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The aim of this thesis was to create a process for all multi-site ramp-up (MSRU) projects 

in the case company in order to have simultaneous ramp-ups early in the market.   The 

research was done through case study in one company and semi-structured interviews.  

There are already processes, which are now in use in MSRU-cases.  Interviews of 20 

ramp-up specialists revealed topics to be improved.  Those were project team set up, roles 

and responsibilities and recommended project organization, communication, product 

change management practices, competence and know how transfer practices and support 

model.  More R&D support and involvement is needed in MSRU-projects.  DCM’s role 

is very important in the MSRU-projects among PMT-team; he should be the business 

owner of the project.  Recommendation is that product programs could take care of the 

product and repair training of new products in volume factories.  R&D’s participation in 

competence transfers is essential important in MSRU-projects.  Communication in 

projects could be shared through special intranet commune.  Blogging and tweeting could 

be considered in the communication plan.  If hundreds of change notes are open in ramp-

up phase, it should be considered not to approve the product into volume ramp-up.  

PMTs’ supports are also important and MSRU-projects should be planned, budgeted and 

executed together.  Finally a new MSRU-process is presented in this thesis to be used in 

all MSRU-projects. 
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Tämän opinnäytetyön tavoitteena oli luoda tehokas prosessi kaikille usean tehtaan 

ylösajoille (MSRU), jotta samanaikaiset tuotannon ylösajot saataisiin markkinoille 

ajoissa.  Tutkimus tapahtui tekemällä tapaustutkimus yhdessä yrityksessä ja 

haastatteluilla.  Yrityksessä on jo käytössä prosesseja, jotka ovat käytössä MSRU-

projekteissa.  Haastattelemalla 20 ramp-up asiantuntijaa havaittiin parannettavaa.  Näitä 

olivat projektiryhmän perustaminen, roolit ja vastuut ja suositeltava projektiorganisaatio, 

viestintä, tuotemuutosten hallinta, osaamisen siirtäminen ja erilaiset tukevat mallit. 

Projektin seuranta ja kokous käytännöt ovat hyvässä kunnossa. T & K:n tukea ja 

osallistumista tarvitaan enemmän MSRU-projekteihin. DCM:n rooli on tärkeä MSRU-

projekteissa PMT:n avulla; hänen pitäisi olla projektin omistaja.  Suositus on, että 

tuotekehitys hankkeet voisivat huolehtia tuote- ja korjauskoulutuksesta uusien tuotteiden 

volyymi tehtaissa.  Viestintää voitaisiin jakaa erityisillä yhteisöillä intranetissä.  Blogeja 

ja tweettausta voitaisiin harkita.  Kysymyksessä on riskinhallinta kuinka suuria riskejä 

hyväksytään, kun MSRU-projekti alkaa ja tuotteet eivät ole kypsiä.  Jos sadat 

muutosehdotukset ovat auki, olisi katsottava, ettei tällaisia tuotteita hyväksyttäisi ramp-

uppiin.  Myös operations ihmiset voisivat työskennellä fyysisesti lähempänä 

tuotekehitysprojekteja.  Kun tunnet jonkun paremmin, luultavasti saat tietää tulossa 

olevista muutoksista etukäteen. R & D: n osallistuminen osaamisen siirrossa on 

olennaisen tärkeää MSRU-projekteihin.  PMT:n tuki on myös tärkeää ja MSRU-projektit 

olisi suunniteltava, budjetoitava ja toimeenpantava yhdessä.  Työssä esitetään myös uusi 

MSRU-prosessi käytettäväksi kaikissa MSRU-projekteissa. 
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1 INTRODUCTION 
 
1.1 Background 
 

Rapid product lifecycles and high development costs pressure manufacturing companies to 

cut not only their development times (time-to-market), but also the time to reach full 

capacity utilization (time-to-volume).  The hard competition on the marketplace demands 

that the companies can develop and manufacture complex products with higher 

performance and quality to lower price than before to stay competitive.  Threat of global 

competition has forced companies to find new ways to improve their global manufacturing 

practices.  One possibility to rapid time-to-volume is multi-site ramp-up.  Ramp-up is an 

important phase to the company to shorten time-to-market and to reach rapid time-to-

volume. 

 

Globally operating companies feel ever-increasing pressure to get new products to market 

faster.  As Filip (2014, p 138) pointed out, that as new products are developed, successful 

new product transfer from research and development to manufacturing is a common 

problem for companies of all sizes.  Nowadays globally operating companies have also 

globally operating operations.  These companies use global operation as a term where they 

perform operational functions at a global level.  They have different types of operations, 

including supplying, distribution, sales and production.  Global operations take care of the 

manufacturing through own factories and/or electronics manufacturing services (EMS).  

These factories are located in different countries or in different continents.  

 

In order to succeed in multi-site ramp-up the company has many benefits.  For example 

both profit and gross margin are higher.  Time-to-market is shorter and market share is 

higher.  Through multi-site ramp-up the company can deliver higher volumes to the 

customers much earlier than competitors. 

 

To achieve a fast pay-back of investments in new product designs and production facilities, 

companies must reduce their development time (time-to-market) as well as the time it takes 

them to achieve acceptable manufacturing volume, cost, and quality (time-to-volume). 

(Terwiesch et al. 2001, p. 435)  The timing of revenues depends critically on time-to-
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volume, while development expenses are concentrated around the time just before product 

launch. (Terwiesch et al. 2001, p. 435)  This means that if a product is introduced early, it 

will be an advantage over the competitors.  Early product introduction increases sales and 

brings higher profit margins.  A key element for the lead time decrease and quick 

production rate achievement is a good management of the ramp-up stage. (Ball et al. 2011) 

 

In multi-project production cases the simultaneous management of the throughput times, 

resource allocations and costs of the projects are a complex process of balancing various 

interests of multiple participants.  Standard production ramp-up means the period of time 

following the introduction of a new process into a production facility with the objective to 

scale up production output from the small batches used in laboratory environments to the 

large volumes requested by the market. (Terwiesch and Xu 2003, p. 2) 

 

How does the single-site ramp-up differ from multi-site ramp-up?  In this study company 

has manufactured proto series and zero-series in a separate factory, in new product 

introduction factory (NPI factory).  After the product is stable, for example first time pass 

yield (FTPY) is as high as targeted, the company starts product transfer to volume factory 

and volume ramp-up (figure 1).  In single-site ramp-up case the company has only one 

volume plant.  Manufacturing can take place simultaneously both in NPI and in volume 

factory in certain time period.  At the same time also competence transfer from both 

product creation and NPI factory happens.  Competence transfer in this case can be called 

also as knowledge transfer or best practices transfer. 
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NPI
Volume

plant

PRODUCT 

TRANSFER

PRODUCTION 

RAMP-UP

COMPETENCE 

TRANSFER

 
Figure 1: Single-site ramp-up including single product transfer and single competence transfer. 

 

 

In multi-site ramp-up (MSRU) cases the company has more than one volume factory 

where the production will be transferred from NPI (figure 2).  In this thesis company has 

already done the first ramp-up in NPI factory after zero-series.  The second time ramp-up 

happens when the company transfers product from NPI factory to volume factories.  The 

case company has two drivers for MSRU.  First high customer demand requires several 

ramp-ups in parallel.  Second cost reduction for high runners needs to be quickly 

implemented globally.  Also in MSRU-case competence transfer happens from NPI-

factory to volume plants.  
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Figure 2:  In the multi-site ramp-up includes multiple product transfers as well as multiple competence 

transfers. 

 

In standard ramp-up-case the company starts commercial production at relatively low level 

of volume.  The volume increases, when the organization develops confidence in its 

abilities (and its suppliers) to execute production consistently and marketing’s abilities to 

sell the product.  At the conclusion of the ramp-up phase, the production system has 

achieved its target levels of volume, cost and quality.  (Wheelwright and Clark 1992, p. 8)  

From a production point of view, ramp-up tends to be seen as the exception, whereas daily 

production in its steady state is the norm. However, with changing markets, globalization 

and the need for frequent and fast ramp-ups, this has changed. (T-Systems, p. 2) 

 

A particular challenge of ramp-ups is the fact that usually there is a shortage of 

experienced ramp-up specialists who have collected ramp-up know-how and experience in 

many previous ramp-ups, because a ramp-up of a new plant and /or product may take 

several years.  Although typically after that phase the planning and ramp-up team is 

exchanged against new operational staff, the key people of the ramp-up phase will often 

move into new positions within the company after such a period of time. (T-Systems, p. 19) 

  

Multi-site ramp-up has different projects like product transfer and delivery capability 

creation projects.  To succeed in project management is important.  Beringer et al. (2013, p. 

832) and Gardiner and Steward (2000, p. 251) have pointed out, that in the literature 
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average project success is defined along the three familiar dimensions of the project 

management triangle: cost, schedule and quality.  Delivering projects within budget, on 

time, and according to specifications are well-known criteria for measuring project success. 

(Lechler & Dvir 2010, p.208; Beringer et al. 2013, p.832) 

 

When a new product is coming from design to delivery process, it is very clear that number 

of changes will happen to the product before it is finally ramped-up.  It is a question of risk 

management, when a company decides its launch into the market.  A common source of 

uncertainty in the execution stage is the introduction of design changes.  Such design 

changes can lead to disruption of schedules and resourcing, and affect cost, time and 

quality measures of performance directly to an extent that is difficult to predict.  A 

potentially serious concern is that changes are introduced without a full appreciation of the 

knock-on consequences.  Apart from direct consequences, indirect consequences can occur.  

For example, changes may induce an extension of schedules, allowing contractors to 

escape the adverse consequences of delays in works unaffected by the change.  Changes 

may have wider technical implications than first thought, leading to subsequent disputes 

between client and contractor about liability for costs and consequential delays.  Standard 

project management practice should establish product change control procedures that set 

up criteria for allowable changes and provide for adequate coordination, communication 

and documentation of changes. (Atkinson et al. 2006, p. 690) 

 

‘‘Lessons learned’’ is a popular term in the project management literature, yet it often 

masks payment of lip service only to the idea of learning from experience.  The capture 

and re-use of learning from one project to another is generally accepted as something that 

should be done but it often goes no further than capture.  It is often associated with post 

project reviews where learning has significant potential to reduce uncertainty.  When a 

project is finished, the lessons learned are linked to whether the project was delivered on 

time within cost and to the agreed quality. (Atkinson et al. 2006, p. 696.) 

 

The challenge for R&D of the case company is to bring innovative products to market, fast 

and at competitive cost.  R&D efficiency is a successful outcome of fast cycle times, high 

quality in R&D, and focus on innovation instead of maintenance.  This means high 
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pressures to operations.  A key part of execution excellence is case company’s ability to 

deliver requested products and services according to the agreed schedule. 

 

1.2 Research problem, objectives and delimitations   
 

This research takes place inside big global company, which is called the case company.  

The case company and its Global Operations are focusing especially on the Multi-site 

Ramp-up process.  Also Delivery Capability Creation and Product Transfer area is covered 

in the NPI-phase.  In these processes Delivery Capability Management (DCM) and 

Manufacturing Operations (MO) are the main contributors.  Research and Development’s 

(R&D) role in the new product’s volume multi-site ramp-up has been mainly supportive. 

 

DCM is Global Operation’s project management in New Product Introduction and its 

responsibility is to create deliver capability to new products.  It can be said that DCM 

creates to the company the manufacturing, purchasing and delivering capability of new 

product.  MO has for example the ownership of ramp-ups and product transfers at NPI and 

volume factories.  MO’s task is to secure fast, stable and reliable ramp up of the newest 

products and technical solutions by professional design for excellence work and NPI 

operations                                     

 

Also in the literature ramp-up management is interpreted as project management.  This 

statement can be supported by common definitions of project characteristics, because a 

project is always unique, has high relevance for the company, involves several functions 

and has a certain beginning and ending, while the total duration is irrelevant.  Moreover 

formal project organization needs to be installed: responsibilities need to be assigned, a 

certain budget has to be approved and milestones need to be defined.   Important attributes 

of production ramp-up are high complexity, time pressure and dynamic, which constitute 

most problems arising during this time period and can be seen as indicators of uniqueness. 

(Gross and Renner 2010) 

 

The scope of this thesis is to create a process to be followed in all multi-site ramp-up 

projects inside the case company.  Also the intention is to clarify the governance roles and 

needed competencies (what and where).    Netland   and Aspelund (2014) define a multi-
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plant improvement program as the systematic process of creating, formalizing and 

diffusing better operational practices in the intra-firm production network with the aim of 

increasing competitiveness.  In other words, this describes a multinational corporations’ 

effort to implement and share a process improvement program in more than one plant 

simultaneously.                          

 

Main question of this thesis is: How to lead multi-site ramp-up successfully (RQ1)?   

 

Other questions of the theses are:  

• How to get organized in multi-site ramp-up model (RQ2)?   

• How organization controls the changes (RQ3)?   

• How the problems are solved simultaneously in different locations (RQ4)? 

 

This thesis does not cover OEM- and ODM-product ramp-ups, but cases where own or 

EMS-manufacturing is done.  Thesis covers phase from NPI factory ramp-up to multi-site 

ramp-up through product transfer. 

 

Continuous improvement happens in the case company all the time.  From manufacturing 

point of view the main goal for continuous improvement is to support manufacturing 

operations in becoming a "Best in Industry" player to maintain and improve company’s 

competitiveness.   

 

1.3 Research methodology 
 

1.3.1 Case study 

 

Case studies can involve either single or multiple cases.  In this thesis only one company is 

handled, which is the case company.  Eisenhardt (1989, pp. 534-535) says that the case 

study is suitable research strategy, because it focuses on understanding the dynamics 

present within single settings.  Case studies typically combine data collection methods 

such as archives, interviews, questionnaires, and observations. The result of the study may 

be qualitative, quantitative, or both.    
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This thesis is a single case study and scores obtained from this case are analyzed in a 

qualitative manner.  This is a case study in which data from one instance is enough to 

achieve the research objective.    Study means a research project in which a practice-

oriented or theory-oriented research objective is formulated and achieved.  A case means 

an instance of an object of study.  With “analysis in a qualitative manner” means an 

analysis based on visual inspection of the scores of the case (in contrast to a statistical 

analysis).  (Dul & Hak 2008, p. 4.) 

 

According to Eisenhardt (1989, pp. 546-547) case study has three strengths.  The first 

strength of theory building from cases is its likelihood of generating novel theory.  The 

second strength is that the emergent theory is likely to be testable with constructs that can 

be readily measured and hypotheses that can be proven false.  And the final strength is that 

the resultant theory is likely to be empirically valid.   

 

If there are strengths in case studies, there are also weaknesses.  Eisenhardt (1989, p. 547) 

describes in her study the weaknesses in case studies.  For example, the intensive use of 

empirical evidence can yield theory which is overly complex.  A hallmark of good theory 

is parsimony, but given the typically staggering volume of rich data, there is a temptation 

to build theory which tries to capture everything.  The result can be theory which is very 

rich in detail, but lacks the simplicity of overall perspective.  Theorists working from case 

data can lose their sense of proportion as they confront vivid, voluminous data.  Since they 

lack quantitative gauges such as regression results or observations across multiple studies, 

they may be unable to assess which are the most important relationships and which are 

simply idiosyncratic to a particular case.  Another weakness is that building theory from 

cases may result in narrow and idiosyncratic theory.  Case study theory building is a 

bottom up approach such that the specifics of data pro-duce the generalizations of theory.  

The risks are that the theory describes a very idiosyncratic phenomenon or that the theorist 

is unable to raise the level of generality of the theory.    

 

1.3.2 Semi-structured interviews  

 

For multi-site ramp-up research interviews of experts are good way to receive information 
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of processes and daily practices and so on.  In general we can say that interviews have been 

selected as a research method, because they are good ways of eliciting opinions on 

complex and sensitive issues (Hannabus 1996, p. 23).  In thesis of multi-site ramp-up 

interviews are used as a primary data gathering method to collect information from 

individuals about their own practices, beliefs, or opinions.  They can be used to gather 

information on past or present behaviors or experiences.  Interviews can further be used to 

gather background information or to tap into the expert knowledge of an individual.  

(Harrell and Bradley 2009, p. 24)   

 

In semi-structured interviewing, a guide is used, with questions and topics that must be 

covered.  The interviewer has some discretion about the order in which questions are 

asked, but the questions are standardized, and probes may be provided to ensure that the 

researcher covers the correct material.  This kind of interview collects detailed information 

in a style that is somewhat conversational.  Semi-structured interviews are often used when 

the researcher wants to drill down deeply into a topic and to understand thoroughly the 

answers provided.  (Harrell and Bradley 2009, p. 27)   

 

Of course the interview method has its lacks, but still it is efficient and important method 

for information acquisition.  The researcher can immediately try to focus on receiving new 

information.  There is no this kind of possibility when doing postal survey or learning into 

written material.  The interview can often be better than the other methods to bring out new 

aspects.  This can be like a by-product of the interview.  (Järvinen and Järvinen 2004, p. 

146) 

 

An open interview means that an interview is guided by the research themes.  People may 

have been selected to be interviewed, if they are experts on the theme.  When interviewing 

the selected person, it is asked questions covering the theme and also who else should be 

interviewed.  Semi-structured interview includes both structured questions and open 

discussion themes.  (Järvinen and Järvinen 2004, p. 145) 

 

Interview means information acquisition in such a way that the researcher will discuss with 

the examined person.  The person examined is in the position of source.  The interview is a 
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two-person interaction situation.  In the interaction situation the researcher should through 

his own actions promote discussion.  The target of the research is to get always right 

information.  The interview is in two senses a sensitive method.  First the interviewee can 

feel the interview as inquiry or new kind of control arranged by management.  That is why 

he can decide not to tell the interviewer all the facts.  Secondly on the other hand the 

interviewee can talk modified truth.  For example he can tell desired things to please the 

researcher.  Also the researcher in the interview can do so that he hears only the things that 

he wants to hear or things that suit her research tactic.  (Järvinen and Järvinen 2004, p. 146) 

 

According to Kvale (1983, p. 174-179) twelve aspects of the mode of understanding in the 

qualitative research interview are described as being (1) centered on the interviewee's life-

world; (2) in search of the meaning of phenomena in his/her life-world; (3) qualitative; (4) 

descriptive; (5) specific; (6) presupposition less; (7) focused on certain themes; (8) open 

for ambiguities; (9) open for changes; (10) dependent on the sensitivity of the interviewer; 

(11) in interpersonal interaction; and (12) a positive experience.  

 

In the case when the interview is related to work activities, the interviewer should in 

advance find out interviewee’s job description or duties of their position in the 

organization.  In the interview situation the interviewer should try to look things from the 

interviewee’s perspective.  This requires adaptability from the interviewer.  Sometimes the 

person interviewed person can be a director or sometimes an employee at the bottom of the 

hierarchy.  Adaptation means empathy with another’s position and tasks.  (Järvinen and 

Järvinen 2004, p. 147) Also Hannabus (1996, p. 25) pointed out that potential respondents 

need to know what the research is about and what it is for, why they have been selected for 

interview, and how their replies will be treated.  

 

Hannabus (1996, p.23) describes what is wanted to receive through interviews.  According 

to him it is wanted the respondents’ own perspective to emerge, explore the ways in which 

people working together share common understandings, get insight into particular 

experiences, find out motives behind decisions, get a view of informal procedures, 

consider apparent contradictions between attitudes and behavior, and allow respondents 

time to provide their answers.  Interviews seem to answer these challenges well, and many 
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researchers believe that they can build on their own natural communicative skills to carry 

the interviews out effectively. 

 

Before research can start, the respondent groups need to be identified and, if they exist and 

if they are feasibly researchable, representatives identified from within the sampling frame.  

After identification, respondents need to be approached.  It may be necessary to provide 

people with enough information in advance to persuade them to take part and assure them 

of confidentiality, and this might pose the risk of influencing the findings later. (Hannabus 

1996, p. 24) 

 

The respondents of this thesis were selected according to the experience of multi-site 

ramp-ups.  These respondents are experts in their professional area.  Before starting the 

interview all respondents were informed personally about the project.  The researcher 

interviewed all of the interviewees personally.  The questions were sent by electronic mail 

before the interview to the respondents (Appendix 2).  The interview itself toke place by 

telephone conference or by electronic mail.  One case was done face to face.  Additional 

and further questions were sent by electronic mail.  The interviews were held in between 

October and November 2014.  The duration of the interviews was typically one hour.   

 

1.4 The case company 
 

The case company is very old.  It is over 100 years old public company.  It is one of the 

global leaders in its industry.  The company is offering complex products and solutions to 

its demanding customers all over the world.   

 

The case company is operating in 120 different countries.  Its manufacturing (own and 

EMS), distribution centers and R&D-centers are located globally.  It has about 60000 

employees globally.  Headquarter is located in Espoo, Finland, and with operations around 

the world.  The case company invests in the technologies of the future.  Today the case 

company has three strong businesses areas. The case company is also a major investor in 

R&D, with investment through the three. 

 

Competition in the business is hard.  It is not just cost, quality and product performance, 
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but increasingly about speed of introducing new products and features to its customers, and 

the agility in the supply chain to anticipate and react to sudden changes.  At the time of the 

study demand of the case company’s products is high.  Therefore, the case company is 

determined to ramp-up its deliveries in record time and volume superior to anything it has 

ever done before. 

  

1.5 Structure of the thesis 
 
The thesis is divided into six chapters.  The subject of the thesis is extremely timely to the 

case company.  The first chapter is the introduction of the thesis including research 

problem and objectives, research methodology and information of the case company.  The 

second chapter, the theoretical part, covers presentation of literature of ramp-up, product 

transfer, project communication including knowledge transfer and project coordination.  In 

the third chapter is handled the processes the case company uses in its multi-site ramp-ups 

at the moment.  The fourth chapter, empirical study, is divided into two phases.  The first 

phase covers team interviews and the second phase covers individual interviews based on 

the phase one interviews.  In the second phase includes also discussions.  The key findings 

and proposed actions are presented in the fifth chapter.  The last chapter gives the 

conclusion of the study with thinking of the validity and reliability of the research and 

future research proposals. 
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2 DIFFERENT PERSPECTIVES ON MULTI-SITE RAMP-UP 
 

The case company calls ramps-ups, which are happening simultaneously in many sites as 

multi-site.  In the literature more common term is multi-plant. 

 

In the case company multi-site ramp-up will happen after the product is mature and ramped 

up first successfully in NPI factory.  Multi-site ramp-up includes always a product transfer 

from NPI factory to volume factories, where the ramp-ups take place.  Multi-site ramp-up 

is a project, because it is a temporary endeavor to create a unique product, service or result. 

 

2.1 Single- and multi-site ramp-ups 
 

There is lack of literature of multi-site ramp-ups.  In the literature of multi-site 

coordination is mainly handled production planning issues.  Production planning is 

important in both single-site and multi-site ramp-ups.  Production planning ensures that 

materials, equipments and employees are available to meet production targets for a 

business.  It also provides a detailed plan on how a company will reach its production 

targets and how long it will take to achieve it, which can be useful for letting customers to 

know how long it will take before they can expect their orders to be delivered. 

 

Bhatnagar et al. (1992, p. 20) have studied the multi-site coordination through coordinating 

the production plans of several manufacturing plants so that the overall performance of the 

firm is improved.  According to their study multi-site problem may be solved by 

considering facilities at each plant.  Once a good solution is available the detailed situation 

at each plant can be simulated and an interface developed with the higher-level model.  

 

Ramp-up is known a period between completion of development and full capacity 

utilization.  (Terwiesch and Bohn 1998, p. 1)  Later Terviesch describes that the production 

ramp-up is the period of time during which a manufacturing process is scaled up from a 

small laboratory-like environment to high volume production.  During this scale-up, the 

firm needs to overcome the numerous discrepancies between how the process is specified 

to operate as written in the process recipe and how it actually is operated at large volume. 

The reduction of these discrepancies, a process that we will refer to as learning, will lead to 
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improved production yields and higher output. (Terwiesch and Xu 2003, p. 1)  Also it is 

said that production ramp-up is the period during which a manufacturing process makes 

the transition from zero to full-scale production at targeted levels of cost and quality.  

Ramp-ups are needed for each new product, but also for new lines and new factories; these 

are often called “start-ups”.  (Terwiesch et al. 2001, p. 435) 

 

Quality metrics are important to be followed.  As an example yields are an important 

performance measure during production ramp-up because they have a major effect on 

process economics.  Low yields reflect gaps between how the process should be operated, 

as specified in the process recipe, and how the process is actually operated in the 

production facility. (Terwiesch and Xu 2003, p. 5) 

 

Two conflicting factors are characteristic of ramp-up period, which are low production 

capacity and high demand.  High demand arises because the product is still new in the 

market and might be even the first of its type.  Then customers are ready to pay premium 

price.  Yet production output is low due to low production rates and low yields.  The 

production process is still poorly understood and, inevitably, much of what is made does 

not work properly the first time.  Machines break down, setups are slow, suppliers are late 

or have quality problems, special operations are needed to correct product and process 

oversights, and other factors impede output.  Over time, with learning about the production 

process and equipment, yields and capacity utilization go up.  Due to the conflicts between 

low capacity and high demand, the company finds itself pressured from two sides, an effect 

referred to as the nutcracker.  (McIvor, R. et al., 1997). 

 

Given the short lifecycles and rapid price erosion in high-tech industries, management is 

often forced to bring products to market before the manufacturing process is fully 

understood. (Terwiesch and Xu 2003, p. 4) 

 

The most crucial thing for success is ramp-up speed.  Potential losses in production volume 

due to a late or slow ramp-up to full production volume have far greater financial 

implications.  Reaching full production capacity late can have a very negative impact on 

the economic viability of the production relocation, particularly if products with a short life 
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cycle are involved.  (Meyer 2008, p. 96.) 

 

The importance of fast production ramp-up is the result of several forces.  At the beginning 

of a new product ramp-up, almost all of the investments for research, product development, 

and manufacturing equipment have already been made.  Delays in reaching production at 

the targeted volume and quality will push the eagerly awaited revenues even further into 

the future.  Shorter ramp-up reduces the time to payback and improves traditional 

accounting measures such as return on investment (ROI) as well as return on assets (ROA).  

(Terwiesch et al. 2001, p.436)  Thus faster ramp-up increases lifetime sales volume of the 

product.  The impact on revenue can be even larger, due to declining prices over time for 

many high-tech products.  Prices fall as multiple competitors enter and ramp-up their 

factories.  Early sales carry the highest prices.  Therefore, a difference of a few months in 

ramp-up time can have a substantial effect on revenues and profits. 

 

Successful ramp-up is also important because it often substantially influences the market’s 

acceptance of a new product.  Early, high volume, high quality production will hasten 

market penetration, potentially raising subsequent market share and deterring competitors.  

(Terwiesch et al. 2001, p.436) 

 

Kurttila et al. (2010) describes the Switch model factory concept, which can be called the 

NPI-factory, too.  According to their study model factory is enabler for quick 

manufacturing capacity (single-site) ramp-up.  Material suppliers are challenged to manage 

the buffer stocks for the low and high volume components with long lead times to avoid 

shortages as volumes increase and overstocking if volumes decrease.  Another key 

challenge in The Switch Model factory approach is the availability of trained staff.  This is 

a key criterion for selecting the partners to set up the production lines.  Their partners need 

to have the same or equivalent knowledge of the assembling process that is needed to 

produce the products.  This offers the advantage that the workers are already familiar with 

the processes and that the learning curve is very short.  With the correct process, 

instructions and guidelines, the workers can be quickly trained on the job.  There is no 

dedicated training room needed to teach the assembly of these products, so most of the 

training is done on the job under the guidance of experience workers. 
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2.2 Product transfer 
 

Filip (2014, p. 138) describes in her presentation the transfer of product, product series and 

the associated production resources across plants and locations, as well as the 

reorganization of plants.  Due to the complexity and scope of production transfers, these 

are planned with the aid of project management.  She defines a production transfer as a 

change or localization in the production location for existing products, where all necessary 

production resources are transferred or sourced as new (e.g. machinery, plant facilities, 

assembly and measurement equipment etc.) (Filip 2014, p. 139.) 

 

When defining responsibilities, Filip (2014, p. 145) suggests that the responsible project 

managers at the delivering plant and receiving plant are equally responsible for the success 

of a project (tandem concept).  The overall responsibility for the transfer and start up 

production of the transferred products lies with the project manager at the delivering plant.  

 

According to Filip (2014, pp. 141-144) the transfer project has the following actions, 

methods and tools in use, which are internal transfer announcement, project plan, checklist, 

status meetings, training and monitoring of training, intermediate reports for the steering 

committee and final report. 

 

Terwiesch et al. (2001, p. 441) gives an example of production transfer From USA to 

Singapore in the hard disk drive industry.  There were a lot of methods of communication 

between locations.  Engineers and managers communicated via electronic mail, telephone, 

fax, and video conferencing.  Documents like raw data, drawings, and text were shared in 

real time via hard disk drive manufacturer’s corporate network.  The biggest problem in 

communication was the time difference.  It was problem, because it was difficult to hold 

real time meetings by phone or video conferencing.  Also electronic mail was used, but for 

the same reason it had a response time lag. 

 

In this hard disk drives’ case engineers from USA travelled to Singapore before the ramp-

up started.  These engineers included failure analysis, tooling, and information specialists.  

During the initial period of ramp-up, engineers tried to keep the two production facilities as 
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identical as possible.  This allowed engineers at the development facility to replicate 

problems encountered in Singapore and to increase the capacity for experimentation.  

(Terwiesch et al. 2001, p. 441) 

 

According to experience by Terwiesch et al. (2001, p. 444) the activities of transfer were 

planned and executed in a high degree of detail, but without sacrificing flexibility to deal 

with the unexpected.  The project manager from the factory went to the USA six months 

before transition to provide detailed coordination.  Movement of people and equipment 

was choreographed in advance.  Yet the transition became a time interval, rather than a 

time point. 

 

Terwiesch et al. (2001, p. 448) results show that in the production of high-tech industry it 

is required integration among product development, process development, and production 

when doing global transfer.  Also by running pilot production and ramp-up in parallel for 

an interval, the real transition point became more fluid than in the case of fixed hand-over.  

Product platforms allow a company to leverage previous ramp-up of new products on the 

platform.  It was noticed that both the initial yields as well as the rate of yield improvement 

benefited from platform approach. 

 

It is documented that even for a complex and high-tech products it is possible to overcome 

geographic distances.  The international transfer from USA to Singapore was able to 

proceed using elaborate coordination mechanisms like cross-functional and cross-location 

teams (Terwiesch et al. 2001, 448). 

 

Intel gives an example of new product transfer to other plants.  Intel’s approach illustrates 

how fast-changing production know-how can be codified and transferred quickly.  Much of 

its production know-how is in tacit form; hence, needs to be transferred face-to-face.  

Some of the technicians in each factory, unofficially know as “seeds”, are the key players 

in this process.  They are part of the production team in their own plants, but move for 

short periods to another plant to share their knowledge with other technicians.  Their task is 

to duplicate the production methods.  But while doing that, they also kept close contacts 

with colleagues in their home plant for consultation.  Since new questions in both plants 
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constantly popped up, the seeds and other technicians combined forces to tackle problems 

in both plants simultaneously. (Ferdows 2006, p. 6) 

 

Simon et al. (2008, p. 260) gives an example of the production transfer.  A mid-size 

Western European electronics company managed to transfer all its production-relevant 

know-how to Hungarian factory within just six months.  It formed mixed training teams for 

every production department.  The trainers received a bonus of 10 percent of their salary 

for taking part and further 10 percent upon successful transfer of their knowledge.  The 

training courses were mainly held at home factory. 

 

Aoki (2008, p. 535) points to two successful examples of kaizen transfer at Chinese plants 

where the foreign plants outperformed their Japanese sister plants. The study concludes 

that the success results from adaptation based on team-based implementation, cross 

training and management presence on the shop floor rather than a copy-exactly approach.  

He uses a multiple-case study to examine the transfer of kaizen from Japanese companies 

to nine overseas Chinese plants.  Aoki’s proposition is, that successful kaizen transfer to 

Chinese plants does not occur based on a copy-exactly approach but on a balanced 

implementation of three types of kaizen capabilities: first team-based suggestion schemes, 

second supportive human resource practices, and third daily management shop-floor visits. 

 

As each manufacturing site has been standardized and focused on core technology and 

operations, the internal operations are much easier to manage and some learning 

mechanisms, such as knowledge sharing, problem solution, and various kinds of 

benchmarking, are adopted within the network.  The emerging problem, however, is 

outsourcing to support this coordinated regional network (Shi and Gregory 1998, p. 206.) 

 

2.3 Project communication 
 

Information is important, so project manager needs to plan how to handle the information 

available and to communicate.  The project manager must have a clear way to convey 

information to his project team and to gather information from his project team.  The 

project manager will need to create methods by which information can move effectively in 

both directions.  He can use as methods morning meetings, weekly meetings, face to face 
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meetings, electronic mail, and a variety of reports and shared electronic workspaces.  

(Kettunen 2009, p. 140)  According to Barczak et al. (2009, p. 13) the top three tools used 

to support project teams are (1) face-to-face meetings; (2) teleconferences; and (3) 

PERT/GANTT charts.  Face-to-face meetings allow for faster and more informal 

communication as well as provide a means for team members to get to know each other 

and develop trust, which is essential for effective teams. Teleconferences enable 

communication when team members are geographically dispersed. PERT/GANTT charts 

provide a visual illustration of the flow of the project along with milestones and deadlines.  

 

Communication is a key factor in team performance, successful project completion, and 

effective project management (Chiocchio 2007, p. 97).  Communicating involves the 

exchange of information.  The sender is responsible for making the information clear, 

unambiguous, and complete so that receiver can receive it correctly.  The receiver is 

responsible for making sure that the information is received in its entirety and understood 

correctly.  Communicating has many dimensions: 

• Written and oral, listening and speaking. 

• Internal (within the project) and external (to the customer, the media, the public, 

etc.). 

• Formal (reports, briefings, etc.) and informal (memos, ad hoc conversations, etc.). 

• Vertical (up and down the organization) and horizontal (with peers). (Duncan 1996, 

p. 23) 

 

Nowadays project members are located globally all over the world.  Virtual teams can 

transfer their output to other members of the organization through electronic mail, Web 

sites with audio, video, and other features or videoconferences.  It is a fact that 

relationships in such cases are more difficult to build virtually than they are face-to-face. 

(Maznevski and Athanassiou 2003, p. 197-199) 

 

One possibility is to arrange morning meeting.  Rule for a morning meeting is that one 

appointment may not last longer than 15 minutes.  This will ensure that not so much time 

will be used in the meetings.  Everyone tells in a meeting the results from previous day.  

This means, if you have reached the targets or not.  (Kettunen 2009, p. 140)  The discipline 
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of holding daily meetings forces people into thinking about making daily progress.  In a 

fast project every day counts and no one can afford to lose a day, either because nothing 

got done or because the wrong thing was done because of poor communication.  (Smith & 

Reinertsen 1995, p.177) 

 

According to Duncan (1996, p. 103) Project Communications Management includes the 

processes required to ensure timely and appropriate generation, collection, dissemination, 

storage, and ultimate disposition of project information.  It provides the critical links 

among people, ideas, and information that are necessary for success.  Everyone involved in 

the project must be prepared to send and receive communications and must understand 

how the communications they are involved in as individuals affect the project as a whole.  

 

One practice that proved particularly useful when transferring manufacturing of hydraulic 

cylinders inside Europe was that during startup regular discussions were held every 

evening and facilitated by skilled staff from the home factory to assess target fulfillment 

(unit volume, rejects, and rework) and define initiatives. (Simon et al. 2008, p. 260) 

 

In project management project managers have to live with partial information.  Because 

partial information is difficult to work with, some special skills must be developed.  One 

especially critical skill is the ability to project the possibilities of what might happen if the 

partial information turns out to be wrong.  (Smith & Reinertsen 1995, p.166)  Incomplete 

information is still better than no information.  (Smith & Reinertsen 1995, p.166)  Still 

there is a general distrust of upstream information.  Manufacturing believes that 

engineering will forever be changing its drawings, and engineering is uncomfortable with 

the information coming from marketing.  (Smith & Reinertsen 1995, p.166) 

 

The management of uncertainty is seen as a necessary condition for effective project 

management.  Sources of uncertainty are wide ranging and have a fundamental effect on 

projects and project management.  These sources are not confined to potential events, and 

include lack of information, ambiguity, characteristics of project parties, tradeoffs between 

trust and control mechanisms, and varying agendas in different stages of the project life 

cycle.  Common project management practice does not address many fundamental sources 
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of uncertainty, particularly in soft projects where flexibility and tolerance of vagueness are 

necessary.  More sophisticated efforts to recognize and manage important sources of 

uncertainty are needed. (Atkinson et. 2006, p.687) 

 

Ingason et al. (2010, p. 34) have studied communication and trust in virtual project teams.  

Problems regarding trust in virtual teams are typically associated with the beginning of the 

project.  According to their research groups that meet face to face have fewer incidents 

where lack of trust becomes a problem.  No correlation was found between the type of 

media used and lack of trust.  Intense communication with different types of media seems 

to lead to reduced trust. 

 

Ingason et al. (2010, p. 37) made a survey to about 300 people from over 50 different 

countries.  Figure 3 shows the main problems encountered in the project teams.  Language 

difficulties and time zone differences were the most common problems by far, but cultural 

differences, technical problems and lack of managerial support also registered.  Very few 

encountered problems due to the number of organizations involved, the team being too 

large or because of religious beliefs. 
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Figure 3:  Problems encountered in the project teams (Ingason et al. 2010, p. 37). 

 

About 23% of participants had experienced different holidays in the distributed teams as a 

problem and as the number of participating countries increases, the odds of different 

holidays having an effect on the project increases. The survey showed some language 

problems; it was difficult to speak to members who did not speak the project language well 

and there were delays due to translation of documents into languages that everyone could 

understand.  It was evident that a large number of participants in the survey believed that 

cultural differences had created problems.  However, some participants thought that this 

had more to do with individual differences.  A difference was still believed to exist in the 

way decisions are made in different cultures. (Ingason et al. 2010, p. 37) 

 

Based on the information gathered in the questionnaire by Ingason et al. 2010, p. 38), a 

prediction model was designed to predict possible problems in distributed teams.  The 

model describes particular risk factors based on variables which can be measured 

beforehand.  The model was depicted as shown in figure 4.  The figure shows how the 

model can represent a particular distributed team. The main groups of variables included in 

the model are the number of languages, the team size, the number of organizations 
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involved, and number of geographical locations of the members, time zone differences and 

difference in members’ cultural backgrounds.  In that way, the model reflects the variables 

which showed statistically significant correlations to success and problems related to lack 

of trust.  These variables can be measured for a particular distributed project team and then 

depicted as in figure 4.  The outcome can be used to foresee possible problems and work 

out their solutions in advance. (Ingason 2010, p. 38) 

 
Figure 4:  Prediction model for problems in distributed teams (Ingason et al. 2010, p. 38). 

 

Ingason et al. (2010) concluded that a simple assessment of five important variables can 

help to evaluate potential risk in the work of distributed project teams.  Size of group, 

number of languages, number of organizations behind the team, number of locations and 

the maximum time zone difference are variables that are correlated with lack of trust in the 

team.  These variables can be assessed in the beginning and the results can be represented 

in a simple graphical tool and communicate to all relevant parties.  Some actions can then 

be taken to reduce the risk and thus create more favorable conditions for the building up of 

trust within the distributed group. 
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2.4 Knowledge transfer 
 

In multi-site ramp-up cases happen also knowledge and competence transfer.  For example 

knowledge transfer can happen from R&D, sending factory and product engineering to the 

receiving factory.  This means that the quality of information is important issue for a 

success of a volume ramp-up. 

 

Argote & Ingram (2000, p.151) define knowledge transfer as the process through which 

one unit, like group, department, or division, is affected by the experience of another.  

They further point out the transfer of organizational knowledge can be observed through 

changes in the knowledge or performance of recipient units.  Organizational knowledge 

can be for example routine or best practices.  The transfer of organizational knowledge can 

be quite difficult to achieve. 

 

During product transfers lot of information and best practices are transferred from product 

programs and NPI factories to volume ramp-up factories.  The ability to transfer best 

practices internally is critical to a firm’s ability to build competitive advantage from scarce 

internal knowledge.  The most important impediments to knowledge transfer within the 

firm are not conventional.  Contrary to conventional wisdom that blames primarily 

motivational factors that the major barriers to internal knowledge transfer to be knowledge-

related factors such as the recipient's lack of absorptive capacity, causal ambiguity, and an 

arduous relationship between the source and the recipient. (Szulanski 1996, p. 27, 37) 

 

On the other hand Gupta and Govindarajan (2000, p. 475) have studied the transfer of 

knowledge in multinational corporation network and the factors influencing successful 

transfer.    Their findings were that there are five major hindrances to knowledge transfer.  

They are: (1.) value of source unit’s knowledge stock, (2.) motivational disposition of the 

source unit, (3.) existence and richness of transmission channels, (4.) motivational 

disposition of the target unit and (5.) absorptive capacity of the target unit. 

 

The strongest barrier to technology transfer from R&D to production is the lack of 

effective communication.  This barrier is considered more important in large companies 

with larger R&D divisions.  In high-tech companies, the communication factor was found 
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to be a more serious barrier to the integration of R&D and production than in traditional 

technology companies. (Vasconcellos 1994, p. 320)  He has a proposal for R&D and 

production co-operation.  One instrument to help integrate production and R&D is to 

establish job rotation between Production and R&D.  Virtual teams can transfer their 

output to other members of the organization through electronic mail; Web sites with audio, 

video, and other features; or videoconferences. (Maznevski and Athanassiou 2003, p. 197) 

 

Szulanski (1996, p. 37) presented also that knowledge transfer within a company is 

inhibited by factors other than a lack of incentive.  How well knowledge about best 

practices remains broadly accessible within a company depends upon the nature of that 

knowledge, from where or whom it comes, who gets it, and the organizational context 

within which any transfer occurs.   

 

The more complex the processes are used in production, the more expensive it is to train 

local production staff.  To familiarize these employees with the processes and tasks 

involved, many companies send selected skilled workers and foremen to the home factory 

for a brief period of training.  These then train the entire production staff on site with the 

help of top experts from the home factory.  This training should form a fixed part of the 

planning and be coordinated with the start of production. (Simon et. al. 2008, p. 260) 

 

A common source of uncertainty in the execution stage is the introduction of design 

changes.  Such design changes can lead to disruption of schedules and resourcing, and 

affect cost, time and quality measures of performance directly to an extent that is difficult 

to predict.  A potentially serious concern is that changes are introduced without a full 

appreciation of the knock-on consequences.  Apart from direct consequences, indirect 

consequences can occur.  For example, changes may induce an extension of schedules, 

allowing contractors to escape the adverse consequences of delays in works unaffected by 

the change.  Changes may have wider technical implications than first thought, leading to 

subsequent disputes between client and contractor about liability for costs and 

consequential delays.  Standard project management practice should establish product 

change control procedures that set up criteria for allowable changes and provide for 

adequate coordination, communication and documentation of changes. (Atkinson et al. 
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2006, p. 690) 

 

Noorderhaven and Harzing (2009, p. 734) have found in their study of “Knowledge-

sharing and social interaction within multinational enterprises” that on the other hand 

social interaction influences positively knowledge transfer in multinational enterprises and 

in fact also produces new knowledge.  On the other hand subsidiary autonomy affects 

negatively knowledge transfer. 

 

Transfer of tacit know-how becomes more complicated when it changes often.  (Ferdows 

2006, p.1)  In a strict sense, tacit knowledge is inherently nontransferable; it would become 

explicit once it was transformed so that it could be transferred. (Maznevski and 

Athanassiou 2003, p. 204)  Explicit knowledge can be carried over weak ties, but transfer 

of tacit knowledge requires stronger ties. (Maznevski and Athanassiou 2003, p. 212) 

 

In the successful new product ramp-up knowledge and experience are important factors, 

which mean that cooperating with knowledge carrying entities and usage of existing 

knowledge is essential.  It is important to learn from former production-ramp up stages for 

current projects is and also to enable later stages or even projects to access prior experience.  

Therefore, a knowledge management system has to be in place and should be used during 

and after production ramp-up projects. Having experience out of former production ramp-

ups and reusing this experience or making it available for later production ramp-ups 

enables managers to deal with problems easier and faster and make decisions under less 

uncertainty. (Gross and Renner 2010) 

 

When a project is finished, the lessons learned are linked to whether the project was 

delivered on time within cost and to the agreed quality.  (Atkinson et al. 2006, p. 696)  

‘‘Lessons learned’’ is a popular term in the project management literature and amongst 

practitioners, yet it often masks payment of lip service only to the idea of learning from 

experience. The capture and re-use of learning from one project to another is generally 

accepted as something that should be done but it often goes no further than capture.  It is 

often associated with post project reviews where learning has significant potential to 

reduce uncertainty. (Atkinson et al. 2006, p. 696) 
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Engineering Change Management 

 

In the ramp-up phase most problematic matters are changes to the product.  These cause a 

lot of pain to operations.  Engineering change management is a way to handle changes.  

Among the many activities to be performed in the life of products, engineering change 

management (ECM) can be considered as in particular complex. Especially in networked 

organizations, many different partners with complementing competences and distributed 

responsibilities for different elements of the product, it is crucial to implement changes in 

the product timely, completely and by including all affected and involved partners.  

Delayed or insufficient implementation of changes can lead to costly problems of products 

and affect customer relationships. 

 

The ability of companies to better manage engineering changes (ECs) during product 

development can decrease cost, shorten development time, and produce higher quality 

products. (Rouibah and Caskey 2003, p. 15)  Still many industrial examples show that 

there is a need for improving robustness and reliability of ECM in practice. (Sandkuhl 

2011, p. 47)  If the process, ECM, is not fast, a large quantity of defect products will be 

produced. (Pikosz and Malmqvist 1998, p. 11)   

 

From operations point of view to minimize the impact of the engineering changes are for 

example to avoid change as much as possible by spending more engineering time on the 

first release (Clark and Fujimoto 1991).  Also it is recommended to make changes as early 

as possible in the design process (Terwiesch and Loch 1999; Huang and Mak 1999).  

Changes should be done as early as possible, because once design resources have been 

spent, ECs become more expensive and harder to make later. (Rouibah and Caskey 2003, p. 

17) 

 

Huang and Mak (1999) have found two most significant barriers to effective ECM.  Those 

were ‘‘poor communication’’, and ‘‘problems are discovered too late resulting in panic and 

leading to quick fix solutions.  Rouibah and Caskey (2003, p. 21) suggest that ECM 

requires extensive communications between many people within a company and between 
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companies.  Communication across functional lines can help avoid many problems. 

 

Sandkuhl (2011, p. 57) has a proposal how to manage effectively CNs.  It is a role called 

change administrator.  The change administrator role is responsible for coordinating all 

change requests in his area of responsibility, in order to avoid the general problem of 

delayed decisions, redundant activities and inconsistent data in ECM and the resulting 

product or quality problems.  

 

2.5 Project coordination 
 

What is coordination?  First of all it can be said that good coordination is nearly invisible, 

and we sometimes notice coordination most clearly when it is lacking.  (Malone and 

Crowston 1990) Coordination is one of the seven recognized processes of management, the 

others being forecasting, planning, organizing, motivating, controlling, and 

communicating.  Coordination means unifying, harmonizing and integrating different 

agencies involved in any industry with multiple objectives. (Jha and Iyer 2006, p. 314) 

 

Malone and Crowston (1990) have presented two definitions for coordination.  The first is 

so called broad and common sense definition.  Coordination means the act of working 

together harmoniously.  They have summarized the components of coordination in Table 1.  

 

Components of coordination  Associated coordination processes 
Goals Identifying goals 

Activities 
Mapping goals to activities (e.g., goal 
decomposition) 

Actors Selecting actors.  Assigning activities to actors 
Interdependencies “Managing” interdependencies 

 

Table 1:  Components of coordination according to Malone and Crowston. 

 

For example, an automobile manufacturing company might be thought of as having a set of 

goals like producing several different lines of automobiles and a set of actors like people 

who perform activities that achieve these goals. These activities may have various kinds of 

interdependencies such as using the same resources, for example an assembly line or 
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needing to be done in certain order like a car must usually be designed before it is built. 

(Malone and Crowston 1990) 

 

It has been created also a narrow definition of coordination by Malone and Crowston.  

According to it coordination is the act of managing interdependencies between activities 

performed to achieve a goal, because when we want to focus specifically on the aspects of 

a situation that are unique to coordination.  Many important coordination situations involve 

multiple actors.  (Malone and Crowston 1990) 

 

The function and importance of coordination are widely addressed in both traditional and 

modern organization theory literature.  Coordination has been defined as integrating or 

linking together different parts of an organization to accomplish a collective set of tasks.  It 

can be said that coordination is important for the accomplishment of shared tasks.  

(Jacobsson 2011, p. 64)       

 

The need for coordination is said to originate from interdependencies between or among 

entities within the organization.  In the project setting these interdependencies mainly 

derive from the activities, the various groups, and the professions involved; groups of 

people that are temporarily brought together owing to their individual skills without much 

knowledge of one another’s professions and skills. Failing to coordinate activities in a 

suitable and effective way can have major negative consequences for the organization, 

consequences such as confusion among participants, misunderstandings, increased costs, 

and in the worst case project failure. (Jacobsson 2011, p. 65) 

 

Coordination entails integrating or linking together different but interdependent parts of an 

organization as they work together to accomplish organizational goals.  Research has 

identified effective coordination as an important factor which differentiates successful 

from unsuccessful projects. (Bailetti et al.1994) 

 

Multi-plant coordination can be seen as management of the network.  For example how to 

most effectively and efficiently share resources and knowledge between the dispersed 

plants.  Research in the field of international business even suggests that the ability to share 
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knowledge in the intra-firm network efficiently is the prime reason for the existence of 

multinational corporations in the first place.  (Kogut and Zander, 1993) 

Coordination has a crucial impact on production ramp-up process.  According to study of 

Gross and Renner (2010) the results confirm the importance of coordination mechanisms, 

such as cooperation, communication and controlling for a successful production ramp-up.  

Coordination among project participants has been recognized as an important ingredient 

for success of many projects.  (Jha and Iyer 2006, p. 314) 

 

Generally project managers follow common rules and principles.  From the project 

management point of view those can be implemented in the multi-site ramp-up projects, 

too.  The control factors for example according to Baars (2006, p. 7-1) are five important 

parameters along which projects are reported on and directed.  

• Money is determining whether projects are financially feasible. 

• Organization arriving at mutual agreements concerning the hierarchy among projects 

and between the projects and other departments. 

• Quality is determining whether the goals of a project are consistent with the strategy of 

the organization. 

• Information is establishing who will report what about the project and when to the 

management team. 

• Time is estimating how many personnel will be needed within a given period to arrive 

at a good distribution of workers across the project teams. 

 

Basic to a theory of organizations is the premise that all organizations need coordination.  

In this context coordination means integrating or linking together different parts of an 

organization to accomplish a collective set of tasks (van de Ven et al. 1976, p. 322)  

According to the studies of Nobeoka and Cusumano (1993, p. 2) the finding in project 

management is that in order to shorten the development lead time, strong cross-functional 

coordination is needed. 

 

Mintzberg (1983) outlines five categories that explain the fundamental ways in which 

organizations can be coordinated.  Those are mutual adjustment, direct supervision, 

standardization of work processes, standardization of work outputs, and standardization of 
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worker skills.  In situations when neither forms of standardization nor direct supervision 

are appropriate, Mintzberg (1983, p. 82) identifies devices or facilitate, the mutual 

adjustment needed.  Even though Mintzberg (1983, p. 4) calls to these forms as 

coordination mechanisms he explicitly expresses that they are as much concerned with 

control and communication as with coordination.  Like Jacobsson (2011, p. 66) says, that 

both coordination and communication need to be in focus as the main mean to accomplish 

coordination is to communicate. (Jacobsson 2011, p. 66)   

 

In the high tech industry like in the manufacturing of TFT-LCDs in the multi-site locations 

Lin et al. (2004, p. 59) describe coordination, that it is important to synchronize to meet 

customers’ demand effectively and to interactively plan between up-stream and down-

stream in the production chain.  In the TFT-LCD industry there exist some specific 

characteristics, such as unexpected demand fluctuation, customized product that each 

customer will designate the specific key components, long lead time of procurement and 

short product life cycle.  (Lin et al. 2004, p. 60) 

 

Chiocchio (2007, p.106) has found out, that teams of three members or less have more 

flexibility in terms of coordination, but lack the creativity to effectively solve problems 

inherent to the completion of the project, and have too much work.  Teams of six members 

or more benefit from more problem-solving potential but have difficulties coordinating 

themselves.  

 

Unit size, on the other hand, appears to have an impersonalizing effect on coordination.  As 

unit size increases, there is a greater use of impersonal coordination and of hierarchy.  

Further, as unit size increases beyond 10 people, the use of hierarchy decreases.  It appears, 

therefore, that size has an impersonalizing effect on the kind of coordination mechanisms 

used within a work unit.  (van de Ven et al. 1976, pp. 332) 

 

With more units to manage and more complexity to handle, a tempting strategy for 

multinational corporations has been to rely more on standardized best practices when 

deciding how to operate production (Jensen and Szulanski, 2004).  Consequently, they 

seek to continuously develop and share best practices in the intra-firm network (Kostova, 
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1999).  For this purpose, many manufacturing multinational corporations are developing 

firm-wide process improvement programs (Netland & Aspelund, 2014). 
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3 USED PROCESSES IN MULTI-SITE RAMP-UPS 
 

The case company uses in its every day work different kind of processes.  Here are 

described Delivery Capability Creation and Production Transfer processes, which are used 

in multi-site ramp-ups.  Also here is described the case company’s multi-site ramp-up 

concept.   

 

The processes described here are based on the case company’s internal material.  Delivery 

capability related documents, processes and templates are found in the case company’s 

intranet pages called “Delivery Capability Management Process (DCMP)”.  Delivery 

capability creation process is there available, but product transfer process and multi-site 

ramp-up concept are missing.  Neither product transfer process nor multi-site ramp-up 

concept is linked in the delivery capability process. 

 

3.1 Delivery Capability Creation 
 
The main objective of delivery capability management process (DCMP) is to build cost 

efficient and qualified delivery capability during the product program to enable fast and 

successful ramp up, leading to seamless handover from product program to delivery 

process (DP). 

 

Delivery capability creation-process is divided into sub-processes, which are purchasing 

capability, production capability and demand supply chain capability creation. 

 

The delivery capability creation process is divided into P-milestones from P0 to P9.  

Decision of manufacturing and locations takes place by P3 milestone.  The activities of 

multi-site ramp-up takes place in general between milestones P7 and P8.  The schedule of 

project is done case by case, product program by product program.   

• P7 Ready for Pilots 

o Production capability verified for pilots / ramp up  

o Product maturity ensured 

o Delivery capability exists for needed internal and/or external deliveries 

• P8 Ready for Deliveries 
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o Delivery Capability Handover completed according to plan  

o Ramp up volume produced and delivered according ramp up plan  

 

Between milestones P6 and P8 operations delivery capability creation project ensures that 

delivery capability exists to pilot and volume deliveries.  Also DCC-project ensures that 

proper handover to operative organization will be done 

 

Time to volume starts at ship acceptance, which take place between milestones P4-P7.  

Purpose for the ship acceptance is to ensure that the case company ships high quality 

products to the customer(s) and any incomplete criteria are documented, risk assessed, 

have clear action plans and owners, and are communicated to key stakeholders. 

 

The case company tackles to the time to volume.  The case company considers time to 

volume is complete when: 

• Over 80 % of peak global capacity is in place. 

• Stable output achieved, which is over 80 % of peak load in all sites. 

• P8-milestone quality goals achieved. 

• Average standard product cost target achieved. 

• Planned component second sources on line and delivering to volume split done. 

• Planned manufacturing locations in place and MSRU process followed if applicable. 

  

3.2 Product Transfer process 
  

3.2.1 Definition of Product Transfer project 

 

Product transfer means in the case company transferring of manufacturing capability of a 

new product or new version of a product from one manufacturing location to another.  

Product can be the case company Design Unit or the case company Design Part (drawing 

part).  Manufacturing location can be the case company’s own factory or EMS factory.   

 

Decision of the manufacturing location is made by Manufacturing Council (MC).  

Business Owner can be either Manufacturing Operations (MO) or Global Procurement 
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(GPr).  MO takes care of the case company’s Design Units, which are manufactured by the 

case company and GPr takes care of the case company Design Units manufactured by 

EMS.  In both cases the case company owns the Intellectual Property Rights (IPRs). 

 

3.2.2 Prerequisites for the product transfers 
 

The case company has few prerequisites for the product transfers.  New manufacturing 

factories shall be audited and approved to fulfill the case company’s requirements before 

product transfer.  New suppliers are audited and approved by Global Procurement 

according to Supplier Base Management process.  The product transfer project provides 

product specific processes, technology and training related to a new product or a new 

version of the product.  The receiving factory shall have all general processes needed for 

manufacturing implemented and in use (production, testing, quality, logistics etc.).  If 

receiving factory is EMS, GPr Manufacturing Services must give green light before any 

communication can be done to EMS partner.  If product transfer happens during product 

program phase, adequate change management (for tools/jigs, testers, instructions and 

product) must be in use. 

 

3.2.3 Product Transfer process 

 

Product transfer process ensures quality of transferred products and manufacturing process. 

 

The Product transfer project has several tasks in the case company.  Main tasks are to 

provide training and support to receiving factory.  Project ensures materials from approved 

vendors.  Project provides also the case company specific production line and repair testers 

and equipment to receiving factory.  It ensures documentation transfer and it verifies and 

approves production process and product by manufacturing trial series.  Product transfer 

project ensures quality and yields according to mandatory targets.  It also ensures receiving 

factory meets the installed capacity defined.  It prepares a maintenance contact list to 

ensure support after the project.  Finally project will document lessons learnt for 

forthcoming projects. 
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Figure 5: Product transfer process flow chart. 

 

4.2.4 Documents needed in product transfers 

 

Following documents are transferred during product transfer project from sending to 

receiving factory by Product Data Management (PDM) Change Note (CN).  There are 

many additional manufacturing documents, which might be needed case by case.  Here 

some examples: 

• Bill of materials 

• SMD/PWB (assembly instructions) 

• Mechanical documents (drawings) 

• Incoming inspection instructions (IGI) 

• Out coming inspection instructions (OGI) 

• Work instructions (assembly, STIs) 

• Production Environment Requirements 

• Equipment specifications (measuring devices etc.) 
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• Assembly jigs and tools specifications (SMD press plate, carrier etc.) 

• Tester documents (specifications, instructions) 

• Troubleshooting and rework instructions 

• Packing documents / instructions 

 

3.2.5 Documented lessons learned 

 

The case company has documented some lessons learned from previous production 

transfer projects.  Key element of product transfer is expert presence at the receiving plant 

during trial and ramp-up.  Lead time of testers and equipment can be up to 18 weeks after 

investment purchasing approval, because of ordering, verification, shipping, installation.  

In India lead time can be even 22 weeks.  Availability of bill of materials and demand 

transfer date needs to be agreed.  Shipment week of trial materials needs to be agreed.  

Change management must be in use after PM2 milestone. 

 

By the case company’s experience there are also other things that need to be taken into 

account.  Product specific logistics needs like units having casing separately, MRP packing 

lists must include both unit and core serial numbers.  Product specific lessons learnt and 

quality history need to be checked.  Tester spare parts (normally in the case company 

sending factory provides these for first 3 months).  Product transfer project is only 

responsible of capacity which belongs to production transfer’s scope, after that receiving 

factory responsibility.  Possible HWS spare parts needs have to be studied. 

 

3.2.6 Product Transfer project phases 

 

Product Transfer project are divided into phases.  After Manufacturing Council has 

approved the Product Transfer project starts project planning.  Then follows design and 

build phases.  Trials and verifications will be done and after approval ramp-up starts.  

Finally handover and lessons learned will be done. 
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Figure 6:  Phases of product transfer project. 

 

Checklists used in product transfer project milestones from PM1 to PM5 are described on 

the case company’s master checklist. Status of checkpoints of each milestone is reviewed 

in the steering group meetings.  Master checklist includes descriptions of milestone tasks; 

defined task owners are and attached links to related example documents.  Master checklist 

is used as a template for individual PT project. 

 

3.2.7 Project organization and management 

 

Product transfer project organization comprises a steering group, project teams at receiving 

and sending factories and project support. 

 

The steering group consists of persons from appropriate organizations of receiving and 

sending parties.  Project team consist of project managers and specialists from key areas 

such as test engineering,  product engineering, production, production methods, 

procurement, materials, quality, logistics and documentation management.  Project support 

persons assist project team and are also invited to weekly meetings and kept up to date 

about project progress.  Sometimes support persons can be invited also to steering group 

meetings.   

 

In product transfers between suppliers, also the case company’s representative shall 

participate in the steering group and in the project teams.  Product transfer process is 
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introduced to product transfer project team and steering group members in the case 

company and EMS in the beginning of the project. 

 

Product transfer project managers are responsible for requesting resources for the project.  

Project manager of the receiving factory is the owner of the product transfer project 

(including EMS projects).  The project manager in the sending factory supports the 

receiving factory project manager and is responsible for activities in the sending factory 

(training, support, verification etc.). 

 

There may be several sub-projects in PT like material, verification, training and support 

that have own documentation.  Contact people after the product transfer project is closed, 

are described in the maintenance contacts document. 

 

Steering group monitors progress of the project and makes decisions about necessary 

actions in the project.  The steering group members are nominated in the product transfer 

project plan. 

 

The steering group comprises usually business owner (chairman, in the case company 

transfer receiving factory Head/representatives, in EMS transfer GPr representative) and 

representatives from Operations Portfolio Management (program or maintenance DCM), 

Product Technical representative (e.g. PTO, Product Engineering line manager, R&D 

program manager or R&D HW project manager), MEX and sending factory project 

manager.  Other key stakeholder representatives can be invited when needed (TE, Project 

Management etc.). 

 

Receiving factory project manager facilitates the meetings and is responsible to propose 

go/no-go decision to SG in milestone meetings.   

 

Main tasks of the steering group are to accept the project plan and monitor progress of the 

project, ensure sufficient resources for the project, consider risks of the project, approve 

milestones, give customer delivery permission (PTO has right of veto) and approve project 

closing and ensure in every milestone that business case is valid and the project can 
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continue. 

 

3.2.8 Product transfer project document savings 

 

All relevant project documents shall be saved in project folder in company’s library for 

active use.  This is because project data will be available at any time without need to ask 

from project manager.  Also for history use project data is available for later purposes at 

any time without to ask from project manager.  This library is in this case general 

information and document management application.  It offers the possibility to store and 

globally exchange any kind of information with respective colleagues and teams regardless 

of place and time. 

 

Example of PT-project folder structure

Project plan

- Sub plans

Meeting minutes

(weekly meeting, SG)

Verification

-Verification plan

-Reports (PE, quality, 

approval, corrective action 

plan)

Lessons learnt

 
Figure 7:  Example of PT-project folder structure. 

 
3.3 Multi-site ramp-up 

 
Multi-site ramp-up concept is not a process in the case company.  Still it describes how to 

handle in MSRU-cases when those exist. 
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Multi-site ramp-up (MSRU) happens in a shorter time window compared to traditional 

single-site ramp-up. 

 

 
Figure 8: Traditional single-site and multi-site ramp-up. 

 

 

3.3.1 MSRU concept - introduction 

 

Multi-site ramp-up (MSRU) concept is built on product transfer process.  The main 

purpose of MSRU concept is to enable fast and parallel production ramp-ups in volume 

locations based on regional demand.  In addition related production ramp-downs of 

predecessor products have to be managed as part of MSRU when needed. 

 

This requires that MSRU concept is robust and flexible enough to quickly roll-out to other 

locations with minor support from the sending location. 

 

Certain quality pre-requisites have to be met before MSRU can be started. 

 

Centrally managed control room and seamless collaboration between sending and 

receiving factories are the key success factors. 

 

In each MSRU case, there is a dedicated project manager who orchestrates the planning 

and execution of MSRU as a part of delivery capability creation project and in close 

operation with all relevant “Tiger” teams from receiving locations including all needed 
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functions from OPS (DCM, GPr, MO and GL) 

 

Together they build up the manufacturing capability according to customer requirements, 

select the optimal supply chain and design the manufacturing operation for the product to 

meet delivery capacity and capability target. 

 

In MSRU we need to understand the design maturity, Design for Excellence (DFx) and its 

impact to volume production. If DFx is worse than target, then MSRU needs to prepare for 

the extra capacity and extra cost in advance, which is to be reviewed on Supply Business 

Team meeting and approved by Manufacturing Council. 

 

The readiness of all key suppliers is verified by the respective DCC-project.  

 

3.3.2 Triggers for MSRU    

 

Clear business needs trigger preparations and decision to start MSRU execution. 

• High customer demands require ramp-up in many locations in parallel 

• Cost reduction for high runners to be quickly implemented globally 

 

Once condition exists, MSRU case must be raised in Supplier Business Team meeting for 

support.  Final approval will be given by Manufacturing Council.  

 

 
Figure 9:  MSRU concept: preparations and execution. 

 

The MSRU concept enables the production line to be quickly set up in new locations with 

minimum effort, simply because all needed elements are all in place.  
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Figure 10: MSRU Concept 

 

3.3.3 Preparation for MSRU 

 

1. Make multi-site ramp up plans including key suppliers. 

• Prepare the multi-site ramp-up plans once the trigger signal has been 

granted. All ramp-up related key resources and key elements including key 

suppliers should be prepared all together.  

• Define volume and manufacturing quality targets. Ensure quality control 

plan exist based on PFMEA.  

• Ensure the Export Control Classification Number (ECCN) and export 

license for components in specific countries.  

2. Plan ramp down of replaced products accordingly. 

• Plan the ramp down projects for the replaced products accordingly to 

minimize the obsolete materials and ensure the resources’ focus on quick 

ramp-up of new products. 

3. Synchronize demand in time in the OBM/SAP system during the phase in and 

phase out.  

• Ensure the demand is well synchronized in the system during the new 

products phase in and existing products phase out.  

• Ensure demands visible both for the old products and new products to 

secure materials availability. 
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4. Plan the capacity according to design maturity (DFx targets) and volume, prepare 

the different scenarios.  

• Plan the manufacturing capacity in all locations based on approved Design 

for Excellence targets and demand volumes, and make the necessary 

scenarios on different simulations.   

• OPS and Program management commitments will be needed for capacity 

plan according to ramp-up plans and design maturity. Steering group team’s 

approval 4-6 months before ramp-up.  

5. Ensure flexibility in test and assembly equipment orders to enable fast capacity 

increase.  

• Prepare the test and key equipments availability with necessary flexible 

capability in terms of lead time to ensure the needed manufacturing capacity 

can be fast built globally without any delay.  

6. Ensure design change management capability in all locations.  

• Prepare related competence and capability in all locations in order to ensure 

all design changes can be implemented without deviation and within agreed 

time frame. 

7. Prepare the control room and steering group. 

• Set up the central control mechanism to ensure the control-ability of multi-

site ramp up situation.  

• Steering group includes all stakeholders including R&D.  

• Clarify and communicate crystal clear DCC project roles and 

responsibilities, including ramp up teams from factories.   

8. Set up ramp up teams with dedicated resources in each location. 

• Ramp-up teams set up with all dedicated resources selected in each location. 

DCC project orchestrates all resources for delivering targeted performance.  

9. Ensure people competence development in all locations to execute ramp-ups with 

‘PULL MODE’. 

• People competence must be ready in all locations to ensure the capability of 

executing the aligned ramp-ups. Mindset and practices transform from 

previous “PUSH MODE” to “PULL MODE” to achieve the synergies of 

multiple product transfers.  Actively involve all receiving teams on product 



 
 
 

50

transfer.  

 

3.3.4 Control Room and execution 

 

1. Control room in place for daily monitoring. 

• Control room is ready for daily monitoring and operation to ensure the 

performance. 

2. Monitor centrally daily output vs. plan quality index and test times. 

• Monitor daily output and performance of multi locations including key 

suppliers. 

3. Ensure needed capacity exist including key suppliers 

• Ensure all needed capacity exist to drive for best ramp up capability and 

delivery performance.  

4. Ensure up-to-date figures for demand supply planning (OBM). 

• Ensure OBM have the up-to-date figures for more accurate and reliable 

supply planning. And ensure that suppliers use the same planning figures. 

5. Agree and execute corrective actions if backlog exists. 

• Corrective actions should be immediately agreed and executed in locations 

in any case backlog exists during the ramp up period.  

6. Manage implementation of design/test changes globally. 

• Implementation of all design and test changes should be agreed globally and 

then quickly implemented in all locations to achieve the aligned results and 

improvements. 

7. Initiate design/test development actions. 

• MSRU team should initiate any design/test development actions once they 

see the improvement potentials within any of location.  

8. Follow up the continuous improvements made in each location and ensure fast 

implementation to all other locations. 

• Continuous improvements in each location should be regularly reported and 

systematically followed up to ensure fast implementation to all other 

locations. 

9. Ensure best practice sharing. 
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• Set up the best practice sharing platform to circulate all best practices within 

locations. 

10. Set up steering group to guide the implementation. 

• Set up the steering group to guide the MSRU implementation and ensure 

proactive actions and timely decisions on Design status, Manufacturing 

Status, and Program Status, etc. for MSRU success. 

 

3.3.5 MSRU as part of Delivery Capability Creation project 

 

DCC-project roles and responsibilities should be agreed and communicated to ensure the 

effectiveness of execution during the product transfer.   

 

 

 

 
Figure 11:  MSRU as part of DCC-project 
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4 EMPIRICAL STUDY 
 
4.1 Virtual and personal interviews 
 

The first phase interview 

 

15 people were selected for team to study problems occurred in multi-site ramp-ups.  

Selected people are experts in the different areas of global operations.  The experts were 

interviewed in the telephone conferences.  Six of them are manufacturing operations 

people and other six people are from delivery capability management.  Additionally one 

person was from global operations quality, global procurement and R&D interviewed.  

Interviewed people are located globally: Four people are located in Asia, six people are 

from North America and five people are from Finland.  An overview of the selected people 

who were interviewed can be seen in Appendix 1.   

 

People were asked what kind of problems they have noticed in their daily tasks when 

participated in multi-site ramp-up projects.  People sent their answers by electronic mails 

or problems were discussed in telephone conferences.  Finally answers were collected and 

divided into different categories. 

 

The purpose of collecting information is to get information of multi-site ramp-up 

experiences to people, who have not been involved in any such projects earlier.  Summary 

of arisen problems are collected in Appendix 2. 

 

Gaps or problems were then divided into eight different categories.  Finally the gaps or 

problems were ranked by four sites located globally (China, Finland, India and USA).  

Every site could give scores to gab from 1 to 5.  This means that maximum rank score for a 

problem is 20.  If a problem has 20 scores, it means that all sites consider that the problem 

is serious and every site has given the highest score to the problem, which were 5. 

 

The second phase interviews 

 

For second phase individual interviews were selected 20 MSRU-experts from the case 
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company.  They were mainly different than those in the first phase team work.  Two of 

them participated in the both interview phases.  People are located in Finland, China, India 

and USA.  Selected people were sent the following questions by electronic mail before the 

interviews were done:  

 

The questions are based on the first phase results.  What is your favorable project 

experience?  What went well and bad?  Who should do something? 

- Project team set up, roles and responsibilities; your recommended project organization 

for MSRU-cases 

- Project follow up practices 

- Meeting practices 

- Communication practices 

- Product change management practices 

- Competence/know how transfer practices (tacit knowledge) 

- Support model, other practical arrangements to make MSRU-project successful 

- Project control and follow-up 

- Any other specific issue in your responsibility area. 

 

The interviews took place either by telephone conference or correspondence by electronic 

mail.  Because of the different locations face-to-face meetings were not possible to do but 

in one case.  If more clarification was needed, it was handled by electronic mail. 

 

The interviews are described in the Figure 12.  First were done virtual team interviews and 

based on them individual interviews. 
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1st phase interviews 2nd phase interviews

Comparison to existing

processes

Comparison to the research

literature

Virtual team meetings Individual interviews

 
Figure 12: interviews of this thesis. 

 
4.2 First phase interview: experiences collected by a virtual team 
 
Here down are described the results of team interviews.  The results of teams’ interviews 

are handled through the most important categories and compared to the existing processes 

used in the case company. 

 

The first category is called “Test HW & SW Gap Solutions”.  Five different gaps exist in 

this category.  Production test SW versions are inadequately controlled (20 scores).  

Testing processes are unstable like No Fault Founds (NFF's) and retest passes received 18 

scores.  Three cases have 14 scores.  Testing system is not verified before trial and new 

testing SW bug when volume is increasing and change management, especially CNs for 

test fixtures are not fast enough for implementing improvements.    

• Production test SW versions are inadequately controlled (20 scores).  Product SW 

plays a key role in production testing.  For example one factory has received 

change note but the other factories do not have received the similar change notes.  

Interviewed people found out that when they wanted to make a change it was 

difficult to coordinate through the global team.  Team proposed that CN processes 

should be followed.  They recommended also that it could be possible to bundle of 
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changes (e.g. once per week vs. daily changes). 

o It is described in the PT-process that, if product transfer happens during 

product program phase, adequate change management (for tools/jigs, 

testers, instructions and product) must be in use.  Also in the process was 

recommended by experience that change management must be in use after 

PM2-milestone.  Resource for change management is mentioned to be used 

in the PT-process, too.  In the operation product program project there is a 

role called “delivery implementation specialist”, which could be used.   

• Testing processes are unstable like No Fault Founds (NFF's) and retest passes (18 

scores).  Team proposed no improvement proposal for this gap. 

o This is more operational issue and handled by delivery capability manager 

and/or production capability manager in the product program with help of 

manufacturing operations. 

• Testing system is not being verified before trial (14 scores).  Gage repair and return 

- not necessary in all cases.  Validation runs are necessary; repeatability analysis 

should be done and Cpk-analysis is needed.  Cpk means here a measure of process 

capability.  If Cpk-value is well over one, it means that the product has very good 

quality.  Team was wondering that if there is a timeline with test equipment arrival 

into factory and if there is documented process or requirement for test validation. 

o According to process product verification plan is reviewed by PM2-

milestone.  Latest versions of testers, jigs, tools and SW are verified by 

PM3-milestone.  Additionally by PM3 needed testers are installed and 

verified with reference products in the receiving factories. 

• New testing SW bug when volume is increasing (14 scores).  Team is wondering if 

the case company does enough verification with SW.  As a summary team 

considered that this is not just test SW-issue, but also a matter of product SW and 

component combinations with higher volume.   

o This is more product program issue.  During new product creation product 

verification should be handled.  Also component combinations should be 

studied during product program. 

• CNs for tester HWs are not fast enough for implementing improvements (14 

scores).  One site commented that it should be followed CN process and make sure 
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that all locations are informed.  Proposed to create "quick change process".  Other 

site commented on the other hand that this may be problematic in the several 

locations’ manufacturing cases. They recommended also that, if volume-version 

BOM is in use, then official change management process should be used. 

o For example in one product, which had four variants, more than 200 HW 

change notes (documentation, HW, material, instructions) were delivered 

during the first 9 months after the P7-milestone.  Additionally more than 

100 SW changes were done, but not all affecting to production testing.  If a 

product is decided to be ramped up in spite of hundreds of open CNs from 

controlled risk management point of view, more resources are needed to 

handle.  If it is possible this kind of situations should be avoided.  A role 

called “delivery implementation specialist” could be used more efficiently 

in the DCC-project.   

 

The second category is called “Preconditions”.  It is needed for MSRU product transfer to 

ensure that transfer package is correct before transfer (18 scores).  Project key resources 

should be defined and allocated.  This has caused that some projects have had lack of R&D 

involvement and volume plant cannot get first hand information and support (16 scores).  

Tester HWs have sometimes very long delivery times (12 scores).  Additionally versions 

and STIs should be checked (12 scores). 

• Need to ensure transfer package is correct before transfer (18 scores).  Team 

considered that this is not a MSRU product transfer issue, because transfer 

package input is coming from the product program.  Transfer package needs to 

be available on time.  One site was wondering if the data package is defined at 

all.  The second site started to think how and who will check and benchmark the 

accuracy of data package before sending to each factory.  The third site noticed 

that if data package is not ready (e.g. BOM not available); it will cause 

problems to the ramp-up. 

o There is no need to do anything else than follow PT-process.  Document 

package is very well described in the process.  In the criteria list is not 

mentioned to review the transfer package. 

• Project key resources defined and allocated (this is done already before PM1-
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milestone) - some lack of R&D involvement in the MSRU-project, therefore, 

volume plant cannot receive first hand information and support (16 scores).  

MSRU product transfer and product program define the needed trainings and 

support by PM2-milestone.  Budget restrictions have impacted this until now.  

This has an impact to diagnostics and repair capability in the ramp-up factories. 

o When product program’s DCM creates a manufacturing site proposal, 

this should be done with product program PMT and have an agreement 

of resources to be available in the ramp-up factories.  This means that 

PMT is also committed to the ramp-ups and it is not only operations’ 

own project. 

• Tester HWs have sometimes very long delivery times (12 scores).  Ordering 

happens as soon as the design is stable.  On the other hand team considered that 

this is not a critical issue.  It may be needed to develop HW tester solutions at 

volume sites. 

o The case company has also own tester manufacturing to reduce the 

delivery times of HW.  The case company has also an improving project 

on-going in tester creation area. 

• Versions and open temporary instructions (STIs) have to be checked, because 

STIs may be not doable in volume production in higher volumes and STIs can 

be missing or the document revisions are not current (12 scores).  Team 

recommended that design and process should be stabilized prior transfer to 

volume plants so that STIs are not needed and working instructions have been 

verified.  Also general change management and communications should be 

followed during the product transfers happen. 

o This is also a risk management issue if it is decided to ramp-up products, 

which are not mature.  One resource for checking is a person with role 

of delivery implementation specialist”. 

 

The third category is gap “Communication” gaps, which had problems like yield 

performance differences between sending and receiving factories (16 scores), product 

verification plan by R&D or Product Engineering (PE) done, but shorter lead time of 

verification is needed to support fast ramp up (16 scores).  Quality issues that happened 
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during NPI and its ramp-up are not communicated to volume production (14 scores). 

• Yield performance differences between sending and receiving factories (16 

scores).  This has an impact to production output.  One big issue here is the new 

component combinations seen with volume increase and introduction of further 

sources.  One receiving factory commented that it is necessary to share and 

change experiences with receiving factory.  Need to ensure better 

communications and skills transfer for improved yield performance at copy 

factory initial ramp.  This could be tester, process, competency, or material 

related in nature. 

o This means that all kinds of experience information are needed.  It has 

to be agreed what information will be delivered from sending factory.  

Also it has to be agreed who does this.  

• Product verification plan by R&D or Product Engineering (PE) done - shorter 

lead-time of verification is needed to support fast ramp up (16 scores).  

Typically ramp-up continues with risk without approval, but no deliveries done.  

Teams recommended that build verification competence in volume production 

should be and clear criteria of verification approval decisions are needed. 

o Verification plan is to be done by PM2-milestone.  Volume production 

verification competence could be added to the criteria list. 

• Quality issues that happen during NPI or ramp-up but which are not 

communicated to volume production (14 scores).  Improving through same 

people working in program and MSRU PT.  If program DCC people are doing 

transfer and all needed parties are taking part to weekly meeting then status gets 

better.  Also improvement could be achieved through same people working in 

program and MSRU PT.   

o In the learning package should also be covered experiences in the NPI-

factory. 

 

The fourth category is called “Material Gaps”.  Material supplier capacity or capability 

does have a problem to meet the demand, especially increasing demand (14 scores).  

Material master data transferred and entered into systems in the receiving factory (NSN 

SAP and EMS MRP), but some codes are still in evaluating status, and still waiting for 
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results of verification to start ordering, which causes problem to meet trial run schedule (14 

scores).  Trial run materials available (including packaging materials), versions and open 

temporary instructions checked (material related STIs) - Material shortage to start 

production.  There is material shortage to start the production or the material quality is 

poor (14 scores).  Bills of materials (BOMs) are not accurate (13 scores).  Maintaining 

correct versions and quantities at simultaneous ramp-ups has been difficult (12 scores). 

• Material supplier capacity or capability have problem to meet the demand (14 

scores).  Team considered that this is not a MSRU PT issue, right selections 

should be done during product program to ensure material availability.  

Enhanced component qualification process should tackle this.  The volume 

production always seems to have a problem with meeting demand due to 

material shortage.  On the other hand NPI believes that they may enough 

material ordered but volume factory sees that there are shortages coming 

quickly.  Global allocation of parts across factories and products impact to the 

material availability. 

• Material master data transferred and entered into systems in the receiving 

factory (the case company SAP and EMS MRP) - some codes are still in 

evaluated status, and still waiting for verification result to start ordering, 

problem to meet trial run schedule (14 scores).  This is not a MSRU PT issues, 

verifications need to be done in the program to ensure availability for MSRU 

PT. 

• Trial run materials available (including packaging materials), versions and open 

temporary instructions checked (material related STIs) – material shortage to 

start production (14 scores).  Poor raw material quality which included: 

Products specifications are missing or too sensitive with match issues each 

other, no material quality experience shared from NPI, lack of mechanics 

inspection/check capability to verify mechanics problems and higher material 

scrap ratio to impact production outputs.  Team had some proposals like to 

create supplier quality control plan and earlier involvement of SQE, supplier 

quality engineer. 

• BOMs are not accurate (13 scores).  Code may be in BOM list but part not 

actually used in production.  Also BOM quantities are not accurate for a given 
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part. This appears to be a common issue in the factories.  Team was wondering 

if there is a final verification of the BOM prior to MSRU PT.  It was considered 

not a MSRU PT issue; product program should provide a stable BOM to enable 

materials’ availability within lead-time.  If volume plants have no BOMs, it 

means that everything goes wrong: too little or wrong items. 

• Maintaining correct material versions and quantities in the simultaneous ramp-

up sites have been difficult (12 scores).  Team commented that if the case 

company does transfer products mature enough.  Second question is, if the case 

company has verified at least one source, which fulfills volume capability 

before ramp-ups start.  This is a design stability issue.  

 

The fifth category is “Configuration Management”.  It means that there are multiple 

change notes after the first series in the ramp-up factories (14 scores).   

• Unstable process impacts ramp-up schedule and plus multiple STIs after first 

series in the ramp-up factory.  Situations are even worse if transfers start before 

trial-series have been approved in NPI-factory. 

o This is a risk management issue, if company wants to start ramp-up 

products, which are not mature.  Best way could be to wait for NPI-

factory’s experiences. 

 

The sixth category is called “Environment / Regulatory”.  Export control classification 

number codes and licenses for components for China need to be adequately planned (14 

scores). 

• This should be included to DCM transfer to China location proposal.  Program 

discipline issue, this is in milestone criteria list. 

 

The seventh category is Demand Supply “Management”.  Demand supply balancing 

should be done between sending and receiving factories (14 scores).   

• This problem has an impact to material flow and availability.  The ramp-down 

in sending factory is part of MSRU PT’s scope.  It is more difficult transferring 

to EMS instead the case company factory.  During planning, demand may be 

high but when MSRU PT happens demand may be lower so excess material 
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will be on hand.  This is a bigger problem with EMS.  Forecast accuracy from 

CTs needs to pay attention.  Team suggested SAP related implications for 

planning cycles and timing synchronization. 

 

The last, the eight, category is “Production Equipment”.  Latest versions of testers, jigs, 

tools and SW should be verified, but these are missing to support the trials in ramp-ups. 

o This gap includes that tools or jigs should support unit or module 

assembly at the beginning.  Also STis are not easy to be implemented 

for volume production.  Change Management process (CN/STI + 

communications) and design maturity before transfer.  Team considered 

this as a change management issue. 

 

In the Table 2 is presented a summary of number of gaps per gap categories according to 

phase one interviews.  Most severe problems are seen in the categories of “Test HW & 

SW”, “Preconditions” and “Communication). 

 

  Number of Gaps 

Categories 20 18 16 14 13 12 

Test HW & SW 1 1   3     

Preconditions   1 1     2 

Communication     2 1     

Material       3 1 2 

Configuration Management       1     

Environment / Regulatory       1     

Demand Supply 

Management       1     

Production Equipments           1 

 

Table 2: Summary of gaps per categories according to Appendix 2.  

 

As a summary it could be said that the case company has already now processes like CN- 

and PT-processes, which should be followed.  More reviews could be held like documents’ 

availability and status of CNs or STis and number of those.  In many cases it also a 

question to solve every day operational problems.  It is also a question of risk management 

when to start the ramp-ups.  Sometimes it could be more useful to wait for changes are 

done and verified.  Essential thing is to have stable BOMs; otherwise there will be wrong 
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materials and/or wrong quantities.  Because product is not ready in many cases when 

ramping up R&D’s involvement and participation is needed.  Product management should 

be also active.  The resources should be enough and stable. 

 

In the next chapter will be studied results of individual deep interviews.  In the reviews are 

handled issues like project team set up, roles and responsibilities, meetings, 

communication, change management and competence transfer. 

 

4.3 Second phase: individual interviews 
 
Results of the interviews  

 

4.3.1 Question 1: Project team set up, roles and responsibilities; your recommended project 

organization for MSRU-cases 

 

13 people commented this question.  There is no difference between the answers given by 

different functions.  Three people commented that a dedicated team is needed for MSRU 

PT, leader should someone from product program (ramp-up manager for example), R&D 

participation is essential.  These three interviewed people considered that this is working 

well nowadays.  Budget for MSRU PT has to be agreed at the same time as manufacturing 

locations are done.  Budget should cover e.g. onsite support and “proto” costs.  Also they 

recommendation is to prepare MSRU PT for worst case scenario, because it is always 

easier to reduce efforts rather than try to increase too late.  Receiving factory need to be in 

pull mode.  That’s been the case last ten years and there is no problem in this.  They 

commented also that receiving factory head owns the business case.  Product program 

prepares CAPEX / OPEX planning for global ramp-ups to get total business case for 

program execution. 

 

Terwiesch et al. (2001, p. 448) report that it is documented even for a complex and high-

tech products to be possible to overcome geographic distances.  The international transfer 

from USA to Singapore was able to proceed using elaborate coordination mechanisms like 

cross-functional and cross-location team. 
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One person noticed that organization is as defined in MSRU concept: dedicated team to 

monitor and coordinate over related functions; R&D, production capability creation, 

manufacturing council decisions, product transfers, materials, ramp-ups at all factories etc. 

Coordination is needed to define roles, responsibilities and prioritization.  Here said also 

that project team members will come from stakeholders’ organizations including receiving 

factories.  Finally multi-site ramp-up team may coordinate several parallel product ramp-

ups, so it may need full time project manager. 

 

One person from materials background presented heavily that from the materials point of 

view it is very important that material transfer team is involved in ramp-ups, because they 

are experts when transferring knowledge of materials and purchasing.  This is what 

happens in real life.  The case company has a dedicated material team to take care of 

knowledge transfer to the receiving factory.  Also this team has available various kinds of 

templates to be followed.  

 

When defining responsibilities, Filip (2014, p. 145) suggests that the responsible project 

managers at the delivering plant and receiving plant are equally responsible for the success 

of a project (tandem concept).  The overall responsibility for the transfer and start up 

production of the transferred products lies with the project manager at the delivering plant. 

 

Four people commented that in the processes responsibilities are described, but perhaps 

those need to be defined.  This team said also that MSRU is under product program’s 

responsibility as long as the handover is done.  The receiving factories need to be involved 

in MSRU-projects. 

 

According to Terwiesch et al. (2001, p. 448) results show that in the production of high-

tech industry it is required integration among product development, process development, 

and production when doing global transfer.  Also by running pilot production and ramp-up 

in parallel for an interval, the real transition point became more fluid than in the case of 

fixed hand-over.  Product platforms allow a company to leverage previous ramp-up of new 

products on the platform.  It was noticed that both the initial yields as well as the rate of 

yield improvement benefited from platform approach.  
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One person commented that program manager should be interested in how the MSRU PT 

is progressing, because he should be a member in steering group.  R&D must be more 

interested in product training.  In spite of people are changing tasks and/or product 

programs resources for MSRU PT should be agreed in the early phase of the product 

program. 

 

People commented steering group’s important role.   It should have representatives from 

sending factory, receiving factory and also from program management teams.  Project team 

should have members from NPI-factory, product program and receiving factory.  One 

person said that MSRU tackles to the resources when going time to volume.  The roles 

have to be cleared up: who does what.   

 

One person in the review wanted to say that it is not the governance that goes wrong when 

ramping up, but the thing that the case company is transferring products, which are not 

mature, testers are not ready, documentation is not well done etc..  When doing multiple 

transfers, also problems will multiply. 

 

In the literature for example Artto et al. (2011, p. 223) point out that the project should be 

organized like any other goal-oriented group activity; everyone does not do everything, 

and each person has particular tasks. In determining roles and responsibilities, it should be 

ensured that all the tasks relevant for the project have been allocated as the responsibility 

of some project member.  In the case company project team set up, roles and 

responsibilities are described in the documents of Multi-site ramp-up (MSRU) concept and 

Product Transfer process.  Both processes are done from the GOPS point of view.  In each 

MSRU case, there is a dedicated project manager who orchestrates the planning and 

execution of MSRU as a part of delivery capability creation project and in close operation 

with all relevant teams from receiving locations including all needed functions from GOPS 

(DCM, GPR, MO and GL).  Baars (2006, p. 2-1) says that a project team is comprised of a 

group of people who will realize the project result.  The group is often comprised of people 

who have various backgrounds, each of whom contributes knowledge and skills.  He says 

also (2006, p. 2-5) that within a project, the team must be managed.  In the narrowest sense, 
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team management involves determining who will do what from the list of activities. 

 

As a summary about ten people commented clearly, that in the existing processes, the case 

company has already organization described.  Still the roles in the MSRU-project should 

be defined more carefully.  Nine people commented also that R&D’s participation in the 

MSRU-project is needed.  The MSRU-project starts in general when the product creation is 

still ongoing.  Therefore, for example the role of product management team should be 

covered.  Also competence transfer to product engineering is not done when MSRU-

project starts.  This means that R&D’s role in competence transfer should be described. 

  

4.3.2 Question 2: Project follow-up practices 

 

In general project follow-up can be seen as a general process for controlling and 

monitoring status of project work to ensure that the project is performed for example on 

schedule, within budget and according to other requirements.  As follow-up practices can 

be quality metrics, costs, schedules, requirements, employee performance or other factors, 

which determine project success.  Terwiesch and Xu (2003, p. 5) say that quality metrics 

are important to be followed.  As an example yields are an important performance measure 

during production ramp-up because they have a major effect on process economics.  Low 

yields reflect gaps between how the process should be operated, as specified in the process 

recipe, and how the process is actually operated in the production facility.  

 

The interviewed 20 people considered that the project follow-up practices are in good 

condition in the case company.  One person commented that learning has been done like 

the hard way, which means that mistakes have been done, but the case company has learnt 

from its lessons.   

 

Four people commented that regular weekly meetings should be arranged, other meetings 

when needed.  Receiving factory could be in charge when handling issues happening 

receiving factory.  As a result normal meeting minutes are enough.  They said that yield 

and other quality meetings should be arranged separately.  Also “executive” meetings, 

which are outside of the product program, are needed for sharing information and 
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increasing commitment from top management.  They called this executive meeting as 

ramp- up steering group.  Also it is needed weekly reporting on planned volumes, 

outcome, quality, bottleneck, material constraints, risks, recovery plan when needed.  This 

could mean daily follow-up.  Daily follow-up is needed at the beginning of ramp-up (test 

engineering, quality, materials, capacity and product changes/STI’s.  These four people 

want to continue as long as the hand over from product program to delivery process is 

done. 

 

One person commented that the case company should follow existing follow-up practices 

in sub-projects.  Project managers of sub-projects are reporting on agreed template to 

multisite project team. 

 

According to Filip (2014, p. 141-144) the transfer project has the following actions, 

methods and tools in use, which are internal transfer announcement, project plan, checklist, 

status meetings, training and monitoring of training, intermediate reports for the steering 

committee and final report. 

 

Four people said that milestones are important to be followed.  MSRU-documents are 

stored in the electronic library, which is general information and document management 

application.  Follow-up is succeeding inside in the case company, but some problems are, 

like India and EMS.  EMS is a problem for example in cases without any approved 

suppliers in systems.  In those cases EMS is not allowed to purchase material to its 

production.  India is a problem, because only one person is taking care of PDM systems.  

 

One person suggested that in the monthly product program reporting should also include 

the status in NPI-factory and statuses in volume factories.  Monthly status of MSRU-

project should be reported to leadership team from a receiving factory point of view 

clarifying topics like schedules, competences, readiness, risks, costs.   

 

Neither in MSRU concept nor in Product Transfer processes is described what kind of 

follow-up is needed.  In the case company’s Create Process - Delivery Capability Creation 

is mentioned issues to be followed up.  There are several things to be followed up.  For 
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example the following issues are followed up like product costs, changes in the bills of 

materials, obsolete and excess materials, quality and DFx-metrics, material purchasing, 

critical suppliers and materials and suppliers’ delivery performance.  According to the 

interviewed people the follow-up is working well. 

 

4.3.3 Question 3: Meeting practices 

 

Meetings are among the most valuable tools used to manage and coordinate the activities 

of an organization. Certainly, they are a commonly used tool in managing projects. Project 

meetings are planned in advance and, when convened, provide time-restricted events at 

which issues relevant to the project are to be solved. Meetings concentrate on processing 

matters and making decisions. (Artto et al. 2011, p. 183)   

 

Meetings can be classified by their function: planning meetings, follow-up meetings, and 

negotiating meetings, for instance. Furthermore, meetings can be periodic (e.g. weekly or 

monthly), ad hoc (held when needed), or tied to project milestones (e.g. design review 

meetings, product approval meetings, or production ramp-up meetings). Different types of 

meetings are emphasized in different phases of a project. In the project start phase, 

informal planning meetings and negotiating meetings may be held; whereas in the 

execution and control phases, regular follow-up meetings may be held. A plan for project 

meetings is made in conjunction with the project plan, and meetings are timed to ensure 

that the key resource personnel and decision makers can attend, facilitating timely 

decisions. (Artto et al. 2011, p. 184)   

 

Receiving factory commented that in MSRU-case are critical supply chain issues covering 

raw materials, mechanics and so on.  Other critical issue is manufacturing capability issues 

like SMT process, assembly process, soldering process and so on.  On a weekly basis three 

kinds of meetings are needed.  First project meeting is needed between sending and 

receiving factories to discuss the overall status of project.  Secondly production capability 

is needed meeting between receiving and sending factories and also R&D.  Third issue, 

which is needed, is material management meeting with sending and receiving factories and 

program buyers. 

 



 
 
 

68

In general five people mentioned that regular weekly meetings on product transfers are 

considered the most informative and effective.  Other meetings can be arranged as needed.  

Those can be yield and other quality meetings.  Also every sub project will have own 

weekly meetings.  Executive meetings as steering group meetings are recommended 

practice for sharing information and increasing commitment from top management.  Also 

milestone review meetings are needed.  Receiving factory should be in charge to organize 

the meetings.  Meetings are used to implement and monitor project activities, distribute 

and process information, and make project-related decisions.  Meetings are a valuable way 

of communicating and making decisions in a project.  Instead of being all inclusive, 

meetings concentrate on a few such highly relevant matters as achievements, deviations, 

problems, and issues requiring responses or decisions. (Artto et al. 2011, p. 184)   

 

One person commented that external meetings are critical with key suppliers including 

EMS.  Purchasing people arrange materials availability meetings with own factories or 

EMS-factories.  MSRU-project needs also customer information updates. 

 

Simon et al. (2008, p. 260) noticed that one practice proved to be particularly useful when 

transferring manufacturing of hydraulic cylinders inside Europe.  They had during startup 

regular discussions, which were held every evening and facilitated by skilled staff from the 

home factory to assess target fulfillment (unit volume, rejects, and rework) and define 

initiatives. 

 

In the case company in MSRU concept was mentioned daily meetings to be arranged in the 

control or war room.  Interviewed people did not mention this in spite of the importance at 

the beginning of the projects.  In the Product Transfer process a kick-off meeting for 

project team is needed.  Steering group meetings are mentioned and status of checkpoints 

of each milestone should be reviewed.  The project manager of the receiving factory is the 

presenter in the steering group meeting.  Project weekly meetings are also mentioned.  

DCM describes in the project plan the meeting practices. 
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4.3.4 Question 4: Communication practices 

 

Kettunen (2009, p. 140) sees that information is important, so project manager needs to 

plan how to handle the information available and to communicate.  The project manager 

must have a clear way to convey information to his project team and to gather information 

from his project team.  The project manager will need to create such information methods 

that information can move effectively in both directions.  To have information he can use 

morning meetings, weekly meetings, face to face meetings, electronic mail and different 

kind of reports and shared electronic workspaces as information gathering and sharing 

methods.  Barczak et al. (2009, p. 13) have the same opinion to support project teams. 

 

The strongest barrier to technology transfer from R&D to production is the lack of 

effective communication.  This barrier is considered more important in large companies 

with larger R&D divisions.  In high-tech companies, the communication factor was found 

to be a more serious barrier to the integration of R&D and production than in traditional 

technology companies. (Vasconcellos 1994, p. 320)  Vasconcellos has a proposal for R&D 

and production co-operation.  One instrument to help integrate production and R&D is to 

establish job rotation between Production and R&D.  The case company’s GOPS wants 

R&D to participate more in product and repair training in the receiving factory. 

 

Two people commented that project related documents are stored in folders in the case 

company’s library and distributed to people who need those including meeting minutes.  

Library means in this case general information and document management application, 

which offers the possibility to store and globally exchange any kind of information with 

respective colleagues and teams regardless of place and time.   

 

Same person recommended that multi-site ramp-up commune could be established in 

company’s intranet.  The case company has had one project, where two people coordinated 

communication through the intranet commune.  Results were considered to be very 

professional.  Also this person commented that modern way like tweeting and blogging 

could be considered to share information. 
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Communication is a key factor in team performance, successful project completion, and 

effective project management. (Chiocchio 2007, p. 97)  According to Duncan (1996, p. 23) 

communicating involves the exchange of information.  The sender is responsible for 

making the information clear, unambiguous, and complete so that receiver can receive it 

correctly.  The receiver is responsible for making sure that the information is received in its 

entirety and understood correctly.  Communicating has many dimensions like written and 

oral, listening and speaking.  Secondly it is either internal (within the project) or external 

(to the customers, the media, etc.).  As third they communication can be formal like 

reports, briefings, etc. or informal like memos, ad hoc conversations, etc.  In the fourth 

case it is either vertical (up and down the organization) or horizontal (with peers).  Four 

people commented that for example the way of communication of changes done by R&D 

to GOPS is different in USA as it is in Finland site.  This means that R&D in USA does 

not inform changes to GOPS as it is described in the change management process.  This is 

due to different company history between these sites. 

 

Ingason et al. (2010, p. 34) have studied communication and trust in virtual project teams.  

Problems regarding trust in virtual teams are typically associated with the beginning of the 

project.  According to their research groups that meet face to face have fewer incidents 

where lack of trust becomes a problem.  No correlation was found between the type of 

media used and lack of trust.  Intense communication with different types of media seems 

to lead to reduced trust. 

  

Two people noted that communication plan is needed.  In USA site it is called 

communication matrix.  In special cases like communication to ramp-up factories, 

especially to EMS, should go only through agreed channels.  Direct communication 

between designer and receiving factory expert is efficient but leads to versions’ 

mismatches and documentation mistakes. 

 

Terwiesch et al. (2001, p. 441) gives an example of production transfer from USA to 

Singapore in the hard disk drive industry.  There were a lot of methods of communication 

between locations.  In the research it was noticed that engineers and managers 

communicated via electronic mail, telephone, fax, and video conferencing.  Documents 
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like raw data, drawings, and text were shared in real time via hard disk drive 

manufacturer’s corporate network.  The biggest problem in communication was the time 

difference.  It was a problem, because it was difficult to hold real time meetings by phone 

or video conferencing.  Also electronic mail was used, but for the same reason it had a 

response time lag. 

 

Ingason et al. (2009, p. 34) presented that main problems encountered in the project teams’ 

communication are language difficulties (39 %), time differences (38 %) and cultural 

differences (28 %) presented in the Figure 3.  Ingason interviewed about 300 people from 

about 50 countries.  Eleven case company’s experts from one country answered also to the 

same questions after the reviews were done as ad hoc.  According to these replies the case 

company’s experts see that time differences and technical problems are equal high.  Then 

distance and cultural changes were seen important problems.   

 

The case company (n=11) % Ingason et al. (n=~300) % 

Time differences 80 Language difficulties 39 

Technical problems 80 Time differences 38 

Cultural differences 70 Cultural differences 28 

Distance 70 Technical problems 23 

Different public holidays 60 Inadequate managerial support 23 

Inadequate managerial support 50 Different public holidays 23 

Language difficulties 50 Distance 19 

Too many organizations 40 Lack of management 15 

Conflict 40 Lack of trust 14 

Lack of commitment 20 Lack of commitment 11 

Lack of trust 10 Conflict 8 

Teams too large 10 Too many organizations 3 

Religious beliefs 10 Teams too large 3 

Lack of management 0 Religious beliefs 3 

 

Table 3: Communication problem reasons in the case company and in the literature. 

 

Important notice is that the case company’s experts see that management is available 

during MSRUs.  Main problems can be settled by managerial arrangements. 

 

The project manager must have a clear way to convey information to his project team and 

to gather information from his project team.  The project manager will need to create 



 
 
 

72

methods by which information can move effectively in both directions.  He can use as 

methods morning meetings, weekly meetings, face to face meetings, electronic mail, and a 

variety of reports and shared electronic workspaces.  (Kettunen 2009, p. 140)  According 

to Barczak et al. (2009, p. 13) the top three tools used to support project teams are (1) face 

to face meetings, (2) teleconferences, and (3) PERT/GANTT charts.  Face to face meetings 

allow for faster and more informal communication as well as provide a means for team 

members to get to know each other and develop trust, which is essential for effective 

teams.  Teleconferences enable communication when team members are geographically 

dispersed.  PERT/GANTT charts provide a visual illustration of the flow of the project 

along with milestones and deadlines. 

 

Kettunen (2009, p. 140) gives a rule for a morning meeting.  One appointment may not last 

longer than 15 minutes.  This will ensure that not so much time will be used in the 

meetings.  Everyone tells in a meeting the results from previous day.  This means to tell if 

you have reached the targets or not.  Smith & Reinertsen (1995, p. 177) added that the 

discipline of holding daily meetings forces people into thinking about making daily 

progress.  In a fast project every day counts and no one can afford to lose a day, either 

because nothing got done or because the wrong thing was done because of poor 

communication. 

 

Nowadays, like in the case company’s case, project members are located globally all over 

the world.  Maznevski and Athanassiou (2003, p. 197-199) comment that virtual teams can 

transfer their output to other members of the organization through electronic mail, Web 

sites with audio, video, and other features or videoconferences.  It is a fact that 

relationships in such cases are more difficult to build virtually than they are face to face. 

 

In MSRU concept is mentioned that it should be clarified and communicated crystal clear 

DCC project roles and responsibilities, including ramp-up teams from factories.  In DCC 

project plan DCM will define what kind of reporting is needed, what is the schedule, 

content, format and delivery of the reporting.  He should define also if other 

communication is needed and who is responsible for that.  DCM defines also to the project 

plan if other communication is needed and who is responsible for that.  The experts see 
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only problem when communicating changes to the product between different locations.  In 

the lessons learnt material more communication is wanted.  Therefore, DCM should plan 

the communication both inside GOPS and other cross functional teams like R&D. 

  

4.3.5 Question 5: Product change management practices 

 

In the ramp-up phase most problematic matters are changes to the product.  These cause a 

lot of pain to operations.  Engineering change management is a way to handle changes.  

Among the many activities to be performed in the life of products, engineering change 

management (ECM) can be considered as in particular complex. Especially in networked 

organizations, many different partners with complementing competences and distributed 

responsibilities for different elements of the product, it is crucial to implement changes in 

the product timely, completely and by including all affected and involved partners.  

Delayed or insufficient implementation of changes can lead to costly problems of products 

and affect customer relationships.   

 

A common source of uncertainty in the execution stage is the introduction of design 

changes.  Such design changes can lead to disruption of schedules and resourcing, and 

affect cost, time and quality measures of performance directly to an extent that is difficult 

to predict.  A potentially serious concern is that changes are introduced without a full 

appreciation of the knock-on consequences.  Apart from direct consequences, indirect 

consequences can occur.  For example, changes may induce an extension of schedules, 

allowing contractors to escape the adverse consequences of delays in works unaffected by 

the change.  Changes may have wider technical implications than first thought, leading to 

subsequent disputes between client and contractor about liability for costs and 

consequential delays.  Standard project management practice should establish product 

change control procedures that set up criteria for allowable changes and provide for 

adequate coordination, communication and documentation of changes. (Atkinson et al. 

2006, p. 690) 

 

15 people answered to the question of product change management practices.  The main 

headache when starting ramp-up is usually that the products are not mature.  Three 
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interviewed people gave an example of their projects.  In the case company was as an 

example of one ramp-up project, which had more than 200 pieces of HW CN’s (like 

documentation, HW, material, instructions) during the first 9 month after the P7-milestone.  

Also it had more than 100 pieces SW changes (not all affecting to production testing).  

Numbers of changes of these kinds can cause that different sites can have different 

materials or different versions at the same time.  Without minimization of changes when 

ramping up, lot of problems in production and non-planned costs for ramp-ups will occur. 

 

This three people group said also that especially products with high demand already at the 

beginning are transferred into volume production by force without proper integration and 

verification tests.  During ramp-ups production testing, integration and verification testing 

and reliability testing support each other and through them can be found many repairing in 

the product or changes to the product.  This must be tolerated, because otherwise the 

company loses sales, customer satisfaction, and in particular the performance of the 

company during the current year. 

 

One person told in the review that product technical owner from R&D sends either CN or 

STI both to NPI-factory and the first volume factory at the same time.  Then the receiving 

factory makes analyze of the change and sends feedback to R&D/PTO.  Changes, like 

manufacturing or materials’ issues, are further discussed in the respective weekly meetings 

and are implemented accordingly minimizing the scrap risk. 

 

One person commented that change management is not working in the case company.  He 

said also that because of non working change management, it will cause problems to the 

company.  Especially, when the case company is having proto stage, product documents 

and structures are not stored in the PDM-system.  Rouibah and Caskey (2003, p. 15) have 

mentioned that the ability of companies to better manage engineering changes (ECs) 

during product development can decrease cost, shorten development time, and produce 

higher quality products.  Sandkuhl (2011, p. 47) commented that still many industrial 

examples show that there is a need for improving robustness and reliability of ECM in 

practice.  Clark and Fujimoto (1991) suggest that from operations point of view to 

minimize the impact of the engineering changes are for example to avoid change as much 
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as possible by spending more engineering time on the first release.     

 

Huang and Mak (1999) have found two most significant barriers to effective ECM.  Those 

were ‘‘poor communication’’, and ‘‘problems are discovered too late resulting in panic and 

leading to quick fix solutions.  Rouibah and Caskey (2003, p. 21) suggest that ECM 

requires extensive communications between many people within a company and between 

companies.  Communication across functional lines can help avoid many problems. 

 

Three people commented that the case company should try to minimize all changes after 

P7-milestone, because those cause lots of problems and non planned costs for ramp-ups.  

In general these people’s view is that product is not often fully ready for ramp-up or mass 

production at P7-milestone.  This means that high number of CNs result “stop and go” 

production, which will increase costs, decrease quality and predictability. 

 

Here is an example of the impact of changes in DSP caused by on-going change notes.  

The changes are calculated three months after the first plan.  This is one product with four 

versions.  In this table we see that, if the product is not mature enough it will cause delays 

to the business plans.  In the long run delays mean longer time to volume. 

 

 
Table 4: Example of DSP changes when having lot of change notes on-going.  Figures are based on the 

interviews.   

 

In cases when MSRU-projects have not document or they are failure addition to the big 

number of CNs cause situation when you have to work with incomplete information.  

Smith & Reinersten (1995, p. 166) tell that in project management project managers have 
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to live with partial information.  Because partial information is difficult to work with, some 

special skills must be developed.  One especially critical skill is the ability to project the 

possibilities of what might happen if the partial information turns out to be wrong.  Writers 

comment also that incomplete information is still better than no information.  Still there is 

a general distrust of upstream information.  Manufacturing believes that engineering will 

forever be changing its drawings, and engineering is uncomfortable with the information 

coming from marketing.  

 

Atkinson et al. (2006, p.687) have pointed out that the management of uncertainty is seen 

as a necessary condition for effective project management.  Sources of uncertainty are 

wide ranging and have a fundamental effect on projects and project management.  These 

sources are not confined to potential events, and include lack of information, ambiguity, 

characteristics of project parties, tradeoffs between trust and control mechanisms, and 

varying agendas in different stages of the project life cycle.  Common project management 

practice does not address many fundamental sources of uncertainty, particularly in soft 

projects where flexibility and tolerance of vagueness are necessary.  More sophisticated 

efforts to recognize and manage important sources of uncertainty are needed. 

In the interviews people said that the case company has several change management 

processes.  The case company level change process is divided into sub-processes and those 

further to other sub-processes.  So the case company has for example tester, final assembly 

and board assembly, hardware service, product packing, component qualification and 

maintenance and ODM change management processes. 

 

One person noticed that the case company has eight different change management 

processes.  The second one recognized this to be true.  The case company does not have 

updated change management process in the upper level.  At the moment the upper level 

process it is under work.  One of the next level processes are also under work and it is 

planned that will be ready during the year 2015.  From GOPS’ point of view there is a lack 

of implementation planning and follow up. 

 
One person commented that no separate person is needed to follow change notes in 

operations.  He said that it is need a knowledge transfer for such a person and unnecessary 

knowledge transfer are to be avoided.  Sandkuhl (2011, p. 57) has a proposal how to 
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manage effectively CNs.  It is a role called change administrator.  The change 

administrator role is responsible for coordinating all change requests in his area of 

responsibility, in order to avoid the general problem of delayed decisions, redundant 

activities and inconsistent data in ECM and the resulting product or quality problems.  

 

One person commented that in some area of product change management practices is lot of 

special challenges.  Lack of product change management is one of the major reasons to 

some problems especially when MSRU product transfer starts before P8-milestone.  He 

pointed out that this must be considered not only from HW or SW point of view but 

including production processes.   

 

One person was worried about the number of variants.  Variant here means that the product 

is the same but still different in some way.  He sees them as a challenge.  He started to 

wonder how to secure variants’ ramp-ups in volumes.  He pointed out that it is a question 

of risk management when ramping up products, which are not mature enough.  In those 

cases time to market have to be considered.  He places a strange question: “Where are the 

measurements to accept the product to the volume”.  This was strange, because he should 

be aware of the delivery capability process.  Also for risk management point of view the 

competitors’ status should be considered.   

 

Four people commented that there are some practical differences for example between 

Dallas and Oulu.  Such differences are when filling the code opening forms.  In those cases 

can make or buy information be incorrect.  In Chennai factory only one person has rights 

to PDM-systems.  During year 2015 this may be changed because of new PDM-systems.  

Materials point of view the EMS-companies have problems of non-visible suppliers if 

those are not approved.  In some cases the approvals of 2nd sources are not in the line of 

project schedules.  Purchasing people commented that 2nd source approvals have been 

improved in last product programs. 

 

One person from manufacturing told that in general the case company has one fixture 

(tester) supplier.  If the project wants, it is allowed to order fixtures from two suppliers.  

The case company manufactures lots of fixtures by itself.  One reason is that ramp-up 
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phases are so short that on the basis of first prototype may need to build to 50 fixtures with 

a risk and unfinished documentation.  

 

A common source of uncertainty in the execution stage is the introduction of design 

changes.  Such design changes can lead to disruption of schedules and resourcing, and 

affect cost, time and quality measures of performance directly to an extent that is difficult 

to predict.  A potentially serious concern is that changes are introduced without a full 

appreciation of the knock-on consequences.  Apart from direct consequences, indirect 

consequences can occur.  For example, changes may induce an extension of schedules, 

allowing contractors to escape the adverse consequences of delays in works unaffected by 

the change.  Changes may have wider technical implications than first thought, leading to 

subsequent disputes between client and contractor about liability for costs and 

consequential delays.  Standard project management practice should establish product 

change control procedures that set up criteria for allowable changes and provide for 

adequate coordination, communication and documentation of changes. (Atkinson et al. 

2006, p. 690)  

 

According to literature there are ways to handle change management issues.  For example 

it is recommended to make changes as early as possible in the design process (Terwiesch 

and Loch 1999; Huang and Mak 1999).  Also changes should be done as early as possible, 

because once design resources have been spent, ECs become more expensive and harder to 

make later. (Rouibah and Caskey 2003, p. 17)  Pikosz and Malmqvist (1998, p. 11)     If 

the process, ECM, is not fast, a large quantity of defect products will be produced.  

 

4.3.6 Question 6: Competence/know how transfer practices (tacit knowledge) 

 

When multi-site ramp-ups’ product transfers are started various kind of knowledge and 

competence transfers are done.  For example NPI-factory shares its experience in 

manufacturing of the new products, repair, testing and quality issues as well.  Receiving 

factory needs also training in purchasing of new parts, modules, mechanics and SWs or in 

delivering products to the customers.  Totally 14 case company people commented 

question covering competence/know-how transfer. 
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In the review three people commented that training must be planned, budgeted and 

executed as planned in the product program.  The case company has one ramp-up case of 

new product, when some volume factories refused to send their operators for training, 

because of the cost saving pressures.  Finally this caused problems to the ramp-ups.   

 

Argote & Ingram (2000, p.151) define knowledge transfer as a process through which one 

unit, like group, department, or division, is affected by the experience of another.  They 

further point out the transfer of organizational knowledge can be observed through changes 

in the knowledge or performance of recipient units.  Organizational knowledge can be for 

example routine or best practices.  The transfer of organizational knowledge can be quite 

difficult to achieve. 

 

During product transfers lot of information and best practices are transferred from product 

programs and NPI factories to volume ramp-up factories.  The ability to transfer best 

practices internally is critical to a firm’s ability to build competitive advantage from scarce 

internal knowledge.  The most important impediments to knowledge transfer within the 

firm are not conventional.  Contrary to conventional wisdom that blames primarily 

motivational factors that the major barriers to internal knowledge transfer to be knowledge-

related factors such as the recipient's lack of absorptive capacity, causal ambiguity, and an 

arduous relationship between the source and the recipient. (Szulanski 1996, p. 27, 37)  The 

case company experts see that the competencies are available in the company.  There is for 

example a Lean community, which drives the best practices.  It was commented that the 

company has mechanism to share the best practices but not a forced way to take into use. 

 

Gupta and Govindarajan (2000, p. 475) have studied the transfer of knowledge in 

multinational corporation network and the factors influencing successful transfer.    Their 

findings were that there are five major hindrances to knowledge transfer.  They are: (1.) 

value of source unit’s knowledge stock, (2.) motivational disposition of the source unit, (3.) 

existence and richness of transmission channels, (4.) motivational disposition of the target 

unit and (5.) absorptive capacity of the target unit. 
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The strongest barrier to technology transfer from R&D to production is the lack of 

effective communication.  This barrier is considered more important in large companies 

with larger R&D divisions.  In high-tech companies, the communication factor was found 

to be a more serious barrier to the integration of R&D and production than in traditional 

technology companies. (Vasconcellos 1994, p. 320)  Vasconcellos (1994, p. 320) has a 

proposal for R&D and production co-operation.  One instrument to help integrate 

production and R&D is to establish job rotation between Production and R&D.   

 

Simon et al. (2008, p. 260) commented that the more complex the processes are used in 

production, the more expensive it is to train local production staff.  To familiarize these 

employees with the processes and tasks involved, many companies send selected skilled 

workers and foremen to the home factory for a brief period of training.  These then train 

the entire production staff on site with the help of top experts from the home factory.  This 

training should form a fixed part of the planning and be coordinated with the start of 

production. 

 

Szulanski (1996, p. 37) presented that knowledge transfer within a company is inhibited by 

factors other than a lack of incentive.  How well knowledge about best practices remains 

broadly accessible within a company depends upon the nature of that knowledge, from 

where or whom it comes, who gets it, and the organizational context within which any 

transfer occurs.   

 

Noorderhaven and Harzing (2009, p. 734) have found in their study of “Knowledge-

sharing and social interaction within multinational enterprises” that on the other hand 

social interaction influences positively knowledge transfer in multinational enterprises and 

in fact also produces new knowledge.  On the other hand subsidiary autonomy affects 

negatively knowledge transfer. 

 

Tacit know-how transfer becomes more complicated when it changes often.  (Ferdows 

2006, p.1)  In a strict sense, tacit knowledge is inherently nontransferable; it would become 

explicit once it was transformed so that it could be transferred. (Maznevski and 

Athanassiou 2003, p. 204)  Explicit knowledge can be carried over weak ties, but transfer 
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of tacit knowledge requires stronger ties. (Maznevski and Athanassiou 2003, p. 212)  One 

interviewed the case company person commented that tacit knowledge is not allowed to be.  

This would be the best case.  Other colleagues noticed that documents are wrong or 

missing.  Also lots of change notes are under work.  It means that face-to-face contacts 

between NPI- and receiving factory as early as possible are essential important. 

 

Early involvement was found important in the interviews.  The receiving factories will 

send experts for training to the NPI-factory.  One person commented that for production 

line training in the receiving plants the case company has been planned dedicated trainings 

transfer after transfer.  He commented that perhaps training package could be one part of 

the MSRU concept.  He said that the case company has several differently organized 

separate trainings and nobody owns the training as a whole.  It would be beneficial to share 

a structured training plan on one common template. 

 

In the successful new product ramp-up knowledge and experience are important factors, 

which mean that cooperating with knowledge carrying entities and usage of existing 

knowledge is essential.  It is important to learn from former production-ramp up stages for 

current projects is and also to enable later stages or even projects to access prior experience.  

Therefore, a knowledge management system has to be in place and should be used during 

and after production ramp-up projects. Having experience out of former production ramp-

ups and reusing this experience or making it available for later production ramp-ups 

enables managers to deal with problems easier and faster and make decisions under less 

uncertainty. (Gross and Renner 2010)   

 

The literature describes sending factory’s experts’ visits to the receiving factory for 

training.  For example Terwiesch et al. (2001, p. 441) describes that in the hard disk drives’ 

case engineers from USA travelled to Singapore before the ramp-up started.  These 

engineers included failure analysis, tooling, and information specialists.  During the initial 

period of ramp-up, engineers tried to keep the two production facilities as identical as 

possible.  This allowed engineers at the development facility to replicate problems 

encountered in Singapore and to increase the capacity for experimentation. 
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Five interviewed case company people told that from receiving plant have been sent some 

people to NPI-factory for training.  One person informed that resources from receiving 

plant to NPI-factory take from three to 6 months in training.  One person told that in his 

project was sent two people from Chennai to Irving in the USA and one to Oulu in Finland.  

One interviewed person was more experienced in trainings during transfers.  He said that 

depending on the product from three to ten operators are trained covering every new 

product.  Basically the case company has two kind of trainings, one or two phase trainings.  

Two phase training means that receiving factory sends a group of operators and engineers 

or specialists to NPI-factory for one to four weeks’ trainings.  When receiving factory is 

having trials and ramp-ups from NPI-factory and other specialists (including NPI 

engineers, R&D) are sent to one to three people to control and complete the training.  One 

phase knowledge transfer means that the competence is transferred only in the trainings 

arranged by the NPI-factory.  Mainly the lead variants of new products trainings are 

arranged by two phase trainings and later variants by one phase trainings.  The number of 

people to be trained depends on the manufacturing volume of the product, receiving 

factory’s organization, the product itself, the complexity of the product and the basic 

competence of the receiving factory.  

 

According to the research by Terwiesch et al. (2001, p. 444) the activities of hard disk 

drives transfer were planned and executed in a high degree of detail, but without 

sacrificing flexibility to deal with the unexpected.   The project manager from the factory 

went to the USA six months before transition to provide detailed coordination.  Movement 

of people and equipment was choreographed in advance.  Yet the transition became a time 

interval, rather than a time point. 

 

Intel gives a second example of new product transfer to other plants.  Intel’s approach 

illustrates how fast-changing production know-how can be codified and transferred 

quickly.  Much of its production know-how is in tacit form; hence, needs to be transferred 

face-to-face.  Some of the technicians in each factory, unofficially know as “seeds”, are the 

key players in this process.  They are part of the production team in their own plants, but 

move for short periods to another plant to share their knowledge with other technicians.  

Their task is to duplicate the production methods.  But while doing that, they also kept 
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close contacts with colleagues in their home plant for consultation.  Since new questions in 

both plants constantly popped up, the seeds and other technicians combined forces to 

tackle problems in both plants simultaneously. (Ferdows 2006, p. 6) 

 

Simon et al. (2008, p. 260) give an example of the production transfer.  A mid-size 

Western European electronics company managed to transfer all its production-relevant 

know-how to Hungarian factory within just six months.  It formed mixed training teams for 

every production department.  The trainers received a bonus of 10 percent of their salary 

for taking part and further 10 percent upon successful transfer of their knowledge.  The 

training courses of new product were mainly held at the sending factory. 

 

Aoki (2008, p. 535) points to two successful examples of kaizen transfer at Chinese plants 

where the foreign plants outperformed their Japanese sister plants.  The study concludes 

that the success results from adaptation based on team-based implementation, cross 

training and management presence on the shop floor rather than a copy-exactly approach.  

He uses a multiple-case study to examine the transfer of kaizen from Japanese companies 

to nine overseas Chinese plants.  Aoki’s proposition is, that successful kaizen transfer to 

Chinese plants does not occur based on a copy-exactly approach but on a balanced 

implementation of three types of kaizen capabilities: first team-based suggestion schemes, 

second supportive human resource practices, and third daily management shop-floor visits. 

 

Four interviewed people have purchasing background.  They commented that in the 

purchasing area the new buyer in the receiving plant will have an information package.  In 

the materials related issues there is no tacit knowledge.  This is because the project buyer 

takes care of the purchasing materials until they are having approved statuses in the 

company’s systems and agreements are done and available also in the systems. 

 

When a project is finished, the lessons learned are linked to whether the project was 

delivered on time within cost and to the agreed quality.  (Atkinson et al. 2006, p. 696)  

‘‘Lessons learned’’ is a popular term in the project management literature and amongst 

practitioners, yet it often masks payment of lip service only to the idea of learning from 

experience. The capture and re-use of learning from one project to another is generally 
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accepted as something that should be done but it often goes no further than capture.  It is 

often associated with post project reviews where learning has significant potential to 

reduce uncertainty. (Atkinson et al. 2006, p. 696)  The case company’s lessons learnt 

experiences are collected.  This material is available for all participants in the projects.  

Earlier projects’ lessons learnt materials are reviewed before new project starts. 

 

One interviewed person commented that the trainings should be organized at the sending 

factory.  Training should cover short duration for tuning, engineering and quality issues.  

This person commented also that the training materials should be documented for further 

usage.  The receiving factory needs to get access to NPI GEMINI-tool to be aware of the 

product challenges beforehand and also to track the resolution status.   

 

One person commented that the case company has already the needed competencies for 

knowledge transfer.  For example the case company has Lean community, which shares 

the best practices.  Sharing best practices is also problematic, because they are not forced 

to take into action.  The trainings in the NPI-factory are new thing in the case company.  

When the product is new, the receiving factory sends people to the NPI-factory for 

competence transfer.  The training is lighter, when the new product is a new version.  In 

those cases NPI-factory can send specialists to look after that the competence exists.  This 

interviewed person told also that the need for training varies depending on if the 

manufactured parts or processes are known or not. 

 

The way of taking care of knowledge transfers in the case company is described in the 

literature.  One person in the case company noticed that structured training plan is missing 

from the templates.  As a project manager it would help, if someone has created a common 

template for it.  One additional aspect to be considered from literature (Vasconcellos) is 

namely job rotation between R&D and operations.  Also it is visible that deputy system 

needs to be strengthened, when expert is leaving or is somewhere else when talking about 

tacit knowledge transfer.  All people need deputies, which are working in close 

cooperation with each other. 
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4.3.7 Question 7: Support model, other practical arrangements to make MSRU successful 

 

Five people commented that support model and other practical arrangements.  Three 

people commented that support must be planned, budgeted and executed as planned.  

Product program with DCC team should be in charge to execute the MSRU-project.   

 

One interviewed person saw that R&D and NPI factory support is very critical to the 

MSRU-project.  It is important that receiving factory learns as much as possible from 

experts.  Also it was commented that multi-site project should be aware of all activities 

around the new product ramp-up.  He recommended that short term international support 

for a period of 3 to 6 months to receiving factory would be highly recommended.  The 

other said that multi-site project should be aware of all activities around the new product 

ramp-up. 

 

Bhatnagar et al. (1992, p. 20) have studied the multi-site coordination through coordinating 

the production plans of several manufacturing plants so that the overall performance of the 

firm is improved.  According to their study multi-site problem may be solved by 

considering facilities at each plant.  Once a good solution is available the detailed situation 

at each plant can be simulated and an interface developed with the higher-level model. 

 

4.3.8 Question 8: Project control and follow-up 

 

In the interview two people commented issue project control and follow-up.  This question 

is already handled earlier in other questions in this thesis. 

 

One person told that the case company has all parts available for MSRU-projects, only 

monitoring and coordination is missing.  Monitoring and coordination should be more 

effective. 

 

In the other person’s opinion the ending criteria is very critical for all MSRU PT-projects.  

In case of MSRU yields become very important.  At the moment factories check open 

issues with each other and they try to solve problems on the case by case basis.  The wish 
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is that both R&D and product engineering organizations should follow up closely with 

both NPI and first volume location yields by means of weekly meetings and provide 

solutions to factory.  At the moment handover from R&D to product engineering will take 

place after P7-milestone.  One person’s proposal is either R&D or product engineer should 

lead the yield discussions depending on available resources. 

 

4.3.9 Question 9: Any other specific issue in your responsibility area 

 

Seven people commented and answered to the question of any other specific issue. 

 

Short time to volume is important in new product creation.  Terwiesch et al. (2001, p.436) 

tell the importance of fast production ramp-up is the result of several forces.  At the 

beginning of a new product ramp-up, almost all of the investments for research, product 

development, and manufacturing equipment have already been made.  Delays in reaching 

production at the targeted volume and quality will push the eagerly awaited revenues even 

further into the future.  Shorter ramp-up reduces the time to payback and improves 

traditional accounting measures such as return on investment (ROI) as well as return on 

assets (ROA).  Thus faster ramp-up increases lifetime sales volume of the product.  The 

impact on revenue can be even larger, due to declining prices over time for many high-tech 

products.  Prices fall as multiple competitors enter and ramp-up their factories.  Early sales 

carry the highest prices.  Therefore, a difference of a few months in ramp-up time can have 

a substantial effect on revenues and profits. 

 

One person told in the review that end-to-end coordination is needed to avoid situation 

where several activities around organization are solving same problem and making 

decisions without informing the project trying to follow agreed plan.  Also he has noticed 

that, if NPI-factory is concentrating to ramp-up of the product, it does not have capability 

to support product transfers and ramp-ups on other factories.  He has also a hard proposal.  

NPI-factory should make every build according to documentation only, it’s impossible to 

create documentation and change management afterwards when trials are ongoing on 

several factories. 
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The other person commented that the products are tended to be sold very early, before 

agreed milestone.  It means that in many cases the products have to be sold as not mature 

in the market.  Terwiesch and Xu (2003, p. 4) explain this as given the short lifecycles and 

rapid price erosion in high-tech industries, management is often forced to bring products to 

market before the manufacturing process is fully understood.  Meyer (2008, p. 96) agrees 

and tells that the most crucial thing for success is ramp-up speed.  Potential losses in 

production volume due to a late or slow ramp-up to full production volume have far greater 

financial implications.  Reaching full production capacity late can have a very negative 

impact on the economic viability of the production relocation, particularly if products with 

a short life cycle are involved.   

 

Three people commented that before volume ramp-up can be started the product, suppliers 

and production processes should be working well.  Otherwise they recommended delaying 

MSRU PT as long as new product is in good shape or at least credible plan exists with risk 

analysis and commitment from senior management.  Additionally one person 

recommended that MSRU trial would not be allowed to begin, before ramp-up trial in NPI-

factory is approved, which means that quality metrics and targets are met. 

 

One person commented that there is a demand to factory-specific purchasing guide.  In the 

purchasing guide are covered issues like incoming of goods, incoming inspection, return of 

goods and other processes.  Also in this document is handled country specific customs 

issues and supplier information (e.g. supplier ID numbers), which are factory and country 

specific.  

 

The case company has continuous improvement projects under work all the time in many 

areas.  For example in operations’ area the case company has a project to shorten tester 

HW lead times.  Also improvements in change management area are under work. 

 

In the purchasing of materials causes problems of late done changes.  This can cause 

wrong materials in the factory or materials are totally lack.  Materials’ long delivery times 

cause extra harm and it is difficult to avoid.  Sometimes problems can cause different ERP- 

and PDM-systems between R&D-sites and manufacturing locations. 
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The answers are quite similar from different people.  This is because they have the same 

background.  Many people have worked long time in the case company and have 

experience in ramping up and product transfer area.  When discussing with other project 

managers about this thesis, who were not involved in the interviews, got the same answers.  

The interviewed people are motivated and skilled people. 
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5 KEY FINDINGS AND PROPOSED ACTIONS 
 

The purpose of the literature review and qualitative case study was to answer research 

questions: 

• RQ1: How to lead multi-site ramp-up successfully?   

• RQ2: How to get organized in multi-site ramp-up model?   

• RQ3: How organization controls the changes?   

• RQ4: How the problems are solved simultaneously in different locations?  

 

RQ1: How to lead multi-site ramp-up successfully?   

 

The case company’s customers want the products in volumes to the market in the early 

phase.  So Terwiesch and Xu (2003, p. 4) have told that based on the literature review the 

business impact is high in the high-tech industries.  Given the short lifecycles and rapid 

price erosion in high-tech industries, management is often forced to bring products to 

market before the manufacturing process is fully understood.  

 

For leading multi-site ramp-up successfully here will propose a new MSRU process.  

Target with the process is to succeed in ramping up simultaneously in multiple locations 

and shorten time to market with best quality products. 

 

Delivery capability related documents, processes and templates are found in the case 

company’s intranet pages called “Delivery Capability Management Process (DCMP)”.  

Delivery capability creation process is there available, but product transfer process and 

multi-site ramp-up concept are missing.  Neither product transfer process nor multi-site 

ramp-up concept is linked in the delivery capability process, which should be done. 

 

To purchasing capability creation should be added links to individual factory based 

purchasing instructions.  Product transfer material process is recommended to link to 

product transfer process. 
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Figure 13: MSRU process proposal 

 

New to the existing processes are the following issues.  Preconditions to give a suggestion 

to manufacturing council are that manufacturing targets are decided and resource 

agreement is done with program manager. 

 

New tasks are for example to study earlier experiences of multi-site ramp-ups.  You cannot 

start manufacturing without documents, therefore documentation readiness and availability 

reviews are needed.  When program DCM is orchestrating the multi-site ramp-up project a 

communication plan is needed (if not done earlier in the DCC project plan).  For target 

setting is added who is doing it.  DCM should also ensure the availability of resources 

through the MSRU-project. 
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Figure 14: MSRU process flow chart proposal. 

 

To earlier process flow charts some changes are done, too.  PM2-milestone will be called 

“ready for actions” instead of “detailed plans, materials activities and documentation 

transfer”.  This is because by now the materials are ordered, testers and production tools 

are installed and training has been done in the receiving factory. 

 

To proposal to MC has been added as clarification a comment that high customer demands 

require ramp-up in many locations in parallel and cost reduction quick implementation.  In 

phase one project team gathering is changed to selection of project team members.  Also 

documentation readiness review is added. 

 

In order to have manufacture quality products it is necessary to have set up common 

metrics.  Terwiesch and Xu (2003, p. 5) present that quality metrics are important to be 
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followed.  As an example yields are an important performance measure during production 

ramp-up because they have a major effect on process economics.  Low yields reflect gaps 

between how the process should be operated, as specified in the process recipe, and how 

the process is actually operated in the production facility.  In the case company e.g. FTPY 

and Cpk are followed. 

 

RQ2: How to get organized in multi-site ramp-up model?   

 

When considering MSRU project, there are four functions affecting to the results of the 

MSRU-project.  They are: 

• DCC-project team (DCM) 

• PMT team 

• MSRU steering group 

• Receiving factory project manager 

 

In the processes the case company is using the whole ownership of MSRU is not clearly 

described.  The proposal is that product program DCM has the operations’ business 

responsibility.  This is because the MSRUs start when the product program is still on-

going.  The Delivery Capability Manager manages and controls all operations’ activities 

regarding product capability creation, maintenance, and removal.  So, multi-site ramp-up 

belongs to DCM when it takes place during the product program.  DCM’s role is to be a 

strong coordinator in the MSRU-projects.  Receiving factory project manager reports to 

product program DCM.  From organizational point of view DCM orchestrates the MSRU-

project.  No special MSRU project manager is needed.  DCM is part of PMT and therefore, 

DCM needs PMT’s strong commitment to gain the targets set at the beginning of the 

program.  PMT should also be engaged to grant the resources for training, especially R&D.  

PMT should also budget the resources and trials which are needed for ramp ups.  This 

information is also important for manufacturing council when the decisions of 

manufacturing locations are done. 

 

R&D’s role in MSRU is important when there is a question of competence transfer from 

product program to the receiving factory.  Vasconcellos (1994, p. 320) has pointed out that 
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the strongest barrier to technology transfer from R&D to production is the lack of effective 

communication.  This barrier is considered more important in large companies with larger 

R&D divisions.  In high-tech companies, the communication factor was found to be a more 

serious barrier to the integration of R&D and production than in traditional technology 

companies.  Vasconcellos has a proposal for R&D and production co-operation.  One 

instrument to help integrate production and R&D is to establish job rotation between 

Production and R&D.   

 

DCM’s role is important in operations coordinating all activities to create delivery 

capability for a new product.  Coordination has a crucial impact on production ramp-up 

process.  According to study of Gross and Renner (2010) the results confirm the 

importance of coordination mechanisms, such as cooperation, communication and 

controlling for a successful production ramp-up.  Coordination among project participants 

has been recognized as an important ingredient for success of many projects.  (Jha and Iyer 

2006, p. 314) 

 

To be efficient the MSRU-project needs a steering group for monitoring progress of the 

MSRU-project and makes decisions about necessary actions in the project.  The steering 

group members are nominated in the product transfer project plan.  The steering group 

comprises usually business owner (chairman, in the case company transfer receiving 

factory Head/representatives, in EMS transfer GPr representative) and representatives from 

Operations Portfolio Management (program or maintenance DCM), Product Technical 

representative (e.g. PTO, Product Engineering line manager, R&D program manager or 

R&D HW project manager), MEX and sending factory project manager.  Other key 

stakeholder representatives can be invited when needed (TE, Project Management etc.). 

 

Main tasks of the steering group are to accept the project plan and monitor progress of the 

project, ensure sufficient resources for the project, consider risks of the project, approve 

milestones, give customer delivery permission (PTO has right of veto) and approve project 

closing and ensure in every milestone that business case is valid and the project can 

continue. 
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Important task in the receiving factory is the project manager of ramp-up.  Project manager 

of the receiving factory is the owner of the product transfer project in the (including EMS 

projects).  This means that DCM has the overall responsibility of the successful ramp-up 

and the receiving factory project manager successful ramp-up in that certain factory.  This 

project manager should be also proactive and be capable to communicate simultaneous 

with other ramp-up managers from other factories. 

 

RQ3: How organization controls the changes?   

 

From management point of view product program should have clearer picture of the new 

product’s readiness.  In spite of hurry to the market the lost of reputation may cost more 

than to wait until hundreds of CNs are handled properly.  Product programs should inform 

the real status of the program to the business to avoid problems like retrofits, because the 

product is not mature enough.  Also if the ECM-process is not fast enough, a large quantity 

of defect products will be produced.  Production will be in problems when ordering testers, 

production tools and materials at the same time as hundreds of CNs are under work. 

 

When the multi-site ramp-up nowadays starts the product is not ready for volume ramp-up.  

This is because the case company takes a risk to start volume ramp-up when the product 

program is still on-going.  The ability of companies to better manage engineering changes 

(ECs) during product development can decrease cost, shorten development time, and 

produce higher quality products. (Rouibah and Caskey 2003, p. 15)  Additional resources 

to handle efficiently changes are a must in spite of using more resources. 

 

Sandkuhl (2011, p. 57) has a proposal how to manage effectively CNs.  In his study it is a 

role called change administrator.  The change administrator role is responsible for 

coordinating all change requests in his area of responsibility, in order to avoid the general 

problem of delayed decisions, redundant activities and inconsistent data in ECM and the 

resulting product or quality problems.  This is because, if the ECM process is not fast, a 

large quantity of defect products will be produced. (Pikosz and Malmqvist 1998, p. 11)   

 

In DCM-organization DCM has the responsibility of change management.  According to 
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DCC-process DCM should drive product change management from operations point of 

view.  DCM could already now more actively use a resource called Delivery 

Implementation Specialist.  This is about the same as Sandkuhl’s change administrator.  

The purpose of the role is to make sure that changes that are done according to change 

management process, are planned, coordinated and implemented in to deliver process. 

Program DCM should arrange product documentation review before MSRU-project starts.  

Also the number of and status of CNs should be regularly reviewed.   

 

Rouibah and Caskey (2003, p. 21) suggest that ECM requires extensive communications 

between many people within a company and between companies.  Communication across 

functional lines can help avoid many problems therefore; a special person to look after 

change management is needed. 

 

RQ4: How the problems are solved simultaneously in different locations?  

 

Based on the literature Bhatnagar et al. (1992, p. 20) have studied the multi-site 

coordination through coordinating the production plans of several manufacturing plants so 

that the overall performance of the firm is improved.  According to their study multi-site 

problem may be solved by considering facilities at each plant.  Once a good solution is 

available the detailed situation at each plant can be simulated and an interface developed 

with the higher-level model.  

In the case company’s case this would mean that problem will be solved in NPI-factory 

and the solution will be copied then to volume ramp-up factories.  If there is not anymore 

NPI-factory, the volume ramp-up factories should solve the problems together.  Product 

DCM would have the business responsibility for problem solving and to regain the 

delivery capability. 

 

Minor additional improvement proposals based on the interviews: 

 

Meeting practices 

Lot of meetings is arranged.  Receiving factories commented that they are discussing with 

other factories when needed.  Also it was noticed that one factory could develop some 
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improvements for example to product assembly.  Meetings for example in the areas of 

production, materials management and logistics could be held together with all receiving 

factories and DCC-team.  When having created improvements those need to be shared to 

all factories to achieve the advantage of improvements. 

 

More meetings with different factories together are needed.  This should be a model for 

every day work.  Meetings are needed for sharing best practices not only for problem 

solving. 

 

Communication practices 

Multi-site ramp-up commune could be established in the case company’s intranet.  Some 

successful early experience exists, but this is not a regular way of communicating.  Also 

tweeting and blogging could be considered. 

 

Communication skills belong to the competences of project manager.  First of all DCM 

should look after that all project managers have done a communication plan.  Secondly 

according to Ingason et al. (2010) project managers should think carefully some variables, 

which might be risky like: size of group, number of languages, number of organizations 

behind the team, number of locations and different time zones.   

 

Competence/know how transfer practices (tacit knowledge) 

Best practices between the different sites are not always informed to all parties.  For 

example factories could arrange meetings with each other and discuss also other 

production issues than problems.  In different R&D-locations may be different processes 

and tools in use because of different history.  Therefore, it is needed to promote and train 

common processes, templates and tools.  In the case company has been created 

communities, which drives the best practices.  Some more force to take the best practices 

into use is also needed. 

 

Nobody owns the trainings in MSRU-projects.  Training package-template is needed for 

MSRU-projects.  Competence transfer would be more efficient, when it is designed and 

planned properly earlier.  Now it seems that trainings are planned case by case. 
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6 CONCLUSIONS 
 

The aim of this thesis was to create a process to be followed in all multi-site ramp-up 

projects inside the case company.  Also the intention was to clarify the governance roles 

and needed competencies in multi-site ramp-ups.  The case company has a strong need to 

develop time to market and time to volume in order to be a leader in the telecom business 

market. 

 

The main result of this study is multi-site ramp-up process and a list of improvement 

proposals.  Also valuable empirical data was collected and stored for later use of MSRU-

process development.  Results of this thesis are extensive and they fulfill the goals and 

objectives of research. 

 

Earlier research of multi-site ramp-ups does not exist.  This is the first one.  In the 

literature of multi-site manufacturing is mainly handled production planning issues.  

Production planning is important in both single-site and multi-site ramp-ups, because it 

ensures that materials, equipments and employees are available to meet production targets 

for a business.  It also provides a detailed plan on how a company will reach its production 

targets and how long it will take to achieve it, which can be useful for letting customers to 

know how long it will take before they can expect their orders to be delivered. 

 

The research was carried out by interviewing experts of the case company in two phases.  

In the first phase 15 experts collected problems from the earlier MSRU-projects.  

Telephone conferences were arranged to collect the information from these experts.  In the 

second phase 20 people (two of them were in both phases) were individually interviewed 

by telephone conference, face to face or electronic mail.  The second phase questions were 

created from the first phase experiences. 

 

According to the findings of phase one interviews lot of improvements can be done 

through following existing processes (DCC- and PT-processes) or managing operational 

decisions with every day work. 

 

When done second phase interviews, the questions were done according to phase one 
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experiences.  According to the findings of this thesis there are some issues, for which some 

improvement proposals were done.  Those are: 

• Multi-site ramp-up successful leading 

• Multi-site ramp-up organizational model 

• Change management issues 

• Meeting practices 

• Communication practices 

• Competence and know how transfer practices 

 

DCM should be the business owner and coordinator in operations and lead the project with 

help of PMT.  MSRU-projects need more support especially from R&D.  R&D and 

product programs should be involved more to MSRUs.  MSRU process was introduced.  It 

is recommended that product programs take care of the product and repair training of new 

products in factories.  Communication could be shared through intranet commune.  Also 

blogging and tweeting could be considered in the communication plan.  The new products 

are not ready when MSRU-starts.  Then it is a question of risk management; how big risks 

are approved.  Still it should be considered not to approve into volume ramp-up such 

products, if hundreds of CNs and STIs are open.  PMTs’ supports are also important and 

MSRU-projects should be planned, budgeted and executed together.  

 

The case company follows continuous improvement processes.  Just in global operations 

are at the moment more than 40 sub-projects driving improvements in the hardware and 

software development process, tools and practices, network implementation, supplier 

manufacturing quality and hardware services. 

 

6.1 Validity and reliability of the research 

 

The theoretical framework is collected from different reference literature.  The literature is 

applicable also in other organizations than the case company.  Some of improvements are 

verified by the theoretical framework.  The applicability of proposals done in this thesis is 

dubitable in other organization. 
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Despite the amount of quantitative data available, the analyses carried out as qualitative 

methods.  The results were commented by the interviewees’ personal experience.  The 

author’s own experience is not used in this research.  This is not causing a reliability 

problem. 

 

The research is reliable, when covering multi-site ramp-up process in the case company.  

The results show that interviewed people have internalized the processes.  The processes 

have been used for years.  Also the people interviewed are most experienced.  In spite of 

different locations and different cultures answers were the same. 

 

The interviews took place about two weeks, because people was either travelling or being 

in meetings.  Also in spite of having interviews by telephone or electronic mail the results 

were the same.     

 

6.2 Future research  

 

This research has been focusing on the implementation of the multi-site ramp-up.  It is an 

efficient way to time to volume of a new product.  Comparative research of multi-site 

ramp-up with other global manufacturers, e.g. Alcatel-Lucent, as future research could be 

very beneficial as well.  At the moment there is no literature of global manufacturer’s 

multi-site ramp-ups.  Also it would be informative to look ramp-ups through the eyes of 

EMS-companies.  
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APPENDIX 1.   

Experts to the first phase interviews:  

GLOBAL OPERATIONS QUALITY 

Manager, GOPS Business Quality 

GLOBAL PROCUREMENT 

Category Group Manager 

MANUFACTURING OPERATIONS 

Manager, Manufacturing Solutions 

Manager-Technology Transfers 

Project Manager, MS, Project Management 

Project Manager, MS, Project Management 

Project Manager, Production Capability 

Specialist, Material Transfers 

OPM 

Buyer 

Demand Supply Chain Manager 

Design for Mfg Engineer 

Manager, Early Involvement ＆ DFx 

Manager, Production Capability 

Test Engineering Line Manager 

R&D 

Program Coordinator 

 

 

 

 

 

 

 

 

 

 



 

 
 
 

APPENDIX 2.   

Summary of results of the first phase interviews. 

Category Gap 
Rank 
Score 

Test HW & SW Production test SW versions inadequately controlled. 20 

Preconditions 
Need to ensure transfer package is correct before 
transfer. 18 

Test HW & SW Unstable testing process - NFF's and retest passes. 18 

Communication 
Yield performance differences between sending and 
receiving factories. 16 

Communication 

Product verification plan by R&D or Product 
Engineering (PE) done - shorter lead time of verification 
to support fast ramp up (1 transportation+2wks 
verification).  16 

Preconditions 

Project key resources defined and allocated - some 
Project lack of R&D Involvement, volume plant cannot 
get first hand information and support. 16 

Communication 
Quality issues that happened during NPI or ramp up but 
not communicated to volume production. 14 

Test HW & SW Testing system not being verified before trial. 14 

Test HW & SW New testing SW bug when volume in increasing. 14 

Test HW & SW 
Change notices for test fixtures in system are not fast 
enough for implementing improvements. 14 

Material 
Material supplier capacity/capability also have problem 
to meet the demand. 14 

Material 

Material master data transferred and entered into 
systems in the receiving factory (NSN SAP and EMS 
MRP) - some codes are still in evaluated status, and still 
waiting for verification result to start ordering, problem 
to meet trial run schedule. 14 

Material 

Trial run materials available (including packaging 
materials), versions and open temporary instructions 
checked (material related STIs) - Material shortage to 
start production. 

14 Poor raw material quality which included: 



 

 
 
 

1. Products specification missing or too sensitive with 
match issues each other. 

2. No material quality experience share from NPI.   

3. Lack of mechanics inspection/check capability to 
verify mechanics problems, 
4. higher material scrap ratio to impact production 
outputs, 

Configuration 
Management Multiple change notes after to P7 14 

Environment / 
Regulatory 

ECCN codes / license for China needs to be adequately 
planned (6 months out) 14 

Demand Supply 
Management 

Demand supply balancing between sending and 
receiving factories 14 

Material BOM not accurate 13 

Preconditions ICT fixture ordering lead time excessive 12 

Preconditions 

Versions and open temporary instructions (STI) checked 
- STI or WI not doable for higher volume production. 
STI missing. Document revision not current. 12 

Material 
Maintaining correct chassis and filter versions and 
quantities at simultaneous ramp site has been difficult 12 

Material 
Material supplier capacity/capability  not enough for 
increasing demand 12 

Production 
Equipment 

Latest versions of testers, jigs, tools and SW verified 
(process related STIs) - tools or jig missing to support 
trial run/ramp up. It is included; 

12 

1. Tools or jig to support unit/filter assembly at the 
begin phase. 
2. STI not easy to be implemented for volume 
production.  

          



 

 
 
 

APPENDIX 3.  

Second phase face-to-face interview questions. 

 

Second time interview was done face-to-face, through telephone conference or by 

electronic mail. 

 

- Project team set up, roles and responsibilities; your recommended project organization 

for MSRU-cases 

- Project follow up practices 

- Meeting practices 

- Communication practices 

- Product change management practices 

- Competence/know how transfer practices (tacit knowledge) 

- Support model, other practical arrangements to make MSRU successful 

- Project control and follow-up 

- Any other specific issue in your responsibility area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 
 

APPENDIX 4.   

Experts to the second phase interviews (personal interviews):  

GLOBAL OPERATIONS QUALITY 

Manager, GOPS Business Quality 

GLOBAL PROCUREMENT 

EMS Supplier Manager 

MANUFACTURING OPERATIONS 

GOPS MO EMS Manager 

Head of Excellence ＆ Development 

Manager of Quality Management & Engineer 

Manager, Production Capability 

Manager, Production support 

Manager, Technology Transfers 

Specialist, Material Transfers 

Specialist, Material Transfers 

OPM 

Head of Operations Portfolio Execution 

Manager, Materials Management 

Manager, MS, Technology Transfers 

Manager, Portfolio 

Manager, Product Engineering 

Manager, Purchasing, Programs 

Manager, Test Technology 

Project Manager, Delivery Capability 

Project Manager, Delivery Capability 


