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Sammanfattning 

Exir (Wuxi) Technology Co. Ltd. har ett avtal med ett svenskt industriföretag, Kunden, 

omfattande tillverkning och leverans av industridammsugare för den globala marknaden. 

Många av de dammsugare som levereras till Kunden är utrustade med ett patenterat 

säcksystem, en dammsugarpåse. Detta är huvudprodukten hos ett svenskt tillverkande 

företag, Leverantören. Inom en snar framtid kommer detta att vara den enda del av hela 

produkten som Exir inte är leverantör av, en situation som de vill ändra på. Det var detta 

problem som låg till grund för det här examensarbetet.  

Syftet med detta projekt var att ge Exir möjligheten att leverera ett komplett produktpaket till 

Kunden. Målet var att utveckla ett manuellt manövrerat, mekaniskt packningshjälpmedel som 

kan tillverka en dammsugarpåse jämförbar med Leverantörens säcksystem. Examensarbetet 

var att anse avklarat vid överlämnandet av ritningar för en föreslagen lösning. Men i mån av tid 

och beroende på lösningsförslaget, så skulle en prototyp eller modell tillverkas och utvärderas. 

De metoder som använts i detta examensarbete baserades på de förfaringssätt som 

formulerats av Karl T. Ulrich och Steven D. Eppinger. Deras tillvägagångssätt har inte följts 

minutiöst, utan har anpassats för att passa projektets behov. Arbetet inleddes med 

informationssökning och formuleringen av en PDS (produktspecifikation). Detta ledde till en 

konceptgenereringsfas där tillslut sex koncept stycken valdes ut. Koncepten sållades och 

utvecklades tills dess att endast ett kvarstod. Detta vidareutvecklades till en färdig lösning. 

Resultatet var en komplett uppsättning ritningar av en maskin avsedd att vika en polyetenslang 

till en dammsugarpåse som kan fästas på dem industridammsugare som monteras av Exir. Det 

är en helt manuell apparat som lätt kan automatiseras. Maskinen har utrustats med flera 

inställningsmöjligheter för att öka funktionalitetssannolikheten utan att behöva 

omkonstrueras. En prototyp har tillverkats enligt dessa ritningar och en första 

vikningstestkörning har utförts vilket resulterade i en lista med rekommendationer för 

framtida justeringar och tester. 
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Abstract 

Exir (Wuxi) Technology Co. Ltd. has an agreement with a Swedish industrial company, the 

Client, scope of business being manufacturing and delivery of industrial vacuum cleaners for 

the global market. Many of the vacuum cleaners delivered to the Client are equipped with a 

patented bag hose system, a dust extractor bag. This is the main product of a Swedish 

manufacturing company, the Supplier. In the Exir plant these bags are attached to the 

assembled industrial vacuum cleaners before delivery to the Client. In the near future this will 

remain the only part of the complete product that Exir is not the supplier of, a situation they 

wish to rectify. This was the basis of the problem handled in this master thesis.  

The purpose of this project was to provide Exir with the possibility of supplying the Client with 

a complete product package. The goal was to develop a manually operated, mechanical 

packing appliance able to fabricate a bag comparable to the Supplier’s bag hose system. The 

master thesis was to be considered complete on delivery of drawings for a proposed solution. 

However, time and solution permitting, a prototype or model was to be manufactured and 

evaluated. 

The methods used in this master thesis project were based on the procedures devised by Karl 

T. Ulrich and Steven D. Eppinger. Their techniques have not been followed meticulously; 

rather, they were adapted to fit the needs of the project. The project started with an 

information gathering phase and the definition of a PDS (product design specification). This led 

to a concept generation phase from which six concepts were chosen. These were screened and 

developed until only one remained. This final concept was then further developed into a final 

design. The outcome was a complete set of plan of a machine designed to fold a polyethylene 

hose into a bag that can be fitted on the industrial vacuum cleaners assembled by Exir. It is a 

completely manually operated appliance but can easily be automated. The machine has been 

fitted with numerous adjustment possibilities to raise the probability of functionality without 

the need for redesigning. A prototype was manufactured according to these plans and a first 

folding test run was performed. As a result a list of recommendations for future adjustments 

and tests was formulated. 
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Expressions and Terms 
During the course of the project some particular abbreviations and specific terminology was 

used, the list below clarifies the meaning of those most relevant. The names of clients and 

suppliers to Exir (Wuxi) Technology Co., Ltd. have been omitted from the report upon request 

and as such no references to information derived from these sources have been given. The 

information was deemed irrelevant to the master thesis project and had no affect on its 

outcome. 

 

PDS   – Product design specification. 

KTH   – Kungliga Tekniska Högskolan (Royal Institute of Technology) 

Exir  – Exir (Wuxi) Technology Co., Ltd. 

RMB – The Renminbi is the official currency of the People's Republic of 

China (PRC). 

Client  – A Swedish entrepreneurial industrial company. 

Supplier  – A Swedish manufacturing company. 

Bag – A bag hose system, an endless and flexible dust extractor bag 

for dust free bag changes, delivered in a cassette and produced 

by the Supplier. 

Company 1 – A Chinese manufacturing company previously hired by Exir. 

Company 2 – A Chinese manufacturing company with experience in machine 

manufacturing. 

 

http://en.wikipedia.org/wiki/Currency
http://en.wikipedia.org/wiki/People's_Republic_of_China
http://en.wikipedia.org/wiki/People's_Republic_of_China
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1 Introduction 
This chapter presents the background

description as well as the method, goal, purpos

1.1 Background 
The Exir Group is a Swedish company with headquarters located in Värnamo, Sweden. In 2004 

the Exir Group board of directors decided to expand to the East and the following year a 

decision to set up a new plant was formulated with the objective to increase and extend 

manufacturing capabilities in China. In 2006 Exir (Wuxi) Technology Co. Ltd. was awarded its 

Business License and was established in Wuxi

purchasing of components and assembly. Since then it has grown and by early 2010 it 

comprised over 100 employees and had a budgeted turnover of 60 M

As a contract manufacturer Exir signed an agreement in 2009 with a Swedish entrepreneurial 

industrial company, henceforth known as the 

design, manufacturing and delivery of industrial vacuum cleaners and air scrubbers for the 

global market. This master thesis wa

1.2 Problem Definit ion

Many of the industrial vacuum cleaners delivered to the Client are equipped with a patented 

bag hose system for dust free bag changes. This is the main product of a Swedish 

manufacturing company, henceforth known as the 

as a cassette as shown in Figure 1 below.

Figure 1.

In the Exir plant the bags are attached to the assembled industrial vacuum cleaners before 

delivery to the Client, as depicted in Figure 2 with the bag mar

1 

background of the commissioning company and the problem 

method, goal, purpose and delimitations of the master thesis project

The Exir Group is a Swedish company with headquarters located in Värnamo, Sweden. In 2004 

the Exir Group board of directors decided to expand to the East and the following year a 

up a new plant was formulated with the objective to increase and extend 

manufacturing capabilities in China. In 2006 Exir (Wuxi) Technology Co. Ltd. was awarded its 

Business License and was established in Wuxi; its operation primarily focused on 

sing of components and assembly. Since then it has grown and by early 2010 it 

comprised over 100 employees and had a budgeted turnover of 60 MRMB for 2009. 

As a contract manufacturer Exir signed an agreement in 2009 with a Swedish entrepreneurial 

al company, henceforth known as the Client. The scope of business 

design, manufacturing and delivery of industrial vacuum cleaners and air scrubbers for the 

bal market. This master thesis was defined within this business. 

ion  

Many of the industrial vacuum cleaners delivered to the Client are equipped with a patented 

bag hose system for dust free bag changes. This is the main product of a Swedish 

manufacturing company, henceforth known as the Supplier. It is a folded plastic

as a cassette as shown in Figure 1 below. 

 

Figure 1. A dust extractor bag cassette. 

plant the bags are attached to the assembled industrial vacuum cleaners before 

delivery to the Client, as depicted in Figure 2 with the bag marked 1. 

of the commissioning company and the problem 

of the master thesis project. 

The Exir Group is a Swedish company with headquarters located in Värnamo, Sweden. In 2004 

the Exir Group board of directors decided to expand to the East and the following year a 

up a new plant was formulated with the objective to increase and extend 

manufacturing capabilities in China. In 2006 Exir (Wuxi) Technology Co. Ltd. was awarded its 

operation primarily focused on the 

sing of components and assembly. Since then it has grown and by early 2010 it 

for 2009.  

As a contract manufacturer Exir signed an agreement in 2009 with a Swedish entrepreneurial 

cope of business was cooperation 

design, manufacturing and delivery of industrial vacuum cleaners and air scrubbers for the 

Many of the industrial vacuum cleaners delivered to the Client are equipped with a patented 

bag hose system for dust free bag changes. This is the main product of a Swedish 

folded plastic hose delivered 

 

plant the bags are attached to the assembled industrial vacuum cleaners before 
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Figure 2. An assembled industrial vacuum cleaner, Supplier’s bag marked 1. 

In the near future this will remain the only part of the complete product that Exir is not the 

supplier of, a situation they wish to rectify. This was the basis of the problem handled in this 

master thesis:  

The development of a mechanical packing appliance able to fabricate a bag comparable to the 

Supplier’s bag hose system.  

1.3 Purpose, Goal and Delimitations 

The purpose of this project was to provide Exir with the possibility of supplying their customer, 

the Client, with a complete product package. The goal was to develop a manually operated 

machine able to meet the requirements outlined in the formulated PDS, see Chapter 1.6 - 

Product Design Specification. The master thesis was to be considered complete on delivery of 

drawings for a proposed solution. However, time and solution permitting, a prototype or 

model was to be manufactured and evaluated. 

The development was to be solely focused on the mechanical part of a machine. If, during the 

course of the project, it became apparent that the appliance was in need of, for example, 

electrical or hydraulic components it was to be noted but not further studied. The Supplier’s 

product is used in several different business areas including attachment to numerous types of 

vacuum cleaners. However, the aim of the appliance developed in this master thesis was only 

to produce bags suitable for the industrial vacuum cleaners delivered by Exir to the Client.  

1.4 Time Specifications and Risk Analysis 

The project started in June 2010 and continued to the end of November of the same year, the 

overall work roughly represented a 20 week project. A Gantt-schedule, seen in Appendix I, was 

formulated to make sure that the project was kept on track. A risk analysis was also put 

together as a means to prepare for possible problems that might arise. The probability and 

consequence of each risk was determined and a plan of action was devised to prevent each 

risk or to minimize its impact, should it occur. The risk assessment can be seen in Appendix II. 
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1.5 Method 

The process followed the traditional product development course of action, starting with 

identifying the problem and specifying the requirements of the sought for solution. Part of the 

first phase was also to gather information related to the issue. Following this phase came 

concept generation, where ideas were encouraged to flow freely using several design 

methods. This continued until a set date when the project moved to the third phase – concept 

development and concept evaluation. This third phase was iterative and led up to one finished 

concept and eventually the final design. The fourth phase was to further improve and refine 

the chosen concept until it was possible to move on to the final phase – prototype 

manufacturing and evaluation. Listed below is a summary of the methodology used and what 

each step pertained. 

Phase 1 – Identifying the problem, forming a product design specification and information 

search 

• The Ulrich-Eppinger [1] step-by-step method, see Chapter 1.5.1 - The Ulrich-Eppinger 

Methods for more details. 

• Continuous communication with contacts at Exir, the Client and KTH. 

• Literature and internet research for related problems and sources of inspiration. 

• Empirical studies of present day solution(s). 

Phase 2 – Concept generation 

• Brainstorming sessions. 

• Simple model manufacturing. 

• Hand sketches and basic 3D computer visualizations. 

Phase 3 – Concept development, concept evaluation and final concept 

• Feasibility studies. 

• The Ulrich-Eppinger method of concept screening and concept scoring. 

Phase 4 – Development of chosen concept 

• Concept part design. 

Phase 5 – Prototype manufacturing and evaluation 

• Ordering and/or construction of parts. 

• Tests and evaluation of prototype in comparison with PDS. 

1.5.1 The Ulrich-Eppinger Methods 

Within the area of product development; there are a lot of different approaches and methods 

of how to gradually develop a new product. The methods used in this master thesis project 

were based on the procedures devised by Karl T. Ulrich and Steven D. Eppinger [1]. Their 

techniques have not been followed meticulously; rather, they were adapted to fit the needs of 

the project. For the initial phase of product development they have devised a step-by-step 

method which reduces the likelihood of costly and complicated problems. Three of these steps 

were followed in the first stage of this project. 

The first step was to clarify the problem. This consists of developing a general understanding 

of the issue at hand and then breaking it down into subproblems if necessary. For this project 

that meant identifying the needs of the packing appliance. The needs are then further clarified 

and quantified, the results of which can be seen in Chapter 1.6 - Product Design Specification. 

The next step was to conduct an external search which aimed to find existing solutions to the 
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overall problem but also to subproblems identified in the first step. Ulrich-Eppinger list five 

main sources of information to search: lead user interviews, expert consultation, patent 

searches, literature searches and competitive benchmarking. Table 1 below presents how this 

step was approached after having been adapted to the project. 

Table 1. How Ulrich-Eppinger’s second step was applied to the project. 

Source of information Description Application 

Lead user interview 

Users who experience need 

and will benefit substantially 

from a product innovation. 

In-depth interviews and 

discussions with the Client to 

define the need. 

Expert consultation 

Experts with knowledge of 

one or more of the 

subproblems. 

Numerous meetings with 

Exir in-house professionals 

and support from KTH 

supervisors. 

Patent search 

Patents are a readily 

available source of technical 

information containing 

detailed drawings and 

explanations. 

Study of Supplier’s patent 

and wide search for similar 

product patents. Results can 

be seen in Chapter 2.1 - 

Patent Search. 

Literature search 

Searching the internet or 

published literature is often 

the most efficient way to 

gather information 

Frequent and continuous 

internet searches and 

regular literature support. 

Benchmarking 

The study of existing 

products with functionality 

similar to that of the product 

under development. 

Investigation of Supplier’s 

product and possible 

competitors. 

 

The final and third step was to search internally; making use of personal knowledge and 

creativity to generate solution concepts. Ulrich-Eppinger defines the search as internal since all 

of the ideas that emerge from this step were created from knowledge already in possession of 

the team, in this case, a one-man team. Four guidelines meant to improve the internal search 

process were followed during this step. The first one was to suspend judgment, meaning that 

during the internal search, no self-criticism was allowed. The second guideline was to generate 

a lot of ideas. The belief is that the more ideas which are generated, the more likely one is to 

fully explore the solution space. The third guideline was to welcome ideas that may seem 

infeasible at first, since these ideas tend to stretch the boundaries of the solution space. The 

fourth and final guideline was to use graphical and physical media as a means to explore ideas. 

By sketching ideas or building simple models of problems or solutions one tends to get a 

deeper understanding of the subject. 

All the steps from the Ulrich-Eppinger Method presented, were combined with a method 

commonly known as the Gallery Method [2]. The idea here is that all the information, ideas 

and sketches are continuously posted on the walls around the work area. By being constantly 
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surrounded by all the available information brings about new solutions and ideas. Figure 3 

gives a picture of this method in effect during the progress of this project. 

 

Figure 3. The Gallery Method being used during the progress of the master thesis project. 

The Ulrich-Eppinger Methods of concept generation, concept screening and concept scoring 

were also used during the generation, development and evaluation phases of this project, 

phase 2 and 3. These methods are described in detail in those sections related to them, in 

Chapter 3.1 - Concept Generation, Chapter 3.2 - Concept Screening and 3.4 - Concept Scoring 

and Selection. 

1.5.2 Software 

To visualize the concepts, present the final design and produce the drawings needed, the CAD 

software Solid Edge [3] was mainly used. It was also supported by Solid Works [4], which is the 

main CAD software of Exir. The 3D rendering program HyperShot [5] and the graphics editing 

program Adobe Photoshop Elements [6], were both used as a complement to hand-drawn 

sketches to further clarify and enhance concepts. 

1.6 Product Design Specification 

A product design specification or PDS was drawn up as the initial step of the master thesis. It is 

a statement of what the not-yet-designed machine was intended to do. Its aim was to ensure 

that the design and development of the product met the needs of the commissioning 

company, Exir. The PDS detailed what was required of the product; these requirements are 

listed in the following four chapters. 

1.6.1 Description of Supplier’s Bag Hose System 

The Supplier’s bag is, according to their website, a horizontally folded three layered 

polyethylene hose. It is available in several different diameters, colors and lengths. However, 

this master thesis will solely focus on the type used by Exir. This version was measured on site, 

producing the empirical data depicted in the drawing seen in Figure 4. This information 

formulated the requirements of the bags produced by the finished machine, se Chapter 1.6.4 - 

Summary of Measurables for details. 
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Figure 4. Side view drawing of a bag hose system cassette as a result of empirical studies. 

1.6.2 Ergonomics and User Safety Requirements 

As the product initially was to be viewed as a manual instrument it should not have any sharp 

projections and it should be capable of being set up and operated with gloved hands. It should 

also pose minimum risk for the user during long- and short-term use. 

1.6.3 Aesthetics and Appearance 

The design of the product was to be aimed at a high rate of user-friendliness rather than 

appealing aesthetics, as it will solely be used within the compounds of the commissioning 

company. However, the finished product should convey a reassuring and safe appearance to 

the user. 

1.6.4 Summary of Measurables 
• Folded solution: One (1) bag is folded 85 times. 

• The folding cycle can be done 10 times without interruption. 

• Prior to compression, the hose length should be 20 m or more. 

• After compression, the bag has the following approximate measurements: 

 

- Inner diameter   = 296 mm 

- Outer diameter   = 349 mm 

- Height    = 120 mm 

  



 

2 Analysis 
This chapter aims to present the analysis part of the proje

value to the product development process.

2.1 Patent Search 

A patent search was made as a means of obtaining information on current solutions to the 

problem or similar problems. 

technical information and drawings of how other products work

concepts are already protected and thus should be avoided or licensed. 

in-depth patent search was the fact that c

coverage and in expired patents can be used without payment in royalties.

In this project the focus became to investigate the Supplier’s patent

available. The search was done electronically using the European Patent Office’s 

patent search service [7]. It provides access to patent databases from over 20 European patent 

offices, the EPO and the World Intellectual Pro

patents from around the world. 

the Supplier’s solution, thereby making their solution even more interesting in the product 

development process. Furthe

their machine and not pertaining to the bag folded by the machine. Also evident was that no 

other patent was available which solved the same problem.

The Supplier’s patent was an intricate and c

that folds the plastic hose into the bag hose system

Figure 5. A roll of the plastic 

the machine. Obse

The abstract attached to the document describe

It is a method for the manufacture of a hose package by folding a 

hose of flexible material, where th

folds adjoining one another and forming wall elements connected 

to one another. The elements are situated outside one another in 

relation to a central axis of the hose package. The device for 

carrying out the method has a fixing element and upper and 

lower folding plates in the shape of polygons. Through a 

controlled sequence of movements, the fixing elements and 

folding plates form the folds situated outside one another, and 
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chapter aims to present the analysis part of the project, depicting gathered information of 

value to the product development process. 

A patent search was made as a means of obtaining information on current solutions to the 

blem or similar problems. According to Ulrich-Eppinger [1] it is a good way to acquire 

technical information and drawings of how other products work, as well as

concepts are already protected and thus should be avoided or licensed. Further

depth patent search was the fact that concepts contained in foreign patents without global 

coverage and in expired patents can be used without payment in royalties. 

this project the focus became to investigate the Supplier’s patent and similar solutions if 

The search was done electronically using the European Patent Office’s 

It provides access to patent databases from over 20 European patent 

offices, the EPO and the World Intellectual Property Office, containing more than 60 million 

patents from around the world. It became clear that no Chinese patent had been 

the Supplier’s solution, thereby making their solution even more interesting in the product 

Furthermore, the patents that the Supplier did have were concerning 

pertaining to the bag folded by the machine. Also evident was that no 

other patent was available which solved the same problem. 

an intricate and complicated description of the machine

into the bag hose system, seen in Figure 5.  

                 

A roll of the plastic hose to the left and to the right, a bag hose package produced by 

bserve that the pictures are not in scale to one another

document described the patent as follows: 

It is a method for the manufacture of a hose package by folding a 

hose of flexible material, where the hose package consists of 

adjoining one another and forming wall elements connected 

to one another. The elements are situated outside one another in 

relation to a central axis of the hose package. The device for 

carrying out the method has a fixing element and upper and 

olding plates in the shape of polygons. Through a 

controlled sequence of movements, the fixing elements and 

folding plates form the folds situated outside one another, and 

ct, depicting gathered information of 

A patent search was made as a means of obtaining information on current solutions to the 

a good way to acquire 

 to discover what 

Further supporting an 

oncepts contained in foreign patents without global 

similar solutions if 

The search was done electronically using the European Patent Office’s (EPO) free 

It provides access to patent databases from over 20 European patent 

perty Office, containing more than 60 million 

patent had been granted for 

the Supplier’s solution, thereby making their solution even more interesting in the product 

rmore, the patents that the Supplier did have were concerning 

pertaining to the bag folded by the machine. Also evident was that no 

omplicated description of the machine or method 

 

bag hose package produced by 

rve that the pictures are not in scale to one another. 

It is a method for the manufacture of a hose package by folding a 

e hose package consists of 

adjoining one another and forming wall elements connected 

to one another. The elements are situated outside one another in 

relation to a central axis of the hose package. The device for 

carrying out the method has a fixing element and upper and 

olding plates in the shape of polygons. Through a 

controlled sequence of movements, the fixing elements and 

folding plates form the folds situated outside one another, and 



 

thereby the hose package. The folding plates are placed adjacent 

to one another and 

the respective corner regions the plates are spaced from one 

another to form an opening or gap through which a pressing 

member can travel to contact the folds of the hose package and 

smooth out any wrinkles.

The abstract was quite clear on what the method or machine does, however deciphering the 

patent to completely grasp the invention was a lengthy pursuit. The author had gone to 

considerable lengths to make the patent informative 

innovation, however still convoluted enough to confuse a reader seeking to understand the 

solution fully. Comments such as “…i

frequently in the document and thus leaving certain details unexpl

depicts the machine; the picture is from the Supplier’s patent and has been retouched for 

clarification reasons. As gathered from the patent, the machine works as follows: the hose

passes through the feed rollers (2) and

element (4). The hose then reaches the upper folding means 

means (6) and the lower folding 

help to prevent wrinkles from appearing in the material. 

the machine table (10) or the pulling table

Figure 6. The machine as presented in the Supplier’s patent.

Figure 7 depicts the folding procedure in more detail

correspond to those in Figure 6. The process start

folding means and the fixing means secure the hose allowing the first fold to be made in C 
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thereby the hose package. The folding plates are placed adjacent 

to one another and in end regions form corners of the polygon. In 

the respective corner regions the plates are spaced from one 

another to form an opening or gap through which a pressing 

member can travel to contact the folds of the hose package and 

smooth out any wrinkles. 

s quite clear on what the method or machine does, however deciphering the 

patent to completely grasp the invention was a lengthy pursuit. The author had gone to 

considerable lengths to make the patent informative and descriptive enough to pro

innovation, however still convoluted enough to confuse a reader seeking to understand the 
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The film blowing process basically consists of extruding a tube of molten polyethylene pellets 

through an annular slit die to form a thin walled tube. Air is then introduced via a hole in the 

center of the die and thus continuously inflating it to several times the initial diameter. The 

cooling tube of film then continues upwards through the nip rollers where the tube is flattened 

and then travels over additional rollers, finally ending up on the roll of film. 

A sample of the Supplier’s product was sent to SGS-CSTC Standards Technical Services Co., Ltd. 

in Shanghai, an inspection, verification, testing and certification company, for three separate 

tests. The intention was to check the information provided by the Supplier and to have enough 

data to order equivalent material from local suppliers. Two out of the three tests ordered, the 

test method used and their results can be seen in Table 2 below. 

Table 2. Tests ordered and their results on a sample of the Supplier’s bag. 

Test item Test method Result 

Tensile strength ASTM D882-09 37.9 MPa 

Impact resistance ASTM D1709-09 467 g 

 

ASTM D882-09 [9] is a standard test method for tensile properties of thin plastic sheeting and 

ASTM D1709-09 [10] is a standard test method called the free-falling dart method used to 

determine impact resistance. ASTM test methods are internationally recognized standards. 

The results, when compared with polyethylene specifications, were within normal limits. The 

tensile strength was slightly above the average value of 31.1 MPa as was the impact resistance 

value with an average of 258 g [11]. The third test ordered was a composition analysis done 

with an infrared spectrometer where an infrared spectrum of the sample was recorded by 

passing a beam of infrared light through the sample [12]. Examination of the transmitted light 

revealed how much energy was absorbed at each wavelength. From this, an absorbance 

spectrum as seen in Figure 9 was produced, showing at which IR wavelengths the sample 

absorbs. Analysis of the absorption by the commissioned company concluded that the sample 

provided was more than 99% polyethylene. 

 
Figure 9. Absorption spectra of sample, analysis showed it to be >99% polyethylene. 

All three tests showed conclusively that the Supplier’s sample was polyethylene, however not 

which grade, which additives were present nor what processing method had been used. 
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3 Synthesis 
Contained in this chapter is the synthesis section of the project. It includes concept generation, 

screening, development and concept scoring and selection. 

3.1 Concept Generation 

The concept generation phase of the project was an ongoing process throughout the entire 

information gathering period. In accordance with the Ulrich-Eppinger Method [1] and the 

Gallery Method [2], all ideas were continuously kept and posted around the work area. As the 

information search of phase 1 reached its conclusion, organized brainstorm sessions were set 

up. Tools and techniques to stimulate thinking were acquired from Ulrich-Eppinger to help fuel 

new ideas and to encourage relationships between different ideas. The five techniques most 

frequently used in this project were: 

• Make analogies  -Ask yourself what other devices solve a related  

  problem? 

 

• Wish and wonder  -Begin a thought or a comment with “I wish we              

  could…” to help stimulate oneself. 

 

• Use related stimuli  -New stimuli related to the problem can encourage  

  new ideas. 

 

• Use unrelated stimuli -Random and unrelated stimuli can sometimes be  

  effective in promoting new ideas. 

 

• Use quantitative goals -Deciding a fixed amount of ideas to be produced  

  from a brainstorming session can be very helpful. 

Another tool used during concept generation was the building of simple models out of 

cardboard or similar. Building models help visualize the problem areas and works as related 

stimuli. Computer software was also employed to create basic 3D visualizations to further 

develop ideas and to be able to try out theories.  

From all the different solutions and ideas created, six stood out from the rest, either as a result 

of having a radical approach to the problem or exactly the opposite, attempting to solve the 

difficulties conservatively. The initial selection process, going from a vast amount of ideas to a 

few, was done intuitively. Those concepts that seemed better, more feasible and realistic were 

chosen. Those similar were added together and those too farfetched were rejected. This 

resulted in the six different concepts presented in the following six chapters. 

3.1.1 Concept A: Fold Out 

This concept was developed with inspiration mainly derived from the patent search. The 

Supplier’s solution presented in Chapter 2.1.1 - Patent Search, has the same three basic 

components as Concept A: Fold Out, and the same basic folding technique. The three 

components, as seen in Figure 8 below, are the lower folding means (1), the upper folding 

means (2) and the fixing means (3). The basic technique, A-C in Figure 10, is that the hose (4) is 

secured to the lower folding means by the fixing means at which point the upper folding 

means is lowered and a first fold is made. The procedure is then repeated whereby new folds 

are made, pushing the first fold outwards, giving the concept its name. 
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Figure 10. Concept A: Fold Out is based on the results of the patent search. 

3.1.2 Concept B: Fold In 

Concept B: Fold In is a variation of Concept A: Fold Out with one obvious difference; it pushes 

the folds inwards instead of outwards. It consists of similar parts as Concept A as seen in Figure 

11; the lower folding means (1), the upper folding means (2) and the fixing means (3). The 

process, A-F, is also similar to that of Concept A, the hose (4) is secured between the lower 

folding means and the fixing means, thereafter the upper folding means pushes the hose 

outwards and folds it over the lower folding means thereby creating the first fold. As the lower 

folding means returns to its original position, the upper folding means pushes the new fold in 

towards the spring loaded fixing means. The upper folding means then returns to its starting 

position and the new fold is held securely between the lower folding means and the fixing 

means. The process is then repeated and new folds are successively pushed towards the 

center, folded in. 

 
Figure 11. Concept B: Fold In is a reversed version of the Supplier’s solution. 

A 

B C 

A         B         C 

D         E         F 



13 

 

3.1.3 Concept C: Rolling 

This concept is a result of the Make analogies technique where one asks: What other device 

solves a related problem? The subproblem focused on how to successfully compact a hose and 

not necessarily by folding. The rolling of a hose is one way to reduce the space needed for a 

hose. The thought behind the concept was to attach the hose (1) to a tube (2) through which a 

small amount of air (3) passed, as seen in Figure 12. The theory was that the low airflow would 

help slide the hose on to the tube by expanding its diameter as well as minimizing friction 

during rolling. 

 
Figure 12. Concept C: Rolling is based on the results of the Make analogies technique. 

3.1.4 Concept D: Standing 

Concept D: Standing was one of the first ideas formed to solve the problem. The concept, seen 

in Figure 13, consists of four major components: the outer attachment (1), the inner 

attachment (2), the alternating fixing means (3) and the alternating folder (4). In addition to 

this you have the stand (5) and the hose (6). The hose is attached to the outer attachment at 

one end and with the alternating fixing means to the inner attachment at the other end. The 

alternating folder is then lowered and the outer attachment moves upwards to its topmost 

position. One fold has now been made and by changing the positions of the alternating fixing 

means and the alternating folders and lowering the outer attachment again, another can be 

made. The exact workings of the alternating fixing means and the alternating folder were 

never fully detailed at the concept stage. 

 
Figure 13. Concept D: Standing completes the folding of the hose in an upright position. 

AIR 



14 

 

3.1.5 Concept E: Prefold 

The Prefold concept works after the premise of the path of least resistance, where a deformed 

hose will tend to form according to said deformation. This means that folding a plastic film 

once will make it more obliged to fold at the same location the second time. The concept is 

divided into two parts, deforming with the aid of force or with heat. Figure 14 shows the hose 

being prefolded by force (1) in the leftmost picture and by heat (2) in the rightmost picture. It 

is then collected at the foot of the machine and, in accordance with the concept theory, folded 

easily and gathered in to a finished cassette (3). 

 
Figure 14. Concept E: Prefold works after the premise of the path of least resistance. 

3.1.6 Concept F: Hand Fold 

This sixth concept chosen was formed around the idea of making the machine as simple as 

possible. The notion was to make it into more of a tool than a machine. This concept was, as 

can be seen in Figure 15, completely devised with manual human labor in mind. The worker (1) 

starts with the hose (2) at the foot (3) of the construction, pulls it up and then folds it by hand, 

with the aid of fixing means (4) and folders (5). 

 
Figure 15. Concept F: Hand Fold was formed around the idea of simplicity. 
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3.2 Concept Screening 

Following concept generation is the beginning of the concept selection phase according to 

Ulrich-Eppinger [1]. The chosen methodology presents a two-stage selection process. The first 

stage was concept screening and the second was concept scoring. Screening is defined by 

Ulrich-Eppinger [1, p. 143] as “a quick, approximate evaluation aimed at producing a few viable 

alternatives” and is supported by a screening matrix. The screening matrix constructed for this 

project can be seen in Table 3 below.  

Table 3. The screening matrix constructed for the concept screening stage. 

 

                      Concepts 

 

 

 

Selection Criteria 

A 

(ref.) 

 

Fold Out 

B 

 

 

Fold In 

C 

 

 

Rolling 

D 

 

 

Standing 

E 

 

 

Prefold 

F 

 

 

Hand Fold 

Results similar to 

Supplier’s product 
0 0 - 0 0 0 

Ease of use 0 0 + + + - 

Ease of manufacture 

prototype 
0 - 0 - 0 + 

Feasibility 0 0 - - 0 - 

Ease of automation 0 0 - - - 0 

Working speed 0 + + + + - 

Sum +’s 0 1 2 2 2 1 

Sum 0’s 6 4 1 1 3 2 

Sum -’s 0 1 3 3 1 3 

Net Score 0 0 -1 -1 1 -2 

Rank 2 2 4 4 1 6 

Continue? Yes Yes No No Yes No 

 

The selection criteria listed on the left-hand side of the matrix were chosen based on the 

needs of Exir, determined in the PDS. The first criterion was chosen on the basis that a bag 

similar to the Supplier’s bag would minimize complications when attached to the Client’s 

vacuum cleaners. The second and third criteria were chosen to help eliminate machines with 

overcomplicated functions and a probable high-level of difficulty in the prototype 

manufacturing process. The fourth criterion aimed at reducing the amount of unrealistic 

concepts and altogether eradicating those impractical. The fifth criterion was formed around 
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the notion of automating the machine at a later stage and thus reducing the chance of a 

concept with automation difficulties in advance. The last criterion was motivated by the need 

of a high working speed for the machine to get production costs down for it to be a viable 

alternative to the Supplier’s product. A reference concept was chosen against which all other 

concepts were rated. Usually an industry standard is chosen as the reference and since the 

only other solution to this problem on the market is the Supplier’s, the concept based on that 

patent was selected as the reference concept. 

With the matrix formulated a relative score of “better than” (+), “same as” (0), or “worse than” 

(-) was placed in each cell. The score represents how each concept rated in comparison to the 

reference concept relative to the criterion in question. Following this the amount of each 

relative score was summed up and a net score was calculated by subtracting the number of 

“worse than” ratings from the “better than” ratings. With the net score it was possible to rank 

the concepts and evaluate the results. Three concepts rated superior and it was decided to be 

a sufficient number to further develop. Those most promising were Concept A: Fold Out, 

Concept B: Fold In and Concept E: Prefold. The three remaining concepts were discontinued. 
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3.3 Concept Development 
The development process was done in two steps. Firstly the basis of the concepts were 

clarified, the parts needed and their specific movements were analyzed and depicted in 

schemes. The second step was to construct these concepts with the help of CAD software to 

further visualize their functions. The result, as seen in the following three chapters, became 

the basis for the concept scoring and selection phase. 

3.3.1 Development of Concept A: Fold Out 

Concept A, which was based on the Supplier’s patent, was simplified and the five major parts 

involved in the folding were identified. The process, as depicted in the scheme in Figure 16, 

moves from A to H. It is the same basic process as that of the Supplier’s patent, see Figure 7, 

though more detailed as the needed movement of all different parts was analyzed. Deduced 

from the development of the scheme was that the lower folding means (1) need to move both 

horizontally and vertically. The upper folding means (2) and the fixing means (3) only have a 

vertical path of motion. The hose (4) is pulled downwards as a result of each new fold and the 

machine table (5) is fixed. 

 
Figure 16. Scheme of the detailed process of Concept A: Fold Out, going from A to H. 

Working from this scheme a simple 3D visualization was formed. The aim was to obtain a 

greater understanding of the parts needed, the complexity of the machine and also to help 

rationalize the feasibility of the concept. Figure 17 below depicts the results of the 

construction, with the lower folding means (1), the upper folding means (2), the fixing means 

(3) and the machine table (4). New additions to the developed version of the concept are the 

guide rails (5), the lever (6) and the pedal (7). The guide rails will help separate the opening of 

the hose as it is pulled downwards and folded; the lever and pedal have been added to depict 

and clarify the maneuver instruments needed for a manually operated version. 

A                 B                   C                   D   

E                 F                   G                   H   
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Figure 17. 3D visualization of the developed Concept A: Fold Out. 

3.3.2 Development of Concept B: Fold In 

In the same way as was done with Concept A: Fold Out, a scheme of the necessary movements 

was first produced as depicted in Figure 18 below. The scheme starts at A and ends at H, the 

basic parts involved are the lower folding means (1), the upper folding means (2), the fixing 

means (3), the hose (4) and the machine table (5). Movements analysis of the scheme showed 

that only the upper folding means need to move in both a vertical and horizontal path, 

however not simultaneously. The lower folding means and the fixing means only move 

vertically and horizontally respectively. The hose is pulled down successively after each new 

fold has been made and the machine table is constantly fixed.  
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Figure 18. Scheme of the detailed process of Concept B: Fold In, going from A to H. 

A simple 3D visualization was thereby completed on the basis of the scheme, see Figure 19 

below. Compared to the visualization of Concept A in Figure 17, this was completely focused 

on the five main parts involved in the folding process and not on the instruments needed for 

maneuvering them. The reason being the similarity between the two concepts A and B and as 

such there was little need for yet another all-encompassing construction. Seen in Figure 19 are 

the lower folding means (1), the upper folding means (2), the fixing means (3) and the machine 

table (4). The folding means have been divided up into two sub categories, differentiated by 

color shade; center folders in a lighter shade and corner folders in a darker shade. 

                   
Figure 19. 3D visualization of the developed Concept B: Fold In. 

A                    B                     C                     D    

E                    F                     G                    H    
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3.3.3 Development of Concept E: Prefold 

The development of Concept E: Prefold also originated in the production of a scheme of the 

folding process, seen in Figure 20 below where the process starts with A and continues 

alphabetically to H. The hose (1) is pulled down and placed between the inner prefolding 

means (2) and the outer prefolding means (3) as seen in A. In B the outer and inner prefolding 

means move together and create a deformation in the hose, either by mere force or by heat. 

As the process continues the prefolded section of the hose moves down towards the inner 

folding means (4) and the outer folding means (5). At this stage, G-H, the concept theory states 

that the now prefolded hose is easily gathered by the folding means. Motion analysis of the 

scheme showed that the outer prefolding means and the outer folding means only move 

horizontally and the inner prefolding means and inner folding means are fixed. In this concept 

as with the previous two, the hose moves along a straight vertical path. 

 
Figure 20. Scheme of the detailed process of Concept E: Prefold, going from A to H. 

As was done with both previous concepts, a 3D visualization was constructed with the 

information gathered from the scheme. The results can be seen in Figure 21 below. As with 

Concept A, a more comprehensive construction was made to yet again clarify the needs of the 

concept. Seen in the figure are the outer folding means (1), the inner folding means (2), the 

inner prefolding means (3) and the outer prefolding means (4). Handles (5) to maneuver the 

outer folding means manually were added and a pedal (6) to operate the outer prefolding 

means. As the movement of the two outer prefolding means need to be controlled so that 

A                       B                      C                   D  

E                      F                      G                    H  
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they reach the inner prefolding means simultaneously, an electronic solution was chosen for 

the concept. It was however, deemed to be able to be changed to a fully manual solution at a 

later stage.  

 

 
Figure 21. 3D visualization of the developed Concept C: Prefold. 
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3.4 Concept Scoring and Selection 
Having concluded concept development, the next phase was concept scoring and selection. 

Continuing with the methods of Ulrich-Eppinger [1] a scoring matrix was prepared, see Table 4. 

Concept scoring, according to Ulrich-Eppinger [1, p. 148,] “is used when increased resolution 

will better differentiate among competing concepts.” It became the first step in the concept 

selection process.  

 

Table 4. The scoring matrix constructed for the concept scoring stage. 

 

                       

 

 

Concepts:     . 

 

A 

(ref.) 

 

Fold Out 

B 

 

 

Fold in 

E 

 

 

Prefold 

Selection Criteria Weight Rating Weighted 

Score 
Rating Weighted 

Score 
Rating Weighted 

Score 

Results similar to 

Supplier’s product 
25% 3 0,75 3  0,75  2 0,5 

Ease of use 10% 3 0,3 3 0,3 2 0,2 

Ease of 

manufacture 

prototype 

15% 4 0,6 4 0,6 3 0,45 

Feasibility 25% 3 0,75 3 0,75 2 0,5 

Ease of 

automation 
15% 3 0,45 3 0,45 3 0,45 

Working speed 10% 3 0,3 3 0,3 3 0,3 

Total Score   3,15 3,15 2,4 

Rank   1 1 3 

Continue? Inconclusive Inconclusive No 

 

The scoring matrix differs slightly from the screening matrix as here the criteria are weighted 

according to their respective importance. The weighting was done subjectively, though based 

on the PDS. After weighting, the rating was done and again a reference was chosen and the 

other concepts were rated on a scale from 1 to 5 against this reference. To avoid scale 

compression, different referencing points were chosen for some criteria; they are signified 

with bold rating values. Following this the weighted scores were calculated by multiplying the 

raw scores by the criteria weights and the total score for each concept, being the sum of the 

weighted score. Equation 1 describes the necessary calculations. 
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Sj is the total score for concept j, rij is the raw rating of concept j for the ith criterion, wi is the 

weighting for ith criterion and n is the number of criteria. 

 

�� = ∑ �����
�
�	
                                                    Equation 1 

 

The total score delivered the concepts’ rank which, as seen in Table 4, resulted in an 

inconclusive outcome. The next and final step in concept selection was to present these results 

to the general manager of Exir as well as to the supervisor assigned to the project. The 

meetings were held separately as not to influence each other in concept selection. Shortly 

afterwards, they were called to yet another meeting where they, together with the project 

team, presented their choice with a motivation. The consensus was to select Concept B: Fold 

In on the basis of two arguments. Firstly it had progressed to the very end of the concept 

screening and scoring process and thus together with Concept A: Fold Out was considered one 

of the two principal choices. Secondly, the method of folding of both prime candidates was 

similar to the Supplier’s solution which has documented success; however, Concept B’s 

technique would not risk infringing on the Supplier’s patent as it folds in a unique way. This 

would clear the way for Exir to apply for their own patent if the finished machine produced the 

requested results. 
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4 Development of Chosen Concept 
This chapter goes through the development process of the chosen concept, part for part and as 

a whole, and is summed up with chapters describing the dimensioning work that was done and 

the drawings produced of the final design. 

4.1 Part Design 

The development of the concept to the final design was twofold. The starting point was the 

developed concept described in Chapter 3.3.2 - Development of Concept B: Fold In, which 

turned into a far more detailed version. This detailed version was presented to a senior 

engineer at Exir who scrutinized the solution and provided constructive criticism, suggestions 

and insight into the Chinese manufacturing principles. From that point the machine developed 

into the final design, which is seen in Figure 22 together with the previous steps of the entire 

development process. 

 

 
Figure 22. The development of Concept B, from initial idea to the far left, into a developed 

concept, followed by a more detailed version and lastly the final design to the far right. 

 

The following chapters aim to illustrate the evolution and reasoning behind each major part of 

the final design. Describing each part separately even though they were developed 

simultaneously was considered a more comprehensible way to follow the process. Figure 23 

below gives a simple review of the makeup of the final design; however a more in-depth 

description is given in Chapter 4.3 - Final Design. 
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Figure 23. An overview of the final design of the machine. 

The hose is delivered over a system of rollers, following the green arrows in Figure 23, which 

are part of the cage. It then reaches the guides which help spread open the hose, preparing it 

for the folding mechanism of the machine. The hose is then held into place by the fixing means 

after which the upper folding means and the lower folding means convert the hose into a 

series of consecutive folds, a bag hose system. The entire apparatus is securely placed on top 

of a pallet. 

4.1.1 Lower Folding Means 

In the beginning of the development process, the focus was primarily on the folders as they 

constitute the core of the machine. With a functioning folding mechanism the rest of the 

machine would easily follow suit. The initial step in designing the folders, both the lower and 

upper, was to define the measurements of the end product relevant to the folders. Using a 

sample from the Supplier, as seen in Figure 24, the necessary dimensions were available.  



27 

 

          
Figure 24. A sample from the Supplier. The bag is forced into a compact shape as determined 

by the concept. 

The sample was packed together, as it will be in the machine according to the concept, and 

then measured. Figure 25 depicts the approximate dimensions retrieved from this process. 

Note the pushers in each corner of the bag (colored black), which are part of the fixing means 

described further in Chapter 4.1.4 - Fixing Means, their size also affected the size of the 

folders. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 25. The approximate dimensions retrieved from the Supplier’s sample of the product. 

The movement analysis from Figure 18 shows that the lower folding means only have a 

straight vertical path of motion resulting in no complicated mechanisms, merely folding blades 

fixed on a surface. Figure 26 shows the final design of the lower folding means; clearly visible is 

the resemblance of the sample’s shape in the shape of the folding blades. The folding blades 

(1) are all rounded or chamfered as sharp edges might result in cuts on the hose during the 

folding procedure. The openings between the blades are intended to help reduce the chance 

of wrinkles on the packed hose, by giving the hose a little bit of space to move, the idea is that 

ø 20mm 

30mm 130mm 

220mm 
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wrinkles will be avoided in the finished product. The blades are mounted on a stiff plate (2) 

with linear bushings (3) at each corner. The bushings are of a Chinese standard and suitable in 

both size and ability to prevent the plate from getting stuck while in vertical motion. Two 

handles (4) are mounted on the plate to help the user to lower and raise the plate as 

necessary. The handles also function as locks by being able to glide in slots (5) in the plate. The 

ability to lock the folders has been added to simplify for the operator. 

 
Figure 26. Final design of the lower folding means. 

In Figure 27 the lower folding means are at their lowest position, resting on split set collars (1).  

  
Figure 27. The lower folding means are at their lowest position, resting on split set collars. 

Figure 28 shows the lower folding means at their top most position and here the handles are 

pushed inwards and thus working as locks. The locks secure the lower folding means at their 

top most position by hanging from the fixing means machine table (1). 



29 

 

 
Figure 28. The lower folding means are at their top most position with the locks activated. 

4.1.2 Upper Folding Means and Control Plate 

The dimensions of the upper folding means were derived from the same source as the lower 

folding means. The big difference here can be seen in Figure 18, where the vertical and 

horizontal movement of the upper folding means is evident. The upper folding means have the 

need to alternate position from being inside and outside the lower folding means. To solve 

this, a mechanism able to shift between these positions had to be implemented. Figure 29 

depicts the final design of the upper folding means and control plate. As it is a relatively 

complex part of the machine, it has been divided up into four components: the upper folding 

means (1), the alternating plate and wheel (2), the lever (3) and the control plate (4). 

 
Figure 29. Final design of the upper folding means and control plate. 
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The upper folding blades follow the same curvature as the blades of the lower folding means. 

This was motivated by their need to be able to come close enough to create a fold, but still 

avoiding contact with the lower folding means. To allow them to move independently, which is 

needed for them to be able to move from the inside to the outside of the lower folding blades, 

they were made as individual components. Figure 30 depicts one of four identical upper 

folding blades, the other four being mirror images of the first four. The magnification in Figure 

30 shows that all edges in contact with the hose have been chamfered or rounded to prevent 

cuts, however at the very end of the blades an approximately 0.1 mm wide area has been kept 

flat. This flatness is intended to create a sharp fold in the hose. An identical flat area was also 

applied on the folding blades of the lower folding means for the same exact reason. The 

folding blades are attached to the alternating plate by screws and nuts at the top. 

 
Figure 30. An upper folding blade, magnification depicts the chamfered edges. 

Figure 31 shows all eight folding blades from above, attached to the plate and contracted in 

the left picture and expanded in the right picture. When contracted they fit inside the lower 

folding means and when expanded they encompass the outside of the same. 

 
Figure 31. Blades of the upper folding means contracted to the left and expanded to the right. 
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The mechanism that enables the contraction and expansion of the folding blades has been 

named the alternating plate and wheel. Figure 32 shows the upper folding means with half the 

upper folding blades removed, the view is from underneath, and reveals the alternating plate 

(1) and wheel (2). The alternating plate is fixed to the machine by a beam (3), so when the 

wheel is turned it moves the folding blades but not the plate. 

 
Figure 32. The upper folding means from below, showing the alternating plate and wheel.  

This movement of the folding blades needed to be simultaneous; the solution is in the wheel 

design. Figure 33 below is similar to Figure 31; it shows the same contraction and expansion 

process though from a bottom view. The two pictures describe the wheel (1) and lever (2) 

being turned and due to the slots in the wheel the so called separators (3) are pushed 

outwards. Their arrowhead shape transfers the pushing force to the folding blades and thus 

resulting in the expanded view seen in the picture to the right. 

        
Figure 33. Bottom view of the contraction and expansion process. 

The placement of the upper folding means in the machine can be seen in Figure 34 below. Also 

visible in the same figure is how the alternating plate is fixed to the machine; the beam (1) is 

attached to the plate and goes through the center pole (2) of the machine, thus fixing it to the 

pole whenever the wheel is turned, as explained previously.  
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Figure 34. Placement of the upper folding means in the machine. 

As stated previously the wheel is turned by the motion of the lever. The lever, with adjoining 

pipe piece, is a separate part from the alternating plate and wheel component, as can clearly 

be seen to the right in Figure 35. Dividing the pipe attached to the lever and the wheel into 

two was motivated by the need to retrieve the finished product from the machine. When the 

folding procedure has been done and the bag is completed it is located within the machine, 

the arrows to the left in Figure 35 displays how to reach it. First the guide system is removed; 

see Chapter 4.1.4 – Guides for more information on how this is done. Secondly, the upper 

folding means is removed, leaving the lever behind and making it possible to take out the 

finished bag.  

          
Figure 35. Retrieving the finished product as a result of the division of the upper folding means. 

1 2 

3 
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Maneuvering the upper folding means is partly done with the lever and partly with the help of 

the control plate. The control plate, see Figure 36, is a stiff plate (1) with linear bushings (2) in 

each corner, which assists in moving the upper folding means in a smooth vertical path. 

 
Figure 36. Final design of the control plate. 

 

The upper folding means rests on the control plate, see Figure 29 above, and as the plate is 

either raised or lowered, the upper folding means follow. As the machine is a manually 

operated, machine handles (1) have been added to the control plate as well as locking pins (2) 

to secure it. When the control plate is at its top most position as seen in Figure 37, the locking 

pins can be inserted into holes (3) in the corner poles, thus securing the position of the control 

plate and upper folding means. 

 
Figure 37. The control plate at its top most position. 

In Figure 38 the control plate is at its lowest position and can rest on split set collars (1) on 

either corner pole. At both extreme positions the lever (2) of the upper folding means can be 

turned. A sticker (3) showing the possible extent of turning has also been added to prevent 

forceful misuse of the lever and upper folding means. 
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Figure 38. The control plate at its lowest position. 

4.1.3 Fixing Means 

The fixing means are meant to keep the hose and bag in place during the whole folding 

process. Analyzing the movement of the fixing means in Figure 18 shows that only horizontal 

motion is needed. As the needed movement of the fixing means is close to constant, the idea 

was to solve this with springs. The detailed version of the fixing means, seen in Figure 39, was 

the first version after the concept development phase. It was made up of four pushers (1) 

attached to a spring (2) each. The pushers in this version would glide in a slot (3) in the plate 

(4) and the spring force could be adjusted with the help of a screw (5) in the back. The cutout 

(6) in the plate is through which the lower folding means will travel along their vertical path. 

 

Figure 39. The detailed version of the fixing means. 

However, during the deliberations with the senior engineer on site, several upgrades were 

done. Figure 40 depicts the final design of the fixing means. The design changes done were 
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solely concerned with stability. Instead of letting the pushers glide in a slot in the plate, they 

are attached to the plate with two springs (1). Also the structure (2) holding up the pushers 

was made more rigid and made to be bolted to the plate instead of welded. The reason behind 

this was to be able to use steel in the structure and aluminum in the plate, and to avoid 

welding on the plate which could skew and deform it. The general shape of the fixing means as 

well as the plate cutout was kept. 

 

Figure 40. The final design of the fixing means. 

Figure 41 displays a closer look on the final design of the pusher. In the picture to the far left 

the screws (1) attaching the structure and in turn the entire pusher to the plate is clearly 

visible. The middle picture shows the pusher when the folding process has scarcely begun, as 

the process continues, more and more folds will be pushed inwards towards the center of the 

machine. The pusher eventually looks like the picture to the far right. As the machine is a 

prototype, a wing screw (2) and a spring plate (3) has been added to make adjustments of the 

spring force possible. 

 

Figure 41. The final design of the pusher. 

The fixing means are placed between the upper folding means and lower folding means as can 

be seen in Figure 42 below. The fixing means plate (1) rests by its own weight on four split set 
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collars (2). Additional split set collars could, if needed, be placed above the fixing means to pin 

it into position. 

 

Figure 42. The placing of the fixing means in the machine. 

4.1.4 Guides 

On top of the machine sits the guides; initially separating the opening of the hose and 

thereafter continuing to spread the hose outwards to a suitable diameter for the folding 

means below. For the first detailed version, the guides were a complex spring loaded 

component as seen in Figure 43 below. The guides (1) are attached to the center pole (2) by 

two springs (3) each, the thought here being that the springs will keep an even pressure on the 

hose as it passes over the guides. 

 

Figure 43. The first version of the guides for the machine. 

Another point of interest with this version is the shape of the guides. The radius of the 

rounded outer rim is the same radius as the outer edge of both the lower and upper folding 

means. The initial belief was that the same outer radius was necessary on the guides for the 
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hose to fold easier when it reached the folding appliance. However, discussions with the senior 

engineer, Exir supervisor and colleagues at Exir resulted in a simplified version as depicted in 

Figure 44. Evident changes are that the springs have been replaced by rods and washers (1) 

and that the guides themselves have been replaced by pipes (2). 

 
Figure 44. The final design of the guides. 

The decision, to change to pipes from a metal sheet bent to a specific radius, was reached 

through discussions of lowering construction costs and material costs. Pipes are readily 

available in numerous standard sizes and are easily bent to the desired 90° angles. The 

motivation behind the change from springs to washers was to simplify the component. Trying 

to determine the specifications of the springs needed was deemed unnecessarily complicated 

and as such the solution with washers was implemented. With this solution adjustments can 

be made by adding or subtracting washers. Figure 45, to the left, presents a magnified view of 

the rod and washer solution and to the right the attachment of the guides to the center pole is 

shown. 

 

                 

Figure 45. Picture to the left displays the final design of the adjustment capabilities of the 

guide. The picture to the right displays how the guides are attached to the center pole. 

As was depicted in Figure 35 above, the guides must be removable to be able to reach the 

finished product, the bag. For this reason the center pole, on which the guides are attached, 
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was split in two. In Figure 46 the placement of the guides on the machine is shown. The center 

pole (1) on which the guides (2) are attached is connected to the lower half of the center pole 

(3) by a joint (4). The part of the joint attached to the upper center pole can be unfastened by 

loosening and removing a wing nut (5). 

 

Figure 46. Placement of the guides on the machine. 

4.1.5 Support 

The evolution of the machine was, since the idea stage, based on a solution with a support 

system with a center pole (1) and four corner poles (2) as depicted in Figure 47. They are all 

attached to a bottom plate (3) intended to lock their positions to one another so that the 

folders can slide without resistance along the poles. Previously mentioned components which 

are part of the support system of the machine are: the split set collars (4), the locking pin holes 

(5) and the joint (6). Just below the joint, a slot (7) runs along a part of the center pole; it is 

through this slot that the beam, depicted in Figure 34, is inserted. 

 

Figure 47. The final design of the support. 
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Figure 48 below shows the support system highlighted in the machine. Clear in this picture is 

how it holds the machine together and is securely bolted to the pallet. 

 
Figure 48. Location of the support in the machine. 

4.1.6 Cage 

From the beginning of the development procedure of the chosen concept, the hose was 

intended to be supplied from above the machine, thus taking advantage of gravity in the 

process. The detailed version that was first designed is seen in Figure 49 to the left. The hose, 

which is delivered on a roll (1), is placed high and above the machine resulting in a short 

delivery system. The cage itself is constructed out of pipes (2), bent and welded into shape. 

The obvious problem with this design was the complexity of changing to a new roll and also 

the instability of the construction. Dialogue with supervisors at KTH and colleagues at Exir 

resulted in the final design seen to the right in Figure 49. The roll (3) is attached to the cage at 

a more convenient height and the hose is supplied to the machine over a set of rollers. The 

second roller (4) was later changed to a stainless pipe sprayed with Teflon spray as a way to 

reduce costs and minimize unnecessary components. The final design became a far more 

sturdy construction and more cost effective concerning choice of material and assembly. 

         
Figure 49. Evolution of the cage, final design to the right. 



 

The aluminum profile used for the cage was a standard profile 

production of air scrubbers. Figure 

profile frame, to the left, and

Figure 50. The cage profile is used in air scrubber

4.1.7 Pallet 

Discussions with the supervisors at Exir spawned the idea to place the cage and machine on a 

pallet. The reasons were twofold

that the machine was centered under the hose delivery roller and also that the entire piece of 

equipment was easily movable.

pallet plate in the context of the machine and cage

left, displays the pallet with a steel plate

of the machine. The reasoning was to have a solid base to attach all the components to

would not risk breaking during

Figure 51. To the left, the pallet loaded on a forklift, to the right, 
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The aluminum profile used for the cage was a standard profile used by Exir for their regular 

production of air scrubbers. Figure 50 displays two examples of their air 

and a 3D drawing of the profile used, to the right. 

The cage profile is used in air scrubber production, to the left, and a 3D drawing of 

the profile to the right.  

Discussions with the supervisors at Exir spawned the idea to place the cage and machine on a 

pallet. The reasons were twofold; bolting the machine and cage to a pallet would ma

that the machine was centered under the hose delivery roller and also that the entire piece of 

equipment was easily movable. Figure 51, to the right, gives a wide view of the pallet and 

pallet plate in the context of the machine and cage, transported by a forklift.

displays the pallet with a steel plate which was added after consultation with the supplier 

of the machine. The reasoning was to have a solid base to attach all the components to

would not risk breaking during delivery to the designated site.  

the pallet loaded on a forklift, to the right, the pallet with the steel 

 

used by Exir for their regular 

air scrubbers with a 

 
production, to the left, and a 3D drawing of 

Discussions with the supervisors at Exir spawned the idea to place the cage and machine on a 

bolting the machine and cage to a pallet would make sure 

that the machine was centered under the hose delivery roller and also that the entire piece of 

, to the right, gives a wide view of the pallet and 

. Figure 51, to the 

was added after consultation with the supplier 

of the machine. The reasoning was to have a solid base to attach all the components to that 

    

the pallet with the steel plate. 
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4.2 Dimensioning 
Throughout the development of the concept, parts were dimensioned according to standard 

engineering practice and based on previous experiences and knowledge. The forces in the 

machine were deemed very small, so intricate calculations on bending and breaking of each 

part was considered redundant. This consensus was reached through deliberations with 

supervisors from both KTH and Exir.  However, some general calculations on the strength of 

the support, the springs required and the possible bending of the upper folding means and the 

lower folding means was decided upon. Furthermore if any discrepancies arose, further 

investigation would be initiated. The following three chapters deal with these separate 

calculations. 

4.2.1 Buckling of the Center Pole 

The center pole is part of the support, as described in Chapter 4.1.5 - Support, and was 

considered the most likely candidate for buckling. An extreme situation where the machine’s 

total weight rested solely on the center pole was set up, the result of which would indicate if 

further, more detailed, calculations were needed.  

Using the 3D construction of the machine, the total weight without the cage and the pallet was 

collected. Figure 52 below depicts the components whose weight was included in the total 

weight and with the center pole marked in red. 

 

Figure 52. The part of the machine used to decide total mass on center pole. 

Apparent from the picture is that not all of the weight falls directly on the center pole and that 

it does not hold all the weight up by itself. The total mass is actually divided up between the 

center pole and the four corner poles; however, for the sake of simplicity, the total mass was 

determined to rest on the center pole alone as indicated by the arrow in the picture.  

The total force F on the center pole was reached with the help of Equation 2 [13] below, where 

g is standard gravity and mt is the total mass gathered. 

 

F = m ∙ g                                                   Equation 2 
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Euler’s theories [14] on buckling were used to calculate the force Pk needed to make the center 

pole buckle, see Equation 3 where L is the length of the pole, E is the Young modulus and I is 

the moment of inertia. 

P� =
�∙�∙��

�∙��
                                                   Equation 3 

 

The Young modulus for stainless steel was obtained [13] and the length of the pipe from the 

3D construction. The moment of inertia for the pipe was calculated with Equation 4 [13] where 

do is the outer diameter of the pipe and di is the inner diameter. 

 

I =
�

��
∙ (d�

� − d�
�)                                                   Equation 4 

 

Table 5 below details the gathered data as well as the results of the calculations from Equation 

2-4 above. 

 

Table 5. Gathered data and calculated values concerning buckling of the center pole. 

Variable Description Data / calculated value 

mt Total mass of relevant machine components. 23.8 kg 

g Standard gravity. 9.8 m/s
2
 

E Young’s modulus of stainless steel 2324-02. 201∙10
3 

N/mm
2
 

L Length of center pole. 1250 mm 

do Outer diameter of center pole. 40 mm 

di Inner diameter of center pole. 36 mm 

F Calculated force on center pole. 233 N 

I Calculated moment of inertia. 43∙10
3  

kg∙mm
2
 

Pk Calculated force needed to buckle the center pole. 13.7 kN 

 

The calculated data shows that a force of 13.7 kN is needed to buckle the center pole. During 

the extreme conditions set up, merely 233 N was applied on the center pole which is far from 

enough to burden the pole and therefore no further buckling calculations were done. 

  



43 

 

4.2.2 Bending of the Lower Folding Means 

Calculating the bending of the lower folding means was done as a precaution to ensure that 

the folding means could slide through the slot in the fixing means effortlessly. Figure 53 

depicts the lower folding means and the slot it needs to pass through, both marked in red. 

 

Figure 53. The lower folding means and the slot in the fixing means marked in red. 

Assuming that the total mass of the folding means would accumulate in the center of the 

400x400 mm plate the Euler-Bernoulli beam theory on simply supported beams could be 

applied, see Equation 5 [14]. 

 

δ =
!∙�"

�#∙�∙�
                                                          Equation 5 

 

In the above equation, $ is the deflection of the plate after the force F is applied to its center 

point. E is again the Young modulus of the material and I the moment of inertia. The force F 

was calculated using Equation 2 where the total mass mt was gathered from the 3D 

construction seen in Figure 26. Moment of inertia was calculated with Equation 6 [13] below, 

where w is the width and h the height or thickness of the plate. Table 6 displays the data used 

in the equations and the results reached. 

 

I =
%∙&"


'
                                                          Equation 6 
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Table 6. Gathered data and calculated values concerning bending of the lower folding means. 

Variable Description Data / calculated value 

mt Total mass of relevant machine components. 5.3 kg 

g Standard gravity. 9.8 m/s
2
 

E Young’s modulus of aluminum. 70∙10
3 

N/mm
2
 

L Length of plate. 400 mm 

w Width of plate. 400 mm 

h Height/thickness of plate. 5 mm 

F Calculated force on plate center point. 52 N 

I Calculated moment of inertia. 4.2∙10
3 

kg∙mm
2
 

δ Deflection of plate at center point. 0.24 mm 

 

The results reached showed that a maximum deflection of 0.24 mm was possible at the plate 

center point. This was concluded to be within reasonable limits and not to affect the lower 

folding means ability to pass through the slot in the fixing means.  

4.2.3 Bending of the Upper Folding Means 

The upper folding means is basically a plate with weights hanging at its ends as described by 

Figure 54. By again assuming the extreme situation with a quarter of the mass of the plate and 

the mass of the two folding blades focused on a point at the end we can calculate an extreme 

deflection.  

 

Figure 54. The plate marked in red and the two folding blades marked in light red represent the 

mass at the end point where the force is applied. 
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Calculating the deflection was yet again done by using Euler-Bernoulli’s beam theory [14], 

however the equation for cantilevered situations was used, see Equation 7.  

 

δ =
!∙�"

(∙�∙�
                                                          Equation 7 

 

The variables were the same as for Equation 5 above. The force F was again determined with 

Equation 2 and the 3D construction and the calculated moment of inertia I with Equation 6. 

Table 7 presents the data used in the equations as well as the results they produced. 

Table 7. Gathered data and calculated values concerning bending of the upper folding means. 

Variable Description Data / calculated value 

mt Total mass of relevant machine components. 0,53 kg 

g Standard gravity. 9.8 m/s
2
 

E Young’s modulus of aluminum. 70∙10
3 

N/mm
2
 

L Length of plate arm. 150 mm 

w Width of plate arm. 80 mm 

h Height/thickness of plate. 5 mm 

F Calculated force on plate end point. 5,2 N 

I Calculated moment of inertia. 0.83∙10
3 

kg∙mm
2
 

δ Deflection of arm at end point. 0.1 mm 

In the extreme situation presented, the deflection of the arm end point amassed to a 

maximum of 0.1 mm. Such a small deformation will not influence the operability of the upper 

folding means or the machine in any way. 

4.2.4 Spring Calculations for the Fixing Means 

The fixing means are spring loaded and determining the specification of the springs needed 

was considered too complicated; therefore an estimated calculation was realized. Attaining a 

maximum value of the spring force needed and then testing weaker springs on the finished 

prototype became the decided course of action. The maximum mass one spring in the fixing 

means can push is half of one pusher plus one eighth of one finished bag. Figure 55 displays 

this total mass marked in red. 
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Figure 55. Total mass that one spring in the fixing means can push is marked in red. The x 

represents the maximum displacement. 

With the gathered total mass mt of interest a maximum spring force F could be retrieved with 

Equation 2. Using this data and estimating the maximum displacement x of the spring a 

maximum spring constant k could be calculated with Equation 8 [13]. 

 

k =
!

*
                                                          Equation 8 

 

The results of these calculations and the data used to reach them can be seen in Table 8 

below. 

Table 8. Gathered data and calculated values concerning spring calculations. 

Variable Description Data / calculated value 

mt Total mass of interest. 0.125 kg 

g Standard gravity. 9.8 m/s
2
 

F Maximum spring force. 1,2 N 

x Maximum displacement of spring. 20 mm 

k Maximum spring constant. 0.062 N/mm 

 

With a maximum spring constant of 0.062 N/mm, an indicator was available to decide the 

spring constant to use in the machine. During consultations with colleagues at Exir a decision 

was made to order three different sets of springs for testing. One set at the maximum value of 

0.06 N/mm, one set at a medium value of 0.04 N/mm and one set at a low value of 0.02 

N/mm. Together with the ability to adjust the spring tension as a result of the design, these 

three sets were deemed sufficient to find an accurate setting. 
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4.3 Final Design and Function 

The part design development resulted in the machine seen in Figure 56 to the left and 

previously presented in Figure 23. To the right in the same picture the major parts of the 

machine have been colored in the same manner as the motion analysis of Chapter 3.3.2 - 

Development of Concept B: Fold In, see Figure 18. The lower folding means in blue, the upper 

folding means in red, the fixing means in black, the hose in turquoise and the machine table in 

green. 

           

Figure 56. Final design, in the picture to the right the major parts are colored in accordance 

with the previously constructed motion analysis scheme. 

The folding procedure described in Figure 57 was illustrated in the same manner as in Figure 

18; the only difference being that here the final design was used to exemplify the folding 

process. The colors in Figure 57 correspond to the colors in Figure 56. The view shown in 

Figure 57 is of the folding section of the machine cut straight in half and then cut in half again, 

thus clearly showing the inner workings during the folding procedure. 

In A the machine is at its start setting with the hose held in place by the fixing means. In B the 

lower folding means is raised by the handles to pin the hose between the lower folding blades 

and the fixing means pusher. With the hose held securely, the upper folding means are 

expanded as in C and lowered as in D, thus creating the first fold. In E, the lower folding means 
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is lowered so that the upper folding means can contract as it does in F. The first fold is now 

firmly gathered by the upper folding means and the fixing means, whereby the lower folding 

means are raised again, see G. In H the upper folding means is raised, the fixing means and the 

lower folding means grip the fold and the procedure can start from the beginning again. 

 
Figure 57. Final design with major parts colored in accordance with motion analysis scheme. 
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of this project, as stated earlier, was to develop the mechanical part of a machine 

able to meet the requirements outlined in the PDS. The master thesis was to be considered 

drawings for a proposed solution. Therefore the organization of the 

drawings and their quality had to be of such high standard that they could 

understood by those engineers who would continue the work once the master thesis project 

was concluded. Standard drawing practice in Sweden [15] differs from standard drawing 

practice in China and as such the production of drawings was done in close collaboration with 

personnel at Exir. One of the notable differences between Chinese and Swedish 

drawing practice is that information has to be very well defined on the drawing. Chinese 

suppliers have a tendency not to comment on irregularities on a drawing, no matter how 

obviously wrong they might be. Furthermore, what is in Sweden considered s

is in essence very different from the Chinese view of the same

pitfalls were avoided due to input from those more experienced. All drawings made were 

continuously added to an Excel sheet, see Figure 58, and then sent to the Exir database called 

for secure storage. In the Excel sheet one could get an instant overview of the 

components and their relationships. So for example if changes were made to the pipe washer, 

in Figure 58, one must check drawing #1113 to which it has a direct 

id resulting errors. The sheet also displayed which major assemblies

drawing of one part or an assembly of many (3), when it was drawn 

, if tolerances had been decided upon (5), what quantity wa

been any revisions made (7). A total of 115 drawings were produced for this 

of these follows here. 

Excerpt of the Excel sheet used to organize the drawings

The first drawing produced was of the master assembly, seen in Figure 5

depicts the BOM (bill of materials) of the machine within the square marked 

ne can find information on which parts are included, how many of each

which drawing they can be found. Figure 60 displays the information box seen on every 

drawing at the bottom right. It sums up all relevant facts concerning the drawing.
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been complemented with a second note reading “sharp edges chamfer 0
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Figure 59. Master assembly of the final design, BOM marked in red. 

 

 
Figure 60. Information box, present on every drawing. 

 

Figure 61 is an example of a nonstandard component drawing, seen again in Appendix IV. It is 

of the structure, marked with a 2 in Figure 40, which holds the fixing means pushers in place. 

This drawing shows the piece flat, although in the machine it is required to be in a 90° angle. 

Marked in red is a note that reads “connected to drawing #1046”. Drawing #1046 describes 

the welding and bending needed on the piece, see Appendix V. Changes on either drawing 

should always be crosschecked with the other. 



 

Figure 61. Example of a drawing of a nonstandard component

An example of a standard component drawing can be seen in Figure 6

example is of a screw used frequently in the machine. Notice the square marked in red called 

material requirements. This box is present on all

of the part. 

Figure 62. Example of a drawing of a 
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Example of a drawing of a nonstandard component

An example of a standard component drawing can be seen in Figure 62 and Appendix VI. 

example is of a screw used frequently in the machine. Notice the square marked in red called 

. This box is present on all non-assembly drawings and defines the needs 

Example of a drawing of a standard component. 

 
Example of a drawing of a nonstandard component. 

and Appendix VI. This 

example is of a screw used frequently in the machine. Notice the square marked in red called 

drawings and defines the needs 
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To the right of the marked box is a box showing the revision history of the drawing, this can be 

found on all drawings. In the upper left corner in Figure 62, there is a box defining the 

tolerances set for the manufacturing of the piece; this can be found on all non-assembly 

drawings.  

Figure 63 depicts the tolerances box, its appearance and in contents is standard of Exir in China 

when dealing with parts and manufacturing of this type. The standards are either ISO (the 

International Organization for Standardization) or DIN (Deutsches Institute für Normung, 

Germany’s ISO member body) as they are known to both the Chinese suppliers and the 

Swedish clients. Both the machining and the stamping class of tolerance has been set to m, 

meaning medium, the second to finest class on a four-step scale. The equivalent class of 

tolerance for welding is B for linear and angular dimensions and F for straightness, flatness and 

parallelism. The k for machining is the second to highest class on a three-step scale regarding 

general geometric tolerances. The decision to use such high classes of tolerance was taken 

together with Exir management, with the motivation that it will be considerably easier to 

locate possible errors in the machine if each piece in itself is of high-quality and precision. 

Dimensional inaccuracies could cause the machine to malfunction and locating these faults 

could prove a time-consuming and costly process. 

Another point of interest in Figure 63 is the salt mist test, which was a recent addition to the 

standard tolerance box of Exir. It became apparent that such tests must be preformed to be 

able to guarantee that, for example, a stainless steel component will not rust. It is due to the 

humid subtropical climate of the Shanghai area, where Exir is located, which is a good breeding 

ground for rust.   

 

 
Figure 63. The tolerance box present on all non-assembly drawings. 
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5 Prototype  
In this chapter the development of the prototype is described, from negotiations with suppliers 

to manufacturing and testing of the finished machine. 

5.1 Supplier Quotations and Negotiations 

Following the completion of the plans of the final design of the machine the prototype 

manufacturing phase commenced. Exir’s sourcing department contacted a supplier, 

henceforth known as Company 1. They have been used previously by Exir but never for an 

entire machine. They were presented with the drawings and studied them intently after which 

a meeting was set up where details of the drawings were discussed. Decisions concerning 

which standard components to use were finalized and minor changes were made to better suit 

Company 1’s manufacturing capabilities. Shortly thereafter they returned with a quotation of 

RMB 37,000 and an estimated production time of seven weeks. Parallel to this, the sourcing 

department also located a new supplier, Company 2. Although no previous work had been 

done by them on Exir’s behalf, they came highly recommended as a first-rate company with 

lengthy experience in constructing new machines. They were approached in the same manner 

as Company 1, which resulted in a quotation of RMB 43,000 and an estimated production time 

of 4-5 weeks.   

Negotiations with both companies became a time-consuming procedure, resulting in the best 

possible contract. The choice fell on Company 2 as they had the most machine building 

experience, the shortest delivery time and agreed to take full responsibility of the functionality 

of the machine. A section from the PDS was added to the contract to be able define the 

success rate of the supplier according to the clause; see text underlined in red in Figure 64. The 

final price settled upon was RMB 35,000 and the final delivery time was set to 3 weeks. 

 
Figure 64. Excerpt from the contract with Company 2 defining them as responsible for the 

functionality of the equipment. 



 

5.2 Prototype M anufacturing

Another part of the contract was 

plan. Figure 65 shows the time plan from Appendix A in the contract. 

Figure 65. Manufacturing time plan from the contract with Company 2.

A visit to Company 2 by involved members of the project and a senior engineer at Ex

planned early on to make sure that everything ran according to plan

the machining phase of the time plan was completed

Figure 66 shows two pictures from this visit. The parts of the m

and a test assembly was close to finished. However, at this time the parts had not been lined 

up exactly so no accurate test of functionality could be done. Figure 6

detailed views of the upper folding means. 

according to the design.  

Figure 
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anufacturing  

Another part of the contract was that the supplier had to work according to a predefined time 

shows the time plan from Appendix A in the contract.  

Manufacturing time plan from the contract with Company 2.

A visit to Company 2 by involved members of the project and a senior engineer at Ex

planned early on to make sure that everything ran according to plan. It took place directly after 

the machining phase of the time plan was completed and the assembly phase had started

shows two pictures from this visit. The parts of the machine had been manufactured 

assembly was close to finished. However, at this time the parts had not been lined 

exactly so no accurate test of functionality could be done. Figure 67

detailed views of the upper folding means. Their expansion and contraction ability worked 

Figure 66. Test assembly of the machine. 

rding to a predefined time 

 
Manufacturing time plan from the contract with Company 2. 

A visit to Company 2 by involved members of the project and a senior engineer at Exir was 

took place directly after 

and the assembly phase had started. 

been manufactured 

assembly was close to finished. However, at this time the parts had not been lined 

7, below, displays 

Their expansion and contraction ability worked 
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Figure 67. To the left, a view of the assembled upper folding means from above. To the right, 

the upper folding means from below. 
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5.3 Prototype Testing 
A second visit took place after the debug and assembly process was to be completed, see 

Figure 65.  At this stage a first test of the folding ability of the machine could be done. The 

machine was first tested without plastic to make sure that all components preformed 

according to their design. Complications and manufacturing errors were noted and 

enhancements were discussed. The machine was thereby tested with a roll of film and a first 

fold was attempted as seen in the pictures in Figure 68. 

 

Figure 68. First attempts to create a fold. 

One fold was successfully completed but to create another fold directly afterwards proved 

complicated as the plastic hose became too stretched. The stretched hose was reluctant to 

comply with the folders and it became obvious that some adjustments had to be done. Due to 

time restrictions these adjustments were postponed, but were thoroughly discussed and 

planned, see Chapter 7 - Discussion. Figure 69 below depicts the complete machine during the 

first folding test run. 

             

Figure 69. The complete machine during the first folding test run. 
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6 Conclusions 
This chapter reviews the conclusions reached as a result of the master thesis project and 

compares them to the demands outlined in the problem definition. 

The machine was designed to fold a polyethylene hose into a bag that can be fitted on the 

industrial vacuum cleaners assembled by Exir. It is a completely manually operated appliance 

but can easily be automated. Automation of the machine should be done following a 

successful manual test run. The machine has been fitted with numerous adjustment 

possibilities to raise the probability of functionality without the need for redesigning. Springs 

can be tightened or loosened, positioning of supports can be altered and folder movement can 

be constrained and fine-tuned. The final design of the machine can be seen from two views in 

Figure 70. 

                            
Figure 70. Final design of the machine. 

Most of the parts of the machine are standard components, or slightly changed standard 

components, for cost reduction reasons. The material of the nonstandard components was 

chosen in collaboration with the commissioning company and the prototype manufacturer to 

guarantee high performance and suitable quality at a minimum cost. Each major part of the 

machine can be assembled separately so that the entire machine can be transported without 

difficulty in a semi dismantled state. Furthermore, since it is mounted on a pallet it can easily 

be moved around the factory grounds completely assembled and ready to go.  

The project goal was to develop the mechanical part of a machine able to meet the 

requirements outlined in the formulated PDS; this was assessed with the outcome presented 

in Table 9. 
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Table 9. Outlined requirements from the project PDS and how they were met. 

Requirement Conclusion 

Bag requirements   

One (1) bag is folded 85 times. 
The folders were designed to fit a bag with 

at least 85 consecutive folds. 

The folding cycle can be done 10 times 

without interruption. 

With the adjustment capabilities of the 

machine it will be able to turn out at least 10 

folds without interruption. 

The approximate measurements after 

compression should be as defined in the 

PDS. 

The folding blades are designed to produce 

bags with measurements equivalent to those 

defined in the PDS. 

Ergonomic and safety requirements  

No sharp projections. All edges are chamfered. 

Usable with minimum injury risk. 
Handles, levers and locks on the final design 

provide safe usability. 

Aesthetic requirements   

Reassuring and safe appearance. 

A solid base, guiding stickers and robust 

handles provide a secure and confident 

expression. 

 

This master thesis project was defined as complete upon delivery of plans for a proposed 

solution. The total set of drawings were finished, approved and as a result of prototype 

manufacturing, also realized. As such the project was to be considered completed and the goal 

fulfilled. However, only when the prototype has been finalized and adjusted, the complete 

success rate of the design can be obtained and evaluated. 
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7 Discussion 
In this chapter the conclusions are discussed, criticism is presented and recommendations for 

future work are put forward. 

Even though the goal of the master thesis project was fulfilled and the guidelines of the PDS 

were upheld; it is not until the prototype of the machine has been tested further and adjusted 

accordingly, that one can clearly see if the proposed solution actually solves the problem. The 

machine was equipped with numerous adjustment capabilities to help ensure a successful 

prototype. In the case that these are not enough, some redesign efforts will have to be 

initiated.  

If the machine works as designed, after only minor adjustments, there are still some specific 

tests that should be preformed. As the machine is manually operated, it will complicate the 

ability to test it at high speeds, something which is necessary before investing more time and 

money into making it fully automated. This is because the plastic hose might act radically 

different at the high speeds possible when automated. The probability of tearing or wrinkling 

the hose tends to increase with speed. However, by instructing two operators and letting them 

train on the machine, a reasonably high folding speed ought to be reached to suffice as an 

evaluation platform.  

When the machine works at high speeds, the process by which the finished product is 

removed from the machine should be redesigned. As it is now production would have to stop 

for an unnecessary length of time between each bag produced. This can be simplified and 

improved upon. At the same time as the retrieval of the finished bag is redesigned, efforts 

should also be put into attaching a cutting blade on the machine which would separate each 

finished product from the hose.  

If the machine does not work as designed, no matter how it is adjusted, there are several 

recommendations on how to proceed, depending on the situation. One potential source of 

error in the machine could be the delivery system of the hose. It is possible that the hose will 

either be fed too quickly into the folding mechanism or not quickly enough. If it is fed too 

quickly, an extra roller could be installed next to the top most roller. This new roller should be 

adjustable in position so that the distance between the rollers could increase or decrease; 

thereby regulating the speed, through pressure on the hose, by which the hose reaches the 

folders. If the hose is not fed quickly enough one could consider using Teflon spray on areas of 

too much friction along its path which might halter its progress. Another option could be to 

install a second roller, described previously, but this time make it motorized so that it feeds 

the folding mechanism at a regulated speed.  

If the folders continue to have difficulties folding, as was the case during the first test run prior 

to adjustments, there are several different options available. During the first test run it became 

clear that the hose was too stretched around the folders. The consensus was that this was due 

to the size of the folding means, something that can be adjusted through machining. The 

general diameter of the folding means appeared too big and as such samples of larger hoses 

should be ordered for new trial runs. The results should provide information on how to alter 

the folding means in size to accommodate the standard hose. 

Folding difficulties can also be due to the surface of the folding blades. During the folding 

procedure the upper and lower folding means must be able to move without the hose 

attaching itself to them. By either applying Teflon spray or a chrome surface on the blades the 

friction should be reduced satisfactorily.  
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During the first trial run the pushers of the fixing means, see Figure 71, were still without a 

foam coating. This foam coating provides a better grip necessary during folding and should be 

added before future test runs; the reason being that it became clear during the first test run 

that the grip was insufficient. 

 
Figure 71. One of four pushers of the fixing means without a foam coating. 

The springs attached to the pushers on the prototype during the first test run were to firm and 

additional tests with the recommended springs are planned. However, discussion concerning a 

mechanical pusher was initiated. A mechanical pusher would move inwards the needed 

distance after each successful fold and would eliminate the search for a suitable spring. 

Designing such a pusher would add several more parts to the machine but also provide 

additional accuracy to the folding process. 

Another source of error could be the plastic hose itself. The Supplier’s sample was determined 

to be <99% polyethylene and therefore the hose ordered in China will also be a three-layered 

polyethylene hose. However there might still be significant differences between the Supplier’s 

hose and the Chinese version, due to different means of production, raw material quality and 

additives. To eliminate this possibility, the two hoses should be tested simultaneously in an 

effort to locate and eradicate differences. 

When the machine works, either due to adjustments or redesign and has been tested 

successfully, the automation process can start. This should be done in close collaboration with 

the experienced machine constructors at Company 2, the prototype manufacturer, and project 

attached engineers at Exir. As manual labor is still a cost effective means of production in 

China, one could consider making the machine only half-automated. This would greatly 

simplify the needed redesign process and almost certainly decrease the cost of producing one 

machine. If several machines are to be constructed, the now present adjustment capabilities 

are easily removed from the design to further lower manufacturing costs and assembly time. 

During the course of the project the matrixes of Ulrich-Eppinger were used as a means of 

selecting which concepts to further develop, as has been presented in this report. However, to 

fully rely on the results of these to select the best concept can be misleading. The matrixes 

should rather be considered as a support in the decision making procedure and not the 

ultimate truth. The main reason for this being that one tends to manipulate the results in the 

favor of one’s favorites, consciously or subconsciously. It is highly unlikely that the result of 

this project would have been different had the matrixes not been used. All major decisions 

were confirmed with Exir supervisors. They were not influenced by the matrixes as they based 

their choices without their involvement. 
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9 Appendix I 
In this appendix the Gantt-schedule formulated in the beginning of the project is displayed. 

During the course of the project it was continuously updated and revised. 
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10   Appendix II 
This appendix presents the risk analysis which was devised at the start of the project as a 

means to prepare for possible problems that might arise. 
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11   Appendix III 
This appendix shows the first drawing made of the machine, the master assembly. 
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12   Appendix IV 
This appendix shows an example of a nonstandard component drawing. 
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13   Appendix V 
This appendix presents a drawing of the welding and bending needed on a piece; the welding 

specifics were decided by the manufacturer. 
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14   Appendix VI 
This appendix shows an example of a standard component drawing. 
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