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Abstract 

 

This report is the result of a bachelor thesis project conducted as the final part of the education in 
Innovation technique and Design at Karlstad University. The project itself was carried out at Tetra Pak, 
Lund and consisted of re-designing a component used in packaging machines, with the purpose of making 
it fool proof in terms of assembly. The mis mounting of this component could lead to inferior sealing 
quality in packages produced and in worst case leakage and spoiled content. The issue of the mis 
mounting has been raised by several customers and Tetra Pak is looking for a solution to improve the 
mounting.  
 
The methods used in this project are common in product development, such as the use of a design 

specification, generating solutions by various brainstorming methods and evaluating these concepts by 

different forms of matrices. In addition to common product development methods, other suiting methods 

such as CAT (Consensual assessment technique) has been used and theory in Poka-yoke solutions as well 

as Cognitive ergonomics has been studied. In the pre-studies, a rather wide study of different sources has 

been made to gather information on this technically advanced target component and converged them all 

by the principles of data triangulation. By involving user centred design theory, the entire methodology 

also extends to using the view of the users in all steps along the way. 

The resulting solution has been filed as a report of invention by Tetra Pak along with two other concepts 

which were deemed valuable for the company by the supervisor at Tetra Pak. This proposed concept is 

not only physically impossible to misplace, it also displays by colour marking how it is to be placed and 

reminds the assembler of the process by nearby instructions. The resulting CAD model shows this solution 

as technically fit for the machinery and a simple mock-up of the physical function of the solution shows 

how it would be impossible to mount incorrectly. The project resulted in 39 different concepts of various 

function, documented in an idea archive. 

This project has developed a proposed Poke-yoke solution which matches the product specification set by 

the company as well as two other solutions deemed of value by the company in terms of future use. The 

proposed use of the main solution shows potential in solving the issue at a reasonable expected cost while 

theoretically improving user cognition. The solution also requires very little physical change in the 

component and surrounding machinery, thus giving it great potential for retrofit ability.  

  



Sammanfattning  

 

Denna rapport är resultaten av ett examensarbete utfört som sista delen av utbildningen 

Högskoleingenjör inom innovation och design på Karlstad Universitet. Själva projektet utfördes för Tetra 

Pak, Lund och bestod I att designa om en komponent som används i förpackningsmaskiner, med syftet att 

göra den ofelbar gällande montering. Felmontering av denna komponent kan leda till försämrad 

förslutning i förpackningar och i värsta fall läckage och förstört innehåll. Problemet med felmontering av 

denna komponent har uppmärksammats av flera av Tetra Paks kunder och företaget söker en lösning som 

ska förbättra monteringen. 

Metoderna som använts i detta projekt är vanliga inom produktutveckling, såsom användningen av en 

designspecifikation, att generera lösningar med olika brainstorming metoder och att evaluera framtagna 

koncept genom olika former av matriser. I tillägg till dessa produktutvecklingsmetoder har annan 

passande metodik som Konsensuell bedömningsteknik använts i bedömning och Poka-yoke teori samt 

teori inom kognitiv ergonomi studerats.  I förstudien studerades en bred front av olika källor för att samla 

information om denna tekniskt avancerade komponent och information konvergerats i linje med 

principerna inom datatriangulering. Genom att involvera användar-centrisk design anpassas metodiken till 

att bruka användarperspektivet i stegen längs vägen.  

Den resulterande lösningen har tillsammans med två andra lösningar arkiverats som ”reports of 

invention” av Tetra Pak. Den föreslagna slutliga lösningen är inte endast fysiskt omöjlig att missplacera, 

den är även genom färg och form självinstruerande och innefattar instruktioner i närheten för att påminna 

montören om tillvägagångssättet. Den resulterande CAD-modellen påvisar denna lösning som tekniskt 

möjlig för maskineriet. Totalt genererade detta projekt 39 olika koncept av varierande funktioner, 

dokumenterade i ett idéarkiv.  

Detta projekt har lett till en föreslagen lösning bestående av sammanslagna koncept som matchar 

produktspecifikationen som togs fram med företaget. De två näst högst rankade lösningarna har även de 

betraktats som värdefulla av företaget, och arkiverats som ”report of invention”. Den föreslagna högst 

rankade lösningen visar potential i att lösa problemet med rimlig kostnad samtidigt som den teoretiskt 

förbättrar användarkognition. Lösningen kräver dessutom ingen större fysisk förändring i komponenten 

eller kringliggande maskindelar, vilket ger den stor potential för att användas i ombyggnad av maskiner 

redan i bruk. 

 

 

  



Terminology 
 

Dolly – The component which this project revolves around. A rubber strip, positioned in a socket in the 

cutting rail, which puts pressure on the packages as they are being sealed and cut.  

Cutting rail – The metal rail in which the dolly is placed. This rail holds the knife which descends and cuts 

the packages.  

User centred design – An approach to design which applies the knowledge of users in the process. 

Consensual assessment technique – Often shortened as “CAT”, this technique uses judges and experts to 

evaluate concepts by captions and short descriptions 

FMEA – Failure method and effect analysis, a method for evaluating and counteracting risks 

PFMEA – Process failure method and effect analysis, a method for evaluating and counteracting risks in 

processes.  

Brainstorming – Process for generating ideas in a group setting 

6-3-5 (Brainwriting) – A method of brainstorming which uses 6 participants, generating 3 ideas each in 5 

minute sessions on paper. The papers are then rotated for the next 5 minute session, so that the 

participants can use each others ideas for inspiration. Total of 6 rounds which typically produces 108 

ideas. 

Catalogue Method – A type of brainstorming method which use some form of catalogue, bank of ideas or 

similar source of ideas/inspiration to discuss around in order to generate new ideas. 

Benchmarking – A measurement of an organisations products, policies and other factors. I.e to measure a 

company in some regard.  
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1. Introduction 

This thesis project was made in the examining course of a program at Karlstad University called innovation 

technique and design. The course covers 22,5 HP and consists of a project carried out in co-operation with 

a selected company and a peer reviewed report. The company at which this project took place was Tetra 

Pak in Lund, Sweden and therefore most of the work was conducted outside of the company with 

frequent and well-prepared visits. The company has been experiencing problems with their package 

production machines, specifically a lack of sealing quality directly caused by a component being mis-

mounted in the machine. The project was to improve this component in such a fashion that it could no 

longer be mounted incorrectly. The work was carried out using the Product development process to 

generate and evaluate possible solutions. 

1.1 Background 

Tetra Pak is a major producer of packages and packaging solutions and has clients in over 200 different 

countries, their machines being used abroad by customers of various expertise. Some of these machines 

have experienced issues because of a misplaced component. Tetra Pak asked for a poka-yoke solution to 

this problem, a concept that would make this component impossible to misalign.  

For clarification, the cross section pictured below in figure 2 shows the procedure in which the Dolly’s play 

an important part. The Dolly’s applies pressure on both sides of the package between the descending 

knife, allowing the inductor to fuse the package as the cut is made.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Cross section of components at point of cutting (Credit: Tetra Pak). 
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1.2 Problem description 

The reported problem is that Tetra Pak’s machines has produced faulty packages with inferior sealing 

quality, the reason being a mis-mounted component. This small but important rubber strip, called and 

commonly referred to as “Dolly”, aids in the cutting and sealing of packages by applying a specific amount 

of pressure at the point of sealing. The sealing is made using an inductor which presses against the 

package from the other side, fusing the package with electricity. For this fusing seal to be made, the 

pressure at this point is critical. With the component mis-mounted, often upside down, the pressure 

applied is not enough to make a successful sealing which has led to packages prone to leakage.  

 

 

 

 

 

 

 

Figure 1: Two dolly strips as seen mounted correctly in the cutting rail (Credit: Tetra Pak). 

 

After conducting the pre-study, it became clear that the problem lies both in the human factor as well as 

component. While the component is shaped to be placed in one way only, it is possible to use brute force 

to align it in another way because of the soft material it consists of. It is also rather hard to place even 

when done correctly, as its shape and material requires quite some force and often tools to fully place it. 

Because of this, the assembler expects resistance while placing it and does not react when a mis-mount 

offers additional resistance. With all this in mind, as well as the fact that this component yet bears no 

markings or colour to instruct how to place it, the problem should be considered to lie with component as 

well as assembler. 

1.3 Purpose 

The purpose of this project is to use the teachings of the Innovations technique and design program in a 

professional setting at a company, proving the ability of the student and producing value for Tetra Pak by 

solving the problem of mis-mounting in packaging machines regarding the specific “Dolly” component, 

furtherly described above in 1.2.  

The research question used in the pre-studies (See 2.2) also clarifies the purpose of the project: 

- Using cognitive ergonomics theory and the product design process, how should the rubber component 

and the metal rail, upon which it is to be attached, be re-designed to minimize the probability of faulty 

installations? If the rubber component’s design is significantly altered as a result of this project, what 

changes should be made in the mounting instructions to: 

a) make sure the assemblers quickly and fully understand the new design? 

b) further minimize the probability of faulty installations? 
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1.4 Goal 

The aim of this project is to produce viable concepts fit for future projects by Tetra Pak, coupled with an 

internal report for the company and to produce an academic report fit for opposition by 2018-05-25. The 

final report will be ready for examination by Karlstad University before 2018-06-18. The specific goal of 

the product development process is to find the best potential solution, matching the product 

specification, that will potentially solve the problem in a poka-yoke fashion. This selected concept is to be 

furtherly developed and documented, including images and possible variations of a CAD model that will 

be delivered in full to Tetra Pak coupled with a presentation and internal report, no later than 2018-06-18. 

A document with all the archived ideas and concepts formulated during the project will also be compiled 

and delivered. 
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2. Methods 
 

This section lists the methods by which the project was executed, including the project plan and its 

elements. The used methods are for the most part common steps in a production development process as 

described in Johannesson (2004). The chapter describes each method in order of appearance throughout 

the project and explains how it suited the project. The method model, as seen below in Figure 3, visually 

describes the general process of the project from pre-studies into construction. 

 

 

 

 

 

 

 

  

Figure 3: Method model  

 

2.1 Project plan 

The project plan was first visualized with a simple WBS (Work Breakdown Structure) displaying the 

different parts of the project by a simple visual structure. This WBS was later used to create a GANTT 

schedule displaying the phases of the project stretching over time. A PFMEA (Process Failure Methods and 

Effect Analysis) was made to evaluate risk and the Design specification in the form of a criterium matrix 

was put up and discussed in the early stages of the project to add additional perspective on the tasks to be 

performed.  

2.1.1 WBS 

The work breakdown structure divides the project into three parts: Pre-studies, Implementation and 

Reporting/Presentation. The WBS made the project easy to overview and divide into smaller parts with 

their own activities. The WBS was formulated as suggested in project planning by Eriksson & Lilliesköld 

(2004). See appendix 1 for a visual of the WBS. 

2.1.2 GANTT schedule 

The weekly schedule is formulated as a GANTT schedule with activities and deadlines stretching and 

overlapping across the timeframe (see Appendix 2). This schedule will be used to further plan out each 

week as the project moves forward. As suggested in project planning by Eriksson & Lilliesköld (2004), the 

GANTT schedule was based on the content of the WBS. In accord to the PFMEA, this schedule is to be 

reviewed as whole and eventually restructured every other Monday.  
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2.1.3 PFMEA 

The major risks that posed a threat to the project plan and the project were assessed and a 

countermeasure formulated in the form of a PFMEA (Process Failure Method and Effect Analysis) as 

described in by Eriksson & Lilliesköld (2004). These risks included illness, lack of resources and other 

threats that could pose a threat to the timeframe or the project itself. With a suitable countermeasure 

applied, the risks were re-evaluated and were found to be acceptable. This document was updated as 

needed when new risks arose in the project. The PFMEA was also re-assessed at the start of the concept 

generation phase as well as the start of the construction phase. A PFMEA is useful to counteract the 

eventual risks with the project (Johannesson et al. 2004). The full PFMEA can be found in appendix 3. 

2.1.4 Design specification 

A design specification (See appendix 4) was made to ensure that the wishes and demands of the company 

were met. This specification was made from demands and wishes from the supervisor at Tetra Pak and 

structured by the products life cycle phases, as suggested by Johannesson et al. (2004). The specification 

was later updated with additional criterium suggested by the project leader and reviewed together with 

the supervisor at Tetra Pak. The foremost criteriums regards the use of the component (Mounting, 

dismounting). This document was reviewed and updated regularly as the concept generation and later 

construction phase moved forward. This document was mainly used to evaluate concepts as proposed by 

Johannesson et al. (2004), but it was also used to formulate the basis for concept generation as some of 

the criteria could be used to inspire ideas. 

2.2 Pre-studies 

The form of the pre-studies was in great part shaped by the research question seen below: 

Using cognitive ergonomics theory and the product design process, how should the 

rubber component and the metal rail, upon which it is to be attached, be re-designed 

to minimize the probability of faulty installations? If the rubber component’s design is 

significantly altered as a result of this project, what changes should be made in the 

mounting instructions to: 

a) make sure the assemblers quickly and fully understand the new design? 

b) further minimize the probability of faulty installations? 

 

To answer this question, the pre-studies drew information from many different sources. The technical 

nature of the project required substantial studies of the component itself that was to be re-designed. 

Visits were made to conduct light interviews, gather technical data and to experience the problem on a 

first-hand basis. Literature regarding projects was reviewed to help structure the project plan and 

methods. By request from Tetra Pak, benchmarking, in the form of interviews, was also included in the 

pre-studies to draw inspiration from already existing solutions to similar problems. The methods used for 

these pre-studies were selected for their suitability in user-centred design, which can be used to great 

effect when designing a technical product in which users tend to have knowledge (Gulliksen et al. 2003). 

Using many sources of data also increases the validity of the research by the principles of data 

triangulation (Flick 2011).  

The pre-studies method used was an “Inside-out, Outside-in” approach, following the principles of user-

centred design to gather information from the users and implementers of the product and combining it 
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with harder data, e.g. internal documents and files. This combined data helped shape the process of idea 

generation as it contributed to understanding the problem, providing inspiration for possible solutions 

and even provided examples of similar solutions. The harder data was collected for use in concept 

evaluation and construction and concept generation (as inspiration) to some extent.   

2.2.1 Study visits 

Several study visits were made to gather information for a solid start in the project. A production line 

where the where the component is used in the machinery was shown. Means to access information and a 

detailed schematic of the target component and its direct surroundings was provided. A sample of the 

component was given to the project leader. Several photos were taken of the component and the parts 

used to attach it and was later used to create a basis for brainstorming. These visits also allowed for direct 

observation of the mounting process, and first-hand experience in mounting a dolly.  

2.2.2 Interviews 

Interviews as well as meetings together with the supervisor and technicians were conducted. These 

interviews provided information vital to understanding the problem as well as the limitations for the 

concepts to be generated. Semi-structured interviews which were later conducted gave more information 

that helped understanding the user perspective. According to Gulliksen (2003), semi-structured interviews 

is a suitable qualitative research method for user centric design. The structure of the interviews also 

helped gather as much raw data as possible without altering the answers by leading questions. According 

to Trost (2010), this type of interview structure is also time efficient which played well with the timeframe 

of the project since the on-site time was limited.  

In addition, the semi-structured frame of questions used in the open-ended interviews may lead to 

information in the desired direction while allowing the subject to take initiative and contribute with 

deeper information from their point of view as described by Patton (1987).  

The interviews were recorded by note-taking and transcribing, in part, the important parts of the 

interview. Due to the sensitive nature of the information and in some cases the sound levels of the 

interview environment, tape recording was not used. As suggested by Patton (1987) quotes of interest 

were noted. As to protect the identities of the subjects, interviewees are named as “A” and “B”. 

2.2.3 Documents and files 

Documents on a few certain cases where the component had been mis-mounted were studied. These 

described and showed visually how the component had been misaligned during assembly and what 

effects it had on the packages this line produced with the faulty installation in place. These documents 

were studied and used to formulate the problem definition.  

Other documents studied included CAD files of the dolly and an animated GIF showing how the dolly 

functions in the machinery.    

2.2.4 Literature studies 

As the company requested a “poka-yoke” solution, literature in poka-yoke was studied to learn more 

about the concept and its application in assembly. Theory in cognitive ergonomics was also reviewed as 

these theories was thought valuable in designing a component for correct assembly. The information from 

these studies were used in the basis for concept generation, helped inspire interview questions in 

benchmarking and was used when further developing the chosen concepts into a full solution.  
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2.2.5 Benchmarking 

To gather information about existing relevant products and possible solutions that could be included in 

the project, interviews with different companies were conducted. Some of these companies were 

suggested by the supervisor at Tetra Pak while others were found by internet searching and through 

recommendation by interview subjects. These short interviews were semi-structured as to avoid leading 

questions and draw forth as much raw information and suggestions as possible (Patton 1897). By asking 

for referrals to other professionals (Within their company as well as outside) on the subject, more 

interviewees were found and their willingness to share information was noticeably high when the point of 

referral was mentioned. This “snowball” method follows the suggestions of Patton (1987) who also 

underlines the importance of probing with follow-up questions, a strategy that was well used in these 

interviews. To protect the identities of the subjects, interviewees are named as “C”, “D”, “E” and “F”. 

2.3 Concept generation 

The concept generations used the gathered data in form of a visual and easily comprehended data 

foundation to produce concepts. The catalogue method essentially hoards information from various 

sources and is used as support for creativity (Johannesson et al. 2004) The first brainstorming session 

aimed to produce as many concepts and ideas as possible. These ideas were later included in the second 

brainstorming which included experts at Tetra Pak. As such, the previously generated ideas could be 

improved upon by the group at the same time as they served as inspiration for new ideas and discussion.   

2.3.1 Ideation catalogue 

The pre-studies collected a large amount of data that was broken down into an easily digested basis used 

for concept generation, called the data foundation. This included e.g. photos, notes and documents. The 

basis served as inspiration for ideas in two different brainstorming groups. The result from the first 

brainstorming group was added as part of the data foundation, which was used again in the second 

brainstorming session. This foundation was formulated in such a way that it would provide much 

information in a short timeframe. The data assembled in the pre-studies were of immense proportions 

and would have been cumbersome to review as a creative group. Pictures, short descriptions and GIFS 

were used to convey the information quickly and in such a way that it would inspire ideas.  

2.3.2 Brainstorming session 1 

Using the amassed data and inspiration from the pre-studies, several concepts were produced. The first 

brainstorming session was held in a small group of select people, using the 6-3-5 method. A short 

introduction to the components function and a few different variables were presented to the group in 

order for them to fully understand the problem. These persons had experience and/or education in 

product/service development and one of the members had purposely been selected because of his 

occupation as an assembler in a different field. The produced concepts were described and illustrated and 

later used along with the data foundation as inspiration for the second brainstorming group session as 

well as viable concepts going directly into the evaluation process. During this brainstorming session, the 

project leader participated and inserted numerous concepts which had come to mind during the pre-study 

phase. By sharing ideas in such a fashion by the 6-3-5 method, the participants could be inspired by ideas 

from a well-informed source and also further develop these concepts.  



17 
 

2.3.3 Brainstorming session 2 

Using the data foundation and the produced concepts from the first brainstorming group, a brainstorming 

session were later held with a selected group of experts at Tetra Pak to generate more concepts. The 

group also had a person currently employed as assembler as well as a former assembler currently working 

in development. This group consisted of experts in different fields within Tetra Pak and each person was 

involved with the component as either implementer, technician or assembler. Diversity within a design 

group has been shown to yield more promising results, provided that the subjects goals align (Trischler et 

al. 2018). This brainstorming session consisted of two parts: 6-3-5 brainwriting and the Catalogue method, 

also known as the Gallery method. According to Franke and Deimel (2004), these two methods are suiting 

to combine when finding solutions by free mind mapping.  

As outlined by Diehl & Stroebe (1991), a brainstorming group may lose productivity if not given enough 

time to present their ideas. The first part of the brainstorming (6-3-5 brainwriting) counteracts this effect 

by letting all members freely present their ideas on paper.  

For the first part of the brainstorming, each member was given a 6-3-5 template, pens in various colours 

and extra paper for drawing and additional notes. Under guidance, the group discussed and reviewed the 

problem. Different subfunctions of how to failproof the target component, pictures of 

machinery/component and the method of the brainstorming session was discussed. Each member was 

then assigned to formulate ideas on with the goal to produce as many different ideas as possible. This first 

part of the brainstorming session was held with no ideas presented; the goal here was to prod the group 

to think freely and gather as many diverse ideas as possible without leading the subjects. The template 

used for this session can be seen on the following page in figure 4. 

 

 

 

 

 

 

 

 

 

 

Figure 4 – 6-3-5 Brainwriting template 

 

The second part of the brainstorming session was open discussion while using the catalogue method. 

Information gathered during the research was displayed as well as guidance in how to approach the 

problem. Theory from poka-yoke literature and material gathered during interviews was used to 

formulate a way of approaching the problem. The function of “mounting correctly” was divided into four 

different types of subfunctions; Physical, Signalling, Control and Instruction. For example, one could 

approach the problem by applying a control function (e.g. Camera or similar device which controls that 
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the component has been mounted correctly). Several of the concepts generated in the first brainstorming 

was also presented to spark new ideas and discussion. The participants were encouraged to use the 

whiteboard to communicate ideas and photos were taken of these whiteboard sketches in the end of the 

session.  

This two-part method of brainstorming has several advantages, as it combines free thinking from the 

individuals, typically associated with numerous ideas, with a group discussion method which has been 

shown to yield fewer but more qualitative ideas (Korde, R., & Paulus, P. B. 2017). As proven effective for 

creativity in this paper, discussion before the individual (6-3-5 brainwriting) method was held. 

2.4 Concept evaluation  

The concepts generated had already at this point received feedback during the brainstorming sessions but 

needed to be properly evaluated to select the top concepts. First, the ideas were screened using the 

design specification. Second, a concept screening was made using an elimination matrix. The concepts 

were then evaluated using a relative decision matrix and further evaluated by concept scoring in a 

criterium weight matrix. The top concepts and their results were presented to the supervisor at Tetra Pak 

for the concept choice. This line of evaluation followed the proceedings of method evaluation outlined by 

Johannesson (2004).   

2.4.1 Compilation 

The concepts generated were compiled and sorted – several ideas were similar and were put together as 

pictures and descriptions under the same concept. The ideas were also divided into subfunctions. Each 

concept and its variations were properly captioned and described as well as accompanied by a simple 

sketch or image to convey the idea. This form of compilation made for easier procedures during the 

following screening, especially during the consensual assessment described in 2.4.3.  

2.4.2 Consensual assessment in feasibility 

Due to the technical nature of the components involved, many of the concepts were marked as 

“undecided” in terms of feasibility and cost. To gain more information quickly, a group meeting was 

scheduled at Tetra Pak with a group of expert implementers and constructers. These chosen persons were 

all experts in different areas vital to producing the Dolly and the socket in which it is to be placed.  

Consensual assessment technique (CAT) coupled with group discussion was used to get the most 

information out of the meeting. The CAT has been shown effective for judging creativity as well as other 

technical factors (such as feasibility) by scoring ideas based on captions and pictures (Amabile 1982). 

Kaufman et al. (2007) also confirms that a shorter version of CAT, using only captions rated by judges, is 

enough to provide reliable scores. 

This gathered group of experts was asked to evaluate the concepts in terms of feasibility and cost. The 

meeting began by discussing each concept using the compilation as basis. Each member had a printed 

version of the compilation with all the concepts listed. During this open discussion, notes were taken of 

vital points and important quotes. The group was then asked to evaluate each concept. This was done by 

using a simple form (See figure X below) where each member could write down their rating of each 

concept from 1-10, 10 being positive in all categories. The members were asked to only rate the 

categories in which they felt confident in judging. For example, the expert in construction regarding the 

cutting rail would mostly rate the concepts in terms of feasibility regarding this rail. All these ratings would 

later be assessed when determining the feasibility of concepts in the relative decision matrix (See 2.4.4 

below).  
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Apart from the technical aspects of feasibility, another category named “User friendliness” was added to 

determine if the concept would be feasible/appropriate from the view of the user. The assessment group 

had a member which had been working with assembling Dolly’s. By making a conscious decision to include 

a person with user experience in the group, the assessment could benefit from ratings and remarks in 

discussion made from a user perspective. This goes in line with the principle of User-centred design which 

suggests including users in all steps of the creativity process (Gulliksen et al. 2003). 

13 different concepts were chosen to be presented before this group, all marked as “uncertain” in terms 

of feasibility. These concepts were deemed difficult to judge due to their technical nature and required 

this expert input to determine if they were fit to move forward with in the evaluation process.  

Some of these concepts also represented concepts NOT selected for evaluation because they were similar 

in their technical nature. For example, a concept which mechanically altered the cutting rail represented 

two similar ideas not presented to the group, but the rating and comments made on this concept were 

also relevant for the similar concepts. Thus, these concepts could later be accurately evaluated with the 

results from the feasibility evaluation as basis. 

2.4.3 Concept Screening 

The concepts were screened using an elimination matrix as suggested by Johannesson (2004). This matrix 

listed demands that needed to be met by the concepts and listed them as either positive, negative or 

undecided for each demand. A negative on any of the demands meant that the concept was eliminated. A 

concept with one or more “undecided” mark needed further investigation before reaching a decision. 

Because of many concepts being marked “undecided” in terms of whether they could be constructed or 

not, an assessment of feasibility by experts was deemed necessary to move forward.  

2.4.4 Concept combination 

By combining the concepts for subfunctions (Physical, signalling, control, instruction), complete solutions 

were made. This step of combination resulted in a few but well-formulated solutions that would score far 

higher than any single concept in the following matrix. Some combinations had no requirement for all 

subfunctions. For example, the solutions which had a component that physically could not be mis-

mounted had no need for a control function. 

2.4.5 Relative decision matrix 

Using a relative decision matrix, the screened concepts were evaluated and screened further. This relative 

decision matrix weighed the concepts versus a reference concept. The reference concept chosen was one 

of Tetra Pak’s own ideas that is currently being developed. By weighing the concepts versus the reference 

on different criteria based on the design specification and pre-study material, the concepts were scored as 

better, same or worse for each point. The highest scoring concept was then used as reference in the next 

round of the matrix.  

The second round used the generated solution labelled as nr 1 and compared the remaining solutions to 

this one, using the same criteria as the first round. As the scores were set, the significantly lower scored 

concepts were eliminated, and the remaining concepts went on to be compared in relation to the decision 

matrix as seen below.   
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2.4.6 Weighted criterium decision matrix 

The product specification (as seen in appendix 4) lists all wishes and demands for the concepts. The 

demands were already met by all remaining solutions due to the elimination matrix procedure (See 2.4.2) 

and the concepts were now compared by estimating how well they fulfilled the wishes of the design 

specification. The concepts were rated 1 to 10 for each wish, 1 meaning not at all and 10 being completely 

fulfilled. Factoring in the importance of each wish, the concepts score was calculated. For example, if one 

concept scored a “7” on criteria 1 with a weight of 5, its score for this criterion would be 5 x 7 = 35. Adding 

up all the scores for each criterion, the concept received its final score and could be compared with the 

other concepts.  

2.4.7 Concept choice 

The three highest scoring solutions were then compiled in a document for concept choice. This document 

listed the concepts with pictures and a short description of the advantages and disadvantages of each 

concept. A telephone meeting with this document as basis was held, in which the different concepts were 

argued about with the supervisor and one solution was recommended due to the being the highest 

scoring in evaluation. The recommended concept ended up being chosen as the final concept and was 

discussed briefly in terms of feasibility and considerations regarding construction.  

2.5 Construction 

With a concept selected, the project headed into the construction phase. Files of existing dolly models and 

the cutting rail with its surroundings made the basis for this construction. The concept component was 

modelled using Creo 3.0. Due to the components role and the complex system it is a part of, the 

construction phase was decided to stop at the completion of a theoretically functioning CAD model and 

Mock-up model. Producing and testing prototypes would have required resources and time that would 

have stretched beyond the reasonable frames of this project.  

2.5.1 Further development 

The concept was developed further by sketching and testing out different variations on the concepts in 

the solution. Using the already existing CAD model of the dolly and cutting rail, sketches were made that 

fit the chosen concepts into the measurements of the CAD model.  

2.5.2 Cad modelling 

Using Creo 3.0, a CAD model was produced which would prove the concept viable in terms of 

construction. This model was based on the already existing model of a dolly and the accompanying cutting 

rail. As the concept was sought to fit all lines of production and even the older set of machines already in 

use by customers, the model where this concept would be the hardest to implement was chosen for 

construction. Line of thought was that if the concept could be implemented in this model, it would have a 

greater chance to fit with the other models.  

2.5.3 Mock-up 

As a visual aid to construction, a Mock-up model was made. This rough model was made to help visualize 

different viable variations for the concept as it was being modelled in the CAD program and to make sure 

the physical concept in the solution was sound. A Mock-up model is typically a model made to act as a 

rough prototype to test a concept in some areas.   
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2.5.4 FMEA 

An FMEA was made to counteract risks with the concept, as suggested by Johannesson (2004). This was 

made to be of benefit to the company if they were to further develop the solution. The FMEA was also 

made to aid in the construction phase, as it listed risks that could be countered in the CAD model and in 

the further development of the solution within this project.   
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3. Results 
 

This chapter describes the results from the executed methods along with some description that may be 

needed to follow and understand them. This includes the outcome of the project plan and its contents, 

the concept generation and the results from the pre-studies and how they affected the outcome. The 

results from the matrices used to evaluate concepts and combined solutions are shown, leading to the 

final concepts and the outcome of the CAD modelling as well as the mock-up model. Some of the resulting 

concepts are filed as reports of invention by Tetra Pak or held under secrecy for other reasons and 

therefore not displayed. 

The project resulted in three main solutions of combined concepts deemed of high potential, of which one 

was chosen to be furtherly developed and constructed as a CAD model. These three top concepts are as of 

now filed as reports of invention by Tetra Pak.   

3.1 Project plan 

The project plan was followed to great extent. Minor changes were made in the weekly schedule, and the 

PFMEA and Design specification was updated through the process as expected when starting the project. 

3.1.1 WBS 

The work breakdown structure divided the project into the three major parts: Pre-studies, 

implementation and reporting/presentation. The WBS listed the basic activities for the project and was 

changed in one instance, by removing the FEM analysis. The nature of the chosen concept made such an 

analysis redundant, since it kept the previous element subjugated to testing unaltered.   

3.1.2 GANTT Schedule 

This weekly GANTT schedule was changed slightly during the project. Due to a wide concept generation, 

more time was put into concept evaluation than expected. However, the change did not damage the 

timeline of the project as the construction phase had been well prepared and could be executed quickly.  

3.1.3 PFMEA 

The PFMEA was of great use to the project as it drew the attention to potential problems, one of which 

was negated by applying early counter-measures. The resources needed for construction in the final 

phases of the project included a work place laptop and software for CAD construction. By starting out and 

acquiring these resources early during the pre-studies, issues were discovered early and could be solved 

during visits at Tetra Pak. To ensure extra workloads would not disturb the project time line, a “Time 

bank” was held as suggested in the PFMEA under countermeasures. This time bank was used up in the 

concept evaluation phase and the workload stretched into the start of the construction phase. Because of 

the “Time bank” measure and the early set-up for construction, using up part of the time set for 

construction and adding extra hours in the construction weeks resolved the issue. 
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3.1.4 Design specification 

The design specification resulted in a Wish/Demand matrix which listed the various demands and wishes 

of the company. In total, Tetra Pak made 4 demands and 13 wishes reflected in this matrix, which can be 

seen in Appendix 4. 

The design specification controlled the concept evaluation as the elimination matrix removed all the 

concepts which did not fit these demands. The second evaluation was also heavily dependent on the 

wishes of the specification and the final matrix criteria consisted solely of these wishes, as suggested by 

Johanneson et al (2004). In this final matrix, the weight of the criteria also came into play and produced 

the score by which the top 3 solutions were selected. The design specification thus heavily influenced the 

projects outcome. 

3.2 Pre-studies 

The pre-studies resulted in a broad range of information which when compiled helped give great oversight 

of the problem and possible solutions as well as methods to generate them.  

3.2.1 Study visits 

The study visits resulted in photos and documentation of the component that was essential in generating, 

illustrating and evaluating concepts as well as the construction of the selected concept. Pictures of the 

component was used to draw sketches of how it works, which was then used to explain the problem in 

the first Idea generation. During such a study visit, the mounting process was studied by directly observing 

an assembly in conjunction with an interview. By seeing the assembly made in a test facility as well as 

doing it personally, shaping the problem description also became easier. A conclusion drawn from a study 

visit was that this component was much harder to place than initially assumed and required both 

considerable force and technique to be executed properly.   

The study visits also helped shape the research by giving insight in the complex system surrounding the 

component. The initial thoughts of remaking the system was quickly put to rest as it became clear by 

discussion with personnel and overview of the machines that modifying the surroundings would have 

great impacts on the system as a whole and require modifications of other parts and changes in 

procedures like measuring. This insight shaped the research question and made the project have a more 

narrow, effective focus.  

As mentioned, the time spent at Tetra Pak was also used to get started in construction. In meetings with a 

CAD expert, the component was discussed from a construction point of view and helped understand the 

documents and models of the component which would have been far more time consuming to do without 

aid.  

3.2.2 Interviews 

The interviews resulted in information from the assembler’s point of view. The semi-structure of these 

interviews led to the assemblers taking initiative and talk freely about the process. The interviewed 

subjects expressed the physical difficulty in mounting the strips to the point of needing tools to do so and 

offered a chance at observing the mounting of the component. In one of the interviews, the subject said 

the following: 
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The component is hard to mount, and I often use the blunt end of a screwdriver to 

fasten it properly in the end. It is also hard to see directly which way to put it, as it is 

small in shape.(Subject A) 

Upon further discussion, the assembler suggested that colour or some farm of marking would help in 

distinguishing which way to align it.  

Another former assembler also explained how he would use oil or water to help in squeezing the 

component in place. As suspected from direct observation, the interviews confirmed that this component 

is hard to mount even for experienced assemblers.  

3.2.3 Documents and files 

Documents sent in by customers to Tetra Pak described the problem and gave some insight in how 

widespread the problem was. During the project, more of these incidents arose where mis-mounting the 

components caused issues. These documents did not contribute directly to a solution but did furtherly 

point to the severity of the problem. 

CAD files of the component was a much-appreciated addition to the pre-study material as it provided a 

good overview of the component and the cutting rail in which it rests. These files were also used in the 

idea generation, where pictures of these files were used to describe and inspire concepts. The same files, 

when actively used in a CAD program, also helped evaluate the feasibility of certain concepts.  

The files were later used as basis to develop the CAD model of the chosen concept. Note that these files 

are property of Tetra Pak and cannot be included in this report.  

3.2.4 Literature studies 

Poka-yoke 

Shingo (1984) Defines Poka-yoke as a mechanism that detects error and defects, inspecting 100% of the 

components without the need of the workers attention span. The principles of poka-yoke were used 

throughout the project in forms of inspiration.  

Shingo (1984) suggests several ways of fail-proofing a component when discussing poka-yoke concepts. 

The suggestion of making a component “physically failproof” and using a built-in “control” function was 

directly adapted when dividing the function of a successful assembly into different sub-functions as 

suggested by Johanesson et al (2004).  

Shimbun (1989) lists several examples of poka-yoke devices. These were used as inspiration when creating 

some of the concepts displayed in the Ideation catalogue, used in the second brainstorming session that 

used the catalogue method.  Shimbun (1989) also lists Physical guide mechanisms, error detection/alarms 

and limit switches among the top 5 best poka-yoke devices. These poka-yoke fashion devices were 

discussed among the group in the second brainstorming session.  

Cognitive ergonomics 

Although the resulting solution of the dolly aimed to be fool-proof, instructions and other cognitive means 

of support for the assembler sought to be included in the final solutions. Shalin et al. (1996) concludes 

that even tough product design may compensate for the need of cognitive aid, cognitive contributions to 

manual assembly should remain essential. By using the sub-functions “Signalling” and “Instruction” when 
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putting together the full solutions in the project, the result was not only a fool-proof solution but also one 

that provides cognitive aid in the form of visual marks and instructions in various forms.  

Reason (2000) concludes that there are two approaches when looking at human error: The person 

approach and the system approach. The person approach means to focus on the persons making the error 

while the system approach looks at the surroundings for the cause of the error. Both perspectives were 

used when producing the solutions in this project. By including an “Instruction” sub-function to the 

solution, concepts such as tests and nearby visual instructions were included when combining concepts 

into full solutions, thus pandering to the person approach when trying to prevent error. The system 

approach is covered by using the other three sub-functions (Physical, signalling and control) in the 

solution as all these functions seek to improve the environment around the assembler.  

3.2.5 Benchmarking 

The benchmarking interviews yielded results that was used in the ideation catalogue during the second 

internal brainstorming session as well as examples of solutions that were directly adapted and put into 

concept compilation. A common recurring theme in these interviews were cameras, computerized control 

systems and other control functions. Other words of advice during these interviews were also noted. An 

excerpt below describes how one of the systems in place had trouble due to the assemblers using it: 

We use screwdrivers which automatically count the number of fastenings made by the 

operator. However, it has occurred that the workers pull the same screw twice and 

tricks the device. (Subject D – Employee at Volvo Cars Torslanda) 

Another source told of simpler, yet effective solutions. An electric company simply modified a conductor 

in such a way that when misplaced, it would stick out quite visibly from its mounting platform in addition 

to being harder to misinterpret. 

One benchmarking interview told of a solution which was developed further as a concept and filed into 

the idea archive. As requested by Tetra Pak, this concept is not shown in this report as it may be of use to 

the company in the future.  

These benchmarking interviews also confirmed that some of these solutions such as cameras, sensors and 

other solutions existed and could potentially be possible to implement for a company like Tetra Pak. To 

see the full documentation of the interviews, see Appendix 6.  

3.3 Concept generation 

The second concept generation started with light discussion and points from the ideation catalogue. Then 

the 6-3-5 method was applied, producing a large variety of concepts. After the 6-3-5 method, another 

group brainstorming session took place using the Catalogue method. This method resulted in less but far 

more valuable concepts.  

The two brainstorming sessions resulted in a wide variety of concepts and ideas. Many of these were 

similar and after a natural combining/elimination when compiling, 39 concepts were documented.  

3.3.1 Ideation catalogue 

The ideation catalogue was used in the second, internal brainstorming session. It was used as basis to 

discuss ideas in the last part of the session using the catalogue method. The catalogue included ideas from 

the first brainstorming session outside of Tetra Pak to spark discussion about different concepts. It was 
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also used to discuss the different concepts since it contained material from the CAD model which helped 

visualization and explanation of the ideas. Among other things, the ideation catalogue listed the different 

sub-functions that a poka-yoke solution could have: Physical, signalling, control and instructions. These 

sub-functions sparked ideas and diversified the discussion.  

3.3.2 Brainstorming session 1 

The first brainstorming session yielded a total of 14 different viable ideas, among them the idea which 

when developed would become the final concept.    

3.3.3 Brainstorming session 2 

The second session that was held within Tetra Pak generated more concepts than the first session with 25 

different ideas, although these were of more similar nature. This was to be expected since the group 

within a company may have many similar ideas to a known problem. The 6-3-5 method in the first part of 

this brainstorming produced the most ideas. The following catalogue method with open discussion yielded 

less ideas with greater value and led to discussion which furtherly developed the concepts, including 

whiteboard drawings and factors to consider when developing such a concept. These considerations 

where noted and later used when evaluating concepts in terms of feasibility. Pictures of the resulting 

whiteboard drawings were taken and became of use when illustrating the generated concepts.  

3.4 Concept evaluation  

The evaluation resulted firstly in a large compilation of concepts, divided in the 4 different categories of 

subfunctions. The consensual assessment in feasibility provided some much-needed information and 

comments which was used in the elimination matrix. The elimination matrix culled the bad solutions and 

left the concepts of value to go into the process of combination. As seen fit, these concepts were 

combined into full solutions which went into two rounds of the relative decision matrix, which reduced 

the number of solutions. The final weighted relative decision matrix resulted in three top concepts.  

3.4.1 Compilation 

The 39 ideas were sorted into the different sub-functions and marked A-D depending on function as well 

as given a number for identification. The “physical” concepts were marked as “A”, the “Signalling” 

concepts marked as “B”, the “Control” functions marked as “C” and the concepts regarding instructions 

were marked “D”. The concepts were illustrated by light sketches and a description in a Word document. 

Example of one of the concepts as listed in the compilation can be seen on the following page in figure 5. 

To see the full concept compilation, see Appendix 11. Some concepts are not displayed due to secrecy. 

 

 

 

 

 

 

Figure 5  - Example of Concept description from the Concept compilation document. 
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3.4.2 Consensual assessment in feasibility 

The feasibility assessment was necessary to move forward with the evaluation, as the resulting ratings 

helped decide if the concept could be deemed feasible in the Concept screening (See 3.4.3). The template 

used for the assessment was however altered, as it was realized that the component had more factors to 

it than the original template. The meeting yielded numbers as well as commentary that became essential 

in moving the project forward. Notes were written down as many of the participants chose to speak freely 

about the concepts in addition to writing a comment in the template. The rating numbers were carefully 

weighed together with commentary (both written and verbal) as feasibility was decided for each concept 

in the concept screening (See 3.4.3 below). 

3.4.3 Concept screening 

The concept screening matrix eliminated concepts by using criteria recommended by Johannesson (2004). 

One of these criteria also included meeting all the demands set by Tetra Pak. See figure 6 below. The 

demands can be found in the design specification in appendix 4. This elimination matrix removed the bulk 

of the unsatisfactory concepts and made the following decision matrix and weighted decision matrix 

easier to use. After this concept screening, 12 concepts remained. 

 

Figure 6 – Elimination matrix showing results for A1 to A18 

 

3.4.4 Concept combination 

This combination resulted in 8 different solutions consisting of up to 5 different concepts, some with two 

concepts for a subfunction as some solutions allowed for the subfunction to be filled by several concepts. 

Some of the resulting solutions had no need for a “control” subfunction as they were already deemed fool 

proof and therefore in no need for a control of error.  

3.4.5 Relative decision matrix 

This matrix eliminated 4 solutions. The remaining 4 going into the final decision matrix were the following: 

Solution 1, Solution 5, Solution 6 and Solution 7.  To see the results from round 1 and 2 of the relative 

decision matrix, see appendix 8 and 9. 
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3.4.6 Weighted criterium decision matrix 

The finalist concepts, when compared in the weighted decision matrix, yielded values which could be 

compared to each other in order to find the superior solution. The results clearly favoured solution 1 and 

6, but solution 7 was also kept for the concept choice as it was vastly different from the other concepts. 

The full matrix can be seen in appendix 10. 

3.4.7 Concept choice 

In the concept choice, the recommended solution (number 6) was picked among the three top solutions 

to be further developed. Solution number 7 was also noted as a strong contender but not equally fit to be 

developed in the frame of this project. Additional discussion with the supervisor where retrofit ability and 

cost were discussed concluded that solution 6 had an advantage in comparison with the other two 

concepts. The supervisor concluded that all three solutions were of value and should be kept secret until 

further notice, as these were all possible contenders for reports of invention. Circumstance in developing 

this concept in regard to construction was discussed, noted and later used in CAD modelling. 

3.5 Construction 

The construction phase started out in a phase of further development where this concept was adapted to 

the reality of the company.  The following modelling phase resulted in a Creo 3.0 CAD model of the 

selected solution component.  

3.5.1 Further development 

The development of the solution resulted in variations of the concepts, including some less technically 

important variations in colour and shape. These illustrations ended up adapted to fit the CAD model upon 

which construction would take place and greatly aided the CAD modelling process.  

3.5.2 Cad modelling 

The CAD modelling phase resulted in a model of the concept which was used to display the concept in 

colour. The CAD model showed how the concept could be applied to the hardest adaptable version of the 

dolly. As the concept is classified by Tetra Pak as it is being filed as a report of invention, it cannot be 

shown in this report.  

3.5.3 Mock-up 

The mock-up model made became a rough version of the CAD model, only including the parts necessary 

to visualize and explain the main concept. This rough model was made in carton and was used when 

developing the CAD model as a way to easier visualize the changes being made.   

3.5.4 FMEA 

The FMEA pointed out possible flaws in the concept and was of use when constructing the CAD model as 

several risks pointed out in this document could be counteracted in the construction. The FMEA contains 

considerations in construction and testing that the company may make use of when further developing 

the proposed solution. The FMEA regarding the model cannot be displayed here as it would reveal the 

concepts in the final solution.  
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4. Discussion 

In this section, the project is discussed in greater detail and highlights each of the major sections of the 

work fit for extra commentary by discussion. The discussion elaborates on the project in terms of what 

went well/wrong, what changed during the projects course and why. This section may also provide some 

inspiration for future projects of similar nature.  

4.1 Project plan 

The project plan, while followed to great extent, could have been updated more regularly. As it were, the 

project plan was only updated when a problem or suspected problem arose, rather than evaluated in 

depth. As planned, the project plan was overviewed every other Monday, and sometimes more often, but 

not updated unless a significant change was required. Updating the project plan with more detail would 

have been of great use if the number of participants in the project had been greater.  

The PFMEA was in no need of update during the project either but was still reviewed in the start of each 

new phase. As it turns out, the PFMEA served the project well in one specific case: Construction. Due to an 

evaluation on risks early on, the potential issues with CAD construction resources were spotted. With this 

in mind, resources for construction were gathered already at the first study visit. To secure the ability to 

construct a CAD model later in the project, a mock attempt at construction was made on the existing 

model of the dolly. Several issues arose that could not be resolved without expert advice. To make sure 

construction resources would be ready in time, appointments with an expert were set up. After a few 

troubleshooting sessions, the construction resources were ready well on time. 

The design specification was updated only once. This update was well into the pre-study phase and the 

design specification did not need any more altering. To be safe, the design specification was reviewed 

before evaluation but was deemed satisfactory by the supervisor at Tetra Pak. Possibly, more criteria 

could have been added but would likely not have resulted in any major changes.  

4.2 Methods 

The method set from the start was greatly changed during the pre-study. It became clear that the 

component was advanced and would require expert input when evaluated in terms of feasibility. Several 

other changes were also made during the project. The old project model can be seen below in figure 7.  

Figure 7 – Old project model 
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As seen and described in the process, the concept generation was divided into two parts. This was a way 

to make the ideation catalogue (Idea foundation) better as it then contained the ideas of the first 

brainstorming group. These ideas from the “outsider group” of students/assembler made for great 

inspiration as they provided an “outside the box” way of thinking. However, it was clear that the internal 

group of experts working in close proximity to the target component also had several ideas on how to 

solve the problem. Using the ideas of both groups, especially by presenting the first groups ideas to the 

second, provided for a good setup which combined both expertise and innovation.  

Another major change in the project was the addition of the feasibility assessment, which was much 

needed as it was near impossible to single-handedly decide if the concepts could be produced or not, or to 

what degree.  

During evaluation, a further decision matrix was added to further evaluate the concepts as the previous 

matrix had several concepts with similar scores. The added weighted decision matrix helped settle which 

concepts matched the design specification to the greatest extent and helped in deciding which concept to 

recommend in the concept choice.  

4.3 Pre-studies 

The pre-studies had a great many different sources, some more valuable than others. As it would turn out, 

the most valuable sources of information were the company itself and poka-yoke literature which helped 

shape the different sub-functions. One interesting thing about a poka-yoke solution is that it ensures 

100% detection of errors but does not involve instructing the assembler in much regard. Shalin et al. 

(1996) means that even when errors could be “designed away”, it was still important to maintain 

instructions and other means of cognition for the assembler. I agree with this and see no problem in 

including cognition as well as poka-yoke design as was done in this project by combining sub-functions 

into total solutions. In fact, combining cognition with poka-yoke seems like a suitable approach for 

developing solutions that seek to eliminate error. 

In the pre-studies, the interviews with the personnel, both assemblers and implementers, were crucial for 

understanding the problem and designing the solution. By keeping it “light” as was done with the semi-

structured interviews, the interviewees were willing to share personal opinions and suggestions and one 

subject became part of the brainstorming group because he showed interest in formulating solutions. 

Keeping interviews lightly structured seemed to have great effect when dealing with this advanced 

component, as it made it easy for the implementers and assemblers to share their own specialized 

knowledge on the subject. The least successful part of the pre-studies was the benchmarking studies. 

While they provided some examples of solutions and a few considerations to take into account, they did 

not directly affect the solution.   

4.4 Concept generation 

The concept generation was executed as planned. However, the ideation catalogue which was used during 

the second stage of brainstorming session two did not end up as extensive as expected. While still useful 

for explaining concepts and steering the generation into subfunctions, it did not contain quite as much 

material as planned from start. Much of the material gathered during the pre-study would have been of 

little use when brainstorming with experts within the field, as it contained ideas and material already 

known and even in motion in a project within Tetra Pak.  
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Using two brainstorming sessions was however greatly successful. The ideas from the first session led to 

inspiration in the second, and the first brainstorming session also resulted in an idea that would become 

part of the top three solutions.  

4.5 Concept evaluation 
 

Concept evaluation, as mentioned, took more time than expected. This was due to the sheer amounts of 

concepts that made it uncertain which way to proceed. Combining the concepts right away would have 

meant a massive amount of combinations which would have led to a time-consuming process in 

evaluation of lesser quality. Thus, it was decided to eliminate the not yet combined concepts with an 

elimination matrix and later combine the remaining ones for evaluation.  

The feasibility assessment was subject to some change as it turned out that the assessment template did 

not contain enough categories in which it could be rated. The original template hade only 5 different 

categories in which to rate it (Concept, construction, function, cost and user-friendliness). During the 

meeting, Construction and Function, some participants divided these into 4 categories: Dolly construction, 

Cutting rail construction, Steadfastness function and Sealing function. Simply “Construction” would have 

been too vague since a concept could mean an easily produced dolly but a very hard cutting rail to make 

to fit it. Also, the meeting had two different participants that were specialized in Dolly construction and 

Rail construction respectively and dividing it for each of them to stick to their area of expertise when 

rating the concepts made sense. 

This CAT evaluation was scheduled to be made in an hour, which is rather short given the number of 

concepts. However, as pointed out by Kaufman et al. (2007), CAT can give reliable scores even when the 

ideas are rated by caption only. The ideas presented in this evaluation also had sketches and short 

description and allowed for some questions about the concept, giving the judges a better chance at 

accurately estimating the concepts.  

4.6 Construction 

Construction went rather smoothly due to the resources being in place early and debugging being made 

along the way. For the concept to work, it would need to be constructed individually for each different 

cutting rail and machine. However, this was not feasible in the timeframe of the project and not 

requested by the company. Therefore, the cutting rail and dolly where the concept would be the hardest 

to apply was chosen for construction.  This made the construction phase harder and made the concept 

smaller to scale than it can be for the other lines of production. However, this was the right call to make as 

it shows that even the most restrictive cutting rail and dolly can benefit from the concept and makes it 

easier when developing the concept further to fit the other, more easily adaptable lines. 
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5. Conclusion 

Following the product development process and adapting theory into the process as stated in the purpose 

of the project, a solution has been made that may potentially solve the issue of mis mounting if 

implemented. The solution could save money for Tetra Pak as the solution prevents defects in packages 

and has a great retrofit ability since it does not alter the cutting rail socket itself, meaning it could be 

implemented with relative ease in existing machines. It would potentially save time for the assemblers, 

since the new dolly would be visually easier to place as well as physically impossible to mis mount. The 

instructions concept in the solution could when implemented furtherly save time and make for easier 

understanding of the mounting process.  

The goal of the project has been fulfilled as it has produced a viable solution, documented in a CAD model 

and pictures, which matches the product specification and produced several other concepts of interest 

now delivered to Tetra Pak in the form of a concept archive. 
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Appendices 
 

Appendix 1 – WBS  
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Appendix 2 – GANTT schedule 
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Appendix 3 – PFMEA 
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Appendix 4: Design specification 
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Appendix 5 – Interviews (Internal at Tetra Pak) 
 

These are summaries from the internal interviews at Tetra Pak. The interviewed subjects are named as A 

and B to hide their identities.  

Subject A – Development engineer. 16 years work experience. Experienced in working as assembler 

with target component. 

 

Q: What is your general opinion on the assembly process of the dolly? 

Subject A explains how there is a certain technique to mounting the dolly. Subject shows the cutting rail 

and proceeds to explain how to mount the dolly properly. “It requires to fasten both ends of the dolly, 

then work towards the middle with your thumbs and pressing it in”. “The component is hard to mount, 

and I often use the blunt end of a screwdriver to fasten it properly in the end. It is also hard to see directly 

which way to put it, as it is small in shape.” A then finishes the procedure by pressing it in place with the 

blunt end of a screwdriver.   

Q: Is it easy to understand how the dolly is supposed to be mounted? 

“You have to check it closely for the right side to place it” A says and proceeds to show how the dolly looks 

like in profile. One can clearly see a difference in the sides, but it requires a close look. 

Q: How does assembly look like in the field? 

A explains how the dollys are mounted directly from a bag and shows a black plastic bag the size of a large 

envelope, filled with dollys. “The dollys are always mounted and dismounted in pairs, sometimes more”. 

Here, it is noted that A means that assemblers often replace all the dollys in the machine at once, which 

could mean a dozen or more in one assembly session.  

Q: Have you experienced any pain, discomfort or injuries while mounting? 

A tells me he has sustained no such thing since the mounting process is fairly short and done just once 

with many hours in between.  

Q: Do you have any own suggestions how to improve the mounting process? 

“Some sort of markings would be good, which is in process already” 

To be noted here is that Tetra Pak are already working on an idea which involves marking the dollys to 

instruct placement.  
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Subject B – 29 years working experience as assembler and laboratory personnel. 

 

Q: What is your general opinion on the assembly process of the dolly? 

Subject B explains, similar to subject A, how the dolly is a bit tricky to mount and that you need to start 

from the ends and work inwards. ”I also sometimes use water or oil to make it easier to place” A explains.  

Q: Is it easy to understand how the dolly is supposed to be mounted? 

A tells me that even as an experienced assembler, you still have to check the dolly closely to see which 

way to fit it and that this takes up extra time. 

Q: How does assembly look like in the field? 

B explains that the assembly is done directly by the machines, with the bag of dollys in hand. 

Q: Do you use a tool for mounting/dismounting the dollys? 

Similar to subject A, B also uses the blunt end of a screwdriver to mount and the sharper end to dismount 

the dolly. A also goes on to explain how the worn dollys are harder than the fresh ones, as the pressure 

and heat hardens the material. 

Q: Have you experienced any pain, discomfort or injuries while mounting? 

”No, the mounting does not occur that often. Each dolly lasts about 100-120 hours before it needs 

replacing” A tells me. 

Q: Do you have any own suggestions how to improve the mounting process? 

“Some kind of marking would have been good” 
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Appendix 6 – Benchmarking Interviews 
 

These are summaries from the internal interviews at Tetra Pak. The interviewed subjects are named as C, 

D, E and F to hide their identities.  

Subject C – Employed by Binar AB as marketing/Sales chief  

Q: What kinds of “poka-yoke”, i.e. failproofing systems are you familiar with in your company? 

Subject C mentions a “pick-to-light” system which is used to guide assemblers by differently coloured 

lights, flashing to indicate what component is to be plucked from storage and used in assembly. C also 

explains how this is coupled with “put-to-light”, which shows where to assemble the components in 

similar fashion. 

“Kitting is also a method I have seen commonly used” says C and briefly explains the concept. Kitting is 

basically putting all the necessary parts together in one place as a “kit”. This way, one can easily tell if the 

assembly has used all the components it is supposed to.  

“We also use a lot of digital instructions on-site where the assembly happens. We have tailored these 

solutions for Scania, Vebygg Venersborg and Väderstaverken among others” C says and explains that 

screens with pictures and films are used to instruct the assemblers. 

Q: Do you know of any directly physical poka-yoke solutions, something that would make a component 

impossible to misplace? 

“Yes, I have one example from Volvo Eskilstuna. I know of a shaft for a gearbox that works pretty much 

like you spoke of” says C. C explains that this shaft was fitted with 3 pins into 3 holes but because they 

were nearly symmetrical, the shaft could be mounted wrong side up. C explains how the problem was 

solved by simply adding on a bit of molded plastic to one of the pins and expanding one of the holes. That 

way, the shaft would only fit one way. 

C also explained how an electric company simply modified a conductor in such a way that when 

misplaced, it would stick out quite visibly from its mounting platform in addition to being harder to 

misinterpret. “I cannot remember which electric company this was, but it is a commonly known solution 

that I have seen many other places” says C. 

Q: Do you know of any other companies which may have similar poka-yoke solutions, anyone I could call 

for further information? 

C says yes and gives me the name of subject D, an employee at Volvo Cars. 
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Subject D – Employee at Volvo Cars Torslanda. 

Q: What kinds of “poka-yoke”, i.e. failproofing systems are you familiar with in your company? 

D tells me that similar to Binar, they use pick-to-light and kitting. He also mentions Scanners. 

“We have scanners which you use to scan for article numbers, which is a way to ensure you pick up the 

right component”  

D also tells about another device used to ensure that an assembly is correct. “We (Volvo) use screwdrivers 

which automatically count the number of fastenings made by the operator. However, it has occurred that 

the workers pull the same screw twice and tricks the device” D says and says that any device operated by 

a human is still under the threat of human error.  

“We also use a lot of visual help on or around the detail in assembly” D continues and explains how 

arrows, lines and other markings tells how to place the components. D also says they use “bumps”, small 

deformities which may indicate how to hold a component.  

Q: Do you know of any directly physical poka-yoke solutions, something that would make a component 

impossible to misplace? 

D tells me about asymmetrical fixtures of the same nature which C explained and explains how they use 

sensors which can read if the component is in the right place or not. D then tells how Volvo uses “pre-

packaging” to help assemblers, essentially placing components in such a way that they will be unpackaged 

in the right order. 

Q: Do you also use colours and markings?  

“We use a lot of colour to indicate correct and wrong sides but not much in the ways of markings, not 

much of arrows and the like. We do have a lot of photos of how things should look like in addition to 

instructions”. 

As a final hearty piece of advice, D reminds me to “Keep things simple” as we end the call.  
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Subject E – Section chief for mechanical and maintenance, Stora Enso. 

Q: What kinds of “poka-yoke”, i.e. failproofing systems are you familiar with in your company? 

“We strive for 100% correct by strategical work. We have this as a vision we always strive for” 

E tells me further how they focus more on the employee and the surrounding training rather than 

failproofing the components. E explains that errors are documented and brought up on meetings and how 

training the employees is reducing the errors.  

Q: Do you know of any directly physical poka-yoke solutions, something that would make a component 

impossible to misplace? 

E explains how they rather use instruction on site, manuals and detailed drawings to get things right. “We 

push for everyone to check all documents relevant to them. We have instructions for different sections, 

and for different levels of schooling”.  

 

  



44 
 

Subject F – Salesman and head of projects. Company name not listed as this was requested to be kept 

secret.  

Q: What kinds of “poka-yoke”, i.e. failproofing systems are you familiar with in your company? 

“We are more about ensuring quality by instructing our assemblers, and we pass on this quality thinking 

to our customers” F explains and tells how his company puts the client first and designs custom solutions 

for each situation. “We make a lot of guides and use pictures to instruct assemblers”. 

F explains how the company makes a specialized guide for every type of product and use the feedback and 

dialogue between company and customer to develop these guides. These guides are very detailed and 

provides pictures or drawings of each position of the component.  

Q: Do you also use information on site for the assemblers, pictures near the machine etc? 

“Yes, in any workshop where our products are to be used we recommend strongly visual manuals” 

Q: Do you know of any directly physical poka-yoke solutions, something that would make a component 

impossible to misplace? 

“We have an example of a sanding machine where the belt is guided in place by a small construction on 

the side. It doesn’t guarantee a perfect assembly, but it guides it into place” 
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Appendix 7 – Feasibility assessment chart 

 

  



46 
 

Appendix 8 – Relative decision matrix, Round 1 
 

Note: Some of the concepts are filed as reports of invention by Tetra Pak or held under secrecy for other 

reasons and therefore not displayed. 
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Appendix 9 – Relative decision matrix, Round 2 
 

Note: Some of the concepts are filed as reports of invention by Tetra Pak or held under secrecy for other 

reasons and therefore not displayed. 
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Appendix 10 – Weighted relative decision matrix 
 

Note: Some of the concepts are filed as reports of invention by Tetra Pak or held under secrecy for other 

reasons and therefore not displayed. 
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Appendix 11 – Concept compilation 
 

Note: Some of the concepts are filed as reports of invention by Tetra Pak or held under secrecy for other 

reasons and therefore not displayed. 
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