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ABSTRACT 
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ensure an optimized material processing in a textile conveyor belt production 
Tampere University of Technology 
Master of Science Thesis, 61 pages, 7 Appendix pages 
December 2018 
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Examiner: Professor Minna Lanz 
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This thesis deals with improving the material processing chain in a company producing 

textile conveyor belts. The aim of the research was to find out how the process related 

scrap could be reduced and the set target for the reduction was 20 %.  

The literature review focuses on relevant topics of production development concerning 

this thesis, Lean manufacturing, production quality and inventory control are viewed. The 

structure, raw materials and the production process of textile conveyor belts are also ex-

amined. A present state analysis was made in the case company, to point out the most 

important factors concerning material consumption. The analysis included the separate 

production process steps and the used raw materials and their purchase possibilities con-

cerning dimensions. The information was collected by means of interviews, check sheets 

and from documentations and databases.  

The scrap edge cut away during the production process was found to be the largest indi-

vidual scrap source and it was taken as the main optimization target. The amount of scrap 

edge can be reduced by adjusting the used fabric raw materials. This could be performed 

by either purchasing narrower fabrics or by cutting the fabrics to suitable width in the 

case company. There have also been carried out a few big investments recently, and their 

influence on material usage possibilities were studied. Investments make it possible to 

use generally narrower fabrics and cut-to-size fabrics with certain products. With using 

the cut-to-size fabrics the occurrence of scrap edge could be totally avoided and the scrap 

reduction potential is highest.  

Based on the alternative scenarios presented in the work the process related scrap can be 

reduced by 15 % to 45 %. So, the initially set target is reachable. 
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TIIVISTELMÄ 
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nossa 
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Tämä työ käsittelee materiaalien käytön tehostamista yrityksessä, joka valmistaa tekstii-

livahvikkeisia kuljetinhihnoja. Työn tarkoituksena oli selvittää, miten prosessiin kuulu-

vaa materiaalihukkaa voidaan vähentää. Tavoitteena oli löytää keinoja, joilla prosessiin 

kuuluvan jätteen määrää saadaan laskettua 20 %.  

Kirjallisuuskatsaus käsittelee tämän työn kannalta merkityksellisiä tuotannonkehityksen 

osa-alueita sekä kuljetinhihnojen ominaisuuksia ja valmistusprosessia. Tutkimuksen koh-

teena olevaan yritykseen tehtiin nykytila-analyysi, jonka avulla selvitettiin materiaalien 

kulutuksen kannalta merkittävimmät tekijät. Analyysi huomioi valmistusprosessin lisäksi 

käytettävät raaka-aineet sekä niiden hankintaan liittyvät mahdollisuudet. Tietoa yrityksen 

tilasta kerättiin haastatteluiden, tarkastuslomakkeiden sekä dokumenttien ja tietokantojen 

avulla. 

Työssä todettiin, että merkittävin osa syntyvästä materiaalijätteestä on prosessissa pois 

leikattavaa ylimääräistä reunaa, joka otettiin tarkemman tarkastelun kohteeksi.  Hukka-

reunan määrää voidaan pienentää käyttämällä kapeampia vahvikekankaita. Tämä voidaan 

toteuttaa joko tilaamalla suoraan kapeampia kankaita tai mahdollisesti kaventamalla kan-

kaat itse. Yrityksessä on lähiaikoina toteutettu myös uusia koneinvestointeja, joiden tar-

joamia mahdollisuuksia tehokkaampaan materiaalien käyttöön tutkittiin. Koneinvestoin-

nit mahdollistavat määrälevyisten kankaiden käytön, jolloin hukkareunan syntyminen 

voitaisiin estää kokonaan osassa tuotteista.  

Työssä tehtyjen vaihtoehtoisten laskelmien perusteella prosessissa syntyvää materiaalijä-

tettä voidaan vähentää 15 % - 45 %, joten asetettu tavoite on saavutettavissa.  
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1. INTRODUCTION 

The growing competition in the manufacturing industry is forcing companies to reach for 

higher performance levels and at the same time minimizing the use of different resources. 

Customers are requiring shorter delivery times with high quality products. (Colledani et 

al. 2014) Ante, G. et al. (2018) names as the keywords of modern manufacturing compa-

nies the reliability, sustainability, flexibility and productivity. One of the used approaches 

for production development is adapting the Lean manufacturing philosophy. The core of 

Lean is aiming for creating more value to the customer with fewer resources. Lean phi-

losophy is concentrating on eliminating all the waste from the production process and to 

create a smooth flow inside the process. (Majava, J. & Ojanperä, T. 2017; Stevenson, 

W.J. 2011)  

This research focuses on optimizing material processing throughout the entire process in 

the case company. The case company produces textile reinforced conveyor belts and is a 

part of a multinational corporate group. The company offers tailor-made problem solu-

tions for material transportation and flexibility is considered as one of the competitive 

advantages. The company seeks for methods and options to ensure sustainable material 

processing and to reduce the waste resulting from the production process. To improve the 

production process two big investments on production machinery have been carried out 

in the plant recently. In the case company the material costs represent remarkable part of 

the total product costs. And the reduction of scrap quantity is identified to be one of the 

potential targets for production process improvement actions. With improvements in the 

material processing system the product costs can be reduced and a positive impact on 

gross margin and the overall production performance are expected. The set target for the 

research is to find out potential options to reduce the process related scrap by 20 %. 

The main research questions set for the research are: 

• How can the amount of process related scrap be reduced? 

• What possibilities the recently made investments offer for material use reduction? 

• Are there options to prevent late scrap occurrence with raw material pre-pro-

cessing? 

 

In the Figure 1 the research questions, used research methods and the expected sub results 

and result are presented. One expected subresult of the research is to establish the scrap 

reduction potential and the exact content of it. Finding new options for fabric processing 

and ways to adjust the stock for improving the material usage efficiency are also targeted 

subresults. 
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Figure 1.       Research questions, methods and results chart  

 

The research is a case study by its type and it utilizes different methods for collecting and 

processing the information. Literature review is made to gather essential background in-

formation on production development and textile conveyor belts. Inquiries are sent to 

suppliers to gain information on equipment and technologies. Specific information con-

cerning the case company is gathered from databases, documentations and archives. In 

addition, observing, check sheets and interviews are used for collecting information.   

Interviews are one of the most important sources of case study evidence. Their structure 

can be either well-structured or unstructured, resembling more like conversation (Yin, K. 

2014). Both interviewing methods are utilized in the information collection in this re-

search. The strength of interviews in the information gathering process is its targeted fo-

cus which is directly on the case studied. Interviews can also be insightful and provide 

explanations and views of different persons. Uncertainties to the gained information by 

interviewing sets the risk of poor articulated questions, response bias and poor recalling. 

(Yin, K. 2014; Woodside, A.G. 2010; Gillham, B. 2000)  

The information is processed in the research by means of data analyses and utilizing qual-

ity improvement tools. For example, cause-and-effect diagram and flowcharts are used to 

organize and clarify information.   
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The main topic of the research is the efficient material usage and the scope of the research 

is presented in the Figure 2.  Research includes the production steps from raw material to 

finished goods and it considers also the materials used. The raw material inventory is 

taken into consideration in terms of dimensions and volume of purchased materials. The 

waste is considered to the step where it is ready for disposal. The possible reuse or other 

options of the waste handling are left outside of the research scope.    

 

Figure 2.       Scope of the research 

The research proceeds with the following steps. The focus of the second chapter is on the 

production development. The main drivers and concepts behind the development are 

viewed. Lean management and the wastes belonging to the ideology, production quality 

and costs related to the quality and some of the production related key performance indi-

cators are presented. The chapter is also dealing with inventory control, different types of 

inventories and costs related to inventories. Some general models for inventory control 

are introduced. 

The third chapter of this research focuses on textile conveyor belts and their properties, 

construction and the used raw materials. The raw materials of textile conveyor belts, fab-

rics and rubber compounds and their properties, are examined and the processes of cal-

endering and vulcanization are introduced. The required characteristics of textile con-

veyor belts are also introduced. 

The present state of the case company is presented in the fourth chapter. The production 

process and the separate process steps are analyzed from the point of material and infor-

mation flow. The influences on the separate process steps to material usage are examined 

and the human factors affecting to the waste realization are viewed. The resulting scrap 

amounts during the production process and the different scrap types (unvulcanized and 

vulcanized) are introduced. Different scrap categories (process related and process unre-

lated scrap) are presented and the practices behind the information gathering system are 
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viewed. The raw material inventories are viewed in terms of content and the controlling 

methods. The factors behind purchase and stock keeping decisions are introduced.   

Results and discussion of the research are presented in the fifth chapter. The found pos-

sibilities to reduce the amount of process related scrap are introduced and the different 

options evaluated and compared. The last chapter of the research sums up the conclusions 

and the recommendations for further research is given.  
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2. PRODUCTION DEVELOPMENT  

Production development is a wide concept and it can be thought as a process towards 

more effective production process and improved production abilities (Bellgran M. & 

Säftsen K. 2010). The targets are on reducing costs, wastes and processing times as well 

as on increasing the customer satisfaction with creating a system with high quality prod-

ucts and efficient production process. (Stevenson, W.J. 2011). The efficient inventory 

control as a part of the whole material processing is an important part of the entity. In-

ventories are affecting to the reached service levels, but also tying up remarkable part of 

the manufacturing company’s working capital. Improving the inventory control it is pos-

sible to reach cost savings, but also increase the visibility of the process. (Stevenson, W.J. 

2011; Heizer, J. & Render, B. 2006) The following chapter is focusing on production 

development and the topics of Lean manufacturing (principle and wastes), production 

quality (costs and improvement tools), key performance indicators (KPIs) (performance 

measurements) and to the control of inventories (inventory types, costs and controlling 

models), which are all affecting to the total performance of a production system.  

2.1 Lean Manufacturing 

Lean and all the different concepts combined to it are widely used and considered as being 

the starting point of developing various operations. The Lean thinking has spread from 

the manufacturing industry also to other operations, environments and industries (Modig, 

N. & Åhlström, P. 2013). Adopting Lean philosophy is considered as feasible option to 

develop production and to be able to reach the state of continuous improvement (Majava, 

J. & Ojanperä, T. 2017).  

The pioneer of Lean approach in manufacturing has been the Toyota Motor Corporation 

located in Japan. Toyota’s internal production philosophy, Toyota Production System 

(TPS), is a system that was created through several decades and is generally kept as the 

origin of the Lean production. (Modig, N. & Åhlström, P. 2013; Stevenson, W.J. 2011) 

The concept of ‘Lean production’ was first introduced in 1988 by John Krafcik, in his 

article “Triumph of the Lean Production System” published in Sloan Management Re-

view (Modig, N. & Åhlström, P. 2013). The low availability of resources forced the Jap-

anese automobile manufacturer to develop its operations and thinking towards a new way. 

The focus turned on eliminating everything which was considered as waste and didn’t 

add value to the process. (Bhasin, S. 2015; Stevenson, W.J. 2011) The importance of flow 

efficiency and customer needs were recognized and the importance of doing the right 

things at the right time was addressed (Modig, N. & Åhlström, P. 2013).  
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Lean aims at production development with several methods and principles and the final 

goal is a balanced system where the flow of materials is quick and smooth (Majava, J. & 

Ojanperä, T. 2017; Stevenson, W.J. 2011). The five main principles of Lean presented in 

Bhasin, S. (2015) and Womack, J. (2002) are: 

• Specify the value that identified customers desire 

• Identify the value stream and value creation in all the steps which are included 

in the process 

• Improve the product flow by erasing actions which aren’t creating value 

• Create a pull to respond customer demand with continuous flow 

• Try to reach perfection.   

 

Melton T. (2005) summed up the Lean principles to identification of value, elimination 

of waste and creating a flow of the value created to the customer.   

2.1.1 Wastes of Lean 

There are seven original types of waste categories which are linked to Lean production. 

The wastes are overproduction, inventories, defects, waiting, transportation, motion and 

over-processing. (Majava, J. & Ojanperä, T. 2017; Bhasin, S. 2015; Stevenson, W.J. 

2011; Melton, T. 2005) One more waste type has been added to the list later, employee 

creativity, meaning the incorrect use of staff and their abilities (Bhasin, S. 2015).  

Overproduction is considered as the production of products without order from customer 

or producing more than customer requires. It is the worse of the wastes because it causes 

other wastes to appear as well by excessive use of manufacturing resources. (Bhasin, S. 

2015; Melton, T. 2005) Second listed waste is inventories, storage of raw materials, in-

termediates and finished goods takes floor space from the facility and ties up capital. 

Defects cause wastes which are resulting in scrap and rework and therefore causing in-

creased cost of the finished product. They can also cause loss of sales because the cus-

tomer demands can’t be fulfilled. (Stevenson, W.J. 2011; Melton, T. 2005). Waiting time 

in the production process increases costs and adds no value to the process. Waiting time 

contains the delays caused by operators, equipment, information flow or delays of waiting 

the needed materials (Melton, T. 2005). The waste types of transportation and motions 

are related to all unnecessary movements of materials, items, finished or intermediate 

goods. The motion waste is concerned especially of the needles motions related to em-

ployees. Over-processing means taking unnecessary processing steps or possibly creating 

higher quality than customers are expecting. (Bhasin, S. 2015; Stevenson, W.J. 2011; 

Melton, T. 2005)      
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2.1.2 Lean practices and methods 

There are many different methods and practices which have been generated to response 

to the varying needs of production management and to implement the known concepts. 

Melton T. (2005) and Demeter K. & Matyusz Z. (2011) used division of the Lean prac-

tices to four groups, just-in-time (JIT), total quality management (TQM), total preventive 

maintenance (TPM) and human resource management (HRM). The JIT group consists of 

practices concerning production flow and reducing waste. Continuous improvement and 

quality related practices are grouped under TQM. The TPM group includes maintenance 

and effectiveness of the equipment. Practices concerning the human resources are 

grouped together as well. (Melton, T. 2005) The bundled Lean practices are presented in 

Figure 3. 

 

Figure 3.       Lean practices (Adapted from Melton, T. 2005) 

 

Concepts of Kaizen (continuous improvement), Muda (waste and inefficiency), Jidoka 

(quality at the source), Heijunka (workload leveling) and Kanban (manual signaling sys-

tem for material need) are well recognized and known Lean concepts (Stevenson, W.J. 

2011).  
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2.2 Production quality  

On the literature there can be found various definitions of quality from different ap-

proaches and various authors. There isn’t any absolute definition of quality that would 

cover all the aspects where the term is used, for example the meaning of quality is differ-

ent concerning products or service. Walter Shewhart is considered as the first modern 

time quality expert. In 1931 he proposed that quality has two aspects, objective and sub-

jective. Feigenbaum defined in 1951 the quality as “best for certain customer conditions” 

and Juran in 1970 defined the quality as “fitness for use”. David Garvin identified 8 di-

mensions of product quality in 1987 and five approaches to quality in 1984.  Edwards 

Deming developed 14 points for management as he was supporting more the system im-

provement rather than the employee criticism. He also modified the Shewhart cycle (plan, 

do, check, act) to the form of plan, do, study, act. All these quality gurus have been de-

veloping the base for the current concepts and understanding of quality. (Sower, V.E. 

2011) 

In the Dictionary of Business and Management (2009) the quality is defined as “The to-

tality of the features and characteristics of a product or service that bear on its ability to 

satisfy stated or implied needs”. Colledani et al. (2014) defines production quality as 

company’s capability to on time deliveries with desired quantities and quality of products 

while using resources on optimal level. One aspect of measuring the quality of products 

and processes is the fraction of correctly made parts going through the production line at 

the first time. In this approach all the scrap and arising rework is decreasing this way 

defined quality efficiency. (Hopp W. J. & Spearman M. L. 2000) 

2.2.1 Quality costs 

Defining and classifying the quality costs is an important step in improving the whole 

quality systems, it gives information of the current state and gives directions where the 

improvement efforts should be addressed (Sower, V.E. 2011). The sources of quality 

costs in manufacturing can be divided into two sections, the costs following the tasks of 

ensuring a high quality and the costs which occurs after a defect has emerged (Suomala 

et al. 2011). The two sections are defined more precisely in the PAFF-model which con-

sists of prevention, appraisal, internal failure and external failure costs (Sower, V.E. 2011; 

Suomala et al. 2011).  

The preventions costs consist of costs of activities made in advance to prevent production 

of defective products or services. They include for example investments for better equip-

ment, technologies and training. Appraisal costs are costs of controlling, inspecting and 

measuring in the process of ensuring the quality standards and other product requirements 

are fulfilled. Both failure costs are caused by defective parts or products or services. The 

difference with these two elements is that internal failure costs takes place before delivery 

to the customer and external failures after the delivery. Rework, design failures and 
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changes, material and product losses, scrap, downtime and problem solving are sources 

of internal failure costs. The external failure quality cost element consists of warranty 

costs, returned goods, penalties, liability costs, handling complaints and for example lost 

sales. (Sower, V.E. 2011; Stevenson, W.J. 2011)     

There are at least two ways of thinking about the spent value on quality and the return of 

it. One school of though is estimating the value used in prevention actions by the savings 

arising in the appraisal and failure costs. This means that all prevention actions will lead 

to greater savings in the other quality costs categories. Other school of thought believes 

that after going beyond certain point in prevention actions the gained savings aren’t worth 

the effort if they are reducing too much the funds from other purposes. This way of think-

ing leads to estimating the return on quality investment just as any other investment. (Ste-

venson, W.J. 2011)       

2.2.2 Quality improvement tools 

In the next subchapter some of the generally known and used quality improvement tools 

are described. The quality improvement tasks are generally tasks of solving occurred or 

future problems. Most important challenge of the problem-solving process is to identify 

the actual problem, so the focus is directed to the correct object and not only to the symp-

toms. If the problem identification fails it can lead to three different types of errors. The 

first error type is solving a problem that doesn’t really exist, second error type is missing 

the problem and not recognizing it at all as a problem. The third error type of problem 

solving is solving the wrong problem. Different quality tools can be used in the separate 

steps of the problem-solving process presented in Figure 4. (Sower, V.E. 2011)  

 

Figure 4.       Problem-solving process (Adapted from Sower V. E. 2011) 

  

In the first step of the problem-solving process, symptoms recognition, helpful tools are 

for example flow charts, run charts and process control charts shown in Figure 5. Flow 
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charts can be used to describe processes in a visual way and to provide more understand-

ing of the process flow. It can help in the problem-solving process to identify the possible 

steps in the process where the problems may occur. A flow chart represents the order of 

the specific process steps and the relationships between them, which steps must be per-

formed before the other. It can define also the decision points in the process and it can be 

used when evaluating the value creation in the different phases and steps of the process. 

(Sower, V.E. 2011; Stevenson, W.J. 2011) Run charts are representing variation in the 

measured characteristic over a period. The followed characteristic is plotted on the verti-

cal axis and the time on the horizontal axis of the chart. Run charts can be used to get an 

indication if there are changes in the plotted characteristic, but alone it doesn’t give sta-

tistical evidence of the process going out of control. Run chart can show trends, but the 

variation is considered solely random. (Sower, V.E. 2011; Stevenson, W.J. 2011)  

 

Figure 5.       Quality improvement tools, flow, run and process control charts 

(Adapted from Sower, V. E. 2011) 

 

Whereas the process control charts can separate the process outcomes to random variation 

and to the stage where the process is going out of control. The base of the process control 

charts are the predefined target value and extreme boundaries of the process when it is 

functioning as planned and only random variation is present. When there appear readings 

outside the area between the lower and the upper limit it shows a sign that the process 

isn’t behaving as it should. Process control charts can bring out some patterns in the be-

havior and this way indicate there are some new sources of variations. The information 

collected on the process performance is making it possible to compare some new data to 

the past. (Sower, V.E. 2011; Heizer, J. & Render, B. 2006)     

Second step of the problem-solving process is the gathering of facts and specifying devi-

ations. Data needs to be collected for analyze and the actual and desired performance 

level defined. One useful data collecting tool is a check sheet. It is a simple method to 
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collect and categorize data and it shows the frequency of occurrence of different catego-

ries. Check sheets can point out where a further attention and investigation is needed. 

(Sower, V.E. 2011; Heizer, J. & Render, B. 2006) Just as check sheets, Pareto diagrams 

can be used to categorize and sort the data from highest to lowest depending on frequency 

on occurrence. Compared to check sheet Pareto diagram is visualizing the different cause 

categories and their proportion from total share (Figure 6). The idea behind Pareto dia-

grams is to find the main causes and to focus on the most important factors. (Sower, V.E. 

2011; Stevenson, W.J. 2011) 

 

Figure 6.       Quality improvement tools, check sheet and Pareto diagram (Adapted 

from Sower, V. E. 2011) 

 

Problem identification, key step of the problem-solving process, means finding out the 

actual problem behind the found symptoms. Besides the above-mentioned tools, there are 

other tools which can help in the process of understanding the collected data, relationships 

of separate objects and the causes behind the effects. Scatter diagrams and cause-and-

effect diagrams can be exploited in the problem identification step. Scatter diagrams are 

diagrams which are capable to bring out possible correlations between the values of two 

variables. It can indicate of a strong correlation if the measured points are lining up with 

each other and if it isn’t likely to be any correlation the points are scattered around. 

(Sower, V.E. 2011; Stevenson, W.J. 2011) The cause-and-effect diagram can be used to 

organize ideas and to categorize them by different cause types in the cause searching 

process. A cause-and-effect diagram is often used together with brainstorming to arrange 

the generated ideas in a logical way. The commonly used cause groups are method, ma-

terial, personnel and the used equipment. The scatter diagram and the cause-and-effect 

diagrams are presented in Figure 7.    
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Figure 7.       Quality improvement tools, cause-and-effect and scatter diagrams 

(Adapted from Sower, V. E. 2011) 

 

After the problem identification step the objectives are established and the solution alter-

natives are generated. There are different aspects including financial, process, perfor-

mance and time issues. The defined objects are guiding the decisions concerning the pos-

sible solution and the evaluation of different alternatives. The chosen solution for the 

problem is developed and finally implemented. Only the implementation of a found so-

lution isn’t sufficient, there should also be a final step of follow up and setting the con-

trols. (Sower, V.E. 2011)   

2.3 Key Performance Indicators 

The performance and effectiveness of manufacturing operations are outcomes of various 

practices and their combinations. Key performance indicators (KPIs) are important meas-

urements in creating understanding and guiding improvement actions to focus on the cor-

rect targets. The international standard ISO 22400 defines KPIs as “quantifiable and stra-

tegic measurements that reflect an enterprise’s critical success factors.” (ISO 22400 

2014) In the Dictionary of Business and Management (Law, J. 2009) the KPIs are defined 

as “Specific measures of the performance of an individual, team, or department in defined 

key performance areas (KPAs).”  

There are a wide variety of KPIs used in indicating and estimating the state of company’s 

performance. The different KPIs can be grouped for example under financial, manufac-

turing and human resources depending on what they are supposed to describe. Common 

KPIs within the manufacturing group are the KPIs concentrating on costs, quality, flexi-

bility, throughput and to the delivery performance. (Ahmad, M.M. & Dhafr, N. 2002)      

With the measured KPI, number or value, it is possible to compare the realized perfor-

mance of the objective to the set targets, either internal or external. Measuring KPIs 



13 

doesn’t alone bring value to process improvement, the results needs to be evaluated and 

analyzed thoroughly. (ISO 22400 2014; Ahmad, M.M. & Dhafr, N. 2002)  

Critical task in creating company’s set of KPIs is to identify and select the KPIs which 

are the most important and beneficial according to the application. The selected set of 

KPIs and the dimensions of them must be in line with each other so that they don’t di-

minish other chosen KPIs. Balanced range of KPI measurements, measuring the intended 

actions reliably offers effective tool for performance improvements. (Zhu, L. et al. 2017; 

Ahmad, M.M. & Dhafr, N. 2002) Kibira et al. (2017) states that there are two approaches 

in defining new KPIs, bottom-up and top-down. In the bottom-up approach the starting 

point is identifying current and needed metrics and turning them into new KPI, depending 

on the objective. The basis for the top-down approach is on the goals, which follows the 

identification of necessary metrics. The KPIs examined more precisely in this work were 

chosen by their relevance to the objects of the research.  

2.3.1 Scrap 

Scrap as a KPI element is an important indicator when the production process, methods 

and planning are evaluated. It is the most relevant KPI concerning the topics and the target 

of this work. In the ISO 22400 (2014) scrap quantity (SQ) is defined as the “produced 

quantity that did not meet quality requirements and either has to be scrapped or recy-

cled”. The other scrap category, planned scrap quantity (PSQ), is defined as “the planned 

scrap quantity shall be the amount of process-related scrap that is expected when manu-

facturing the product.” One KPI calculated and estimated based on these elements is for 

example the scrap ratio which is the ratio between produced scrap and produced quantity 

(ISO 22400 2014).     

Both scrap quantity and planned scrap quantity are presenting valuable information on 

the production processes performance. High SQ might indicate of an unstable and un-

standardized process and PSQ gives information on the material usage efficiency.  

2.3.2 Inventory levels and turnover 

The turnover of an inventory can be defined as the ratio of average cost of goods sold to 

average inventory investment (Stevenson, W.J. 2011; Hill, A.V. & Zhang, W. 2010). In 

the book Factory Physics (Hopp W. J. & Spearman M. L. 2000) the inventory turns are 

defined as the ratio of throughput to average inventory. Depending on what is measured 

the inventory in question is considered (raw materials, work in process, finished goods), 

typically stated in yearly terms. The turnover presents the information on how many times 

per time unit the inventory is turned over. (Hopp W. J. & Spearman M. L. 2000)  

Higher inventory turnover reduces the needed amount of capital that must be invested in 

the inventories because the goods are spending less time at the stock. Decreased amount 
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of working capital releases money from inventories to other possible uses, for example to 

additional investments. (Demeter, K. & Matyusz, Z. 2011) Days on hand metric is closely 

related to the inventory turnover. It indicates the state of the current inventory and for 

how long the inventory is capable to supply production with the estimated demand. (Hill, 

A.V. & Zhang, W. 2010) 

2.3.3 Cost reductions 

Cutting down of the resulting costs from production are on continuous focus of manufac-

turing companies. The occurring costs are affecting directly to pricing decisions and in 

the end to the gained profit. (Stevenson, W.J. 2011) The cost reductions can be achieved 

from different sources, on used material, on the processing method, on the required work 

hours and for example from occurring quality costs or from the costs associated with 

holding different inventories. (Stevenson, W.J. 2011; Hopp W. J. & Spearman M. L. 

2000)  

The Lean ideology is one of the cost reduction strategies that a company can adapt. The 

aim to reduce all waste from the processes is inevitably influencing to the resulting costs 

as all steps not adding value are tried to cut off. The defined wastes of Lean are consid-

ering different parts of the resulting costs of a manufacturing company, e.g. production, 

material and the labor costs. (Bhasin, S. 2015; Stevenson, W.J. 2011) 

2.3.4 Production cost variance 

Production cost variance is a KPI which compares the set and planned production costs 

to the actual costs incurred. It gives information on how well the set targets are reached 

and how much producing a product consumes resources compared to the expected 

amount. The standard cost can be estimated based on quantity and price differences and 

the production cost variance can be either favorable or adverse if the incurred costs are 

higher than the standard cost. For example, a product may be produced consuming more 

material than planned which leads to adverse quantity difference or it might be produced 

with cheaper materials than the set standard, leading to favorable variance. Combined 

quantity and price variations presents the total cost variance of the viewed object. (Law, 

J. 2009; Suomala et al. 2011) 

The total production cost variance is usually divided into direct material variances, the 

direct labor variances and the fixed and variable overhead variances. All these categories 

can be analyzed further to gain information on the possible causes and reasons behind the 

variation. (Law, J. 2009) Behind an unfavorable variation there can be many separate 

reasons. For example, unfavorable variance in material consumption might be caused by 

poor quality of the material or by problems in the actual production process influenced 

by either the machinery or the operators. Also, the setting and accuracy of the actual target 

standards are affecting to the resulting variances. (Suomala et al. 2011)  
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The different variation types occurring, nonrandom or random, can also give important 

information on the performance level. There is always some variation present in all pro-

cesses, but it is a question of how much variation is acceptable. Nonrandom variations 

are signs of unstable process. (Stevenson, W.J. 2011)     

2.4 Inventory control  

Inventory control is a part of the whole supply chain management which is one important 

function of the whole operations management. It has a strait connection to the level of 

customer service, if there occur shortages in stocked items it might lead to stoppages in 

production and delivery delays causing unsatisfied or lost customers. On the other hand, 

inventories tie up remarkable share of the total invested capital of a manufacturing com-

pany and therefore it is recognized to be a critical objective to improvement actions. A 

balance between inventory on hand (tied up working capital) and the desired service level 

is to be found. (Stevenson, W.J. 2011; Heizer, J. & Render, B. 2006) The performance of 

inventory control can be evaluated with inventory related KPIs, for example inventory 

levels (value/volume) or inventory turnover. 

An effective inventory system is minimizing the total inventory costs while obtaining the 

desired service level. It looks answers to the questions of how much and when to order. 

To be able to respond to these questions it is essential to have a functional system to keep 

on track of the inventory on hand and on order. Reliable estimates on demand and error 

of forecast, knowledge of the supplier lead times and lead time variabilities, knowledge 

on how the total inventory costs are formed and classification system for different types 

of items are also needed. (Stevenson, W.J. 2011; Heizer, J. & Render, B. 2006)  

Decisions on maintained inventories and raw material purchases are affected by the pro-

duction approach of a company, depending on the nature of the industry and its products. 

Hybrid production approaches are common with the aim of responding better to the grow-

ing competition and customization needs of products. (Beemsterboer, B. et al. 2017) In a 

make-to-order (MTO) approach the production orders are created after receiving orders 

from customers, and the products are produced by the specifications of customer. Make-

to-stock (MTS) approach means producing products to final products based on forecasts 

of the demand and selling them to customers from the finished goods inventory (FG). 

(Stevenson, W.J. 2011) The combination of MTO and MTS approaches gives a company 

flexibility to smoothen the changing demand in different time periods. The faster movable 

standard products can be made to stock and products with more variable demand can be 

made upon customer orders. The MTS products makes it possible to utilize the capacity 

better depending on the demand peaks of MTO products, releasing MTS products to pro-

duction when there is a lower demand season within MTO products. With a hybrid system 

it is possible at the same time to reach quick delivery times with the fastest moving prod-

ucts and to save in holding costs with the slow movers. (Beemsterboer, B. et al. 2017)  
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2.4.1 Inventory types 

A manufacturing company maintains different types of inventories for different purposes. 

They can be divided to raw material inventories (RM), work in process inventories (WIP), 

FG inventories and inventories for maintenance, repairs and operating (MRO). (Steven-

son, W.J. 2011; Heizer, J. & Render, B. 2006; Hopp W. J. & Spearman M. L. 2000) The 

raw material inventories are composed of components, materials and subassemblies 

which are purchased outside the plant for later use in the manufacturing of the finished 

goods, but which aren’t yet released to production process. The target is to have an ade-

quate inventory of RM in terms of quality and quantity to respond to the needs of produc-

tion at the right time. For protection against problems caused by variability in either on 

demand forecasts or supplier/vendor lead times safety stocks can be carried out. Problems 

might occur when the scheduled production gets ahead, mistakes are made in forecasting 

or informed delivery times don’t keep. Extra stock volume is also resulting from batching, 

taking advantage of economies of scale and quantity discounts. (Hopp W. J. & Spearman 

M. L. 2000)    

WIP inventories are consisting of components, materials and parts which have gone 

through some processing in the production process but are not yet completed. They are 

essential for the production to flow, but the excess amount of WIP should be controlled. 

The WIP is closely attached to cycle-time, and by reducing cycle-time the WIP effective-

ness can be increased. (Heizer, J. & Render, B. 2006; Hopp W. J. & Spearman M. L. 

2000) Controlling the WIP inventories has also a positive effect to cycle-time variations. 

There are two common approaches to the controlling of WIP, Kanban and constant work-

in-process. The constant work-in-process is based on the rule that always when a work 

exits the system a new one is released to the production, this leads to constant level of 

WIP. Kanban is on the other hand focusing on separate workstations and their loading. 

(Stevenson, W.J. 2011)   

Finished goods inventory consists of finished products which haven’t been sold yet. Five 

main reasons for keeping FG inventories are customer responsiveness, batch production, 

forecast errors, production variability and seasonality. Customer responsiveness can be 

increased with shorter lead times and these can be achieved by keeping finished products 

on stock. Batch production can offer financial advantages on the production process and 

because of that it is more reasonable to produce higher amounts and then stock the excess 

products to wait orders from customers. Errors on forecasts linked to FG inventories in-

cludes the products which are anticipated to be sold but are instead left to the FG inven-

tory. Variability of the production can cause products ending up in FG inventory as well, 

for example if the product is finished earlier than scheduled and it needs to stay in the 

inventory before it can be delivered. Seasonality is a challenge of certain types of prod-

ucts, and for them it is justified to grow up FG inventory in terms to be able to respond 

for the peak demand. (Hopp W. J. & Spearman M. L. 2000)      
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2.4.2 Inventory costs 

The total costs of inventory consist of four basic cost categories: purchase, holding, or-

dering and shortage costs. For minimizing the total inventory costs these cost categories 

should be known and evaluated. The purchase cost represents generally the largest part 

of the total cost being the amount what is paid to the supplier or vendor of the purchased 

items. (Stevenson, W.J. 2011) Holding costs consists of the costs related to physically 

keeping the actual items in storage. These costs can include housing costs (rent), material 

handling costs, labor costs, investment costs (taxes and insurance on inventory), scrap 

and obsolescence costs. (Heizer, J. & Render, B. 2006) The holding cost is typically stated 

as percentage of unit price or dollar/euro amount per unit (Stevenson, W.J. 2011).   

Ordering costs are connected to the costs resulting from processing the order and receiv-

ing the ordered inventory. It contains costs of order preparation (how much to order), 

shipping costs, quality checks upon arrival and the costs of other order related expenses. 

When demand exceeds the stock on hand and there is a shortage in inventory, shortage 

costs are generated. Shortage costs can realize as opportunity costs of not making sales, 

late charge and backorder costs, and costs linked to loss of customer goodwill. One re-

markable source of shortage costs can be lost production or downtime if the ordered item 

is meant for internal use. (Stevenson, W.J. 2011; Heizer, J. & Render, B. 2006)  

Minimizing the total costs of inventories can be done by reducing the costs of different 

categories. The cost classes are connected to each other and reduction on one cost source 

has a trade-off to the other. If it is decided to order larger quantities there are less order 

processes needed per period and order costs are decreased, but at the same time the hold-

ing costs are increasing because the average carried stock is growing. Raising the ordered 

quantity might increase also the risk of ending up with obsolete items. (Heizer, J. & Ren-

der, B. 2006) The money tied up in an inventory is money that could have been used 

somewhere else in the form of investment or some other use. The cost of tied up capital 

in the inventories includes the possible return that could have been reached by other uses. 

One factor also effecting to the possible inventory sizes that can be held is the actual 

available space in the storage. (Stevenson, W.J. 2011)  

To minimize the total costs of inventories there are models developed to improve the 

inventory control and some of those models are presented in the next subchapter. The 

used models and the focus on each cost category is depending on their importance. The 

handling of cheap bulk items and more expensive items are based on different qualities 

as a starting point. The chosen strategy for managing inventories should be based on the 

specific class and type of the material in question.  (Hopp W. J. & Spearman M. L. 2000) 
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2.4.3 Inventory models 

Different inventory models have been developed and can be utilized when reaching for 

cost savings and better functionality of the whole inventory system. For finding the bal-

ance between manufacturing cycle times and the lead times of purchases is a challenging 

task, but the uncertainties can be reduced by focusing on increasing visibility. This can 

be done by improving forecasting, reducing the cycle-times and by improving the sched-

uling. (Hopp W. J. & Spearman M. L. 2000) ABC-approach classifies items in the inven-

tory to three or more classes based on some measure of importance. The basic idea of 

classification of inventory items is the different need for controlling with the different 

types of items. Usually A-items covers 10-20 % of the volume and around 60-70 % of 

the annual value, and thus needs to be given a closer attention. C-items are commonly 

covering 50-60 % of the volume and only about 10-15 % of the annual value. The used 

measure of importance can be also other than value depending on the specific case and 

objectives. (Stevenson, W.J. 2011)       

Two models trying to answer to the question of how much to order, the basic economic 

order quantity (EOQ) model and the quantity discount model are briefly viewed in the 

following section. The EOQ-model is focusing on finding a fixed order size which mini-

mizes the total inventory costs. The model is based on many assumptions which are: (Ste-

venson, W.J. 2011; Heizer, J. & Render, B. 2006;): 

• one product is taken into consideration 

• annual demand (evenly spread) and constant lead time are known 

• quantity discounts are not involved, and orders are received as single de-

liveries. 

 

To find the optimal order quantity a balance between the holding and ordering costs needs 

to be found. Figure 8 presents the curves of holding costs, ordering costs and the total 

cost of curve.  
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Figure 8. Total costs as a function of order quantity (Adapted from Heizer, J. & 

Render, B. 2006) 

The optimal order quantity is found in the spot where the holding cost curve and the 

ordering cost curves intersect, and the overall costs are at minimum. The holding cost 

curve is a linear curve, which is calculated from equation 1, where Q is order quantity in 

units and H represents is holding costs per unit per year. 

𝐴𝑛𝑛𝑢𝑎𝑙 ℎ𝑜𝑙𝑑𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠 =  
𝑄

2
∗ 𝐻        (1) 

The ordering costs are defined with equation 2, where D represent demand (units per year) 

and S is the ordering cost per order. 

𝐴𝑛𝑛𝑢𝑎𝑙 𝑜𝑟𝑑𝑒𝑟𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑠 =  
𝐷

𝑄
∗ 𝑆      (2) 

The total annual costs are calculated by summing up the annual ordering and holding 

costs (equation 3). To find the minimum of order quantity Q, the total cost equation is 

differentiated with respect to Q (equation 4 and 5). (Stevenson, W.J. 2011; Heizer, J. & 

Render, B. 2006);  

𝑇𝐶 =  
𝑄

2
∗ 𝐻 +  

𝐷

𝑄
∗ 𝑆        (3) 

𝑑𝑇𝐶

𝑑𝑄
=  

𝐻

2
−

𝐷𝑆

𝑄2         (4) 

𝐻

2
−

𝐷𝑆

𝑄2 = 0 →  𝑄2 =
2𝐷𝑆

𝐻
 → 𝑄 = √

2𝐷𝑆

𝐻
     (5) 

Quantity discounts means price reductions for ordering larger quantities. The purchaser 

needs to weight whether the offered discount or the costs resulting from larger orders and 
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increased holding costs are more favorable. It is a tradeoff between reduced product cost 

and increased holding cost. The quantity discount model differs from EOQ-model by the 

means that it includes the purchasing costs to the total cost. The total cost is calculated 

from equation 6 in the quantity discount model. (Heizer, J. & Render, B. 2006)    

𝑇𝐶 =  
𝑄

2
∗ 𝐻 +  

𝐷

𝑄
∗ 𝑆 + 𝑃𝐷       (6) 

The P in the equation is representing the price of one unit of the ordered product. The 

procedure for finding minimized total costs while quantity discounts are present is fol-

lowing (Heizer, J. & Render, B. 2006): 

1. The optimal order sizes are calculated for each discount classes 

• The H in the equation 5 is changed to IP to describe the holding cost (I) as 

a percent per unit price (P) because the holding costs can’t be assumed to 

stay constant when the price units are changing between each discount 

2. The minimums of different total cost curves are fitted with the ranges of discounts 

3. The Q with lowest total cost is the optimized order quantity. 

 

The total cost curves for the quantity discount model is presented in Figure 9. The total 

costs are minimized when the discount is chosen which gives smallest total costs, in this 

example the total costs can be minimized by ordering products the minimum quantity of 

the second price range.   

 

Figure 9.        Discount quantity models cost curves (Adapted from Heizer, J. & 

Render, B. 2006) 
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3. TEXTILE CONVEYOR BELTS  

Conveyor belts are used widely in different industrial applications to transfer materials 

from one place to another. The requirements for properties of a conveyor belt is depend-

ing on the specific application, what kind of material is transferred and what are the en-

vironmental circumstances at the location. The requirements contain strength and flexi-

bility properties, abrasion resistance, flame, fire and heat resistance, resistance against 

oils, chemicals and moisture. Conveyor belts are also required to resist impacts and tear-

ing and to have a low extension in service. (Application of technical textiles 2012) 

A conveyor belt is the heart of a whole conveying system and the most critical part of it. 

Failures on conveyor systems can have huge effects on process effectiveness, leading to 

unexpected downtimes in operating and causing remarkable economical losses (Fedorko 

et al. 2018). Increasing the service life of a belt and prevention and detection of upcoming 

failures beforehand have been a topic of multiple researches. Different testing methods 

have been introduced and the common failures examined. The growing demands for con-

veyor belts durability, performance and cost effectiveness are directing the development 

to find better and more economical raw materials and improvements on the processing 

methods. 

In fabric conveyor belts there can occur different types of failures e.g. abrasive wear, 

fabric breakages and defects in the joints. The fatigue delamination is also one of the 

failure modes and is caused by shear strains. (Kozhushko & Kopnov 1995) Andrejiova et 

al. (2016) investigated the effects of belt storage, materials transported, and the drop 

height to the impact wear. They concluded that storing a belt increases the risk of signif-

icant damages compared to a belt which is taken to operation without additional storing. 

They implicated that unnecessary storing should be avoided, and more flexible managing 

of conveyor belts is preferred.  

The damages resulting from dynamic wear was the subject of Fedorko et al. (2013) ex-

perimental research on textile rubber pipe conveyor belts. They were analyzing dynami-

cally damaged belts and the impacts on the inner structures of the belt and the suitability 

of computer tomography method for conveyor belt analysis. Logistic regression method 

was used in Andrejiova et al. (2014) research which handled different levels of conveyor 

belt damages in new, worn and renovated belts. They concluded that the new belt had less 

resistance on damages in a puncture test and this was supposed to be a consequence of 

rubber hardening at aging. A recent research of Fedorko et al. (2018) analyzed the suita-

bility of metrotomography in testing of rubber-textile carcasses and proved that the de-

fects are possible to identify with this non-destructive method. It was possible to detect 

single fibers, punctures and separation of layers. The opportunity of non-destructive test-

ing might open new possibilities on the maintenance side of the conveying systems and 
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saving in the costs generated in the service life of the belt. To overcome these failures and 

defects the structure and used materials of a conveyor belt must be designed based on the 

specific application and intended load types and volumes.  

3.1 Structure and properties                             

Conveyor belts can be divided into two groups based on the internal structure of the belt, 

fabric belts and steel cord belts. The core of the fabric belts is made up from reinforced 

fabric plies and the steel cord belts are composed of a series of steel cables embedded into 

the belt. (Kumar, R. S. 2013) A fabric conveyor belt consists of fabric plies and the rubber 

compounds for skimming and covering processes (Figure 10). In the conveyor belt con-

struction, the carcass (fabric and skim layers) gives the belt its strength to transmit the 

power and to carry the load, and covers are there to protect the carcass from damages 

caused by the impact of the load and abrasion. The main duty of the skimming compound 

is to assist the joining of the fabric plies together when building a multi-ply carcass and 

insuring good adhesion in the final vulcanized belt. Its purpose is also to prevent the sep-

arate fabric plies chafing against each other, and to help carrying load.  It is also absorbing 

the impacts at the loading points of the conveyor. (Kumar, R. S. 2013; Wootton, D. B. 

2001)     

  

 

Figure 10. Construction of a textile conveyor belt (Adapted from Newzen) 

 

The top covers function is to prevent the conveyor from damages and to fill the specific 

requirements for the applications in question, depending on the loaded material and other 

circumstances. Bottom cover is transferring the power from the drive pulley to the belt, 

bottom must have good resistance on abrasion as well. Edge covers are protecting the 

carcass from the sides of the belt, preventing failures caused by wear and from other 

affections e.g. moisture. (Wootton, D. B. 2001)  
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In the designing process of a conveyor belt, and specially the carcass, the following points 

needs to be considered and evaluated based on the application in question (Kumar, R. S. 

2013; Wootton, D. B. 2001):  

• tensile strength and modulus for transmitting the power and carrying the load 

• longitudinal (round the pulleys) and transversely (troughing) flexibility 

• dimensional stability (low growth) to give longer service life without need for 

readjusting 

• low elongation at working tension 

• impact resistance on loading and tear resistance 

• adhesion to avoid delamination of components  

• splicing abilities 

• requirements concerning the working circumstances and the actual load carried 

(e.g. heat, fire, oil, chemical resistance). 

 

Sidewalls and cleats with different shapes and sizes can be exploited when the transferred 

material needs to be guided or they are required because of the inclination angle. There 

is also wide selection of conveyor belt cover surface profiles designed for special appli-

cations. 

3.2 Textiles in conveyor belts 

Based on the demanded level of the conveyor belt performance the utilized fabric is de-

termined regarding the used fibers and construction. The used reinforcement fabrics at 

the carcass defines the total strength of the finished conveyor belt which is defined by 

combining the strengths of the separate fabrics. There is some strength loss when com-

bining fabrics and this loss is called conversion efficiency, so the total strength isn’t di-

rectly the sum of its components. (Wootton, D. B. 2001) The individual fabric losses 

around 20-30 % of its strength after combined with other fabrics. Conveyor belts are de-

signed with safety factor between 6-10 and the designed operating load is about 10-15 % 

of the nominal breaking strength. (Kumar, R. S. 2013; Wootton, D. B. 2001) 

The textiles for reinforcement use in rubber applications are in general produced with 

weaving machines. The woven fabrics can be made from combinations of separate fibers, 

for example polyester warp and nylon weft yarns, depending on the requirements of the 

fabric and its end-use. In the weaving process the weft and warp yarns are interlaced 

together to form a woven fabric in the weaving machine (Figure 12). (Wootton, D. B. 

2001)   
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Figure 11. Weaving machines operating principle (Wootton, D. B. 2001) 

Besides the common woven fabrics there are solid woven fabrics which are thicker and 

have greater density. The structure of solid woven fabric can be though as two double 

fabrics woven together with common center layer. Solid woven fabrics are used in for 

example in the heavy-duty conveyor belting. (Wootton, D. B. 2001) 

3.2.1 Fibers in industrial textiles 

There are mainly five types of fibers used in the production of reinforcement fabrics in 

textile conveyor belts, cotton, rayon, nylon, polyester and aramid. The cotton is the orig-

inal and still used in different applications, but it is replaced more often with the synthetic 

fibers because of their physical properties. The polyester has strength of the same kind as 

nylons, but its modulus is higher. The aramids have the highest strength and modulus 

compared to other fibers, but the limiting factor in their use is the fairly high cost. (Woot-

ton, D. B. 2001)    

An important feature of the fibers used in the reinforcement fabric production is their 

tensile strength, but also elongation and modulus, shrinkage and strength-to-weight ratio 

are affecting to the decision on which fiber to use.  
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3.2.2 Heat-setting and dipping 

Depending on the specific application where the reinforcement fabrics are used some fin-

ishing treatments are required. With heat-setting and dipping processes of synthetic fab-

rics the dimensional stability and adhesion between rubber and fabric are improved. 

(Wootton, D. B. 2001)  

The dipping procedure consist of treating the textile with solution including components 

of resorcinol, formaldehyde and latex, called RFL-bonding system. The latex is chosen 

depending on the used compound for textile coating. The bonding level is affected besides 

the compositions of the dip on mixing temperatures and maturation time. (TUT) Thermo-

plastics, as polyamide and polyester, tends to shrink when exposed to heat. This feature 

is minimized by heating the fibers to a temperature which is higher than the expected 

processing temperature. (TUT; Ali, Z. A. et al. 2016)   

3.2.3 Ultrasonic cutting of industrial textiles  

Ultrasounds are sound waves with a frequency higher than the upper limit of human hear-

ing and can be used in different engineering applications. Basic elements of an ultrasonic 

processing chain are generation, transmission and interaction with material, creating per-

manent changes to the material. An electrical power source is driving a power ultrasonic 

transducer, the transducer generates vibration which is transmitted to a tool and finally to 

the processed material. The vibration has specific direction, frequency and intensity, de-

pending on the application. (Gallego-Juarez, J. A. 2014; Astashev, V. K. & Babitsky V. 

I. 2007)    

One ultrasonic application is cutting industrial textiles. The technology is based on the 

mechanical high frequency vibrations which vibrates in the frequency range of 20-40 kHz 

(meaning that the tool vibrates 20 000-40 000 times per second). The different parts of 

ultrasonic cutting unit are presented in Figure 12.  
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Figure 12. Ultrasonic cutting unit (Decoup) 

The generator first converts the power supply to electrical signal and it is converted to 

mechanical oscillations via ultrasonic converter with piezoelectrical elements. The horn 

or sonotrode is in contact with the item to be cut and acting as a hammering tool and 

transferring the ultrasonic energy to the item. The amplitude is heightened or reduced via 

boosters (amplitude modifiers). Advantages of the ultrasonic cutting are the high quality 

of finish (no fraying) and the reduced force need applied to the cutting tool. The high 

quality of the cut edge is based on the simultaneous sealing of the edge when thermoplas-

tics are cut with ultrasonic application. (Decoup; SonicItalia; Sonotec; Bogue, R. 2008)  

3.3 Rubber processing 

Rubber compounds and their main properties and the rubber processing methods con-

cerning conveyor belt production are viewed in the following subchapters. The whole 

rubber processing chain can be separated to three different phases, compound mixing, 

shaping and curing. (Johnson P. 2001)  

3.3.1 Rubber compounds  

The first stage of the processing, mixing of compounds, is the most critical as it is influ-

encing directly to the success of the following processes. The compound mixing, as 

whole, includes two parts, the compounding which considers decisions on which base 

elastomer and ingredients are used and the mixing phase which considers the selection of 

used equipment and specific procedures to perform the actual mixing. (Johnson P. 2001)    

The starting point for a compound recipe designing are the requirements of the end prod-

uct and the requirements for the used processing methods in the later processing steps. 

The purpose of the ingredients is to influence either on the physical or chemical properties 

of the end product or to effect on the processing behavior. (Johnson P. 2001; Morton M. 

2010) The different types of compound components can be grouped into nine classes 

based on their functions in the compound (Morton M. 2010): 
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1. Elastomers – components for obtaining physical properties in final product (base 

component) 

2. Processing aids – for modifying rubber during the mixing or giving some specific 

aid in the processing phases (extrusion, calendering, molding)  

3. Vulcanization agents – needed in the vulcanization process for chemical cross-

linking reactions (physical property improvements) 

4. Accelerators – reducing the vulcanization time in combination with vulcanization 

agents 

5. Accelerator activators – for obtaining the full benefits of accelerators (increased 

vulcanization rates) 

6. Age-Resistors – to reduce the aging processes 

7. Fillers – for reinforcement, to modify physical properties, effect on processing 

properties or for cost reduction 

8. Softeners – components that can be used for aiding the mixing process, to get 

greater elasticity or tack, or to extend (replace) some of the rubber hydrocarbon 

without losing any physical properties 

9. Miscellaneous Ingredients – this group contains all ingredients used for special 

purposes, but which are not required in most compounds (retarders, colors, blow-

ing aids, abrasives, dusting agents). 

3.3.2 Calendering process 

Calendering process, one of the methods for shaping the rubber compounds, is used in a 

textile conveyor belt production. The skim layers for fabric plies and covers to carcass 

are made with calendering machines. The processing procedure is depending on the struc-

ture of the calender (arrangement and number of the rolls) and from the chosen calender-

ing mode (frictioning or topping). The basic objective of rubber calendering is to form a 

continuous smooth rubber sheet with uniform thickness. The smooth sheet is formed by 

first feeding pre-warmed rubber compound to the upper nip (if a 3-roll calender, Figure 

13) which is forming a small rolling bank to the nip and a smooth sheet running around 

the roll. (Johnson P. 2001; Wootton, D. B. 2001)  

 

Figure 13. Principle of 3-roll calender (Wootton, D. B. 2001) 
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Depending on the calender structure it is possible to cover either one or two sides of a 

fabric at once. In the belting industry the 3-roll and 4-roll calenders in Z and L arrange-

ments are the standard, the principle and arrangement of rolls are presented in Figure 14.    

 

Figure 14. Principle of L and Z calender configurations (Wootton, D. B. 2001) 

 

The two calendering modes, frictioning and topping differs by the rolling speeds of the 

rolls. In the frictioning the center rolls speed is greater than the other rolls. This leads to 

higher heat build-up in the rolling bank and to a smoother, softer and thinner sheet around 

the roll. The speed differential, in the lower nip where the rubber and fabric meet, causes 

the rubber to penetrate the weave forcing it inside the fabric structure. In the topping mode 

all the rolls are rotating at the same speed and the rubber sheet is pressed to the fabric at 

lower nip as they are moving at the same speed. (Johnson P. 2001; Wootton, D. B. 2001)    

Controlling the thickness of the calendered rubber sheet is the most important parameter 

in the calendering process. High pressures are generating at the nip of the calender and 

causing deflections of the roll. Due to the deflection the calendered sheet will not reach a 

uniform thickness and the thickness becomes greater in the middle, as can be seen from 

the Figure 15. (Wootton, D. B. 2001) 

 

 

Figure 15. The deflection on calender rolls under load (Adapted from Woot-

ton, D. B. 2001)  
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To overcome the issue of deflection under load the calender rolls are generally given a 

roll crown (Figure 16 a). The profiling of the rolls is balancing the pressure affections and 

leading to smoother sheets. The rolls are still deflecting under load, but the nip thickness 

can be kept even under the average conditions of the calendering process. With different 

loads the affection of roll profiling is different, leading to thicker sheet in the middle with 

heavy loads and to thinner sheet in the middle with lighter loads. (Johnson P. 2001; Woot-

ton, D. B. 2001) For solving these thickness variations there are additional options devel-

oped to control the thickness of the running sheet through the calender nip, cross axis 

adjustment and roll bending (Figure 16 b & c). The principle of cross axis adjustment is 

to separate the two rolls from their outer ends by rotating the other roll in the horizontal 

plane in relation to the other. This decreases the deflection effect (thickening) of the mid-

dle part of the sheet leading to more even sheet. The roll bending is based on creating on 

opposite, but equal, deflection of the rolls. This is done by tilting the bearings of the roll. 

(Wootton, D. B. 2001)   

 

Figure 16. Principles of controls in calenders (Adapted from Wootton, D. B. 

2001) 
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Besides the physical form and controlling adjustments of the calender rolls and the nip 

there are multiply other factors that needs to be adjusted and followed to reach steady 

quality. These factors are namely compound behavior, feed rates, calender roll tempera-

tures and the tension. The used compound must be suitable for processing and the behav-

ior to be known, the feed rate of the pre-warmed compound must be adjusted based on 

the calendering speed and the pre-warming done just as required based on the specific 

compound. Unsuitable feed rate can lead to growth in the rolling bank (too fast) and to 

poor quality (too slow) causing uncovered areas, thickness variations and surface blem-

ishes. Calender roll temperatures needs to be adjustable to function with different com-

pounds and process circumstances. The heating/cooling system can be arranged through 

drilled passages under the roll surface to gain uniform temperature through the roll width. 

One important parameter affecting to the success of the calendering process is the tension 

of the fabric fed to the calender nip. If the tension is not high enough there can occur 

sagging of the fabric which eventually might lead to crushing and damaging the fabric 

after folding and creasing before going through the nip. On the other hand, the too high 

tension can lead to ripples (uneven coverage) or too tight edges. The tight edges might 

cause the fabric sagging in the middle or otherwise affect to the controlling of the line. 

(Johnson P. 2001; Wootton, D. B. 2001)    

3.3.3 Vulcanization process 

Vulcanization or curing process is the process where the unvulcanized product gets its 

final properties and appearance. The rubber compound contains long polymer chains 

which are distinct from each other. Vulcanization (also called cross-linking) is a chemical 

process in which these chains are linked together with chemical bonds to form an elastic 

three-dimensional network. In the curing process the compound becomes as an elastic 

solid which is insoluble to any solvents. The process reduces the permanent deformations 

after removing the deforming forces and thus increases the retractile forces. (Johnson P. 

2001; Roland, M.R. 2013)  

In the conveyor belt production, the flat bed press vulcanization process is generally used, 

which is illustrated in the Figure 17. The principle of a flat bed press lies in the heated 

platens which are pressed against each other. The upper heated platen is fixed and 

mounted on the base of the press (by columns or frame) and lower heat platen is mounted 

on the hydraulic rams. The hydraulic rams are moving the lower heated platen up and 

down and controlling the applied pressure during the vulcanization process. The clamps 

at the both ends of the press are there to provide required stretch in the longitudinal di-

rection of the belt and to keep the belt secured during the vulcanization process. In the 

beginning of the press there needs to be a cool area (lower working temperature) to pre-

vent the belt end sections from over curing when it is pulled through and the next section 

is taken to the process. Edge spacer bars are controlling the final thickness of the belt by 

limiting the compression of the belt. (Wootton, D. B. 2001) 
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Figure 17. Principle of a flat bed press (Wootton, D. B. 2001) 

 

For the vulcanization process in flat bed presses the main adjustable parameters are the 

temperature of the platens, compressing pressure and the time of vulcanization cycle. 

These parameters are affected by the used compounds and the ingredients and the dimen-

sions and structure of the belt. It is essential to find a functioning combination of the 

parameter values for reaching uniform vulcanization throughout the belt. (Wootton, D. 

B. 2001)     
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4. PRESENT STATE OF THE CASE COMPANY 

The following chapter focuses on the case company’s production process and the current 

situation. The separate process steps are presented, and the factors and phases affecting 

to especially material usage are pointed out. Material flow in the production shop floor 

and the data flow in the ERP (enterprise resource planning) system is introduced. The 

machinery and the production lines of the plant are viewed on general basis, except for 

the calendering and the confectioning lines which are taken into more precise examina-

tion. In these departments there are two big investments made recently, totally new con-

fectioning line has been built and a new movable let off unit has been installed to the 

existing calendering line. These investments have been on the implementation and ramp-

up phases during this work. The new possibilities these improvements can open for ma-

terial usage reduction has been on special interest. 

The resulting scrap from the production process, in the terms of source and type, are ex-

amined. The current monitoring and scrap calculation method is presented, including how 

and from where the information is gathered and how the information is processed for 

further use. Raw material inventories are presented, and the content of fabric inventory is 

viewed more precisely. The description of the company’s present state has been made 

through the case study data collecting methods. The information is gathered from ar-

chives, different documents, by interviews and observing. Quality improvement tools e.g. 

flow sheets were utilized to process the information to a more organized and visible form. 

4.1 Production steps and the flow of materials and data  

In the case company, the conveyor belt production process (Figure 18) is proceeding 

through the following process steps:  

1. Calendering (skimming the fabrics) 

2. Confectioning 

3. Cutting 

4. Calendering (covering) 

5. Vulcanization 

6. Inspection 

 

First production step is the first calendering step, skimming the fabric plies with the de-

termined skim compound. The formed skim rubber sheet is calendered to both or to only 

one side of the fabric depending on the specific work order and the structure of the pro-

duced conveyor belt. In the second step of the production process the skimmed fabric 

plies are built up to a carcass, putting plies on top of each other at the confectioning line. 
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If needed the edges of the carcass are cut away either within the confectioning (if pro-

duced at the new confectioning line) or as a separate cutting process (if produced at the 

old confectioning line). After confectioning/cutting the semi-finished product goes back 

to the calendering line where the top and bottom covers are made according to the specific 

work order. If the ordered conveyor belt requires edge strips, they are inserted within the 

calendering phase of the covers or in some special cases within the vulcanization process. 

The edge strips added within the cover calendering/vulcanization step are pre-fabricated 

at the extruder line. The fourth step of the process is the vulcanization step. The covered 

belt is vulcanized in one of the four presses depending on its dimensions and other fea-

tures. For belts with cleats, the cleats are pre-fabricated at the extruder line as well and 

they are added to the product on the vulcanization phase.           

 

Figure 18. Production process, material and data flow in the plant 

All produced conveyor belts go through inspection department after vulcanization to en-

sure the desired quality of finished products is reached. Every belt is also tested in the 

laboratory for the adhesion values and thicknesses. Additional tests are performed for 

some specific products and customers. The test piece from a belt is taken at the inspection 

step or in the cutting step if the belt is delivered with cut edges. 
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Information flow in the SAP system 

The information of the material flow in the production plant is currently transferred with 

the SAP-system in four different steps during the entire production process. The steps are 

pointed out in the Figure 18 with blue numbered dots. First the raw materials are added 

to the SAP-system after they have been received from the supplier and the correspond-

ence to the placed order is checked. The skimming and cover compounds are added as 

volume amount (kg) to the compound specific item code and marked with a color code 

depending on the month of the arrival. Fabrics are added to the system with a unique 

batch number indicated to every individual roll. After the production planner has made a 

work order the needed fabric rolls (m) are reserved for the specific work order in the SAP 

system. As the reservation is shown in the SAP-system, the planner can see the current 

available length of each specific fabric item on the stock.  

The next step where the materials are transferred in the system from inventory to other is 

after the production has proceeded to the end of the first calendaring process, skimming 

the fabrics. The fabrics and the skimming compound are moved away from RM inventory 

and the produced skimmed fabrics are entering to SAP system to the WIP inventory. Third 

information change with SAP is when the product is finished. At the same data entry, the 

skimmed fabrics are moved from WIP inventory, cover compounds moved from RM in-

ventory and the ready product moved to FG. The product is taken off from the FG inven-

tory when the delivery to customer takes place. 

 

Figure 19.  Raw materials, semi-finished and finished products and SAP sys-

tem data exchange (inputs) 
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The only materials going through and entering the WIP inventory are the skimmed fabrics 

as can be seen from the Figure 19. The consumed raw materials, fabrics and skimming 

compounds, are updated to SAP once/twice a day, so the delay in the actual inventory 

level is one day at maximum. The situation is more difficult with the cover compound 

raw materials. They are taken off from the RM inventory after the whole belt is ready, 

this leads to a situation where the delay in data exchange might be up to 10 days, depend-

ing on the products in process and the current work load on the production shop floor.   

4.2 Process and machinery limitations  

The overall manufacturing process, the machinery and the equipment of the plant are 

setting limitations on how the textile conveyor belts are to be done. Limitations can be 

based on mechanical, control or human issues. The fact that the process is dependent on 

the operator skills and actions sets limitations and challenges. The dimensions regarding 

the raw material usage are the length, width and thickness of the product in the different 

stages of the production process. From the three dimensions of the conveyor belts the 

width has the greatest affection to the resulting scrap quantities. The currently required 

width of the skimmed fabrics for carcass building has been dependent on mainly two main 

factors. Firstly, on the accuracy of the old confectioning line (how precisely the separate 

layers can be aligned on top of each other) and secondly on the properties of the old 

cutting unit. The length dimension is depending from the machinery side on the presses 

which needs at least 0,5 m extra on the both ends of the vulcanized belt.    

For the planned work order length, there are calculation rules which considers the possible 

shrinkage of the fabrics and ensure the produced belts won’t end up too short when fin-

ished. There is also some extra length included to consider the used length measuring 

devices and their uncertainty. The thickness of the produced belt in the separate process 

steps is important for fulfilling the quality demands for the finished belt. In the sense of 

material use reduction the thickness isn’t given as much attention in this works as it is 

given to width and length. The thickness of the produced carcass, covers and the whole 

belt are predefined with a tolerance range whereas the length and width are more depend-

ent on the process itself. The planning rules for production work orders have been devel-

oped through several years by gaining more expertise and know-how. The rules have been 

adjusted to consider the process abilities and requirements in order to reach the wanted 

quality.  

Besides the decisions made while planning the work orders, there are also points in the 

production process where the made decisions have an impact on the raw material usage 

(Figure 20). The decision which effects most is clearly the decision of the used fabric 

width and the work length (planned work order). In addition, actions of machine operators 

can influence on the material usage in the sense of how well they follow the made work 

order plan. Adding some length for ‘just-in-case’ and doing this in every step is eventually 

leading to increased raw material use and work. If the skimmed fabrics are made longer 
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than planned it leads scrapping overlength at confectioning line. Or if in the confectioning 

line the overlength is included to the work order ‘just-in-case’ it leads to extra consump-

tion of cover compounds and is wasting also working time in the following process steps. 

In the inspection line is decided how much length is added to the customer order. The 

policy might differ slightly depending on the employee. This can affect to the resulting 

scrap quantities, in terms of whether the customer receives additional length, or it goes to 

waste disposal at the plant.     

 

Figure 20. Decisions affecting to material usage 

 

4.2.1 Calendering line 

The calendering line has a 3-roll calender with a roll arrangement presented in Figure 21. 

The line is used in the two calendering steps of the production process, to skim fabrics 

and to cover carcasses. There are two ongoing investments in the line. A movable let off 

unit is already installed, and an edge cover system is under construction. This system will 

make it possible to produce solid edges within the cover calendering step, without the 

need for the currently pre-fabricated edge strips. First trials of this system have been made 

during the last months, but at the moment the actual implementation is delayed due some 

changes needed in the systems construction. 
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Figure 21. Set up of the calendering line 

 

The movable let off stand has an automated fabric/carcass centering mode which is the 

biggest improvement compared to the old and fixed stand. With the new stand the fab-

ric/carcass can be fed to the calender in the right angle throughout the entire drive. There 

are laser sensors identifying the edges and the unit measures the track width and gives 

adjustment orders to the frames motor. The new unit is equipped with automated moment 

adjusting which is adjusting the tension, the tension can be adjusted also with control 

switch.  

4.2.2 Confectioning and cutting lines 

The set-up of the old confectioning line consists of two let offs and a winding station 

(Figure 22). The tension of the fabric is controlled with pneumatic disc brakes by manu-

ally controlling the pressure. With the old line it is possible to build up two fabric plies at 

one drive, which is done on the confectioning table. The alignment of the fabrics on top 

of each other is done manually by guiding the fabric by hand and by moving the carriage 

let offs from manual controls. The doubling units, in the confectioning table, are manually 

adjusted and the winder is equipped with frequency converter to control the speed (rpm).  

 

Figure 22. Set up of old confectioning line 

After building up the carcass with the old confectioning line it needs to be cut for reaching 

strait edges, which are essential for the following process steps and for quality. The set-

up of the cutting unit (Figure 23) consists of one let off and two winders and the actual 

cutting table. There is a pneumatic brake on the let off unit and the carriage can be moved 

manually from the controls. The speed of the winders is adjusted separately but in a sim-

ilar manner as in the old confectioning line.  
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Figure 23. Set up of the cutting unit 

 

The cutting unit has standing knives, which are placed manually and the distance between 

them is also manually measured with tape measure. The cut edge is pulled away with 

rolling edge pullers. Both old confectioning line and the cutting unit have been restricting 

the possibilities on the material usage point of view. Manual edge aligning isn’t accurate, 

and the fabrics might end up misaligned, when some problems and failures occurs, with 

over 30 mm difference. Cutting with standing knives requires edge to be around 35 mm 

per side.  

 

Figure 24. Set up of the new confectioning line 

 

The set-up of the new confectioning line is presented in the Figure 24. It is combining the 

functions of the old confectioning line and the cutting unit. It has a set-up of four let off 

units, winding station, cutting unit and a conveyor belt which is supporting the carcass. 

This set-up makes it possible to build 4-ply carcass in one drive including the cutting of 

the edges. In the cutting unit is the main doubling rolls and within the line there are four 

pre-doubling rolls to ensure the fabric plies are pressed on top of each other. In the new 

line, there is an automated edge guiding system which makes it possible to align the sep-

arate fabric plies either to the center of the line or to follow one of the edges. The edge 

guiding system is based on infrared sensors which are detecting the fabric edge and keep-

ing it in the wanted position by controlling the movements of let offs via PLC program. 

Thanks to the edge guiding system the new line can reach edge aligning tolerance of +/- 

5 mm. The cutting unit of the line has rolling blades which makes it possible to cut nar-

rower edges, down to 15 mm per side.  
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4.3 Carcass building methods 

In the case company the building of a conveyor belt carcass can be done either in a 

straightforward manner or by splitting the skimmed fabrics before confectioning.  

1. Straightforward 

• e.g. using 1230 mm width fabrics to produce 1200 mm belt 

• the separate skimmed fabric layers are aligned on top of each other in 

the confectioning line and the carcass is cut after confectioning (or 

within the confectioning) 

  

2. Splitting 

• e.g. using 1230 mm width fabrics to produce 400 mm belt  

• the skimmed fabric is first split to plies e.g. 3*400 mm and after split-

ting the plies are aligned on top of each other at the confectioning line    

 

One possibility is also to produce a wider belt and cut it to pieces after finishing if it is 

delivered with cut edges. The width of the built carcass is depending on the characteristics 

of the finished belt, whether there are edge strips included or not, or how thick the covers 

are. 

4.4 Scrap 

The Non- Quality Costs (NQC) are defined in the case company as costs which occur 

when there is some wasting during the production process. The NQC’s include waste of 

material, time and energy and the wastes caused by suppliers and customers. The NQC’s 

are divided to five categories in the case company, supplier complaints, customer com-

plaints, process related scrap, process unrelated scrap and rework. This work focuses on 

the scrap and specially to the process related scrap and material waste.  

The process unrelated scrap is defined as any waste occurring when something unex-

pected happens in the production process e.g. failures/mistakes leading to scrapping of a 

whole product, semi-finished product or raw materials.  The process related scrap can be 

considered as planned scrap, meaning it is though as necessary waste which is needed to 

produce quality products. The limitations set by machinery and humans operating the 

machines have a direct connection to the process related scrap, it is a question of “How 

much we need to have an extra width/length on our production process to obtain the 

desired quality?”. The different types and portions of scrap resulting from the production 

process are presented in the Figure 25, based on the figures from the year 2017. The 

portion between different scrap categories are on the case company on average 75 % of 
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related and 25 % of unrelated scrap, when the unvulcanized and vulcanized waste in con-

sidered. The share between categories was calculated as an average from the last 6 months 

scrap values. 

 

Figure 25. Scrap types and portions in the case company, 2017 

The division on the unvulcanized and vulcanized waste from the different production 

steps are presented in the Figure 26. The biggest part of the waste, in both types, is coming 

from the confectioning and cutting departments which are treated as a one source of 

waste. The detailed content of the waste from the separate source departments is presented 

in the Figure 29 and specified in the following sub chapters.  

 

Figure 26. Unvulcanized and vulcanized waste from production processes  
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The scrap categories (process related/ process unrelated) and the division rules between 

them are presented in the next sub chapters. The present monitoring system and scrap 

calculation method is also stated.   

4.4.1 Process related scrap 

As mentioned earlier the process related scrap is planned scrap which is determined by 

the process limitations and quality requirements. In the textile conveyor belt production, 

the major part of process related scrap consists of the edges which are cut away during 

the carcass building process. The width of the cut edge is depending on the used fabric 

width (inventory content/ planning) and the limiting factors in the production process 

concerning machinery and operator capabilities (confectioning/cutting steps). There are 

both unvulcanized and vulcanized edge waste, unvulcanized from the carcass building 

step and vulcanized if the belt is delivered with cut edge and finalized in the cutting de-

partment after inspection. 

Second big portion of the process related scrap are the beginnings/ ends of the belts and 

the produced overlength. Overlength in this work is considered as the excess length re-

maining after taking the ordered/delivered length and a test piece away (taken from every 

produced belt). The process needs some excess length to ensure that the whole belt is 

reaching desired quality, approximately 0,5 m of both the beginning and the end is unus-

able. When delivering belts from FG inventory they can be cut from longer belts and in 

the end, there might be left a belt end which is too short for any conveyor. This end of the 

belt is considered as process related scrap if it is under 10 m long. The process related 

scrap is grouped as following currently:  

1. Scrap from confection: Skimmed overlength 

2. Scrap from cutting: Edges and beginnings/ ends 

3. Scrap from vulcanization: Overflow 

4. Scrap from inspection: Beginnings/ends and overlength 

5. Inventory scrap: Scrapped under 10 m belts. 

 

The different parts of a conveyor belt scrap are visualized in the Figure 27. The test piece 

marked to figure is not considered as process related scrap, because it is considered as a 

part of the delivered belt.  
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Figure 27. Different scrap parts of a conveyor belt  

4.4.2 Process unrelated scrap 

When something unexpected happens and production process won’t proceed as planned 

the resulting scrap is considered as process unrelated. The raw materials (fabrics and 

compounds) might be out of date, damaged somehow or be poor quality because of some 

other reason. There might be some error in the production process caused by machinery 

malfunctions or human mistakes in operating the machines. The process unrelated scrap 

is currently grouped under three sections: 

1. Order scrap: scrap caused by production process failures 

2. Inventory scrap: scrapped raw materials and over 10 m belts 

3. Scrap from the calendaring process. 

4.4.3 Scrap monitoring system and calculations 

The total scrap costs consist of raw material, working and machine costs. One cost cate-

gory also resulting from the scrap are the disposal costs, which are also considered in this 

work. This work concentrates mainly on material costs, the wasted raw materials and the 

resulting disposal costs of them.  

Information on scrap is collected in the case company by two methods, weighting the 

waste from production and using the information entered to/gained from the SAP system. 

The waste resulting during the production process is classified by its source department 

and type (vulcanized/unvulcanized/energy). The weighted amounts don’t give the spe-

cific information on what sort e.g. edge, beginning, overlength the waste consist of, but 

the total weighted weight. The different main scrap sorts and types are presented in the 

Figure 29, grouped according to their source departments. There are division rules and 

decisions on how the process related/unrelated scrap is divided. The weighted waste from 

calendaring process is pointed in whole to process unrelated scrap. The scrapped belts 

from inventory are process related if they are less than 10 m and process unrelated if they 

are longer than 10 m.  
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The skimmed non-quality is marked inside brackets in the Figure 28 because depending 

on what stage it is recognized it might end up in either process related or unrelated scrap. 

The skimmed non-quality is at present taken out of system by three separate ways. By 

inventory correction, by pointing it to the work order in question when entering the fin-

ished product to SAP or by scrapping the skimmed fabrics from the WIP inventory. 

 

 

Figure 28. Scrap sources and content 

 

The starting point for the scrap calculation is the total weighted amount of vulcanized and 

unvulcanized waste from the production process. The total cost of scrap is calculated 

based on a predefined average cost for material per weight unit (combined unvulcanized 

and vulcanized). The total scrap cost calculation considers also the production costs re-

sulting from the waste. The production cost of scrap has been on average around 5 % of 

the total scrap cost. The disposal costs of different types of waste types are approximately 

4-5 % from the total cost. 
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4.5 Raw material inventories 

The RM inventories of the plant consists of two separate stocks, one for the rubber com-

pounds and one for the fabrics. The compound and fabric inventories are controlled in 

different ways, with connections to order policies, forecasts, stock control and overall 

target values and KPIs. In this work the focus is on fabric inventory and its content be-

cause with effective fabric usage the compound usage is automatically also more effec-

tive.  

Fabric inventory is followed with unique batch codes pointed to every roll at arrival. They 

are added to the SAP system to the specific stock spot where they are placed. The fabrics 

have specified item codes based on quality, dimensions and the supplier. Whereas the 

compounds are stocked as total weight with no specific batch coding (Figure 29). The 

compounds are placed on predetermined spots at the stock floor and they have their item 

codes, weight and color-coded signs attached to every pallet. The color-codes mentioned 

earlier represents the arrival month of the material, and these are added so utilizing the 

FIFO (first-in-first-out) principle is easier. The stock life of a compound is limited to 

around from 1 month to 6 months, depending on the compounds ingredients.  

 

 

Figure 29. Item information on stock 

 

4.5.1 Fabric purchases 

There are approximately 150-200 different fabric items in the stock generally. Some of 

these separate items represent the same qualities and dimensions because every supplier 

has their own item codes. The length of stocked fabrics varies from less than 100 meters 

to up to 10 kilometers per item class.   
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Some of the fabrics are purchased based on conveyor belt orders and some are purchased 

based on days on hand volume and demand forecasts. The EP125 and EP160 qualities are 

purchased and stock level maintained based on the demand forecast and the days on hand 

metric, keeping on stock around 2,5 months’ supply for production. From the total con-

sumption of the year 2017, the EP125 and EP160 fabric qualities covered roughly 75 % 

of the volume and presented approximately 50 % of the total value on used fabric mate-

rials. 

EP125 and EP160 qualities are currently purchased repeatedly within seven different 

widths, plus some additional widths occasionally if needed. The fabric suppliers lead time 

varies within 6-10 weeks, which sets challenges for placing the purchase orders to correct 

timeframe as the conveyor belt average lead time is currently 8 weeks, and target is to 

reduce it. There are also some additional qualities which are kept in stock always at some 

level to be able to respond flexibly to customer demands and these are based on defined 

minimum stock limits. The inventory levels of separate items are also affected by the 

limitations of the minimum order quantities, which leads to having extra stock with some 

items.  

4.5.2 Fabric usage and inventory content 

On the average the total consumption of fabrics is monthly around 30000-40000 meters. 

In the case company most of the conveyor belts are produced within the EP125 and EP160 

fabrics as stated earlier. The fabrics on the stock can be roughly divided to three groups 

based on their inventory turns, all containing around one third of the stocked fabrics. 

1. Fast turners, which are continuously used in production.  

2. Slow turners, which are used rarely, but are still essential. 

3. Zero turners, which have become obsolete for the current conveyor belt produc-

tion. 

 

The fast turners are reaching and exceeding the set inventory turn target, getting annual-

ized inventory turn values higher than 4 turns per year. Slow turners are turning between 

1-3 times per year and zero turners have been on stock for longer periods without any use 

of them.  
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5. RESULTS AND DISCUSSION 

The following chapter is presenting the achieved results. The chapter is divided into five 

sections, each pointing out different types of results. First section is describing the out-

comes concerning the scrap quantities and content. Second section is focusing on the 

scrap monitoring and calculation system. Third section is dealing with the made invest-

ments and the possibilities they offer for material use reduction. Fabric pre-processing 

possibility is presented in the fourth section, and the feasibility of ultrasonic cutting equip-

ment is viewed. The fifth section presents alternative options for adjusting the fabric stock 

and fabric processing in order to reach more efficient material usage and cost savings.  

5.1 Scrap information  

The process related scrap as a target object of the work was analyzed further to gain in-

formation on where and what the scrap exactly consists of. The scrap resulting from sep-

arate production steps was taken into closer examination. The portions between different 

departments and scrap types of process related scrap from the production process are pre-

sented in Figure 30.  

 

Figure 30. Process related scrap from production process 

The confectioning and cutting departments presents the biggest portion of both unvulcan-

ized and vulcanized scrap types. The unvulcanized scrap from confectioning and cutting 

lines consists of cut edges from carcass building step (cutting) and from skimmed over-

length (confectioning) which is produced in the first calendering step. Because the con-

fectioning and cutting lines are treated as a one source of scrap in the scrap monitoring 

system, it was necessary to find out how the scrap is divided between different scrap sorts 

in these departments.  
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A “Scrap follow-up” check sheet (Appendix A) was created to follow up the resulting 

scrap from the confectioning process step. The target for the check sheet was two folded. 

First the resulting amounts of skimmed overlength was to be found, so the difference 

between edge and skimmed overlength scrap could be defined. Second target was to fol-

low up how precisely the work order plan is followed by the operators. The operators 

were instructed to fill in the sheet and measure the length of the skimmed fabrics thrown 

away during the carcass building process step. The skimmed fabrics shorter than 0,5 m 

were left outside the follow-up sheet, because they were considered as unavoidable scrap. 

The operators also filled in the desired work length from the work order and the length of 

the built carcass. The results of the Scrap follow-up are presented in Table 1. The follow-

up included 56 carcasses built at the confectioning lines.      

Table 1. Results of scrap follow up 

 

The total amount of skimmed overlength in 2017 was estimated based on the average 

square meters of skimmed overlength per order (calculated from follow-up), the average 

weight of skimmed fabric (Appendix D) and the number of produced belts in 2017. The 

unvulcanized scrap from the confectioning and cutting lines was divided to edges and 

skimmed overlength by the following portions presented in Figure 31. The check sheet 

showed that work orders are followed quite well, the longer carcasses than desired work 

order length were mainly conveyor belts which can be utilized with the total produced 

length.  

 

Figure 31. Unvulcanized scrap from confectioning/cutting lines 

 

Average skimmed overlenght per order 3,3 m

Average skimmed overlenght per order 3,9 m^2

Carcass lenght same as work lenght 50,0 %

Carcass lenght longer than work lenght 16,1 %

Carcass lenght shorter than work lenght 33,9 %
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The cut edge from the carcass building process step is presenting the largest individual 

portion of the process related scrap, and because of that it was taken as main target.  The 

edge itself consists of fabric and skimming compound with distribution of 41,3 wt% of 

fabric and 58,7 wt% of skimming compound which is defined in Appendix D.  

5.2 Scrap monitoring system 

During the research some gaps were found in the information gathering system and in the 

data processing practice. When the weighted amounts of waste were compared to the 

invoiced disposal information, a difference between the weight data was noticed, the in-

voiced disposal values as being higher.  

This indicated that some of the waste goes to the dumpsters without performing the 

weighting. Reasons for the differences were investigated by interviewing employees in 

all organizational levels and some explanatory factors were found. A cause-and-effect 

diagram was made based on the findings presented in Appendix B.   

5.3 Realized investments and their advantages 

The made investments have positive influences on the material usage possibilities in the 

plant. The new confectioning line makes it possible to align separate fabric plies on top 

of each other with the accuracy of +/- 5 mm, which enables the use of cut-to-size fabrics. 

The rolling blades in the cutting unit of the new confectioning line can cut edge with only 

15 mm width per side, which makes it possible to use generally narrower fabrics than 

with the older machinery (Table 2).   

Table 2. Ply alignment and cut edge sizes    

 

The new confectioning line is improving the material processing capabilities within the 

two most limiting factors present, edge aligning (improvement 83,3 %) and size of the 

cut edge (improvement 57,1 %). The automated fabric/carcass centering feature in the 

movable let off unit in the calendering line is improving the process control. The solid 

edge system under structure, affects to the material usage possibilities after the imple-

mentation stage is passed.  The system widens the range of products which can be made 

from cut-to-size fabrics. 

Old 

confectioning 

line

Separate

cutting 

unit

New

confectioning 

line (with cutting)

Improvement 

with new 

conf. Line %

Ply alignment (+/- mm) 30 - 5 83,3

Cut edge minimum (mm) - 35 15 57,1



49 

5.4 Pre-processing of the fabrics  

One of the research questions was to find and evaluate possibilities to prevent the late 

scrap occurrence with pre-processing (cutting) of the fabrics. The idea behind fabric pre-

cutting is that with the option to cut each fabric depending on the specific work order the 

skim rubber savings could be optimized. A quality requirement for the edges of fabrics 

used in the textile conveyor belt production is the sharpness, fraying or unraveling of the 

yarns are not allowed (Figure 32). Frayed or unraveled yarns can cause difficulties in the 

next processing steps by disturbing the edge aligning sensors or by pushing through from 

the sides of the belt in the vulcanization step causing quality problems and repairs.   

 

Figure 32. Frayed edge of a fabric 

The pre-processing could be organized in two different ways, within the calendering step 

of skimming the fabrics or as a separate cutting unit. The emphasis is on the possibility 

to integrate the pre-processing into the existing calendering line. This way creating a to-

tally new process step could be avoided. Several suppliers were found who were describ-

ing their ultrasonic technologies to fit for the cutting of industrial textiles. Test samples 

were sent to one supplier. Tests were performed with three different fabric qualities: 

EP125, EP160 and EP200. The test samples were chosen from the most used fabric qual-

ities in the plant (EP125 and EP160) and EP200 was chosen to represent a thicker fabric 

quality. Objectives of the tests were to find out if the technology and equipment would 

be suitable for the specific conveyor belt fabrics and to estimate the reachable cutting 

speed. The results from the tests performed by the supplier are presented in the Table 3.   

Table 3. Results of ultrasonic cutting tests 

 

The results indicate that the tested ultrasonic technology is suitable for conveyor belt fab-

rics and the desired quality can be reached (Figure 33). However, the recommended cut-

ting speed is setting limitations. The tested equipment can’t be integrated to the existing 

calendering line because the requirement for the cutting speed is close to 30 m/min which 

is the maximum speed of the calendering line.  

Test sample
Quality of 

cut edge

Maximum 

speed (m/min)

Recommended 

speed (m/min)

Ultrasonic set

No. 1/ No. 2

EP125 Good 2 1 No. 2

EP160 Good 6 2 No. 1

EP200 Good 6 2 No. 1
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Figure 33. Cut edge quality with ultrasonic equipment 

The different fabric samples sent to the tests couldn’t all be cut with the same equipment. 

The EP125 fabric required different set of equipment than the EP160 and EP200 fabrics 

to reach the desired quality of the cut edge. Investing to these equipment sets would re-

quire setting up a totally new process step to the production chain, with two types of 

equipment. When monthly consumption of fabric is around 35 km (in which 39 % is 

EP125) the time required for the cutting would be monthly 173 hours, considering the 

maximum speeds and that all the fabrics would be pre-processed. Using this type of equip-

ment would require one additional employee. 

5.5 Reducing the process related scrap 

In the following section, options and their potential for reducing the process related scrap 

are presented. The calculations are based on the produced belts from 2017 (Appendix C) 

and the 2017 scrap quantities. The made assumptions and decisions for the used constants 

in calculations are presented in Appendix D. The produced belts from 2017 were divided 

by their carcass building methods with shares of straightforward (62,5 %) and splitting 

method (37,5 %) (see Chapter 4.3). The EP fabrics, as reinforcement fabric, presented 89 

% of the produced conveyor belts and the shares of different EP qualities are presented 

in Figure 34.   

 

Figure 34. Produced belts in 2017 and fabric qualities  

 



51 

The first scenario is changing all fabrics as 2 cm narrower. The fabric purchases are not 

limited by the width, which makes it possible to purchase fabrics with any desired width. 

The width tolerance of current fabric suppliers is -0/+2 cm. And on almost all cases the 

delivered fabrics are 2 cm wider than the nominal width. In this scenario it is expected 

that the delivered fabric width will be 2 cm wider also with narrower fabrics (as will be 

expected also in the following scenarios). This scenario doesn’t require changes in the 

current production process and it doesn’t set limitations on the used machinery.        

Second scenario proposes to change 40 % of the fabrics as 2 cm narrower and 60 % with 

5 cm narrower width. This scenario assumes that 60 % of the belts are produced using the 

new confectioning line, which allows to cut 15 mm edges per side.  

Third scenario assumes that 35 % of the produced belts can be made with cut-to-size 

fabrics without the need for any cutting in the processing chain. The basis for the possi-

bility of using the cut-to-size fabrics is on the new confectioning line and its ability to 

align the plies accurately on top of each other. The use of cut-to-size fabrics is also de-

pendent on the edge building method. Depending on the type of the edge covered belt, 

the possibility to use cut-to-size fabrics varies. For the rest of the fabrics a decrease of 2 

cm in the width is considered.  

Fourth scenario for scrap reduction considers that the planned solid edge system (cur-

rently under structure) is fully implemented. If the edges can be made during the cover 

calendering step carcass widths can be unified more and the possibility to use cut-to-size 

fabrics increases to from 35 % to 65 % of the produced belts. For the rest of the fabrics 

decrease of 2 cm is calculated.  

The scrap reduction potentiality of the separate scenarios is presented in Table 4. The 

values in the table are considering the reduction of both fabric and skim compound. Total 

cost savings of different scenarios are presented in Appendix E.  

Table 4. Scrap reduction-% of different scenarios 

 

A big part of the scrap reduction potential is lying on the minimization of the cut and 

wasted edges in the carcass building step. To reduce the width of skimmed fabric the 

Fabric changes
Scrap reduction-%

of total scrap 

Scrap reduction-% of total

unvulcanized scrap 

Scrap reduction-%

of process related scrap from 

production processes 

Scenario 1 2 cm narrower fabrics (all) 13,2 19,5 15,0

Scenario 2
40 % 2 cm narrower

60 % 5 cm narrower
25,1 37,0 28,5

Scenario 3
65 % 2 cm narrower

35 % cut-to-sized
27,1 39,9 30,7

Scenario 4
35 % 2 cm narrower

65 % cut-to-sized
39,0 57,4 44,2
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fabrics can be either purchased as narrower or the width could be adapted to suitable 

width with pre-cutting process. If the fabrics are cut at the plant, the cut fabric edges end 

up to energy waste, and the skim rubber amount corresponding to the fabric waste is 

saved. The portion of the saved skim compound individually of all process related scrap 

within the different scenarios are presented in Table 5. 

Table 5. The skim compound usage reduction within different scenarios 

  

Skim compound reduction-% of process related 
scrap  

from production processes (kg) 

Scenario 1 8,7 

Scenario 2 16,6 

Scenario 3 17,9 

Scenario 4 25,8 

 

Both approaches have their advantages and weaknesses viewed in Table 6. The predicted 

influences on stock control, scrap and production process controllability of the two dif-

ferent methods aiming to material usage reduction are evaluated. The product range is 

wide which makes it difficult to find the exact divisions within the different widths, basic 

and narrower fabrics. Extending the inventory with new dimensions would increase the 

inventory ordering costs and the overall holding costs. But then again, the increase in 

different dimensions in inventory would decrease notably the resulting scrap amounts.  

If fabric pre-processing is considered, unless a suitable equipment to integrate within the 

calendering line isn’t found, a totally new and separate process step is created. A new 

process step requires additional work force and production planning to be more ahead. 

One advantage of the pre-cutting possibility is that the number of the different fabric 

widths wouldn’t increase. Possibly the number might even be reduced. It is assumed that 

with smaller width range of the fabrics the working capital tied up in the fabric inventory 

could be reduced and inventory turns increased by optimizing the inventory levels. 

 

Table 6. Influences of stock changes and fabric pre-processing  

 

 

 

Inventory 

turns

Tied up working 

capital in inventory

Different 

dimensions

in stock

Fabric Unvulcanized
Process 

steps
Control

Stock changes

Fabric pre-processing

Stock control Scrap Production process
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Short analyses were made on the impacts to the fabric inventory if separate widths per 

quality would be reduced within the most used fabric qualities. First option viewed, was 

decreasing the separate fabric widths from 7 to 4 within the both EP125 and EP160 qual-

ities (Appendix F). Another analysis was made to evaluate the influences if 3 less used 

fabrics (within the EP125 and EP160 width range) would be taken off from the inventory 

(Appendix G). The analyses assumed that the fabrics can be pre-processed to suitable 

width and the lost fabric due to width changes was compared to the possible advantage 

gained from reducing the inventory value and investing the money to somewhere else. 

The required inventory value decrease was calculated to gain the defined return on in-

vestment (ROI) comparable to lost fabric.  

The first analysis showed that the reduction of separate fabric widths within the EP125 

quality is not possible with the chosen new width range (from 7 to 4). The cost of lost 

fabric is higher than the required return on investment of the whole inventory value.  The 

reduction of EP160 widths with the chosen width range is not feasible either. To gain 

required advantage of the decreased inventory value invested somewhere else would re-

quire reduction of 73 % of the inventory value. The second analysis showed that decreas-

ing only the 3 less used widths from the fabric inventory could be profitable and feasible. 

The influence of decreasing one width from EP125 quality could be profitable if the value 

of inventory could be reduced with 6 %. Within the EP160 quality taking two widths of 

from the inventory could be profitable if inventory value could be reduced with 35 %. 

The results are suggestive and gives starting point for more accurate calculations. These 

analyses considered only the impacts on materials and inventory value. Other related mat-

ters as needed processing time and cost were not considered.      

The presented calculations include assumptions and constant values based on averages. 

This can cause uncertainties in the gained results and they should be treated as suggestive 

results. Because the calculations are based on average values of the EP125 and EP160 

fabrics the actual saving potential can be higher due to the higher prices of the special 

fabrics and stronger EP fabrics. The discontinuities in the scrap information system also 

states that the actual saving potential is higher than in the presented calculations. It needs 

to be also considered that the used data was from year 2017. Some products might be 

produced rarely than every year and the proportions between different types of products 

may vary yearly. 
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6. CONCLUSIONS 

The minimization of the used resources, while maintaining high quality of products, is a 

continuous target of the manufacturing industry. Sustainability is one of the keywords of 

the modern companies and the efficiency of material usage is an important development 

object as Lean philosophy also states. In a textile conveyor belt production, the material 

costs are representing a great deal of the overall product costs. Inventory control is also 

playing a big role in the whole material processing chain. With maintaining raw material 

inventory the desired service level can be reached, but as a trade-off it ties up a remarkable 

part of the manufacturing company’s working capital.  

The research questions of the work were set as follows:  

• How can the amount of process related scrap be reduced? 

• What possibilities the recently made investments offer for material use reduction? 

• Are there options to prevent late scrap occurrence with raw material pre-pro-

cessing? 

 

Options for ensuring an optimized material processing through the whole material pro-

cessing chain were identified within the case company. The present state of the case com-

pany was examined, and improvement ideas were generated concerning both information 

gathering and processing system and the actual raw material usage. The largest part of 

the case company’s process related scrap inside the production process is resulting from 

the confectioning and cutting process steps. The scrap from these departments is consist-

ing mainly of the cut scrap edge, which is presenting 60,0 % of the total process related 

scrap from production process and was taken as the main optimization target of the work.  

Manual ply alignment in the old confectioning line and the standing knives in the cutting 

unit are the two main factors that have been limiting the used fabric width in the produc-

tion process and affecting to the high quantity of scrap edge. New investments have been 

carried out in the plant recently and with these investments the prior limiting factors can 

be overcome. The new confectioning line improves the edge aligning accuracy to +/- 5 

mm (improvement 83,3 %) and makes it possible to cut edges of 15 mm (improvement 

57,1 %) with the integrated cutting unit in the line. New movable let off unit at the calen-

dering line improves the process controllability, and the solid edge system under con-

struction will have great influences on the material usage possibilities as it makes it pos-

sible to use cut-to-size fabrics within wider product range.  

Two approaches for reducing the edge scrap were considered, adjusting the fabric stock 

and pre-processing of the fabrics. For pre-processing an ultrasonic cutting technology was 
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found to be a feasible option to cut industrial textiles. Test samples were sent to one sup-

plier and the quality of the ultrasonically cut edge was proved to be good. The speed of 

the ultrasonic cutting with the tested equipment turned out to be too slow for the integra-

tion with the existing calendering line. Implementation of this type of equipment would 

require setting up an additional process step, which would be against Lean principles. 

New process step would lead to over-processing as taking an unnecessary processing step 

and to other waste types (e.g. transportations). Further research on the ultrasonic cutting 

possibilities and equipment is however recommended, to find out if there exists a better 

solution. Suggested approach for reducing the process related scrap is adjusting the fabric 

stock content. If the used fabrics can be optimized by the width dimensions with pur-

chases, the resulting cost savings are higher. Then the fabric waste from cutting and the 

additional costs of pre-processing are avoided. 

Different scenarios for the scrap reduction were presented in the work, considering the 

current possibilities and the opening options when also the under-structure investments 

are fully implemented. The process related scrap can be reduced within the scenarios by 

15 % to 45 % with adjustments in the used fabric widths. For the current situation the 

recommended approach is to start purchasing the fabrics generally 2 cm narrower, as the 

process enables their use without any restrictions. In addition, it is recommended to pur-

chase part of the widths of 1030 mm and 1230 mm (within both EP125 and EP160) as 5 

cm narrower, because the new confectioning line enables their use. Increasing inventory 

doesn’t follow Lean principles but in this case the achieved scrap reduction is considered 

more significant. A future vision is to use cut-to-size fabrics always when the carcass is 

built in a straightforward way. This requires a functioning solid edge system at the calen-

dering line. With cut-to-size fabrics the reduction potentiality of process related scrap is 

highest, because with using those fabrics the occurrence of scrap edge can be totally 

avoided. 

This work concentrated on the width-dimension of the conveyor belt production as it pre-

sented the greatest optimization potential. The length-dimension of the conveyor belts 

could be taken into closer focus in the future. Vulcanized waste from the production pro-

cess presented 36,1 % of the process related scrap, consisting of belt ends, beginnings, 

edges and produced overlength, which is considered as the worst type of the Lean wastes. 

There might be some potential for reducing the length of the produced belts. A starting 

point for the reduction process could be collecting information on the current quantities 

of the produced overlength. There already exist a system for collecting the information, 

but the practice should be taken into use. All factors affecting to the length should be 

examined, for example shrinkage characteristics of different fabrics and the impacts of 

different processing parameters. 

The inventory optimization is also one of the recommended future research topics for the 

case company. The raw material inventories could be re-evaluated for finding possibilities 

to reduce the tied up working capital and increase the inventory turns. For the inventory 
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optimization, models of economic order quantity and quantity discount could be utilized. 

The adequate inventory levels and order cycles for individual fabrics could be defined. 

The models could be utilized for the EP125 and EP160 fabrics which are kept in stock 

based on the days on hand metric. The visibility of the production process and inventory 

control could be also improved with real time information on the RM and WIP invento-

ries. This could be achieved by developing the manufacturing execution system (MES) 

further, with for example batch-coding the rubber compounds and adding signings and 

data entries inside the process.   

The recommended actions and development targets for the case company are round up in 

the Figure 35. Improvement actions are grouped by actions concerning scrap monitoring 

and calculation practices, inventories and the production process.  

 

Figure 35. Improvement actions towards more efficient material processing  

 

Figure 36 presents a roadmap to a more efficient material processing. It describes the 

magnitude of different actions to the efficiency of material processing. The approximated 

resource intensity of different actions is estimated by scaling needed person resources 

between days, weeks and months. The arrows in the graph are representing the execution 

order of the future actions. The dotted arrow from Developing further the solid edge cover 

system means that the following actions should be performed again after the system is in 

use. Choosing the fabric stock strategy includes the decisions on which fabrics are 

changed, to which dimensions and when. 
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Figure 36. Roadmap to scrap reduction and optimized inventories 

 

The initially set target for the research was to find possibilities to reduce the amount of 

process related scrap by 20 %. With the scenarios presented in the work, the target can be 

reached.  
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