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-ABSTRACT- 
 
 
 

ABSTRACT 
 
This degree project was carried out at Tetra Pak Research & Development AB in Lund, a unit 
within Tetra Pak with 250 employees. Tetra Pak develops, produces and markets complete 
processing, packaging and distribution systems within the food sector. Tetra Pak Research & 
Development AB is a unit that supports all business areas within Tetra Pak. In 2003, the unit 
started the development of a new package with specific characteristics. The package is a 1000 
ml aseptic package, which packs milk for long shelf life. It is called PLDP – Package for 
Liquid Dairy Product. 
 
The main purpose of this study is to evaluate different measuring instruments and test 
methods concerning appearance aspects of the PLDP at Tetra Pak Research & Development 
AB. Furthermore, the purpose is to give recommendations on what actions need to be taken to 
work efficiently with the area of package appearance.  
 
To attain the purpose a case study with values, methodologies and tools from the Total 
Quality Management system was conducted. A range of operations was made to gain an 
understanding of the PLDP project and its connections to appearance aspects of the package. 
For instance, a careful mapping of the current way of working with appearance at Tetra Pak 
Research & Development AB was made. Moreover, a suggestion of an improved partition of 
the appearance of PLDP was made. This was the starting-point for the identification and 
prioritisation of practicable features for this study to continue with. Also it facilitated the 
evaluation regarding measuring instruments and test methods, by viewing the partition in a 
new and organised way. The features evaluated in this study are Bulging and Visual 
Damages. In addition, several interviews with strategically selected employees within Tetra 
Pak were conducted. These interviews formed a basis for defining the conception of Package 
Appearance, which the area is called. The definition of Package Appearance was crucial to 
help the author to keep the red thread throughout the entire study.  
 
The evaluation of Bulging and Visual Damages was made in different ways. First, available 
instruments to measure Bulging of the PLDP were listed. Two instruments were decided to go 
through a further investigation by means of a Measurement System Analysis (Gauge R&R). 
Such an analysis determines whether variation comes from the packages being measured, 
differences in operator measurements or the measuring instrument. The results show that a 
higher precision and a faster measuring procedure, almost without any influence of different 
operators can be obtained with a laser instrument. The second instrument to be analysed in a 
Measurement System Analysis was a calliper. According to Signal-to-Noise Ratio (SNR), this 
instrument was not a proper measuring instrument for this purpose. However, a laser 
instrument and a calliper are associated with different costs and these need to be taken into 
account in an investment situation. 
 
The second feature, Visual Damages, was investigated by first determining which sub features 
to include in this feature. These sub features formed the input in the conduction of a test 
method consisting of photo references to compare with the actual defects of the packages. To 
reduce misconceptions when testing different features of a package, the author suggests 
working in accordance with such a method which puts references together of what is right and 
what is wrong among machine operators, laboratory personnel and project leader. 
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SAMMANFATTNING 
 
Detta examensarbete är utfört vid Tetra Pak Research & Development AB i Lund, som är en 
enhet inom Tetra Pak, med 250 anställda. Tetra Pak utvecklar, producerar och marknadsför 
kompletta process-, förpacknings- och distributionssystem inom livsmedelsbranschen. Tetra 
Pak Research & Development AB är en forsknings- och utvecklingsenhet som stödjer alla 
affärsområden inom Tetra Pak. År 2003 började enheten arbetet med en ny förpackning med 
aseptiska egenskaper. Förpackningen är avsedd att emballera mjölk med lång hållbarhet. Den 
kallas PLDP – Package for Liquid Dairy Product (förpackning för flytande mejeriprodukt) 
och rymmer 1000 ml. 
 
Syftet med examensarbetet är att utvärdera olika mätinstrument och mätmetoder gällande 
utseendemässiga egenskaper hos PLDP på Tetra Pak Research & Development AB. Vidare är 
även syftet att ge rekommendationer på vad som bör åtgärdas för att effektivt kunna arbeta 
med förpackningsutseende. 
 
För att uppfylla syftet har en fallstudie utförts med hjälp av värderingar, arbetssätt och 
verktyg från Total Quality Management. Ett antal moment har genomförts för att få insikt i 
PLDP projektet och dess koppling till utseendemässiga aspekter på förpackningen. Till 
exempel har en noggrann kartläggning gjorts av hur Tetra Pak Research & Development AB i 
nuläget arbetar med förpackningsutseende. Dessutom lades ett nytt förslag fram på 
uppdelningen av denna kategori. Detta var utgångsläget för identifieringen och prioriteringen 
av möjliga egenskaper inom kategorin att arbeta vidare med, vilka senare skulle utvärderas 
med avseende på lämpliga mätinstrument och mätmetoder. Två egenskaper, buktning och 
visuella defekter, ansågs lämpliga att utvärdera i den fortsatta studien. Vidare har ett antal 
intervjuer genomförts med strategiskt utvalda personer inom Tetra Paks organisation. Genom 
intervjuerna kunde författaren definiera begreppet Package Appearance, vilket kategorin 
kallas. Definitionen av Package Appearance klargjorde begreppet samt hjälpte författaren att 
hålla en röd tråd genom hela studien. 
 
Utvärderingen av buktning och visuella defekter gjordes på olika sätt. Först listades 
tillgängliga instrument hos Tetra Pak för att mäta buktningen av PLDP. Med hjälp av en 
mätsystemanalys (Gauge R&R) undersöktes två instrument. En sådan analys bestämmer 
huruvida variationen i mätningarna kommer från förpackningarna, olikheter i operatörernas 
mätningar eller själva mätinstrumentet. Resultatet av detta var att högre precision och 
snabbare mätningar, utan inflytande av operatörers olikheter, kan uppnås med hjälp av ett 
laserinstrument. Det andra instrumentet som analyserades var ett skjutmått. Signal-to-Noise 
Ratio (SNR) visade att skjutmått inte är lämpligt som mätdon för att mäta buktning på PLDP. 
Dock är laserinstrument och skjutmått förenade med olika kostnader, varför även ekonomiska 
aspekter är avgörande.  
 
Den andra egenskapen, visuella defekter, undersöktes genom att först fastställa vilka 
underegenskaper som tillhör denna egenskap. Ett antal underegenskaper formade sedan 
utgångspunkten till upprättandet av en mätmetod bestående av foton för att jämföra de 
verkliga defekterna på förpackningarna. För att minska missförstånd i samband med tester av 
olika förpackningsegenskaper föreslår författaren att följa en sådan metod för att bilda en 
gemensam uppfattning om vad som är godtagbart eller ej bland maskinoperatörer, 
laboratoriepersonal och projektledare. 
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1 INTRODUCTION 
 
This chapter describes the background of the study at Tetra Pak Research & Development 
AB, also containing a brief overview of the TQM concept. Furthermore, the chapter includes 
the purpose created from the problem discussion and the chosen delimitations. 

1.1 Background 
According to Starkey (1996) operation management within Total Quality Management 
(TQM) includes two basic tasks. The first is strategy formulation: making fundamental 
decisions about technologies, products and markets. This means doing the “right” things and 
is about identifying opportunities, making choices, determining where, what and with what 
frequency the company intends to compete with new products. The second basic task in 
operation management is about transforming the strategy to output: doing things “right”. It is 
within this part of operational management the thesis at hand is focused. In product 
development this means how to turn the chosen ideas into reality in the most efficient way, in 
order to satisfy the customers’ needs. (ibid) 
  
According to Magnusson, Kroslid & Bergman (2000) there is a lack of understanding of 
variation among people in industry, regardless of rank and file. This is worrying, considering 
that variation is one of the most fundamental aspects of the world, indeed in processes, and 
that it constitutes a major cause of excess costs in literally every company. The variation that 
shows up in processes makes it impossible to do any two products completely identical. The 
characteristics of products and processes vary because all the input variables have their own 
variation that becomes a part of the process and then projected on the output. (ibid) 
 
Many types of concepts for organising the product development process and making the 
functions along the process more integrated have been proposed during the last years under 
terms as, concurrent or simultaneous engineering, integrated design and engineering, design 
for manufacturing and lifecycle engineering. There are some differences but many more 
similarities between the various concepts (Boer & Paashuis, 1997). In this study the all-
embracing strategy TQM will underlie the evaluation in one of Tetra Pak Research & 
Development AB’s operation areas, Package Appearance. TQM has proven to be an effective 
process for improving organisational functioning (Starkey, 1996). Therefore the 
methodologies that are used in this study are characterised by TQM. Also, the work of this 
study builds on traditional TQM tools.  
 
This study is focusing on the situation at Tetra Pak Research & Development AB1 in Lund. In 
present day, a large extent of TP R&D’s activities concern a package designed for low acid 
products, i.e. liquid dairy products. The package has the volume of 1000 ml and is intended to 
pack liquid for long shelf life. According to Lindgren (2005) and Severinson (2005), TP R&D 
has during a period of time contended with development specifications for this certain 
package that intends to be introduced during 2006. One crucial category in the Development 
Specification compendium, called Package Appearance, is of immediate interest and has to be 
specified in terms of what features that constitutes Package Appearance and how to test those 

                                                 
1 Henceforth called TP R&D 



-INTRODUCTION- 
 
 
 

6 

features. It is furthermore desirable to find guiding principles to use in the future when 
establishing development specifications for new packages.  
 
Like everywhere else, variation is also an issue at Tetra Pak. Every day more than 90 million 
Tetra Pak packages are distributed in over 165 markets and it is important that every model of 
package has its own specification that specify each detail’s limit of tolerance (Severinson, 
2005). According to Severinson (2005), many aspects of a package system are controlled and 
approved inside the walls of Tetra Pak. Although, Severinson mentions that the opinion of the 
customer is one of the most important aspects to consider when developing packages but still 
the most difficult to depict in the production hall.  

1.2 Problem discussion 
TP R&D defines one category that is aimed to cover up the features that can be assigned to 
the customer’s considered opinion. It deals with both aesthetic features and defective forming 
that is likely to appear as defects or something unattractive to the customer. The category is 
called Package Appearance and the features are often called appearance defects and are yet 
not fully defined for a particular package, which today is at the product development stage at 
TP R&D (Lindgren, 2005; Severinson, 2005). Package Appearance is a general area to 
consider when developing different packages at TP R&D. However, only the above-
mentioned package is taken into account in this study. The package, which this study focuses 
on, is called PLDP2 - Package for Liquid Dairy Product and holds 1000 ml liquid, see Picture 
1.1.  
 
 

Picture 1.1 The Package for Liquid Dairy Product, 1000 ml 
Source: Internal records at Tetra Pak 

 
At TP R&D there is confusion regarding the conception of Package Appearance, hence there 
is a necessity of sorting the area out. There are many factors that can affect the quality of 
packages, and furthermore the customers’ perception of it. That is what Package Appearance 
is meant to outline in a Development Specification of new packages. A Development 
Specification is mostly for internal use at TP R&D and specifies different categories like 
Geometry, Package Functionality, Package Integrity, Product Protection and Package 
Appearance. To every category belong a number of features that are evaluated on packages 
filled with water before they are exposed to distribution. One of the major problems with the 
PLDP is that the features of Package Appearance have not yet been defined, hence further 
work needs to be done in this area (Severinson, 2005). 
 
                                                 
2 PLDP is a fictive name for the actual package, which for secrecy reasons can not be published 



-INTRODUCTION- 
 
 
 

7 

Further on, when the features of Package Appearance are regarded as an established fact, TP 
R&D wants to determine the measuring instruments to be used to evaluate these features of 
the PLDP. The evaluating procedures are called test methods and are meant to systematically 
test different properties of a package. These methods are often developed and tested in the 
laboratory at TP R&D but are also meant to simplify the work by the machine3 that produces 
the packages. A simple device or a template can, for instance, function as a quick approval-
check for the machine operators. Today TP R&D uses a certain form when establishing a test 
method to attain a standard to all employees involved.  
 
Another business area within Tetra Pak, called Tetra Pak Carton Chilled AB (TPCC), uses a 
laser instrument when measuring Package Appearance features on their packages. According 
to Lindgren (2005), TP R&D has considered laser as a conceivable alternative to the 
measuring instruments that are used today for measuring some Package Appearance features. 
In other words, if the efficiency of laser is confirmed within TP R&D’s field of application, 
investment motives need to be presented to a laser instrument.  
 
The use of a strategy or a program, within large organisations, has become increasingly 
common when managing quality activities (Montgomery, 2005). TQM is a system for 
managing quality and has many similarities with the World Class Manufacturing (WCM) 
approach used at Tetra Pak. This justifies the use of guiding principles, tools and 
considerations regarding TQM to evaluate Package Appearance and reach a higher level of 
customer satisfaction at TP R&D. 

1.3 Purpose of the study 
The main purpose of this study is to evaluate different measuring instruments and test 
methods concerning Package Appearance on a certain package designed for dairy products 
(PLDP).  
 
Values, methodologies and tools from the TQM system will underlie the study and aid to 
fulfil the purpose, which can be further specified into four sub-aims:  
 

 define the conception of Package Appearance at Tetra Pak Research & Development 
AB 

 identify and prioritise practicable features that constitute Package Appearance 
 evaluate measuring instruments and test methods, assignable to the prioritised Package 

Appearance features mentioned in the sub-aim above 
 identify areas for improvement concerning instruments and test methods that can be 

used and which actions needs to be taken to efficiently work with Package 
Appearance at Tetra Pak Research & Development AB 

1.4 Delimitations 
This study will deal with the Package Appearance area concerning the PLDP project and 
PLDP packages produced from machine 3 at TP R&D in Lund. Lately the company has been 
focusing on the connection between the design of packages and customer satisfaction. Hence, 
there has been an increase of interest in the appearances of packages at TP R&D. 
 

                                                 
3 test-machines used in the developing phase at TP R&D 
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A couple of categories constitute a development specification for new packages; Geometry, 
Package Functionality, Package Integrity, Product Protection and Package Appearance. In this 
study, when studying the PLDP, the focus will be on the category of Package Appearance. 
The evaluation only concerns packages with sleeves free from prints and graphic layouts.  
 
Furthermore, there is a limitation in the number of Package Appearance features that can be 
considered in this project. To enable a deeper analysis on the efficiency of the measuring 
instruments the study is limited to two Package Appearance features. These features were, 
after identification of all features, considered to be Bulging and Visual Damages. 
 
In the evaluation of measuring instruments no cost estimation is made for different 
alternatives. This choice was made since the author had a limited time of 20 weeks to conduct 
the study, hence lack of time to perform such estimations. 
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2 COMPANY PRESENTATION 
 
The intention with this chapter is to give the reader an introduction to the liquid foods market 
and the case company. A description of Tetra Pak and its environment is given. It is followed 
by a general description of a packaging line at Tetra Pak. 

2.1 The liquid foods market and the case company 
Every day throughout the world, more than 14 billion litres of water, milk, juice and other 
liquid foods are consumed. This leads to a constant demand for packages, which protect both 
the nutritional value and the taste of the packaged product. Today, the packaging and 
distribution of liquid products to the consumer have been well facilitated on account to the 
well-developed packaging industry. In Sweden Ruben Rausing was the first person to 
establish such an industry. In 1951, Rausing presented a unique package used for storing and 
transporting milk to the public, see Picture 2.1 below. These initial cartons were tetrahedrons 
having four sides, leading to the company’s name Tetra Pak, where “tetra” means four in 
Greek. (It all started with milk, 1994) 
 

 
 

Picture 2.1 The tetrahedron-shaped carton 
Source: Tetra Pak, 2005a  

 
Tetra Pak AB changed the rules of the game in the global liquid packaging industry by 
reinventing the concept of the customer value. There are many options for packaging 
materials, including steel, aluminium, glass, plastic, paper and fibre-foil. Traditionally, it was 
typical for package manufacturers to make these containers and then ship them to processors 
of milk, juice and other liquids. The processors filled the containers and transported them to 
supermarkets, which made them available to consumers. Tetra Pak AB altered this model by 
offering customers a total system; filling equipment, packaging materials and distribution 
equipment such as conveyers, tray packers and film wrappers. The customer value was 
transformed from the traditional model, pouring liquids into containers, to Tetra Pak’s model; 
containers made at the point where beverages are ready to be packed. (Govindarajan & Gupta, 
2001) 
 
Today Tetra Pak is a part of the Tetra Laval Group, which consists of three independent 
industry groups; Tetra Pak, DeLaval and Sidel. Although their activities are separated from 
each other they cooperate to develop new products and systems by their respective areas of 
business. (Tetra Pak, 2005a) Tetra Pak produces packaging materials at 59 plants and 
employs over 20,000 people around the world. The annual revenue is approaching 8 billion 
EUR. (Tetra Pak, 2005b) 
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2.2 Tetra Pak and its environment 
A trend towards self-service within retailing has increased the demand for Tetra Pak’s 
products. Aseptic4 packages, which parts of Tetra Pak’s productions consist of, have also 
contributed to the expansion in undeveloped markets where it is hard to keep beverages 
chilled. The industry is increasingly consolidating and competitors are developing more than 
one type of package for the same product. To survive in a future with increasing competition, 
companies like Tetra Pak have to reduce costs, add more value to the packages and develop 
new concepts. (Leander, 1995) 
 
To keep and develop the position of Tetra Pak it is important to prevent customers from 
installing competitors’ machines and also to maintain technical advantages. This advantage 
includes new packaging systems and new fields of application. It is important to Tetra Pak to 
keep a strong position in competitors’ domestic markets to prevent their expansion. (ibid) 

2.2.1 Tetra Pak’s organisation and products 
Tetra Pak includes four business areas; Carton Ambient (TPCA), Carton Chilled (TPCC), 
Processing Systems and Market Operations. The organisation chart can be seen in Figure 2.1.  
 

 
 

Figure 2.1 The Tetra Pak organisation chart 
Source: Reproduced from Tetra Pak 

Image bank at www.tetrapak.com 
 
As seen in Figure 2.1, TP R&D is a corporate research and development unit and supports all 
business areas within Tetra Pak. Their primary sequence of operations is to identify needs of 
customers, create and collect ideas and find technical solutions. Another task is to validate 
package performance in new packaging systems developed at the company. 
 
TP R&D’s tasks can also be expressed in key accountabilities. The key accountabilities are: 
 

 support business areas to deliver new product plans 
 lead projects outside business areas’ time horizon 
 lead projects outside business areas’ scope 
 stay on leading edge of selected key technologies. 

 
TP R&D in Lund employs about 250 people to work with these areas. (Tetra Pak, 2005b) The 
PLDP project at TP R&D is by order of TPCA. Since this study concerns only the work with 

                                                 
4 An aseptic packaging process sterilises the package itself, filling equipments and packaging materials 
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the PLDP, the other three business areas will not be described. However, both TPCA and 
TPCC offer a wide range of packaging products, see Picture 2.2. TPCC is working with 
packages for pasteurised beverages whereas TPCA offers aseptic solutions. The design of the 
products from both units is often similar where some of the more important are Tetra Brik, 
Tetra Prisma, Tetra Wedge, Tetra Classic and Tetra Classic Aseptic. In TPCA all of these 
packages are offered in aseptic form, which gives them the names TBA, TPA and TCA5 that 
in volume also are the three most important packages. The PLDP is eventually coming up 
under TAA6. (Tetra Pak, 2005a) 
 

 
Picture 2.2 Packages offered by TPCA and TPCC. 
From left: Classic, Wedge, Rex, Prisma, Brik, Fino 
(lying in front of Brik) and Top where Rex and Top 

are not offered in aseptic form 
Source: Tetra Pak, Image bank at www.tetrapak.com  

 
Tetra Pak’s customers are located all around the world and act in the liquid foods business 
under very diverse economical, political and demographical conditions. Tetra Pak produces 
both production lines and packaging material. In the same way as the other participants on the 
packaging arena TPCA’s highest profit comes from the packages and not from the production 
lines. The lines are instruments to retain customers, so that they do not change material 
supplier. The value chain for packages consists of four main parts, see Figure 2.2. (Internal 
records at Tetra Pak) 
 

 
 

Figure 2.2 TPCA’s value chain 
Source: Internal records at Tetra Pak, Power Point presentation  

 

                                                 
5 Tetra Brik Aseptic, Tetra Prisma Aseptic and Tetra Classic Aseptic 
6 Tetra Aptiva Aseptic 
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The aseptic packaging business is the major part of business for Tetra Pak worldwide and 
TPCA is the division with the highest profit. They offer various packaging lines. A general 
packaging line is described below. (ibid) 

2.3 A complete packaging line 
In addition to the filling machine a complete range of downstream equipment is available. 
Different alternatives, in terms of equipment and distribution units are offered giving the 
possibility of tailor made packaging lines according to distribution requirements. A complete 
line consists of several equipment parts. In Figure 2.3 and Table 2.1, the composition can be 
viewed. The composition of a packaging line can of course vary with customers’ particular 
needs. (Internal records at Tetra Pak) 
 

 
Figure 2.3 A complete packaging line  

Source: Internal records at Tetra Pak, Power Point presentation 
 

 
Table 2.1 Components of a general packaging line  

Component Description 
Filling Machine Sterilises, fills and seals packages 
Date Printer Prints the expiration date, serial number or other relevant information on the package 
Straw Applicator  Applies an individually wrapped drinking straw to the package 
Distributor Distributes packages into different lines to cardboard packer 
Cardboard 
Packer 

Secondary packaging. Organises packages in cardboard boxes, which provide 
protection and easy handling in distribution and stores. 

Tray Shrink Wraps secondary package with plastic film 
Pallet Sizer Sorts cardboard boxes on a pallet. The product is now ready to be transported to goods 

storage. 
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3 METHODOLOGY 
 
This chapter gives an overview of some general methodological aspects concerning research 
and discusses the methodology used in this study. It also includes a discussion of different 
ways to design a study and collect data. Furthermore, the chapter discusses the validity and 
reliability of the chosen methodology. 

3.1 Research approach 
According to Yin (2003) the research approach should be decided depending on the type of 
problem and the purpose of the research. The mission of research is to generate new 
knowledge during the path of reading, discussing and investigating (ibid). Denzin & Lincoln 
(1994) claims that the different theoretical paradigms and perspectives, which the researcher 
believes in, shape how the researcher looks at the world and acts in it. 
 
In Wiedersheim-Paul & Eriksson (1999) the most common explanation models, induction and 
deduction are presented. Induction means generalization from conclusions derived from a 
specific case. A weakness is that the model distils a general rule from limited observations. 
When using deduction, on the other hand, the researcher starts from a general rule and 
explains a specific case. A limitation here is that such a model does not explain, or expand 
knowledge, but rather establishes a rule. (ibid) 
 
The starting-point of this study is a review of existing theories in the area. Then the empirical 
studies7 are conducted, after which the empirical results are analysed on the basis of existing 
theories. Hence, this study is using an approach that is closer to deduction than induction, 
using relevant theories in order to interpret the studied phenomenon.     

3.2 Research strategy 
A case study is one way of performing social science research. Yin (2003), states that other 
ways are experiments, surveys and analysis of archival information. Case studies are usually 
conducted when there is a need to develop a deeper understanding of a contemporary 
phenomenon in a real-life context. The methodology is preferred when questions like “how” 
or “why” are posed. (ibid) 
 
Yin (2003) argues that one important application of a case study methodology is when 
situations are to be explored in which the intervention being evaluated has no clear, single set 
of outcomes. It is suitable when the aim is to study whether a theory’s propositions are in 
accordance with practice or whether some alternative set of explanations might be more 
relevant. A case study can be used for exploratory, descriptive and explanatory purposes. 
(ibid)  
 
According to Eisenhart (1989) a key feature when using a case study methodology is the 
freedom to make adjustments. The analysis in this study is partly based on semi-structured 
interviews, see Chapter 3.4.2. The author had continuous contacts with all persons involved in 
the interviews to facilitate a further flow of information, if new opinions would arise. 
However, there is also criticism against case studies. Yin (2003) passes strictures on the 

                                                 
7  empirical studies are integrated in the Interview and Case Study chapters 
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method’s lack of rigour and the difficulties for scientific generalisation. Yin (2003) also 
mentions that case studies tend to generate a massive amount of data, hence being very time 
consuming and hard to analyse. In spite of that, based on the reasoning above, a case study 
methodology was considered to be an appropriate research strategy, since this study focus on 
one single area that needs to be explored deeper. Here, questions like “how can Tetra Pak 
Research & Development AB work more efficiently with Package Appearance for PLDP?” 
and “how and why should new measuring instruments be used at the company?” are valid.  

3.2.1 Qualitative and quantitative method 
The design of a study begins with the selection of a topic and a paradigm. Paradigms help to 
understand phenomena, since they comprise theories and methods. Two paradigms, or 
approaches, discussed widely in literature are the qualitative and quantitative ones (Holme & 
Solvang, 1991; Yin, 2003). The difference between them is not absolute and they can also be 
combined in the same investigation. Since both have strengths and weaknesses, they can 
strengthen each other (Holme & Solvang, 1991). 
 
Within qualitative methods it is the researcher’s perception or interpretation of information 
that is prominent. Qualitative methods are suitable for giving a deeper understanding of the 
studied phenomena (Denzin & Lincoln, 1994). According to Denzin & Lincoln (1994), the 
word qualitative, such as in “qualitative studies”, implies an emphasis on the quality of 
entities and on processes and meanings that are not necessarily experimentally examined or 
measured in terms of quality, amount, intensity or frequency. Sometimes they are not 
measured at all.     
 
Quantitative methods can simplified be described as turning information into numbers and 
amounts and using these to commit statistical analysis. Quantitative methods are suitable if 
the researcher wants less information about many units of analysis and if it is important to 
draw conclusions from a sample that is to be valid for a larger population as well (Holme & 
Solvang, 1991).  
 
From the main purpose perspective both a qualitative and quantitative approach was chosen in 
this study. A large section of the gathered data in this study is of qualitative nature, in form of 
interviews, observations and notes from meetings with the project members. However, a 
quantitative approach has also arisen when collecting numerical data from measuring 
instruments. 

3.3 Literature study 
Literature study is a common way to get an overview of a subject. Literature includes for 
example books, research papers, theses, articles and web pages on the Internet. According to 
Wiedersheim-Paul & Eriksson (1999), criticism of the sources, i.e to form an opinion of the 
matter’s credibility is important when choosing relevant literature. The advantages of using 
several categories of literature as sources of information are, according to Yin (2003) that 
these are stable and can be reviewed repeatedly. 
 
To obtain further knowledge about the subject fields affected in this study there was a need 
for an extensive literature study. This also suits the author’s choice of a deductive approach, 
which uses theories as a starting-point of the research. 
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The literature study was principally carried out within following subject fields: 
 

 the development of quality engineering 
 the liquid packaging industry 
 Measurement System Analysis, MSA 
 research methods theory. 

 
Since quality engineering and Total Quality Management (TQM) have many different 
advocates, the author decided to look for information about quality engineering from a 
number of authors to get an own objective point of view. Three books about this area used 
frequently by the author are: Bergman & Klefsjö (2001); Klefsjö, Eliasson, Kennerfalk, 
Lundbäck & Sandström (1999) and Montgomery (2005a). The two first ones display a 
Swedish point of view as well as a global overview of quality engineering while Montgomery 
holds the view of an American. When studying various literatures many different insights are 
supplied to the conception. This is considered to be important since the author is studying this 
case alone. By studying these and other authors’ literature, new angles and issues came up 
causing new questions to be discussed with supervisors leading to new literature and authors. 
Much help was given to find authors by looking at references in articles and books.  
 
Books in the liquid packaging industry field that will be referred to are literature about Tetra 
Pak, the packaging market and industrial design. Among these are Leander (1995); 
Johansson, Lorentzon-Karlsson, Olsmats & Tiliander (1997) and Rod (1990). The author met 
some obstacles when searching for theory in the Package Appearance area. No detailed 
definitions of the conception were found. Neither were applicable estimation methods of 
appearance defects found. Still, a general picture of the area was possible to describe from the 
recently mentioned literature.    
   
The literature was found by web search in the catalogues LOVISA, the library catalogue at 
Lund University Libraries, LUCIA, the library catalogue at Luleå University of Technology 
(LTU) and in LIBRIS, the national library system. Furthermore, TP R&D offered some 
valuable literature to the author from its internal library.  
 
In search for articles the author mainly used the databases with journal articles offered from 
LTU, Google, Google Scholar and Scirus. The words and phrases used in the search were; 
Tetra Pak, package development, packaging technologies, customer satisfaction, MSA, laser 
instruments, quality engineering, TQM, design and methods. Ideas for some references were 
found in reference lists from earlier master’s theses from the division of Quality & 
Environmental Management at LTU.  

3.4 Choice of data collection method 
There are two general types of data collection; primary and secondary data collection. The 
differences between the two types are defined by the purpose for which the data is collected. 
Primary data is data that is especially collected for the purpose of the research at need. 
Secondary data is data that have already been collected for another purpose. (Kinnear & 
Taylor, 1996) Wiedersheim-Paul & Eriksson (1999) mean that it is often appropriate to use 
secondary data at the beginning of the research because it is cheaper and easier to get hold of. 
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3.4.1 Secondary data 
In this study, the author used both primary and secondary data. Secondary data was used in 
two different aspects. First, the author used secondary data in form of a broad literature 
review of research about different perspectives on quality, the packaging industry and the 
aspects of customer’s faculty of perception. The purpose of this study was to obtain an 
understanding of the problem area in order to develop an appropriate purpose and 
delimitations. Furthermore, the author also used secondary data to approach the issue of the 
study. A thorough review of literature concerning both Measurement System Analysis 
methods and parameters that may affect customer’s perception of appearance was done.  
 
Also, some information was gathered from Tetra Pak’s and TP R&D’s websites, internal 
magazines and company internal documents describing work approach and previous material 
of the PLDP project. Similar information was also gathered within the company from 
conversations with employees. Moreover, the author has been informed about principles and 
aspects concerning Package Appearance at TP R&D by reviewing internal documents at Tetra 
Pak. 

3.4.2 Primary data 
Yin (2003) notes that interviews are one of the most important sources of information in a 
case study. Interviews are a type of primary data and can be planned and performed in several 
forms. According to Kinnear & Taylor (1996), interviews can be semi-structured or 
unstructured. The most common in case studies is an “open-ended” interview, which means 
that key persons can be asked about facts as well as their opinions in one and the same 
interview (ibid). 
 
An advantage with interviews is that the researcher has more control over the questioning, 
since the interviews can focus directly on the case study topic, and also provide perceived 
casual inferences (Yin, 2003). Interviews also have their limitations. According to Kinnear & 
Taylor (1996), an interview provides information filtered through the eyes and memory of the 
respondent, maybe also affected by the presence of the researcher. Also, interviews can suffer 
from poorly constructed questions, which can confuse the respondent (Yin, 2003). 
 
Semi-structured interviews were carried through with Mrs. Bea Jönsson and Mr. Christer 
Persson, Test Engineers, Mr. Admir Softic, Laboratory Technician, Mr. Roger Lindgren, 
Laboratory Scientist and Mr. Henrik Widestadh, Machine Responsible of the PLDP project. 
The purpose of these interviews was to get information about the existing situation in the 
PLDP project, an understanding of the conception of Package Appearance and to get different 
points of view of the problem concerning Package Appearance, since the interviewed persons 
have process knowledge of various kinds. Shorter, unstructured interviews and conversations 
were also carried out with laboratory assistants and machine operators who are familiar with 
the processes and PLDP problems. 
 
Primary data in the study was also gathered by the use of selected tools. Such tools are Cause-
and-Effect Diagram, Tree Diagram and Matrix Diagram, described closer in Chapter 4. 
Moreover, the measuring in the laser instrument resulted in collection of primary data. 
 
The computer based statistical software, called Minitab, gave the author the opportunity to 
sort the data in a successful way. The calculations made in Minitab that constitutes the 
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foundation of the efficiency of measuring instruments are presented in the analysis and the 
supplements.  

3.4.3 Own observations 
Since the author before the starting-point of the study knew very little about the packaging 
industry, knowledge was partly obtained through own observations. This was done by 
watching and observing the machine operators and the testing procedures at the laboratory. 
Knowledge about the PLDP-system8, different categories on packages, measuring devices and 
test methods to test those categories were obtained from attendance at meetings. The current 
package, PLDP, was also ocularly observed in detail by the author to get an understanding of 
different aspects of Package Appearance. 

3.5 Methodology and chosen tools in this study  
The chosen tools used in this study are presented below. The presentation refers the reader to 
how they are used in the study. Further descriptions about the tools can be found in the 
theoretical frame of reference.  
 
Project Charter 
The Project Charter was the first step in the study. This tool clarified the purpose and current 
status in the beginning of the study. The tool was also a way to define start date, end date and 
project title. 
 
Cause-and-Effect Diagram 
The Cause-and-Effect Diagram contributed to the identification of difficulties in the Package 
Appearance area. When potential causes to the problem was analysed a Cause-and-Effect 
Diagram was helpful in identifying and accomplishing applicable improvements. Also the 
output from the diagram was used as input in other contexts of the study and in other quality 
tools.   
 
Brainstorming 
Some of the other tools were created from Brainstorming, for instance the above-mentioned 
Cause-and-Effect Diagram. Brainstorming was carried out between the author and supervisors 
as well as with the personnel at Tetra Pak involved in the PLDP project. 
 
Tree Diagram 
This tool helped to divide and structure Package Appearance into smaller parts, i.e. features 
and sub features. The author did not work in the traditional way with the Tree Diagram, which 
normally involves a gathering of people with different process knowledge to work with the 
tool. Instead, the author’s own observations, interviews with the personnel and discussion 
with the supervisor led to the conduction of two Tree Diagrams.  
 
Matrix Diagram 
The Matrix Diagram was applied to prioritise and select Package Appearance features to be 
further developed and for the author to work along with. The diagram was also used to 
translate customer requirements into appearance measures and to find relations between them. 

                                                 
8 includes the total system; filling equipment, packaging materials and distribution equipment such as conveyers, 
tray packers and film wrappers 
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The author took help from previously made investigations of Package Appearance to conduct 
the Matrix Diagram.   
 
Measurement System Analysis 
The purpose of Measurement System Analysis and Gauge R&R was to qualify measurement 
instruments for use by quantifying its accuracy, precision and stability. With help from the 
personnel at TP R&D, the author did measurement tests in three different measuring 
instruments to look for adequate gauge capability. The measurements were then analysed, 
through a Gauge R&R, in the data program Minitab. 
 
The tools described above were chosen in this study because the author had some previous 
experience of the selected tools. Furthermore, they are commonly recommended in the 
literature when using a TQM strategy. 

3.5.1 The working structure in this study 
A sketch of the general working structure of the study can be viewed in Figure 3.1. The figure 
refers the reader to the usage of different tools. Also the input and output to every tool can be 
viewed in the sketch. The definition of Package Appearance (PA), within the bracket on the 
left-hand side in Figure 3.1, illustrates its guiding character on the entire study. A preliminary 
definition was established in an early stage of the study. It was then revised throughout the 
life of the study.  
 

Figure 3.1 A sketch of the working structure in this thesis  
Source: Own work  
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3.6 Validity and reliability 
Whenever a test or measuring device is used as a part of the data collection process, the 
validity and reliability is important. When the researcher is conducting a study one needs to 
rely on the results to show support or a lack of support for the theory. This is a basic set out 
point because if the data collection methods are erroneous, the data that is analysed will also 
be erroneous. (Bell, 1993)  

3.6.1 Validity 
Wiedersheim-Paul & Eriksson (1999) argue that constructing validity involves determining 
the extent to which a measure represents the concepts that it should represent and does not 
represent the concepts that it should not represent. Moreover, constructing validity deals with 
establishing correct operational measurements for the concept being studied (Yin, 2003). 
 
It is important for the researcher with a case study approach to describe the studied 
phenomena as correctly as possible. That implies that the researcher’s comprehension and 
interpretation of the studied phenomena should be in accordance with the real phenomenon. 
According to Holme & Solvang (1991), validity is increased by the use of multiple sources of 
information such as questionnaires, interviews, literature reviews and observations used in a 
complementary way, together making up a so called triangular approach. Hence, as mentioned 
before, qualitative and quantitative methods should not be treated as competing methods but 
as complementary, that can be used together to solve a problem (ibid). The author has tried to 
follow these advices as much as possible. 
 
By interviewing people both within and outside TP R&D the author tried to get a balanced 
view of the situation and thereby strengthen the validity of the study. 
 
During the entire work with the study, the case study design as well as the design of 
interviews and the study itself was discussed with colleagues of the author, who also 
commented on different occasions of the work and the research design in order to increase the 
validity.  
 
In September and October 2005 the author made own observations and the results were used 
as a complement to the interviews in order to triangulate. What was observed was how the 
members of the project group worked within the PLDP project and what were in focus at the 
meetings. Notes and impressions of the whole PLDP-system and the work at the laboratory 
were also structured and used in a way as an incentive to construct validity in the study.     

3.6.2 Reliability 
Bell (1993) states that the reliability of an investigation is satisfying if another researcher can 
conduct the same research and draw the same conclusions. In other words, if the data 
collection procedures can be repeated with the same result it is considered to be reliable (Yin, 
2003). It might be valuable to compare reliability with precision, see Figure 3.2. 
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   1                 2          3  4 

 
Figure 3.2 Dartboards showing the relationship between validity and reliability 

Source: Reproduced from The web centre for social research methods, 2005 
 
Figure 3.2 shows four possible situations of a metaphor; a dart player and a measuring 
operator. In the first one (1), the dart player is hitting the target consistently, but is missing the 
centre of the target. That will show that a measuring operator is consistently and 
systematically measuring the wrong value for all respondents. This measure is reliable but not 
valid. The second one (2), shows hits that are randomly spread across the target. Here, the 
operator seldom hits the centre of the target but on average getting the right answer for the 
group but not very well for individuals. In this case the operator gets a valid group estimate, 
but inconsistent. It is clear that reliability is directly related to the variability of the measure. 
This measure is valid but not reliable. The third scenario (3), shows a case where the hits are 
spread across the target and are consistently missing the centre. The measure in this case is 
neither reliable nor valid. Finally, the player consistently hits the centre of the target (4). The 
measure is both reliable and valid. (The web centre for social research methods, 2005) 
 
One precondition for high reliability is that the data collection procedures are described 
carefully (Bell, 1993). Therefore, the case study and the methods used in this study were 
described closely in succeeding chapters. For instance, the interviews performed within the 
study are described as thoroughly as possible. 
 
To increase the reliability in the interviews and discussions from the meetings with the project 
group, the author took detailed notes to reduce the possibility of errors in the interpretation of 
the material. In cases when the author felt uncertain whether interpretations and notes were 
made correctly, summaries of the interviews were sent to the interviewees. This gave them an 
opportunity to object to the content or make changes in the summary and it also increased the 
validity of the study. The author also used a tape recorder to strengthen the reliability in the 
interviews. This was performed when the persons agreed to be recorded. 
 
Some connections between reliability and Gauge R&R are found. It regards the ways in how 
to deal with precision, see section 4.3.6 Measurement System Analysis. 
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4 THEORETICAL FRAME OF REFERENCE 
 
In the theoretical frame of reference theories, that later will be used to analyse the case study, 
are presented. Theories about Total Quality Management and other quality initiatives are 
reviewed. The chapter also contains theories about Measurement System Analysis, the role of 
packaging and laser instruments. 

4.1 Total Quality Management 
Since this study will be built on values, methodologies and tools from Total Quality 
Management (TQM) it is necessary to present relevant theory about TQM. This section 
discusses theory about different definitions and constructions of TQM.   
 
Montgomery (2005) argues that Total Quality Management, TQM, is a strategy by which 
management and employees can become involved in the continuous improvement of the 
production of goods and services. It is a combination of a quality and a management strategy 
aimed to increase business and reduce losses due to wasteful practices. 
 
The Deming Prize Committee defines TQM as follows: 
 

 “TQM is a set of systematic activities carried out by the entire organisation to effectively 
and efficiently achieve company objectives so as to provide goods and services with a 
level of quality that satisfies customers, at the appropriate time and price.” 

(Juse, 2005) 
 
Several descriptions of TQM have been presented over the years, some referring to TQM as a 
corporate culture and vision, other describing it as a management approach. A number of 
authors have also suggested a system approach, among them Hellsten & Klefsjö (2000). They 
describe TQM as “a continuously evolved management system consisting of values, 
methodologies and tools, the aim of which is to increase internal and external customer 
satisfaction with a reduced amount of resources”. The system perspective is acknowledged 
and used in this study based on the author’s preferences of a system perspective of reality and 
the ambition to approach the phenomenon TQM as a whole.   
 
According to Hellsten & Klefsjö (2000) a number of core values seem to be common in most 
descriptions of TQM, namely; “focus on customers”, “management commitment”, 
“everybody’s commitment”, “focus on processes”, “continuous improvements” and “fact-
based decisions”. These values are close to the core values presented by Bergman & Klefsjö 
(2001) called “the cornerstones of TQM”. The values can be viewed in the left part of Figure 
4.1.  
 
Furthermore, Hellsten & Klefsjö (2000) argue that TQM consists of a lot more than just core 
values. Core values can be seen as one out of three components in a management system, 
where the mission of the values is to form a basis for the culture of the organization. Another 
component is methodologies, i.e. ways to work within the organisation to reach the values. A 
methodology consists of a number of activities performed in a certain order. The third 
component consists of tools, i.e. rather concrete and well-defined tools which sometimes have 
a statistical basis, to support decision making or facilitate analysis of data. The TQM system 
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is illustrated in Figure 4.1. In the Methodology and Tool part there are just selections of 
examples of different methodologies and tools, mostly those who are used in this study. 
However, according to Bergman & Klefsjö (2001), the values are always the same core values 
or “cornerstones”.  
 

 
Figure 4.1 TQM seen as an evolving management system consisting of values, methodologies and tools. Source: 
Bergman & Klefsjö, 2001 (p. 391)  

 

4.2 World Class Manufacturing 
This section briefly describes another quality initiative within TQM, the World Class 
Manufacturing approach at Tetra Pak.  

4.2.1 World Class Manufacturing 
The term World Class Manufacturing (WCM) is used frequently in literature when referring 
to excellence in the manufacturing function (Kasul & Motwani, 1995). The Department of 
Trade and Industry’s (1995) definition states that WCM entails having the right production 
capability to make money from totally satisfying the customer with high quality products, at 
the right price and delivered at the right time. It means operating to a standard equal to the 
best of the world. 
 
The concept of WCM can be defined in several ways. Keegan (1997) looks at WCM as: 
 

“The pursuit of superior performance in quality, lead time, cost and customer service 
through continuous improvement in just-in-time manufacturing, total quality 
management and employee involvement.”  

 
At Tetra Pak, WCM is an initiative for pursuing improvements in different areas within the 
company. It handles efficiency, expertise, maintenance, accessibility, quality, safety and 
environment, see Figure 4.2. The WCM tool is divided into areas of responsibility or blocks. 
Each block has a group working on improvement measures. It provides a focus and a structure 
and involves everybody’s work. The WCM approach at Tetra Pak rests on the values of 
TQM. (Tetra Pak, 2005c) 
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Figure 4.2 Blocks of World Class Manufacturing at Tetra Pak 

Source: Reproduced from Tetra Pak, 2005c 

4.3 Tools chosen in this study 
This section describes the chosen tools in the study and refers the reader to relevant theory 
about them. Tools from the Seven Management Toolbox: Tree Diagram and Matrix Diagram 
were used combined with other quality tools. Each tool is described in a chronological order 
of use and is presented in subsections below.  

4.3.1 Project Charter 
It is important to draw up lines for a project team after establishing the start of a project. A 
structured way to do this is by making a Project Charter (Magnusson et al, 2000).  
 
The Project Charter describes the project in further detail and is the document of record to be 
used as input into a project. The charter is usually written by the project leader and should be 
approved by the sponsor, the customer and the resource manager. (ibid) Magnusson et al 
(2000) asserts that a well formulated project scope can help save time and work in the later 
phases of the improvement project.  
 
Pande et al (2000) also emphasises the benefits of a Project Charter: 
 

“In documenting project goals and parameters at the outset - in what is usually called 
Project Charter - improvement teams can help ensure that their work meets with the 
expectations of their organisation leaders and project sponsor.”  

    (Pande et al, 2000 p. 238-239) 

4.3.2 Cause-and-Effect Diagram 
According to Bergman & Klefsjö (2001) a Cause-and-Effect diagram, also called Fishbone or 
Ishikawa diagram, is a simple tool to detect causes to variation. The Cause-and-Effect 
diagram is used to explore all the potential or real causes that result in a single effect. This can 
be helpful when searching for root causes, identify areas where there may be problems and 
compare the relative importance of different causes. (Montgomery, 2005a) 
 
Causes in a Cause-and-Effect diagram are frequently arranged into four major categories. 
While these categories can be anything, the most common are: 
  

 manpower, methods, materials, and machinery (recommended for manufacturing)  
 

 equipment, policies, procedures, and people (recommended for administration and 
service).  

 
These categories can be helpful but should not be used if they limit the diagram or are 
inappropriate. The used categories should suit the needs. (ibid) 
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4.3.3 Brainstorming 
The objective of Brainstorming is to gather large quantities of creative ideas as quickly as 
possible (Bergman & Klefsjö, 2001). Bergman & Klefsjö (2001) argue that an appropriate 
group size is six to eight persons that have a previous experience of working together.  
 
To be effective in generating new ideas Pande et al (2000) claim that it is important to: 
 

 clarify the objective of the brainstorming 
 listen to and build on the ideas of others 
 avoid criticism, judgement and commenting on ideas 
 abandon assumptions and be wild. 

4.3.4 Tree Diagram 
This tool is one of the Seven Management Tools. The Tree Diagram breaks down or stratifies 
ideas in progressively greater detail. The objective is to partition a big idea or problem into its 
smaller components, making the idea easier to understand, or the problem easier to solve. If 
the Tree Diagram is used carefully and thoroughly, it will give a better understanding of the 
true scope of a project and help focus on specific tasks that are needed to get something done. 
(Klefsjö, Eliasson, Kennerfalk, Lundbäck & Sandström, 1999) 

4.3.5 Matrix Diagram 
The Matrix Diagram is an analysis tool that facilitates the systematic analysis of the strengths 
of relationships between two or more sets of elements.  It consists of a table whose main rows 
and columns contain the elements being inter-related with the rest of its cells containing 
symbols or numbers that denote the strengths of relationship between the elements. (Klefsjö et 
al, 1999)  
       
The elements being inter-related in a Matrix Diagram may be in the form of information, 
concepts, conditions, activities, or other intangible items, as well as physical things such as 
people, equipment, tools, and materials. The Matrix Diagram can be used in almost all types 
of decision-making that involves several options or alternatives, or is affected by several 
factors. (ibid)    

4.3.6 Measurement System Analysis 
When measuring critical characteristics of processes or products, it is necessary to use gauges, 
callipers and other tools. While these tools are often very accurate, there can be problems with 
variation in measurements. As a result, measurement system analysis (MSA)9 is used to 
determine if measurements are consistent. (Foster, 2001) 
 
The most commonly used method for assessing the precision of a measurement system is a 
so-called Gauge Repeatability and Reproducibility study (Gauge R&R). Such a study can be 
applied when the measurement system in question results in measurements on a continuous 
scale. Measurements are then collected from a crossed design where each of a certain number 
of products (typically ten) is measured several times (typically twice) by a number of 
operators (typically three). The data are analysed using analysis of variance models 
(ANOVA), in which certain variance components are associated with different sources of 

                                                 
9 also called measurement system capability studies, see Montgomery (2005a) 
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measurement spread. The ANOVA is used to determine whether variation comes from the 
part being measured, differences in operator measurements or the measuring instrument. 
(Montgomery p. 358, 2005a) 
 
Gauge Repeatability and Reproducibility  
According to Montgomery and Runger (1993) there are two sources influencing gauge 
precision and accuracy: 
 

 Gauge error 
When an inspector uses the same gauge to measure a product several times under 
same conditions, then several different values of measurement may occur. This error, 
called repeatability, comes from the gauge itself. 

 
 Operator error 

This error occurs when different operators measure a product under the same 
condition and is called reproducibility. The error occurs when operators do not get 
sufficient training or operators do not measure a product according to standard 
procedure. The variability comes from the operators. 

 
Therefore, the variability of measurement process can be defined as: 
 

2
ityRepeatabil

2
ilityReproducib

2 σσσ +=Gauge    (4.1) 
 
where 2

Gaugeσ  is the variability of the measurement process, 2
ilityReproducibσ  the reproducibility 

and 2
ityRepeatabilσ  the repeatability. The total variation is the sum of product variation and the 

variability of the measurement process: 
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where 2

Totalσ  is the total variation, 2
Partσ  the product variation and 2

Gaugeσ  the variability of the 
measurement process or gauge. Control charts and other statistical methods can be used to 
separate these components of variance, as well as give an assessment of gauge capability. 
 
According to Montgomery’s (2005b) ANOVA model, the experiment of this study is a two-
factor designed experiment under the same condition of measurement. According to 
Montgomery (2005a) the model is listed as follows: 
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 where the parameters iP , jO , ijPO)(  and ijkε  are all independent random variables that 
represent the effect of parts, operators, the interaction or joint effects of parts and operators, 
and random error. This is often called the standard model for a Gauge R&R experiment. (ibid) 
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For more details about Gauge R&R, sums of squares, degrees of freedom and mean squares 
see Montgomery (2005a) and Montgomery (2005b). 
 
Foster (2001) argues that problems in measurement can result for a variety of reasons:  
 

 the measurement gauges are faulty 
 operators are using gauges improperly 
 training in measurement procedures is lacking 
 the gauge is calibrated incorrectly. 

 
According to Montgomery (2005a) it is common to compare the estimate of gauge capability 
to the width of the specifications or tolerance band (USL – LSL) for the part that is being 
measured. The ratio of Gaugekσ̂  to the tolerance band is often called precision-to-tolerance 
(P/T) ratio, 
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where USL and LSL stands for upper and lower specification limits and Gaugeσ̂  is  
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where k  is chosen after desired tolerance interval. The R  value represents the difference 
between measurements made on the same unit using the same instrument. 2d  is a factor for 
constructing control charts.  
 
A measurement system with values of the estimated ratio P/T of 0,1 or less is considered to 
have adequate gauge capability. 
 
Another measure of measurement system adequacy is Signal-to-Noise Ratio (SNR) 
 

  
Part

PartSNR
ρ
ρ
−

=
1
2

   (4.6) 

 

where 2

2

Total

Part
Part σ

σ
ρ =  

SNR is recommended to have a value of at least 5. A value of less than 2 indicates inadequate 
gauge capability. However, these requirements on SNR are somewhat arbitrary. 
(Montgomery, 2005a) 
 
 



-THEORETICAL FRAME OF REFERENCE- 
 
 
 

27 

4.4 The role of packaging 
The package is a vital part in this study and the overall view is to be aware of what a package 
is able to offer to the customer as well as to the manufacturing company. This section 
describes the general role of a package and also refers the reader to the importance of the 
appearance of a package. 
 
According to Encyclopaedia Britannica Online (2005a) packaging has the following qualities: 
 

“The packaging is the technology and art of preparing a commodity for convenient 
transport, storage and sale.”  

  
The primary aims with packaging are according to Conradsson (1977) to: 
 

 protect and maintain the products 
 delimit a specific quantity 
 sell the products. 

 
The packaging protects the product against chemical, mechanical and physical damages 
during transport and storage. It also delimits and binds a specific amount, therefore 
facilitating the handling. The packaging will also market the product by giving the product 
and producer an identity, communicating a message and informing the buyer about the 
product. (Conradsson, 1977) 
 
The packaging is more than physical cardboard. It is a part of the entire marketing process, a 
link in the distribution process and a way to distribute the products to the customer at a low 
cost to a high quality. The packaging is rational, hygienic and saves a lot of physical work. 
(ibid) It also plays a significant role in the costs associated with the product. The packaging 
follows the product through the chain all the way from production to consumption and has a 
great deal of impact on the handling, storing, transport and protection. If the packaging is 
correctly designed and used, it can give the product an added value and help create 
competitive strength in the market. (Johansson, Lorentzon-Karlsson, Olsmats & Tiliander, 
1997) 

4.4.1 Appearance of a package 
Since Tetra Pak started developing packages about 60 years ago, the preferences of 
consumers have changed. The first packages were reflected by economic and basic 
functionality factors. Today there is a different society with aware consumers and higher 
competition between the different companies in the area of packaging. This has led to a 
greeter need for consumer adaptation and for listening to the consumer’s needs. 
 
When consumers experience a package, appearance is an important part of the impression. 
Designed products made by large-scale industry for mass distribution means, among other 
things, planning and establishing tolerance limits for appearance to fit efficient production, 
distribution and selling procedures. In consumer goods especially, appearance design is 
accepted as the principal virtue of industrial design. (Encyclopaedia Britannica Online, 
2005b) 
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In a package’s marketing function, the package provides customers with information about 
the product and promotes the product through the use of colour, sizing etc.:  
 

“The appearance of package is the “silent sales person” and it is the final interface 
between the company and its consumers.” 

(Rod, 1990, p.30) 
 
In logistics it is in many ways the package, not the product itself that is of interest. Rod (1990) 
claims that it is the package that must be dealt with, and the product itself may be of 
secondary concern. It is the package that has the shape, volume and weight, whereas the 
product inside may not have the same characteristics. Rod (1990) argues that packaging 
actually can help to sell a product. With consumers making split-second purchasing decisions, 
the appearance of a package might be the factor that closes the sale (ibid). 

4.5 The Package for Liquid Dairy Product 
The study is dealing with appearance features of the Package for Liquid Dairy Product 
(PLDP). It is therefore interesting to clarify the build-up of the current package. The sources 
in this section are from internal records at TP R&D and from personnel describing the PLDP 
and the whole package system to the author. 
 
The packaging material used in the filling machines is a special multilayer material. 
Multilayer means that the material is made up of several different layers. The material needs 
to be firm enough to give the package a good shape. When the packaging material is shaped 
into packages it is folded along preformed creases. Therefore it is important that the material 
has the ability to be stretched or compressed depending on how the material is folded. 
 
The sleeve material used is multilayered, consisting of plastic outside layer (10-15 µm), 
paperboard (100-600 µm), lamination layer (10-20 µm), aluminium 
foil layer (6-10 µm) and an inside layer (15-30 µm). The paper layer 
represents more than 75 % of the entire material thickness. 
 
The packaging material protects the product inside the package from 
the outside environment. This is important for transport and 
handling. The package material is also printed with information 
about the contents of the package. 
 
Moreover, the package is only offered in aseptic form. Aseptic 
packaging prevents bacteria from getting in once the package is 
closed. Obviously, this is a great advantage for foods and drinks. For 
packed products to be completely free from infection the product 
itself must also be sterile. An aseptic packaging process sterilises the 
package itself, filling equipments and packaging materials.  
                                                                                                            
The cap and top are made by high-density polyethylene with 
colouring agents, see Figure 4.3. The top production is a part of the 
business area Tetra Pak Carton Ambient AB (TPCA) and tops are 
delivered separately to the filling machine. The manufacturing 

Figure 4.3 Cap, top, sleeve and bottom of the PLDP 
Source: Internal records at Tetra Pak, Power Point presentation

Top 
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process can be seen below in Figure 4.4. 
 
 

 
         
 Figure 4.4 Representation of the manufacturing process of the PLDP  
Source: Internal records at Tetra Pak, Power Point presentation  
 

4.6 Laser scan 
The laser scan represents a central part in this study. In order for the reader to understand 
the measurement principle of a laser instrument, the following section briefly describes a 
general laser system. 
 
According to Encyclopaedia Britannica Online (2005c) the word laser is an acronym derived 
from “light amplification by stimulated emission of radiation”. Stimulated light emission 
occurs when an atom or molecule that is holding excess energy is stimulated to emit that 
energy as light. In 1960, the first laser capable of emitting a coherent light was invented. 
However, it was not until 1973 that the first laser gauging system was developed. (Kennedy, 
1998) 
 
There are typically two components in a laser scan. It consists of a transmitter and a receiver. 
Using the properties of a laser beam, the laser scan moves a scanning laser beam over the 
object and determines its dimensions by measuring the duration in which the beam is 
obstructed by the object. (Tetra Pak, 2005d) 
 
The object to be measured is placed in the measurement area of the gauge. As seen in Figure 
4.5, the presence of the object in the measurement area divides the collimated light source 
from the transmitter into three segments. The light in Figure 4.5 arrives from the right side. 
(Kennedy, 1998) 
 

 leading light segment 
 shadow segment  
 trailing light segment. 
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Figure 4.5 A sketch of the light segments in a laser scan 

Source: Kennedy (1998)  
 

 
The divided segments of the light source pass through a scan window and a lens of the 
receiver, where they are collected and focused onto a photocell. Electronic circuitry converts 
the received light into an electrical signal with peaks and valleys proportional to the sizes of 
the light and shadow segments respectively. The digital processor is able to interpret the 
portion of the signal corresponding to the shadow segment to determine the size of the 
measured object. The inspection process described is known as scanning. (Kennedy, 1998) 
 
In this study, when measuring Bulging it is actually a diameter measurement that is used to 
measure the maximum width of a package placed in the measurement area. However, laser 
has a wide range of applications. For instance, a laser scan could measure the distance from a 
reference surface to the edge of the object to be measured. It can also measure complex or 
multiple objects that cannot be measured using diameter, edge or position measurement 
modes. (ibid) 
 
Some laser gauge systems offer a number of clear advantages over just about every other type 
of gauging system. The advantages often imply decreased inspection time and enhanced 
precision. Moreover, laser could be used in an integrated system with the machine. Some 
laser gauges are able to continuously monitor a manufacturing process, determine the current 
product dimensions and alert the operator if the product should deviate from an acceptable 
range. With this in-line inspection capability, the laser provides a means for immediate 
operator feedback, allowing for timely adjustments to the manufacturing process. Data can 
also be collected to perform statistical analysis and construct process control charts. (ibid) 
 
 
 

Shadow segment 

Trailing light segment 

Leading light segment 
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5 INTERVIEWS 
 
This chapter presents interview summaries and a summarising analysis of the interviews. The 
interviews make up their own chapter in this study, mostly because they have contributed to 
the definition of Package Appearance, which was a precondition for further work with 
Package Appearance. To the author, this was important to make clear before continuing with 
the results and analysis of the study (presented in Chapter 6). The interviews were conducted 
with people within Tetra Pak.  

5.1 Interviews 
Interviews were conducted with Mrs. Bea Jönsson and Mr. Christer Persson, Test Engineers 
at TPCC, Mr. Admir Softic, Laboratory Technician and team member in the PLDP project, 
Mr. Roger Lindgren, Laboratory Scientist and team member in the PLDP project and Mr. 
Henrik Widestadh, Project Leader and Machine Responsible of PLDP. 

5.1.1 Bea Jönsson and Christer Persson, Test Engineers at Tetra Pak 
Carton Chilled AB 

The purpose with this interview was to benchmark a company with laser instrument 
experience and to get another point of view of the conception of Package Appearance. The 
quotes in this section are of Mrs. Jönsson and Mr. Persson. 
 
The interview was carried out at TPCC, Tetra Pak, Lund, November 15th 2005.  
 
The laser instrument at TPCC 
In 2004 a new laser scan was purchased and installed at TPCC. The field of application for 
the laser scan is large and serve a couple of the old instrument’s10 purposes. The original 
measuring instruments for manual measurements, which the laser replaced, were insufficient 
in many ways. According to Mr. Persson they ran a large risk of getting inadequate 
measurements every time they used the old instruments because there were too many ways of 
carrying out the measuring procedures: 
 

“With the old methods you got very arbitrary results, sometimes you pushed too hard and 
sometimes with a light touch...With the laser scan the operator can not effect the result 
himself in the same extent. You put the package at the fixture and get the same result, no 
matter who is performing the measurement.” 

 
The laser initiative did not come from one single person, but from everybody involved in the 
test methods at TPCC. Even though the purchase of a laser is a large investment, both Mr. 
Persson and Mrs. Jönsson asserts that it was worth it in the case of TPCC. Nowadays the 
precision is much better in the measurements. Anyone can use it because it is easy to handle 
and the instruction book is easy of access and written in a simple way. Mrs. Jönsson also talks 
about the customer satisfaction won from a laser:  
 

                                                 
10 old instruments are for example callipers and bulgemeters 
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“It is important to show our customers that we have test methods where accurate 
measuring instruments, such as laser, are used rather than manual instruments. This 
helps to reflect professionalism.” 

 
The laser scan is cut out for the needs of TPCC. Instrument improvements are still possible to 
do, even though no large alterations have been made since the delivery of the laser. However, 
TPCC and the laser supplier, Mitutoyo, are still keeping in touch with each other if any 
additional suggestions to the laser should arise. 
 
According to Mr. Persson the laser scan has one drawback, namely its size. The whole system 
consists of a heavy table in metal and the laser instrument itself. It is difficult to move and has 
no portable field of application. To measure outside the laboratory requires other measuring 
devices. Mrs. Jönsson is afraid that a portable version of the laser scan would lose several 
function areas compared to the stationary one. 
 
Package Appearance at TPCC 
Just like TP R&D and TPCA, TPCC is also using the conception of Package Appearance. At 
TPCC they use the category in their Package Specification (compared to TP R&D’s 
Development Specification) when dealing with appearance and functionality. Mr. Persson 
believes that Package Appearance is about the overall impression. Unwanted formations in 
the sleeve, functionality of the cap closure as well as wrong sleeve overlaps or bottom forms 
are all examples of what is considered to the Package Appearance area at TPCC. Mrs. 
Jönsson furthermore states that Package Appearance is about coming up to the expectations of 
customers: 
 

“Package Appearance is what you, as a customer, can see and perceive as something 
unattractive. The defects are obviously disturbing the good impression of the package.” 

 
A customer should not only look for expiration dates in respects of the product inside of a 
package. The customer should also require the closest equivalent of the package. Mrs. 
Jönsson speaks of the rights that a customer has to claim a fresh package as well.  
 

“The package is of course meant to keeping qualities to at least the expiration date... The 
package must manage to keep the form and appearance during the whole distribution 
chain, from the machine to the end-customer.” 

5.1.2 Admir Softic, Laboratory Technician at TP R&D 
This interview was carried out in order to gain understanding about the PLDP project and its 
connection to Package Appearance. Also some aspects of laser instruments were discussed 
during the interview. All quotes in this section are of Mr. Softic. 
 
The interview was carried out at TP R&D, Tetra Pak, Lund, November 16th 2005. 
 
The PLDP project and Package Appearance 
Today, at TP R&D’s laboratory, the main task concerning the PLDP is to test packages that 
are produced by the PLDP machine. In the early stage of the PLDP project, the laboratory 
mission was rather to test hand-made packages to get to know the packages and to gain 
understanding about different properties. 
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The PLDP project intends to be in the hands of TP R&D until next year 2006 when the total 
package system is going out on field, i.e. to a customer. The package expects to be officially 
launched in 2007. While Mr. Softic has been involved in the project since the start he also 
possesses wide experience of Package Appearance. In the beginning “Appearance” implied 
the conception of what the package was going to look like in terms of geometry, formation, 
functionality and outside design. Today it is still a matter of these terms, but Mr. Softic 
prefers to distinguish between appearance and functionality:  
 

“Appearance is about what you can see. Functionality is more about what you feel when 
you hold it in your hand.”  

 
To Mr. Softic the everyday work with Package Appearance is more related to looking for 
defects rather than detecting the perfect appearance of a package. There are no drawn up rules 
for what a “perfect package” should look like. Instead, noticeable and disturbing properties or 
features are associated with Package Appearance. 
 

“I am looking for defects that might be perceived as disturbing in front of a customer. If 
no defects are found, the package is considered to be correct.” 

 
Dents, wrinkles on the sleeve, wrong bottom folding, leaning packages, no alignment in top-
sleeve and graphic prints are all examples of what originate from the Package Appearance 
area at TP R&D. However, the aspects of the machine should not be involved with Package 
Appearance. It is the appearance of the package, subsequent to the production that is 
important. Still, Mr. Softic is aware that several Package Appearance aspects can be derived 
from the machine procedure, particularly the bottom form aspects where the end-folder of the 
machine contributes to a problem area. 
 
At TP R&D a preliminary Package Appearance structure with sub groups is outlined. It 
consists of Standing on all sides (SOAS), Bottom form accuracy, Package Dimension, Visual 
Damages, Shape Changes and Leaning. 
 
When Mr. Softic is asked about the sub grouping of Package Appearance he emphasises that 
other principles of grouping are possible. All aspects concerning the bottom are preferable 
grouped on its own, since the bottom form is an over represented area to which many 
problems can be assigned. Also, to separate the sleeve from the top-cap can be preferable 
when giving details about Package Appearance defects in the development specification. 
 
Furthermore, the dividing line between top and sleeve could make up its own group. Even this 
zone can be problematic since the packages gnaw on each other when standing in the tray, but 
above all because it is a link between two materials. 
 
Laser instrument 
Mr. Softic has a constructive attitude to everything that can speed up the work at the 
laboratory.  
 
Advantages and drawbacks of the utilisation of laser according to Mr. Softic are: 
 

“Every little second that can be won in a measuring procedure is valuable. Laser could 
perhaps contribute to such a gain.” 
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“I am afraid that the utilisation of laser is overestimated… Laser could not in the long 
run replace all the other instruments used for measuring Package Appearance.” 

 
Mr. Softic does not see a conflict between the top management and the laboratory staff in the 
matter of a laser investment. He argues that the management of TP R&D is constantly 
encouraging fresh ideas and new thinking. If a measuring procedure or test method can be 
done more efficiently the management provide capital for justified solutions. 

5.1.3 Roger Lindgren, Laboratory Scientist at TP R&D 
This interview was carried out in order to get an insight into TP R&D’s work with Package 
Appearance. Also some aspects of laser instruments were discussed during the interview. The 
quotes in this section are of Mr. Lindgren. 
 
The interview was carried out at TP R&D, Tetra Pak, Lund, November 17th 2005. 
 
Package Appearance 
Mr. Lindgren means that it is often hard to define Package Appearance, since appearance by 
nature is a wide conception. In laboratory context Package Appearance is sometimes about 
troubleshooting. Though, Mr. Lindgren prefers to see the category from another angle: 

 
“Appearance concerns visual functionality from the consumer’s point of view.” 

 
Package Appearance is dependent on the situation. Mr. Lindgren means that from his point of 
view, you sometimes look for same defects or properties but apply different limits of 
tolerance. Approved packages after the production line might be unacceptable in front of a 
consumer, even though it concerns the same feature. According to Mr. Lindgren’s experience, 
production tolerances and consumer tolerances should in many cases not be equally valued: 
 

“I am not sure that Package Appearance as a category alone is the best way to cover up 
the desired properties. Two categories; Consumer Functionality and Line Functionality 
could perhaps tell more and clear out confusions.” 

 
Provided that Package Appearance is the existing category, Mr. Lindgren sees advantages in 
different types of sub-grouping within the development specification. For example, he 
believes that dividing the package into its parts when detecting different appearance features 
makes it easier to understand that a certain defect on one location might have other 
consequences if located somewhere else on the same package.  
 
Laser instrument 
Mr. Lindgren is positive to the use of a laser instrument for laboratory activities. Often rented 
staff performs the tests in the laboratory. The high turnover in personnel increases the risk of 
getting unreliable data. Mr. Lindgren argues that an instrument with high precision clearly 
eliminates that risk. 
 

“Laser might reduce the state of dependence between operator and reliable measuring.” 
 
Today, TP R&D experiences that several measuring procedures require the same operator to 
perform the tests to get reliable data.  
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As mentioned above, Mr. Lindgren sees no antagonism in the use of laser at TP R&D. 
However, he emphasises the fact that the measurements are still a matter of validity.  
 

“…do we measure the right things?…If laser is implemented we still need to be critical to 
what we measure?” 

 
A proposal to improve measuring procedures and test methods is to specify what qualities 
should be investigated before the test is done. Mr. Lindgren would like to see more 
consistency in the use of proactive examination in these procedures.  

5.1.4 Henrik Widestadh, Machine Responsible at TP R&D 
The purpose with the interview was to gain further understanding about machine aspects in 
the PLDP project and its connection to Package Appearance. Also some aspects of 
alternative measuring instruments were discussed during the interview. All quotes in this 
section are of Mr. Widestadh. 
 
The interview was carried out at TP R&D, Tetra Pak, Lund, December 9th 2005. 
 
The current state of the PLDP project consists of a couple of different areas. One material 
area, one package area, one machine area etc. Mr. Widestadh is responsible for the machine 
area. Although their activities are relatively separated from each other they cooperate to 
development the PLDP. Through several weekly meetings every sub project leader gets the 
opportunity to coordinate their work and synchronise the project to become uniform. Package 
Appearance is furthermore a subject field, which is relevant in the project as a whole. 
 
Package Appearance from Mr. Widestadh’s point of view 
Apart from the technical aspects, Package Appearance is a lot about quantifying the 
appearance of a package by means of numerical measures. According to Mr. Widestadh 
Package Appearance is meant to help answering the question: Where are we today and were 
do we want to be? 
 

“We must look for measures that really tell us something and guides us in our work. The 
ideal measure tells us about what the problem of a package actually is.” 

 
Mr. Widestadh believes in numerical measurements until he has seen appropriate alternative 
solutions. Although he also emphasises on the importance to be open-minded to be able to 
explore new methods to get hold of problems concerning packages. 
  
To Mr. Widestadh Visual Damages, Bulging, Bottom forming and Leaning is principally the 
features that constitute Package Appearance.  
 
However, Mr. Widestadh would like to adopt a two-perspective approach to the definition of 
Package Appearance. In his every day work Package Appearance implies numbers and 
technical aspects. To a layman he would rather characterise Package Appearance as follows: 

 
“Package Appearance is what the package looks like on the shelf in a supermarket. I 
would like to ignore all technical aspects when explaining to an uninitiated what 
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Package Appearance is. I prefer to keep it quite informal, like; Does it look like it should 
or not?” 

 
Consumer Perspective 
One critical key in the PLDP project is the bottom forming of the package. Other features like 
Leaning and Bulging can usually be derived from the bottom. Mr. Widestadh is however 
hesitant to the consumers direct awareness of a package’s appearance.  
 

“In a consumer’s point of view the defects appear in other ways than sub measures in the 
bottom forming. I doubt that consumers frequently turn around the package to catch sight 
of defects in the bottom.” 

 
Measuring instrument 
According to Mr. Widestadh, TP R&D has considered a new measuring facility, called a 
Vision System, as a conceivable alternative to get rid of a lot of problems connected to the 
PLDP machine.  
 
Vision Systems are designed to handle a wide range of high-performance applications like 
counting, multi camera guidance and defect inspection. They are useful because they are 
helpful in getting tangible value for the machine process to work along with. With other 
measuring instruments it is often more complicated to measure. In many cases you have to 
carry the samples away to make the measuring somewhere else. Vision systems are integrated 
with the production line, which makes it easier to keep measuring running frequently.  
 
The principle use of Vision system at TP R&D would be to control positions and seals of 
packages but also to control measures of the package. 
 

“I believe that a refined approval-check of the packages is necessary. Working with 
support from a Vision System becomes focused on what the machine performs as well as 
packaging aspects.” 

 
However, Mr. Widestadh sees no conflict between Vision Systems and other measuring 
instruments but emphasises that the different fields of application must be clear to all workers 
involved to avoid misconceptions in the use of different instruments. 
 
Mr. Widestadh argues that a significant part of the function in a measuring instrument 
involves the frequency of sampling as well as time spending and not necessarily only the 
accuracy of the instrument. 

5.2 Summarising analysis of the interviews 
This section presents a summarising analysis of the interviews. 

5.2.1 New measuring instruments at TP R&D 
In all interviews some type of measuring instruments were discussed. The common opinion of 
the interviewees was that advanced measuring instruments could be a question of decisive 
importance in successful measuring procedures.  
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Mrs. Jönsson and Mr. Persson emphasise on their satisfaction with the laser investment at 
TPCC, which has reduced the uncertainty in measurements. Mr Softic claims that the demand 
of efficient measuring equipment is increasing. He also believes that the management of TP 
R&D supports such investments if motives are clear. Still, he believes that an examination in 
the fields of utilisation of these kinds of measuring instruments is important before deciding 
to purchase one. Mr. Lindgren is also positive to procure new measuring equipment. Just like 
Mr. Softic, Mr. Lindgren agrees with the proactive parts of a purchase, i.e. to focus on needs 
and fields of application before new instruments are bought and put in use. Mr. Widestadh 
speaks of instruments that are useful in the context of the filling machine. He advocates an 
instrument or a system that enables integration with the machine. A Vision System is an 
example of such a system. The summarised interviews principally indicate that laser is a 
conceivable alternative for TP R&D. 

5.2.2 Thoughts about Package Appearance 
The author concludes that Package Appearance means different things to different people, not 
only between different business areas within Tetra Pak but also within TP R&D. Some 
interviewed persons refers to Package Appearance as something that has to do with 
functionality while others prefer to speak of the category in terms of visible defects that are 
bothering the consumer. Likewise, in the partition (sub grouping) of Package Appearance 
opinions differ. Mr. Softic suggests that all features concerning one part of a package are 
grouped on their own while Mr. Lindgren has thoughts about a more revolutionary partition 
which imply an entire new way of thinking. He believes that Customer Functionality and Line 
Functionality could replace the conception of Package Appearance and at the same time win a 
lot more of understanding among the personnel. All in all, the interviews seem to indicate that 
Package Appearance is an essential part to consider when developing packages and to obtain 
customer satisfaction. Hence, the category requires a common way of looking at it. 

5.2.3 Comments on the interviews 
The opinion of the author was that interviews were efficient and useful. After the interviews 
had been conducted the author believed that problems with Package Appearance was in 
accordance with the outlined purpose of the study, which is to define the conception of 
Package Appearance, identify practicable features of the category, evaluate measuring 
instruments and test methods connected to Package Appearance and finally identify areas for 
improvement in that area. 
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6 THE CASE STUDY 
 
This chapter is a consolidation of the empirical study, the result and the analysis of this case 
study. It presents the different operations of the study in a logical order and refers the reader 
to how they are performed as well as the outcome of them. The chapter will analyse the 
results of the study and depict experiences from the study. The analysis is made with respect 
to the purpose of the study and connects to relevant theories. Furthermore, the analysis takes 
into consideration the interviews presented in the previous chapter.  

6.1 The case to be studied 
The study started with a discussion between the author and supervisors to determine the topic 
of the study at Tetra Pak. The size of the problem was taken into account as well as the 
possibility of making improvements. 
 
The object of the study was finally concluded to consider the evaluation of test methods and 
measuring instruments concerning Package Appearance at Tetra Pak Research & 
Development AB. This was determined to be evaluated on Tetra Pak’s future aseptic package, 
the PLDP. The category, Package Appearance, has recently got more focus than ever before 
when evaluating packages. Partly due to Tetra Pak’s awareness of consumers’ better insight 
and their broad chance to make choices when buying provisions. Within TP R&D there is a 
strong focus on customers and consumers11. Their primary task is to identify needs of 
customers and find matching technical solutions. The number of customers in each country is 
generally low but there is often a strong dependency on the packages. Tetra Pak has 
continuous customer contact through service commitments, material supply and participation 
in the customer’s marketing activities. Consequently, their presence does not solely concern 
the production but the whole company of a customer. In the end, it is still the package that 
needs to be superior to satisfy a customer or a consumer. This is where the appearance of the 
package becomes part of the picture. 

6.1.1 Frames of the study 
To formalise the study the author and the supervisor at TP R&D, Roger Lindgren, drew up a 
Project Charter. The Project Charter tool is useful for creating an understanding about the 
study and the objectives of the project. 
 
The Project Charter contains the business case, objectives, scope and expected effects of the 
study. The charter was revised throughout the life of the study and the final revised charter (in 
Swedish) can be viewed in Supplement A. 
 
There was a wish from Mr. Lindgren to let the study undergo a structured methodology. In the 
beginning of the study the author and Mr. Lindgren discussed the DMAIC12 approach, which 
is a structured way of working with improvements. However, Package Appearance is not 
defined as an improvement area. Rather, it is a new area which requires a definition, an 
investigation and a distinct structure. Hence, a compromise of methodology between the 

                                                 
11 Customers include dairy companies and beverage producers. Consumers are those who buy from the grocery 
store. (Lindgren, 2005) 
12 Define-Measure-Analyze-Improve-Control 
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author and Mr. Lindgren was agreed upon. The study does not follow a specific methodology 
but uses guiding principles, tools and considerations regarding the TQM system. Today, Tetra 
Pak follows a quality approach called World Class Manufacturing, WCM (see Section 4.2.1) 
which is influenced by TQM and also founded on the same values and usages of tools. Hence, 
TQM was even more suitable to underlie this study. Besides that, WCM is also associated 
with excellence which could be related to a company that wants to keep their tolerances in 
control.  

6.2 Difficulties in determining Package Appearance 
A Cause-and-Effect Diagram was used to detect causes of the difficulties in determining and 
establishing Package Appearance. Together with members from the PLDP project the author 
developed a diagram with the help of brainstorming. When preparing the Cause-and-Effect 
Diagram, the first step was to agree on the specific wording of the effect and then to identify 
the main types of causes that can possibly give the effect. The effect was formalised into a 
question:  
 
“What causes trouble in determining and establish Package Appearance?” 
 
The main causes were identified as Management, People, Methods, Measurement, New area 
and Package. The complete diagram can be viewed in Supplement B. 
 
By the use of a Cause-and-Effect Diagram the author was able to find important causes to the 
problem. For example: 
 

 stressful working environment 
- Fully booked with meetings 
- Tollgates and milestones to follow 
- Ambiguous working directives 

 lack of preparatory work 
- Solutions are found before the problem is defined 
- Measuring wrong features with poor measuring instruments 
- Messy collection of packages 

 Package Appearance, a confusing conception 
- Package Appearance involves many features 
- Trouble to understand how one feature connects to other features 
- Find applicable sub features 

 poor test methods procedures 
- Old test methods, to be inspired by,  are missing 
- Requirements from another business area, TPCA, to live up to 
- Test methods are sensitive to differences in operators measurements 

 
The above-mentioned causes worked as inspiration to other quality tools used in the study. 
For instance, the cause “Package Appearance, a confusing conception” gave rise to a mapping 
of Package Appearance in Tree Diagrams as well as relationship analysis in Matrix Diagram. 
These causes got focus, since they were detected on many occasions in the Cause-and-Effect 
Diagram and since members of the PLDP project agreed to work along with those causes. 
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6.3 Defining the conception of Package Appearance 
From the theory foundation of appearance aspects of packages (in Section 4.4) and from the 
conducted interviews (see Chapter 5) the definition of Package Appearance at TP R&D was 
found.  
 
Conradsson (1977) means that one purpose of package is to inform the consumer about the 
product and to communicate a message. Furthermore, Rod (1990) claims that the appearance 
of a package might be the determining factor for a consumer when buying a product. The 
interviewed persons support the idea of putting the consumer in focus. 
 
“I am looking for defects that might be perceived as disturbing in front of a customer. If no 
defects are found, the package is considered to be correct.” 
 

(Quotation from Section 5.1.2 Admir Softic)  
 
The package should contain and protect the packed product from the filling stage to 
recommended consumption, at ambient temperature. This goes in line with the opinion of 
Mrs. Jönsson’s. 
 
“The package must manage to keep the form and appearance during the whole distribution 
chain, from the machine to the end-customer.” 
 

(Quotation from Section 5.1.1 Bea Jönsson)  
 
The author also believes that a consumer perspective is important and consequently 
emphasises this in the definition below, saying that the package should keep its appearance 
until it is in the front of the consumer. 
 
Members of the PLDP project got the opportunity to object and make changes to the 
definition before the definition was established. The definition helped the author to keep the 
red thread through the study. 
 
“Package Appearance is a category that refers to some distinctive features of a package. 
Such features are detected after the production stage, where the package is considered to be 
correct if those are within the scope of tolerance. The features concern appearance and visual 
forming that might be perceived as disturbing in front of a consumer.” 
 
The author suggests TP R&D to work in accordance with this definition and also to use it to 
make everyone work in the same direction within the organisation. To the author, from now 
and on, Package Appearance means what is said in the definition. The definition might be 
applicable to other packages developed at Tetra Pak, besides the PLDP. 

6.4 Mapping the current way of working with Package Appearance 
This section gives the reader a description of how TP R&D works with Package Appearance 
at the present point in time.  
 
At TP R&D there are two primary occasions where the personnel test Package Appearance of 
packages. In the first place it concerns appearance checks during production. This concerns 
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not only PLDP, but all models of packages produced at TP R&D. These are checks carried 
out by the operator during production. They are aimed at roughly evaluating the appearance of 
the package such as shape and design, flap sealing and surfaces. Since the machine area is 
associated with a limited deal of space, measuring instruments and templates need to be small 
and accessible.  
 
In the second place it deals with appearance checks after production. Qualified personnel, in 
an area appropriately equipped, must carry out these checks frequently. The checks, often 
called test methods imply the use of specific laboratory tools. Measurements are often 
analysed statistically, in order to evaluate the incidence of defective packages in a population. 
Limits and tolerances to every feature being measured should be available to determine 
whether the package is approved or not. The checks are mostly for internal purposes to 
compare how machine and material adjustments affect the packages. 
 
In this study the author focuses on checks made after production, i.e. laboratory appearance 
checks. Today, most of the Package Appearance features of the PLDP are without limits and 
tolerances. Also, the composition and partition of the category is quite vague. The partition 
that TP R&D is currently using when discussing Package Appearance features are Standing 
On All Sides (SOAS), Bottom Form Accuracy, Package Dimension, Visual Damages, Shape 
Changes and Leaning.  

6.4.1 Current features of Package Appearance at TP R&D 
Listed below are six appearance features that represent the content and partition of Package 
Appearance at the present point in time at TP R&D.  
 
Standing On All Sides (SOAS) 
SOAS concerns the package’s ability to stand on all bottom sides, not lifting up from a flat 
surface. SOAS is normally measured by means of a feeler gauge. Such an instrument consists 
of a blade, usually metal, of precisely predetermined thickness, used to measure the clearance 
between two pads.  
 
Bottom Form Accuracy 
Bottom Form Accuracy refers to how the bottom is formed geometrically as well as how the 
flaps are positioned. The flaps should be folded and sealed to the body of the package. A 
drawing of the octagonal bottom of the PLDP can be viewed in Figure 6.1.  

Figure 6.1 The bottom form of the PLDP 
Source: Internal records at Tetra Pak, Power Point presentation  

 

FLAP FLAP
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Package Dimension 
Package Dimensions refers to heights, widths and depths of the package. For instance, heights 
include total height, sleeve height and a quarter of the sleeve height. The latter is often used as 
a reference point to measure bulging of a collection of packages. 
  
Visual Damages 
Visual Damages are examples of features and sub features which are of the nature “presence” 
or “absence” in case of an inspection. This also affects the test method, where each sub 
feature within Visual Damages is visually inspected by microscope, by eye or with help from 
an instrument but no numerical data is required from such features. Dents and scratches are 
examples of Visual Damages. 
 
Shape Changes 
Shape Changes assigns to an outward or inward curve or swelling. Bulging and Paneling are 
both examples of Shape Changes. Examples are presented in Picture 6.1. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Picture 6.1 Examples of Shape Changes; Bulging, Paneling and Elephant feet 
Source: Internal records at Tetra Pak, Power Point presentation 

 
Leaning 
This feature is of the impression that the package is leaning. Not to be mixed up with tilting 
angle13. A leaning package can be viewed in Picture 6.2.  

                                                 
13 the horizontal angle between a surface and the bottom of a package, where the package is about to tilt over 

 

Picture 6.2 Example of a leaning package 
Source: Internal records at Tetra Pak, Power Point presentation 
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6.4.2 Tree Diagram I 
On the condition of the six features above, see Section 6.4.1, the author suggests a Tree 
Diagram to illustrate the features and partition of Package Appearance. The diagram can be 
viewed in Supplement C, Figure S.3.  
 
In Klefsjö et al (1999) a Tree Diagram is described as a systematic way to break down 
answers of a question into concrete measures. The measures are then given points after the 
criteria Efficiency and Feasibility, which makes it possible to compare the measures. In this 
study the diagrams are used to partition the category into its smaller components, making the 
idea of Package Appearance easier to understand. Hence, no system of points was used. The 
author developed the diagrams independently, but got inspiration from meetings with the 
PLDP project group. 

6.5 Improving the partition of Package Appearance 
Based on the experiences of the current way of working with Package Appearance the author 
recommends that TP R&D tries to make it easier when illustrating the category. In the 
author’s opinion a second Tree Diagram could work as a tool for this purpose.  

6.5.1 Tree Diagram II 
The six features mentioned in Section 6.4.1, formed the basis for an improved partition of 
Package Appearance. The package was divided into its component parts; Bottom, Sleeve and 
the Dividing line Sleeve/Top. The idea of this partition came up when the author was 
discussing the current partition with the PLDP project group. To each component part belongs 
a number of sub features. A sketch of Tree Diagram II is presented in Supplement C, Figure 
S.4. Also, an overview of the partition can be viewed in Table 6.1.  
 
Table 6.1 An overview of the new suggested partitioning of Package Appearance  
Bottom Sleeve Dividing line Sleeve/Top Other 
SOAS Bulging Plastic lumps Leaning 
Elephant feet Paneling Visible Aluminium Total height 
Unsealed Flaps Dents Top Displacement Abrasion 
Bottom Form Accuracy LS-overlaps Dents  
 Scratches Not Aligned  
 Wrinkles   
 
Both diagrams, Tree Diagram I and Tree Diagram II, were viewed and revised by the PLDP 
project members. The diagrams show two different ways to map Package Appearance. It was 
concluded from a discussion with the PLDP project members that one does not necessarily 
exclude the other. Together they in fact complement each other to make an improved 
depiction of Package Appearance.  
 
The author recommends that PLDP project group tries to make it easier when describing and 
explaining Package Appearance. Due to the relatively high turnover of employees at TP R&D 
it might be important to explain the category in a simple way, like for instance in the second 
Tree Diagram. This diagram holds a logic partition where the components of the PLDP 
constitute the caption of different sub features. The components, Bottom, Sleeve, Dividing 
line Sleeve/Top are all familiar among laymen. This fact supports the increased usage of a 
partition like in Tree Diagram II. From the author’s experience of being a new “employee” at 
TP R&D it can be said that it took a while to get a clear picture of Package Appearance. If the 
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description is uncomplicated and is complemented with a definition of the conception it will 
be easier to form a basis for good performance in the PLDP project. 

6.6 Limiting the study to two prioritised features 
As mentioned in the Introduction (see Section 1.4) the scope of features to be analysed needed 
to be delimited in this study. To enable a deeper analysis of the efficiency of the measuring 
instruments and test methods there was a limitation of two Package Appearance features. 
Through the analysis of a Matrix Diagram and discussion with the PLDP group two Package 
Appearance features were selected. 

6.6.1 Matrix Diagram 
The objective of choosing the Matrix Diagram tool was to illustrate how one feature connects 
to other features. Moreover, this “connection-problem” was also detected in the Cause-and-
Effect Diagram like “Trouble to understand how one feature connects to other features” (see 
Section 6.2). A Matrix Diagram was developed with identified appearance features from the 
Tree Diagrams, which became the names of the columns. Also, customer requirements was 
determined from discussion with engaged personnel at Tetra Pak, from internal customer 
specification documents and from earlier made surveys, which became the names of the rows. 
Customer requirements weights were also stated, using a 1 to 5 scale. To get these weights, 
discussions and meetings with PLDP project members were held. A stable impression of the 
package was considered most important to the customers, thus getting a weight of 5. 
Relationships between customer requirements and appearance features were then developed. 
A 5-3-1-relationship grade for strong, medium and weak relationships was used. These 
relationships define the degree to which an appearance feature satisfies the customers’ need. 
In the roof matrix the appearance features were analysed in mapping how one feature 
connects to another feature. After analysing the Matrix Diagram the most important 
appearance features for customers were determined. According to the Matrix Diagram, 
features in the top-five with highest grades are: 
 

1. Standing On all Sides 
2. No Elephant Feet 
3. Sealed Flaps 
4. No Dents 
5. No Bulging 

 
Also, from the Matrix Diagram the conclusion was drawn that many features derive from 
other features. This is fundamental to realise since it influences the measure procedures and 
might lead to less measuring if correct connections are found. The author suggests that TP 
R&D investigate the relationships further to create a better understanding of the connections 
between one defect and another of the PLDP. The conducted Matrix Diagram could serve as a 
good starting-point in that investigation. The diagram can be viewed in Supplement D.  
 
To determine which features to continue with in the evaluation the author consulted the PLDP 
project group. The discussion resulted in two Package Appearance features, namely Bulging 
and Visual Damages. The base for the choice of Bulging was said to be because of its top-five 
rank of important features to customers. Also its applicability for being measured in a laser 
instrument, which is still a rather unexplored area at TP R&D, was a determining factor. 
Furthermore, Bulging is important to consider in secondary package opportunities. For a 
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predetermined number of packages to fit in a tray or other secondary packages not much of 
bulging is allowed in each primary package. Moreover, Bulging is interesting in a consumer’s 
perspective, since it distinguishes from many other features, hence is more noticeable. For 
instance, not many consumers are likely to catch sight of defects in the bottom forming. 
 
Visual Damages were chosen because of earlier problems with establishing reliable test 
methods in this area. Visual Damages are features which concern appearance, and visual 
forming that might be perceived as disturbing by a consumer. Elephant Feet14, Unsealed Flaps 
and Dents are further sub features, which Visual Damages consists of. These were also ranked 
as important to customers in the Matrix Diagram. 

6.7 Evaluation of prioritised features 
This section describes the way in which Bulging and Visual Damages are evaluated.  
 
In Table 6.2 an overview of the author’s way of evaluating the features can be seen. 
 
Table 6.2 Steps of evaluation for Bulging and Visual Damages 
Step Evaluating Bulging Evaluating Visual Damages 
1. Investigate applicable measuring instruments 

to measure Bulging. The instrument list can 
bee viewed in Supplement E. 

Through the Tree Diagrams determine what sub 
features belong to Visual Damages. 

2. Measurement System Analysis of laser scan 
and calliper. See results in Supplement F. 

Conduction of a test method of Visual Damages in 
the PLDP. See the test method “Evaluating Visual 
Damages” in Supplement G. 

3. Comparison between inspection times of 
measurements in different instrument.  Analysis of the test method 

4. Analyse results Discuss improvements 
5. Give recommendations Give recommendations 

6.7.1 Bulging 
This section presents the ways in which Bulging is evaluated. 
 
A list of applicable measuring instruments for Bulging was compiled. Identified measuring 
instruments applicable to measure Bulging of PLDP were: 
 

 digital calliper 
 bulgemeter 
 fixed templates 
 laser scan 
 four-armed laser  
 coordinate measuring machine. 

 
The complete list of instruments can be viewed in Supplement E with more detailed 
description of every instrument. In that list, an unidentified instrument is also viewed. This 
illustrates the thoughts of a new instrument investment at TP R&D. In order to better grasp 
the efficiency of the instruments some of them underwent a Measurement System Analysis 
(MSA). MSA also determine if the results are biased and if variability is an issue in the data 

                                                 
14 This sub feature is not identified under “Visual Damages” in Tree Diagram I. However, from discussions with 
the PLDP group it was decided to belong to Visual Damages in further work.  
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collecting methods. A Gauge R&R study was made for two instruments, a laser scan and a 
digital calliper. These instruments were selected because they are dissimilar. The laser scan 
has highly developed characters, while the calliper is a lot more of a simple and well-tried 
instrument. Moreover, TP R&D has seen TPCC working with the laser scan and thereby 
considered laser as an alternative to the instruments that are used today. Of course, the 
instruments are also associated with different costs of investments, which make it interesting 
to see how much they differ in terms of precision and accuracy. The MSA results of the laser 
scan and the calliper are presented in Section 6.8. 
 
An attempt was also made on Gauge R&R for another laser instrument, a four-armed laser 
scan. However, the author encountered technical problems with the software for analysing the 
data. Still, the principle and understanding of the fundamental parts of the measuring in a 
laser of that kind became clear. This problem resulted in not conducting a Gauge R&R, since 
no reliable data was gathered.  

6.7.2 Visual Damages 
This section presents the different operations to the evaluation of Visual Damages. 
 
From the Tree Diagrams, see section 6.4 and 6.5, the content and partition of Visual Damages 
was determined. Parts from both diagrams were used. From Tree Diagram I, the feature block 
“Visual Damages” was considered as the content. Tree Diagram II, with the three-part 
partition15, gave rise to the disposition of the test method. Influenced by the Tree Diagrams 
and the fact that many important features derives from Visual Damages, see Matrix Diagram, 
a test method was conducted. The author got recommendations and instructions from 
supervisor Roger Lindgren and the laboratory personnel on how to conduct a test method. 
Hence, the author made the practical writing work of the test method. Test methods to test 
Package Appearance features of the PLDP had never been done before. However, similar tests 
have been conducted on other packages. Those test methods were used as references to the 
conduction of the current one. 
  
Generally, TP R&D uses a test method template from the actual business area that is ordering 
the development of a package, in this case Tetra Pak Carton Ambient (TPCA). The test 
method template of TPCA can be organised as viewed in Table 6.3. 

                                                 
15 The tree-part partition means the partition of the package into Bottom, Sleeve and the Dividing line 
Sleeve/Top. 
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                      Table 6.3 Contents of a general test method  

Contents 
Front cover with title of the test method 
1. Summary  
2. Application Criteria 
- Scope 
- Purpose of the test method 
3. Definitions and References 
- Terminology 
- References 
4. Test Equipment 
- List of tools 
- List of Software 
5. Test Preparation 
- Test preparations, step-by-step 
6. Test Execution 
- Test executions, step-by-step 
7. Test Data Processing 
- Specification on how data is treated 
8. Post Testing Procedures 
- Specification on how the test method is presented 
9. Attachments 

  
According to Mr. Lindgren, test methods should be systematic, precise and unambiguous. 
Furthermore, they must be performed on a regular basis during and/or after production to 
monitor the quality of the packages and the performance of the filling machines. When 
appearance defects occur, such as dents or wrong bottom forms, the operators can be 
relatively sure that packages close to the defective package might be affected by the same 
defect. When the defect is considered as a fact (through a test method) a troubleshooting 
procedure is needed to investigate the causes of the proven defect. Therefore, one important 
purpose of a test method is to put the references together of what is right and what is wrong 
among machine operators, laboratory assistants and project leaders. 
 
Normally, Visual Damages are examples of defect features, which are judged by “presence” 
or “absence” in case of an inspection. However this test method describes a way to rank the 
severity of package defects. 
 
A record form was formalised to note the grade of every sub feature’s defect. The record form 
can be viewed as an attachment in the test method in Supplement G. It is called the Visual 
Damages form. The scale to grade the sub features in the form had four levels, namely 0, 1, 3, 
9. Each sub feature listed in the form will undergo a visual inspection where the operator tries 
to estimate if the defect is severe (9 p), apparent (3 p), light (1 p) or does not exist (0 p). To 
reduce the uncertainty of the estimation, photo references to compare the defects are 
available. Instructions from Klefsjö et al (1999) inspired the establishment of the grading 
system in this test method. The total points of every package is then documented and further 
on compared to future appearance tests. The comparisons between different test method runs, 
usually through control charts, help the laboratory personnel to perceive if different machine 
adjustments or other improving actions aid to improve the appearance of the packages. All 
severe damaged packages must be collected and submitted to an integrity test.  
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Sub features to make up Visual Damages were considered to be: 
 

 Elephant feet 
 Unsealed flaps 
 Dents 
 Scratches 
 Wrinkles 
 Not aligned 
 Plastic lumps 
 Visible aluminium 
 Abrasion 

 
The full test method “Evaluating Visual Damages” can be viewed in Supplement G.  
 
Yet, no pilot test of the conducted test method is made. Thus, from the work with the 
conduction of it, the author draws the conclusion that the test method can be improved. For 
instance, the corners and sides of the package should be illustrated with specific codes. In the 
record it should then be possible to note where on the package the defect is located, by means 
of location codes. This will improve the test method by giving the machine operators hints of 
where to start looking for problems in the machine. The ability to trace which activity in the 
machine that has caused the appearance defect is important. As soon as a pilot test is made, 
limits for the amount of points that can be tolerated have to be set. 

6.8 Measurement System Analysis 
This section concerns Bulging and presents the operation procedure and the results of the 
Gauge R&R for the laser scan. Also a Gauge R&R was conducted with the calliper. They 
followed the same procedure, hence only one, the laser scan, is described in detail here. 
 
Ten packages were selected for inspection in the laser scan. With respect to package 
formation and damages, the samples included some clearly good, some clearly bad and some 
borderline packages. The author and supervisor decided to let the packages differ in quality to 
see how the response was reflected in a Gauge R&R. The packages were produced in 
different days and collected arbitrarily from different runs of the machine. That the packages 
were collected in this way was considered not to interfere with the conduction of the Gauge 
R&R.  
 
Three persons from TP R&D were asked to help the author to conduct the measurement 
study. They are called operator A, B and C. Each operator inspected every package twice in 
random order. This allowed the author to assess how often the operators agree with each other 
(reproducibility) and how consistent they are in their own assessments (repeatability). Every 
sample was numbered and measured randomly. The randomisation of package 1-10 was done 
to eliminate bias. First, operator A measured all ten samples, then operator B did the same 
measuring and finally operator C. Then the second round started with the same measuring 
procedure. 
 
Minitab was used to analyse the data. Supplement F shows the full version of the Gauge R&R 
with graphs and ANOVA for these data. The ANOVA table shows that packages contribute 
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most of the variation, operator effect is just about significant using 95% level of significance 
and package-operator interactions are insignificant.  
 
Today no clear tolerance limits of Bulging are available, therefore the SNR16 method was 
used, since it does not require that information. The SNR measures the adequacy of the laser 
instrument. A value of 8,42 was calculated: 
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Therefore, the laser scan would meet the suggested requirement of a SNR of at least 5. As a 
result, the conclusion is that the laser scan measurement is repeatable and reproducible.   
 
For the calliper a SNR-value of 2,30 was calculated. Therefore a calliper is said not to be a 
proper measuring instrument if one is interested in high measuring precision.  
 
In Figure 6.2 and 6.3 the differences in variation of a laser scan and a calliper are illustrated. 
In Figure 6.2 a prominent Part-to-part column is shown. The remaining columns are less 
visible, which indicates that most of the variation when using a laser scan comes from the 
packages and not from the operators or the instrument. In Figure 6.3 it can be seen that the 
variation of the measurements when using a calliper comes from all sources of variation. 
Nevertheless, the variation in packages is still the over-emphasised column. The right-handed 
columns in the figures below illustrate Contribution (%) while the left-handed illustrate Study 
Variation (%). From the help-function in Minitab Software definitions of these terms can be 
found. Contribution (%) is calculated by dividing an individual variance component from the 
study by the total variance and multiplying by 100 (i.e. variance due to the measurement 
system/total variance * 100).  All of the Contributions (%) should add up to 100. Study 
Variation (%) is calculated by dividing an individual standard deviation component by the 
total study standard deviation and multiplying by 100. These will not add up to 100. The 
calculations are all made automatically in Minitab. 
 

 
Figure 6.2 Extract from Gauge R&R for the laser scan  

Source: Own work in Minitab  
 

                                                 
16 See Chapter 4.3.6 for description of Signal-to-Noise Ratio 
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Figure 6.3 Extract from Gauge R&R for the calliper  

Source: Own work in Minitab  

6.8.1 The time aspect in measuring procedures 
This section will investigate the inspection time in the different measuring instruments. This 
aspect will also be taken into account in an investment situation of applicable measuring 
instruments. 
 
Laser Scan 
The times to conduct 60 measurement tests in the laser scan with three operators involved are 
viewed in Table 6.4. Each round involves the measuring of ten packages for all operators. 
 
            Table 6.4 An overview of the inspection time in a laser scan 

Operator First round (10 packages) Second round (10 packages) 

A 5 minutes 05 seconds 4 minutes 32 seconds 

B 6 minutes 21 seconds 6 minutes 11 seconds 

C 5 minutes 32 seconds 4 minutes 43 seconds 

 
For all operators, it was their first time conducting measurements in this type of instrument. 
After reviewing the times in Table 6.4 the general impression is that with a little practise the 
operator will be able to conduct the measurements faster in the second round. 
 
The average time spent using the laser scan for measuring Bulging of ten packages was 5 
minutes and 24 seconds. 
 
Calliper 
The times to conduct 60 measurement tests with a calliper with three operators involved are 
viewed in Table 6.5. 
 
            Table 6.5 An overview of the inspection time in a calliper 

Operator First round (10 packages) Second round (10 packages) 

A 10 minutes 20 seconds 8 minutes 30 seconds 

B 8 minutes 10 seconds 11 minutes 10 seconds 

C 11 minutes 10 seconds 10 minutes 40 seconds 

 
All operators had previous experiences from measurements in a calliper. No certain time-
spending pattern can be seen from the first round to the second round. 
 
The average time spent using the calliper for measuring Bulging of ten packages was 10 
minutes and 00 seconds. The package is measured with the right calliper-jaw at the longitude 
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seal side, as showed in Picture 6.3. Then the calliper is drawn from top to bottom to find the 
widest measurement. 
 

 
Picture 6.3 Measuring with a calliper 

Source: Own work  
 
Even though measurements in the four-armed laser failed, the time for packages to pass 
through the instrument was noticed. One operator conducted those measurements for ten 
packages. It took 4 minutes and 23 seconds. The diagram in Figure 6.4 gives an overview of 
the time taken when measuring ten packages with different measuring instruments. 
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Figure 6.4 Diagram illustrating the time spending of  

measurement procedures in different instruments. 
 
The time aspect of a measuring instrument should be taken into account when weighing one 
alternative to another. In general, laser instruments seem to help the operator to conduct 
measurements faster, compared to a calliper.  
 
Nevertheless, TP R&D also has to be aware of the drawbacks associated with a laser. For 
instance, a laser instrument is much more expensive than a calliper or a simple instrument. 
According to Jacobsson (2005), a rough cost estimation of a laser scan, like the one at TPCC, 
is 50,000 EUR. Furthermore, a laser instrument in general takes up substantial space. 
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6.9 Summarising analysis of the case study 
This section presents a summarising analysis of the case study 
 
In the beginning of the study it was concluded that Package Appearance was a confusing 
conception, which everyone within the organisation had their own definition of. The 
conduction of a Cause-and-Effect Diagram, Tree Diagrams and a Matrix Diagram led to a lot 
more structured way to look upon Package Appearance at TP R&D. From that point it was 
possible for the author to really approach the purpose of the study, namely to evaluate 
measuring instruments and test methods. A MSA with a laser scan and a calliper was 
conducted. The MSA results show that the laser scan is a better alternative when it comes to 
precision. On the other hand, calliper is a good alternative if one is looking for portable 
features of a measuring instrument. However, the calliper did not meet the suggested 
requirement of a SNR of at least 5. As a result, the conclusion is that the laser scan 
measurement is repeatable and reproducible, and the calliper measurement is not. The time 
inspection study between the laser scan, the calliper and the four-armed laser also shows that 
laser instruments in time inspection aspects are superior a calliper. 
 
The conduction of a test method for evaluating Package Appearance features was the way that 
the author chose to investigate the area of Visual Damages. The suggested test method 
follows the test method template of Tetra Pak Carton Ambient. The characteristics that make 
the test method unusual are the belonging photo references and the possibility for the operator 
to rank the order of severity of package defects. 
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7 CONCLUSIONS AND RECOMMENDATIONS 
 
This chapter presents the conclusion of the case study with support from previous chapters. It 
also contains recommendations on how the results of the study can be of use for Tetra Pak.  
  
The purpose of this study is to evaluate different measuring instruments and test methods 
concerning Package Appearance of the PLDP.  
 
Also, sub-aims are used to further specify the purpose. Two sub-aims emphasise on the 
necessity to define and organise the confusing conception of Package Appearance. The third 
and fourth sub-aim is a lot more connected to the practical work with data collection and 
analysis. They concerned the evaluation of applicable measuring instruments to measure one 
selected feature of Package Appearance and the foundation of a test method to test appearance 
features.  
 
The author has presented a systematic way to sort a disorganised category into smaller 
components and also showed how some of the features of this category can be further 
evaluated. The results were presented through: 
 

 a definition of Package Appearance 
 mappings of Package Appearance (Tree Diagrams, Matrix Diagram) 
 a choice of measuring instruments for Bulging  
 a suggestion of a test method for Visual Damages.  

7.1 Conclusions regarding the definition 
The definition of Package Appearance can help TP R&D to spread the correct message of this 
category. Since the company asserts that Package Appearance and its connection to a 
consumer perspective is important to consider in the product development stage, the category 
deserves marked attention. The author believes that the definition of Package Appearance will 
make it easier to generate progression in the PLDP project, since many people are involved 
and the need of a common opinion is obvious.  
 
In addition, the author recommends TP R&D to create a “definition bank” of commonly used 
conceptions at the company to facilitate for the employees to get a clear idea of words and 
terms. To this, strategically selected people should be responsible to make sure that this bank 
is updated and that the definitions meet different opinions of Tetra Pak.  

7.2 Conclusions regarding the partition of Package Appearance 
A simplified description of Package Appearance will help the PLDP project group to work in 
a structured way and show the rest of the organisation in what direction the project is heading. 
The picture or description should contain a declaration of contents of Package Appearance 
and a clear disposition of features. This has to be taken care of immediately and it does not 
depend on other activities of Package Appearance being done before. It is an absolute 
condition to have a clear picture of the category before knowledge of suitable measuring 
instruments can be detected. 
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From the interviews it is obvious that opinions differ in question of suitable partition of 
Package Appearance. The author has given two structural suggestions of how to picture the 
category. The suggestions are illustrated in Tree Diagram I and Tree Diagram II. The first one 
is based on the current grouping at TP R&D and the second one is a new-formed grouping 
that is inspired by interviews, discussion and observations at Tetra Pak.  
 
The author recommends TP R&D to use the new partition of Package Appearance, see Tree 
Diagram II. Still, the author believes that there is an opportunity for positive cooperation 
between the two ways of grouping the category. The picture of the category could thereby 
become strengthened and give the personnel a good starting position. Also, the author used 
the mix of the two pictures in the development of the test method of Visual Damages. The 
content of Visual Damages originates from Tree Diagram I, while the specific three-part 
partition derives from Tree Diagram II. However, in the near future the author believes that 
only one partitioning of Package Appearance, like the one in Tree Diagram II, is optimal. The 
description of one category in two different ways could be misleading. 
 
The use of a quality tool to break down Package Appearance into its smaller components 
worked well. Even though the tool is used in a different way, compared to what Klefsjö et al 
(1999) advocates it helped the author and the project group to focus on what is important in 
the work with Package Appearance. Furthermore, the author recommends the company to 
increase the use of quality tools. Many tools can be conducted in a relatively short period of 
time, but the help of it can be decisive for the progression of a project. For instance in this 
study, the Matrix Diagram facilitated the findings of relationships in different features. It was 
mapped in less than one day but still contributed to the solving of many questions. As 
mentioned before, the Tree Diagrams were of great importance in this study and created a 
basis for further work. It is possible for TP R&D to come up with their own variation of tools 
as long as everybody can understand it and it does not contribute to the drawing of the wrong 
conclusions.  

7.3 Conclusions regarding measuring instruments 
The author argues that more suitable measuring instruments for Bulging can be found 
compared to the ones available at TP R&D.  
 
Traditionally, TP R&D has performed dimensional inspection using contact tools, such as 
callipers or micrometers. Today there is an increased need for precision measurement tools 
for smaller components, tighter tolerances and shorter inspection times. The increased need 
emphasises on improving manufacturing quality of the packages and on reducing 
manufacturing costs. 
 
From the results and analysis it is concluded that a laser scan is the most appropriate 
instrument to get precise data for Bulging. An implementation of laser will probably have 
positive effects on TP R&D. The author has shown that there will be improvements in both 
time consumption and the variation of measurements. However, the implementation of a laser 
scan will have its greatest impact on the precision. It will also contribute to the fact that it will 
be easier to get more reliable data since the influence of operator is eliminated compared to 
other instruments used at TP R&D. Furthermore, the inspection time on every package will be 
much faster since the personnel do not have to perform any special action but to put the 
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package in the right place. Moreover, these improvements could contribute to a less stressful 
working environment for the employees and hence help lower the faulty measuring.  
 
A reason not to concentrate an investment on a laser scan could be the question of costs. 
Comparing a laser scan with a calliper might go to extremities, but still shows that 
instruments which differ greatly from each other in costs are able to measure the same 
measurement. Though, not with equal precision. Another reason not to buy a laser instrument 
is the bulky size of it and its non-portable features.     
 
Nevertheless, in the future, there will probably be an increased demand for precision in this 
type of measurements. Measurements in a laser are routinely taken and recorded to the tenth 
or hundredth of a millimetre. Those measurements are then transported into analysing systems 
and become part of the setup of tolerance limits. Having the dimension of a package to such 
precision might be useful, not at least because it reflects proficiency to customers.  
 
It might be a little late to make the investment of a laser scan now, for the purpose of 
measuring features of the PLDP. The research and development stages are soon to be finished 
at TP R&D and the whole package system is about to be handed over to the ordering business 
area, Tetra Pack Carton Ambient AB. Still, the author believes that there will be future 
reasons, i.e. new projects, to motivate an investment of a laser scan. 

7.4 Conclusions regarding the test method 
In the test method “Evaluating Visual Damages” the author suggests a method to test some 
appearance features of the PLDP.  
 
A pilot study to see how well the test method works has not been conducted in this case study. 
Yet, after inspection by Roger Lindgren it was concluded that this method might work well 
when evaluating some Package Appearance features. However, the author suggests that the 
method is improved, by giving it a traceable character. This can be made by means of names 
or codes of all corners and sides of the package. A simple sketch of the package, which shows 
the location and name, could solve the problem. Consequently, this leads to the development 
of an enhanced record form, where it is possible to note the location of the actual defect. In 
addition, the author recommends TP R&D to complementing the study with even more photo 
references to increase the reliability of the test method.  
 
The selection of measuring instruments available at Tetra Pak is large. Therefore a list of 
instruments and details of the instruments would have been valuable for the test method editor 
(in this case the author). The author recommends TP R&D to conduct a list of all instruments 
available, which will facilitate the establishment of test methods. To have the list in front of 
the operator will shorten the time that is usually used to find and organise applicable 
instruments before a test method is conducted. 

7.5 Other conclusions 
Another conclusion of the study is the importance of planning. Since this is recurrent in 
different situations of the work at Tetra Pak it needs to be emphasised. The author finds it 
obvious that the managerial group in the project does not focus enough on the planning phase. 
It is often said that “solutions” are found before the problem itself. This shows the importance 
of really devoting time and resources to accomplish a profound planning phase, where 
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different aspects of the project and Package Appearance are discussed and decided upon.  The 
widening of the agenda for TQM might also increase the interest in planning and quality 
work. A reason why quality and structured ways of working is looked upon with a little lack 
of interest and commitment among people subjected to quality work in organisations today 
might be that quality practice has such a strong focus on negative motivations. It is simply not 
stimulating to spend all day with the single focus of reducing complaints, problems and 
defects. The employees should try to look at planning and quality in a lot more positive way, 
as something that helps them to lead projects in the right direction.  
 
The author also wants to emphasise on the importance of watchfulness among the employees. 
Documenting and recording any changes related to Package Appearance tests are of the 
utmost importance in any stage of the product cycle, i.e. during production and laboratory 
checks to be able to improve the work within this area. 
 
The description of Package Appearance that has been given to the reader in this study shows 
that the area is a rather comprehensive area. Just a small part, i.e. two features, of the whole 
category has been further developed. Eventually, all features of Package Appearance will 
belong to different test methods with specified measuring instruments and instructions on how 
to perform the measurements. It is possible that some features will be eliminated from the 
category, if connections to other features are detected. According to the author, a good 
starting-point for the findings of connections could be to continuing the analysis of the Matrix 
Diagram.  
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8 DISCUSSION  
 
In this chapter a discussion will be presented, in which reflections regarding generalisation of 
results, reliability and validity of the study will be discussed. Furthermore, suggestions for 
further research are presented. 

8.1 The concluding discussion 
Since the purpose of the study is to evaluate different measuring instruments and test methods 
concerning Package Appearance it would be valuable to have sources that focus on the 
evaluation of such a category. Therefore, there should be criticism towards the literature used 
in this study since it does not discuss the phenomenon of Package Appearance enough. In 
Section 4.4 there is a piece of theory about the role of package appearance, but a weakness of 
the study perhaps is the lack of theory about evaluation methods to evaluate appearance of 
packages. Benchmarking of other companies with similar conditions might have been ideal. 
However, the liquid foods market is often associated with patents and confidential activities, 
which made it difficult for the author to go any further in that case. Nevertheless, a small 
benchmarking of another business area, Tetra Pak Carton Chilled was done. This 
benchmarking contributed to a better understanding of Package Appearance as a whole. 
 
Package Appearance do not differ widely from other appearance defects being discussed in 
literature when it comes to what the appearance of a package is made to fulfil. The theoretical 
frame of reference will therefore also serve the purpose to constitute the foundation of a 
deeper understanding when it comes to discussing Package Appearance more specifically in 
the analysis of the study.    
 
Validity in this study is a question of whether or not the chosen methods reflect the true 
description of the studied organisation, TP R&D. The different participants in this study, a 
selection of members from the PLDP project, were selected by the organisation themselves on 
the basis of availability and the criteria of being as varied as possible and covering as many 
knowledge areas as possible. A more random form of selection might have been preferred but 
was, however, not possible to carry out. On the other hand, there are no indications at all that 
the persons were chosen with any form of bias.  
 
To ensure validity, the questions in the interviews with employees of Tetra Pak were open-
ended, to give the respondents an opportunity to freely describe in their own words their 
views of different topics. The interviews with open-ended questions were chosen also because 
they gave the opportunity to ask follow-up questions. When interviews had been conducted, 
the interviewees had an opportunity to reflect on summarise of the interviews. Through that 
action, the author tried to reduce the risk to fail in interpreting the source.  
 
The author had most contact with the supervisor, Roger Lindgren when asking for people, 
possible to interview. When only asking one person, there is a risk that wrong persons were 
interviewed. However, it is not likely that Mr. Lindgren would refer the author to persons 
without knowledge and reputation. The persons interviewed holds respectable titles, which 
should indicate their skills and knowledge. Nevertheless, the interviewed persons could be 
affected by the wish in establishing a laser instrument at TP R&D. Therefore it is possible that 
the interviews have not enlightened the negative effects of implementing the laser. Though, 
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the author has constantly been aware of this and tried to stay as objective as possible when 
analysing the interviews. 
 
This study has been carried out at the Division of Quality and Environmental Management, 
which has a strong focus on Total Quality Management. This has most certainly influenced 
the approach and unintentional decisions from the choice of literature and references to 
general pre-understandings. To overcome these matters, the author described the work 
process and explained as much as possible of the intentions, and then left to the reader to 
judge from the presented information of the study. To minimise bias, a mix of the different 
sources, interviews, observations and document studies was used. 
 
Other data collection methods might probably come to different results, but not necessarily 
closer to a more correct picture of the ways in which TP R&D is working with Package 
Appearance. 

8.2 Thesis generalisation 
The generalisability of the case study means whether the results can be applicable, not only to 
the studied organisation but relevant to other organisations as well. This is provided that the 
case is thoroughly and correctly described. (Wiedersheim-Paul & Eriksson, 1999)  
 
Since this study is a rather specific application to TP R&D the thesis generalisation to other 
evaluation processes outside the organisation are limited. However, the results should 
certainly be applicable to other evaluation processes with similar conditions within Tetra Pak. 
To some extent, the results should also be applicable to the general sector of the package 
industry. 

8.3 Future work 
There seems to be a number of possibilities to go further with work within the category of 
Package Appearance, its features, test methods and measuring instruments. 
 
First, the author recommends TP R&D to implement the results of this study to get a complete 
review of the effectiveness of working with a clear partition, a distinct definition and new 
evaluation procedures within Package Appearance. The implementation phase has to be 
carried out to see if the efficiency of the work with Package Appearance increases. 
 
In the light of the test method suggested in Section 6.7.2 a future work could be to test it in 
reality. One question related to the test method is whether this method with the grading 
system of the defects really works. It would be interesting to perform a pilot test on the test 
method with a test panel to carry out the evaluation of different damages. This is a way to 
examine the reproducibility of the test method for different operators. The test panel will 
evaluate the same packages with same conditions. The outcome of each test, a score of every 
package, will indicate if the test method works well or not when compared to all tests 
conducted among the test panel participants. 
 
This thesis has partly tried to identify difficulties in the establishment of Package Appearance 
(Cause-and-Effect Diagram). The author has detected small shortages that could be corrected 
by little effort. It would be interesting to see if TP R&D could work more satisfactory with 
Package Appearance, when these shortages are corrected.   
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Supplement A The Project Charter  
 
   Projektplan   
     Datum: 050928 

 
Projekttitel: Evaluation of package appearance and test methods  
 
       
       Startdatum: 20 september 2005 
       
       Preliminärt slutdatum: 23 februari 2006 
Projektansvarig: Camilla Johansson    
 
Kontaktperson: Roger Lindgren (Tetra Pak Research & Developement AB)  
Handledare: Erik Vanhatalo (Luleå tekniska universitet) 
 
Business Case 
För ett antal år sedan började Tetra Pak Research & Developement AB (TP R&D) arbetet med en ny 
förpackning avsedd att emballera mjölk med lång hållbarhet. En kritisk egenskap hos mjölk är dess 
ljuskänslighet, varför förpackningsmaterialet noga måste väljas ut. Förpackningsmaterialet bidrar i stor 
utsträckning till att hålla drycken fri från eventuella bismaker men också till att uppnå den långa 
hållbarhet som eftersträvas. Förpackningen har även till syfte att attrahera kunder varför ett stort 
arbete läggs ner på den utseendemässiga biten, så kallat Package Appearance. Den kommande 
förpackningen har en design som inte direkt påminner om någon av Tetra Paks föregångare, varför 
mycket arbete och tid ägnas åt förpackningens utseende samt produktspecifikationer.  
 
Idag har TP R&D kommit en god bit på vägen med den nya förpackningen och man planerar att 
fälttesta den under början av 2006. Man anser att man har fungerande metoder för att arbeta med och 
åtgärda konkreta skador på förpackningen såsom bristningar som leder till läckage eller ljusinsläpp. 
Dock finns inga klara definitioner eller mätmetoder för andra delar av Package Appearance. Detta kan 
till exempel röra sig om inåt- eller utåtbuktande förpackningar, lutning (topp-hylsa) och felaktig 
bottenvikning som ger konsumenten ett ostabilt synintryck av förpackningen.   
 
Målsättning 
Målsättningen är att identifiera kritiska Package Appearance-mått på den aktuella förpackningen och 
vidare finna lämpliga mätmetoder och mätinstrument för dessa. Mätmetoderna ska därefter utvärderas 
genom MSA (Measurement System Analysis > Gauge R&R) i syftet att kunna avgöra varifrån 
variationen kommer och därigenom dra slutsatser gällande nyttan och vinsten med att använda olika 
mätmetoder och instrument som anger värden med stor noggrannhet. Fördjupning inom 
mätmetodernas varianskällor ger en indikation om hur man i framtiden kan utvärdera mätmetoder. 
Värderingar, arbetssätt och verktyg från offensiv kvalitetsutveckling (TQM) ska ligga till grund för 
projektet. 
 
Scope  
Projektet omfattar arbetet med att identifiera kritiska mått och effektiva mätmetoder på förpackningen, 
samla in mätvärden och vidare analysera dessa. Dessutom skall förbättringsmöjligheter gällande 
mätmetoderna identifieras och om möjligt inrättas. Projektet innefattar en enstaka primär 
förpackningstyp. Begränsningarna i projektet ligger vidare i antalet kritiska Package Appearance-mått 
som kommer att behandlas i rapporten. Detta för att möjliggöra en djupgående analys av 
mätmetodernas effektivitet då TP R&Ds intresse delvis ligger i att finna ett arbetssätt för 
framtagningen av mått och mätmetoder på ett systematiserat sätt. Tillgänglig tid för examensarbetet är 
maximalt 20 veckor. Detta inkluderar även dokumentation av arbetet. 
 

Continued on next page… 
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The Project Charter, continued… 
 
Förväntade effekter 
Arbetet ska understödja den redan upprättade produktspecifikation för den nya förpackningen. Arbetet 
skall i sin förlängning leda till ökad kundtillfredsställelse. Färre omarbetningar efter fälttest skall leda till 
både högre produktivitet och kostnadsbesparingar 
 
Projektets status 
      
     Avslutat: 
 
Fas I  Uppstart    2005-10-19 
 Litteraturstudier 
 Definiera problemområdet 
 Logiska rapportdispositionen 
 
Fas II Kartlägga Package Appearance  2005-11-30 
 Undersöka befintliga mätmetoder och instrument 
 Rapportskrivning 
  
Fas III Intervjuer med anställda på Tetra Pak  2005-12-21 
 Samla in mätvärden genom mätningar i olika mätinstrument.  
 Analysera data 
 Rapportskrivning 
 
Fas IV Slutsats     2006-01-30 
 Rekommendationer och förbättringsförslag 
 Slutfinish av rapportlayout 
 
 
 
Figure S.1 The Project Charter in this study
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Supplement B Cause-and-Effect Diagram  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure S.2 Cause-and-Effect Diagram
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Supplement C Tree Diagrams   
 
 
 
 

Figure S.3 Tree Diagram I 
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Tree Diagrams, continued… 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure S.4 Tree Diagram II 
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Supplement D Matrix Diagram  
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Supplement E Measuring instruments for Bulging  

 
Figure S.5 Matrix Diagram 

Figure S.6 List of measuring instruments 
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Supplement F Measurement System Analysis  
MSA Laser scan – Bulging 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure S.7 An overview of Gauge R&R, Laser scan 
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Measurement System Analysis, continued… 
MSA Calliper – Bulging 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure S.8 An overview of Gauge R&R, Calliper 
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Supplement G Test Method Visual Damages  
 

 
Evaluating Visual Damages in a TAA PLDP 

package 
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1. SUMMARY 
 
The scope of the present document is to describe a methodology to determine Visual 
Damages in a TAA PLDP, Tetra Aptiva Aseptic Package for Liquid Dairy Product. 
Normally, Visual Damages are examples of features, which are judged by “presence” 
or “absence” in case of an inspection. However this test method describes a way to 
rank the order of package damage. 
 

1. SUMMARY........................................................................ 2 
2. APPLICATION CRITERIA ................................................ 3 
2.1 SCOPE ........................................................................................................................................... 3 
2.2 PURPOSE ....................................................................................................................................... 3 
2.3 LOCATION AND OPERATOR............................................................................................................... 3 
2.4 KEYWORDS..................................................................................................................................... 3 

3. DEFINITIONS AND REFERENCES ................................. 4 
3.1 TERMINOLOGY ................................................................................................................................ 4 
3.2 REFERENCES.................................................................................................................................. 4 

4. TEST EQUIPMENT........................................................... 5 
5. TEST PREPARATION ...................................................... 6 
6. TEST EXECUTION ........................................................... 7 
7. TEST DATA PROCESSING ............................................. 8 
8. POST TESTING PROCEDURES...................................... 8 
9. ATTACHMENTS ............................................................... 8 
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2. APPLICATION CRITERIA 
 
 
2.1  Scope 
 
Visual Damages are features of Package Appearance. The Development Specification 
of TAA PLDP outlines different categories like Geometry, Package Functionality, 
Package Integrity, Product Protection and Package Appearance. To every category 
belong a number of features that are evaluated on packages filled with water before 
they are exposed to distribution. The evaluating procedures for Visual Damages 
systematically test different properties of TAA PLDP. This test method applies to 
TAA PLDP. 
 
2.2  Purpose 
 
The purpose of the test is to inspect and validate Visual Damages of TAA PLDP. The 
basic principal of the test is to evaluate the Visual Damages of the packages after 
being produced. The damages are categorized in four groups: Severe visible, Apparent 
visible, Light visible and Not visible. The grades for ranking each group are 9, 3, 1 
and 0, respectively. Light visible damages are of more cosmetic nature. Severe visible 
damages might comprise the package integrity. 
   
2.3  Location and operator 
 
No special place for the test is required. No studies are yet performed on this test 
method. Hence, there are no evidences that the test method requires trained operators 
to get reliable results. Still, the recommendation is to let trained operators perform the 
test.  
 
2.4  Keywords 
 

• Visual Damages 
• Package Appearance 
• TAA PLDP 
• Bottom 
• Sleeve 
• Dividing line Top/Sleeve 
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3. DEFINITIONS and REFERENCES 
 
 
3.1  Terminology 
 
Visual Damages 
Visual Damages are features that concern appearance and visual forming that might 
be perceived as disturbing by a consumer. 
 
Package Appearance 
Package Appearance describes the features of a package that can be assigned to 
the consumer’s considered opinion. It deals with features of packaging already 
being accepted in the production. Package Appearance represents an area to 
itself in the Development Specification for a package system. Package 
Appearance involves both aesthetic features and defective forming. 
 
 
TAA PLDP 
Tetra Aptiva Aseptic Package for Liquid Dairy Product 
 
Bottom/ Sleeve/ Dividing line Top/Sleeve 
Visual damages are divided from the TAA PLDP’s component parts, which 
consist of Bottom, Sleeve and the Dividing line Sleeve/Top. See picture 3.1 
 
 
3.2  References 
 
Documents list 
 

Title/Short 
Description 

Document 
Type/Approval 

document  

Author Date of 
Publishing 

Publisher/Place 

Package 
Appearance 
Value+ 

PEM 252 - 2004-08-11 Roger Lindgren 

Package 
Appearance after 
transportation 

MTD 3100 Bojan Buric Heler 2003-04-02 Chiara Pergola 

Figure 3.1 Bottom, Sleeve and the  
Dividing line Sleeve/Top 

 

Dividing line 
Sleeve/Top 

Sleeve 

Bottom 
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4. TEST EQUIPMENT 
 
List of Test equipment  
 

Test Instruments Table 
Instrument 
Description 

Model Manufacturer Storage 
Location 

Measuring  
Precision  

Uncertainty / 
Error Range 

Kind(s) of 
Produced 
Output 

Note 

Photo 
references 

 

- - TPD 
laboratory

- - Grade of 0, 
1, 3 or 9 

References 
not 
available for 
all types of 
damages 

Magnifying 
glass 

- - TPD 
laboratory

- - - - 

  
List of Software Tools 
 

Software Tools Table 
Tool Name Tool 

Description/Developed 
by  

Version Kind(s) of Produced 
Output 

Note 
 

Microsoft 
Excel 
calculation 
sheet 

An electronic sheet 
to record the grades 
of the damages / 
Camilla Johansson 

- - See Attachments  
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5. TEST PREPARATION 
 

STEP ACTION ROLE 

1. Choose the sample size. Never test less than ten 
samples. 

Trained 
operator 

 

Collect packages from the filling machine. The collector 
can be relatively sure that the package close to a 
defective package might be affected by the same defect, 
hence there is a point with collecting a smaller sample 
size from one run and then collect from another run to 
see differences after, for instance, machine adjustments. 

Unpractised 
operator 

3. 
Pick up ten packages (minimum) after the outfeed of the 
filling machine. Handle the samples with care without 
squeezing or damaging. 

Unpractised 
operator 

4. Make sure that all samples are produced with the same 
filling machine settings and in the same day.  

Unpractised 
operator 

 

 

 
 

Mark the samples with a pen from 1 to 10, or more.  
All samples must be closed. 

Unpractised 
operator 

6. Find a place to evaluate the packages. Make sure that 
tables are clean and light is satisfactory. 

Unpractised 
operator 
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6. TEST EXECUTION 
 

STEP ACTION ROLE 

 

Place the package in front of you. It is 
recommended to evaluate according to the 
order in the Visual Damages form (Excel 
calculation sheet), which follows the 
components of the package. Start with the 
bottom, then sleeve, dividing line Top/Sleeve 
and last other sub features. See Excel 
calculation sheet in Attachments. 

Trained operator 

2. 

Visual inspection. Compare each sub feature 
listed in the form with the pictures and estimate 
if the damage in question is Severe (9), 
Apparent (3), Light (1) or does not exist (0). If 
damages appear more than once on a specific 
package this results in a higher grade. 

Trained operator 

3. 

All damages have to be recorded and pictures 
of the most representative ones have to be 
taken as well.  Report number of tested 
packages and from which station they are 
picked, 11, 12, 21 or 22. 

Trained operator 
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7. TEST DATA PROCESSING 
 
After the visual inspection of all samples the “Damage counting” can be performed. 
The Excel sheet will automatically add the points in every feature column. All severly 
damaged packages must be collected and submitted to an integrity test. Also packages 
with high total points should be further investigated. 
 
 
8. POST TESTING PROCEDURES 
 
Archive the Excel calculation sheet with: 
 

• Purpose of the test 
• Number of tested packages 
• from which station the samples are picked. 11, 12, 21 or 22 
• pictures of the most representative defects (worst cases) 
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9. ATTACHMENTS 
 
Visual Damages form 
Pictures 
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Bottom 
 
 
   
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
Sleeve 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A.1 Light Elephant feet Figure A.2 Severe Elephant feet 

Figure A.3 Light Unsealed flaps 

Figure A.5 Severe Wrinkles 

Figure A.4 Severe Unsealed flaps 
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Dividing line Top/Sleeve 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure A.7 Apparent visible 
aluminium foil 

Figure A.10 Severe Dent on 
Sleeve/Top 

Figure A.8 Light Dent on 
Sleeve/Top 

Figure A.6 Severe Not aligned 

Figure A.9 Apparent Dent on 
Sleeve/Top 

Figure A.11 Light Abrasion on 
Sleeve/Top 

  

  

 




