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  I

Sammanfattning  
Globaliseringen har medfört att det ställs allt högre krav på legotillverkare att de skall kunna 
matcha de låga produktionskostnader som finns i det forna östblocket och Kina. 
Elektroniktillverkare i Sverige påverkas av denna nya situation genom att kunden ställer allt 
hårdare krav på prissänkningar av de produkter som redan produceras av företagen samt att 
produktionen av nyare produkter alltmer dediceras till låglöneländer. 
 
För att vända denna trend har en elektroniktillverkare i Sverige, benämnt Företaget, 
identifierat sin prototyptillverkning och industrialiseringsprocess som en framtida 
kontraktsvinnare. Även om den i dagsläget har en liten del i Företagets omsättning ser 
Företaget processen som ett framtida tillträde till produktionsorders för Företaget. 
 
Detta examensarbete syftar till att identifiera förbättringsområde, i Företagets 
industrialiseringsprocess. Utöver denna identifikation så skall även examensarbetet kunna 
presentera konkreta och införbara förslag på förbättringar av processen. 
 
Examensarbetet har utförts som fallstudie och i arbetet har flertalet datainsamlingsmetoder 
använts, exempelvis litteraturstudier, intervjuer, observationer, de 7 ledningsverktygen och 
enkäter. 
 
I arbetet identifierades åtta problemområden i processen som rörde allt från att förserien ej 
producerades på önskvärt vis på grund av leverantörsbyte efter eller under industrialiseringen, 
till att produktions- och materialstyrningen var bristfällig i processen.  
 
Genom analysen fann författarna att det problem som i dagsläget upplevdes som störst på 
företaget var den bristfälliga materialstyrningen av komponenter i produktionen av prototyper 
och förserier.  
 
För att lösa detta problem har arbetet genererat två konkreta förslag på hur Företaget kan 
minimera de negativa effekter som uppstår. Det första av dessa förslag var ett införande av en 
skräpfaktor vid inköp av komponenter till industrialiseringsprocessen. Denna faktor skulle då 
skapa en buffert som skulle täcka den förlust av komponenter som sker i de olika 
produktionscyklerna genom processfel, riggningsfel, hanteringsfel, osv.  
 
Det andra förslaget innebar en identifiering, märkning samt inventering av de för varje projekt 
kritiska komponenterna. Genom denna arbetsgång skulle Företaget kunna öka medvetenheten 
hos produktionspersonalen över hur viktiga en del komponenter är. Samt man skulle genom 
en inventering av dessa efter varje produktionscykel kunna uppdatera ERP-systemet, och 
därigenom projektet, med det verkliga antalet existerande komponenter. 
 
Som följd av dessa förslag kommer Företaget att uppnå en stabilare materialstyrning under 
industrialiseringsprocessen. Därigenom kommer man även att kunna uppnå en högre precision 
på delleveranserna i industrialiseringsprocessen och på det sättet en mer tillfredsställd kund.  
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Abstract 
As a result of globalization the demands on electronics manufacturing services have risen, as 
they should be able to compete with the low manufacturing costs that exist in the former 
soviet states and in China. The customer gradually demands increased price cuts on products 
that already exist in volume production and, furthermore, the production of new products is 
increasingly committed to countries with cheap labour costs.  
 
To compete in this globalized market the electronic manufacturing service, which will be 
referred to as the Company, identified their prototyping and Industrialization process as a 
future order winner. Even if this segment is a small part of the Company’s revenue, the 
Company has recognized that the process is a means of gaining entry to future production 
orders. 
 
This study has had the purpose of identifying areas of improvement in the Company’s 
Industrialization process. Beyond this identification, the study should also present tangible 
and viable recommendations for improving to the process.  
 
The study has been performed as a case study and several means of gathering information has 
been used in this study, examples of these are literature studies, interviews, observations, the 
7 management tools and questionnaires. 
 
In the study, eight problem areas were identified. These ranged from that the preseries was not 
being produced in the desired way due to exchanges of suppliers after or during the 
Industrialization project, to faults in the steering of materials and production resources. 
 
Through the analysis, the authors managed to identify the deficient steering of materials in the 
Industrialization process as the problem that the company considered most severe.   
 
To solve this problem the study has resulted in two tangible suggestions that should enable the 
Company to lessen the occurrence of this problem. The first of these suggestions was the 
introduction of a scrap-factor during purchasing in the Industrialization process. This factor 
should create a buffer that would deal with the component losses that occurs in the different 
production cycles due to process faults, kitting faults, handling faults and so on.  
 
The second suggestion represents an identification, classification and inventory of the 
components that are critical to the project. Through this method one should be able to increase 
awareness amongst the production personnel of how important some of the components are. 
Furthermore the ERP-system, and thereby the Industrialization project, would be up to date if 
an inventory of these critical components were performed after each production cycle. 
 
As a consequence of these suggestions the Company will be able to obtain a more stable 
materials steering during the Industrialization process. Through this the Company will also be 
able to increase their ability to deliver the Industrialization process´ deliverables on the agreed 
time, thereby achieving an increase in customer satisfaction. 
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Abbreviations 

 
 

BOM Bill Of Material, a document that specifies what components a product consists 
of.   

PCB Printed Circuit Board 

PCBA Printed circuit board assembly, one value stream at the Company where printed 
circuit boards are manufactured.   

TPL Technical Project Leader, The technical leader of every new industrialization 
project.   

VPA Volume Prize Agreement 

SA Supply Approval, a confirmation to the customer that the product is ready for 
volume production.  

TQM Total Quality Management 

JIT Just-In-Time 

Prototype-protocol A document that is unique for each prototype, where problems in assembling 
should be noted. 

PS-protocol A document that is unique for each preseries, where problems in assembling 
should be noted. 

X-stream A manufacturing line dedicated for prototypes and low volume printed circuit 
boards.   

QSP Quality System for Production, a computer system being used to record quality 
deficiencies in production. 

ERP  An enterprise resource planningsystem used at the Company 

SQP Supplier Quality Process, this process handles claims, repairs, upgrades of 
purchased material and includes actions on suppliers to improve quality on 
incoming material 

SQE Supply Quality Engineering, the function within the Company that evaluates 
and manages supplier quality in the volume production 
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1 Introduction  

1.1 Background 
As a result of globalization the demands on electronics manufacturing services in Sweden 
have risen, as they have to compete with the low manufacturing costs that exist in the former 
soviet states and in China. The customer gradually demands increased price cuts on products 
that already exist in volume production and, furthermore, the production of new products is 
increasingly committed to countries with cheap labour costs. This pressure the manufacturing 
services to work harder and harder.  
 
But hard work and best effort is not enough to ensure company’s survival on the market. It is 
the top management’s ability to design products and services that meet and exceeds 
customers’ expectations which determine a company’s future (Deming, 1994).If the 
management knows what expectation the customer has, then they have to decode this into the 
specifications of a product. Product development is according to Eppinger and Ulrich (2000) a 
process that translates the customers needs to the delivery of a product. It is a process that in 
order to succeed has to involve several functions of a firm. Eppinger and Ulrich (2000) 
mentions especially the need for marketing, design and manufacturing to be engaged. In a 
wider interpretation this could be seen as the importance of engaging functions outside the 
firm as well.  
 
Johansson (2006) indicates the importance of integrate materials supply design at an early 
stage in product development. By having a well functioning material supply system already in 
the product development process, the chance of having a functioning flow of incoming 
materials at the production phase will increase (Johansson, 2006).  
 
The electronic manufacturing service, which will be referred to as the Company, is often 
involved in product development with their customers, a collaborative product development 
where the Company is responsible for putting new products into production. The Company 
calls the process the Industrialization process.  
 
To compete in the current market place the Company has identified their prototyping and 
Industrialization process as a future order winner. Even if this segment is a small part of the 
company’s revenue, The Company has recognized that the process is a means of gaining entry 
to future production orders for as well the Corporation as the Company. 
 
The Company define the Industrialization process as “the process used to secure producibility 
on products.” The purpose of the process is to “Secure production efficiency products and 
flows”(the Company’s Intranet). 
 
The development over time in the Industrialization process at the Company is displayed in 
figure 1-1 below: 
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Figure 1-1. Process map of the Industrialization process 
 From the Company’s intranet 

 
Each Industrialization project should follow the process described in figure 1-1 above, which 
is divided into 7 phases and 6 checkpoints. A brief description of the process is given here but 
a further description is given chapter 4.1.1. 
 
Phase one involves the planning of all the activities that are needed for each of the following 
phases in the industrialization process. During phase two the assigned project organization 
alters the checklist to make it more appropriate for the planned project. Phase three entails the 
production of one or several prototype cycles to verify the functionality of the product. The 
following phase, the release phase, utilizes one or several preseries production runs to verify 
that the site’s production process can handle the finished product. At the end of this phase the 
product should be ready for volume production. Depending on who the customer is, the 
following step will either be volume production or negotiation of prize and condition.  
 
Checkpoints, five and six, both evaluate the results of each project. The purpose with 
checkpoint five is to ensure that the Customer’s opinions on assignment execution are known 
and actions are taken to solve possible weaknesses. The intention with checkpoint six is to 
perform a follow up of the project after its release to volume production. The purpose with 
this is, amongst other things, to make sure that the product has been produced according to 
defined time period and volume and check the product’s status in volume production. 
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1.2 Description of problem 
The Industrialization process is a small part of the Company’s overall turnover, but it is of 
major importance when it comes to the more revenue yielding volume production of a 
product. There is no guarantee that an industrialized product will end up being produced at the 
industrializing supplier but the Company’s largest customer (named in this thesis as: the 
Customer) close to always will let the industrializing supplier produce any future volume 
production. This is due to that the industrializing company is acquainted with the product and 
also has verified that their processes can handle the product. (Programme Manager 
Engineering Sales & Marketing, the Customer’s account)  
 
The Company is one of several companies that offer electronics manufacturing services to the 
Customer and with the Customer’s decision to cut down the number of suppliers the 
significance of having a satisfactory performance is growing. If the Company’s 
Industrialization process is better than the competitor’s, The Company should be able to get 
more Industrialization projects and thereby obtain a larger portion of the Customer’s volume 
production. (Programme Manager Engineering Sales & Marketing, the Customer’s account) 
 
The Senior Six Sigma Black Belt at the Company believes that the Industrialization process 
might not be taking enough concern when it comes to quality issues that relate to the future 
volume suppliers and that this might impair the volume production. 
 
The Customer demands that the Company shall be able to produce according to prognosis 
after the Industrialization project (Programme Manager Engineering Sales & Marketing, the 
Customer’s account). This means that if the Industrialization projects do not pay enough 
attention to the quality issues of the volume suppliers, such as verification of the supply chain, 
the Company will be left with problems that will give them a displeased customer and higher 
costs of poor quality. 

1.3 The Purpose 
The purpose of this study is to present recommendations how the Company can improve their 
Industrialization process so that:  

The process better fulfills the Customer demands. 

Problems with supplier quality in volume production are reduced.  

1.4 Delimitations 
This study will not include the implementation of the recommendations for improvement that 
are suggested at the Company.  
 
When products are put into volume production there is a team at the Company that manages 
supplier related problems. Therefore this project will only consider problems with suppliers 
before products are put into volume production.    
 
The five different value streams have varying Industrialization process and supporting 
processes. Therefore this study will only focus on the processes at the value stream Printed 
Circuit Board Assembly (PCBA). The PCBA was chosen because Industrialization projects 
are more common in this Value Stream. 
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The Company has different approaches to product Industrialization depending on who the 
customer is, therefore this thesis focus only on the Company’s largest customer.      

1.5 About the Company 
The Company belongs to a worldwide corporation with manufacturing in Asia, Europe and 
the Americas. Approximately 50 sites worldwide offers different electronic manufacturing 
services to the world’s leading technology companies. The Corporation’s Quality Policy 
declares that the Company should be committed to perfect quality. To reach this goal they 
promote a culture of continuous improvement, self-assessment and analytic quality approach. 
Two important methodologies used at the Company which support their culture are Six Sigma 
and Lean production.  (The Company’s Intranet 2006) 
 
A majority of the work performed at the Company is to the telecom industry and their 
customers own the design and rights to the products they produce.  
 

Site General Manager

Program 
Management

Materials Functional 
Excellence

Quality Customer 
Value Stream

Design and 
Engineering

ITFinanceHR

Site Administrator

EAR

Node

System

PCBA

Repair

PM
Europe

Materials
Europe

FE
Europe

Quality
Europe

HR
Europe

Finance
Europe

IT
Europe

D & E
Europe

 
Figure 1-2. Organization Chart at the Company 

Freely from the Company’s intranet 
 
Approximately five hundred people, divided in to 11 different functions; Site General 
Manager, Site Administrator, Program Management, Materials, Functional Excellence, 
Quality, Customer Value Stream, HR, Finance, IT, Design and Engineering (figure 1-2) are 
working at the Company. Every function except the Site Administrator and the Customer 
Value Streams (CVS) report to their function chief in Europe besides their Site General 
Manager. The Site Administrator and the CVS Managers only report to the Site General 
Manager. The CVS’s are divided in to five different Value Streams (Repair, PCBA, System, 
Node and EAR) that can be seen as five different processes with diverse products or services. 
(The Company’s Intranet). The core products and services are circuit boards, Mobile 
Switching Centers (MSC), design and repair services for MSC or circuit boards (The 
Company’s Intranet 2006).  
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The Company is centered on a high mix, low volume product portfolio. This means that 
products produced at the site should be of a small volume but have a high complexity and mix 
of components in them. 
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2 Theoretical Frame of Reference 

2.1 Quality Management 
According to Foster 2004 several people have made important contributions to the 
development of quality management during the 20th century. They often have different 
definitions of quality. Deming (1986, p.5): “Quality should be aimed at the needs of the 
customer, present and future”. Bergman and Klefsjö (2001, p. 24) defines quality as: “The 
quality of a product consists of its ability to satisfy and preferably surpass, the customers 
needs and expectations.” As there are several definitions of quality there are also many 
theories on how to approach quality management. Two of these are Deming’s 14 points and 
Total Quality Management. 

2.1.1 Deming 
Two individuals that contributed to the development of quality during the fifties are Juran and 
Deming; they both stress the importance of good leadership in Quality development 
(Bergman et al, 2001). Deming developed 14 points that is an important basis in many 
organisations today (Foster 2004).  
 

1. Create constancy of purpose toward improvement of product and service 
2. Adopt the new philosophy 
3. Cease dependence on inspection to achieve quality 
4. Adopt long-term relationship with suppliers 
5. Improve constantly and forever the system of production and service, to improve 

quality and productivity 
6. Institute training on job 
7. Institute leadership 
8. Drive out fear 
9. Break down barriers between departments 
10. Eliminate slogans, exhortations, and targets for the work force asking for zero defects 

and new levels of productivity 
11. Eliminate numerical quotas for the work force and numerical goals for management 
12. Remove barriers that rob employees from their right to pride in workmanship 
13. Institute a vigorous program of education and self-improvement 
14. Put everybody in the company to work to accomplish the transformation 

 

Figure 2-1. Deming’s 14 points 
From Deming (1986, p. 23-24) 

 
The buyer-supplier relationship 
The fourth of Deming’s (1986) points focus on the buyer-supplier relationship (figure 2-1). 
Deming proposes that a company should adopt long-term relationships with suppliers in order 
to improve quality on incoming goods.  
 
The opposite approach to Deming’s fourth point would be to have multiple suppliers to 
choose from. Then the competition between suppliers would improve quality and lower 
prices. European companies have used this approach traditionally, with negative results such 
as increasing defective units and delayed deliveries (A.J van Weele, 1994).  
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Deming (1986) argues that if companies only look at the price tag when purchasing, the long-
term cost will increase because of problems with lack of quality and late deliveries. So when 
purchasing, one has to consider the lowest total cost not only the price of the material. 
Further, Deming (1986) discuss that if incoming goods meet specification this should not be 
seen as a guarantee that it will work in the production or in the final product. If the supplier 
knows what process and/or product their goods are going to be used in, it is more likely that 
the suppliers’ goods are applied to the process or product. The use of one supplier that knows 
the buyer's needs will more likely lead to a satisfied customer.   
 
Further advantages in having a single source are that the variance of a component will 
decrease. For example, if a manufacturing firm orders the same component from two different 
suppliers, the variance in product characteristics will increase as the components comes from 
two different processes. A good relation to the supplier also enables the company to help the 
supplier with improvement of quality (Deming, 1986). 
 
Which supplier we choose to buy from depends on what world we are in (Deming, 1994). 
Deming (1994) divides the market place into three worlds: 
World 1. The customer knows what he wants. The only cost involved is the price. Several 
suppliers can meet the specification or other descriptions. The only difference between them 
is the price. In this world Deming says that we would be a fool not choosing the supplier with 
the lowest bid. 
World 2. The customer knows what he wants. Several suppliers can meet the specification and 
they all quote identical prices. One of the suppliers provides better service than the others. In 
this world we would do business with the supplier that provides the best service.  
World 3. The customer knows what he wants as in world 1 and 2 but will listen to advice from 
the supplier considering for example changes in specification. There are several costs that has 
to be considered, for example; cost of use, how material will go in production and quality of 
the final product. Several suppliers have different offers and different prices. In this world the 
choice of supplier may be difficult. But no matter which supplier we choose under these 
circumstances we should strive for having one supplier for any item as long as the supplier 
and we understand our obligations in the relationship. The customers have to visit the supplier 
to try to understand his problems and try to help, while the supplier needs to understand how 
his product works in use by the customer in order to improve the product. (Deming 1994)   
 
Breaking down barriers 
By breaking down barriers between departments Deming (1986) points out the importance of 
people with different roles within the company working together as teams. By working in a 
team one can compensate with one’s strength for someone else’s weakness. Annual rating can 
defeat effective teamwork. A person that works to help others may not have as much 
production to show for the annual rating as the one who works for himself. Teams composed 
of people in design, engineering, production and sales could make important improvements in 
products, service and quality, if they could work together without being afraid that their 
annual rating would decrease. Breaking down barriers includes an understanding of others 
work. Deming (1986) exemplifies this through a narrative over how people in research, 
design, purchase of materials sales and receiving of incoming materials must learn about the 
problem encountered with various specifications and materials in production. Otherwise there 
will be losses in production caused by rework of products when using material that is not 
friendly for production. (Deming 1986) 
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2.1.2 Total Quality Management 
Bergman and Klefsjö (2001) define Total Quality Management (TQM) as continuous strive 
for fulfilling or rather exceeding customers’ need at lowest cost by continuous improvement 
of processes. Bergman and Klefsjö want to point out that TQM is a constantly ongoing 
process to prevent, change and improve work; it is not about control or repair. To succeed 
with TQM it is necessary that management is committed to quality and that the company has 
a culture that is based on five core values; Base decision on fact, Improve continuously, Let 
everybody be committed, Focus on processes and Focus on customer see figure 2-2 below.  

Im pro ve con tin ous ly

F ocu s on  p ro cesses

B as e d es ic io n  
o n  fact

L et everyb od y
be co m m ited

F ocus  on  custo m er

T o p  m anag em en t co m m itm en t

 
Figure 2-2. Core values 

 From Bergman et al (2001, p.36) 

According to Bergman et al (2001) TQM does not only consist of the Core Values seen in 
figure 2-2. Effective tools and techniques that support these core values are also included in 
TQM, see figure 2-3 below. So TQM is a system consisting of core values, tools and 
techniques. The tools are well defined and tangible and can be used everywhere in the 
organisation as a help to collect or analyse data. Techniques are systematic and reliable 
approaches to work that support the core values. The tools are to be used in the different 
techniques (Bergman et al 2001).  

Techniques

Core Values
Tools

Let everybody
be committed

Base decision on facts

Focus on customer

Improve 
continuously

Tree-diagram ISO

Affinity diagram

Ishikawa diagram

Process maps

Control charts

Factorial design

Design of experiments

Supplier
Partnersship

QFD

Six sigma

Benchmarking

Process Management

Top 
management 
commitment

Focus on 
process

Self-assessment

 
Figure 2-3. Core Values, Tools and Techniques in TQM 

From Bergman et al (2001, p.391) 
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Continuous improvement does not solely include everyone within the company; the suppliers 
should also be committed. Bergman et al (2001) states that companies today strive for 
engaging in long-term relationships with only a few suppliers, instead of having many 
suppliers on short time basis. A good relationship increases the supplier’s commitment, 
responsibility and focus on quality. 
  
Cali (1993) suggest in his TQM for purchasing management several ways that the purchasing 
department and others involved can prevent supplier-quality related problems.  
 

• Minimize the number of suppliers 
• Benchmark on how others cooperate with their suppliers  
• Involve other functions than the purchasing department in contacts with the suppliers 
• Focus on continuous improvement 
• Share risks, information and successes with the suppliers 
• Try to measure how well the process performs 
• Supplier involvement in product development 
• Help the supplier with quality improvement 

2.2 Supply-chain Management 
Krajewski and Ritzman (2005) defines supply-chain management as: the synchronisation of a 
firm’s processes with its suppliers’ and customers’ key processes in order to match the flow of 
services, materials and information. 
  
Krajewski et al (2005) divide the supplier relationship process in to 5 major processes: 
 
Design Collaboration Process; focuses on jointly designing new services or products with 
key suppliers. This process seeks to eliminate costly delays and mistakes incurred when many 
suppliers concurrently, but independently, design service packages or manufactured 
components. Without sharing information between the suppliers, the final outcome can be far 
off the mark. 
 
Sourcing Process; qualifies, selects, manages the contracts and evaluates suppliers. 
 
Negotiation Process; focuses on obtaining an effective contract that meets the price, quality 
and delivery requirements of the supplier relationship process’s internal customers 
 
Buying Process; executes the actual procurement of the service or material from the supplier. 
This process includes the creation, management and approval of purchase orders. 
 
Information Exchange Process; facilitates the exchange of pertinent operating information, 
such as forecasts, schedules, and inventory levels between the firm and its supplier. 
 
According to Krajewski and Ritzman (2005) there are two kinds of relationships that are 
possible, competitive orientation and cooperative orientation. A competitive orientated 
relationship is a zero-sum game between supplier and buyer, which does not enable any win-
win situations. A cooperative orientation means that the buyer and supplier will both gain if 
they cooperate and this will generate a win-win situation. 
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2.2.1 Just In Time 
According to Lysons and Gillingham (2003) the Just In Time, JIT, concept was originated 
from the Toyota Motor Company in the1950s. They describe the JIT concept as a “demand 
pull” system where material planning begins in the later stages of production and works 
backward. This means that the manufacturing process cannot produce until there is a demand 
from preceding process. The idea is that material should be pulled through the system rather 
than pushed which often creates large buffers. (Lysons et al, 2003). According to Van Weele 
(1994) the JIT concept has to be supported and implemented in every functional area of the 
organisation. Applied to purchasing, JIT is a philosophy that focuses on having material from 
supplier in exact time and in right quantity when needed in manufacturing.  
 
In table 2-1 Van Weele (1994) presents the needed Purchasing strategy having a JIT approach 
compared to traditional approach. 
 

Table 2-1. Purchasing strategies 
Freely from A. J. Van Weele Purchasing Management (1994, p.132) 

Purchasing strategy Traditional approach JIT approach 

Supplier selection Multiple source, price is central Single source, frequent 
deliveries 

Placing the order Order specifies delivery time and 
quality Annual order 

Change of orders Delivery time and quality often 
changed at the last moment 

Delivery time and quality 
fixed, quantities can be 
adjusted if necessary 

Follow-up of orders Many phone calls to solve delivery 
problems 

Few delivery problems thanks 
to sound agreements 

Incoming inspection Inspection of quality and quantities 
of nearly every delivered order 

Initial sample inspections; 
later no inspection needed 

Supplier assessment 
Qualitative assessment delivery 

deviations of sometimes up to 10% 
are tolerated 

Deviations are not accepted 

Invoicing Payment per order Invoices are collected and 
settled on a monthly basis 

 

2.3 Product development 
According to Wheelwright (1992) there are three major forces that encourage product 
development in companies:  
 
Intense international competition. As the world becomes “smaller”, because of effective 
transportation and communication; companies get more competitors on their market. 
 
Fragmented demanding markets. Customers demand products that solve their specific 
problem and are easy to use. 
 
Diverse, rapidly changing technologies. A continuously increasing technological and 
scientific knowledge makes it possible to create high-tech products 
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These forces are very strong in young technical industries such as the electronic industry. 
 
Wheelwright (1992) divides the product development process into four different phases: 
Concept development, Product planning, Product/Process engineering and Pilot 
production/Ramp-Up. As the Industrialisation process at the Company only includes the 
phases Product/Process engineering and Pilot production/Ramp-Up the authors only 
describes these two.  
 
The Product/process engineering phase includes the construction of prototypes, which are to 
be used to evaluate the performance of the product. If the prototype does not meet the given 
specification, designers seek to redesign. Once the prototype meets the given specifications 
the product/process engineering phase ends. It is often called “release” or “sign off” 
(Wheelwright, 1992).  
 
The following phase Pilot production/Ramp-Up starts with pilot production where several 
larger batches of products are made with the purpose of testing the manufacturing process. 
“This is the point in development at which the total system-design, detailed engineering, tools 
and equipment, parts, assembly sequences, production supervisors, operators, and technicians 
come together”. Wheelwright (1992). The next stage in this phase is the Ramp-up where low-
volume production begins. The purpose with Ramp-up is to check the ability of the 
manufacturing process (including suppliers) to achieve production constantly and marketing’s 
ability to sell the product (Wheelwright 1992). 

2.3.1 Prototyping 
Prototypes used in the development process are a good measurement of how far the 
development process has reached. How firms connect their prototyping to their product 
development cycles is very crucial to success.  
 
To improve the prototyping process, Wheelwright (1992) presents four recommendations that 
can be applied on any firm and any prototyping cycle.  
 
Low-Cost prototypes. To develop the low-cost prototypes so that they better represent the real 
product, without being as expensive as pilot production units, can strengthen the prototyping 
contribution to the development process.  
 
Prototyping Process Quality. The minimization of mistakes that occur in the building and 
testing of prototypes can significantly improve the reliability and learning of the prototype 
cycles. Wheelwright (1992) also points out that the prototyping process quality increase if the 
time of feedback from prototype cycles decreases. “Shorter, more accurate feedback cycles 
provide better, more usable information to those waiting for the results of prototyping” 
 
Timing and Sequence. Individual prototype cycles should not overlap. When prototype cycles 
overlap, people tend to lose track of the status of the project. 
  
Building Knowledge. This practise includes continually improving quality, speed and 
efficiency of the prototyping process. It’s important to study and solve the problems that come 
up in each cycle. 
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3 Methodology 
Drew and Hardman (1987) define research as a systematic way of asking questions. This 
systematic approach is then further developed by Hartman (2004) when he declares that there 
are certain rules of methodology that prescribe what one should do at each stage when one 
carries out a study in a scientific manner. Merriam (1994) develops the term methodology 
further when he states that methodology could be seen as a blueprint for a house. This 
blueprint entails a plan for gathering, organizing and integrating data, and results in a specific 
finished product.  
 
According to Merriam (1994) it is the problem itself, the questions raised by the problem and 
the conclusions one wishes to draw from the problem that determine what methodology 
(blueprint) that should be chosen. But methodology can’t be seen as a simple guide for 
guaranteeing scientific results according to Hartman (2004). Hartman further states that the 
purpose of methodology is merely to help the researcher plan the project and provide a solid 
argument for defending the study if it would come under question. 

3.1 Research approach 
A discussion of the difference between science and common sense is given by Drew and 
Hardman (1987). They claim that science is in a way a systematic extension of common sense 
and therefore should probably not be thought of in an all-or-none fashion. But the method of 
science has a built-in self-correction feature that differs it from common sense. (Drew et al 
1987) 
 
Drew et al (1987) also states that the system of science has an openness not only in terms of 
end product but also in the means by which those ends are obtained. The researcher must 
therefore describe the procedures, materials and logic used to reach the conclusion involved 
and it is this openness that enables the self-correction feature to be active. 
 
The intention with this section is therefore to openly discuss the authors’ theoretical and 
scientific basis. The reason for that is that the concepts of systematic inquiry, logic and 
objectivity may vary between researchers, depending on their different scientific and 
theoretical experiences.  

3.1.1 Positivism or hermeneutics 
Hartman (2004) states that there is a discussion amongst researchers concerning two different 
scientific theories: positivism and hermeneutics. Positivism, on one hand, focuses on 
knowledge made up of theories that refers to measurable phenomenons and clauses that state 
connections between these phenomenons. Hermeneutic science, on the other hand, strives for 
the understanding of how mankind perceives the world. These perceptions cannot be 
measured so one must interpret mankind’s behavior to gain an understanding of how they 
perceive the world. (Hartman 2004) 
 
This thesis could be seen as a mix between the two scientific theories. The purpose is to 
present the situation as it appears by observations of natural situations (positivism) while 
trying to understand the different perceptions of the situation (hermeneutic). The data 
gathered will be of both measurable and descriptive nature. 
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3.1.2 Deductive or inductive 
Two rather distinct types of reasoning are involved in the broad spectrum of research efforts: 
deductive and inductive reasoning. Deductive reasoning uses logic that moves from general to 
specific. Statements that were initiated from a general idea, model or theory distinguish the 
reasoning, and from these statements something is concluded about a specific case. (Drew et 
al 1987) Inductive reasoning utilizes logic that is launched from a specific case or occurrence 
and moves to conclusion concerning the general. (Drew et al 1987) 
 
There is also another difference, besides logic, between the inductive and deductive research 
approach and this concerns the possibility of making theory-neutral observations. According 
to Hartman (2004) inductive reasoning is based on the ability of observing reality theory-
neutral, and at the analysis discover regularities that the observations can support. The 
deductive method claims that it is not possible to make a theory-neutral observation. Further it 
states that one should start with the creation of a hypothesis, and then let the hypothesis direct 
the observations. (Hartman 2004) 
 
The reasoning used in this thesis will be based on a specific case and from that it might be 
possible to make tentative assumptions about the general. Therefore it will have inductive 
type of logic but the research cannot exclusively be labelled as inductive. The reason for this 
is that the authors intend to do an extensive literature study before observations are made. 
This literature study will probably influence the research when it comes to ideas about courses 
of actions and therefore the likelihood of making a theory-neutral observation appear slim.  

3.1.3 Quantitative or qualitative method 
According to Bell (1995) there are different perspectives and traditions that utilises different 
methods for gathering information. One of the different perspectives that both Bell (1995) and 
Hartman (2004) discuss is the difference between quantitative and qualitative methods. 
 
The system that a quantitative focused researcher uses, according to Bell (1995) is to gather 
facts and study the relationships between different sets of facts. They measure and use 
scientific techniques that yield conclusions that are quantifiable. Hartman (2004) widens 
Bell’s description by claiming that the measurement of “how much” and “how many” is used 
in quantifiable studies. The ability to determine how many or how much there are depends on 
ones ability to classify.  
 
Hartman (2004) also gives three distinctive characteristics for quantitative research questions: 
they divide the world into classes, they are numerical and the traits that they study are 
measurable. As a result, if a trait is not measurable, there is no possibility of performing a 
quantitative study. 
 
The qualitative perspective is more interested in finding out how people experience their 
surrounding. The purpose is insight rather than statistical analysis according to Bell (1995). 
 
Hartman (2004) also conveys the point that there is a difference in the need of early-generated 
hypothesis between the two perspectives. A qualitative researcher should start collecting data 
as theory-neutral as possible, only guided by the problem statement, and therefore there is no 
need for an early formulation of a hypothesis. A quantitative study on the other hand needs an 
early generated hypothesis that can be tested and give guidance to the study. 
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As the intention of this thesis is to describe and gain an insight into the problem instead of 
measuring it, the research will have more of a qualitative approach. There will furthermore be 
no need for a hypothesis; the problem statement will function as guidance for the researchers. 
The authors would like to point out that when it comes to data collection methods, qualitative 
as well as quantitative methods will be used.  

3.2 Research strategy 
Research strategies can be categorized in a number of different manners, depending mostly on 
the perspective being used. Different strategies have their own strengths and weaknesses and 
every one of them fit into different situations. Plausible alternatives for the research strategy 
in this thesis are surveys, analysis of theories or case studies. Since this is a study of a specific 
process in a defined system the chosen strategy is case study.  

3.2.1 Case Study 
Merriam (1994) describes a case study as the study of a specific occurrence, programme, 
event, person or course of events. Furthermore Merriam (1994) states that the data gathering 
during a case study can utilize all methods from tests to interviews. 
 
The aim of a case study is discussed by Bell (1995). The conclusions of her discussion is that 
a researcher that chooses a case study as his or her research strategy tries to describe an 
organizations characteristics and the characteristics effect on the realization of ideas in a 
system or how they influence the operation of an organization. 
 
The purpose of this thesis could therefore be seen as a case study of how the characteristics, 
of the Company’s  Industrialization process influence supplier related quality-issues. 

3.2.2 Strengths and weaknesses with the strategy 
As earlier mentioned different strategies have different strengths and weaknesses. The 
intention of this section is to describe some of the weaknesses and strengths that a case study 
implies.  
 
Ejvegård (2003) states that the strengths of a case study is that one does not have to get into a 
broad description, but is still able to give the reader an understanding of how it really looks or 
works, within a limited scope. This strength is extended by Merriam (1994) who declares that 
case studies embody a method of studying complex social entities that consists of multiple 
variables that can be of significance for the understanding of the occurrence in question. The 
method is rooted in real situations and therefore case studies result in a rich and holistic 
account of the occurrence. 
 
The weaknesses of case studies are related to the fact that the primary instrument in 
qualitative case studies is people. Merriam (1994) presents two different weaknesses related 
to this issue: 
 
The researcher is him- or herself the foremost instrument when it comes to gathering and 
analysing information. This leaves the researcher to his or her own abilities and awareness 
under a large portion of the research. 
 
All of the observations and all of the analysis will be filtered through people’s conception of 
the world and their sight on life, values and perspective.  
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Bell (1995) and Ejvegård (2003) focus on the fact that a single case, on its own, never fully 
can represent reality. Therefore the researcher has to be careful with his or her conclusions. 
Furthermore it normally is not possible to generalize the results from case studies and thereby 
the value of studying a single event or occurrence might be questioned.  

3.3 Literature study  
The importance of studying previous pieces of work done in the research area is emphasized 
by Merriam (1995) when he states that: “A researcher that remains unaware of earlier 
research and theories risks studying a trivial problem, produce a copy of earlier research or 
repeat others mistakes. The goal of all research – to contribute to widening the knowledgebase 
within the actual field – will then not be fulfilled“.  
 
Further motives for performing literature studies are given by Bell (1995) when she claims 
that one might be able to get ideas or suggestions about courses of actions for the study. She 
also states that it will also help to sketch a theoretical or analytical framework that can be used 
as a basis for the analysis and interpretation of data. 
 
The literature used for this thesis was mainly found at the Libraries of Mid Sweden University 
and Luleå University of Technology in Luleå as well as by web searches in the catalogue 
LUCIA. Other article databases that have been used are Libris, Engineering Village, and 
ProQuest. Several search words have been used but the most productive ones were: “New 
Product Introduction and Quality”, “Electronics Manufacturing Services and Quality”, 
“Supply chain management” and “Supplier Quality”.  

3.4 Data Collection and Analysis Method 
Method means the way in which one goes about collecting material so one will be able to 
describe, compare, construct hypotheses or predict something according to Ejvegård (2003). 
 
The methods that were used during this project were interviews, questionnaires, observations, 
documentation studies, the 7 Quality Control Tools and the 7 Management Tools. 

3.4.1 Interviews 
Interviews are best used when there is a wish to find opinions, likings, knowledge or 
understanding amongst a population, according to Ejvegård (2003). 
 
An interview can be structured, partially structured or unstructured. Merriam (1995) states 
that a structured interview is when an interviewer in advance has decided which questions to 
ask and in what order. A partially structured interview is guided by a couple of questions, but 
neither wording nor order is decided in advance. Merriam (1995) When an interview has no 
pre-formulated question and the purpose of the interview is to explore the subject it is an 
unstructured interview. Merriam (1995) 
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The interviews in this project started in an unstructured manner; with only a broad topic, or a 
few questions, to guide the discussion. The purpose was to allow the interviewers the option 
of responding to the interviewee’s answers, thereby developing and deepening the answers 
further. As the project developed and the insight into the problem grew the interviews 
developed into a more fixed structure. The interviews were either performed in conference 
rooms at The site or in the interviewee’s office. A majority of the interviews were taped on a 
small recording device and then transcribed. 

3.4.2 Questionnaires 
A survey method that lets individuals in the survey, describe themselves with the help of a 
question-form with predetermined answering alternatives is called a questionnaire.  
 
Hartman (2004) states that the advantage of this kind of method is that the costs are low, since 
the interviewer does not have to meet the interviewee. The disadvantage with questionnaires 
is that there are a lot of questions that are impossible to ask. Especially questions concerning 
the interviewee’s knowledge, attitude and behaviour might be impossible to capture in the 
questionnaires. (Hartman 2004) 
 
In this study a questionnaire was used to get some quantifiable data on the performance of the 
process and the attitudes towards the process from the people working within it. 

3.4.3 Observations 
According to Merriam (1995) observation is the best technique when an activity, event or 
situation can be directly observed; when one wishes a new perspective or when participants 
can not or will not discuss the area one is interested in. The biggest advantage of an 
observation compared to an interview is that an observation is a direct experience while an 
interview is a second-hand account of something. (Merriam 1995) 
 
Both Bell (1995) and Merriam (1995) criticize observations for their subjectivity. As an 
observer cannot avoid being influenced and influence the environment and this interaction can 
lead to a distortion of the image. 
 
The observations in this thesis were used when gathering information about how the operators 
of the printed circuit board assembly handles the quality related protocols that follows the 
prototypes and the pre-series through the process.  

3.4.4 Documentation studies 
A data collection method that the researcher does not alter or influence by his mere presence 
is documentation studies, according to Merriam (1995). Furthermore the information that is 
found in varying kinds of documents can be used in the same way as information from 
interviews and observations. (Merriam 1995) 
 
Bell (1995) divides documents into primary and secondary sources. A primary source is a 
source that have been created or gotten hold of during the projects way, i.e. protocols from a 
meeting. A secondary source implies an interpretation of things that has already happened and 
which is based on a primary source. (Bell 1995) 
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Merriam (1995) states that one of the biggest limitations with documentation studies arise 
from the fact that the documents have not been prepared or designed in a research purpose. 
The material may therefore, from a research perspective, be deemed incomplete.  
 
The documents revised in this study were documentation created for or by the different 
Industrialization projects; therefore they should be seen as a secondary source. The limitations 
that did appear in the documents were the fact that they varied a lot in quality. The reason for 
this is that the documents were created during a number of projects and the weight and 
consideration put into the documents fluctuated between the different projects.  

3.4.5 The 7 Quality Control Tools 
According to Klefsjö, Eliasson, Kennerfalk, Lundbäck and Sandström (1999) the 7 
Management Tools are mainly intended to structure and analyse numerical data.  
 
Ericsson Quality Institute (1995) defines the 7 Quality Control Tools as following: check 
sheets, column graphs, Pareto charts, histograms, scatter plots, line charts and stratification. 
 
Bergman and Klefsjö (2001) state that the tools may vary somewhat between different 
depictions and therefore the authors of this thesis have decided to also include control charts 
in the Quality Control Tools as Bergman and Klefsjö (2001) does.  
 
In this thesis Histograms and Pareto charts where used.  
 
Histograms 
A histogram is constructed by segmenting the range of data into groups. The horizontal axis 
shows the groups in which the data is sorted and the vertical axis is showing the frequencies 
in each groups. Ericsson Quality Institute (1995) 
 
Pareto charts 
A pareto chart is similar to the histogram with groups on the Horizontal axis and the 
frequencies of each group on the vertical axis but it also shows the cumulative frequencies on 
the vertical axis. Ericsson Quality Institute (1995)  
 
To what extent and under which circumstances the tools are used in this thesis are shown in 
figure 4-1. 

3.4.6 The 7 Management Tools 
Bergman et al (2001) claims that the 7 Management Tools is a very powerful and useful 
toolbox used for the compilation and handling of unstructured verbal information or verbal 
data.  
 
The tools are according to Klefsjö et al (1999) intended to identify and create a common 
image of a problem, while assisting to generate and make use of different ideas and 
suggestions so that the problem can be tackled more efficiently. 
 
According to Ericsson Quality Institute (1995) the 7 Management Tools have proved 
themselves indispensable for group analysis of a problem. The 7 Management Tools strength 
is that the concluded measures will become efficient, effective and durable due to the tools 
ability to utilize the entire group’s knowledge and experiences. (Ericsson Quality Institute 
1995) 
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The 7 Management Tools is according to Ericsson Quality Institute (1995): Affinity diagram, 
cause-and-effect (Ishikawa) diagram, Interrelationship diagraph, Tree-diagram, Matrix 
diagram, Activity network diagram and Flowchart.  
 
The Management tools used in this thesis were Ishikawa diagram, Matrix diagram, Tree-
diagram, Affinity diagram and Interrelationship diagraph. 
 
Ishikawa diagram 
An Ishikwa diagram is a diagram that shows the causes of a certain problem or event. 
Ericsson Quality Institute (1995)  
 
Matrix diagram 
A Matrix diagram is structured as a table which shows the strength between several elements. 
Ericsson Quality Institute (1995) 
 
Tree-diagram    
A Tree diagram is a schematic diagram which breaks down or stratifies ideas or problems in 
greater detail. Ericsson Quality Institute (1995) 
 
Affinity diagram 
An Affinity diagram is used to sort problems or ideas with natural relationships into groups. 
Ericsson Quality Institute (1995)   
 
Interrelationship diagraph 
The Interrelationship diagraph shows the causes-and-effects relationship between different 
issues. Ericsson Quality Institute (1995)    
 
To what extent and under which circumstances the tools are used in this thesis are shown in 
figure 4-1.  

3.5 Reliability and validity  
Ejvegård (2003) claims that reliability indicates the consistency and usefulness of measuring 
instruments and its measurements, while validity is the concern of whether the research really 
measures what one wishes to measure. (Ejvegård 2003) 

3.5.1 Reliability 
Merriam (1995) claims that since a qualitative study includes a lot of interpretations of what is 
happening, there is a lack of fixed reference points that one can use as an origin for repeated 
measurements of an occurrence. Therefore it will be difficult to describe a qualitative research 
as reliable if the traditional reliability measurement is used. (Merriam 1995) 
 
But as an alternative to this traditional measurement Merriam (1995) claims the connection or 
logic to one’s result, i.e. the reliability of one’s results, can be reinforced by four points: 
The clarification of one’s origin and the theoretical framework that has directed the study. 
The use of triangulation (the use of several sources of information and several methods for 
gathering data).  
The detailed description of how the study was performed. 
The detailed description of how conclusions were drawn from the available information. 
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The reliability of this study will be reinforced by the use of all of these points. There will be a 
chapter dedicated to the clarification of the theoretical framework and the researchers’ origins. 
The authors will also triangulate the results by the use of several sources of information and 
several methods for gathering data. The thesis will also clearly state the progression of this 
study and how conclusions were drawn. 

3.5.2 Validity 
Merriam (1995) divides validity into two subcategories called internal and external validity. 
 
Drew et al (1987) declares that an experiment that is internally valid is characterized by 
having successfully controlled (or accounted for) all systematic influences between the groups 
being compared except the one under study. While external validity speaks to the issue of 
how much the research settings (subjects, environment, measures) are similar to the world that 
the investigator wishes to describe. (Drew et al 1987) 
 
Internal Validity 
Merriam (1995) defines internal validity as to what extent the result corresponds with reality. 
Does the researcher really study or measure the object that he or she intends to study?  
 
Merriam (1995) also states that the question of validity, i.e. to what extent one’s results agree 
with reality, is solved by the use of triangulation, controlling one’s interpretations with the 
individuals that has been interviewed or observed, being on site during a longer time period, 
asking one’s colleagues to comment the result one has reached and clarify one’s values and 
theoretical origins. 
 
As mentioned earlier triangulation will be used during this research project, furthermore the 
authors will spend a long time period, approximately 16 weeks, at The Company. A 
declaration of the authors’ theoretical origins will also be presented in this thesis.  
 
External Validity 
According to Drew et al (1987) external validity speaks to the issue of generalizability. 
 
Merriam (1995) states that the use of statistical view on external validity (i.e. that one is able 
to make generalizations about a population from a statistical sample of the population) might 
not be suitable for a qualitative case study. Instead Merriam (1995) proposes an alternative 
and that alternative is generalizability when it comes to the reader or user. This means that the 
question of to which extent the result from a certain study is applicable on other situations is 
left to people in those situations. Merriam (1995) 
 
The authors of this thesis will leave it up to the readers or users to decide if the result of this 
study is applicable in their area. 
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4 Empirical Studies and Analysis 
The steps taken during this survey are described in figure 4-1 below. The figure also describes 
the methods & tools and output of the six steps taken during this study.  
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Figure 4-1. Steps taken and tools used in the study 

4.1 Examination of the Industrialization process at PCBA 
The first steps taken by the researchers were the examination of the Industrialization process 
at PCBA (Printed Circuit Board Assembly) with the purpose of creating a deeper 
comprehension of the process. This was done by interviews, observations and documentation 
studies (figure 4.2). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-2. Step one, examination of the Industrialization process at PCBA 
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During the examination the authors also started identifying problems related to supplier 
quality. Interviews were performed with 24 different interviewees from varying positions and 
functions within the organization. The following roles and individuals within the organization 
have been interviewed during this study: 
 

• Process owner Industrialization Process, Person 023 
• Process owner PCBA, Person 014 
• Process owner Supplier Quality, Person 004 
• Manager Quality Focus Team, Person 005 
• Manager Materials, Person 020 
• Manager Purchasing, Person 022 
• Manager Design & Engineering, Person 017 
• Programme Manager Engineering Sales & Marketing, the Customer’s account, Person 

001 
• Supply Base Manager, the Customer’s account, Person 011  
• Technical Project Leaders, Design & Engineering, Person 008 & Person 016 
• Prototype Purchaser, Purchasing, Person 018 
• Team leader Kitting, PCBA, Person 015 
• Zero Defect Line, PCBA, Person 007 
• Industrialization Coordinator at PCBA, Person 009 
• Project Leader & Value Stream Manager, X-Stream, Person 006 
• Technicians, PCBA, Person 002 & Person 019 
• Team leaders, Repair, Person 002 & Person 010 

 
The documents that were studied were prototype protocols, pre-series protocols and project 
checklists. These documents are further described in chapter 4.1.1 Industrialization at PCBA. 

4.1.1 The Industrialization process 
Every new product that is introduced to the Company is launched as a project. The project 
follows the Industrialization process seen in figure 4-3. The process consists of seven phases; 
in each phase there are different conditions that have to be fulfilled in order to proceed to the 
next phase. Involved functions in each phase are marked as bold text.  
 
Each project has a technical project leader (TPL) that has the overall view and should manage 
the project’s progression. At the checkpoints, seen as diamonds in figure 4-3, there are 
meetings held where decisions are made whether the project can proceed to next phase or 
there has to be some complements. These decisions are based on the use of an 
Industrialization process checklist. The checklist is formed as a questionnaire where every 
function in the project organisation has questions that should be answered before every 
checkpoint meeting.(The Process Owner Industrialization).  
 
During the first phase, assignment planning the TPL plans all the activities that are needed for 
each phase in the Industrialization process. In the next phase, preparation, the TPL adjusts the 
checklist (Appendix 4), so that the questions in it are appropriate to the project, together with 
individuals that are responsible for each function. 
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Figure 4-3. Process map of the Industrialization process 
 From the Company’s intranet 

 
In phase three, prototype phase, a prototype should be manufactured by the production. The 
main purpose of making these prototypes is to verify the design of the circuit board. If the 
design is not acceptable the responsible design engineers makes the necessary changes and a 
new prototype is made to verify the new design. (The Process Owner Industrialization). After 
a project passes checkpoint three the project should be ready to manufacture a preserie. 
 
When the prototype is manufactured at PCBA a document called Prototype-protocol follows 
the product through all the different operations performed during the production of the circuit 
board. The operator is meant to note any irregularities or problems that appear during the 
operation on the document, or just a signature if no problem occurs during the operation. 
After the prototype has passed all operations, the PCBA’s process owner collects the 
document. It is the process owner who determines if there were any problems that need to be 
dealt with. If so, it is also the process owner that is responsible for the delegation of 
responsibilities to the appropriate persons and functions within the PCBA organization and 
letting them handle the issues at hand. If the cause of the problem is assessed not to have its 
source in production, the problem is handed over to the technical project leader. 
 
At least 10 circuit boards should be made in phase four and this is what the Company calls 
preseries. The preseries should follow the same flow as volume production, in order to verify 
the ability of the production process. Two of the things that should be verified during 
preseries are that: the components can be mounted in the existing machines and products are 
registered in the ERP-system. (The Process Owner Industrialization). 
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When the Company manufactures the preseries they use a PS-protocol which is very similar 
to the Prototype-protocol. In the PS-protocol the operator should mark in his field whether the 
product was processed according to specifications, or not. If there was any quality 
deficiencies discovered these should also be registered in the Company’s quality reporting 
system.  
 
When the project has passed checkpoint four, the product is ready for volume production. 
This includes a guarantee that the product is manufacturable and all supporting operation such 
as test programs, repair services and contracts with suppliers of components are established. 
 
Depending on who the customer is, the following step will either be volume production or 
negotiation of prize and condition so that the product can get a supply approval (SA). 
According to the Programme Manager Engineering Sales & Marketing, the Customer’s 
account, a SA means that the Company is taking full responsibility for the company’s ability 
to produce the product according to prognosis. Thereby the Company will be held responsible 
for the entire production process and supply-chain after the SA is given. 
 
According to the Programme Manager Engineering Sales & Marketing, the Customer’s 
account, there are some exceptions for practical reasons but these have both the Company and 
the customer reached in consensus. Examples of these exceptions are:  
 

• The recycling of prototype material with the purpose of cutting down time to delivery 
and the eventual cost of scrap. 

• Extra surveillance of the preseries production with the purpose of cutting down time to 
delivery. 

• A small batch to keep costs and time to delivery down. 
 
The basic demand of what the SA stands for remains in spite of process deviations. (The 
Programme Manager Engineering Sales & Marketing, the Customer’s account) 
 
The Company is accountable for the judgment of which exceptions that are reasonable with 
the aspect of process verification. (The Programme Manager Engineering Sales & Marketing, 
the Customer’s account) 
 
The following checkpoints, five and six, both evaluate the results of each project. The purpose 
with checkpoint 5 is to ensure that the Customer’s opinions on assignment execution are 
known and actions are taken to solve possible weaknesses. Known internal/external 
weaknesses and improvements are handed over to the responsible person/organization for 
action. (The Company’s Intranet 2006-12-15).  
 
At checkpoint six, a follow up of the project after its release to volume production should be 
performed. This should happen when a specified number of printed circuit boards have been 
manufactured. The purpose with this checkpoint is to check:  

• That the product has been produced according to defined time period and volume. 
• That remaining remarks from checkpoint 4 are closed. 
• The product’s status in production and solve possible problems. 



- EMPIRICAL STUDIES AND ANALYSIS - 
 
 

 24

4.1.2 Production of circuit boards 
At the PCBA (Printed Circuit Board Assembly) value stream, assemblies of printed circuit 
boards are performed. The PCBA consist of three similar production lines where each line has 
a flow of activities seen in figure 4-4.  
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Figure 4-4. Process map of the PCBA 
From the Company’s Intranet 

 
The process shown in figure 4-4 is valid for volume production and preseries. But for the 
manufacturing of prototypes some activities are added before and after the assembly, see 
figure 4-5. 
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Figure 4-5. Process map for producing prototypes 

From the Company’s Intranet 
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The production of prototypes and preseries starts with the programming of loose components 
and the kitting of components, according to a kitting list. This list is a document that specifies 
which components that will be needed, number of components and sort of feeder to use in the 
production of the circuit board. If there are any problems during kitting, these should be 
written down in the prototype-protocol or PS-protocol. If a component is not delivered in the 
right kind of package, as used in volume production, this is noted in the kitting list. 
  
The following step is the mounting. Depending on which sort, components are either mounted 
by hand or by machine.  
 
Others activities that follows, as seen in figure 4-4, are: Automatic inspection (AOI), 
Inspection by X-rays, Soldering, Visual inspection, Ethernet programming, Test and System 
test. 

4.1.3 Purchasing for Industrialization projects 
In each project organization there is a dedicated purchaser. The purchaser starts researching 
the supply of materials as soon as the bill of materials is completed. A number of needed 
components might already exist in the volume production, while the purchaser might have to 
approach suppliers, place orders and check delivery times for other components. The 
technical Project Leader (Person 016) and the Manager Design & Engineering roughly 
estimate that about 10-30% of the components needed for a prototype has to be sourced by the 
purchaser. 
 
The Prototype Purchaser claims that the purchasing process is a critical process when it comes 
to the success of an Industrialization project. The reason for this is that the process usually 
delays the rest of the project since the purchasers are not able to secure the components as fast 
as they are needed, whilst trying to keep the materials as production friendly as possible. The 
delivery times of the components are usually longer than the Customer’s anticipated time 
schedule.  
 
A simplified description of the purchasing process is given in figure 4-6, below: 
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Figure 4-6. The materials procurement process within the Industrialization process 
 
The process starts with the specification of the material needed, what quantities that are 
needed and at what time the different steps in the Industrialization project should be finished. 
Material that already exists in the Company’s volume production is usually purchased without 
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any disturbance since the project can use material that already is in storage or future volume 
purchases. 
 
If the component is not in the volume flow, two activities will start. One of these is the 
negotiation of a volume price agreement with suppliers. This is done by either the Customer’s 
sourcing department or from a European branch of the Company and is performed parallel to 
the project. According to the Programme Manager Engineering Sales & Marketing, the 
Customer’s account, the Customer sources a majority, approximately 97% of the turnover of 
the materials, of the components that the Company utilizes in their production. Since these 
negotiations are performed exterior to the Company the site has very limited options when it 
comes to influencing the decisions that are taken. 
 
The second activity that needs to be performed for the components that are not in volume 
production is the securing of materials needed for the project. Depending on the project, the 
purchaser might secure materials for both prototyping and pre-series at the same time or split 
them up into two different acquisitions. A rule of thumb that the Prototype Purchaser 
mentions is that if there are a large amount of prototype cycles and a rather generous 
timeframe on the pre-series, the purchasers tries to split the procurement up into several 
purchases. But if there are a few cycles and short timeframe there will probably only be time 
for one purchase. The Prototype Purchaser states “Initially in the Industrialization process, 
purchasing tries to manage as little material as possible, as cheaply as possible and as fast as 
possible.”   
 
According to the Manager Design & Engineering the Customer has a lot of input when the 
Company chooses a supplier. If at all possible, the chosen supplier must be on the Customer’s 
approved vendor list. These listed suppliers have closely been audited when it comes to 
quality, production methods and environmental impact (The Manager Design & Engineering) 
But if is not possible to purchase from these suppliers the purchaser will try to secure the 
material from other suppliers, the electronics spot-market or in some rare cases look for 
compatible components from mail-order supplier of electronics, according to the technical 
project leader. 
 
The identified suppliers receive requests for samples or orders with specifications of quantity 
and delivery time. According to the Prototype Purchaser the supplier that fulfills the demands 
concerning time best gets the order alternatively the Company receives samples from the 
suppliers. The utility of asking for samples is that they usually has a shorter delivery time and 
is cheaper than a bulk order. 

4.1.4 The Customer’s demands 
Both Deming (1986) and Bergman and Klefsjö (2001) stresses the point that quality should be 
measured from the customers perspective. With this in mind the study also researched what 
the Customer demands, needs and expects from the Company’s Industrialization projects. 
 
The Company has developed a document, Customer Expectation for The Customer, which 
defines and specifies the Customer’s expectations and methods for measuring the same. 
(Customer Expectation, revised 2005-11-30)  
 
This document defines five categories that the Customer uses to measure the performance of 
the Company’s Industrialization process:  
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• Quality of all deliverables  
• Delivery/responsiveness  
• Communication  
• Service/flexibility  
• Competence 

 
Quality of all deliverables 
The quality category states that all deliveries should be “produced according to product 
specification and to specified production flow or produced according to desired deviation”. 
Furthermore the contents and format of mails, reports, documents and software should be of 
sufficient quality. (Customer Expectation, revised 2005-11-30) 
 
Delivery/Responsiveness 
Delivery/Responsiveness is the projects ability to deliver the product/mails/reports/documents 
or software on the agreed time. 
(Customer Expectation, revised 2005-11-30) 
 
Communication 
The communication category relates to the Company’s ability to answer requests for 
quotation (RFQ’s), report troubles or any deviation that occurs which could affect either 
delivery time, quality or cost. Furthermore it also relates to the appointed contact person’s 
ability for basic communication. 
(Customer Expectation, revised 2005-11-30) 
 
Service/Flexibility 
Service/Flexibility is defined as the Company’s ability to support with constructive solutions 
to any problem. Further more this category includes the Company’s flexibility to re-plan and 
re-prioritize and the Company’s ability to contribute suggestions for changes which would 
lead to improvements in the working process and/or the lead-time. 
(Customer Expectation, revised 2005-11-30) 
 
Technical support 
Technical support “is the ability to support the customer within the different assignments.” 
(Customer Expectation, revised 2005-11-30) 
 
Besides these defined measurements, the Customer also demands competence. When the 
Company tries to branch out with new products, the Customer will demand that the Company 
is able to provide documents that verify the Company’s competence in that area. (The 
Programme Manager Engineering Sales & Marketing, the Customer’s account) 
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As the site in Sweden has moved from Customer owned to Company owned there has also 
been an increasing discussion of the costs involved within Industrialization projects. A 
developing trend is that the Customer focuses on reducing the time span of the 
Industrialization projects. By reducing this time the Customer gains a lower cost for the 
Industrialization project, and a faster time to market for the Customer’s product. (The 
Programme Manager Engineering Sales & Marketing, the Customer’s account) 

4.1.5 Changes made to the process 
During this study several changes to the Industrialization process were implemented and 
initiated. The first of these was that the checklist for Industrialization process was updated 
with questions (appendix 2) regarding the quality of incoming goods. 
 
Another one important change is that The Prototype Control Tool (PCT), a web-based 
management tool, was introduced in September 2006.  
The PCT user manual describes it as: “A tool that handles the administrative prototype flow. 
The purpose of the tool is to guide all activities and gather all information with the intention 
of delivering a prototype order in an optimized approach.” (Prototype Control Tool user 
manual, revised 2006-09-14) 
 
The most important change of them all is the decision to reorganize the site’s value streams, 
from the present five production streams into three authentic customer value streams. Se 
figure 4-7: 
 

Present Customer Value Stream = Value flow mainly based on product

CVS
Node

CVS
System

CVS
EAR

CVS
PCBA

CVS
Repair

CVS
PCBA 

&
”The Customer”

CVS
X-Stream

CVS
Repair & Services

Future Customer Value Stream = Value flow from a customers perspective  
 

Figure 4-7. Reorganization of the Value Streams 
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These new value streams seen in figure 4-7 will tie together production from the PCBA to the 
Node into one value stream, extract Repair & Services to another customer value stream and 
launch the X-stream. The ambition of this reorganization is according to the Company’s own 
presentation material to: 
 

• Obtain a logical interface to the customer. 
• Gain an overall picture of the processes. 
• Reach an “end-to-end”-flow without borders. 
• Create conditions to handle new customers and prototypes in the X-stream. 
• Develop a more optimized exchange of products. 
• Gain a visibility of the specific organization for new customers.  

 
The X-stream value stream, launched in January 2007, will be a new dedicated production 
organization for prototyping and low volume customers. The purpose of X-stream is to offer 
customers a quicker and more efficient introduction with a lean, flexible and “fast time to 
market” value stream for prototyping and production to low volume customers. X-stream is 
intended to be first step into production for new customers and Industrialization projects. 
When the product has grown out of the concept of low volume it will be transferred to its own 
customer value stream. The central idea behind this new organization is the satisfaction of 
new and existing customers demands of an own production organization detached from the 
high volume flow. 
 
Through this new X-stream the Company will hopefully be able to secure future volume 
production via the Industrialization projects according to The Project Manager X-Stream. The 
Project Manager X-Stream also states that the new X-stream should be seen as a future 
commitment to the Industrialization process by the site. The new organization will require a 
lot of resources such as capital and personnel. All of this is done to strengthen the 
Industrialization process so that the Company can stay competitive. (The Project Manager X-
Stream) 
 
The X-stream will have its own personnel, from kitting to test as described in figure 4-4, and 
personnel from the materials function will supplement the organization. The Project Manager 
X-Stream explains that the new organization (se figure 4-8) will be divided into three 
functional groups X-operations, X-materials and X-projects which all report to the Value 
Stream Manager, the only exception from is that X-materials will at first report to an own 
Value Stream Manager. 
 
According to The Project Manager X-Stream, the role of each individual will also be clarified 
in the new organization. The PBA-coordinator should be seen as an interface between the 
technical project leaders and the production. The PBA should therefore have the knowledge 
and ability needed for the follow up of the prototype through the entire production flow. (The 
Project Manager X-Stream). 
 
Furthermore a new position, component engineer, will also be created within the organization. 
This position should, according to The Project Manager X-Stream, be able to find alternatives 
to the required components, discuss different components with the customer and follow 
components through the production. The Project Manager X-Stream has realized that there are 
problems concerning components and hopefully this new position would lessen these 
problems.  
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Figure 4-8. Organizational chart of the X-stream value stream 
 
The Project Manager X-Stream states that it is difficult to assess the changes that will appear 
in the Industrialization process due to the new organization. The new value stream 
organization will use the same processes, guidelines and checklists that are described in the 
Industrialization process but they will be harder followed and enforced in the new value 
stream. Since the organization focuses more on the area of prototyping the demands will start 
to increase as X-stream develops. “It is at this moment hard to point out delivery and quality 
problems today, we just do not know what or where they are”. (The Project Manager X-
Stream) 
 
According to The Project Manager X-Stream it is not yet determined where the pre-series will 
be produced. The benefit of running them in the volume flow is that the volume operators will 
get familiar with the product. The downside is that the Customer does not accept lacking 
quality, late deliveries and so on. (The Project Manager X-Stream) 
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4.1.6 Problems within the Industrialization process 
During the examination several problems within the process were revealed to the authors. In 
order to present these problems the authors have divided them into 17 groups. These groups 
are listed below and further described in the following text. Hence each group consists of 
several problems but in the list below they are summarized into one single problem. 
 

1. SQE does not take part in the Industrialization process. 
2. The pre-series does not always follow the volume production flow. 
3. There is no data which could be used to analyse the Industrialization process as a 

whole. 
4. Components cannot be mounted as they would in the volume production. 
5. Production is currently not informed when a component changes supplier. 
6. Difference between the quantities of components registered in ERP to the amounts 

that are available for the production personal at PCBA. 
7. The Company is responsible for the quality and delivery time of the components even 

if it is the Customer that has chosen the supplier. 
8. Prototypes and pre-series might be produced on components from one supplier and 

later on the volume price agreement ends up on another supplier. 
9. The purchase of samples is not always suitable due to their packaging. 
10. Special components used in the industrialized product might only have one supplier or 

might still be under development. 
11. Feedback from the production, regarding supplier problems, during the 

Industrialization projects is lacking and very rare. 
12. Deliveries have taken a longer time than agreed and volumes that were wrong. 
13. Packaging changes between Industrialization projects and volume production. 
14. Purchasers are not made aware of how new components should be packaged. 
15. The responsibilities and division of labor between technical project leaders and PCBA 

in the current organization is very unclear. 
16. Prototyping calls for different goals and flows than the volume production. 
17. Managements responsibility is so spread out over the current organization it appears 

almost impossible to manage the problems with prototyping. 
 
More detailed descriptions of the problem areas (the Company’s procedures today) 
1. According to the process owner of the Supplier Quality Process the supplier quality 
engineers, SQE, are not a part of the Industrialization process. The Supplier Quality Process 
owner states that many of the problems that have appeared with suppliers in volume 
production could probably have been prevented before the product went into volume 
production if SQE were engaged in the Industrialization process. 
 
During this study the checklist for Industrialization was updated with questions (appendix 5) 
regarding the quality of incoming goods and this will probably diminish the problems 
mentioned above as SQE will be responsible for these questions in the checklist.  
 
Having a team that consists of people from different departments is according to Deming 
(1986) a good way to avoid sub optimizing in the company and break down barriers between 
departments. The authors believe that now when SQE is involved in the Industrialization 
process, problems concerning incoming quality will be highlighted and problems concerning 
these issues will be handled at an earlier point.  
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2. According to different people working at PCBA and in the Industrialization process it is 
quite common that the pre-series do not follow the steps described in figure 4-3. One thing 
that sometimes occurs is that the components which normally should be mounted by machine 
are mounted by hand on the circuit board. Reasons for this can be that: components are 
packaged in a faulty direction, components are delivered in the wrong kind of strip, on a strip 
with the wrong dimensions or components are delivered in sample bags. 
 
3. There are documents such as the prototyping-protocol and the PS-protocol that presents 
data from each project individually but there is no document that collects data from all 
projects, which later on could be used to analyse the Industrialization process. 
 
4. If the delivered components, that are to be mounted by machine, are packaged in a faulty 
direction, in the wrong kind of strip or lies in sample bags, the components have to be 
mounted by hand. (The Industrialization Coordinator at PCBA) As a result components 
cannot be mounted as they would in the volume production.  
According to Wheelwright (1992) it is very important to study and solve those problems that 
come up in each cycle. So this is a problem that would be worth attention since it counteracts 
the Company’s purpose with pre-series, which according to the Process Owner 
Industrialization should be a small simulation of volume production. 
 
5 Components mounted by machine have targets placed on them that enable the machine to 
locate and distribute the components on the circuit board according to the production 
programme. When a supplier is replaced these targets might alter somewhat, even though the 
component from the new supplier has the same specifications as the old ones. Problems have 
occurred in production where these small target differences have lead to production stops. 
(The Zero Defect Line Leader PCBA) If possible the operator will try to re-programme the 
machine, but if this is not possible new components will have to purchased. The 
Industrialization Coordinator at PCBA and others in PCBA mentions that production is 
currently not informed when a component changes supplier, if informed they could pay extra 
attention to this component. 
 
This difference between components is according to Deming (1986) natural when they stem 
from different suppliers. Products produced by a process are not identical; there is a variance 
between products. If the products come from two different processes, the variance increases 
even more. If the production personnel were informed about changes in suppliers they 
probably would be able to quicker to catch component related quality issues. 
 
The addition of personnel from the materials function to the X-stream organization should 
lead to the diminishment of this problem. As it will enable individuals from different 
functions to better understand the issues that the other persons might face.  
 
6. According to the Industrialization Coordinator at PCBA sometimes components for       
pre-series and prototypes are registered in the Company’s ERP-system, but are not available 
in PCBA’s storage (OEG 200), hence there is a difference between the quantities of 
components registered in ERP to the number that are available for the production personal at 
PCBA. 
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7. The Programme Manager Engineering Sales & Marketing, the Customer’s account states 
that the Company always is responsible for the quality and delivery time of the components 
even if it is the Customer that has chosen which suppliers to source from. With the respect to 
Krajewski’s and Ritzman’s (2005) supplier relationship process this could be construed as the 
sourcing and negotiation processes are not performed by the organization that is responsible 
for the quality of the incoming components and the quality of the delivered product. This 
might according to the authors of this study put the Company in a precarious position when 
they are interacting with their suppliers. 
 
8. According to the Prototype Purchaser the volume price agreements should be in place when 
the preseries are produced but corners have been cut in this process. Prototypes and preseries 
might be produced on components from one supplier and later on the volume price agreement 
ends up on another supplier. This means that Wheelwright’s (1992) purpose of a Ramp-up is 
not fulfilled and therefore the Company will not able to verify the volume supplier in the 
Industrialization process.  
 
9. The Prototype Purchaser recognizes that a problem appears with the use of samples. The 
reason for this is that samples usually are packaged in a manner that makes them impossible 
to produce via the ordinary production process. As a result of this packaging the components 
will have to be mounted manually to the boards. If the purchaser is on an unyielding schedule 
they might need to secure all the components of that type via samples and this will 
consequently lead to that neither the production process or volume packaging of the 
component would be verified via the Industrialization project.  
 
Deming (1986) argued that if companies only looked at the price tag when purchasing the 
long-term cost would increase. With a broader interpretation of this statement one could argue 
that the project organization’s focus on one principal factor (delivery time) will also lead to an 
increase in long-term costs. 
 
The Industrialization projects are conscious of that they are operating in the third world of 
Deming’s (1994) division of the market place and are thereby aware of the different costs that 
the different solutions will lead to. But since the projects most of the times are under time 
limitations they will act as if they were in the first of Deming’s (1994) worlds, with a focus on 
delivery time instead of price. 
 
10. Another problem that sometimes appears in the Industrialization projects is that the new 
product will consist of a lot of special components that only has one supplier or the product 
might still be under development. This will make the delivery times, quality and packaging of 
these components very uncertain. This problem might stem from the fact that is the customer 
and not the Company that are supervising the design collaboration that Krajewski and 
Ritzman (2005) described.  
 
11. The Prototype Purchaser also states that the purchasers feel that feedback from the 
production, regarding supplier problems, during the Industrialization projects is lacking and 
very rare. The Prototype Purchaser believes that this might depend on the fact that the 
components that are likely to cause problems during production are usually manually 
mounted during the Industrialization. The reason for this is the fact that these components 
usually are purchased in samples, due to their difficulty to secure volume components.  
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The effect of seldom and lacking feedback to the purchasers will according to Wheelwright 
(1992) lead to a decrease in the prototyping process quality. Furthermore a lacking 
involvement of the production in the contacts with suppliers is counterproductive if one 
aspires to prevent supplier-quality related problems according to Cali (1993). 
 
The addition of personnel from the materials function to the X-stream organization should 
lead to the diminishment of this problem. As this will enable individuals from different 
functions to better understand the issues that the other persons might face.  
 
12. According to the technical project leader (Person 016) problems have appeared 
concerning the suppliers to the Industrialization process. With deliveries that have taken 
longer time than agreed and volumes that were wrong. When a product is in volume 
production the supply base managers are responsible for the conduct of the suppliers. But this 
is not the case while prototyping and there seems to exist no clear demands or penalties for 
the suppliers to Industrialization projects. (The technical project leader, Person 016) Even the 
supply base managers feel that there is nothing they can do when it comes to the supply-chain 
development during Industrialization projects, since the customer usually chooses the 
suppliers according to the Supply Base Manager, the Customer’s account.  
 
There was a time when all the volume suppliers were verified including their packaging and 
there were contracts on all the components when the pre-series were produced according to 
the Prototype Purchaser. There were also delivery conditions that were verified and 
production was only allowed to produce on rolls, sticks or trays, etc everything was, as in the 
volume production. But nowadays there is no time, force, stamina or possibility to do that. 
(The Prototype Purchaser) As the Company no longer verifies the volume suppliers, the 
components packaging or the suppliers delivery conditions in the pre-series the Company 
does not perform a proper Ramp-up according to Wheelwrights (1992) definition of Ramp-up. 
 
According to Krajewski and Ritzman (2005) the sourcing process consists of four activities: 
qualification, selection, management and evaluation. As the Company only is responsible for 
the selection of suppliers in this process and the Customer is responsible for qualification, 
management and evaluation of the suppliers the process has been divided between the two 
companies. This division of activities might be the reason behind the Company’s problems 
within this area. 
 
13. The Prototype Purchaser also states that a noticeable problem appears in the shift from 
Industrialization to volume production. This problem concerns the packaging of the 
components. The problem is that the components that were delivered for the Industrialization 
project was packaged in one form of packaging and products purchased for volume 
production is packaged in a different form, that the Company’s volume production is not 
capable of handling. This might depend on the fact that the Company might not have 
specified in which way the component should be packaged or the component might be new to 
the Company so they are not aware in which way the component will be packaged when 
bought in bulk. (The Prototype Purchaser) 
  
Wheelwright (1992) claims that the purpose of a ramp-up is to check the ability of the 
manufacturing process (including suppliers) to achieve production constantly. Thereby the 
Company has not performed a proper Ramp-Up as they are not able to handle bulk packaging. 
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14. According the Prototype Purchaser production has usually not performed an analysis over 
in which way the components should be packaged. The purchasers as a result generalize a lot 
when it comes to how a component should be packaged. But problems arise as soon as the 
component that was purchased is new to the Company, or even new to the market. (The 
Prototype Purchaser) 
 
The problems concerning packaging might be seen as a quality aspect of the prototyping 
process. If so Wheelwright (1992) claims that this could be avoided with a decrease in time of 
feedback.  
 
15. A problem that The Project Manager X-Stream mentions is that the responsibilities and 
division of labor between technical project leaders and PCBA in the current organization is 
very unclear.  
 
But this will hopefully be solved by a newly created X-stream document that specifies the 
responsibilities this will be clarified during the entire project. (The Project Manager X-
Stream) 
 
16. An opinion that the Project Manager X-Stream has is that nothing good can come out of 
placing a prototype in a volume flow. Prototyping needs different goals and flows than the 
volume production. A lot of the issues that has arisen with the prototypes are based on the fact 
that they have been floating around in a flow that has had their goals set for volume 
production. When the volume customer has a concern all efforts will focused on the volume 
flow and this will the hurt the Industrialization projects that exist in the flow. “This is fatal fo 
the Company if we mismanage the Industrialization projects we will have no new future 
orders”. (The Project Manager X-Stream) 
 
17. The Project Manager X-Stream declares that so many errors were taking place during the 
prototyping at the moment that it would almost be almost impossible to fail with the 
improvement of it. Since management was responsible for both low volume and high volume 
customers and everything was spread out in the current organization it appears almost 
impossible to come to grips with the problems. The new X-stream organization should be 
seen as a means of getting control over this. Many problems in the current organization are 
caused by the fact that things are not properly done from the start and a lot of focus will be 
put on this in with the launch of the new organization. (The Project Manager X-Stream)  
 
Since the Company has trouble identifying the problems that appear in the Industrialization 
process there could be improvements made in the building of knowledge area that 
Wheelwright (1992) gives as one of his four recommendations. Without the study and solving 
of those problems that come up in each cycle it will be hard to continuously improve quality, 
speed and efficiency of the prototyping process. Wheelwright (1992) 
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4.2 Sort and Prioritize Problems 
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Figure 4-9. Step two, sort and prioritize problems 

 
All of the individual problems that were discovered during the interviews were further 
analysed in an affinity diagram. These individual problems are not identical to the 17 listed in 
the end of chapter 4.1.6. The reason behind this is that the 17 problems are only a sample of 
all the individual problems that was brought forward during the examination. But by giving a 
brief description of these 17 the authors hope to give a better depiction of certain problematic 
patterns that do exist at the site.  
 
The affinity diagram (Appendix 9) was used to sort and prioritize all of the problems that had 
emerged during the examination of the Industrialization process. The problems that had 
appeared were this way grouped by the authors, but the ranking of the problem groups were 
left to the interviewee’s via a questionnaire. 
 
The questionnaire was used to get a ranking of the identified problem areas that were 
categorized in the affinity diagram. The selection for this questionnaire was selective as only 
the individuals that had been interviewed during the mapping of the Industrialization process 
were selected. The questionnaire (Appendix 1) was sent out to 22 individuals and they were 
all asked to rank the top three problem areas that they felt “hindered the Industrialization-
process at PCBA to assure the quality of arriving materials for the volume production”. The 
problem area that they felt had the biggest effect was given a weight of three, the second was 
given a weight of two, and the third was given a weight of one. The questionnaire was sent 
out together with a cover letter (Appendix 8) by means of e-mail to all recipients and 15 of the 
individuals answered the questionnaire. A response ratio of 68,2% can be seen as sufficient 
for the conclusions drawn from the questionnaire.  
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The affinity diagram generated eight problem areas: 
A. The pre-series are not always “process correct” since the suppliers are not the same as 

in volume production. 
B. Arriving materials are lacking with regard to product or packaging. 
C. Information and experiences are not spread or documented between Industrialization 

projects or departments. 
D. Purchasing has a limited number of suppliers to choose from and puts few demands on 

them. 
E. The production equipment is not always ready for the new components. 
F. Responsibilities and duties are vague in the relationship between the Industrialization 

organization and PCBA. 
G. Components have long and uncertain delivery times. 
H. The steering of materials and production is lacking in the Industrialization process. 

 
The 14 responses to the questionnaire gave the result that can be seen in figure 4-10, below: 
 
 

Weight of problem areas

0

5

10

15

20

A B C D E F G H

Problem areas

W
ei

gh
t

 
Figure 4-10. The result of the questionnaire 

 
Since the 14 respondents all were working in different departments of the site’s organization 
there was an attempt made to see if there were any clear pattern between departments and the 
ranking. This was done by splitting the 14 respondents into six groups. Figure 4-11 below 
shows how each group ranked the different problem areas:  
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Weight by group
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Figure 4-11. The result sorted by group 

 
Account represents the organization that manages the sales of Industrializations projects and 
was in this case represented by the Programme Manager Engineering Sales & Marketing, the 
Customer’s account. Design & Engineering consisted of 2 Technical Project Leaders, the 
owner of the Industrialization Process and their Manager. Materials consist of a representative 
from the prototype purchasers. The QFT group is made up of two individuals from the quality 
department at the Company and finally VS stands for respondents from the two value streams; 
PCBA (4 respondents) and Repair (2 respondents). 
 
Since the groups were made up of varying number of personnel, from 1 individual up to 6, 
there was a need for normalizing each group so that each group had the same weight in the 
result. This normalized weight is depicted in figure 4-12 below: 
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Figure 4-12. The normalized weight by group 

 
One can see that all groups are represented in the problem areas of C and F. Furthermore it 
appears as the problem area B and E seems to be areas that only are of a big concern to the 
people in the value streams.  
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The conclusions drawn from this data was that A, C, F and H were the problem areas that the 
respondents felt hindered the Industrialization process the most from assuring the quality of 
arriving materials for the volume production. The exclusion of the problem areas of B, D, E 
and G can be strengthened by their lack of general support amongst the different groups. 

4.3 Connections between Causes and Problems 
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Figure 4-13. Step three, connect problems and causes 

 
The interrelationship diagraph (Appendix 2) was used to create a causal understanding of the 
relationship between the problems that had surfaced during the initial steps of the study. The 
same problems that were used in the affinity diagram were used in the interrelationship 
diagraph, with the exception of three problems (New RYS are not introduced into the 
promburning, Components have not the right colour according to the production programme, 
The components that probably are the most sensitive to the process are delivered in sample 
bags). The reason for this is that they acted as duplicates of already stated problems. The 
authors themselves created the diagraph by connecting the problems with arrows. Then by 
counting the numbers of arrows in and out from each problem the authors identified specific 
problems that acted or could be measured as drivers, bottlenecks and critical results (table 4-
1).  
 
Klefsjö et. al. (1999) describes drivers, bottlenecks and critical results as the following: 

• A driver is an issue that one should focus ones attention on at first.  
• A bottleneck should be seen as an issue that one has to pay special attention to when a 

plan of implementation has been developed, if ones results are to be reached.  
• A critical result is the issues that one should plan as a measurement of success.  
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Table 4-1. Drivers, bottlenecks and critical results 
Type Problems 

Drivers: 

There are no clear 
demands on the suppliers 

to the Industrialization 
projects. 

Unclear means of 
communication 

between purchasing 
and production. 

Vague and varying 
division of 

responsibility 
between PCBA and 

TPL. 

Bottlenecks: 

There are no clear 
demands on the suppliers 

to the Industrialization 
projects. 

Unclear means of 
communication 

between purchasing 
and production. 

 

Critical results: 
Circuit boards are 

sometimes assembled by 
hand in the pre-series. 

Purchasing is not 
always aware of how 
production wants the 

components to be 
packaged. 

Experiences that are 
learned during the 
Industrialization 
projects are not 

always brought into 
the volume 
production. 

 

4.4 Verify Problem and Causes 
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Figure 4-14. Step four, verify problems and causes 

 
The four problem areas that were identified via the questionnaire (A, C, F and H) were further 
analysed together with the interrelationship diagraph. The purpose of this analysis was to find 
specific problems within the different areas that could be targeted for an improvement project. 
This analysis generated five problems and these problems are presented in table 4-2 below:  
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Table 4-2. Suitable improvement projects 
Problem area Problem Why problem was chosen 

A There are no clear demands on suppliers to the 
Industrialization projects. 

 A bottleneck 

C Unclear means of communication between 
purchasing and production. 

A bottleneck 

C There is no one that is accountable for new 
components and their follow-up. 

This problem has output to 
three critical results 

F Vague and varying division of responsibility 
between PCBA and TPL. 

A driver 

H Components are not available when pre-series or 
prototypes should be produced. 

This causes late delivers to 
the Customer 

 
To verify that the organization also felt that these problems were suitable and to identify one 
problem that could become a future improvement project for the authors, the different 
problems were presented to the following functions: 
 

• Process owner, Industrialization 
• Process owner, Supplier Quality 
• Manager Industrialization 
• Project Leader & Value Stream Manager, X-Stream 
• Senior Six Sigma Black Belt 

 
Together with the problems, the authors also presented their logic behind their choice; the 
steps they felt were suitable for the future improvement project and possible future impact. 
 
After these discussions the authors decided to proceed with the problem, components are not 
available when pre-series or prototypes should be produced. Within problem area H, the 
steering of materials and production is lacking in the Industrialization process. 
 
The rationale behind this decision was the fact that this problem was deemed as more urgent 
by the Manager for Industrialization and the Project Leader & Value Stream Manager for X-
stream. The launch of the Prototype Control Tool, the introduction of X-Stream, the 
implementation of checkpoint five and six and the introduction of SQE into the 
Industrialization projects would have a larger positive impact on the problem areas of A, C 
and F than it would on H. H is a problem that the Company don’t have any direct solution to.  
 
The chosen problem concerning the availability of components has two distinct perspectives 
internal and external. The first of these, the internal perspective, concerns the handling and 
accounting of material during the prototyping and pre-series cycles. The external perspective 
concerns the suppliers to the Industrialization projects (figure 4-15). 
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Figure 4-15. The chosen project 
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Figure 4-16. Step five, Generate solutions 

 
Each circuit board, produced at the site, consists of hundreds of components and the 
components used in Industrialization projects can generally be divided into three different 
groups: 
 

• Volume components that already exists in the volume flow 
• Industrialization components that do not exist in the volume flow, but are used in 

several Industrialization projects. 
• Unique components that neither exist in the volume flow nor are used in several 

projects. But instead are used in one or a small amount of projects. 
 

It is these unique components that are at the focus of this improvement project as the 
Industrialization projects are very sensitive to the loss or delay of these components. 
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The effects that have arisen are that PCBA has lost production time due to the kitting and de-
kitting of prototype production drives that have had to be postponed due to lack of 
components. Expensive emergency purchases have also been performed to quickly secure the 
needed components. The most alarming effect is that the deliveries to the Customer have been 
delayed.  
 
For the external perspective the statistical software Minitab was used to analyse the suppliers 
to the Industrialization projects. The internal perspective was tended to via an Ishikawa 
diagram that was created through a cross-functional team exercise. 

4.5.1 External Perspective 
In order to identify external reasons why components are not available when pre-series are 
being manufactured the authors studied some of the existing data from order processing and 
registration. All data have been collected from the Company’s ERP-system. In table 4-3 one 
can see the data that were studied and an explanation of each parameter. 
       

Table 4-3. Studied variables in ERP 

Supplier 
Only suppliers which have orders that are specific for prototypes, 
pre-series and have been processed between 2006-01-01 and 2006-
11-27 are being studied. 

Difference in quantity 
 
Ordered quantity minus the actual delivered quantity. 
 

Last commit 

 
Latest delivery date promised by the supplier minus actual delivery 
date. 
 

 
The number of orders that was processed between 2006-01-01 and 2006-11-27 were 1420, 
delivered by 128 different suppliers. Of the 1420 orders that were processed, 76 orders were 
delivered with lower quantity than the supplier had promised to deliver, so approximately 5% 
of the orders processed had a shortage in quantity. These 5% percent were delivered by 36 
suppliers (28 % of total numbers of suppliers). Pareto chart (figure 4-17) shows how the 76 
orders were distributed among the 26 suppliers. One can see that 5 of the suppliers are 
accountable for 35 % of all orders that have a shortage in quantity. 
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Figure 4-17. Pareto Chart of shortage in order quantity 

 
In order to find out why the suppliers delivered a faulty quantity, an interview with the 
Prototype Purchaser, was conducted. According to the Prototype Purchaser, nearly every 
order that is registered as wrong quantity is an order that has been divided into several small 
orders. This method is used if the Company needs the components before the latest promised 
delivery date and the supplier can deliver some but not all components that have been 
ordered. Suppliers that deliver a wrongful quantity without the purchaser’s knowledge is 
extremely rare. (The Prototype Purchaser). 
     
To evaluate the suppliers’ ability to deliver in time, a study was conducted over the variable 
“Last commit” (Figure 4-18) for all the suppliers as a group and for each supplier 
individually. The variable “Last commit” is based upon the latest delivery date promised by 
the supplier and the actual date when the order is registered in ERP at the incoming 
warehouse. Figure 4-18 displays “Last commit” on the X-axis and the number of orders on Y-
axis. A negative value on last commit means, the order has arrived before the promised 
delivery date and a positive value, the order has arrived after the promised delivery date. 
Under the assumption that it can take a day for an order to be registered in ERP after arrival to 
the Company, all the values of “Last commit” larger than 1 would be a late delivery. As seen 
in figure 4-13 26,69 percent of all orders are delivered later than one day passed due. The 
sample mean seems to be pretty acceptable with a value of –1,76. But the variation is very 
large with a standard deviation value of 23,38. 
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 Figure 4-18. Last commit of every order from all suppliers 

 
In order to identify the suppliers concerning late deliveries the authors visually studied the 
graphs shown in appendix 6 and selected three suppliers. These three all have a high total 
number of orders where several of those orders exceeds the last commit with more than one 
day and several orders that has a very high last commit 
  
The three selected suppliers are ring-fenced in Appendix 6   

 
In order to do a more detailed study of these three suppliers a process capability chart for each 
supplier were established (figure 4-19, 4-20 and 4-21). If the upper specification limit is set to 
1 day then one can see in the mentioned figures that more then 30 percent of all orders from 
the three suppliers are delivered late.  
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Figure 4-19. Process capability chart for supplier S1 

 
 

 
Figure 4-20. Process capability chart for supplier S2 
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Figure 4-21. Process capability chart for supplier S3 

 
The worst observed performance belongs to supplier S1, who has delivered approximately 43 
percent of all orders late (figure 4-19).  
 
According to the Prototype Purchaser there are primarily two reasons why last commit is 
larger than one. One of these is the fact that it often can take more than one day for an order to 
be registered in ERP after it has arrived to the Company. Furthermore the purchasers might 
give the suppliers a new delivery date without registering this change in ERP.  
 
These two reasons makes it nearly impossible for the Company to blame the suppliers for 
delivering orders late according to the Prototype Purchaser.  
 
Bergman et al (2001) stresses the importance of collecting numerical or verbal data and then 
base decisions on these data. So in order to improve the delivery process, defined as when 
material is ordered from supplier until the order has reached the site, the Company has to 
improve their measurements so that the data is more reliable and can be used as a realistic 
measurement of how well the delivery process performs.  
 
The authors therefore recommend the Company to: 
 

• Frequently measure the time from the arrival of material until it has been registered in 
ERP. 

• Always register the latest delivery date that has been agreed with suppliers. 
• Register type of transport. 
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If the Company performs this they would be able to make a more accurate analysis of how 
well the delivery process is performing. This data could show if there are any suppliers that 
often deliver late, if there is any type of material that often is delivered late or if certain types 
of transportation causes late deliveries.  
 
This data is also a good input to evaluate the process and furthermore it will enable the 
technical project leaders to perform a risk analysis of late deliveries due to problems in the 
delivery process. 

4.5.2 Internal Perspective 
Since components usually disappear in-between prototype or pre-series cycles the problem 
will be analysed from an internal perspective. To get a better grip of the problem and its 
possible solutions a group exercise was performed based around the 7 Management Tools.  
 
The exercise was performed on the 4th of December 2006 and was conducted under the 
guidance of the authors of this study. The cross functional team consisted of: 

• Kitter at PCBA, Person 024 
• Material Administrator, Person 025  
• Industrialization Coordinator at PCBA, Person 009 
• Technical Project Leader, Person 026 
• Prototype Purchaser, Person 018 

 
The exercise started with an Ishikawa diagram with the purpose of finding answers to: “Why 
are components not available when prototypes and pre-series should be produced?” 
The resulting diagram can be seen in Appendix 3.  
  
After the final design of the diagram was established, the individuals in the team were asked 
to prioritize the different problems with regards to their impact on component availability. 
Each individual devoted a 5 points to the problem that they ranked the highest, 3 points to the 
second highest and 1 point to the third highest. The results can be seen in table 4-4 below: 
 

Table 4-4. Result of Ishikawa prioritization 
Problems Total sum 
I. Unclear accountability in planning 15 
II. Material disappear between production drives 11 
III. The conditions has changed 5 
IV. Conditions for purchase are not in place 5 
V. Customer demands 3 
VI. Components that are packaged faulty disappears easily 3 
VII. Start of production the same day that the components arrives 1 
VIII. Reprioritization of production drives 1 
IX. Planning’s delivery time is to long 1 

 
Based on the top three problems that were generated in the Ishikawa diagram exercise, see 
problem I, II & III in table 4-4 above, a short brainstorming session was carried out to find 
solutions. As a result of this brainstorming session seven solutions were generated, see table 
4-5: 
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Table 4-5. Possible solutions 
Possible Solutions 
Inform about the effects of one’s actions 
Describe the flow  
Extend the stubs on the component rolls  
Distinguish prototypes on the kitting list 
Document material that has disappeared during the production 
Make an inventory of distinguished components after prototype cycles 
Implement a “scrap-factor” when purchasing for Industrialization projects 

4.6 Rank and develop solutions 
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Figure 4-22. Step six, rank and develop solutions 

 
To identify the solutions that were the most feasible a matrix diagram was created. The team 
members were asked to rank each solution based on its effect on the problem and on how 
viable an implementation of the solution would be. The results can be seen in table 4-6 below: 
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Table 4-6. Matrix diagram 
Solutions 
  Inform 

about 
the 

effects 
of 

one’s 
actions 

Describe 
the flow

Extend the 
stubs on 

the 
component 

rolls 

Distinguish 
prototypes 

on the 
kitting list 

Document 
material 
that has 

disappeared 
during the 
production 

Make an 
inventory of 
distinguished 
components 

after 
prototype 

cycles 

Implement a 
“scrap-factor” 

when 
purchasing for 

Industrialization 
projects 

Effect 5 5 - - - - - Unclear 
accountability 
in planning Viability 3 3 - - - - - 

Effect 5 5 5 5 5 5 5 
Material 
disappear 
between 
production 
drives 

Viability 3 1 1 3 1 3 1 

Effect 1 - - - 5 5 5 

Problem
s 

The 
conditions 
has changed 

Viability 3 - - - 1 3 1 

Total 20 14 6 8 12 16 12 
 
Based on these results the authors decided to develop two solutions further, the 
implementation of a “scrap-factor” and the inventory of distinguished components. The 
solution that concerns information regarding the effects of one’s actions was perceived by the 
authors to be a companywide management issue and therefore this solution was discarded as a 
suitable improvement project for this study.  
 
The two solutions, which are described below, should be seen as complements and does in no 
way exclude each other. 
 
Implement a “scrap-factor”  
The discussion concerning this solution was based around the fact that when components are 
placed in volume production they will have a “scrap-factor” connected to them that 
automatically deducts units from the ERP-system. These “scrap units” that are deducted are a 
estimation of how many components that will be lost in the volume production process due to 
process faults, faulty kitting, handling faults and so on. But since this “scrap factor” is an 
output of the Industrialization projects and the processes may not yet be adapted to the 
industrializing product this factor is not developed for the industrialization projects.  
 
The generated solution therefore concerns the prototype purchaser possibility to secure an 
appropriate margin of components to handle the losses that appears during the 
Industrialization projects. The prototype purchasers, to a certain extent, already perform this 
but an issue is that the prototype purchasers base this margin on their own rough estimations 
and not on any production knowledge. 
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The recommended solution is therefore that an analysis should be performed by the 
component engineer (chapter 4.1.4, X-Stream) to determine which margin that is suitable for 
each unique component. According to the job advertisement (Appendix 7) the component 
engineer should be able to: “develop and optimize the choice and utilization of components in 
the production process based on the customer’s demands.” Furthermore the engineer should: 
“actively work with development, changes and quality improvements and work together with 
rest of the organization with the purpose of optimizing the wholeness and meet customer 
expectations.” With this is mind it seems like the responsibility of estimating these margins 
should be placed on the component engineer’s shoulders. The analysis should be based on the 
bill of materials (BOM), component specifications and the engineer’s production and 
component knowledge.   
 
Through this analysis, the Company should be able to get a better estimation of how many 
components that are needed in each project and thereby decrease the probability of purchasing 
too few components and maybe even decrease the cost of materials in the projects.   
 
Perform an inventory of critical components 
The second solution is a development of the existing processes and routines and is more 
focused on a few vital or critical components that might exist in Industrialization projects. 
These components are critical due their high cost, long delivery times or unavailability and 
are therefore very difficult or expensive for the projects to secure. As an example these 
components might still be under development by the supplier and is therefore very difficult to 
secure.  
 
The solution is based on the fact that components easily get lost in the production processes 
and if the production and kitting personnel were aware of that certain components are critical 
to a project the losses in production and discrepancies in the warehouse balance would 
diminish.   
 
The solution is rather straightforward and simple to implement: 

A. The prototype purchaser distinguishes critical components. 
B. Kitters and production personnel are made aware of which components that are 

critical. 
C. During the de-kitting of the production material the number of critical components left 

after the production drive is counted. 
D. The new balance is updated in the ERP-system.  

 
The prototype purchaser already identifies the components that are critical and relays this 
information to the technical project leader that manages the project. But this information is 
only used in discussions with the Customer and does not reach the production personnel. 
Possible means of communicating this information to the production personnel might be the 
kitting-list, producibility-protocols or perhaps a new document that is attached to the 
production order, also known as “the black binder”. This document should then follow the 
kitted components to the kitting station after the last manual mounting step (see Figure 4-3) or 
after the surface mounting, for projects that does not need manual mounting. As the critical 
components then are de-kitted the kitter should count the number of components that is left 
and update the Company’s ERP-system, with this information. 
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By this inventory the Industrialization projects would be able to get a more vigilant handling 
of the critical components and the balance of the critical components in the ERP-system 
would become accurate.  
 
The rationale behind not implementing this solution on all unique components is twofold. The 
first of this reason is the belief that this would become too much of a burden for all the kitting 
personnel. To count and update all unique components after each production drive would take 
a lot of time and would stretch the kitting personnel thinly. The second belief is that it is more 
viable to focus on the few critical components instead of the rather large quantity of unique 
components. The more components that the production personnel and the kitters have to focus 
on the less attention each individual type of component will get. 
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5 Conclusions 
The authors have discovered that the Company needs to improve their internal 
communication during the Industrialization projects, especially between the functions 
purchasing, production, and the supplier quality engineers. There is a lack of knowledge and 
understanding of each other’s problems and needs between these functions. During this study 
the Company implemented a new organization called X-Stream. In this organization 
purchasing and production are linked together, which the authors believe will improve the 
communication between these departments.  
 
The Company has also during this study updated the Industrialization checklist so that the 
supplier quality engineers became a part of the Industrialization process. The authors believe 
that this will not only improve communication but it will also lead to higher focus on supplier 
quality during the Industrialization process. Moreover this update will, in the end, lead to a 
diminishing problem with supplier-quality problems in volume production  
     
As several individuals from different functions have an interest in the Industrialization 
process it is important that information collected during a project is easily accessible, which at 
the moment is not true. An example is the documents PS-protocol and Prototype-protocol 
which both are difficult to locate. The authors therefore suggest that the documents should be 
published in the prototype control tool as this will make them more accessible. Furthermore 
the authors also believe that the evaluations of Industrialization projects which should be 
performed at checkpoint 5 and 6 also should be published in the prototype control tool. The 
evaluations at these checkpoints does at the moment of this study not exist but are planned to 
be implemented. This implementation is something that the authors believe is important so 
that feedback to the project organization and especially the technical project leader is enabled. 
Furthermore these evaluations will also enable comparisons between the different projects and 
thereby create a forum that will nurture learning and continuous improvement in-between 
projects. 
 
The authors have also found that some components may deviate from the volume production 
process during the pre-series. This will undermine the purpose of the pre-series and thereby 
the Customer’s demands can not be fully fulfilled. This rapport highlights three different 
reasons for these deviations: the Company is not aware who will end up with the volume price 
agreement for the component, the volume supplier’s delivery time is to long and lastly the 
supplier does not deliver the components packaged as they would in volume production. The 
authors therefore suggest that the Company improves their recordings of when a component 
not is verified correctly in the pre-series and furthermore performs a follow up of these 
components in the first batch of volume production. In order to secure that processes 
deviations is recorded at the pre-series the authors have suggested two new questions to the 
Industrialization checklist. Production must also improve their information to purchasing 
concerning what types of packaging are needed so that purchase can specify this to the 
suppliers. 
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Another problem that has been uncovered during this study is that project delays have 
appeared due to the fact that material might not be available when prototypes or pre-series 
production cycles should be carried out. The projects are especially sensitive to the loss of 
components that are perceived as unique to that project. In order to minimize the problem, the 
authors suggests that an individual with knowledge about the production process and 
components performs an assessment over how many of these unique components that ought to 
be purchased to create a large enough buffer so that the project can cope with some 
production or handling losses of these unique components. 
 
Since certain components might be very difficult to get a hold of or be very expensive to 
purchase buffers might not be the solution for all components. These components that are 
critical to each project due to their unavailability might need special attention during the 
production drives. As a solution to this the study proposes that the personnel that handles the 
material during the production drives should be made aware of these critical components and 
an inventory should be performed after the drive. If this is done the authors anticipate that the 
losses during production will decrease and the reliability of the data in the ERP-system will 
increase. 
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6 Discussion 

6.1 Research strategy 
The choice of a case study as the research strategy does in hindsight appear to be the right 
decision. The study has developed into an evaluating case study with the first subchapter (4.1) 
in the empirical study and analysis, having a descriptive function in this thesis and the 
following subchapters (4.2 up to 4.5) has more of an evaluating function. The only part of the 
study that does not seem to fit into the strategy is subchapters 4.5 and 4.6 that is identified and 
described by the authors as an improvement project and therefore seems to lie somewhat 
outside the research strategy. 

6.2 Reliability and validity 
Since most of the collected data is of a qualitative nature there is a risk that the data might be 
misunderstood, misinterpreted or misrepresented by the authors. To minimize theses risks the 
authors have had weekly meetings with personnel from the Quality Focus Team at the Site to 
ensure that the descriptions and conclusions drawn coincide with their perception. The 
questionnaire further verified the collected data, as this was a possibility for the respondents 
to react to the descriptions that the authors presented. Finally the authors did a last verification 
of the qualitative data when they presented their possible improvement projects and the 
problems underlying each project. 
 
The quantitative data that was extracted and analysed from the Company’s ERP-system, is 
flawed by the fact that the purchasers does not always register the latest agreement. 
Consequently it is hard to draw any conclusions on how the suppliers to the Industrialization 
projects are performing. But the authors do believe that the data still is of interest as this 
creates a rough description of a pattern. 
 
When it comes to the tools that were used during this study there are some concerns regarding 
the results of the affinity diagram and the interrelationship diagraph as these were 
accumulated by the authors themselves. But as these tools only were used to construct 
problem groups and find possible improvement projects they have no larger impact on the 
results of the study but are merely used by the authors as a way to structure their thoughts. 
The questionnaire is based on a somewhat distorted selection as each function is represented 
by a varying number of respondents. But as this questionnaire was used to verify the authors’ 
qualitative data and to discard some of the problem groups this distortion should have little 
impact on the results. 

6.3 Limitations of the Study  
As already stated in chapter 2.5.2 the authors will not draw any conclusions if there is any 
generalizations that could be applied, the authors leave this to the reader of this study. 
 
There are some factors that might limit the studies conclusions. One of these is the fact that 
the study was based around an electronics manufacturing service that continuously has 
numerous Industrializations projects running. Therefore it might be difficult to apply the 
conclusions to different industries or to other Industrialization projects.  
 
Furthermore the components that are used during the projects and in the volume flow are 
usually sourced by the customer and this might also limit the applicability of the study. 
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6.4 Future work 
The authors of this study hope that the Company will continue to improve and develop their 
process measurements further. With better measurements of the delivery process the 
Company will gain a better understanding of their supplier’s performance and possible 
opportunities for improvement. Furthermore this data could be used as a base for an analysis 
of the risks that different components and suppliers bring into a project. An improved 
measurement of checkpoint 5 and 6 in the Industrialization process will also enable the 
Company to compare and benchmark the projects against each other. This comparison could 
then be utilized as a tool for identifying “best practice” approaches to the different aspects of 
an Industrialization project and this will, in the end, help the Company and the technical 
project leaders to improve their performance. 
 
It would also be very interesting to evaluate the initiatives that the Company has taken to 
improve their Industrialization process and how these initiatives have affected the 
performance of the process. In particular it would be interesting to see which impact the new 
X-stream value flow has had on the problems that this study discovered.  
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7.2 Interviews 
The following individuals have been interviewed on the noted dates: 
 

• Person 001. Programme Manager Engineering Sales & Marketing, the Customer’s 
account, 2006-10-12 

• Person 002. Techician PCBA 2006-10-16 
• Person 003. Teamleader Repair 2006-10-16 
• Person 004. Process Owner Supplier Quality, 2006-08-30 
• Person 005. Manager Quality Focus Team 2006-09-20 
• Person 006. Project Manager X-Stream 2006-10-17 
• Person 007. Zero Defect Line Leader PCBA 2006-10-16 
• Person 008. Technical Project Leader, 2006-09-01 
• Person 009. Industrialization Coordinator at PCBA, 2006-09-04 
• Person 010. Teamleader Repair 2006-09-20 
• Person 011. Supply Base Manager, the Customer account 2006-09-14 
• Person 012. Technical Project Leader 2006-10-11 
• Person 013. Technical Project Leader, 2006-08-30 
• Person 014. Process Owner PCBA, 2006-08-29 
• Person 015. Teamleader Kitting 2006-10-16 
• Person 016. Technical Project Leader, 2006-09-04 
• Person 017. Manager Design & Engineering 2006-09-12 
• Person 018. Prototype Purchaser 2006-09-14, 2006-12-12 
• Person 019. Technician PCBA 2006-10-16 
• Person 020. Materials Manager 2006-09-21 
• Person 021 Technical Project Leader 2006-09-20 
• Person 022. Manager Purchasing 2006-10-23  
• Person 023 Process Owner Industrialization 2006-08-28, 2006-10-10 
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Appendices 
 
Appendix 1. Questionnaire 
 
 

Vilka problem hindrar NPI processen på PCBA att säkra kvalitén 
på inkommande material till volymtillverkningen

Inkommande material är 
bristfälligt med avseende på 
produkten och paketeringen 
B

Dålig material och 
produktionsstyrning vid NPI-
produktion
H

Inköp har begränsande 
möjligheter att välja 
leverantörer samt ställer få 
krav på dessa
D

Komponenter har långa och 
osäkra leveranstider
G

Ansvar och arbetsuppgifter 
är otydliga i 
relationen mellan NPI-
organisationen och PCBA 
F

Produktionsutrustningen är 
inte alltid inställd för nya 
komponenter
E

Förserien är inte alltid 
”processriktig” då 
leverantörerna ej är samma 
som i volymproduktion
A

Information och erfarenheter 
sprids samt dokumenteras 
dåligt mellan NPI-projekten 
och avdelningarna
C

Instruktion

1. Dela ut 3,2,1 poäng till de tre viktigaste grupperna ovan. 
Tre poäng betyder allra viktigast. (Ex: A=3, F=2, D=1)

2. Skriv dina svar i ett mail och skicka till seth.gustafsson@se.XX.com

Hjälp

•Är det otydligt vad som menas med någon grupp så 
klicka på gruppen så kommer du 
till de underliggande problemen 

•Har du frågor eller synpunkter maila
seth.gustafsson@se.XX.com eller ring 9840

Tänk på att:

•När du poängsätter så ska du vikta grupperna efter 
vilken grupp som du anser hindrar NPI processen på 
PCBA att säkra kvalitén på inkommande material 
till volymtillverkningen.  
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A

Förserien är inte alltid 
”processriktig” då 
leverantörerna ej är samma 
som i volymproduktionen
A

Förserien är inte alltid 
”processriktig”.

Komponenter  handmonteras ibland 
vid förserien.

Volymförpackningar verifieras inte 
alltid under NPI:t.

Processverifiering sker inte alltid med de 
riktiga leverantörerna.

Vissa komponenter byter leverantör efter 
förserien.   

Bristfällig verifiering av volymleverantörer

Tillbaka

•De gula rutorna med svart text är observerade problem i NPI processen på PCBA.
•De gula rutorna med röd text är en sammanfattning av underliggande problem   

Här ser du de problem som har utgjort en grund till grupp A.

 
 

B

Inkommande material är 
bristfälligt med avseende på 
produkten och paketeringen. 
B

Felaktiga mönsterplattor eller för 
få.

För få kvantiteter i samples för 
att kunna hantera processfel (för 
liten marginal).

Felaktigt eller för lite material

Komponenter levereras ibland på 
snuttar eller samples.

De komponenter som troligtvis är 
processkänsligast levereras ibland i 
påse.

Komponenter levereras olämpligt

Komponenter ligger i fel läge i 
förpackningen.

Komponenter levereras 
i fel sort remsa eller med felaktig 
dimension på remsa. 

Förpackning ej produktionsvänlig

Tillbaka

Här ser du de problem som har utgjort en grund till grupp B.

•De gula rutorna med svart text är observerade problem i NPI processen på PCBA.
•De gula rutorna med röd text är en sammanfattning av underliggande problem   
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C

Information och erfarenheter 
sprids samt dokumenteras 
dåligt mellan NPI-projekten och 
avdelningarna
C

Udda förpackning noteras i Rigglista, utan 
att återkopplas till inköp.

SQE får ej reda på problem med leverantörer 
som sker 
under NPI processen.

Otydliga kommunikationskanaler mellan 
inköp och produktion.

Inköp vet inte alltid hur produktion vill att 
komponenterna ska levereras.

Felande komponenter i en sväng kan vara 
utbytta i nästa prototyp/förserie-sväng utan att 
produktion får reda på detta.

Produktion blir ej informerade 
när leverantörer byts.

Ingen information vid byte av  leverantör

Erfarenheter som man lärt sig under NPI 
processen tas ibland inte med i 
volymtillverkningen.

Saknas systematisk arbetssätt som förenklar  
lärande mellan projekt.

Saknas mätning över hur ”duktig” NPI-
processen är (CP 6).

Det saknas ett  systematiskt arbetssätt
att dela erfarenheter av leverantörer 

efter projekt

Tillbaka

Här ser du de problem som har utgjort en grund till grupp C.

•De gula rutorna med svart text är observerade problem i 
NPI processen på PCBA.
•De gula rutorna med röd text är en sammanfattning av 
underliggande problem   

 
 
 

D

Inköp har begränsande 
möjligheter att välja leverantörer 
samt ställer få krav på dessa
D

Komponenterna är ibland ej 
färdigutvecklade av leverantörerna.

Inköp har liten eller ingen påverkan vid val 
av leverantör.

Inköp har en eller få leverantörer att välja 
mellan.

Begränsad möjlighet att välja leverantör

Inköp väljer leverantör 
efter pris och ledtid.

Saknas tydliga krav för leverantörer till NPI.

XX är ansvarig för materialet i NPI-projekt, men de saknar 
påtryckningsmedel.

Ställs inga krav på leverantörer utöver specifikationer

Tillbaka

Här ser du de problem som har utgjort en grund grupp D.

•De gula rutorna med svart text är observerade problem i NPI processen på PCBA.
•De gula rutorna med röd text är en sammanfattning av underliggande problem.   
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E

Produktionsutrustningen är 
inte alltid
inställd för nya 
komponenter
E

Nya RYS finns ej upplagda i 
prombränningen

Nya komponenter är inte införda i 
produktions-programmen.

Komponenter har 
inte rätt färg enligt produktionsprogrammet.

Produktionsprogrammet är ej uppdaterat

Tillbaka

Här ser du de problem som har utgjort en grund till grupp E.

•De gula rutorna med svart text är observerade problem i NPI processen på PCBA.
•De gula rutorna med röd text är en sammanfattning av underliggande problem   

 
 

F

Ansvar och arbetsuppgifter 
är otydliga i 
relationen mellan NPI-
organisationen och PCBA 
F

Otydlig utdelning och återmatning av åtgärder vid 
genomgång av Uggla och PS-protokoll.

Det finns ingen som tar ansvar för och följer upp nya 
komponenter.

Arbetsbelastningen och beskrivningen för PBA är för 
omfattande och oklar.

Ansvarsfördelningen PCBA-TPL är oklar och 
varierande.

Bristfällig ansvarsfördelning mellan PCBA och TPL

Tillbaka

Här ser du de problem som har utgjort en grund till grupp F.

•De gula rutorna med svart text är observerade problem 
i NPI processen på PCBA.
•De gula rutorna med röd text är en sammanfattning av 
underliggande problem    
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G

Komponenter har långa 
och osäkra leveranstider 
G

Leverantörer missar 
leveranstiderna.

Ledtiden på komponenter är 
ibland inkompatibel med 
kundkrav.

Stor risk att man inte lyckas 
säkra materialet i tid

Långa leveranstider ifrån 
volymtillverkarna.

Tillbaka

Här ser du de problem som har utgjort en grund till grupp G.

•De gula rutorna med svart text är observerade problem i NPI processen på PCBA.
•De gula rutorna med röd text är en sammanfattning av underliggande problem   

 

H

Dålig material och 
produktionsstyrning vid 
NPI-produktion
H

NPI-körningar kör oftast under 
hård tidspress.

NPI-körningarna kan gå över 
flera skift.

Komponenter är registrerade i Baan 
men finns inte tillgängliga i PCBAs
lager (OEG200).

Komponenter finns inte 
tillgängliga då förserie 
eller prototyp ska köras. 

Bristfällig materialstyrning vid NPI

Tillbaka

Här ser du de problem som har utgjort en grund till grupp H.

•De gula rutorna med svart text är observerade problem i NPI processen på PCBA.
•De gula rutorna med röd text är en sammanfattning av underliggande problem   
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Appendix 2. Interrelationship diagraph 

In: 1 Out: 1
Volume packaging is not 
always verified during the 

NPI-process.

In: 2 Out: 0
The preseries is not always 

”process correct”.

In: 3 Out: 1
Circuit boards are sometimes 

assembled by hand in the 
preseries.

In: 1 Out: 1
Components are delivered in 
the wrong kind of strip or on 

a strip with the wrong 
dimensions.

In: 1 Out: 1
Components are packaged in 

a faulty direction.

In: 2 Out: 1
Components are delivered in 

snippets or sample bags.

In: 0 Out: 1
Purchasing chooses 

suppliers based on delivery 
time and price.

In: 1 Out: 1
In some cases components 
switch suppliers after the 

preseries.  

In: 1 Out: 1
The delivery times of 

components are sometimes 
incompatible with customer 

demands.

In: 0 Out: 1
Long delivery times 

from the volume 
producers.

In: 3 Out:1
Purchasing is not always 
aware of how production 

want the components to be 
packaged.

In: 1 Out: 4
Unclear means of 

communication between 
purchasing and production.

In: 1 Out: 1
Production is not informed 
when a supplier is changed.

In: 1 Out: 0
Faulty components in one 

cycle could be exchanged in 
the next prototype/preseries
cycle without production is 

informed about this.

In: 0 Out: 4
Vague and varying division 
of responsibility between 

PCBA and TPL.

In: 1 Out: 2
Vague distribution and 
feedback of measures 

chosen at the Uggla and PS-
protocol review.

In: 2 Out: 5
There are no clear demands on 
suppliers to the NPI-process.

In: 2 Out: 1
XX is responsible for the 

materials in the NPI-projects, 
but lack means of influence.

In: 0 Out: 1
Purchasing has little or no 
influence when it comes to 

the choice of supplier.

In: 1 Out: 0
New components are not 

introduced in the production 
programme

In: 1 Out: 0
Faulty or not enough of the 

circuit boards.

In: 2 Out: 0
Lacking quantities in 

samples to handle process 
faults (the margin is to 

small).

In: 0 Out: 3
Components are sometimes 
still under development by 

the supplier.

In: 2 Out: 1
Suppliers misses the time of 

delivery.

In: 3 Out: 0
Components are not available 
when preseries or prototypes 

should be produced.

In: 0 Out: 1
Components are registered in 
Baan but are not available in 

PCBA’s storage.

In: 1 Out: 2
Packaging that is odd is 

noted in the Rigg-list and is 
not fed back to purchasing.

In: 1 Out: 1
The workload and work 

description of the PBA is to 
vague and extensive.

In: 1 Out: 1
Purchasing has one or a few 

suppliers to choose from.

In: 3 Out: 1
Experiences that are learned 

during the NPI-process are not 
always brought into the 

volume production.

In: 0 Out: 1
There are no measurements 
over how “well” the NPI-

process is performing 
(Checkpoint 6).

In: 1 Out: 0
SQE are not made aware of 
problems with suppliers that 

appear during the NPI-
process.

In: 1 Out: 3
There is no one that is 
accountable for new 

components and their 
follow-up.

In: 0 Out: 2
NPI-orders are often run under 

harsh time constraints

In: 1 Out: 0
One NPI-order could be 

produced by several shifts.

In: 3 Out: 0
There is a lack of a 

systematic work procedure 
that would simplify learning 

between projects.

In: 1 Out: 1
Process verification is 
not always performed 
with volume suppliers.

Bottleneck

Critical results

Driver
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Appendix 3. Ishikawa diagram 

Why are components not 
available when prototypes 

and preseries should be 
produced?

Faulty 
warehouse 

balance

Production prioritizing

The consumption of materials 
are larger than accounted for 

and the delivery time for 
components are long (preseries).

Components 
that are not kept 

in storage

Faults in labelling PlanningProductions planning

Not only production has 
needs for the components

”New employees”

Missing 
information 
between 
production 
planner and 
storage. The 

definition 
of the flow 
is unclear

To many warehouses

Components 
is in OER001

The production order points 
toward the “wrong” warehouse. 
Which means more handling of 
material.

Routines/Instructions are missing for 
how components should be returned.

Faulty handling at 
the production 
causes a faulty 
warehouse balance.

Production 
personnel is 
thinly 
stretched

Components that 
are packaged faulty 
disappears easily. 

The roll is 
the wrong 
size.

Components are not 
inventoried after production.

The operator are not aware of how 
many components that are available, 
and believes that the components are 
from the volume flow.

Components “disappear” faulty 
faulty production drives.

Material disappear 
between production 
drives.

Unclear 
accountability 
in planning

Instructions are 
missing

Lacking labelling 
from storage

ERO and HWM are 
labelled wrong

Preparation takes to 
long time

No fixed positions due to 
faulty component flow.

Alternative 
components 
until the 
final 
component 
arrives

Conditions for 
purchase are 
not in place. 
(Article in 
Baan, RoHS)

Arriving components does not 
follow the intended flow.

Customer 
demands Reprioritization 

of drives

Another 
project 
needs the 
same 
(kind 
of)comp
onent.

Components 
are 
withdrawn 
and hidden 
to assure 
production 
drive.

Insufficient warehouse balance.

Components get stuck at 
incoming goods 

Planning’s 
delivery time is 
to long

The conditions 
has changed

Start of production the 
same day that the 
components arrives.

Customer 
demands

Design needs 
spare 
components

Additional spare 
material is 
required by the 
customer.
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Appendix 4. Checklist Industrialization 
 
 

Confidential
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Appendix 5. SQE Checklist 
 
 

Confidential
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Appendix 6. Last commit for Suppliers 
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Appendix 7. Job advertisement component engineer  
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Appendix 8. Cover letter 
 
 
 
Hej 
 
Under intervjun med dig och andra personer med kännedom om NPI processen har vi funnit ett antal 
problem som kan inverka på NPI processens förmåga att säkra kvalitén på inkommande material till 
volymtillverkningen. 
Dessa problem har vi grupperat i 8 st grupper. Grupperna har sedan döpts och fått en bokstav, A till H. 
Nu behöver vi din hjälp med att vikta dessa grupper. Grupperna och hur du viktar dessa framgår i 
PowerPoint presentationen nedan. 
 

 
 
När du skickar dina svar till oss så kom gärna med synpunkter eller tillägg. Är grupperna eller 
problemen svåra att tolka så säg till. Vi ser helst att du svarar senast inom tre dagar efter det att du läst 
mailet. 
 
Tack på förhand // Kristian och Seth 
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Appendix 9. Affinity diagraph 
The steering of materials 
and production is lacking in 
the NPI-process.

NPI-orders are often run 
under harsh time 
constraints.

One NPI-order could be 
produced by several shifts.

Components are registered in 
Baan but are not available in 
PCBA’s storage.

Components are not available 
when preseries or prototypes 
should be produced.

Lacking steering of materials 
in NPI New RYS are not introduced 

into the promburning.

New components are not 
introduced in the production 
programme.

Components have not the 
right colour according to the 
production programme.

The production programme is 
not up to date.

The production 
equipment is not always 
setup for the new 
components.

Suppliers misses the time 
of delivery.

The delivery times of 
components are sometimes 
incompatible with customer 
demands.

There is a big risk that 
materials are not secured 
on time.

Long delivery times from 
volume producers.

Components have long and 
uncertain delivery times.

Information and 
experiences are not spread 
or documented between 
NPI-projects or 
departments

There is a lack of a systematic
work procedure for the 
sharing of experiences related 
to suppliers after the projects 
end

Experiences that are learned 
during the NPI-process are 
not always brought into the 
volume production.

There is a lack of a systematic 
work procedure that would 
simplify learning between 
projects.

There are no measurements 
over how “well” the NPI-
process is performing 
(Checkpoint 6).

There is no information 
given when suppliers are 
changed

Faulty components in one 
cycle could be exchanged in 
the next prototype/preseries
cycle without production is 
informed about this.

Production is not informed 
when a supplier is changed.

Unclear means of 
communication between 
purchasing and 
production.

Packaging that is odd is 
noted in the Rigg-list and 
is not fed back to 
purchasing.

SQE  are not made aware 
of problems with 
suppliers that appear 
during the NPI-process

Purchasing is not always 
aware of how production 
want the components to 
be packaged.

Arriving materials are 
lacking with regards to 
product or packaging

Components are delivered in 
snippets or sample bags.

The components that 
probably are the most 
sensitive to the process are 
delivered in sample bags.

Components are not 
delivered in a adequate 
manner

Components are packaged in 
a faulty direction.

Components are delivered in 
the wrong kind of strip or on 
a strip with the wrong 
dimensions. 

Packaging are not 
production-friendly

Faulty or not enough of the 
circuit boards.

Lacking quantities in 
samples to handle process 
faults (the margin is to 
small).

Faulty or to little material

Purchasing has a limited 
number of suppliers to 
choose from and puts few 
demands on them

Purchasing has little or no 
influence when it comes to 
the choice of supplier.

Purchasing has one or a few 
suppliers to choose from.

Limited option to choose 
supplier

Components are sometimes 
still under development by 
the supplier.

Purchasing chooses suppliers 
based on delivery time and 
price.

There are no clear demands 
on suppliers to the NPI.

XX is responsible for the 
materials in the NPI-projects, 
but lack means of influence.

There are demands put on 
suppliers besides the 
specifications

Responsibilities and 
duties are vague in the 
relationship between the 
NPI-organization and 
PCBA

Vague distribution and 
feedback of measures chosen 
at the Uggla and PS-protocol 
review.

There is no one that is 
accountable for new 
components and their follow-
up.

The workload and work 
description of the PBA is to 
vague and extensive.

Vague and varying division of 
responsibilities between 
PCBA and TPL.

Lacking division of 
responsibilities between 
PCBA and TPL

The preseries are not 
always “process correct” 
since the suppliers are not 
the same as in volume 
production

The preseries is not 
always “process correct”.

Circuit boards are 
sometimes assembled by 
hand in the preseries.

Volume packaging is not 
always verified during the 
NPI-process.

Process verification is not 
always performed with 
volume suppliers.

In some cases components 
switch suppliers after the 
preseries.   

Lacking verification of 
volume suppliers

 




