, is Title 21 parts 170-199 

constructed by the FDA. 

3.6 Testing 
 

The testing equipment will simulate real-world operation and will run 24/7 until 

conclusive data has been gathered. 

 

3.6.1 Failure analysis of testing equipment 

 

Identify and eliminate potential failures to in turn enhance the reliability is the 

main purpose of FMECA. It has been proven to be a detrimental tool early on to 

analyze failures used widely throughout the industrial world, included areas are 

automotive, aerospace, nuclear and of course mechanical. The benefits of 

performing the analysis include better quality and reliability along with 

improving the customer satisfaction by contributing to cost savings, decreases 

development time and warranty costs. Looking at it from an environmental 

impact angle, applying the analysis decreases the waste generation. This is due to 

less resources being needed in the form of reparations or replacements of parts. 

 

When the possible potential failure modes have been identified it is needed to 

carry out a critical analysis on the failure modes while taking the 3 risk factors 

into accord: Occurrence (O), Severity (S) and Detection (D).  

These factors are all evaluated using a scale of 1-10. These ratings have their 

own suggested rating characterizations to make an appropriate risk priority 

number (RPN) [27]. 

 
3.6.2 Guidelines for fatigue testing 

 

When dealing with fatigue testing for plastics it is not behaving as steel due to its 

intrinsic viscosity, the plastic ages. The effects of the plastics dampening ability 

is also of importance due to the heat generated, since plastics tend to change its 

mechanical behavior at higher temperatures. The frequency of the load is not to 

surpass 10Hz due to the effects of the dampening ability [13]. 
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A fatigue experiment on different plastics is just as for steel categorized in 

Wöhler diagrams, also known as S/N diagrams, where it is possible to intercept 

the mechanical demands on the component based on the number of load cycles 

[13]. 
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4.Implementation 
 

“What properties are important for belts subjected to flexural loads during 

operation?” 

 

The answer to this problem formulation was: 

 

“By testing different belt candidates in a machine with different properties, that 

simulates the real-world counterpart,then finding the most durable one.” 

 

This derivation came by selecting the current context of FNB-5EQ as a reference 

for the performance of the belt and as a mid-point for the belts ductility or 

rigidity; three different outcomes could be identified when testing them. The 

main goal to solve the problem lies in the ability to prove one of these outcomes 

as true and the others as false. The outcomes of testing are as followed: 

 

A more ductile flexible belt will perform better 

 

A rigid stronger belt will perform better 

 

There will be no discernible difference between the two alternatives. 

 

In order to prove which one of these hypotheses are true and whom are false, the 

goal is to test belts with different characteristics as selected with the reference in 

mind. As the testing is completed the results of the tests will be able to either 

prove that the stronger belts will perform better, the more flexible ones will 

achieve a higher durability, or that there will be no discernible difference 

between the two different alternatives. This could be deducted using logical 

thinking, as no other alternatives can occur as outcomes for the tests, one of the 

hypotheses had to be accurate.  

 

The testing equipment used is based on the ideas mentioned in the introduction. 

Fingers motion being secured in predefined locations by the use of the belt. 

 

4.1 Testing 
 

As the test equipment, Figure 18, reflects the real-world counterpart there are a 

wide range of parts that it is consisting of, which are crucial to get substantial 

results. The assembly was done following drawings supplied by Norden. The 

same configuration of test equipment had been previously used to perform tests 

on different linear roller slides. 
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Figure 18: Test equipment assembly 

 

4.1.1 Assembly of test equipment 

 

There are six positions in the test-rig where belts are tested. Each test position is 

independent, although identical to the others. These six test positions are 

mounted by bolts, in a row vertically, on two beams of aluminum which is acting 

as a frame, Figure 19.  
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Figure 19: Test equipment assembly 

  

As each of the positions is identical to each other they will be referred to as the 

same assembly, described below. 

 

The assembly consists of many parts, but they are all mounted to an aluminum 

beam which is the foundation. Firstly, the rail is mounted to the beam by bolts, 

shown in Figure 20. 

 



  
 

28 

 

 
Figure 20: Rail assembly 

 

To the rail, three linear roller slides were slid on the rail. These slides, Figure21, 

allows for the linear movement necessary for the gripping tools.  

 

 
Figure 21: Linear roller slides mounting 

 

 

Following after, four brackets are added to the assembly, all four unique to each 

other and in the need of being assembled in a specific arrangement, Figure 22. 

The first bracket, closest to the actuator, is mounted simply on to the aluminum 

beam with bolts whereas the others are mounted on slides, by bolts. The brackets 

allows for mounting of remaining parts in this assembly. The bracket which is 

individually mounted on the beam is done so because it will be stationary 

through operation. This is to making it possible, with the help of the actuator, for 

separation of each gripping tool.  
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Figure 22: Bracket mounting 

 

 

Furthermore, three of the brackets have weights mounted on each end by bolts, 

Figure 23. The reasoning behind the addition of these weights is to properly 

simulate the real-world counterpart. Whereas it is subjected to additional weight 

due to the addition of fingers and tubes but also external parts such as wiring. 

The stationary bracket, closest to the actuator, does not need this weight due to it 

having no effect on the operation, mechanically, as a whole.  
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Figure 23: Weights mounted 

 

 

Following, added to the assembly is the actuator, Figure24. The actuator has the 

purpose to carry out the motion by having one end mounted, stationary by bolt, 

to the aluminum beam. The other end, which is the ejecting end, is attached to 

the very furthest bracket, by a bolt.  

 

 
Figure 24: Actuator mounting 
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To simulate the real-world counterpart of the client, Indonesia, the accuracy 

when mounting the actuator is very important. This is due to the belts being 

dependent on the distance between each bracket. In the configuration, the 

brackets are needed to measure, in centre-to-centre distance when the actuator is 

ejected, 70 mm between each other. With the assembly consisting of 4 of these 

brackets, it is easy to derive that the distance of the center of the first to the last 

bracket needs to be 210 mm, demonstrated in Figure 25. With this in regards, 

measurements were made between these two brackets while mounting the 

actuator, in addition to it being in the ejected state. 

 

 
Figure25: Distance between brackets center 

 

 

Before mounting the belts to the assembly, it is mounted with the others to the 

frame of two vertical aluminum beams, by bolts. Here, the actuators are 

connected, via tubing, to a control unit which allows for the alternation of 

extending and contracting. This control unit is then connected the factory-wide 

pneumatics system, Figure 26. 

 

 
Figure 26: Connected tubing 

    

 

Lastly, as the belts are attached, the previously mentioned centre-to-centre 

distance is carefully measured. One bracket at a time, the belts is attached while 

using a digital caliper to get the correct centre-to-centre distance of 70 mm. All 

of this while having the belt thoroughly stretched between each and every 
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bracket. The securing method for the belt is plastic brackets with bolts, shown in 

Figure27. These brackets clamp the belt, securely, while not damaging it.  

 

 
Figure 27: centre-to-centre distance between brackets 

 
 

4.1.2 Preliminary test 

 

As the testing of these components were to run uninterrupted for a substantial 

amount of time. It was of importance to derive what issues the system could 

encounter during the tests. In order to derive these failure modes a preliminary 

test was planned to identify these. This was made to ensure the safety of the 

system with regards to different failures that could occur. This would also help 

the staff that aided in monitoring the testing to ensure that the identified failures 

were checked for during inspection. 

 

Another crucial reason that the preliminary testing launched, was to prove the 

theory that microscopic analysis could be used to identify damage to the belts 

structure. 

 

The preliminary testing was conducted running five belts of the current context, 

FNB-5EQ, together with a single belt sent by the previously mentioned 

customer, Indonesia, which used it as a replacement in their facilities. The test 

configuration is observable in Figure 28. It ran for continuously for two weeks in 

a mean temperature of 23ºC. 
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Figure 28: Preliminary test configuration 

 

Noted prior to initiating the testing was the radius of the belts, Figure 29. This is 

of interest in the study due to any alterations in the form of the belt at its bending 

point can show, preemptively to analysis, development of the deformation of belt 

and its inner structure. 

 
Figure 29: Bending radius 

 

4.1.3 Results of preliminary testing 

 

One week in of testing, observations of every belt was made. More specifically, 

with a focus on the radius at the bending point, the changes of this radius, before 

and after, is demonstrated in Figure 30. While the five belts of FNB-5EQ shows 

no apparent results other than accumulated dirt and scuffs, the shape of the belt 

provided by Indonesia was interesting. 
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Figure 30: Bending radius before testing (left) and bending radius after testing for 1 week (right) 

 

When the test was concluded, at an initial observation, the five belts of FNB-

5EQ were seemingly intact. The belt provided by Indonesia had evidently 

suffered heavy delamination and when put under microscope, which showed the 

damages more clearly in Figure31. The belts were analyzed through a 

microscope.  

 

 
Figure 31: Delamination of Indonesian belt 

 

Admittedly, while this result entitles that the belt provided by Indonesia 

performed worse than the FNB-5EQ, conclusions such as this is not valid due to 

testing only a single belt. This sample may show delamination which would soon 

lead to fracture but as abnormalities can ensue in terms of manufacturing or 

material, the likelihood of the belt being defect is not something that can be 

discarded. While not conclusive results, this shows the noticeable damages that 

can be prone to happen in materials such as this. In addition, it proves that the 

observational technique of optical microscopy is applicable to the study. 
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The fracture occurred right at the most extreme bending point which was to be 

expected since the stiffer the belt the more concentrated forces will act at this 

bending point, where the radius is at its lowest, Figure32.  

 

 
Figure 32: Bending radius of Indonesian belt, after test 

    

 

The fracture occurred where the stresses acting were compression stresses rather 

than tensile stresses. The fracture shows fiber fracture of warp and separation of 

fibers in weft, Figure33. 

 

 
Figure 33: Fracture of Indonesian belt. 

The FNB-5EQ tests where however not so conclusive. There were some minor 

damage that could be observed trough microscope however there was no 

indication of a fracture or delamination occurring. However minor damage to the 

polymer fabric was observed, Figure34. 
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Figure 34: Fresh sample of FNB-5EQ (a and c) compared to one after two weeks of testing (b and d). 

Through optical microscopy analysis noticeable fiber deformations and fractures were 

observed. Although this damage is apparent, this was not conclusive evidence for 

determination of life length and it suggests that the FNB-5EQ is more durable than what 

was previously stated which was, more specifically, two weeks. Furthermore, cracks 

through weft polymer threads can be seen, Figure35, showing additional signs of wear. 

These cracks are arguably the most severe of the two observed types of wear as it would 

likely lead to matrix cracks or matrix/fiber debonding, would it be subjected to more 

testing. 

 

 

 
Figure 35: Cracks through weft fibers 
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4.1.4 FMECA 

 

Since the testing of the belt alternatives is conducted on a long term the validity 

of the testing is very important. To enforce this validity, preliminary testing was 

performed. The purpose of the pretesting was to identify different failure modes 

that could affect the main test. In addition, after the preliminary testing was 

performed a failure mode and effect analysis (FMEA) was done on the testing 

equipment. Throughout the mentioned preliminary testing a handful of failure 

modes was identified which laid foundation for the analysis to be made. Mainly, 

a failure mode derives from improper assembly which was noted during the 

preliminary testing. Moreover, acting out an analysis of the testing equipment 

with remarks of how to properly prepare testing allows for the actual testing to 

be accurate. In addition to the failure modes deriving from improper assembly 

others were identified through the preliminary testing such as observable wear on 

parts after just two weeks of operation. Most noticeably, wear on dampeners and 

brackets were observed. Facing the most sensitive failure modes which could 

damage belts and equipment needed for testing is important to not introduce 

complications to the process. The FMEA table can be found in appendix A. 

 

The different failure modes analyzed was ranked based on data gathered from 

the preliminary testing. Observations gave way to problems revolving around 

improper assembly bolts not being tightened properly and other faults of a 

similar nature. The highest scored failure mode was: Belt brackets coming loose 

due to improper tightening of the screws. 

This was derived from high occurrence as observed and its severity on the tests 

as the belt would be tested improperly and data would be lost as a consequence. 

The second highest failure mode was one related to the highest scoring as they 

shared the same possible failure. This failure mode was the risk of brackets 

sustaining damage due to either installation or operation. On the other end the 

roll element carts were also a subject of high RPN values as the fault would be 

difficult to detect and have a big impact on the test conducted as the forces acting 

on the belt would not match up with the others as kinetic energy would be lost as 

heat from the increased friction, lowering the impact energy of the stretching. 
 

 

4.1.5 Final Testing 

 

The so called final test was conducted with the use of the same test equipment used for 

the preliminary testing, allowing for the belts to be tested while having the same 

conditions. Minor changes were made in regards to the installation of belts and also 

proper assembly of the test equipment. As the deducted failure modes and the given 

experience of performing tests, screws and nuts were properly tightened and reviewed 

before testing. Furthermore, the belts were installed with more care as the belts needs to 

be straightened properly, accumulated by the prior installation being criticized due to the 

belt slacking, Figure36. 
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Figure 36: Slacking belt 

 

 

 The test was to run for the duration of 4 weeks to gain more conclusive results as the 

results from the preliminary testing was not concise enough to determine wear. The belts 

tested will be presented in the following chapter. The selection of what candidates to run 

will include 5 of the proposed belts with one slot reserved for FNB-5EQ. 

4.2 Selection of belts 
 

Norden Machinery AB has a wide range of tube filling machines; varying both in 

performance and different configurations for specific customer needs. The 

machines differ in output in terms of speed and volume, although this, the same 

belts is used for them all.This introduces a wide range of variables which is 

evident with respect to that the belt breaks in only a certain amount of 

configurations. Has the speed of certain configurations direct correlation with the 

belts breaking, due to the fatigue stresses? Has volume of certain configurations 

direct correlation with the belts breaking due to a more extreme bending radius 

generated? 

 

The current belt, FNB-5EQ is therefore only reported to break in some certain 

configurations. The configuration which this study is focused on and which the 

tests are simulated has both relatively high speed and volume. All of this while 

being a conveyor belt not optimized for the application. 
 

4.3.1 Current context 

 

 

 
 

 
Figure 37: FNB-5EQ; 1. Conveying side of TPU, 2. Polymer fabric and 3. Polymer fabric 



  
 

39 

 

To be able to evaluate every different alternative it is needed to study the current 

belt used, FNB-5EQ, shown in Figure37. The belt is designed for the use within 

the food industry; more specifically it is detailed as having main usage for 

transporting frozen foods and ready meals. The belt is comprised of two different 

materials, namely a woven polyester fabric (PET) and thermoplastic 

polyurethane (TPU). Where by the TPU is acting as a matrix material of the 

polyester fabric and additionally as the conveying side with the main intent to 

provide a smooth surface. The smooth surface is mainly to conform to the rules 

and regulations as the surface are non-porous, thus minimizing the possibility of 

being contaminated in the sense of eliminating the possibility of bacteria sticking 

to the surface. In addition, the inclusion of TPU allows the conveyor belt to 

better resist wear caused by fatigue and impacts. In the layers of woven material 

there is two laminates of polymer fabric which is plain woven.  

 

The following belts and the technical data presented are manufactured and 

supplied by Habasit AB, a world leading firm in the belting industry. These 

mentioned technical data are approximated values under standard climatic 

conditions, more specifically under a temperature of23º C and a humidity of 

50%. In addition to this, the belts are all classified to comply with the rules and 

regulations of FDA, which in this study is enforced on the products that is to be 

put into use.  

 

The belthas a thickness of 1.3 mm with a mass of 1,5 kg/m
3
. With elongation 

taken into consideration the tensile force the belt can withstand for 1% 

elongation is 5N/mm. Applying these values to our specific application means to 

multiply it by the belt width, which stated in the description of the testing 

equipment, is to be a width of 8 mm. This is the same for all the belts. 

 

In addition to the aforementioned longitudinal flexibility, the FNB-5EQ is 

described to have good capabilities in transversal stability. 

The belt is only admissible in an environment with temperatures between -15º C 

and 80º C.  

 

With the possibility to inspect a belt which has been worn due to operation; it is 

possible to reflect on what characteristics are important for the purpose. 
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Figure 38: Wear on FNB-5EQ 

 

First remark to be made of the worn belt is that the wear is most evident on one 

of the layers of polymer fabric, seen above in Figure38. The belt has been 

delaminated to the point where the bottom weave has essentially been stripped 

from the belt. With this remark in mind it can be concluded that the polymer 

fabric is torn first and foremost. This damage is assumed to be as result of heat 

dissipation caused by the movement that the belt is subjected to. With the 

delamination observed, the laminates of the woven fabric belts is seemingly the 

weakest component to the consecutive flexural and tensile loading induced by 

stretching and compressing of the belt. 

 

 

Second remark is that the areas where this wear is positioned is located where 

the belts bends during operation and not where it is attached. Although a small 

patch of the fabric has survived, the compression and tension is arguably focused 

to this certain part of the belt, due to bending. With said patch in mind, 

demonstrated in Figure39, it can be hypothesized that the stresses acting on the 

weave is not as extreme in the the topmost part of the curve established when 

belt is compressed. This part of the curve has its radius determined by the 

compression developed towards the inner part of the belt while curved. 

Essentially, in the case of FNB-5EQ, the assumption is that the weave and the 

matrix material compresses to the point where reactive tension is directed back 

out effectively holding the patch together and more importantly, focusing the 

stresses at the breaking point. 
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Figure 39: Patch 

 

 

4.3.2 Candidates for testing 

 

Due to the need to grant further knowledge of the behavior of the belts in this 

application, a selection of belts with varying characteristics was chosen. Of 

course the selections were biased towards belts needing to be flexible, but the 

selection had intentions to grab from these varied characteristics with the 

purpose to develop knowledge. These variations were for instance: structure, 

type of belt, thickness and lastly the characteristics which had been stated by the 

manufacturer. 

 

Additionally, as the testing equipment would only allow for six different 

candidates as well as the study being limited in time compromises would have to 

be made. By ordering an excess of candidates from the manufacturer, the belts 

that are tested can be more easily elected by the mere fact that having a closer 

look on them. The candidates who had been dubious might serve to be great 

solutions as if the selection before ordering might not had been generous; these 

realizations may have not surfaced. 

 

As the client Indonesia had encounteredthe belt breaking, they had found an 

alternative of their own. This alternative was, in the form of a sample, given to 

the researchers to observe. The supplied sample was of a more rigid nature than 

FNB-5EQ. 
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4.3.2.1 TT12/AS Matt White Frayless  

 
Figure 40: TT12/AS Matt White Frayless 

 

Initially, assumptions were that the TT12/AS Matt White Frayless, Figure40, 

where the aforementioned alternative that the client, Indonesia, had brought into 

use. Thereby, it was chosen to be one of the candidates due to their success with 

the product. Much like FNB-5EQ, this belt is comprised of layers of a conveying 

side of TPU and one or more laminates of reinforced polyester fabric. This will 

be prevalent with all belts of this type; belts with polyester fabric. Akin to FNB-

5EQ this belt the number of laminates of reinforced polyester fabric is two. 

While the conveying side of FNB-5EQ is smooth, the TT12/ASMatt White 

Frayless has a matt one, as described by its name.  

 

While both being conveyor belts designed for the food industry, the TT12/AS is 

aimed towards the use in industries wishing to transport wares in the pastry 

industry as well as pasta. The belt is described being resistant to abrasion and 

wear directed to the edges. 

 

The belt has a thickness of 1,3 mm, identical to the FNB-5EQ, but with a mass of 

1,4 kg/m2. With elongation taken into consideration the tensile force the belt can 

withstand for 1% elongation is 7 N/mm.  

 

Seemingly, this belt is able to withstand a great deal tensile force without 

breaking. The caveat being that this does not apply if you are looking to avoid 

elongation. With elongation taken into consideration the two belts are fairly 

equal in the terms of mechanical capabilities but with the notion that the FNB-

5EQ expressly is stated to be flexible, while the TT12/ASMatt White Frayless is 

not. While this was given information previous to ordering it, this specific belt 

where of importance to the study before it was identified as not being the belts 

which Indonesia had brought into use. 

 

TT12/ASMatt White Frayless is recommended to use within the temperature 

range of -20 C to 100 C which is a larger margin compared to the FNB-5EQ, 

which might increase capabilities in hot environments. 
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4.3.2.2 H-5EFGT 14 

 

 
 

 
Figure 41: H-5EFGT 14 

 

 

Following the trend of polyester fabric belts, this next one is specified as a high 

duty one which is confirmed by the mechanical capabilities in terms of 

admissible tensile force for 1% elongation. The belt has a thickness of 1,2 mm 

and a mass of 1,4kg/m
3
. With elongation taken into consideration the tensile 

force the belt can withstand for 1% elongation is a 9,5 N/mm. 

 

Comparable to the previous belt, this belt is not specified to have capabilities in 

the terms of flexibility. Although, the belt is 0,1 mm thinner than previous 

mentioned belts which can play a role in its performance while exposed to the 

bending while testing. In regards to the admissible temperature, the belt has a 

range of -30º C to 90º C. 

 

Illustrated in Figure41, the H-5EFGT 14 is comprised of two laminates of 

polymer fabric as well as matrix material and conveying side of TPU just as the 

previous two mentioned belts. The conveying side is smooth and with the notion 

that this belt is considered high duty, its inclusion among the other candidates is 

given. 

 

 
4.3.2.3 FNB-5EZCH-P1 

 
 

 
 

Figure 42: FNB-5EZCH-P1 
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With a family name shared with FNB-5EQ, the FNB-5EZCH-P1, Figure42, is 

undoubtedly very much alike in structure. This candidate was proposed as a 

replacer for another one that seemed promising but was not available to order. 

The belt is a woven polymer fabric. The belt is composed of two laminates of 

polymer fabric with a TPU matrix material and a conveying side of TPU, 

evidently this is very prevalent with these conveyor belts. The belt has a 

thickness of 1,2 mm and a mass of 1,3 kg/m
3
 and its conveying side is matt. The 

belt is usable within the range of temperature of -40º C to 110º C. The belt is 

described as being resistant to abrasion wear. With elongation taken into 

consideration the tensile force the belt can withstand for 1% elongation is a 7,5 

N/mm. 
 

 

4.3.2.4 TT225 

 
 

As the first belt to stick out of the crowd by an initial look and feel, this belt is 

very much like previous candidates after all. The belt is composed of two 

laminates of polymer fabric with the standard TPU matrix material. Where this 

belt differs is on the surface, where the TPU coating normally being uniquely on 

the top side, or also called conveying side. This has this coating all around, 

which is called a reverse side coating. As this extra layer is included the belt is 

naturally thicker in nature, ending up at a thickness at 2,0 mm. Despite this fact, 

the extra layer all around, at a guess, would provide the extra protection needed 

for the polymer fabric to withstand the bending acting on the belt during 

operation. An added argument for this belt is that during assembly the current 

belt can be mounted incorrectly as noted previously, this would negate this as the 

belt is uniform and its direction should not matter. The belt is admissible in 

temperatures between -20º C and 100º C. With elongation taken into 

consideration the tensile force the belt can withstand for 1% elongation is a 5 

N/mm.  

 

 
 

4.3.2.5 FNB-2E 

 

 
Figure 43: FNB-2E                
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The third belt being of the FNB product family, FNB-2E illustrated inFigure43, 

it is the thinnest available at a thickness of 0,6 mm, a mass of 0,7 kg/m
3
 and a 

smooth surface. One can assume that the thickness decrease would affect the 

tensile strength of the belt, but with elongation taken into consideration the 

tensile force the belt can withstand for 1% elongation is a 5 N/mm. 

 

The belt is built in a similar way to previous belts, with the difference being that 

this belt is comprised of only one laminate of polymer fabric, compared to two 

hence the decreases thickness.  

 

The most decisive argument is its flexibility. While the FNB-5EQ is described 

being flexible, the decrease of thickness would only build on this. One 

disadvantage this belt hasis arguably its small thickness. 

 
 

4.3.2.6 FMT-02TXCT-U1 

 

 

The monolithic belt, FMT-02TXCT-U1is arguably weaker than the ones with 

polymer fabric. With elongation taken into consideration the tensile force the 

belt can withstand for 1% elongation is a 0,2375 N/mm. The belt has a thickness 

of 1.2 mm and a mass of  1.2 kg/m
3
 

 

Here it is important to state that the low resistant tensile force can be argued not 

to matter as the belt is, in addition to flexible, elastic. Therefore, the belt may be 

elongated by the stretching acting on it by the actuator but will actually maintain 

its form. Moreover, as the actuator extends, it does so to a set position, thereby 

this elasticity does not affect the positioning. One precaution to take is that if this 

elasticity is too intense for the actuator by acting as a sling, pulling it back when 

stretched fully. Another one, is that the allowed high temperature of this belt is 

the lowest of all of the ordered belts. With a range of temperature between -30 C 

to 60 C the temperature when in operation could, in some conditions, stress this 

limit. To test the extreme, this belt was chosen as the flexibility allowed for a 

belt build of only a layer of TPU is paramount compared to the previous stated 

belts.  

 
 

4.3.2.7 CD.M00.B-UA.WB.20 

 

 

 
Figure 44: CD.M00.B-UA.WB.20 
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Continuing in the theme of extremes, this belt has great mechanical capabilities. 

Although, not in regards to flexibility but tensile strength. These two needed 

characteristics of the belt are arguably quintessential to study. Finding a balance 

between them is important, whereas we hope we can study the effects belts with 

either of them will provide us with a deeper understanding on the stresses acting 

on the belts during operation. To add to the extremes, this belt is not a conveyor 

belt, but a drive belt seen above in Figure44. Its capabilities to resist tensile loads 

are reflected in its technical data. The belt, with elongation taken into 

consideration the tensile force the belt can withstand for 1% elongation is a 9,5 

N/mm.  

 

With a thickness of 2,0 mm, a mass of 2,4 kg/m
3
 and a smooth surface the drive 

belt is built of a TPU layer with Aramid cords inserted acting as reinforcement. 

Where the TPU is, as demonstrated by the previous belt, allowing for a flexible 

belt the Aramid will prove to be problematic for bending. 

 

With the Aramid cords it important to note that they are only located in the belt 

transversely within 15 mm of each other, making it only possible to have one per 

inlaid per belt. The belt is admissible within a range of temperature of -20º C to 

80º C.  
 

4.3.3 Belt selection 

 

Since the testing equipment was designed to test 6 different belts and one slot 

being taken by another FNB-5EQ to use as reference five of the ordered belts 

was to be selected for further testing. 

 

So two of the ordered belts where to be eliminated. The first one to fall out was 

CD.M00.B-UA.WB.20 due to its structure. The reinforcement material the armid 

cord was only sectioned at every 15mm there for consistency in assembly would 

be atrocious. 

Another reason for this selection was due to its thickness giving meaning it 

required a lot of force to compress. When the belt was first introduced to the 

machine it was not able to stay in its retracted mode without an external force 

such as the actuator. This was a result of the tension in the material pushing back 

out trying to return to its original form. 

 

The next belt that was decided to be excluded from testing was TT225. The 

decision was based on its thickness although it did not exhibit the same reaction 

when retracting as the drive belt CD.M00.B-UA.WB.20. Still the forces inside 

the material were clearly shown to be strong and with some deduction it could be 

determined that it would probably give way quite fast due to this issue. Some 

deformations on the sides next to the bending radius area could also be observed, 

whereas the TPU would curve transversally. 

 

The final belt selection for the testing was then decided to be: 
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TT12/AS Matt white fray less 

 

H-5EFGT 14 

 

FNB-5EZCH-P1 

 

FNB-2E 

 

FMT-02TXCT-U1 

 

FNB-5EQ 
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5. Resultsand Analysis 

5.1 Results 

 
5.1.1 FNB-5EQ 

First belt to be analyzed is FNB-5EQ. The belt has evident fiber fraying. The belt 

can be observed before and after testing in Figure45. 

 
Figure 45: FNB-5EQ, before testing on the left and after testing on the right. 

 

Upon further investigation, the fiber fraying is severe enough that weft threads 

are exposed, Figure46, and in some points also matrix material. 

 

 

 
Figure 46: Exposed weft thread. 
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5.1.2 FNB-2E 

 

The next belt, the FNB-2E, saw no evidence of wear at the area of the bending 

radius in the application. The result can be seen in Figure47. 

 

 
Figure 47: FNB-2E, before testing on the left and after testing on the right. 

 

Although this promising result, the belt fractured before the testing was 

concluded. This cut was located close to the bracket seen in Figure48.  

 

 
Figure 48: Cut FNB-2E 
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5.1.3 H-5EFGT 14 

 

The third belt, the H-5EFGT 14, has much like the reference belt, evident fiber 

fraying. The belt can be observed in Figure 49. 
 

 
Figure 49: H-5EFGT 14, before testing on the left and after testing on the right. 

Also noted was a shift in the fabric-layers, as warp-thread seems to have 

dislocated. 

 
5.1.4 FNB-5ECZH-P1 

 

The fourth belt, the FNB-5EZCH-P1, has so far the least signs of wear. The 

structure is held together and even fibers seem be mostly intact, where other 

belts has multiple fractured fibers showing. This is illustrated in Figure50. 

 

 
Figure 50: FNB-5ECZH-P1, before testing on the left and after testing on the right. 
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5.1.5 FMT-02TXCT-U1 

 

 

 

 
Figure 51: FMT-02TXCT-U1, before testing on the left and after testing on the right. 

The belt has no signs at all of wear and survived the flexural and tensile loads 

very well as displayed by Figure51 above. Although this, the belt had deformed 

where it had been attached to the brackets. The belt had been flattened out to 

almost half of its thickness as seen in Figure52 below. 

 

 
Figure 52: Compressed sample of FNB-5ECZH-P1 
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5.1.6 TT12/AS Matt white frayless 

 

TT12-slash-AS Matt White Frayless, is rather hard to read for wear, as 

noticeable in Figure 53. Its white, translucent and reflective surface makes it 

difficult to see the damage. 

 

 
Figure 53: TT12/AS Matt white frayless, before testing on the left and after testing on the right. 

Although it is marketed as being frayless, the belt saw some fiber fraying which 

were more severe than what was observed on the other belt with impregnated 

fabric, the FNB-5EZCH-P1 as seen in Figure54. 

 

 
Figure 54: Fiber fraying comparesson between TT12/AS and 5ECZH 

 

 

5.2 Analysis 
 

The damage accumulated on FNB-5EQ shows weft threads and matrix exposed. 

Through further testing these damages would lead to matrix cracking or fiber-

matrix debonding  then delamination which would in turn, ultimately lead to 

fracture of the belt [20].  

 

FNB-2E handled the flexural and tensile loading with great results, specifically 

where the bending radius is located. The belt is however fractured close to the 

bracket. These brackets have a sharp edge which has cut the belt. This edge is 

illustrated in Figure55. While other belts shows no evidence of cutting, this belt 

with its single layer and being pressed against said edge caused fracture of warp 

threads.  
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Figure 55: Sharp edge of brackets 

The third belt, H-5EFGT 14 shows signs of change in structure, where the fabric 

laminates have dislocated. The lower fabric of the belt is subjected to 

compression through bending while the top layer is close to the neutral plane, 

where compression and tension mitigates each other[13]. 

 

The fourth belt, FNB-5EZCH-P1 has an impregnated fabric on the bottom. The 

structure and dimensions of this fabric acts as a protecting layer as it absorbs the 

compression which the belt is subjected to at the bottom. The result of this is a 

non-compromised fabric reinforced belt, aside from minor fiber fraying. The 

impregnation resin together with the dense nature of the belt makes it 

comparable to a homogenous TPU layer, in other words, a flexible layer. The 

said fabric at the bottom can be seen in Figure56, side by side with the bottom 

fabric of the reference belt, FNB-5EQ. Both of these microscopic pictures are 

taken after the testing was made and the reasoning for this is that the structure of 

both belts is much more easily identified and observed. 

 

 
Figure 56: Underside of FNB-5EZCH-P1 (left) and FNB-5EQ (right). 
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The monolithic belt, FMT-02TXCT-U1 performs greatly towards the bending 

due to its flexibility. While this is an important property, the elasticity as well as 

the compressive strength of the belt proves to introduce new complications. The 

elasticity induces abnormal movements to the brackets, as they are flung from 

side to side every time the belt is stretched. Although the brackets seem to 

normalize and stop at their respective correct position these movements are not 

assertive and may cause problems in term of credibility of the belts. Moreover, 

the compressive stresses acting on the belt where it is attached is causing the belt 

to deform, depending on how much the bolts holding it are tightened. With said 

deformation, it is questionable how long the belt would survive continued tensile 

stresses during operation.  

 

The sixth belt, TT12/AS Matt White Frayless, is difficult to analyze due to its 

white, translucent and somewhat reflective nature. The belt, although marketed 

as a frayless belt, suffered fiber fraying. This however was not as severe as seen 

on the reference belt, FNB-5EQ and the structure of the belt was intact. 

 

Initially the damages accumulated within the fabric reinforced belts, such as 

matrix cracking, debonding and delamination were thought of as initiations of 

wear of these belts. This was however not proven by the method of analysis used 

in this study as the most evident damage was external and seen on fibers in the 

form of fiber fraying. Although, when fiber fraying is severe enough that either 

weft threads or matrix is exposed, it would likely lead to the previous mentioned 

phenomena. Mainly, as the damage protrude within the matrix, debonding would 

certainly ensue which would lead to, when subjected to continued flexural and 

tensile loading, delamination [20].  

 

5.3 Conclusion 
 

With the results at hand the belt that performed the best in terms of the flexural 

and tensile testing, specifically at the bending radius, the monolithic belt is the 

answer. However, due to the problems introduced by elasticity and the materials 

compressive strength it is not advised to utilize if not further studied how the 

machine is affected. Moreover, due to these problems introduced, the monolithic 

belt does not look assertive enough to utilize in such high cost appliances as the 

tube filling machines. 

 

The fabric reinforced belts does not finish the tests without accumulating 

damage, which is indications of not being optimal for the flexural loads which 

they are subjected to. Although this, finding a better belt than the reference belt, 

FNB-5EQ is possible. All of the tested fabric reinforced seem to show evidence 

of fiber fraying although some more mild than others. With protections for fiber 

fraying, such as having it impregnated seem to halt the fraying. 
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FMT-02TXCT can handle the applications demands best however it does not 

currently conform to what is expected of a high priced industrial machine. With 

more studies around how to apply a belt of this type, it could certainly increase 

the machines life. However in today's context it is believed that FNB-5EZCH-P1 

could perform the task better than the current context FNB-5EQ. 
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6. Discussion 
 

 

The project was a success and management at Norden Machinery AB was 

pleased with the results presented. As the field of the study is not entirely 

conclusive however Norden machinery will continue to test belts for the 

application using the theories and recommendations presented in this report. 

 

Testing at Norden will search for a more optimal fabric reinforced belt by testing 

more samples and longer run times to ensure the result of the future study. 

The way the belts are installed into the system will also be looked at to see if 

there is any discernible difference with the fabric reinforced weave placed top 

side rather than bottom side. Studies into how to apply monolithic alternatives 

were also up for debate however no conclusive details on any future testing 

except looking at belts of different dimensions is in a planned stage. 

 

The results were expected as early observations of the monolithic belts proved its 

immense strength in just these types of application. However the same cannot be 

said for the results of the woven fabric reinforced belt FNB-5ECZH-P1 that 

performed very well as a result of its impregnated fabric and its structure. It was 

theorized that it would perform well based on the stress approximations 

calculated in Appendix B but the results were surprisingly strong seeing as it 

shared resemblance to FNB-5EQ. 

 

The problemswith this study were mainly that it is focused on its assumptive 

nature. Many conclusions have been drawn from observations made and not on 

existing theories. This combined with the low sample size shows that this study 

can not be taken as facts but rather as trends towards what is to be believed to 

perform well in an application like this or similar. Problems were also 

encountered early on in the study as no prior knowledge was available either at 

the company, from the faculty and data on the belts that were to be used was 

classified giving us no real chance to perform any meaningful calculations in 

regard to life length.  There is also limited knowledge in the area of flexural 

loading of woven materials as not much research has been conducted in the area. 

Lastly our choice of analysis method was limited as no observations of internal 

damages have been made. The use of a CT scan could have solved this problem 

however the resources to use an instrument such as this was not available to the 

study. 

 

We however took this as a challenge and developed the first theories to be used 

at Norden machinery to select new belts appropriate for the application. 
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8. Appendices 

 

APPENDIX A: FMEA table  (1) 

 

APPENDIX B: Stress approximations  (4) 

 

APPENDIX C: Assembly drawing  (1)
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APPENDIX A: FMEA Table 
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APPENDIX B: Stress Approximations 

 

General assessments. 
 

Bending moment affecting each belt is approximated through observations of the 

belts and is given a factor based on the forces experienced in relation to its 

flexibility. These factors are as following: 

 

 FNB-5EQ…  1 

 FNB-5ECZH-P1…  0.8 

 TT12/AS…  1.7 

 H-5EFGT 14…  1.2 

 FNB-2E…  0.5 

 FMT-02TXCT-U1… 0.3 

 

These factors are denoted Mf 

 

Each neutral plane will be shifted in its position from the center of the belt since 

the density through the belt is different at certain points. The distance of this shift 

in the neutral plane is assumed to shift with the amount of weaved layers in the 

system located on each side of the midpoint of the belt. The neutral plane will be 

shifted by a factor of 10% per layer of fabric. 

 

The offsets of the neutral plane are observed by this method to be as follows: 

 

 

 FNB-5EQ…  20% 

 FNB-5ECZH-P1…  20% 

 TT12/AS…  20% 

 H-5EFGT 14…  20% 

 FNB-2E…  10% 

 FMT-02TXCT-U1… 0% 

 

These factors are denoted Cms.
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General Equations. 

 

 

 

 

 
 

𝑰 =  
𝒃 ×𝒉𝟑

𝟏𝟐
…     (B.1) 

 
 
 
 
 

 
 

 

 𝒀𝒎𝒂𝒙 =  
𝒉

𝟐
 × (𝟏 +  𝑪𝒎𝒔)…   (B.2) 

 

 

𝑺𝒕𝒓𝒆𝒔𝒔 𝒂𝒑𝒑𝒓𝒐𝒙𝒊𝒎𝒂𝒕𝒊𝒐𝒏 −  𝝈𝒇 =  
𝑴𝒇

𝑰
 × |𝒀𝒎𝒂𝒙|…  (B.3) 
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Calculations 

 

FNB-5EQ   b = 8mm h = 1.3mm Mf = 1  Cms = 20% 

 

 

(B.1) → 𝑰 =  
𝟖 ×𝟏.𝟑𝟑

𝟏𝟐
= 𝟏. 𝟒𝟔𝟓 

 

(B.2) →  𝒀𝒎𝒂𝒙 =  
𝟏.𝟑

𝟐
 ×  𝟏 +  𝟎. 𝟐 = 𝟎. 𝟕𝟖 

 

(B.3) → 𝝈𝒇 =  
𝟏

𝟏.𝟒𝟔𝟓
 × 𝟎. 𝟕𝟖 = 𝟎. 𝟓𝟑 

 

 

 

 

FNB-5ECZH-P1   b = 8mm h = 1.2mm  Mf = 0.8  Cms = 20% 

 

 

(B.1) → 𝑰 =  
𝟖 ×𝟏.𝟐𝟑

𝟏𝟐
= 𝟏. 𝟏𝟓𝟐 

 

(B.2) →  𝒀𝒎𝒂𝒙 =  
𝟏.𝟐

𝟐
 ×  𝟏 +  𝟎. 𝟐 = 𝟎. 𝟕𝟐 

 

(B.3) → 𝝈𝒇 =  
𝟎.𝟖

𝟏.𝟏𝟓𝟐
 × 𝟎. 𝟕𝟐 = 𝟎. 𝟓𝟎 

 

 

 

 

TT12/AS   b = 8mm h = 1.3mm Mf = 1.7 Cms = 20% 

 

 

(B.1) → 𝑰 =  
𝟖 ×𝟏.𝟑𝟑

𝟏𝟐
= 𝟏. 𝟒𝟔𝟓 

 

(B.2) →  𝒀𝒎𝒂𝒙 =  
𝟏.𝟑

𝟐
 ×  𝟏 +  𝟎. 𝟐 = 𝟎. 𝟕𝟖 

 

(B.3) → 𝝈𝒇 =  
𝟏.𝟕

𝟏.𝟒𝟔𝟓
 × 𝟎. 𝟕𝟖 = 𝟎. 𝟗𝟏
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H-5EFGT 14  b = 8mm h = 1.2mm Mf =1.2 Cms = 20% 

 

(B.1) → 𝑰 =  
𝟖 ×𝟏.𝟐𝟑

𝟏𝟐
= 𝟏. 𝟏𝟓𝟐 

(B.2) →  𝒀𝒎𝒂𝒙 =  
𝟏.𝟐

𝟐
 ×  𝟏 +  𝟎. 𝟐 = 𝟎. 𝟕𝟐 

(B.3) → 𝝈𝒇 =  
𝟏.𝟐

𝟏.𝟏𝟓𝟐
 × 𝟎. 𝟕𝟐 = 𝟎. 𝟕𝟓 

 

 

 

 

FNB-2E    b = 8mm h = 0.6mm Mf = 0.5 Cms = 10% 

 

(B.1) → 𝑰 =  
𝟖 ×𝟎.𝟔𝟑

𝟏𝟐
= 𝟎. 𝟏𝟒𝟒 

(B.2) →  𝒀𝒎𝒂𝒙 =  
𝟎.𝟔

𝟐
 ×  𝟏 +  𝟎. 𝟏 = 𝟎. 𝟑𝟑 

(B.3) → 𝝈𝒇 =  
𝟎.𝟓

𝟎.𝟏𝟒𝟒
 × 𝟎. 𝟑𝟑 = 𝟏. 𝟏𝟓 

 

 

 

 

FMT-02TXCT-U1  b = 8mm h = 1.2mm Mf = 0.3 Cms = 0% 

 

(B.1) → 𝑰 =  
𝟖 ×𝟏.𝟐𝟑

𝟏𝟐
= 𝟏. 𝟏𝟓𝟐 

(B.2) →  𝒀𝒎𝒂𝒙 =  
𝟏.𝟐

𝟐
 ×  𝟏 +  𝟎 = 𝟎. 𝟔 

(B.3) → 𝝈𝒇 =  
𝟎.𝟑

𝟏.𝟏𝟓𝟐
 × 𝟎. 𝟔 = 𝟎. 𝟏𝟔
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APPENDIX C: Assembly drawing 
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