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ABSTRACT 

Keywords: Special packaging, development process, annual process, early involvement, 
lessons learned. 

The automotive industry is a highly competitive market characterised by low profit margins 
or huge losses. Cost reductions have been of top priority for all OEM’s (Original Equipment 
Manufacturer) and will continue to be so for many years to come. Beside cost reductions, 
reducing the time-to-market is of greatest importance to stay in the competition. OEM’s that 
are slow to market with products that neither matches customer expectations nor the products 
of their competitors, will soon loose market shares and see their economical performance 
falter. Therefore, it is of major importance for the OEM’s to shorten their product 
development time and at the same time reduce costs. 

Special packaging has a significant impact on the logistical system and production cost of a 
car. The development process of re-designing or implementing special packaging is a very 
complex process and extends over a considerable time period. Therefore, the aim of the thesis 
is to provide the PED (Packaging Engineering Department) with suggestions for an improved 
development process of special packaging ensuring the most cost efficient packaging is used. 
To fulfil the aim, the exploratory research method was used where we took part in the 
development process of re-designing a new special packaging for headlining. Parallel to that 
work, a literature study was carried out. Theories and models from the literature study 
together with data and information gathering from the development process of special 
packaging for headlining constitute the basis for the result and the new development process 
for special packaging. 

The result of the thesis is concluded in three major parts. First of all, the development process 
must be lift out from the car projects. The development process should instead be performed 
in an annual process were the concept of the most cost efficient special packaging is being 
developed and predefined already at the car project start. Secondly, the logistics must be more 
actively involved in the early phases of the car projects. Thirdly, the lessons learned process 
must be highlighted in the organisation and be much better utilised. Finally, this re-
deployment work is something that must be started by the PED as soon as possible. It must be 
done to cope with the future with closer between pre-series and where more car projects will 
be running parallel at the same time. The need for a more cost efficient material flow and a 
rapid development process will also be even more evident than today. This will require an 
extensive and hard work from the annual process group before this new way of working with 
packaging development will work efficiently. Therefore, the sooner the annual process group 
is establish and starts working, the easier it will be to cope with the future and the better the 
performance of the PED will be. 
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SAMMANFATTNING 

Nyckelord: Specialemballage, produktutvecklingsprocess, årlig process, tidiga faser, 
uppföljning för erfarenhetsöverföring 

Bilindustrin är idag en mycket hårt konkurrensutsatt bransch där de tillverkande företagen 
karaktäriseras av små vinstmarginaler eller till och med stora förluster. Man har hela tiden 
varit tvingad till kostnadsreduceringar vilket man även i fortsättningen kommer att vara. 
Förutom vikten av att reducera kostnader så kommer man även behöva korta ner tiden till 
marknaden. De biltillverkare som är långsamma med sina produkter ut till marknaden har 
mindre chans att matcha kundernas förväntningar såväl som konkurrenternas produkter vilket 
kommer att resultera i tappade marknadsandelar försämrat resultat. Därför är det av största 
vikt för biltillverkarna att korta ner produktutvecklingsprocesserna samtidigt som man jobbar 
med kostnadseffektiviseringar. 

Specialemballage har en betydande påverkan på logistiksystemet och produktionskostnaderna 
för en bil. Utvecklingsprocessen för att modifiera eller att ta fram ett nytt specialemballage är 
en väldigt komplex och tidskrävande process. Därför har målet med magisteruppsatsen varit 
att ta fram förslag på förbättringar i förpackningsingenjörsgruppens utvecklingsprocess av 
specialemballage som sedermera kan leda till minskade logistikkostnader för MP&L. För att 
uppnå målet valdes en explorativ forskningsmetod där vi bl.a. tog del av utvecklingsprocessen 
av att ta fram ett nytt specialemballage för innertaken. Parallellt med detta arbete 
genomfördes litteraturstudier. Teorier och modeller från litteraturstudien tillsammans med de 
data och information från utvecklingsprocessen av det nya specialemballaget för innertaken 
ligger till grund för resultatet och den nya utvecklingsprocess av specialemballage som tagits 
fram. 

Resultatet av arbetet kan sammanfattas i tre delar. För det första så måste 
utvecklingsprocessen av specialemballage lyftas ut från bilprojekten. Utvecklingsprocessen 
borde istället ske löpande utanför bilprojekten där man tar fram, utvecklar och fördefinierar 
det mest kostnadseffektiva emballagekonceptet redan före starten av bilprojekten. För det 
andra så måste logistik bli involverade i bilprojekten i ett mycket tidigare skede än idag. För 
det tredje så måste fördelarna med processen för uppföljning och erfarenhetsöverföring 
belysas och användas på ett mycket bättre sätt. Slutligen, med tanke på att det inom en snar 
framtid kommer att vara kortare tid mellan förserierna och att fler bilprojekt samtidigt 
kommer att löpa parallellt måste förpackningsingenjörsgruppen börja med detta 
omstruktureringsarbete omgående. Kraven på kostnadseffektiva materialflöden och snabba 
utvecklingsprocesser kommer även att bli än mer påtagliga än idag. Det kommer att krävas ett 
omfattande och hårt arbete för den grupp som ska arbeta utanför bilprojekten innan det nya 
arbetssättet kommer att kunna fungera effektivt. Därför, ju tidigare denna grupp tillsätts och 
börjar arbeta, desto bättre och lättare kommer förpackningsingenjörsgruppens arbete att bli i 
framtiden. 
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1. Introduction 

1.1 Background 

The automotive industry is characterised by a highly competitive market. Employment freeze, 
layoffs, abysmal profit margin or ever-huge losses are everyday events for the OEM’s 
(Original Equipment Manufacturer). During the last couple of decades, the automotive 
OEM’s have been facing several challenges like globalisation, outsourcing, switching from 
mass production to mass customisation, reducing the time-to-market and a constant pressure 
of reducing costs. Cost reductions will always be an issue for the automotive industry and the 
ones that manage to eliminate costs in the best way as well as exceeding the end-customers 
expectations will be the most profitable ones. 

Beside the advantages of reducing costs, a company has much to gain from reaching the 
market with new technology and products ahead of its competitors. Firms that are slow to 
market with products that neither matches customer expectations nor the products of their 
competitors, are destined to see their market position erode and financial performance falter. 
Therefore, it is of major importance for companies to shorten the product development time. 
(Smith and Reinertsen, 1998) Reduced product developments times can give the company 
advantages such as higher volumes and margins, sustained technological leadership and 
corporate image, and reduced design costs. (Hill, 1995) A firm with a more rapid 
development process than its competitors can start a new product development project at the 
same time as the competitors, but introduce the product to the market much sooner. 
Alternatively, it may postpone the beginning of the new development project in order to 
acquire better information about market developments, customer requirements, critical 
technologies etc. and introduce its product at the same time as its competitors but with a 
product much better suited to the need of its customers (Wheelwright and Clark, 1992). Doing 
product and process development well has become a requirement for being a player in the 
competitive market and doing it extraordinarily well has become a competitive advantage. 

1.2 Problem definition 

Packaging has a significant impact on the logistical system and production cost of a car. 
Therefore it is of vital importance that the packaging are as cost efficient as possible. Some 
packaging are far from being cost efficient since the primary focus for the PED (Packaging 
Engineering Department) at MP&L (Material Planning & Logistics) has been to just make 
sure that the packaging works in the material flow. Their objective on the other hand is to 
assume the most cost efficient packaging solution in accordance to VCC cycle plan and 
running changes. However, this has not been of primary focus since lack of time is considered 
a big issue for the PED. Packaging developed for parts in projects made several years ago 
might still work but are rarely the optimal solution seen from a total cost point of view 
because of this. Much has also happened with the parts and plants since the packaging were 
implemented at the first time and therefore several packaging have to be re-designed.  
 
The development process of re-designing or implementing special packaging in the material 
flow is a very complex process. It involves a number of activities being performed, concerns 
several stakeholders and extends over a considerable time period. Special packaging is used 
for articles that require a unique packaging and cannot be used for any other products than for 
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the specific article they are designed for. These types of packaging comprise huge costs for 
the MP&L department. Beside the high costs associated with special packaging is the lack of 
time for the project leaders. There is simply no time to find the best solution since there is a 
pressure of keeping the time-schedule and deliver according to the gate-system. The triggers 
for the development process are when new car models are designed or when facelifts (minor 
changes of the car such as new lights, panels, headliners etc) are carried out which occur 
every two or three years. 
 
The main problem for the PED in the development process of a special packaging is when a 
change of special packaging has a major impact on the internal logistics or affects other 
stakeholders such as manufacturing engineering or the supplier. If a special packaging is 
designed without taking the requirements from all the stakeholders involved into 
consideration, it will be impossible to design a cost efficient special packaging and perform 
the development process in a rapid and cost efficient manner. Arising issues in these 
situations are doing the right thing in the right order without forgetting anything which means 
involving the right persons at the right time as well as taking the stakeholders standpoints and 
requirements into consideration. 
 
The PED at MP&L does not have a structured way of addressing these kinds of questions 
today. Each project is carried out on the basis of the individual skills of the project leader and 
experiences from previous projects. Therefore a review of the existing development process 
has to be made and a new more structured process should be presented. 

1.3 Purpose 

The purpose of the thesis was to review the packaging development process at VCC in order 
to lower the logistical cost and thereby stay competitive. 

1.4 Aim 

• To provide the Packaging Engineering Department with suggestions for an improved 
development process of special packaging, ensuring the most cost efficient packaging 
is used and thereby reducing the logistical cost for MP&L. 

1.5 Scope & Delimitation 

To fulfil the aim of the thesis, an observation over the development and implementation 
process of a new special packaging for the headliners at Volvo Cars in Torslanda (VCT) was 
made. The assumption was that the process of designing a new packaging for the headliners 
was representative for all development processes of special packaging. Moreover, the model 
contains steps and procedures to follow with specific questions to take into consideration to 
help the PED with their work. Furthermore, these models should be a standardised method to 
use for the PED in development processes where focus lies on continuous improvements. 

The thesis describes two models; the development process - general phase and the 
development process - annual process. Both these models are only describing the working 
procedure for special packaging and not standard packaging.  
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2. Research Methodology 

This chapter describes different types of research designs, research methods, and methods for 
collecting data and reliability and validity. The reason for selecting exploratory research and 
qualitative case studies as the research method is described. This section also provides a 
description of how the problem was approached and what strategy used for collecting the 
information needed to evaluate and analyse the stated problem.  

2.1 Research Design   

A research design is the basic plan that guides the data collection and analysis phases of a 
research project. The framework specifies the type of information to be collected, the sources 
of data and the data collection procedure. The research objective logically determines the 
characteristics desired in the research design, and this is dependent upon the stages of the 
decision making process for which information is needed (Kinnear & Taylor, 1979). 
 
According to Valerie Jabesick (2005) the research design will structure four basic questions: 

1. How will the design connect to the paradigm being used? That is, how will empirical 
materials be informed by and interact with the paradigm in question? 

2. Who or what will be studied? 
3. What strategies of inquiry will be used? 
4. What methods or research tools will be used for collecting and analysing empirical 

materials?  
 
Yin (2003) identified three types of research in case studies. These are:  
 

• Exploratory research 
• Explanatory research 
• Descriptive research  

 
These classifications are made according to the objective of the research. In some cases the 
research will fall into one of these categories, but in other cases different phases of the same 
research project will fall into different categories. This means that these classifications can 
complete each other. 
 
Exploratory research is a type of research conducted because a problem has not been clearly 
defined. Exploratory research helps determine the best research design, data collection 
method and selection of subjects. Given its fundamental nature, exploratory research often 
concludes that a perceived problem doesn't actually exist. Exploratory research often relies on 
secondary research such as reviewing available literature and/or data, or qualitative 
approaches such as informal discussions with consumers, employees, management or 
competitors, and more formal approaches through in-depth interviews, focus groups, 
projective methods, case studies or pilot studies. The results of exploratory research are not 
usually useful for decision-making by themselves, but they can provide significant insight 
into a given situation. Although the results of qualitative research can give some indication as 
to the "why", "how" and "when" something occurs, it cannot tell us "how often" or "how 
many." (Yin, 2003)  

Explanatory research design can be used when the research field has matured. This design 
tries to explain course of events and relate how things happened. (Ibid) 
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Descriptive research, also known as statistical research, describes data and characteristics 
about the population or phenomenon being studied. Descriptive research answers the 
questions who, what, where, when and how. Although the data description is factual, accurate 
and systematic, the research cannot describe what caused a situation. Thus, descriptive 
research cannot be used to create a causal relationship, where one variable affects another. In 
other words, descriptive research can be said to have a low requirement for internal validity. 
The description is used for frequencies, averages and other statistical calculations. Often the 
best approach, prior to writing descriptive research, is to conduct a survey investigation. 
Qualitative research often has the aim of description and researchers may follow-up with 
examinations of why the observations exist and what the implications of the findings are. 
(Ibid) 

In this research, the exploratory research method has been used to fulfil the purpose of this 
thesis. This because the research is based upon the gathering of data and information from 
people in the organisation that are well incorporated in the investigated procedures. The 
research basically started out with having no insight or prior knowledge what so ever 
regarding the subject in question. Then, piece-by-piece, the various steps and stakeholders in 
the development process has been examined and mapped to understand the process in order to 
evaluate the existing process and to propose a solution to the stated problem.  
 

2.2 Quantitative and Qualitative Method  

Quantitative and qualitative researches are the two major approaches to research methodology 
in social science. This is done from the basis and characteristics of the information 
investigated, soft data or hard data and this will reveal whether a quantitative or qualitative 
method is preferred. 

2.2.1 Quantitative 

Quantitative studies emphasize the measurement and analysis of causal relationships between 
variables, not processes. Inquiry is purported to be within a value-free framework. (Handbook 
of qualitative research, 2004) 

Quantitative methods are, in contrast to qualitative methods, rather formalised and structured. 
This method is heavily characterised by control from the researcher. It defines the 
relationships that are of particular interest concerning the question at issue. The method also 
defines which answers are conceivable. Disposition and planning is characterised by 
selectivity and a distance in relation to the source of information. (Holme & Solvang, 1997). 

2.2.2 Qualitative 

The word qualitative implies an emphasis on processes and meanings that are not rigorously 
examined or measured (if measured at all), in terms of quantity, amount, intensity, or 
frequency. Qualitative researches stress the socially constructed nature of reality, the intimate 
relationship between the researcher and what is studied, and the situational constraints that 
shape inquiry. Such researches emphasize the value-laden nature of inquiry. They seek 
answers to questions that stress how social experience is created and given meaning. 
(Handbook of qualitative research, 2004) 
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Qualitative methods encompass only a minor degree of formalisation. The primary objective 
of this method is to provide a wider understanding of the subject studied. The aim of this 
method is not to see whether the information is generally valid. Instead, the important thing is 
that - by adopting different ways of collecting information - a deeper understanding of a 
problem’s complexity Research Methodology can be grasped, and how the entity of it is fitted 
within its context. (Holme & Solvang, 1997). 

2.2.3 The Thesis 

By the sheer nature of the investigation have the thesis been assigned to carry out, the 
qualitative method is by far the most efficient and suitable approach for this kind of research. 
This is in order to accomplish the ultimate purpose of this paper. The aim of the research’s 
way of conducting the research is to gain a holistic view and understanding of: 

- Which functions and variables that are involved in the processes of special packaging 
- Which are the involved stakeholders in the processes of special packaging 
- How they have an impact upon decisions and measures 
- Their affect on final outcome 
- How can Packaging Engineering Department work more structured and cost efficient, and 
- How will this be structured and managed 
 

Due to the characteristics of the information needed to gain a clear insight into the aspects 
mentioned above, the technique of semi-standardized interviews has been used. Therefore, 
will the study relies heavily upon interviews with people knowledgeable about the problems 
and processes of the subject. The nature of the questions has been such that an open 
discussion has evolved during the interviews, which was the intention in order to obtain 
information regarding topics previously not taken into consideration. In addition to 
interviews, some information has been acquired through observations. More about this is 
explained in the next part. 

2.3 Methods for Collecting Data 

The research is based upon literature studies and upon the collection of data, information and 
other vital material from all actors involved in the process within the case study. And, as 
mentioned earlier, much information has been gathered through discussion and participation 
in meetings. By doing this, a comprehensive view has been reached. This will end up in 
interviews questions to each section in the process of redesigning a packaging. Below, the 
methods of collecting data are outlined.  

2.3.1 Secondary Data 

Often, primary data must be supplemented by secondary data originated specifically for the 
study at hand. Secondary data are already published data collected for the purpose other than 
the specific research needs at hand. The main advantage of using secondary data is the 
savings in cost and time. It is possible for the researcher to obtain far more data in a given 
time period than if he were to gather purely primary data. This implies that any research 
should always start out with reviewing secondary data available before pursuing primary data 
(Kinnear & Taylor, 1979) there are several issues that one should consider when using 
secondary data: (QuickMBA, 2007) 
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• Whether the data is useful in the research study 
• How current the data is and whether it applies to time period of interest 
• Errors and accuracy - whether the data is dependable and can be verified 
• Objective of the original data collection 

 
The secondary data was collected to achieve a broad knowledge base within the field of this 
thesis. This data have been gathered and are split between the major chapters in this paper, 
namely the theoretical part and the empirical study. For the theoretical part, we have used 
secondary sources such as academic literature, Internet sources and various articles and 
reports. When it came to the empirical part, a major resource has been the Intranet of Volvo 
Cars. Various kinds of internal documents, catalogues, brochures, guidelines and working 
procedures have also been used. For example the Intranet at Volvo Cars as well as their 
Business Management System (BMS) has been a major source for information. 

2.3.2 Primary Data 

Secondary data must frequently be supplemented by primary data originated specifically for 
the study at hand. Primary data can be obtained by communication or by observation. 
Communication involves questioning respondents either verbally or in writing. It is a very 
versatile form of collecting data. Communication is also usually quicker and cheaper than 
observation. Observation involves the recording of actions. Observation is less versatile than 
communication since some attributes of a person may not be readily observable, such as 
attitudes, awareness, knowledge, intentions, and motivation.  
(Ibid) 
 
The primary source of information has been to observe the development process of the special 
packaging for headliners. This observation has been carried out through face-to-face 
interviews, participation in several meetings and discussions with knowledgeable people in 
their fields of expertise. A few interviews carried out through e-mail and phone 
correspondence have been done as well. Informal discussions with the supervisors at VCC 
have provided additional vital information, which has guided the research in taking the right 
approaches and directions. All information has been collected through interviews and 
discussions and has been the underlie for the development of the process model of re-
designing special packaging. According to Denscombe (2000), an interview makes it possible 
to receive more detailed and valuable information due to the respondent’s high level of 
knowledge within the specific filed. Another benefit with the interviews is that adjustments 
can be done during the interview, which makes it a very flexible data collection method. A 
drawback with interviews is that it requires a lot of time. The interviewer could also influence 
on the respondent’s answers, which affect the reliability of the interview. 

2.4 Delimitations method 

The delimitation has been to observe only the headlining flow. This flow should provide the 
complete picture of the general process of re-designing a special packaging. The re-design 
process of the packaging for the headliners is very complex and should be representative for 
all other re-designing processes of special packaging in the plant. The flow involves all 
possible stakeholders and all other areas that a re-designing process can get in touch with 
during a project; this leads this flow to be the thesis embedded sub unit. The headlining 
observation will also provide us with ideas and thoughts how the re-designing process should 
be carried out in purpose of timing. The timing must be correct for each step of the 
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developing process to have the possibility to affect the outcome of the packaging and by this 
end up with a cost effective solution that will be possible to use for a long period of time.  

The purpose with the observation of the headlining was to see were time could be reduced in 
the project of developing special packaging in new car projects and to find out when and 
where certain decisions must be taken to secure less problems and setbacks further on in the 
project.  

2.5 Reliability and Validity 

2.5.1 Reliability 

Obviously, reliability means that the results of a study should be reliable. Reliability is 
concerned with the consistency, accuracy and predictability of the research findings (Kinnear 
& Taylor, 1979). This means that two investigations with the same purpose and the same 
method should provide the same result if nothing has changed (Svenning, 1996). In short, 
reliability describes how well a particular object or phenomena actually is measured. 
 
The main reason for using interviews was partly because of the flexibility involved in them, 
and partly due to the fact that it was the best way to obtain accurate information regarding the 
processes we intended to investigate. The interviews that were carried out were not well 
structured, but we asked almost the same questions in all the interviews. Before the interviews 
did the respondent get some information about the master thesis and what subjects and areas 
the interview was going to discuss. After some of the interviews were carried out, a copy of 
the written interview were send out to the respondent so he could verify its contents and give 
approval of presenting it in the final report. This was partly done with the interviews carried 
out with a departments function not influence the re-designing process itself.  
 
Overall, was the reliability regarding the interviews is at a rather high level, since the 
respondents are well integrated in the various processes.  
 

2.5.2 Validity 

Validity is the measurement of the conformity of what a measuring instrument is supposed to 
measure and what it really measures (Körner, 1996). Validity explains to what extent research 
data and methods are precise, correct and accurate (Denscombe, 2000) 

In attempt to increase the validity an observation was performed. The observation was that the 
headlining should be representative for the general process of re-designing or implementing 
packaging. It includes all the parts and stakeholders a project can possible includes. In order 
to give the respondent/stakeholder time to focus and prepare for the interview was the 
questions sent out at least two days before the interview. During the interview, the interviewer 
was given the opportunity to ask resulting questions and clarify indistinct questions. Further, a 
lot of time was spending on identifying adequate respondents, with experience from the issue 
covered in this thesis. All the interviews have provided the research with the same basic 
aspects when talking about designing new special packaging. This fact is seen as 
strengthening the validity, since views and opinions regarding the critical issue has been 
expressed in the same way. 
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Figure 2.1: Validity and reliability; graphic presentation of different combinations (World Health Organization / 
International Development Research Centre, 2003) 

3. Theoretical frame of reference 

3.1 Materials supply 

3.1.1 Material feeding 

Materials feeding mainly concern what principle to use for feeding the materials to a work 
station or plant (Johansson, 2006). There are three different principles for this; continuous 
supply, batch supply, and kitting. (Johansson, 1991) These are categorised with regard to 
whether a selection of part numbers, or all part numbers, are displayed at the assembly 
stations or whether the components are sorted by part numbers or assembly objects (see 
Figure 3.1). 
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Selection of 
part numbers 

All part 
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Sorted by 
part number BATCH CONTINUOUS 

Sorted by 
assembly object KITTING  

 

Figure 3.1: Categorisation of materials feeding principles (Johansson, 1991) 

Continuous supply is a method used to supply all part numbers, sorted by part number without 
interruption. A batch is a group of similar items produced, processed or gathered together and 
treated as a single unit. Like continuous supply, batch supply is sorted by part number. The 
difference between these principles however, is that the batch supply only displays those part 
numbers needed for a determined set of assembly objects at the assembly station. 
Continuously supply displays all part numbers that may be required at the assembly station. 
Kitting means the process of grouping or packaging individual parts together in kits to create 
a single item. The kit only holds those parts necessary for the assembly of one assembly 
object. Kitting is advantageous when the total number of components, including variants, per 
assembly object is increased (Johansson, 1996). 
 
The explosion of product variants during the last decade has had a major impact on materials 
feeding because a large number of variants can make continuous supply impossible due to 
capital cost and lack of space at the assembly stations (Millington et al., 1998; Fredriksson, 
2002a). If the product is assembled on a serial line where only a few components are 
assembled at each station, kitting is less advantageous. One way of solving this problem is to 
use sequential supply. Sequential supply means that those part numbers needed for a specific 
number of assembly objects are displayed at the assembly stations, sorted by object. The 
sequencing process can be located within or outside the assembly plant (Fredriksson, 2002b; 
Mathisson-Öjmertz and Johansson, 2000), which means that the materials feeding principle 
can differ between the assembly station and the supply chain. This is also true for the other 
materials feeding principles. (Johansson, 2006) 
 

3.1.2 Sequenced delivery 

The concept of automotive sequencing originates from the just-in-time philosophy introduced 
by the automotive manufacturers and their suppliers in the early 1990’s. According to AMR 
(Advanced Market Research) automakers are accelerating the sequence requirements. They 
also believe that more than 70% of a vehicle’s content will be sequenced by 2010. Today 
approximately 40% is sequenced. (Datanational Corp, 2005) The current sequencing suppliers 
in VCT (Volvo Car Torslanda) and in VCG (Volvo Car Ghent) are responsible for 
approximately 78 % of the material volume, and 77% of the material value. (Volvo Cars 
Intranet) The essence of automotive sequencing is for suppliers to deliver parts to the 
manufacturers just in time, and also in the proper build sequence, as requested by the 
customers. Generally, sequencing maximizes manufacturer’s floor space, decreases the time a 
consumer waits for their new vehicle, and reduces the inventory levels being carried by 
manufacturer and supplier. Sequencing covers a number of components including doors, 
quarter panels, overhead systems, seats, wheels, headlining, glass, bumpers, exhaust systems, 
axles, and even engines. Sequencing optimizes production efficiency while also reducing 
waste and parts storage space. (Ibid) 
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3.1.3 Supplier parks 

The supplier park has been defined as the concentration of dedicated production, assembly, 
sequencing or warehousing facilities run by suppliers or a third party in close proximity to 
one OEM plant (Miemczyk et al., 2004) Operations at a supplier park may consist solely of a 
storage and warehousing facility or comprise suppliers running a production site and 
performing sub-assembly operations. The supplier park is located adjacent or close to the 
OEM production facility. Significant production volumes at the OEM that guarantee 
economies of scale are critical to those suppliers located within the supplier park. The extent 
of the operations carried out by the suppliers is dependent on the complexity of the module or 
component supplied. 
The success of any inbound logistics solution such as supplier parks depends on having stable 
production schedules resulting in sequenced deliveries of modules and sub-assemblies to the 
OEM’s precise requirements. Information Technology is a fundamental component for the 
efficient operation of supply chain inbound logistics models. The impact of having a supplier 
park includes: (Adrian E. Coronado et al., 2006) 
 

• Reduced inventory levels 
• Reduced lead times 
• Reduced workforce size 
• Reduced number of data transactions 
• Reduces logistic costs 
• Less materials handling. 
• Improving order to delivery process and enables customer ordered production (COP) 
• Freeing up space in car manufacturing plant 
• Closer and quicker communication between the plant and park suppliers 
• Improved quality 

 
The reasons why an OEM chooses to outsource its production or design processes include 
lack of plant capacity, lack of expertise/resources in some areas or long and costly assembly 
lead times. (Ibid) 

3.1.4 Materials handling 

Öjmertz (1998) states that the term material handling does not have a single clear definition in 
the literature. A conventional and practically oriented interpretation of the term in materials 
handling literature and in everyday speech is, however, that materials handling includes 
movements within facilities, where lifting and putting down as well as packaging the 
materials are included (Johansson, 2006). In Tompkins et al. (2003), a six-phase process for 
materials handling systems design is presented. The six phases involve defining the objectives 
and scope, analysing the requirements for moving, storing, protecting and controlling 
materials, generating and evaluating alternatives, and selecting and implementing the 
preferred design. This process touches upon issues of internal transportation, storage, 
packaging, and control but without entering into detail (Johansson, 2006). Tompkins et al. 
(2003), however, further discuss the issue of unit load design and describe materials handling 
equipment such as packaging, internal transportation, storage and retrieval equipment, as well 
as automatic identification and communication equipment. Gupta and Dutta (1994) claim that 
materials handling aspects have not received adequate consideration in the concurrent 
engineering approaches adopted by companies. They point out the importance of analysing 
the materials handling needs in product development projects and outline a method to 
determine the suitability of different materials handling systems for a single stage of product 
sub-assembly, focusing on equipment selection. Öjmertz (1998) developed a method for 
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evaluation and improvement of materials flow systems in terms of the efficiency of the 
materials handling function. The focus is on changes in the configuration of sets of materials 
and their packaging, for example, sequencing materials, providing a certain mix of variants, 
or orienting items in a specific manner. (Johansson, 2006)  

3.1.5 Transportation 

When designing a material supply system, the question of how the components and products 
should be transported between plants, for example, from the suppliers to an assembly plant, 
must be addressed (Johansson, 2006). Coyle et al. (2000) define transportation as “the 
creation of time and place utility”. By moving products from where they are produced to 
where they are needed, value is added to the product, often referred to as place utility. Time 
utility is created by storing products until they are needed, which determines when and how 
fast the products should be moved (Lambert et al., 1998; Coyle et al., 2000). In a Business-to-
Business relationship, it has to be determined how the cost and risk associated with 
transportation should be divided between the supplier and customer. To assist in this matter, 
the International Chamber of Commerce – ICC (2000) publishes trade terms, “Inco terms”, 
which describe the responsibilities of supplier and buyer in international trade (Johansson, 
2006). 
 
When discussing the transportation within plants, internal transportation, the focus is usually 
on the choice of the equipment. (Johansson, 2006) According to Tompkins et al. (2003) 
internal transportation equipment can be classified into three types: 
 

• Conveyors 
• Industrial vehicles (trucks and automated guided vehicles etc.) 
• Monorails, hoists and cranes 

 
He also states that these different types can be classified according to its: 
 

• Degree of automation (walking, riding and automated) 
• Flow pattern (continuous vs. intermittent) 
• Flow path (fixed vs. variable) 
• Location (underground, in-floor, floor level, overhead) 
• Throughput capacity 

 
When designing internal transportation systems it is important to achieve an effective match 
between materials transportation requirements and the characteristics of the above-mentioned. 
(Tompkins et al., 2003) 
 

3.1.6 Packaging 

Packaging has many functions and, depending on the context in which it is used, some are 
more important than others. Johansson et al. (1997) divided the packaging functions into flow 
function, market function, and environment function. The flow function involves protecting 
and identifying as well as facilitating handling of the product. The market function attempts to 
make the product more attractive while the environment function is concerned with reusing, 
recycling, and optimising the packaging material. Many decisions regarding packaging have 
an impact on more than one of the functions, for example, returnable packaging (Rosenau et 
al., 1996) and standardisation (Johansson et al., 1997). Klevås (2005) empirically illustrates 
how the organisational structure of packaging resources affects, and is affected by, product 
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development and logistics requirements. A case study revealed that if the packaging function 
is placed in both the product development team and the logistics function, the integration of 
packaging and product development can be more successful because of the input of the supply 
chain overview. Bramklev (2003) describes the interaction between product and packaging 
development. She indicates a number of factors, such as packaging strategy, architecture, and 
regulations, which are important to consider during the product development phases if the 
product and packaging are to be developed concurrently. The relations between packaging 
and other parts of the material supply system have received little attention in Bramklev 
(2003). The same applies to much of the literature on packaging. Wänström and Medbo 
(2005), however, emphasise the importance of considering the assembly process when 
selecting packaging for components that are to be fed to the assembly stations. They claim 
that Japanese companies select packaging that supports and facilitates the assembly work. 
This involves the use of small packages, designed to suit the component characteristics and 
assembly operator requirements. In contrast, transportation cost is the main factor that 
influences the choice of packaging in Sweden, often resulting in large packages. Wänström 
and Medbo (2005) illustrate the impact of packaging selection on the physical design of 
materials façades, work tasks, manufacturing flexibility, process support, and materials 
planning. Johansson and Mathisson-Öjmertz (1996) argue that there are varying demands on 
packaging in different positions in the material supply system. When these demands are not 
met, it results in additional costs and delays, for example, repacking, extra administrative 
costs, and delays in accessing the materials. Johansson and Mathisson-Öjmertz (1996) discuss 
how packaging configuration can compensate for the lack of conformity between positions in 
the MSS by focusing on the change in packaging configuration in the different positions and 
relating this to the desired configuration at the end of the materials flow. (Johansson, 2006) 
 

3.2 Design and development processes 

In design and development processes, it is important to work in a thoughtful and structured 
way. The ability to achieve a more effective, flexible and qualitative solutions for these 
processes could be achieved with the guidance from a theoretical model. Three theoretical 
models for improvement are described in this section.  

3.2.1 A general model for the improvement process 

Different tools focuses on different steps in the model. Flow mapping to describe the present 
situation, inventory control tools to find alternative solutions and total cost analysis to 
compare different alternatives. Common for the tools is that neither of them can be used alone 
if you want to change an activity or process. All steps are needed to accomplish successful 
changes (Aronsson et al., 2004). See figure 3.2. 
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Step 1: Clarify the prerequisites:  

• What are the goals for the project, for example cost goal, lead time goal and so on?   
• What parts of the company will be affected, what flows, what activities and so on? 
• What resources can be used to accomplish the project? 
• Who much time is there to use? 
 

Step 2: Describe and analyse the present situation: 

• First must a flow map be done that shows how the actual material flows look like. To 
have the possibility to analyse the present situation you need to quantify the flow, you 
need to put it in numbers (key factors).  

 
Step 3: Suggestions on alternative solutions: 

• This is a way to organise and control the activity. 
• This step will be carried out in parallel with step 2, so the present situation partly will 

be the base for the alternative solutions. 
• One way of finding alternative solutions is to carry out a benchmark study. 
• Two solutions should at least be evaluated to avoid the thoughts be locked. 
 

Clarify the 
prerequisites 

Describe and analyse 
the present situation  

Suggestions on 
alternative solutions  

Compare the present 
situation  

Choose a solution  

Carry out the change 

Follow up the result  

Figure 3.2: The Steps in Improvement 
process 
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Step 4:  Compare the present situation with the alternative suggestions: 

• This will be carried out by experience/predict how the new solutions will work and by 
that calculate new numbers (key factors) that earlier had been calculated for the 
present situation. 

• Compare the different alternatives with each other and with the present situation to 
find advantages and disadvantages with respective alternative.  

• An analysis should also be carried out about the different alternatives sensitiveness to 
changes. 

 
Step 5: Choose a solution: 

• With the analysis as base choose one solution. Apart from the key factors the “soft” 
parameters can affect the decision. For example you should take in consideration if 
some solutions are in line with the company’s strategy, and if the solution could be 
introduced in practice.  
 

Step 6: Carry out the change: 

• Change routines and organization so that the activity works as it has been decided.  
• This is often hard and time-consuming work. 

 
Step7: Follow up the result: 

• This is the last step in the change work. 
• When the change is completed and the new routines are implemented, must a follow 

up be done how the new solutions are working out. You should partly compare with 
the initial to show that the key factors and so on really have change. This comparison 
gives a picture of how good our earlier analysis has been and gives us a basis to see 
over the analysis tools that are used. 
 

3.2.2 A generic development process 

Ulrich and Eppinger (2000) propose a generic six phase development process within product 
design. These phases are planning, concept development, system-level design, detail design, 
testing and refinement, and production ramp-up (see Figure 3.3). 

 

Figure 3.3: The six phases in the development process from Ulrich and Eppinger (2000) 

• Planning: This is the phase where the project gets approved and the product 
development process starts. The output specifies the target market, business goals, key 
assumptions, and constraints.  
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• Concept development: The second phase is to identify the needs of the target market, 
generate and evaluate alternative product concepts, and one or more concepts are 
selected for further development and testing. It is very important to focus on the 
requirements from the customers in this phase. 

• System-level design: In the third phase focus is put on the products architecture and 
the definition of it. The product is divided into its constituent parts. The final assembly 
scheme is normally defined in this phase 

• Detail design: This phase includes the complete specification of the geometry, 
materials and tolerances of all the unique product parts as well as the identification of 
all the standard parts to be purchased from suppliers. An establishment of a process 
plan is made and tools are designed for each part to be produced within the production 
system. 

• Testing and refinement: In this phase multiple preproduction types of the product are 
constructed and evaluated. The prototypes can be divided into alpha or beta 
prototypes. Alpha prototypes are not necessarily fabricated by means of the actual 
processes to be used in production. Beta prototypes are usually built with parts 
supplied by the intended production process. The testing makes it possible to refine 
the product before the start of production  

• Production ramp up: The last phase in Ulrich and Eppinger’s six phase development 
process consists of training the work force and resolving all remaining problems in the 
production process. This usually means gradual intensifying up to the start of 
production. 
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3.2.3 A general design structure 

Wu (1994) presents a general design structure within manufacturing systems design, see 
Figure 3.4. 

Conceptual modelling

Setting of

objectives

Analysis of

Situation

Decision

Evaluation of concepts

Decision

Evaluation of concepts

Solution

Problem

Detailed design

 

Figure 3.4: Design structure presented by Wu (1994) 

Wu (1994) stress that each phase is dependent on the successful completion of the previous 
phase. The first two phases “analysis of situation”, and “setting objectives” are within the 
manufacturing strategy field. Therefore an analysis of the current state of operation of the 
manufacturing organisation is required. The analysis phase includes analysis of current 
markets, future prospects, and those of potential markets. A vision is set for the future 
situation in the phase “setting of objective”. The “conceptual modelling” and “detail design” 
phases will form the framework to accomplish the desired results and the details are added to 
ensure that the output comprises a complete design.  It is in the design phase that the 
transformation from the current to the desired state renders possible. To be able to make a 
decision of the best alternative in the phase “evaluation of concepts”, two sets of criteria are 
assessed. Firstly the requirements determined in the “setting of objectives” have to be 
fulfilled. Secondly financial performance is measured and compared. After the “evaluation of 
concept” is made, the decision could be made which leads to the solution (Wu, 2000). 
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3.3 Product Development Lead Time 

The performance of development processes can generally be measured along multiple 
dimensions such as lead-time, productivity and product quality. Development lead time is a 
measure of how quickly a firm can move a product from concept to market, whereas 
productivity relates to the level of resources (e.g., engineering hours, material, and 
equipment) required to accomplish the same objective. The output of a process, however, is a 
product, and its complexity and the extent to which it conforms to customer expectations 
drive product quality. These three performance dimensions closely relate to each other where 
any attempts to change one variable can have consequences for the other two in ways that 
sometimes are difficult to predict (Thomke and Fujimoto, 2000). 
 
In the early 90’s the importance of product development was described, as ”The development 
of new products has become a focal point of industrial competition For senior managers 
around the world, developing better products faster, more efficiently, and more effectively is 
at top of the competition agenda. Evidence is mounting that effective design and development 
of new products have a significant impact on the cost, quality, customer satisfaction, and 
competitive advantage (Clark and Fujimoto, 1991). Since then, focus and research on product 
development of new products has continued with a number of different approaches or 
characteristics associated with shorter development times. Some of them are outlined in this 
section. 

3.3.1 Shifting the identification and problem solving to the earlier phases of product 

development projects (PDPs) 

An important part of an effective development strategy is the timing and fidelity of test 
models. The information generated from these models plays an essential role in the 
identification and solution of design and manufacturing problems. If models are built and 
tested very late in a development process, the cost and time required to solve identified 
problems can be very large. This is particularly true in automotive development where late 
design changes can cost millions of dollars and take weeks or months to be carried out, 
partially due to increasing tooling commitments. Thus, it is not surprising that the benefits of 
early problem identification and solving can be quite remarkable and provide an area of great 
leverage for improving product development performance (Thomke, and Fujimoto, 2000). 
 
Thomke and Fujimoto (2000) put forward a strategy that seeks to improve development 
performance to the management of product development. They suggest how shifting the 
identification and solving of design problems to earlier phases of the product development 
process can reduce development time and cost, and thus free up resources to be more 
innovative in the marketplace, a concept that they define as front-loading. 
The authors propose that front-loading can be achieved using a number of different 
approaches, two of which are discussed in detail: 
 

• Project-to-project knowledge transfer - leverage previous projects by transferring 
problem and solution-specific information to new projects. 

 
• Rapid problem solving - leverage advanced technologies and methods to increase 

the overall rate at which development problems are identified and solved. 
 
Methods for improving project-to-project knowledge transfer include the effective use of 
post-mortems, which are records of post-project learning and thus can be instrumental in 
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carrying forward the knowledge from current and past projects. Rapid problem solving can be 
achieved by optimally combining new technologies (such as computer simulation) that allow 
for faster problem-solving cycles with traditional technologies (such as late stage prototypes), 
which usually provide higher fidelity (Ibid). 
 
The authors conceptualise front-loading with the aid of a framework where problems in a 
product development process are identified and solved in an iterative way, following a design-
build-run-analyse (d-b-r-a) cycle. If a product is developed in an environment where problems 
are identified via high-fidelity prototype (e.g., physical prototype) testing only, and no 
problem or solution-specific information is being transferred between projects, problems are 
identified and solved at a constant rate that depends on the speed at which the d-b-r-a cycle 
can be completed. The total development time can be shortened if the problem-solving rate is 
increased by carrying out the d-b-r-a cycle more rapidly. These cycles can be compressed by 
restructuring prototype build and test processes (e.g., by adding capacity to bottleneck 
operations) or through a change in the incentive structure so that early problem solving is 
emphasized. However, if a second class of test prototypes (e.g., virtual prototypes generated 
by a computer) of lower fidelity but a higher problem-solving rate was available and 
knowledge could be transferred between projects, developers would be able to use the 
following two approaches to shift their problem-solving approach: 
 

• Increase the initial number of development problems solved, or avoided, by more 
effective project-to-project transfer of problem and solution-specific information. 

 
• Use the lower-fidelity prototype to solve development problems that it can identify 

more rapidly and then switch to the slower higher fidelity prototype for the remaining 
problems. 

 
The combined benefit will be a shorter total development time. In general, management could 
extend the same logic to determine an optimal number of prototypes, each with a different 
fidelity, such that total development time and cost is minimized. The price one would pay for 
a large number of prototypes is the cost of repeated testing via multiple prototypes and the 
benefit would be the availability of early information. The opportunities that advanced 
technologies such as computer simulation, three-dimensional computer-aided design (CAD), 
and rapid prototyping can provide are quite obvious. Even though they sometimes are of 
lower fidelity than full physical prototypes, they can identify a significant percentage of total 
development problems at a rate significantly higher than conventional high fidelity prototypes 
(Thomke and Fujimoto 2000). 

3.3.2 Project-to-Project Knowledge Transfer 

Thomke and Fujimoto (2000) present studies of problem-solving that have shown that firms 
often find old problems in new development projects. For example, in a study made by 
Watkins and Clark (1994) of the development of front and rear auto body closures (i.e., 
hoods, trunk lids, and lift gates), it was found that design problems often were repeated 
between consecutive projects. They also found in their study that one problem showed up 
repeatedly over three sequential projects. Von Hippel and Tyre (1994) observed a similar 
pattern and found that it was not only lack of problem-specific information being transferred, 
but also that designers sometimes were unable to use the transferred information effectively. 
Thus, it appears that more effective transfer of knowledge between projects can improve 
development performance. 
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Cusumano and Selby in1995 presented an example of effective transfer practice with post-
mortems in the development of computer software. Good post-mortems are detailed records 
of a project’s history that include, among other things, information on specific product and 
process problems discovered at various stages of software development. They reported that 
much of the learning between projects at Microsoft can be attributed to its systematic use of 
such post-mortem reports. In their research, they found that development teams generally take 
3 to 6 months to prepare a post-mortem, which can be between less than 10 to more than 100 
pages long. In addition to accounting for people, product, and scheduling issues, the post-
mortems also contain detailed information on number of problems identified, problem 
severity, and record of finding and solving problems. Preparing, discussing, and reviewing 
these post-mortem reports, particularly before and/or at the beginning of a new project, has 
proven to be instrumental in carrying forward the knowledge from current and past projects. 
In their many years of using post-mortems, Microsoft also discovered that transferring 
information on problems alone is very helpful but not sufficient; they needed to understand 
why a problem occurred and what solutions are possible. Equipped with such information, 
developers can move more quickly toward the early identification and solution of problems 
that seemed novel at first but were experienced in different forms during past projects 
(Thomke and Fujimoto, 2000). 

3.3.3 A Problem-Solving Perspective of Product Development 

According to Thomke and Fujimoto (2000) problem solving starts with problem recognition 
and goal definition. It continues with an iterative process of experimental search through 
alternatives that are designed and built during step 1 (design) and step 2 (build models) of a 
four-step problem-solving cycle. These alternatives may or may not include the best possible 
solution; there is simply no way of knowing. The alternatives are tested against an array of 
requirements and constraints during step 3 (run experiments). Test outcomes are analysed 
during step 4 (analyse and evaluate) and used to revise and refine the solutions under 
development, and progress is made in this way toward an acceptable result. If the results of a 
first experiment are satisfactory, the cycle stops after step 4. However, usually analysis shows 
that the results of the initial test are not satisfactory. Modifications must therefore be done and 
new experiments are run. Modifications may involve the experimental design, experimental 
conditions, fidelity of the experimental set-up, or even the nature of the desired solution. The 
new information provided by a problem-solving cycle to a designer is those aspects of the 
outcome that was not able to know, foresee or predict in advance. 
 
Applying the problem-solving perspective to automotive development, one finds that it 
consists of a bundle of numerous problem-solving cycles, each of which consists of design, 
build, run, and analysis activities. Problem-solving cycles can be small, involving only a 
single designer (such as individual simulation experiments) or they can be very large, 
involving several development groups (such as major prototyping cycles). As projects 
progress, cycles tend to include models of increasing completeness, or fidelity, (e.g., thought 
experiments, computer simulations, physical prototypes, pilot vehicles, etc.) for testing the 
effect of design decisions on functionality, geometric fit, and manufacturability. Sometimes a 
model is incomplete because it cannot economically incorporate all aspects of reality or 
simply does not know them. Other times, it is economical to build incomplete models in order 
to reduce investments in aspects of reality that are irrelevant to the problem being solved. 
Thus, a model of an airplane tested in wind tunnel experiments has no internal design details. 
These are both costly to model and mostly irrelevant to the aerodynamics problem being 
solved. Problem-solving cycles can be structured in hierarchical form; they are iterated to 
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complete a task that creates a solution for each component, tasks then are integrated into 
major stages of development such as product engineering and process engineering. 
 

3.3.4 Concurrent engineering 

Concurrent engineering is a business strategy or engineering methodology, which replaces the 
traditional product development process with one in which tasks are done in parallel and there 
is an early consideration for every aspect of a product’s development process. (Synthesis 
Coalition, 1998) To do this, all functions in the company have to be involved; using cross-
functional teams where activities and information flow can be integrated and parallel. 
(Vallhagen, 1996) Concurrent engineering has emerged as way of bringing rapid solutions to 
product design and development process. This is due to the need for companies to reduce their 
time to market and adapt to the changing market environment. The aim of the strategy is to 
ensure an effective and efficient product development process. Concurrent engineering is 
undoubtedly a strategy to use for new product development for all companies regardless of 
their size, sophistication, or product portfolio. In order to be competitive, corporations must 
alter their product and process development cycle to be able to complete diverse tasks 
concurrently. Companies that use concurrent engineering are able to transfer technology to 
their markets and customers more effectively, rapidly and predictably. They will be able to 
respond to customer’s needs and desires, to produce quality products that meet or exceed the 
consumer’s expectations. They will also be able to introduce more products and bring quicker 
upgrades to their existing products through concurrent engineering practices. To sum up, the 
concurrent engineering methodology makes the company to produce better quality products, 
developed in less time, at lower cost, that meets the customer’s needs. (Synthesis Coalition, 
1998) 

3.3.5 Cross-functional product development teams 

In a cross-functional product development team, product developers from different functions 
work together and in parallel. Team members come from functions such as marketing, design, 
service, quality, manufacturing engineering, test and purchasing. Often, key suppliers are 
included in the team. Sometimes, representatives of the customer are also included in the 
team, allowing the voice of the customer to be heard throughout the development process. 
Team members work together, sharing information and knowledge, and producing better 
results faster than they would have done if operating in a traditional product development 
mode. The end result is that products get to market faster, costs are reduced and quality is 
improved (Stark, 2000). 
 
If cross-functional product development teams are not used, the product development process 
is likely to be serial, with each group of specialists working one after the other on successive 
phases of the development. Once a group has finished its work it passes it on to the next 
group. For one reason or another, this group may not like what it gets, so sends it back with a 
request for modification. By the time the first group gets the request for modification, it is 
working on something else, so can't respond immediately. Often the first group doesn't like 
the requested change, so comes up with another alternative. Although the group does its best 
to provide a good alternative, it may not understand all the reasons behind the request for 
change, so the new alternative may still not meet the requirements. This serial approach to 
product development tends to be slow, costly and low quality, leading to a lot of engineering 
changes and a product that is less competitive than expected (Ibid.) 
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3.4 Total cost analysis & Cross-functional organisations 

All activities performed within a logistic system consume resources, which brings costs. 
Therefore it is of greatest interest to eliminate all possible activities that might not be 
necessary to perform. Replacing resource-demanding activities with less resource demanding 
activities or performing activities with minimum of resources used could do this. However, 
changing and reducing costs for one activity can result in higher costs for the total system 
since other activities might have to use more resources. This is called sub optimisation and 
should be avoided. If warehousing for example is centralized in a distribution network, the 
cost for storage will be reduced. The cost for transportation however, will increase. Therefore 
all logistic changes must be seen from a holistic point of view where all costs and activities 
that might be affected by the change within the logistic system are taken into consideration. 
(Jonsson et al, 2005). This could only be done in cross-functional, flow-oriented 
organisations. 

The traditional organisation structure for conducting business as well as long-standing 
practices of accounting prevents any cross-functional teams from being implemented. Most 
traditional organisations are structured to divide authority and responsibility according to 
functional work as described earlier. In essence, both structure and budget closely follow the 
work to be performed. Each of these functional departments becomes concerned with 
achieving its own functional excellence with little or no attention to total costs (Bowersox & 
Closs, 1996). However, the flow oriented organisation uses cross-functional teams, where 
persons from different functions work together with the flow of a specific product or 
customer. The outcome is that these teams try to optimise the flow or process with regard to 
the total cost instead of optimising each function individually. (Aronsson et al., 2004) 

 

Figure 3.5: Flow oriented organisations (Computer Science Corporation, 2001) 

3.5 Logistic cost 

Costs can be categorised in many ways. However, the main idea behind the categorisation of 
logistic cost is that it should be modified for each unique decision. This means that the 
number of categories can increase or decrease, depending on the actual decision. The 
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important thing is to include costs that really affect the decision. (Aronsson et al., 2003) 
Aronsson et al. (2003) implies that logistic costs can be categorised as transportation, 
administration, handling, inventory and other costs.  

3.5.1 Transportation 

Transportation cost contains all costs associated with administration and performing of 
transportation. The cost includes external transportation (transportation from and between 
companies), but do not take internal transportation (within the building) into consideration. 
High fill-rate is necessary to achieve a low transport cost and shorter lead-times can be 
achieved by using regular and frequent transports. However, regular and frequent transports 
with high fill-rates require high volumes. (Ibid) 

3.5.2 Administration cost  

Jonsson and Mattson (2005) classify administration cost as all costs related to the control of 
inventory, material flow and production. Administration cost constitutes foremost of 
administrative personnel in order processing, planning and inventory accounting. This cost 
also includes procurement, and maintenance of computer- and communication systems. 
Administration cost can also be cost for order reception, invoicing, salaries to the personnel, 
economic follow up and other administrative costs. (Ibid) 

3.5.3 Handling cost 

Costs related to the operation of an inventory are referred as handling cost. This type of cost 
includes cost for owning and operating the inventory building, cost for the personnel working 
in the inventory, cost for the storing and handling equipment, and cost for transport inside the 
building. The handling cost is affected by both the size of the inventory and the delivery 
frequency. When talking about cost is it ordinary separated in goods reception, control and 
handling of incoming and outgoing goods and costs for storage. (Ibid) 

3.5.4 Inventory cost 

Costs associated with tying up capital, also denoted as capital cost, and the risk of holding 
products in an inventory is referred as inventory cost. The cost of risk includes cost for 
obsolescence, wastage, cassations and insurance premiums. Naturally, the cost of risk 
increases with the size of the inventory. (Aronsson et al., 2003) The capital can be seen as an 
opportunity cost for not using the capital in a better way. (Olhager, 2000). 

3.5.5 Other costs 

In some cases, other costs appear as a consequence of logistical decisions. These costs belong 
to other parts of the operation and cannot therefore be counted as pure logistical costs. 
Typically, these costs relates to manufacturing, marketing and sales. (Ibid) Aronsson et al 
(2004) states that "other" costs can have a huge impact on the total cost. These costs can for 
example be;  

Information cost: Costs for the information system that support and drives the material flow.  

Packaging cost: Costs for the used packaging material. It can be cost for load carrier, return 
packing and different cardboard that protect the parts. The packaging cost is in some branches 
relatively large.  
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Cost related to the logistic: This cost are not "pure" logistic costs, they occurs as a 
consequence of different choices that are done in the logistic. These costs are cots that come 
up in other parts of the organisation, for example the production, sale and market.      

Cost for material: i.e. the price for the purchased parts. The material cost must be weight 
against the logistic cost that occurs with obtaining the material. 

All these cost are related to each other. A change usually involves changing several costs at 
the same time. 

4. Company Introduction 

4.1 Ownership 

Since 1999, Volvo cars have been part of the Ford Motor Company – one of the biggest 
carmakers in the world. This position gives VCC access to Ford’s resources in the fields of 
technology, purchasing, marketing, distribution and financing. Volvo cars is also working in 
partnership with public authorities, scientists and other car manufacturer to reduce today’s 
environmental problems and prevent tomorrow’s. (Volvo Cars intranet) 

4.2 Premier Automotive Group Membership (PAG) 

Volvo is part of the Premier Automotive Group together with Jaguar, Land Rover and Aston 
Martin. Volvo cars are a “centre of Excellence for Telematics” for PAG. The “Volvo” name is 
the property of Volvo Trademark Holding AB, which is owned jointly by the Volvo Car 
Corporation and the company’s former owner AB Volvo. 

4.3 Volvo – Vision and Mission Statement 

Volvo cars are one of the car world’s strongest brand names. The company’s founders 
maintained from the outset that its operations should be based on care for the human being. 
That is why safety, quality, design and the environment are the core values that characterise 
Volvo’s operations, cars and behaviour. The target group consists of men and women who 
respect and appreciate our values and value judgements - people all over the world who seek a 
balanced lifestyle and want a safe family car offering driving pleasure. This statement 
strongly coincides with VCC’s corporate Vision and Mission:  

VCC’s Vision: “To be the world’s most desired and successful premium car brand”. 

VCC’s Mission: “To create the safest and most exciting car experience for modern families”. 

4.4 Markets and Sales 

In the period between 1927, when Volvo was founded and 2005, VCC has produced around 
14 million cars. The company has a broad geographical spread, they have a network of dealers 
consists of about 2,400 sales outlets and workshops selling cars in just over 100 countries. 
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VCC invoiced sales in 2005 comprised 446,588 cars (464,143 in 2004). At the end of 2005, 
VCC had 27,339 employees, 79 per cent of them are men and 21 per cent women.  

4.5 Purchasing and suppliers 

About 20 per cent of a car’s material in terms of value is made within VCC, including parts 
such as engines, manual gearboxes and body components. The remaining 80 per cent, 
including instrument panels, interior trim and electrical systems, is purchased from about 400 
independent suppliers in about twenty countries. Sweden, Germany and Belgium are the three 
largest supplier countries, accounting for the total of about 58 per cent of total purchases. 
Much of VCC’s purchasing is coordinated within the Ford group to minimise the number of 
suppliers and to strengthen the relationship to them.  

Close cooperation with suppliers has played a major role in Volvo’s success ever since the 
company’s foundation. More and more suppliers are relocating close to Volvo Cars to reduce 
transport times and inventory levels. Many suppliers are involved in product development 
right from the new design stage, shortening development and production lead times. Several 
suppliers are delivering on a just-in-time basis with a maximum delivery time of four hours. 
In addition, several components are being supplied as complete assemblies, reducing the 
overall production time.  

4.6 Product Development and Design 

The product strategy of VCC is based on a platform approach, which makes it possible to 
utilise the same basic concept to quickly produce a wide range of car models to meet the 
needs of different groups of customers. Crash safety, emissions, fuel consumption, durability, 
climate, and aerodynamics etc. are tested in specialised laboratories. A large proportion of 
tests and the product design are carried out in virtual reality using sophisticated computers, 
which results in greater precision and less development time. Testing takes place at VCC’s 
proving grounds in the south and northern-most part of Sweden and also in Phoenix, Arizona. 

4.7 Stakeholders 

4.7.1 Manufacturing Engineering 

Develops and initiate a guarantee of quality and flexible production in the plants. Their vision 
is to have an industrial system that has product efficiency in world class and also verified 
before start of production. It is the manufacturing engineers’ responsibility to develop 
process-effective assembly solutions, and incorporated in this is the task of putting forward 
demands and specifications amount of space in the plant, it should be ergonomically adapted, 
and it should be efficient and easy for the assembly personnel to quickly unpack the article 
from the packaging regarding the properties of the special packaging. 

4.7.2 Research & Development 

The Research & Development (R&D) division develops technical solutions and prototypes 
for manufacturing and production. 

• Component Assignment Leader (KU) 



 34 

KU is the person that is responsible for coordinating an array of activities, such as arranging 
meetings between the various people involved in the process, and keeps everybody updated 
and informed about the latest developments. So the KU’s main function is to have the 
overarching coordinative responsibility of a specific article, and its packaging, as well as the 
supervision of costs and time-schedules incorporated in this work. 

4.7.3 Suppliers 

Suppliers delivering material to the transporters according to set the delivery precision targets. 
For internal suppliers there are also objectives for their entire process, meaning also for  
the manufacturing process in total. 

5. Empiric Research 

5.1 Organisation & Structure 

The master thesis was carried out under the MP&L organisation and the department of 
Product Creation. Packaging issues will be handled primary by the Packaging Engineering 
department (PED) but they will have inputs and support from the Material Handling 
Engineering and Supply Chain Design department.  

5.1.1 Material Planning & Logistics (MP&L) 

MP&L organisation, named 82000, deliver Material Planning, logistic solutions and Order to 
Delivery process management: 

• At the right time, with the correct quality and quantity 
• To the right cost 
• For flawless launches 

 
They are the bridge between suppliers, purchasing, production and the end customer. 
MP&L’s guiding principles are: 

• Customer in focus  
• Accountable  
• Holistic view  
• Close management of supply chain  
• Precision is key  
• Collaborative Partnership  
• Lessons learned  
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Figure 5.1: The MP&L organisation chart 

5.1.2 Product Creation 

Product creation is responsible for all logistics development activities connected to new car 
programmes, Programme Management and development of logistics in Volvo cars 
manufacturing system (VCMS). 
 

 Figure 5.2: Product creation organisation chart 
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5.1.3 Material Handling Engineering 

The main purpose of the material handling engineering department is to create internal 
material flows that are optimized from a total cost point of view based upon VCMS 
regulations/recommendations and input from VCC new products cycle plan for the VCC 
plants.  

5.1.4 Packaging Engineering 

The purpose of the packaging engineering group is to assume the most cost efficient 
packaging solution in accordance to VCC cycle plan and running changes. This in order to get 
more optimised solutions for the cars assembly process, minimise the transport costs, avoid 
quality deviations during transport and the material handling process. 

5.1.5 Supply Chain Design 

The purpose of the supply chain design team is to assume that optimized supply chains are set 
up in accordance to VCC cycle plan and handle relocations of supply chains in running 
production. This should be aligned with purchasing and product development, also in line 
with manufacturing engineering and production in order to assume lowest landed cost 
(explained in 5.13.1). 

5.2 VPDS Product & Process Development according to MP&L 

The figure illustrates MP&L’s logistic process based on the VPDS process (Volvo Product 
Development Process). VPDS is valid for all VCC programs. There are three main phases in 
this development plan: the Concept phase, the Pre-study phase and the Industrialisation phase. 
These phases are in turn divided into so-called “project gates”, ranging from gate –3 to gate 
10. The whole logistic process takes around 54 months to go through. 
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Figure 5.3: 82400 MP&L Master plan  
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5.2.1 Concept Phase: Gate -3 to -1 

This phase starts around 50 months before actually building the new car, SOP (Start of 
Production). The phase includes estimating the landed cost, the total development cost of the 
car model, which provides the Entry ticket. The industrial structure is also set up. It consists 
of planning the manufacturing location and flexibility. The project leader decides what 
demands they have on the part to R&D; this will be set in the FKB (Function Requirements 
Description). A study is started up to decide whether a part should be delivered in batch or 
sequence. In this Phase the parts measure and design will be decided. 

5.2.2 Pre-study Phase: Gate -1 to 1 

This phase starts 43 months prior to SOP. The manufacturing location will be confirmed and 
the external structure will be assumed. The PFEC (Plan for Every Commodity) will be 
updated with special packaging assumptions and commodity sourcing. The special packaging 
prerequisites will be handshake and set in template. In gate 1 will there be a new follow up 
and review of the logistic costs. 

5.2.3 Industrialisation Phase: Gate 1 to 10 

This phase starts 30 months prior to SOP and ends 3 months after SOP. In gate 1 the 
manufacturing process will be agreed, launch strategy finalized and the manufacturing 
location(s) re-confirmed. The EDI process starts up, with compile information from ESWP ( 
Early Sourcing Work Plan), APQP (Advanced Product Quality Planning) (list to supplier 
choice and supplier sites). It will also be confirmed if the parts will be batched or sequenced. 
The TB packaging templates will be handover to packaging design and it will be decided to 
in-house or outsource the design. High impact suppliers are being identified and updated in 
PFEC. In this phase starts the construction of prototypes. In gate 5 will serie 3.0 take place, 
this is the first real test in the project, it takes place in PVÖ (a test department where you built 
all test series in new car projects). MP&L should provide transport input to VLC (Volvo 
Logistic Corporation) in gate 6 and set a relation between supplier and VLC. All new 
suppliers should have an EDI connection with Volvo where information about packaging 
scope and provide input on packaging structure. This supplier needs to be visited. The final 
decision about the packaging design will also be set in gate 6.  

Pre-tryouts and tryouts are carried out in order to verify correctness of production processes 
and materials. These tryouts will be carried out during gate 6 and 7. At gate eight should the 
EDI status reach 100 and SOP start. The decision of the final design of the TB packaging 
should be confirmed and delivered to product supplier. At the end of this phase should the 
packaging be delivered from the supplier and be implemented in the flow and in gate 9 should 
the plant be in full production with the new car. At gate 10, for months after SOP the project 
will be closed. 

5.3 GPDS Product & Process Development 

The VPDS process is to be replaced by a new process called GPDS. It stands for Global 
Product Development Process. All forthcoming car projects will run under the GPDS process. 
The main difference in going from VPDS to GPDS is the synergies in achieving one common 
development system. GPDS integrates all global Brands into a single common Product 
Creation Process that enables each brand to improve to World Class levels for stand-alone 
joint and shared technology programs. GPDS uses Mazda Production Development System 
(MPDS) as the foundation. The process will be the first step toward matching, then 
exceeding, the competition for Time to Market, Engineering Efficiency and Quality. 



 38 

GPDS Goal is to meet customer and business expectations using one Lean Global Product 
Creation System adapting the proven Mazda benchmark of speed and efficiency: 

• Lean, standardized manufacturing, process-led approach 

• Engaged cross-functional, technical people 

• Reuse parts and knowledge 

• Work with fewer, more competent and efficient suppliers. 

The system uses; one common language regarding development procedures, common 
program logic and efficiency in the cross brand development with one shared technology 
process aligned with the vehicle programs. GPDS shortens the lead-time with up to eight 
months depending on scalability in relation to VPDS. To make this possible will Volvo 
increase the frontloading of the process and increasing emphasis on engineering completeness 
at tooling start, allowing shorter tooling time.  

5.4 Working Procedures and Responsibilities 

5.4.1 BMS – Business Management System 

BMS is VCCs Business Management System since 2000 and is their way to run their 
business. It describes and guides the manner in which they work in order to ultimately deliver 
cars that satisfies the customers. It consists of VCCs Company Philosophy, which is the 
overall platform for the business goals and its behaviour. It also consists of more detailed 
elements that govern their activities and their actions throughout the company. The 
organisation- and process structure, delegated authorities, decision forums, and certain other 
prerequisites needed to run their business are also part of BMS.  

BMS assures that VCC satisfy the requirements of costumers, owner, employees, suppliers, 
authorities and other stakeholders. It also constitutes a foundation for continuous 
improvements and consequently creates confidence of the stakeholders that the company 
continuously has the ability to fulfil their requirements. BMS provides maximal benefits since 
all employees can easily access the information they need pertaining to the way in which 
tasks should be performed. 

5.4.2 Template1 

Template 1 is a working document used for special packaging. The template is an information 
document for concerned personnel to read about the specific special packaging and to follow 
how the development of it goes. Each article and component has its own working document 
for the packaging development. The template consists of eleven different sheets and serves as 
a verification and validation checklist of how its development is proceeding. Each sheet 
consists of a document where to put information concerning the packaging in question. It 
could be for example the packaging specification with CATIA number, decisions taken and 
important information from contract review, action reports; which key people/functions that 
should be involved in the process and what their demands are, information concerning the 
virtual and physical design review, volume needs and concerned costs. In short, this working 
document sums up all the demands brought forward by the involved functions in order to 
evaluate and come forward with the most suitable solution. A consensual approach is taken to 
find the most optimal packaging device, which in the end is a compromise of many interests.  
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5.4.3 Lessons learned 

When a car project has been finished, experiences from it will be summarised in a lessons 
learned document. This document consist of both good and bad things that has happened 
through the project and needs to be remembered and taken into consideration for the 
following new car projects. At the end of gate -3, -1, 1 and 2 a summary is made by the 
involved project members reporting to the project manager. All parts will at the end of gate 10 
be summarised into the lessons learned document. 

5.4.4 Functional Requirements Description Process (FKB –P) 

The FKB-P process covers the areas of responsibility and working methods. FKB-P is a 
description of manufacturing requirements with connection to the product development work. 
This enhances strives for process driven product development, securing the balance between 
product (properties and functionality) and manufacturing (product ability, assembly and 
investment efficiency). 

The manufacturing process descriptions describe the possibilities and the constraints for the 
existing factories from a product perspective, and serves as basis for development of 
restriction models. The following items are included in the manufacturing process 
descriptions: 

• Sequence (assembly order)  
• Reference & Handling Points 
• Component Handling Points 
• Body Window 
• Factory layouts 
• Logistic 

 
The manufacturing requirements are documented in Ford Design Verification System 
(eFDVS). These documents provide pre-requisites for development of robust and efficient 
product- and process solutions. The manufacturing requirements are divided into the 
following areas: 
 

• Stamping 
• Body in white 
• Surface treatment 
• Interior & Climate 
• Exterior 
• Chassis 
• Engine 
• Transmission 
• Electrical system 
• Logistics 
• Health & Safety (Ergonomics) 

 
Demands are to be placed on R&D on geometrics, surface materials and other physical 
features that are not acceptable from a logistic point of view. After the demands have been e- 
logged into the eFDVS system and signed-off with the tree concerned departments R&D, ME 
and PE, the logged demands must be followed. If some department can not follow this agreed 
demand, they must contact the other two departments and discuss the issue with them. In 
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these situations there will be discussions around the identified problem in order to come up 
with a new solution that will suit all parties.  

5.4.5 Design Review Meeting (DRM)  

DRM is a meeting forum run by the Technical Programme Management under R&D. This 
forum is a place where different divisions can apply for funds in projects where unexpected 
occurrences have occurred and the divisions itself does not have the possibility to finance the 
issues themselves, or the part price will increase. These occurrences are often the results of 
poor pre-study investigations, lack of communication and inabilities to follow the FKB 
restrictions. In short term, the responsibility of the forum is to approve requirement deviations 
and related cost changes in the authority of programme management. The approval needs to 
be confirmed by TPM (Technical Project Meeting) and in case of financial or attribute impact 
at BPT (Business Project Team)/DCM (Design Cost Meeting).  

The forum handles issues where decision from Program Management is needed, like; 

• Requirement updates (sign-off 1) 
• System solution choice  (sign-off 2) 
• Target deviation, 

- Technical 
- Change of system solution (sign-off 2 level) 
- Attribute deviation, FKB Complete Vehicle 
- Time 
- Intro time 
- PSW, outside DPL frames 
- Cost Outside team frames/provisions 
- Quality 

• Consequences outside own DPL Team, 
- Changed Interface etc 

• Job Request reports, decided at TPM 
 

5.4.6 Total Value Management (TVM)  

TVM stands for Total Value Management and is VCCs material cost reduction process. TVM 
process is a work method and a tool that has been introduced by the Ford Motor Company in 
2003. The process is cross-functional, fact based, team oriented and are based on a strategy 
with benchmarking/analysis of costs. The method is based on finding out what price a part 
should have, this will done putting the part together piece by piece, from the bottom to the 
top. The output from the process will provide a base for new car model programme to better 
meet the customer needs and program targets. The process will mainly be attached to cost 
reduction of direct material to car manufacturing. The TVM process starts when the line 
management R&D and purchasing request for cost reduction work and give priority for a 
certain commodity. The process stops first time when the cross functional TVM core team 
will be of the opinion that the current commodity/ system value is best in the business. The 
TVM core team consists of people from Engineering (KU/SU (component/system assignment 
leaders)), Cost Estimators and Purchasing. 

5.4.7 Geometry Areas Responsible meetings (GOA meetings) 

GOA stands for Geometry Areas Responsible, which means that a person is responsible for a 
certain area from a geometry perspective, for example the front or rear end. The responsible 
person calls together meetings and invites other departments that should be involved in the 
development of the geometry area, for example R&D. In the GOA meetings, the relations 
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between the different parts in the area are discussed. This to make sure that the parts in all 
tolerance situations fits into the system in the car. These meetings take place at an early stage 
to make sure that all aspects are taken into consideration and that there is time to make 
changes for an optimal solution.  

5.5 Volvo Cars Manufacturing System - VCMS 

The purpose of the VCMS project is to lead and support the development and implementation 
of a best practice manufacturing system, which is lean, flexible and process-oriented. The 
focus is common processes, systems and methods based on Ford Production System (FPS) 
and Total Production Management (TPM) & 6-Sigma in the different plants. The goal is to 
have this common system implemented in all VCM plants at the end of 2007. The focus of 
VCM is mainly the Order to Delivery-process, but also the Product Development process 
regarding manufacturing engineering. The VCMS project has nine development pillars: 
(Volvo cars intranet) 

• Autonomous management 
• Competence management 
• Continuous improvement 
• Leadership 
• Maintenance process 
• Manufacturing engineering 
• Material planning & logistics 
• Quality management system 
• Safety health environment 

 
VCMS uses 15 principles that are developed with VCC Philosophy and Operational 
Excellence Performance in mind. There are: 

Customer Satisfaction #1: 

1. Right from me forward – “stop” if a quality problem 
2. Customer oriented and flexible processes is a base for customer satisfaction 

and profit 
3. Deliver with precision according to plan & commitment 
4. Support our suppliers’ development to strengthen the supply chain 

 
Profitable Growth: 

5. Visualise and eliminate losses in our processes 
6. Seek for and implement Best Practices wherever they are  
7. Make decisions with long-term in mind based on total landed cost 
8. Standardise work methods to reduce variability and reduce losses 

 
Next Generation of New Products: 

9. Implement only reliable thoroughly verified changes – gate discipline 

Next Generation of Leaders and Employees: 

10. Move from fire fighting towards proactive and preventive behaviour 
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11. Balance the workload through better prioritisation, coordination & planning 
12. Confirm the process to have the right results, through go and see yourself to 

understand the situation, to be able to coach and control 
13. Recruit and develop leaders who live the Volvo Cars Way and VCMS 

principles 
14. Teamwork and “Medarbetarskap” (collaborator ship) is our heritage and key 

strength 
15. Make decisions by situation adapted style (consensus or not depending on the 

situation) and implement rapidly 

5.5.1 MP&L General conditions (Mission) 

• Commonality between plants 
• Safety & ergonomics designed in 
• Quality assure the packaging and the parts 
• Flexibility designed in 
• Holistic cost efficiency 
• Environmental friendly 

5.5.2 Packaging System conditions 

Vision 
• Full traceability of the packaging 
• Short lead time back to suppliers or packaging provider 

 

Strategy 
• No empty vehicles, use direct returning transport of packaging back to suppliers , 

when possible 
• Full control of all packaging 
• Waste products (one way packaging) are to be handled and sorted directly at the point 

of use/fit, if possible considering the 80% filling degree 
• Breaking down non dust free packaging should not be done close to the production 

area 

5.5.3 MP&L Packaging conditions 

Vision 
• Unit load and packaging design based on production needs and line landed cost.  
• Common packaging solutions for (Volvo/PAG/Ford) 
 

Strategy 
• Characteristics for a good packaging are: dust free, flexible, ergonomic, environmental 

friendly, robust, easy to handle, foldable, cost efficient and easy to maintain  
• Design new std packaging within Volvo strive for commonality within 

(Volvo/PAG/Ford) 
• Early involvement in the product development projects. 
• Define packaging, which enables an optimal material facade in order to support a 

more efficient assembly process (maximum 80 % filling degree of the material 
façade). 

• All internal and selected external sequencing racks should be on wheels (<450 kg) 
• Type bound packaging owned by VCC.  
• Boxes to fit within each other. 
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5.6 Order to delivery process (OtD) 

This is the process to fulfil a customer specific new car order from creation of the order to the 
delivery of the new car to the end customer and acceptance by the customer. It starts with the 
customer order of a new car and a delivery promise and ends up with the delivery of the new 
car to the end customer. This order fulfilment process includes five main processes; 
forecasting, ordering, material supply chain (including both internal and external suppliers), 
production and distribution. These processes should be managed and developed to deliver 
expected result for the company linked to the VCC Agenda. The responsibility of the OtD is 
to govern and develop a process making sure the end customer expectations are fulfilled. 
According to the vision, the OtD process should consistently meet the customer’s needs and 
expectations through a highly successful and efficient operation. The mission is to:  

 
• Guarantee a precise delivery promise in function of customer demands in order to 

maximise customer satisfaction in a cost efficient way. 
• Formulate and tune requirements towards other main business processes, such as 

Product Development and Offer to Order. 
• Analyse main disturbances and continuously improve the processes from order to 

customer delivery of the car. 
 

Apart from a few exceptions, all production of cars within VCC is carried out in an Order to 
Delivery process. Briefly, this means that every single car is built with its unique 
specifications according to the end-customers demand. With the OtD process, VCC manages 
to obtain a high degree of customisation, thus providing high customer value. However, such 
a system puts high demands on corporate activities and synchronisation of the various 
organisational functions (Volvo Cars Intranet). 

5.6.1 Material Supply Chain Process 

The Material Supply Chain process is one of the five main processes within OtD. The main 
content of this process is material ordering, supplier process and material distribution (Volvo 
Cars intranet). 

• The objective for material ordering is based upon the production plan consisting of 
product orders and considering bought supplier capacity and "chimney" order material 
from suppliers through a call-off procedure. 

• The objective for the suppliers is to deliver material to the transporter according to set 
delivery precision targets. For internal suppliers there are also objectives for their 
entire process, meaning also for the manufacturing process in total. 

• The objective for the material distribution is the delivering of material to the final 
assembly factories according to set delivery precision targets. The material 
distribution process should deliver material to the factories just in time for final 
assembly. It should also deliver material to the in house manufacturing processes. 

 

5.7 The manufacturing/assembly process 

Currently at VCT, the four models S80, V70, XC70 and XC90 are being built on the same 
assembly line. It is a very complex operation when more than one car model is assembled on 
the same production line. This was not a problem before since VCT produced the 850 models 
and the 940 models on separate lines. However, with the introduction of the S80 model (and 
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the end of production for the 960 model) in 1996, VCC took the decision to merge the two 
production lines together. 
 
 

 
 
Figure 5.4:  Production line at VCC 
 
The product strategy of VCC is based on a platform approach, which makes it possible to 
utilise the same basic concept to quickly produce a wide range of car models to meet the 
needs of different groups of customers. 

5.8 Batch flows 

VCC uses batch flows for almost all flows where the parts can be placed in standardized 
packaging like pallets or blue-boxes A Batch packaging consists only of one article number, 
so when there are several article numbers of the same parts it will take up much space at the 
assembly line. The packaging unit load will be decided in dyad with the plant and the 
supplier. 

Batch flows incorporate articles that are sent in huge volumes to VCC once or twice a month. 
In general, it can be stated that these articles are not component-specific for a certain car 
produced, i.e., that they do not have anything with the end-customers specific requirements to 
do (rear/front lights, specifically coloured components etc). These articles are sent from 
suppliers located all over Europe, Japan and the US.  

5.9 Sequenced flows 

With the increased number of different car models in each plant the space available in the plant 
is minimal. To solve this problem sequenced deliveries are used. Sequence-flows incorporate 
articles that are sent in far smaller volumes but with much higher frequency, often several 
times a day to the Trim and Final Assembly Plant. Many of these flows originate from the 
Supplier Park in Arendal, which is situated 3 km from VCT. As stated earlier, due to the 
higher delivery frequency and loop rate, much higher demands are put on the special 
packaging that are involved in these flows. Sequenced flows have stricter demands when it 
comes to ergonomics, handling capabilities, production line fitting, quality and durability.  
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5.10 The supplier park in Arendal 

The supplier park in Arendal is as mentioned before situated 3 km from VCT and was set up 
between 1997-1998. The main reason for setting up the supplier park was mainly to enable a 
higher degree of sequential deliveries for finished modules to the S80 model. It served in the 
beginning as a delivery-point where incoming components were sorted in sequence and 
delivered to the Torslanda plant on an hourly basis. The integration today is much higher with 
the suppliers directly integrated with the production process. For the moment there are 15 
sequential suppliers in the supplier park. With the supplier park in close proximity to the 
Torslanda plant, VCC has gained several benefits like: 
 

• Improving the order to delivery process and enables customer ordered production 
• Reduces logistic costs 
• Reduces inventory 
• Freeing up space in car manufacturing plant 
• Closer and quicker communication between the plant and park suppliers 
• Improved quality 

 

5.11 Packaging 

The packaging could be categorized in two main groups; standard packaging and special 
packaging (also termed type bound packaging (TB)). The information has been collected from 
an interview with Björn Mattson at the Packaging Engineering Department. 

5.11.1 Standard Packaging 

The standard packaging is of various dimensions of Volvo pallets and plastic/wooden boxes 
that can carry a huge variety of components or parts that do not require unique packaging 
solutions. The standard packaging are owned and supplied by Volvo Logistics Corporation 
(VLC), for which VCC pay a transaction cost every time they use them. These standard 
packaging are specified in the published packaging handbook which is available from VCC. 
The costs for standard packaging range from approximately 10 SEK to 110 SEK. Standard 
packaging is used for: 

• Fasteners (bolts, nuts clips etc.) 
• Steel parts 
• Rubber parts 
• Interior parts without sensitive surface, i.e. boot interior (no scratch risks) 
• Pipes, hoses, wires 

5.11.2 Special packaging 

Special packaging are specifically designed and used for carrying a specific component or 
article that is needed at the assembly line. Special packaging uses in these cases where there 
are specified requirements for a production part that cannot be fulfilled by using the standard 
packaging. For example if the part is visible on the car and rather complex the packaging 
might need to be specially designed to prevent the part from being scratched during handling 
and transport, a so called type bound packaging. In other words, they cannot be used for any 
other products than for the specific article they are designed for. This makes the special 
packaging more or less useless when an article is redesigned or taken out of production. 
Special packaging is used in numerous sequential flows and is owned by VCC. Due to the 
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demand for 20 minutes of buffer capacity at the assembly line for these flows, special 
packaging often requires huge space next to the assembly line. 

The general strategy for the special packaging is that VCC develop and own the packaging. 
There are basically two different ways of constructing the packaging. The first alternative is 
that the VCC designer constructs it in-house by drawing a CATIA-model according to VCCs 
specifications displayed in Template 1. This Template is, as mentioned before a working 
document that is used by those involved in the development of a specific packaging. 
However, a car model requires approximately 100 types of special packaging, and this 
designer cannot manage all of them. This is why the second alternative comes in. A 
packaging manufacturer places a quotation for building them after it has received a 
requirement specification from VCC. The manufacturer will then carry out both the detailed 
construction as well as the manufacturing of it. So there is only a small portion of the 
packaging that is designed internally at Volvo. In any case, the final manufacturing of it is 
always placed on an external manufacturer.  

 
VCC tries to the greatest extent to re-use the special packaging for next car model or platform 
project. But the fact is that most of them are smashed up or so damaged after approximately 
five years due to rough handling and transportation etc. 

Special packaging is used for: 
 

• Painted exterior parts, front and rear lamps, door mouldings 
• Parts with sensitive surfaces, i.e. chrome, aluminium, interior parts (scratch risks) 
• Parts where lifting tools are used. 
 

Special packaging is generally made of steel, EPP (expanded polypropylene) or vacuum 
formed packaging. Other more rarely used packaging are corrugated cardboard boxes; 
plywood boxes, foam products, and a variety of different plastics. Costs for special packaging 
range from 100 SEK per piece up to 40.000 SEK per piece. Below, is the most common 
special packaging described and illustrated in more detail. 
 

• Steel racks  

The most frequently used special packaging is steel racks. The simplest ones are mostly used 
to store bulky articles that are relatively insensitive to shocks and blows. Others contain 
additional inner packaging to carry more sensitive articles. 
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• Foam Products 

A large variety of foam products are used for many applications: for thermal and acoustic 
insulation, for sealing, shock absorption, vibration damping, and cushioning for automobile 
components.  

 

• EPP  

The EPP material offer outstanding temperature resistance and flexibility. It protects 
components against shocks, blows, pressure and vibrations. 

 

 

 

• Vacuum Formed Packaging 

A print is made from a specific article, which is then cast to produce a form. These vacuum 
formed packaging are used to store articles that, by this, take up a minimal amount of space in 
the overall packaging device at the same time as it is protected against shocks and blows. 
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5.11.3 Packaging philosophy  

When VCC has implemented the complete VCMS, the philosophy for optimal packaging will 
change to support lean manufacturing concepts. In the past, packaging was optimised for 
freight. This means large high density packaging. To be able to achieve lean manufacturing 
concepts, the size of packaging must be reduced to more ergonomic packaging, which will 
allow the reduction of inventory and the elimination of waste, such as excessive operator walk 
time. This will drive the packaging to boxes that weigh 16 kilo or less and contain less than 2 
hours of parts. Pallets should be considered within a time frame of 2 to 4 hours of parts. Not 
every part will fit these requirements, but where possible this should be Volvos guide. In the 
launch of VCMS, will the most parts of VCC are not advising repackaging of the parts. 
Exceptions would include large expendable containers that hold many hours or days of parts. 
The in-plant replenishment team should have identified these during current state assessment. 
The following parts are out of scope: 
 
- Part that are in the smallest box, but still contain more than 2 hours of inventory due to small 
part size. 
- Parts used on vehicles built in multiple plants whose packaging is right-sized for the 
leadplant. 
- Low-use complexity parts whose packaging is right-sized but usage creates an above two-
hour condition. 
- Materials in the packaging should last 1-2 hours inventory level at workstation.  
 

5.12 Development process of packaging 

The VCC development process of packaging can be described by showing flowcharts. These 
flowcharts can be found in the BMS at the Volvo Cars Intranet. An overview of the whole 
development process can be shown by the flowchart below. 
 

5.12.1 Packaging Development - Overview 

 
 

 
 
Figure 5.5: Packaging Development (VCC) –  Overview 
 
The process starts with the general phase and defining the packaging for each specific article. 
If a special packaging is required it has to be decided whether it should be designed by VCC 
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or by a 3rd party packaging manufacturer. After the prototype has been approved and the 3D 
model has been released, the purchase phase begins. Each of these phases is described more 
in detail in the following sections. As mentioned in section 5.12.3, all standard packaging are 
owned by VLC whereas most of the special packaging is owned by VCC. There all still some 
special packaging owned by 3rd parties but the packaging strategy for special packaging 
nowadays is to own all of these. 

5.12.2 Packaging Development - General Phase 

 

 
 
Figure 5.6: Packaging Development (VCC) – General Phase 
 
As mentioned before, the first thing in the development process is to define those articles that 
need a special packaging. A budget is then made for the special packaging which needs to be 
approved for further development. Along with this process, a so-called PFEC document is 
checked. This document contains information regarding the most logistically complex articles 
seen from a packaging point of view for a specific car model. Then, it is defined whether a 
standard or special packaging is required for each specific article. The procedure of designing 
a standard packaging is described in the next section. For those articles that require a special 
packaging, a specification of design requirements is defined. This is carried out in Template 1 
(described in section 5.4.2). Then it is outlined whether a new special packaging has to be 
developed or if an existing one can be used. If it is possible to use an existing packaging, a 
purchase request is sent to the supplier, otherwise it has to be decided whether it should be 
designed by VCC or by a 3rd party packaging manufacturer. The procedure of developing a 
VCC designed packaging is outlined in section 5.12.4. If it is decided that it should be 3rd 
party designed, a request must be filed in the purchasing system according to the Facilities 
Materials & Service Purchasing process (FM&SP). The procedure of developing a 3rd party 
designed packaging is described in section 5.12.5. 
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5.12.3 Packaging Development - Standard Packaging 

 

 
 
Figure 5.7: Packaging Development (VCC)– Standard Packaging 
 
For the standard packaging VLC is contacted and used as the supplier since they own and 
handle the transports of all standard packaging. Then SI+, which is VCC’s computer, based 
purchasing system that contains information regarding component prices, volume data for 
each article and unit loads is updated. Finally, instructions are signed and the packaging is 
implemented. 

5.12.4 Packaging Development - VCC Designed 

 

 
 
Figure 5.8: Packaging Development (VCC)– VCC Designed 
 
The procedure of VCC designed packaging begins with a contract review with the requester 
(between the packaging engineer and the packaging designer). When accepted by both sides, 
the packaging designer describes the design activity plan and responsibilities of the involved 
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parties according to Template 1. The packaging designer creates a 3D model of the packaging 
and if it passes the design review, the packaging engineer raises a purchase order (PO) for 
making a prototype and the release of money. Thereafter physical verification and validation 
of the prototype is made. After acceptance and approval of the physical prototype, the 3D 
model is released into VCC’s system. The flowchart in section 5.12.6 describes the 
subsequent procedure. 

5.12.5 Packaging Development - 3
rd

 Party Designed 

 

 
 
Figure 5.9: Packaging Development (VCC) – 3rd Party Designed 
 
Before the process of a 3rd party designed packaging can start, a contract review with the 3rd 
part must be carried out and accepted by both parties. When this is done, a virtual design 
review is made according to Template 1. If the virtual design is good enough the process 
continues and a physical design review is made and secured in Template 1. If this is 
satisfactory a physical validation is made and a final design review is done, again according to 
the instructions in Template 1. If the final design is approved, the 3D model is released into 
the VCC system. The flowchart in section 5.12.6 describes the subsequent procedure. 
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5.12.6 Packaging Development – Purchase Phase 

 

 
 
Figure 5.10: Packaging Development (VCC) – Purchase phase 
 
When a prototype has been tested, approved and everything else is settled design-wise, the 
purchasing process of special packaging begins. VCC invite tenders for supplying the 
packaging needed through FM&SP. The most suitable supplier is then selected for production 
and funds for investments are released. Information is submitted and integrated into the 
purchasing system. Thereafter new input is sent to VLC and the VLC Catalogue is updated 
with packaging information. SI+ is updated, follow-ups are made and finally, the packaging 
implementation is finished. 
 

5.13 Logistic & Landed Cost 

This part focus on the costs related to the development of special packaging. We will first 
define what VCC takes into account when they calculate their costs, and from this look at the 
costs related to packaging. 

5.13.1 Logistic cost and Landed cost 

In order to attain a general perception of real logistic cost within VCC, Volvo has defined two 
major measures, Logistics Cost and Landed Cost. The Logistics Cost is the cost of transport, 
internal handling, purchasing of the packaging, administration, capital tied up costs and floor 
area. The Landed Cost considers the Logistic Cost as well as the actual part price cost of the 
purchased articles.  
 
These costs are then used for decision making regarding: 
 

• The supplier choice process 
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• In case of change of supplier manufacturing/ shipping site during program activities 
• Verification of logistic decisions in program logistics 
 

Landed cost is calculated from 1:st tier supplier to the VCC units. The Landed Cost is based 
on the following inputs: 
 
 Transport 

+ Packaging 

+ Internal handling 

+ Administration 

+ Capital Tied up 

+ Floor Area 

= Logistic cost 

+ Part price 

= Landed cost 

 
Table 5.1: Logistic & landed cost 
 

5.13.2 Cost comparison 

Landed costs must be considered when comparing different packaging concepts. It can also be 
called the Total Cost and should be calculated like this: 
 
Total Cost = Administration cost/packaging + Transport cost/packaging + Handling 
cost/packaging type + Other cost + Cost/item = Total Cost/unit load 
 

• Administration cost 
In a retail packaging system the administration costs mentioned below are mostly brought 
together and treated as one. Examples of administrative cost are: 

- Packaging price (the purchase price). (Depreciation cost). 
- Efficient administration from supplier – factory – supplier. 
- Tracking (control ad steer the packaging to the ordered location). 
- Maintainable, the design should support minimized and easy maintenance. 
- Cleaning cost of packaging. 
 

• Transportation cost  
- Filling degree, consider how efficient the parts could be in the packaging compared to the   

total packaging volume. 
- Stackable, the packaging could be put in top of each other. 
- Weight of the packaging due to transport cost & hand ability. 
- Returning cost of packaging (sometimes included in the administration cost in a rental 

system). The returning cost are in most of the cases decreased if the packaging is collapsible 
or could be fit within each other. The exceptions are: 
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1. Closed flows where the handling cost exceeds the transport cost and  
2. Box parts with an inefficient filling degree (in boxes that could be fit within each other). 
 

• Handling cost by logistic & production 
- Easy to build-up, 
- Consider the cost of handling different packaging internally in the factor (from unloading 

gate to point of-use to shipping gate). 
- Collapsible, in a cost efficient way. 
- Walking distance at line side and handling by the line side operator. Include the walking and 

handling time when comparing packaging which differs in this respect.   
 

• Other costs/aspects 
- Filling degree at line (80%) 
- Communality (Ford & PAG) 
- Environmental friendly 
- Damage reduction (to the parts) 
- Dust free, the packaging should support a clean production 
- Flexible, could be used for a lot of parts and sizes easy to open in a preferred way 
- Ergonomic, to build-up, handle and break-down (to pick from) 
- Robust, is designed for the existing handling 
- Labels easy to peel off 
- Inventory cost (filling degree or unit load) 
 
It is of course difficult to put a price tag on these costs, however it must be strongly 
considered when discussing packaging concepts. 

5.14 The packaging development process for headlining 

This section of the master thesis should provide us with knowledge concerning the 
development of special packaging. In order to accomplish this, an observation has been 
carried out on the packaging development process of the headlining. This headlining is a very 
complex process that affects several stakeholders, which makes this development process to 
be representative for all other development processes of special packaging.  

The observation purpose was to identify all the conceivable stakeholders and what their 
requirements are and also what timing that needs to accomplish a more effective development 
process with fewer setbacks.  

The headlining process has been a case for Volvo where the information regarding the new 
measures of the headlining for the Y413 model was discovered very late. From the beginning 
the packaging engineer believed that he could use previous solution of the packaging but with 
the new measures it will it be impossible. The new headlining is larger in both width and 
length. It also has fixation points that are in different places than the other car models. These 
two issues leads to that this new headlining does not fit in to today’s packaging together with 
the rest of the car models. This means that a new concept needs to be developed that do not 
include today’s concept of having the parts laying down in drawers.  

The observation started when the packaging engineer had discovered this measurements 
problem, so we have had the possibility to be involved in a big part of the development 
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process of special packaging under a very short time. This could under normal circumstances 
take a couple of years to go through when you follow a new project and its gate windows. The 
whole observation about the headlining process has provided us with a lot of information and 
answers of why this situation can appear. All these information’s, answers and knowledge 
have been taken into account when we have developed the process model for development of 
special packaging. 

5.14.1  Background 

The special packaging of headlining is identified as one of the most outdated and costly 
packaging at VCC. The headliners require a special packaging due to its size and fragility. 
Steel rack is used as the outer packaging material. The size of the rack is 240*150*145 cm 
and weights 850kg. It consists of four drawers where each headlining is placed on an EPP 
board. The unit load for the rack in VCT is 4 (5 in VCG). 
 
 

 
 
Figure 5.11: The existing special packaging for the headlining with drawers at VCC 
 
The headliners are supplied in sequence from the supplier plant in Arendal. The packaging for 
this flow must be able to handle articles for up to four car models since they have the same 
assembly point on the assembly line (point-of-fit). So, when the articles have the same point- 
of-fit for different car models, they all have to fit in the same packaging in the same flow. 
This will make it impossible to design the packaging in an optimal way since the design of 
each article differs from model to model. 
 
Before the merger of the two production lines in 1996 and the decision to outsource the pre-
assembly, the headliners were positioned in a hanging steel rack. However, this change had 
major consequences for the material supply chain of the headliners since the supplier started 
to assemble more ingoing parts than before. MP&L realised that it was impossible to have the 
headlining in a hanging concept, mainly due to the sensitivity of the inner rear view mirror. 
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The management also preferred packaging solutions where items were placed in the same 
position as it would be assembled in the car, i.e. the assembler shouldn’t be forced to turn the 
article. An investigation and evaluation of a new packaging concept for the headliners was 
carried out by MP&L, which resulted in today’s laying concept. Due to the introduction of 
new models during the last couple of years, the rack has been modified a few times to suite 
the headliners. These modifications have been made without any consideration to the total 
costs and no investigations or evaluations of new concept have been performed. 
 

5.14.2 Identified Problems 
MP&L has identified the packaging for the headliners as one of the most outdated packaging in the 
whole production. Next to the flow of the exhaust system, the headlining flow is assumed to be 
the most expensive sequence flow calculated on each item delivered. The assumption from 
MP&L is that the packaging is the major problem in this flow. This is based on following: 

• The weight of the rack 
- The relationship between the weight of the rack (850kg) and the weight of the headlining 

(4pcs á 6-7kg) makes no sense. 
 
• The size of the rack 

- With the increased number of different car models, the space available in the plant is now 
minimal. The rack for the headliners is one of the largest in the plant. Measure for the rack is 
240*150*145 cm. 

• Maintenance cost for the rack 
- It is the most expensive rack (together with the exhaust system) when it comes to 

continuously maintenance of the movable parts (approx. 500 000 SEK/year) 
 

• Moving parts 
- Moving parts in the rack that may have breakdown and cause a directly standstill in the 

production if the headliners can’t be pulled out. The cost for a standstill is estimated to 
12.000 SEK/minute. 

 
• Purchase cost of each rack 

- The purchase cost for the rack (37 000 SEK/rack + research) compared to a standard 
headlining (approx. 1000 SEK) in combination with a unit load of 4 headliners is not 
reasonable. 

 
• Low unit load 

- The rack for the headlining has the lowest unit load of all racks in the production (together 
with the rack for the exhaust system and the rack for bumpers). The requirement from the 
"plant" states that the unit load in each rack should cover 20 minutes of production. The rack 
today covers approximately 4 minutes of production in Torslanda, which results in a need 
for an expensive "rack exchanger".  

 
• Handling costs 

- The assembly station in Torslanda is located in the middle of the factory, which leads to 
extraordinary handling costs. 

- Requires forklift handling  
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• Rack flexibility 
- The ability to use the rack for new car models headlining is minimal. 
 

• Impede high transportation fill rate 
-  The rack doesn’t have standard measures. 
 

5.14.3 Today’s packaging for headlining  

Today’s headlining concept consists of a steel box with drawers. The number of drawers in 
Torslanda is four, which provides a unit load of four and in Ghent five, which provides a unit 
load of five. In each drawer lays an EPP board that can handle all four car models (S80, V70, 
XC70 and XC90) and the headlining is placed on top of the EPP. The low unit load leads to a 
high handling effort that is costly for Volvo to have. The steel box has also a very complex 
locking system that provides high maintenance costs. This concept is very inflexible were 
every new car model demands a change in the EPP board. This leads to high investments cost 
every time a new project begins and this is of course something that MP&L wants to avoid 
with the new concept 

5.14.4 The Material Supply Flow for the existing packaging  

The Material supply flow for the headliners is shown below; it describes the flow from the 
supplier Johnson Control to the manufacturer Volvo Car Corporation and reverse. 

NR Activity description Cost owner Activity type 

1. Loading at supplier MP&L Local Handling 

2. Transport to plant MP&L Local Transport 

3. Unloading at plant MP&L Local Handling 

4. Haulage to point of fit/ buffer MP&L Local Handling 

5. Material feeding (to line) MP&L Local Handling 

6. Assembly ME (Manufacturing Engineering) Operation 

7. Reverse handling MP&L Local Handling 

8. Return flow (transportation) MP&L Local Transport 

 
Table 5.2: Material Supply Flow for the existing packagin 

5.14.5 Finding another solution 

With the identified problems in mind, the responsible PSS decided that the best way to find a 
new more efficient packaging was to make a benchmarking study. During that process the 
PED visited Ford in Genk, Cologne, Saarlouis, Jaguar Halewood plants and SAAB in 
Trollhättan. After some evaluation the packaging engineer decided to go with the same basic 
concept as SAAB, a hanging concept, see figure 5.12. This, with some modifications and 
adjustments to fit the VCC assembly plants strategies and manufacturing process was 
believed to be the most cost efficient one. 
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Figure 5.12:  SAABs version of the hanging rack 

5.14.6 Affected stakeholders and their requirements 

In order to gather all possible obstacles of changing the packaging concept into the scope, the 
packaging engineer organised meetings with the concerned stakeholders in the process. A 
short description of the headlining concept was carried out with the aid of a virtual model 
constructed by the packaging designer, see figure 5.13. 

 

 

Figure 5.13: Virtual model VCC 
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From these meetings the PE was able to gather all concerned stakeholders requirements and 
comments. Below are stated their major areas of concern: 
 
R&D 

• Structure 
- Concept of the packaging: 

Will the headlining manage to be hanged? 
Will the headlining manage to be transported in this form? 

 
Manufacturing Engineering 

• Ergonomics 
- Weight 
- Frequency 
- Working heights:  

The rack must be in picking position for the assembler. 
The rack can not be to deep or high, the assembler needs to be able 
to pick out every headlining without any worry of being injured. 

- Handling:  
Will the headlining manage to be handled by the assembler 
without breaking? 

 
• Man-hours 

- TF1-time (product value adding time- pure assembly time) 
The assembly time must stay within today’s TF1-time 

 
• Materialfasçades 

- Line back principle  
Minimum walking time for the assembler . 

 
• Tool costs 

- Cost for new tools 
 
Material Handling Engineering 

• Measure 
Will the new rack fulfil the internal measures? 
Will the new rack fit next to the line? 
 

• Sequence transport 
Will the new rack fulfil the demands of 64 units on each trailer? 
 

• Rack investment 
How much will it cost to invest in these new racks? 
 

• Rack flexibility 
Will the new rack fulfil the demands of being a flexible solution, 
which means that it should also be able to cope with different 
design of parts for new car models. 
 

• Handling 
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Will the new rack be able to be transported internally (both by a 
forklift driver and by a trolley)? 
Is there any savings in handling?  
Could a forklift driver be reduced? 
 

• Maintenance 
Will the new rack concept have a lower maintenance cost? 
 

• Equipment  
What equipment investments must be done? 
Is there a new need of a new trolley?   

 
Supplier 

• Process changes 
Does the supplier need to change anything? What will it cost? 
 

• Handling 
Can the supplier handle this new concept? 
 

• Equipment 
Does the supplier need to invest in some new equipment? 
 

• Transport 
Can the supplier manage to transport this new rack? 

 
Purchase 

• Consequences on prices 
Should the article price be changed? 

 

5.14.7 The new suggested packaging for headlining  

As mentioned before, the new packaging concept is based on a hanging idea, which means 
that the headlining will hang in the overhead consol chassis, see figure 5.14. The unit load 
will be around ten pieces in each rack, but it will be hanged in two rows (5*2). This concept 
does not have a complex design and can be used for all headliners that can be hanged in an 
overhead consol. This concept will be possible to use in 2008 in Ghent and 2010 in Torslanda. 
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Figure 5.14: The headlining in a hanging position in the overhead consol at VCC 

5.14.8 The Material Supply Flow for the suggested packaging 

 
NR Activity description Cost owner Activity type 

1. Loading at supplier MP&L Local Handling 

2. Transport to plant MP&L Local Transport 

3. Unloading at plant MP&L Local Handling 

4. Haulage to point of fit/ buffer MP&L Local Handling 

5. Material feeding (to line) MP&L Local Handling 

6. Assembly (ME) Manufacturing Engineering Operation 

7. Reverse handling MP&L Local Handling 

8. Return flow (transportation) MP&L Local Transport 

    

 
Table 5.3:  Material supply flow for the suggested packaging 

5.14.9 Cost savings 

The calculated cost savings for one VCC plant with the new suggested special packaging for 
headlining are summarised below:    
 
Investment: - Packaging (Rack): 600.000 SEK (based on 3 year depreciation)  

- Rackfeeder: 767.000 SEK (based on 3 year depreciation) 

Savings: - Repair/Maintenance: 360.000 SEK  

- Transport: 1.840.000 SEK  

- Internal Handling: 157.000 SEK 

This calculation will result in a cost saving of 14,9 SEK/car based on a yearly volume of 
250.000 cars.   
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5.14.10 Summary of the packaging development process for headliners 

By comparing the two alternatives it is obvious that the hanging concept is more profitable 
based on lower cost for handling and maintenance. This cost reduction can be reached without 
changing the general structure of the material supply flow. The fundamental activities in the 
flow are still the same even after the change. This means that the material supply flow doesn’t 
change just because a packaging concept is changed. 

After it has been decided that the hanging concept is the best new solution both when it come 
to cost and flexibility, tests needs to be carried out. This will be performed together with 
stakeholders like the supplier, R&D and ME. R&D is not concerned that the headliners gluing 
of cables will manage the transport, maybe an extra supporting channel will be placed in the 
rack anyway to be certain that nothing happens with the cables. The ME department are 
concerned that the headliners with sun roof will break during handling by the assembler; this 
can not be fixed by a helping equipment. Otherwise is this hanging concept really good and it 
will not be any problem to transport and handle them internally. The supplier has not any 
problems either except from the sun roof problem, but this is a problem for all. The rack 
works great with the assembler and fits next to line perfectly. The unit load will also rise from 
4-5 up to 14-16 pcs, this leads to a lower handling costs.  

The biggest issue as said before is to solve the problem with the sun roof, this will be the 
bottle neck that can jeopardise the whole new concept. Investigations will continue, one idea 
so far is to use some kind of extra strengthen part around the weakest areas. This will be in 
place during transport and handling and will be removed by the assembler before placing the 
headliner into the car. This issue will continue to be discussed and hopefully a good solution 
will be found. In worse case will both Torslanda and Ghent be forced to use a two way flow at 
the production line.  

6. Analysis 

6.1 Analysis of the current packaging development process  

6.1.1 Late involvement 

The current development process of packaging based on the VPDS system involves 
packaging development being performed within each project. Even though the responsibility 
of the packaging engineering group starts in G-3 they perform very little work in the early 
stages of the projects. Definition if standard or special packaging are needed as well as 
developing a budget for special packaging are set between G-3 and G0, but there is nothing 
done to influence the design of the articles. The R&D set the system of the articles in G-1 and 
freezes the detailed design in G2. Since the packaging engineering group aren’t involved in 
this process and the R&D doesn’t play attention to the packaging aspects when designing the 
articles, costly packaging solutions must for the most part be chosen. By not participating in 
the early stage of the projects, the packaging engineering group is forced to accept the design 
of the articles no matter what the design is. This makes the packaging design limited to the 
article design. It is obvious that this is not optimal seen from a logistic point of view. Costs 
for packaging could be considerably reduced if the packaging aspect were taken into 
consideration from the beginning in the design process of the articles. This also corresponds 
to Klevås (2005) case study where she revealed that “if the packaging function is placed in 
both the product development team and the logistics function, the integration of packaging 
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and product development can be more successful because of the input of the supply chain 
overview”. Even small design changes that are not seen as important by R&D might result in 
improper packaging leading to high development and investments cost for the packaging 
engineering group.  Packaging and the costs associated to it must be highlighted in the VCC 
organization and treated as an important part of the development process. 

Up to now, the logistic department have not participated in the GOA meetings, which means 
that the focus has only been at the design and function of the article. The PED should in the 
future participate in these early meetings of the car projects to avoid the development of part 
solutions that could affect the transportation and packaging in a negative way when it comes 
to quality and cost.  

One of the biggest headaches for the packaging engineering group is all the late article design 
changes made after the gate closures. These repeatedly late design changes in the projects 
made, which might make the packaging improper, forces the packaging engineer to let go of 
all other tasks just to solve these kinds of problems. Ordinary packaging development will 
then be unprivileged and this may lead to inferior packaging being developed with possible 
problems arising further on in the projects. Much of the packaging engineers’ work will then 
be of problem solving kind, problems that in many cases could have been avoided if the 
packaging aspects and costs for it were considered by other departments. This awareness 
could be enhanced due to early involvement by logistics in the projects. 

Another problem arising with not participating in the early stages of the projects is that the 
packaging engineering group doesn’t get important information about design changes of the 
articles immediately. The information about the design changes are usually communicated 
when they are completely decided. If the design changes imply needs for a new packaging 
concept, not much time will be available for the packaging engineering group to design and 
develop. This is the fact based on the development process are performed within the projects 
where the gates set the requirement for when the packaging should be ready. 

6.1.2 FKB-P 

The packaging engineering group has realized that something must be done to prevent these 
kinds of problems and have recently started to work with the FKB-P process. This is a good 
way of bringing the packaging engineering groups requirements into the design process of the 
articles. On the other hand this isn’t enough. Requirements can e.g. be forgotten to be placed 
in the FKB-P or requirements might be misinterpreted along with other contributory factors 
that make the FKB-P insufficient. 

6.1.3 Time pressure from gate requirements 

The development process of packaging which is performed between G1 and G5 does for 
example not make much space for packaging improvements i.e. finding and designing new 
packaging concepts etc. Changing packaging concept is a very complex process. If problems 
occur in this phase it is seldom not much time available to solve them. It is obviously too 
risky trying to find a more cost efficient packaging. Therefore the same packaging concepts 
from previous projects are often used with some modifications if needed. Using the same 
packaging concept again imply minimum impact on other stakeholders. The decision to go for 
the previous concept is often made without any attempts to find a better and more cost 
efficient packaging concept. If suitable packaging for example is not developed on time, an 
inferior solution will have to be used, which implies either quality risks or expensive rushed 
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solutions. Even though the objective for the packaging engineering group is to assume the 
most cost efficient packaging solution in accordance to VCC cycle plan they primarily focus 
just to secure a working packaging at the project launch. By using the previous concept, the 
risk of running up against problems for the packaging engineer is considerably reduced, 
problems that could be both costly and time consuming to solve. There is simply not enough 
time to find the best solution for each packaging. Packaging concepts that are very costly will 
therefore continue to be transferred between projects as long as they fulfil the basic 
requirements. 

6.1.4 VCC and 3
rd

 Party Designed Packaging 

As Thomke and Fujimoto (2000) point out, an important part of an effective development 
strategy is the timing and fidelity of test models. The information generated from the models 
plays an essential role in the identification and solution of design and manufacturing 
problems. They also mention that if models are built and tested very late in a development 
process, the cost and time required to solve identified problems can be very large. They 
specifically point out how noticeably this can be in the automotive industry where late design 
changes can lead to enormous costs. Especially increased tooling commitments can imply 
high costs as well as delaying the process. The packaging engineering group uses the 
advantages of both virtual and physical models in the design process but the building and 
testing of them are performed late in the projects. The packaging engineering group starts the 
packaging design with virtual models in G1 and end the design process in G5 with a design 
review of the physical prototype. This applies no matter if it is a VCC designed process or 3rd 
party designed process. The Pre-Try-Out (PTO) starts in G6 and the final packaging design 
must then be decided. The 3D-model must also be released in G5 so that the suppliers will 
have time to respond to the tenders as well as producing and delivering all packaging in time 
for the Start of Production (SOP) in G8. The loop work with refining the models starts with 
the PTO, a process that only should continue up to G7. However, the refining sometimes 
continues after that. Even though these late tests and refinements imply huge costs, they are 
very hard to avoid with the current VPDS system. 

6.2 Analysis of the packaging development process for headliners 

6.2.1 Introduction 

As stated earlier, the packaging for the headliners has been known as very inefficient and 
extremely costly based on the problems identified in section 5.14.2 for a long time. With this 
in mind the responsible packaging engineer just had to find a new more cost efficient 
packaging for the headliners. This process started out with the benchmarking study that was 
performed (approximately at the same time as the start of the Y413 project) where the 
hanging concept showed out to be one of the most interesting alternatives to the existing 
concept. From the beginning, the hanging concept was not meant to be dedicated to any 
project at all. The development process of it was scheduled to run in its own pace beside the 
Y413 project due to all work that had to be performed with changing the concept. However, 
when the packaging engineer just before G2 in the Y413 project realized that the headlining 
for Y413 would not fit into the existing packaging anymore which would have caused two 
separate material flows for the headliners, the plan was changed. 
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6.2.2 A complex process 

When changing concept, like in this case from laying headliners to hanging headliners, many 
stakeholders are concerned. The supplier must for example strike out a piece of their wall, 
new wagons must be constructed to transport the rack in the plant and the assembler must take 
out the headliners from the rack in a completely new way. Some of these issues were already 
known by the packaging engineer before the start of the process of finding a more cost 
efficient packaging concept. However, in order to ensure that nothing falls between the chairs 
and get all other issues into the scope, the packaging engineer had to contact all imaginable 
stakeholders to see the eventual impact on them. As Johansson and Mathisson-Öjmertz (1996) 
states, there are varying demands on packaging in different positions in the material supply 
system. When these demands are not met, it results in additional costs and delays, for 
example, repacking, extra administrative costs, and delays in accessing the materials. The 
process of gathering all stakeholders varying demands has been a quite time consuming. Since 
there are many stakeholders affected by the change of packaging concept and there hasn’t 
been much time to develop and test the new concept, the packaging engineer has made the 
decision to also modify the old packaging as well. This will serve as a back-up if something 
unexpected happens with the hanging concept which makes it impossible to use. Modifying 
the already existing concept by just making small adjustments to it will imply minimal impact 
on the stakeholders, thereby eliminating the risk of bumping into difficult problems. 
Developing the old concept further of course comprise extra costs but was necessary in this 
case in order to ensure a working packaging at the start of production. However, if the first 
part of the development process where performed outside the car projects, many of the critical 
issues of changing a packaging concept could be addressed at that time. That would make 
development of back-up packaging unnecessary.    

6.2.3 Late involvement 

If the packaging engineer had been more actively involved in the Y413 project from the 
beginning it might would have been possible to affect the design of the headlining and by that 
be able to use the same packaging over again (if that would have been the most cost efficient 
one). At least the packaging engineer would have been aware of that the Y413 headlining 
would be broader than the existing packaging at an earlier stage which would have given him 
more time to find and develop the new concept. Since the logistics weren’t involved and the 
FKB weren’t directed to the project, it was no chance to affect the outcome of the headlining 
design. 

6.2.4 Virtual models 

To see if the new hanging concept would be possible to implement at all, a virtual model was 
created by the packaging designer (see figure 5.13). It served an important piece of work for 
the packaging engineer to show the involved stakeholders how the concept would look like. 
By showing the virtual model, the involved stakeholder could easily give their opinions on 
potential problems. However, after showing the model for the headlining rack to all 
stakeholders no major problems were identified. Therefore it was decided that the design 
process could continue with constructing a physical model. Another reason for constructing 
the virtual model was to see how many headliners that would fit in the rack. By using CATIA 
and loading the virtual articles into the model it was stated that a unit load of at least 12 pcs 
was achieved, three times more than the existing packaging. It was then possible to make a 
decent cost calculation for the hanging concept and compare it with the existing packaging. 
Virtual models have the benefits of quickly providing an overriding understanding of the 
concept, thus making it easy to identify the most significant problems at an early stage. 
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Changes are then easy to make in the virtual model. They are also not very costly to provide 
because they as Thomke and Fujimoto (2000) states, are made so early in the process. When 
the virtual model was reviewed and accepted by all stakeholders it was possible to proceed 
with the physical model. 

6.2.5 Physical models 

One of the most essential issues for the packaging engineer was to make sure that it would be 
possible for the assembler to assembly the headliners without any major problems. In order to 
exactly see how the assemblers’ ways of working got affected as well as how they will handle 
the headliners, a physical prototype was made, see figure 6.1. At the first design review of the 
physical prototype it was discovered that there is a considerable risk of cracking the 
headliners when lifting them off the rack and folding them down into position for the robot. 
When this was problem was discovered it was stated that a lifting tool was required for the 
assembler. Without this physical test it would have been hard to identify this problem. There 
were also other minor problems discovered that required adjustments to the rack, even those 
problems would have been hard to identify without the physical prototype. This showed the 
importance of physical models in development processes and the fidelity that these models 
provides, especially for special packaging in the automotive industry. 

 

Figure 6.1:  Physical prototype of the hanging concept 
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6.2.6 Physical testing 
It is also important to make a physical prototype to test the effects on the headliners since they 
will be exposed by completely different load strains and forces than before. One big issue is if 
the glue that fixes the cables and the plastic material to attach the overhead consol will be 
strong enough to rest these forces. It should be mentioned that as Thomke and Fujimoto 
(2000) states, it is not necessary to construct complete prototypes. To test the strengths of the 
glue it would be enough just to construct a simple prototype to be able to perform the first 
tests. Vibration tests in a shake rig together with drop tests are some of the test that will be 
used. These kinds of tests are almost impossible to simulate virtually, the fidelity that the 
physical tests provide are usually unbeatable. Prototype testing is therefore very important 
just to be able to test variables that are hard or impossible to simulate in a computer. As 
Thomke and Fujimoto (2000) mention, it is important that these tests are made at an early 
stage of the development process where the cost and time required to solve the identified 
problems still are tolerable.  

6.2.7 Summary 

With regard to when the packaging engineer starts the packaging development with designing 
models and testing today, it would have been impossible to find and implement the hanging 
concept for the headlining flow in time for the Y413 project. Luckily the process of finding a 
new packaging concept was already started before the Y413 project by the project leader as a 
way to find a more cost efficient packaging for future car models. Thanks to that much of the 
development work was already performed. This made it possible to implement a much more 
cost efficient packaging. Without this work, the same costly packaging concept, with some 
small adjustments had probably been use again. As mentioned before, there is always a risk of 
changing a concept completely, especially when there is minimum amount of time available. 
The time pressure that exists in the projects will hinder the packaging engineer to work with 
packaging improvements that imply changing concept with major impact on several 
stakeholders. Therefore it is understandable that the packaging engineer chooses a packaging 
with the least adjustments. Therefore in order to make sure the most cost efficient packaging 
will be used, this development process must be decoupled the ordinary projects. 

As with the development process of the headlining rack, several problems were identified 
through both virtual and physical design reviews. Thus the importance of designing both 
virtual and physical models is vast in the development process of implementing new 
packaging concepts. This corresponds to Thomke and Fujimoto’s theories about efficiency in 
the development process where they prove the essential role that test models and the fidelity 
of the physical prototype provides. As they say, “the information generated from these models 
plays an important role in the identification and solution of design and manufacturing 
problems”. 

6.3 Analysis of lessons learned (project-to-project transfer) 

According to Thomke and Fujimoto (2000), transferring problem and solution-specific 
information to new projects by project-to-project knowledge transfer can significantly 
improve the development performance. Methods for improving project-to-project knowledge 
transfer include the effective use of post-mortems, which are records of post-project learning 
and thus can be instrumental in carrying forward the knowledge from current and past 
projects. MP&L does have this mind set with the lessons learned document but the method 
and document is far from being used as effectively as it could be. Even though there exists 
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one document for each project and the packaging engineers’ see its benefits, it is rarely used. 
Experiences within the project are to some extent documented depending on the DPL’s (The 
Part Project Leader) view of the importance of the lessons learned process. Nevertheless it is 
never used as a source for information by the Packaging Engineering Department. The 
general mind set today at the PED is that there is not enough time for filling in the lessons 
learned document properly. One rather starts up with new projects instead. As the study made 
by Watkins and Clark (1994) in the automotive industry, one problem showed up repeatedly 
over three sequential projects. There is no reason to believe that VCC aren’t doing the same 
thing. However, if the importance and benefits of the lessons learned process was highlighted 
in the organisation the development performance would improve and the general development 
time decrease. The lesson learned process must be prioritised and the lessons learned 
document should include detailed information on problems and solutions that can be reviewed 
by the teams prior to the start of a new project as well as during the project. 

7. Conclusion & Recommendations 

The most obvious conclusion that can be drawn form the analysis is the packaging 
engineering department is working reactively, i.e., waiting for things to happen instead of 
working pro-actively and try to influence the outcome. This implies being involved in an 
earlier stage of the projects than today. 

It is obvious that the difference in effort between changing concept to use the existing one 
with modifications is considerable. With the time pressure that exists in the projects it is easy 
to understand that the packaging engineer primarily tries to modify the existing packaging, 
even though it is a costly packaging. The procedure of how the packaging engineering works 
today does not support working with packaging improvements. There is simply no time for it 
and way too risky in order to make the gate requirements. To address the question and work 
more pro-active are our suggestion, which is in accordance with the GPDS system, to create 
an annual process group outside the project work. This group should among other things work 
with continuous improvements of special packaging. The packaging engineer working in the 
project will be actively involved in the projects already from the beginning at G-3/PS, or 
earlier in the Pre-PS phase. Part modules are coming in more and more complexes versions, 
this leads to that the packaging has a great impact on the logistic- and production cost of the 
final car. This is why it’s important to be involved early in new car projects. This will be 
carried out through participating in cross-functional forums together with R&D, ME etc. To 
be involved this early makes it possible to influence the parts design & system and by this 
make the forum aware of the packaging issues. The FKB demands may not always be enough 
and therefore the cross-functional meeting will serve as a support tool to the FKB-P. This 
entire process will make the packaging be more cost efficient and flexible. The advantages 
that project-to-project transfer can provide must be better utilized. There is already an existing 
structure for dealing with this, so-called lessons learned document. However, this must be 
highlighted in the packaging department group to improve the development process even 
further.  

To have the ability to solve the stated problem mentioned in the analysis section, needs 
improvements be done. This will be solved by the following areas: 

• Lessons learned 
• Annual process 
• Early involvement in projects 
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7.1 Lessons Learned 

Lessons learned are not prioritised today, but need to have a more significant role. It is 
important to document good and bad things happened through projects to be able to prevent 
the mistakes to happen again and have the possibility to do the right thing once more.  It is 
important to do make partly checks through the projects and discuss what was learned in 
previous projects.  

The study performed by Watkins and Clark in 1994 showed that the same type of problems 
showed up repeatedly in sequential projects. It is obvious that if the importance of project-to-
project transfer and the lessons learned document is highlighted and used by the Packaging 
Engineering Department (PED), the problem rate in each project could be considerably 
reduced. With fewer problems in the projects, more time will be available for the Packaging 
Engineer (PE) to work with improvements as well as filling in the lessons learned document 
properly. Even though Thomke and Fujimoto emphasises on problem transfer between 
projects, it should also be mentioned that information transfer of good experiences also are of 
importance. Smart solutions and other successful experiences can further improve the 
development process and reduce the total development time. 

7.2 Annual process 

Since there is an increasing interest in reducing the time between concept and market for new 
products, the need for working with overlapping activities (i.e., concurrent engineering) in 
product development projects are considerably important. According to Synthesis C, this 
means taking decisions before the product is completely developed. To take this one step 
further, the preliminary work of finding the best packaging concept could be performed 
outside the projects in an annual process. By doing this, a major part of the packaging 
development work will be done already before the start of the new car project. This will 
shorten the development time considerably. 

An annual process will also solve the problems with costly packaging being transferred 
between projects to projects. As mentioned above, the annual group should not be involved in 
new car projects but should instead work with continuously packaging improvements and 
make sure the most cost efficient packaging is used. This involve identifying ratios, 
evaluating concepts, performing benchmarking studies, making the preliminary design work, 
setting requirements in FKB-P etc. Apart from working with continuously improvements and 
identifying ratios within the group, inputs from any other stakeholder can trigger the process. 
Requests for R&D to make exemptions from the FKB-P so the packaging will not be useful 
anymore could also be a trigger. 

Apart from the other tasks to perform, the annual process should also work with updating of 
the PM base. This will be a big part of the annual process to manage. Many changes are 
carried out on the special packaging after the start of production (SOP) that need to be 
changed in the PM base, this to guarantee the right version of the packaging when a new 
project starts. This has been a problem for the PE´s so far and need to be solved to provide a 
more cost efficient, rapid and qualitative work. If the annual process up-dates a CATIA 
picture in the PM base is it necessary to check if the FKB demands still are valid. If they are 
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not, changes must be done to update them. This will support a more rapid development 
process in future car projects.  

For projects still running under VPDS, the Packaging Engineer can work with improvements 
in a wider range than today. With the annual process will it be possible for the PE to pick the 
best packaging solution directly and just fine-tune the packaging along with the design 
process of the article. This means that each PE will be able to take responsibility for even 
more packaging. The improvement work and concept development of the packaging will be 
performed by the annual process group within the packaging engineering department; this 
group are composed by both PE’s and packaging designers (PD’s). 

The annual process should have their on budget that can be used when different projects 
needs to be carried out. It can be for example a project of finding a new special packaging and 
capital needs to finance prototypes among other things.  

7.2.1 Development process - Annual process for special packaging 

The annual process for special packaging will work with so called “put on the shelf” concept, 
which means that the packaging concepts will be decided and the preliminary packaging 
design and testing are carried out before the start of a new car project. This is according to the 
GPDS strategy and will result in shorter project time for the Packaging engineering 
department.   

With the ability to have the concept solution as early as gate -3/PS gate, will prevent costly 
packaging solutions, this has earlier been an issue when the logistic aspects has not been a 
part of the discussion when decision regarding the parts design has been taken. To have the 
concept ready this early will help set the right FKB demands to gate -3/PS and by this 
influence the parts final design. 

The annual process for packaging are described below: 

Figure 7.1: Packaging development – Annual process for special packaging  
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A written procedure is described below; it presents what each activity in the annual process 
involves and what job that needs to be carried out. 

1. Lessons learned meeting 

In this activity you should participate in a meeting where you discuss the documented lessons 
learned from previous projects. This to prevent repeating mistakes from earlier projects and 
make sure good things are transferred into the new project.  This meeting will be driven by 
the program manager. 

 

2. Describe and analyse the present situation 

In this activity will a business case be performed, this involves the total cost (logistic and 
landed cost). This cost will be the initial key factors to compare the new concepts with the old 
further on.  

 
Total Cost = Administration cost/packaging + transport cost/packaging + handling 
cost/packaging type + other cost + cost/item = Total Cost/unit load 

 

3. Suggestions on alternative concepts 

In this activity new concepts should be suggested. At least 2 concepts should be presented. 
Ways to find alternative solutions are to carry out a benchmark study have a brainstorming 
meeting or use your own experiences to come up with new concepts.  

Important! Check if possible to use standard emballage instead of a new special packaging!!! 

4. Evaluation of concepts 

After you have come up with new concepts you have to evaluate them. In this activity you 
check if the new concepts follow the VCMS/MP&L strategies and the line back principles. 
You also need to evaluate if the concept could be introduced in practice. Continue to work 
with the concepts that fulfil the strategies and that you believe will work in the production. If 
the result of the first evaluation is not satisfying you have to go back to the activity 
“suggestion on alternative concepts” and start all over again. 

• Characteristics for a good packaging are: dust free, flexible, ergonomic, 
environmental friendly, robust, easy to handle, foldable, cost efficient easy to 
maintain. 

• Define packaging which enables an optimal material façade in order to support a 
more efficient assembly process (maximum 80% filling degree of the material façade. 

• Should be based on line back principle, ergonomics and quality. Boxes designed to be 
put in each other and flat bottom. The handles must be "friendly".    

 

5. Pre-virtual design modelling 

In this activity some kind of 3D model should be done, this to get a picture how the packaging 
could look like. The 3D model should provide as much input so that the packaging engineer 
could get an indication of the unit load and if the concept could work in the production etc.  
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6. Define the stakeholders 

In this activity you need to identify the stakeholders. To do this you need to see how the new 
concept will affect the material flow and to see which stakeholders you need to involve in the 
development process of identifying the best concept. By doing this you can create a cross-
functional product development team. These persons come from different functions to work 
together and in parallel. The team members may come from functions such as R&D, 
manufacturing engineering, MP&L and the supplier. 

Below are all the stakeholders identified that can be affected by a change in the special 
packaging concept and what areas that concerns them: 

R&D 

• Structure 
- Concept of packaging 
- Measure 

 
Manufacturing Engineering 

• Ergonomics 
The ergonomic demands are concluded in the "Strategically ergonomic 
demands". Some important areas to consider within the area of ergonomics are: 
- Weight 
- Frequency 
- Working heights 
- Handling 

 
• Man-hours 

- TF1-time (Product value adding time- pure assembling time) 
(A longer TF1-time could be accepted if the total cycle time remains the 
same.) 

- Assembly of ingoing parts (previously included in delivery unit) 
 

• Materialfasçades 
- Line back principle (the assembler in focus) 
 

• Tool costs 
- Cost for new tools 

 
Material Handling Engineering 

• Measure 
• Sequence transport 
• Rack investment 
• Rack flexibility 
• Handling 
• Maintenance 
• Equipment  
• Assembly cost 
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Supplier 

• Process changes 
• Handling 
• Equipment 
• Transport 

 
Purchase 

• Consequences on prices 
 

7. Set budget for concept 

In this activity will decision be taken what budget this special packaging needs to decide the 
right and most cost efficient concept for the part to be transported in.    

8. Set up workgroup 

Set up a workgroup with the affected stakeholders identified from earlier step. This work 
group will be working together towards achieving the most optimal, flexible and cost efficient 
concept. To have a cross-functional working group will all aspects (both packaging and part 
issues) be concerned and evaluated. By adding this workgroup problems or other obstacles 
can be discovered at an early stage and be solved more rapidly and prevent unnecessary costs. 

9. Virtual/physical design modelling 

In this activity the special packaging will be tested more in detail with the stakeholders’ 
requirements. A little more detailed 3D-model will be made in CATIA, this will make it 
easier to see what outcome and impact the packaging will have on the part. Maybe, some 
small physical test will be performed if needed, but it will only be if there are a very 
important and decisive question needed to be answered and cannot be fulfilled with the 
CATIA model. If the 3D-model is outsourced to a 3rd Part, it is very important to point out for 
the supplier that the drawings will be VCC property and also could be used by VCC 
afterwards.  

10. Design review 

In this activity you will decide if you are satisfied with the results and conclusions from the 
virtual/physical design modelling. If the result of the first experiment is not satisfying you 
need to do the previous activity all over again (design modelling). Modifications must 
therefore be done and new experiments needs to be carried out.  

11. Compare the different concepts with each other 

When comparing different packaging solutions the total aspects that constitute the total costs 
must be considered. This means: 
 

• Calculate the Total cost (logistic and landed cost) on the different packaging concepts.  
• Then compare these costs (key factors) with the present situation (the initial concepts) 

key factors.  
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• Calculate the investment cost for each concept, and compare the results between the 
different concepts 

 
Total Cost = Administration cost/packaging + transport cost/packaging + handling 
cost/packaging type + other cost + cost/item = Total Cost/unit load 
 

12. Choose one concept 

Select the concept that provides the best and most optimal outcome in all aspects.  

13. Physical design modelling/testing 

Is this activity you should make some kind of physical prototype, it does not require full scale. 
The prototype should include the idea/concept and be as real so that you could run test on it. 
The tests that could be carried out here is; vibration-, shock, drop and side tests. It is 
important that this activity has been carried out in an accurate way, so the concept handed 
over to the general phase (project group) certainly is a working concept.  

14. Physical design review 

Here should you evaluate the outcome from the test. Have the test being satisfying or do you 
need to run some of the tests again.  

15. Set CATIA model in PM base 

In this activity should you: 

• Put the CATIA model in the PM-base. 
• Provide the first input to the packaging template 1. Write as detailed and thorough as 

possible, so that it could be understand by some other person further on in a car 
project. 

 

16. Set FKB requirements in base plan 

Write the FKB requirements in the eFDVS (Ford Design Verification System). It is important 
that the FKB demands are correctly and accurate done so when a new project is started up you 
know that the new packaging concept will work satisfying and without any big disturbances 
(as long as the FKB requirements are being followed by other stakeholders). 

 
17. Lessons learned 

In this activity you should document all your experiences both good and bad from the annual 
process of special packaging. This will form the lessons learned document for this process. 
 

7.3 Early involvement in projects 

Thus, it is not surprising that the benefits of early problem identification and solving can be 
quite remarkable and provide an area of great leverage for improving product development 
performance. Late engineering changes due to identified design problems can be very costly 
and time consuming. Do the right thing from the beginning are very important otherwise it 
can cost million of dollars and take weeks or months to be carried out in the right way.  
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Participating in cross-functional meetings will provide the possibility to identify problems in 
an early stage. These meetings can be the GOA-meetings or the manufacturing- or R&D 
meetings in an early time like between gate –3 and gate –1. It is under this period PE has the 
possibility to influence the design of the final product so the most cost efficient packaging can 
be used.  

To support the FKB-P and eliminate late discovered problems, the PED must be involved 
early in the design process of the articles. It implies participating in cross-functional forums to 
have the possibility to affect and to make sure the packaging aspects are taken into 
consideration. This ensures early awareness for deviations which could have impact on 
packaging design and investments. It will also reduce the risk of being surprised by late 
design changes and provides the PE the possibility to solve problems when they are less 
costly and time consuming. 

7.3.1 Development process - General phase  

The general phase handles the special packaging development in new car projects, this phase 
is an up-dated version of today’s one. This process will never develop new concepts only use 
the one existing in the PM-base (a base there all CATIA drawings for SP are kept), this 
provide the Packaging engineer less work in new car projects. At the start of a new car project 
will the packaging engineer start with load the CATIA drawing from the PM base and load 
the packaging template 1. It is very important that the PM-base is updated with the latest 
concept or rack with the correct measures and appearance to be able to do a cost- and time 
efficient work.  

The Packaging engineer will participate in cross-functional meetings to assure that the part 
will be designed to fit the special packaging. In these cross-functional meetings all the 
decisions regarding the parts system and design will be finalized. If the packaging engineer 
does not participate in these meetings the result can be costly. This is why this process will be 
the most important activity in the PEs work in new car projects. This work will be carried out 
between gate -3/PS to gate -1/PTCC. 

Packaging engineers and packaging designers will run the general phase. The general phase 
starts in G –3/PS and finish in G 0/PTC. After this will the process continue in the packaging 
development – 3rd parties designed or the packaging development – VCC designed. In this 
processes will the concept decided in the general phase be developed further in detail to fit all 
the stakeholders' requirements.   

The TVM group could help the packaging engineer with problems concerning the supplier’s 
willingness of co-operation. If the supplier requests for a higher part price due to a new 
concept/packaging can TVM support this discussion with the supplier. TVM stands for Total 
Value Management and is VCCs material cost reduction process. The process is cross-
functional, fact based, team oriented and are based on a strategy with benchmarking/analysis 
of costs.  

The DRM meeting can help when more investments are needed in the project. DRM is a 
meeting forum run by the Technical Programme Management under R&D. This forum is a 
place where funds can be applied in the project when unexpected occurrences have occurred 
and the project itself does not have the possibility to finance the special packages themselves, 
or the concept will increase the part price.  
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Below are the new general phase presented: 
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Figure 7.2: Packaging development – General phase 

A written procedure is described below, it present what each activity in the general process 
involves and what job that needs to be carried out. 

1. Define what parts that need special packaging 

By looking in PFEC can you decide if the part needs special packaging or not. If standard 
packaging can be used it will not be handled in this process. This activity will be carried out 
during gate -3 / PS. 

2. Upload FKB requirements to project 

Take the FKB requirements from the eFDVS base and steer them towards the new car project. 
This activity will be carried out during gate -3 / PS. 

3. Load CATIA model in PM-base 

Down load the CATIA model from PM base. In this base will all 3D-models drawings be 
documented and each drawing is in its right updated version. The 3D models concept 
drawings could be from earlier projects or updated by the annual process group. This activity 
will be carried out during gate -3 / PS. 
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4. Set first budget 

This activity concerns set the first budget with the input from the PMX-structure and 
information from the CATIA model and packaging template. This activity will be carried out 
during gate -3 / PS. 

5. Define impact on the stakeholders  

• This activity concerns define the impact on the stakeholders. Is it a new concept or is 
the concept a carry over packaging from earlier projects?  

• If there is a new concept the stakeholders needs to be identified; let them participate in 
the development of the packaging and provide them with the possibility to affect the 
outcome of the packaging. 

• This activity will be carried out during gate -3 / PS. 

Below are all the stakeholders identified that can be affected by a change in the special 
packaging concept and what areas that concerns them: 

R&D 

• Structure 
- Concept of packaging 
- Measure 

 
Manufacturing Engineering 

• Ergonomics 
The ergonomic demands are concluded in the "Strategically ergonomic 
demands". Some important areas to consider within the area of ergonomics are: 
- Weight 
- Frequency 
- Working heights 
- Handling 

 
• Man-hours 

- TF1-time (Product value adding time- pure assembling time) 
(A longer TF1-time could be accepted if the total cycle time remains the   
same.) 

- Assembly of ingoing parts (previously included in delivery unit) 
 

• Materialfasçades 
- Line back principle (the assembler in focus) 
 

• Tool costs 
- Cost for new tools 

 
Material Handling Engineering 

• Measure 
• Sequence transport 
• Rack investment 
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• Rack flexibility 
• Handling 
• Maintenance 
• Equipment  
• Assembly cost 

 
Supplier 

• Process changes 
• Handling 
• Equipment 
• Transport 

 
Purchase 

• Consequences on prices 
 

6. Lessons learned 

In this activity you should document all your experiences both good and bad during the period 
up to this point. This will be useful in the next project. This activity will be carried out during 
gate -3 / PS. 

 
7. Lessons learned meeting 

In this activity you should participate in a meeting where you discuss the documented lessons 
learned from previous projects. This to prevent repeating mistakes from earlier projects and 
make sure good things are transferred into the new project.  This meeting will be driven by 
the program manager. This activity will be carried out during gate -3 / PS. 

 
8. Participate in important cross-functional forums 

The packaging has a great influence on the logistic and production cost of the final product. 
For this reason should the packaging engineers be early involved in projects to be able to 
provide feedback on solutions that affect the packaging design and packaging pattern. The 
same is to be considered before any parts are grouped to a module that could have a great 
impact on the packaging design and logistic cost. The packaging engineers should influence 
the design solution of the final product to make the packaging as lean as possible.  

• Participate in the meetings from G-3 to G-1, which can have an impact on your special 
packaging. It is between these gates, you have the possibility to affect the parts design 
and you can point out your FKB requirements. 

 
• Example of meetings to participate are: ME meetings 

GOA meetings 
R&D meetings 
 

• This activity will be carried out during gate -3 / PS. 
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9. Define/develop special packaging budget 

Set the last budget input to project based on the PMX-structure and your input from 
participating in the cross-functional meetings. This activity will be carried out during gate -1 / 
PTCC. 

10. Get decision regarding approval in project 

Here you get approval to continue the development of your special packaging. This activity 
will be carried out during gate -1 / PTCC. 

11. Define specifications of design requirements 

Add the packaging template with more information regarding the special packaging design 
and specifications. It could be important information that has been visible during gates -3 to -
1. This activity will be carried out during gate -1 / PTCC. 

12. Lessons learned 

In this activity you should document all your experiences both good and bad during the period 
up to this point. This will be useful in the next project. This activity will be carried out during 
gate -1 / PTCC. 

 
13. Lessons learned meeting 

In this activity you should participate in a meeting where you discuss the documented lessons 
learned from previous projects. This to prevent repeating mistakes from earlier projects and 
make sure good things are transferred into the new project.  This meeting will be driven by 
the program manager. This activity will be carried out during gate -1 / PTCC. 
 

14. Check if possible to use existing packaging 

 

Check if the packaging already exists in the production flow. If the packaging is exactly the 
same as production uses now can you stop the general phase right here and go directly to 
purchase. Purchase will be involved if the volumes of the new part are so high that the old 
packaging isn’t adequate and you need to order more. This activity will be carried out during 
gate 0 / PTC. 
 

15. Define if 3rd party designed 

 

In this activity you have a new packaging that needs to be developed more in detail. You will 
here decide if VCC should develop the design further or if it should be outsourced to a 3rd 
party designer. This activity will be carried out during gate 0 / PTC. 

If the 3D-model will be outsourced to a 3rd party, it is very important to point out for the 
supplier that the drawings will be VCC property and also could be used by VCC afterwards. 
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16. VCC designed 

 

If it should be designed further by the packaging designer at VCC press this activity to go to 
the development phase of VCC designed packaging. This activity will be carried out during 
gate 0 / PTC. 

17. 3rd party designed 

If it should be designed further by a 3rd party designer, press this activity to go to the 
development phase of 3rd party designed packaging. This activity will be carried out during 
gate 0 / PTC. 

8. Discussion  

The future brings more asset-light organisations with closer between pre-series and more car 
projects running at the same time. The demand for cost efficient material flows and a rapid 
development process will also be even more evident than today. That is why an annual 
process within the packaging engineering department must be established. Providing already 
defined packaging concept at the project start will be vital for the PED in order to have a 
functional and cost efficient packaging at SOP. Therefore, this re-deployment work with 
setting up an annual process group is something that must be started by the PED as soon as 
possible. It will require an extensive and hard work from the annual process group before this 
new way of working with packaging development will work effectively. Therefore, the sooner 
the annual process group is establish and starts working, the easier it will be to cope with the 
future and the better the performance of the PED will be. This will also bring the importance 
of being involved at an early stage in the projects because of the importance of doing the right 
thing at the right time from the beginning. To have the ability to learn from other projects the 
lessons learned book must be more highlighted and could be a great tool to reduce 
unnecessary work, raise the quality of work and shorten the development time.  

Another factor that can reduce the development time in a new car project is to keep the gate 
demands. Today the different departments do not follow the gate time, this leads to delays in 
the projects. The different departments are usually dependent on each other, and if one 
department is late, it will affect other departments causing delays in the projects. For example, 
as it is right now, the PED are dependent on the design of the part from R&D. If R&D is late, 
the PED can’t proceed with the packaging development. This may lead to situations where the 
entire project must be postponed as well as the budget will be exceeded. 

This new way of organising the packaging development will help the PED to meet the future 
and increase the ability to follow the high pace that the OEM’s are subjected to. This will also 
make the PED work more pro-actively instead of today’s reactively way of working. 

 



 81 

9. List of References 

9.1 LITERATURE 

Aronsson, H., Ekdahl, B. & Oskarsson, B. (2003). Modern logistik – för ökad lönsamhet. 

Malmö: Liber ekonomi. 

Aronsson H., Ekdahl, B. & Oskarsson, B. (2004). Modern Logistik- för ökad lönsamhet 

(2nd ed.), Lund: Wallin & Dalholm Boktryckeri AB. 
 
Bowersox, D.J. & Closs, D.J. (1996) “Logistical Management: The integrated Supply Chain 

Process”, The McGraw-Hill Companies, Inc, Singapore. 
   
Bramklev, C. (2003), “Concurrent development of product and packaging: towards an 

integrated development procedure”, licentiate thesis, Department of Design Sciences, 
Division of Packaging Logistics, Lund: Lund University. 

 
Clark, K.B. & Fujimoto, T. (1991), Product Development Performance: Strategy, 

Organization, and Management in the World Auto Industry, Harvard Business School 
Press, Boston, MA. 

 
Coyle, J.J., Bardi, E.J.  & Langley, C.J. Jr. (1996), The Management of Business Logistics, 

West Publishing Company, St Paul, MN. 
 
Coyle, J.J., Bardi, E.J. & Novack, R.A. (2000), Transportation, South-Western College, 
Cincinnati, OH. 
 
Fredriksson, P. (2002a), A Framework for Analyzing the Operative Performance of 

Sequential Module Flows, Department of Operations Management and Work 
Organization, Göteborg: Chalmers University of Technology. 

 
Hill, T. (1995) Manufacturing strategy: Text and cases. Macmillian: Basingstoke. 

Holme, I. and Solvang, B. (1996), Forskningsmetodik – Om kvalitativa och kvantitativa 

metoder, Studentlitteratur. 
 
Johansson, Eva (2006), Materials Supply Systems Design during Product Development 

Projects, Department of Technology Management and Economics, Göteborg, Chalmers 
University of Technology. 

 
Johansson, M.I. (1991), “Kitting systems for small parts in manual assembly systems”, in 

Pridham, M. and O’Brien, C. (Eds), Production Research – Approaching the 21st 
Century, Taylor & Francis, London, pp. 225-30. 

 
Jonsson, P. Mattsson, S-A, (2005). Logistik – Läran om effektiva materialflöden. Lund: 

Studentlitteratur. 

 
Kinnear, T. & Taylor, J. (1979) Marketing Research: an applied approach, MacGraw-Hill 



 82 

 
 
Körner, S. (1996). Praktisk Statistik, Lund: Studentlitteratur.  

Lambert, D.M., Stock, J.R. & Ellram, L.M. (1998), Fundamentals of Logistics 
Management, Irwin/McGraw-Hill, Chicago, IL, London. 

 
Merriam, S. B (1988). Fallstudien som forskningsmetod, Lund: Studentlitteratur.  

Norman K.Denzin. & Yvonna S. Lincoln. (1995), Handbook of Qualitative Research,  
USA: SAGE Publications. 

Olhager, J. (2000). Produktionsekonomi. Lund: studentliteratur 

Smith, P.G. & REinertsen, D. G. (1998), Developeing products in half the time: New rules, 

new tools, Van Nostrand Reinhold, New York, NY 

Svenning, C. (1996). Metodboken: en bok om samhällsvetenskaplig metod och 

metodutveckling, Lorentz 
 
Tompkins, J.A., White, J.A., Bozer, Y.A.,  & Tanchoco, J.M.A. (2003), Facilities 

Planning, Wiley, New York, NY. 
 
Valerie Jabesick., Norman K.Denzin. & Yvonna S. Lincoln. (1995), Handbook of 

Qualitative Research, USA: SAGE Publications. 

 
Yin, R. (1994). Case study research: Design and methods (2nd ed.). Beverly Hills, CA: Sage 

Publishing. 
 
Öjmertz, B. (1998), “Materials handling from a value-adding perspective”, doctoral thesis, 

Department of Transportation and Logistics, Göteborg: Chalmers University of 
Technology. 

  
Von Hippel, E. and Tyre, M. (1994), How “learning by doing” is done: 

Problem identification in novel process equipment. Research Policy 
19:1–12. 

 

9.2 JOURNALS 

 
Adrian, E., Coronado, Mondragon., Andrew, C. Lyons., Zenon, Michaelides. & Dennis, 

F. Kehoe. Automotive supply chain models and technologies: a review of some latest 

developments, The University of Liverpool Management School, Liverpool, UK, 
Journal of Enterprise Information Management Vol. 19 No. 5, 2006 pp. 551-562 

 
Fredriksson, P. (2002b), “Modular assembly in the car industry: an analysis of 

organizational forms’ influence on performance”, European Journal of Purchasing & 
Supply Management, Vol. 8 No. 4, pp. 221-33. 

 



 83 

Gupta, T. & Dutta, S. (1994), “Analysing materials handling needs in 
concurrent/simultaneous engineering”, International Journal of Operations &Production 
Management, Vol. 14 No. 9, pp. 68-82. 

 
Klevås, J. (2005), “Organization of packaging resources at a product developing company”, 

International Journal of Physical Distribution & Logistics Management, Vol. 35 No. 2, 
pp. 116-31. 

 
Mathisson-Öjmertz, B. & Johansson, M.I. (2000), “Influences of process location on 

materials handling: cases from the automotive industry”, International Journal of 
Logistics, Vol. 3, No. 1, pp. 25-39. 

 
Miemczyk, J., Howard, M. & Graves, A. (2004). “Supplier parks in the european 

automotive industry: agents for change. Prototyping innovative e-supply chain 

solutions”, Proceedings of the 11th EUROMA Conference,Vol. 1, pp. 869-78. 
 
Millington, A.I., Millington, C.E.S. & Cowburn, M. (1998), “Local assembly units in the 

motor components industry: a case study of exhaust manufacture”, International Journal 
of Operations & Production Management, Vol. 18 No. 2, pp. 180-94. 

 
Rosenau, W.V., Twede, D., Mazzeo, M.A. & Singh, S.P. (1996), “Returnable/reusable 

logistical packaging: a capital budgeting investment decision framework”, Journal of 
Business Logistics, Vol. 17 No. 2, pp. 139-65. 

 
Watkins, M. and Clark, K. (1994). Strategies for managing a project portfolio. 

Working Paper, Harvard Business School . 
 
Cusumano, M. and Selby, R. Microsoft Secrets. (1995). New York: The FreePress.  

 

9.3 INTERVIEWS 

Björn, Mattsson. (2006-11-24). Process Owner, Supply Chain Management. Torslanda: VCC. 
 
Marcus, Högvall. (2007-02-13). Manufacturing Engineering. Torslanda: VCC. 

Lloyd, Neiberg. (2007-01-19). Project Office Manager. DRM. Torslanda: VCC. 

Mikael, Sommerfeld.(2007-01-16). Cluster business leader. TVM. Torslanda: VCC. 

Magnus, Gustavsson. (2007-02-14). Headlining & Trim. R&D/SU. Torslanda: VCC 

Jörgen, Bertilsson. (2007-01-30). Logistic Engineer. MP&L. Torslanda: VCC. 

9.4 INTERNET SOURCES 

Datanational Corp. 2005. Introduction. [online]. Available from:   
http://www.automotivesequencing.com. [cited 20 December 2006]. 



 84 

John, Stark. 2000. Principles of Good Product Development. [online]. Available from: 
http://www.johnstark.com/prn07.html [cited 23 February 2007] 

Kit Publishers, 2003. Designing and Conducting Health Systems Research Projects. [online]. 
Available from: http://mednet3.who.int/prduc/Resource_Mats/Designing_1.pdf [cited 
11 November 2006]. 

Synthesis Coalition. 1998. Concurrent Engineering. [online]. Available from: 
http://best.me.berkeley.edu/~pps/pps/concurrent.html [cited 23 January 2007]. 

Public Sector Benchmarking Service. 2007. Benchmarking benefits. [online]. Available 
from: http://www.benchmarking.gov.uk/about_bench/benefits.asp [cited 10 January 
2007]. 

Public Sector Benchmarking Service. 2007. Benchmarking what is it. [online]. Available 
from: http://www.benchmarking.gov.uk/about_bench/whatisit.asp [cited 10 January 
2007]. 

Quick MBA – knowledge to power your business. 1999-2006. Marketing research. 
[online]. Available from: http://www.quickmba.com/marketing/research/ [cited 12 
December 2006]. 

Wikipedia, the free encyclopedia. 2007. Quantitaive research. [online]. Available from: 
http://en.wikipedia.org/wiki/Quantitative_research [cited 5 January 2007] 

Wikipedia, the free encyclopedia. 2007. Descriptive research. [online]. Available from:  
http://en.wikipedia.org/wiki/Descriptive_research [cited 5 mars 2007] 

Wikipedia, the free encyclopedia. 2007. Exploratory research. [online]. Available from:  
http://en.wikipedia.org/wiki/Exploratory_research [cited 5 mars 2007] 

National electronic Library for Health. 2003. Can walking make you slimmer and 

healthier? (Hitting the headlines article) [online]. (Updated 16 Jan 2005) Available 
from : http://www.nhs.uk.hth.walking  [cited 10 April 2005] 

9.5 OTHER SOURCES 

Volvo Car Corporation, (2006-2007). Intranet: VCC 
Volvo Car Corporation. (2006). Pocket guide. VCC 
VCC, (2006-2007). Business Management System, Intranet: VCC 

 

 


