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Manufacturers of capital goods are constantly trying to find new ways to gain competitive ad-
vantage along with new sources for revenues. Providing high quality and easily flexible technical 
services to support the products, is proven to be a good way to differentiate from the competitors 
and gain advantage on the markets. In order to do this, manufacturers need to extend their service 
strategies from offering repairs and spare parts into including also preventive maintenance ac-
tions. With high complexity machinery, the original equipment manufacturers are in the best po-
sition by possessing the knowledge and having direct access to the products. 

The main object of this thesis was to develop a retrofit process for modernizing variable fre-
quency converters, i.e. drives, used in Double Mast Cranes of automated Flexible Manufacturing 
Systems. The thesis is done as an assignment to a case company who produces these Flexible 
Manufacturing Systems. Case Company had identified need for a new process which could be 
used to efficiently offer and deliver drive retrofits to customers who are currently using End of Life 
drives which have no spare part availability nor reasonable possibilities for repairs. 

The thesis uses constructive research methods. The thesis is based on a real-life problem for 
which a solution is being developed. The research materials for the thesis included gathering 
information from meetings and interviews of the current situation and working methods inside the 
case company along with studying the case company’s internal documentations. As the thesis 
work proceeded, frequent meetings were held with the supervisor from case company. On these 
meetings the current findings and possible next steps for thesis work were discussed. The litera-
ture part of thesis investigates Product Lifecycle Management, Product Service Systems, Service 
Development, Process Design and Lean methodologies in service context. 

The proposed solution provides process charts for offering and delivering drive retrofits for 
Double Mast Cranes. The proposition lists all the stakeholders whose input is required in order to 
deliver a retrofit and the actions they are required to perform. As part of the solution, different 
scenarios to spart the retrofit process were also analyzed. Business case analyses were con-
ducted in order to demonstrate the financial possibilities which could be resulted from conducting 
these retrofits. Proper real-life implementation of the proposed process was not done as part of 
the thesis work. In addition to properly implementing the process, other future development ac-
tions were also identified. The two biggest things are increasing the number of resources who 
can conduct the needed actions in the proposed process, and unifying the tools for communica-
tion. The current resource availabilities are causing a long lead time for the drive retrofit deliveries 
and limiting the possibilities for gaining more revenue. The ununified tools for communication 
create unnecessary waste in the process, hence the unification of them would clarify the process 
and make it more efficient and leaner. 
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Kompleksisten valmistushyödykkeiden ja tuotantojärjestelmien valmistajat pyrkivät jatkuvasti 
luomaan itselleen kilpailullista etua ja uusia liikevaihdon lähteitä. Laadukkaiden ja helposti muo-
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ten, että varaosien ja huoltopalveluiden rinnalla tarjotaan myös ennakoivia huoltopalveluja. Ylei-
sesti alkuperäinen laitevalmistaja on tässä parhaassa kilpailullisessa asemassa, koska heillä on 
luontaisesti tietämystä tuotteista ja pääsy niihin käsiksi.  

Tämän diplomityön päätavoitteena oli kehittää retroprosessi taajuusmuuttajien, eli käyttöjen, 
modernisointiin joustavan valmistusjärjestelmän hississä. Työ on tehty toimeksiantona kohdeyri-
tykselle, joka on joustavien valmistusjärjestelmien tuottaja. Kohdeyrityksessä oli tunnistettu tarve 
tällaiselle uudelle prosessille, jonka avulla voitaisiin tehokkaasti ryhtyä tarjoamaan ja toimitta-
maan taajuusmuuttajien retroja asiakkaille, joiden hisseissä tällä hetkellä on elinkaarensa lop-
puun tulleen tuotesarjan mallit käytössä. 
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kanssa pidettiin tasaisesti palavereja, joissa kartoitettiin työn nykytilaa ja pohdittiin tulevia vai-
heita. Työn kirjallisuustutkielmassa tutkittiin tuotteen elinkaaren hallintaa, tuote-palvelujärjestelmä 
mallia, palveluiden kehittämistä, prosessin suunnittelua ja Lean metodologiaa palvelukonteks-
tissa. 

Tuloksena esitetty prosessi tarjoaa prosessikaaviot käyttöretron tarjoamiselle ja toimittami-
selle. Tuloksissa on listattu kaikki sidosryhmät, joiden tuotantopanosta vaaditaan prosessissa ja 
kuvaukset heiltä vaadituista tehtävistä. Osana tuloksia analysoitiin myös mahdolliset tilanteet, joi-
den kautta käyttöretroprosessi lähtee alulle. Business-analyysi toteutettiin osana tuloksia, jotta 
prosessin taloudellinen potentiaali pystyttiin demonstroimaan selkeästi. Prosessin käytännön im-
plementointia ei suoritettu osana diplomityötä. Implementoinnin lisäksi prosessiin liittyvistä tule-
vaisuuden jatkojalostustoimia tunnistettiin. Kaksi merkittävintä näistä ovat osaavien resurssien 
lukumärän lisääminen prosessin pullonkaulakohtiin ja kommunikointiväylien yhdenmukaistami-
nen. Nykytilanne resurssien saatavuuden kanssa aiheuttaa käyttöretroille pitkän toimitusajan ja 
rajoittaa mahdollisten toimitusten vuotuista lukumäärää. Epäyhdenmukaiset kommunikointiväylät 
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1. INTRODUCTION 

1.1 Background 

Developing product lifecycle management (PLM) approaches has been historically dom-

inated by the design phase of the product. The aspects coming later on the lifecycle have 

not received as much attention. However, during the recent years after-sales activities 

have started to gain more attention, especially in the segment of capital goods. The com-

plete lifecycle of a capital good product can be up to 30 years. Sääksvuori & Immonen 

(2008c) state that the driving force behind providing extended services, is customer guid-

ance. Competition is ever so hard in the current economic uncertainty. Manufacturers of 

capital goods are constantly trying to gain competitive advantage while trying to find more 

revenues and operate cost-effectively. Aurich et. al (2006) state that providing high qual-

ity & easily flexible technical services to support the provided products, is a good way to 

differentiate from the competitors and gain competitive advantage. 

In addition to gaining advantage over competitors while generating more revenue, also 

the ecological aspects are thriving technical services onwards. It has been estimated 

that increasing population and overall consumption growth would require 90% improve-

ment in resource productivity from the early 21st century to the middle of the century. The 

concept of product service systems (PSS) has been introduced as a possible tool to help 

with this dematerialization. The idea is simple – provide products and services that com-

bined together provide the same level of performance compared to providing a new prod-

uct to replace the old one. This way, the environmental load can be reduced along with 

increasing efficiency. A PSS can be defined as a system of products, services, support-

ing network and infrastructure that is compelled into a business model which is compet-

itive, fulfills customer satisfactory and has lower environmental burden compared to tra-

ditional models. (Mont 2002) 

1.2 Research questions, objectives and scope 

The assignment for the thesis is given by a target company, which is a Finnish manufac-

turer of high-end flexible manufacturing systems. More specifically, the assignment is 

targeted for the service unit inside the company, which is responsible for servicing cus-

tomers after the initial handover of the sold product.  
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The objective of this thesis it to develop a retrofit process for modernizing variable fre-

quency converters, i.e. later on referred as drives, used in Double Mast Crane (DMC) of 

an automated Flexible Manufacturing System (FMS). Figure 1 shows a picture of a DMC. 

The drives are located inside a control cabinet which is attached to the side of a DMC. 

The process is aimed to be an internal process which should clearly define the work and 

information flows needed to efficiently perform the retrofitting task. The thesis is also 

supposed to argue the need of modernizing products and the upkeep within their lifecy-

cle. 

 

Figure 1: Double Mast Crane (company intranet) 

The process is intended to be used for upgrading systems that have end of life (EOL) 

drives in a control cabinet which is less than 10 years of age. For systems where the 

drives and control cabinet are older than 10 years or control cabinet is otherwise worn 

out, the case-company has a process for upgrading the control cabinet completely 

through an external partner company. The purpose of this thesis is solely the develop-

ment of internal working process for conducting drive retrofits for systems within the 

aforementioned scope.  

The main research question is: 

• What kind of a process there should be for a delivery of a drive retrofit? 

The main research question is divided into more detailed sub-question presented below: 

1. Which stakeholders are needed, and what are their tasks in the process? 

2. What kind of value the process withholds (internally & externally)? 

The first sub-question (Which stakeholders are needed, and what are their tasks in the 

process?) is to identify the needed resources and their tasks in the process. The second 

sub-question (What kind of value the process withholds?) is answered through analyzing 
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the business potential of the retrofit and analyzing the benefits for the customers. To-

gether, the sub questions provide the answer for the main research question (What kind 

of a process there should be for a delivery of a drive retrofit?).  

1.3 Research method and structure 

The nature of this research is qualitive. The research is based on a real-life problem 

faced at the case company. The research approach can be categorized as applied con-

structive research method. According to Lukka (2000) the core features for constructive 

research approach include: 

• a relevant real-life problem which is to be solved, 

• goal of producing an innovative construction to solve the initial problem, 

• implementation attempt for the produced construction and tests of its ap-

plicability, 

• co-operation and involvement between the researcher and practitioners, 

• linkage to prior theoretical knowledge, and 

• reflections between the prior theoretical knowledge and empirical findings 

of the research. 

All of the features are not possible to undergo within the nature of this research. Mainly 

the implementation attempt and tests of its applicability, which are ruled out from the 

research. The thesis will provide the means to attempt the implementation by providing 

applicable framework and needed process descriptions. To help with gathering the 

needed information and knowledge for developing the process, meetings are organized 

with involved stakeholders and supervisors. Also, case company’s Product Data Man-

agement (PDM) systems and master data along with internal information systems are 

analyzed in order to understand the needs, and eventually to form the best possible 

proposition. 

Figure 2 illustrates the elements of constructive research according to Kasanen et al. 

(1993).  



4 
 

 

Figure 2: Elements of constructive research (modified from, Kasanen et al. 1993) 

According to the described features and elements, this thesis includes a real-life issue 

which has been faced in the case company. Thesis will include describing the current 

situation and the problems of it, i.e. practical relevance. With the help of existing theories 

and literature, the thesis will study theoretical relevance of the problem and provide tools 

for constructing the intended solution, i.e. Theory contribution. The demonstrated solu-

tion, i.e. the delivery process of drive retrofits, explains the practical functioning through 

process maps and their explanation. Theoretical contribution is discussed after the pro-

cess has been introduced and explained.  

The structure of the thesis is introduced in Table 1, where it is linked with the constructive 

research approach’s elements and process phase. Theory contribution comes substan-

tially from literature research which is done on the relevant subjects, e.g. PLM, modern-

izations & Lean, in chapter 2. Practical relevance is explained in chapter 3 where the 

case company and the current situation are explained more in detail. The developed 

process, which is explaining the practical functioning to the problem, is opened in detail 

in chapter 4. In chapter 5, i.e. discussions, the developed process is discussed in context 

to the theory and possible positive outcomes and limitations are examined. Last chapter, 

i.e. conclusions, finalizes the thesis and outlines possible future development needs.  
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Table 1: Thesis’ structure linked to constructive research approach 

Chap-
ter 

Headline Constructive element Constructive 
research process 
phase 

1. Introduction Practical relevance 1. 

2. Theoretical background for 

services’ process develop-

ment 

Theory contribution 2. 

3.  Virhe. Viitteen lähdettä ei 

löytynyt. 

Practical relevance 2. 

4. Virhe. Viitteen lähdettä ei 

löytynyt. 

Practical functioning 3., 4., 5 

5. Discussions Practical functioning, 

Theoretical contribution 

5., 6. 

6. Conclusions Practical functioning 6. 

 

The structure follows closely constructive research process phases, which Kasanen et 

al. (1993) categorized followingly: 

1. Find a practical research problem which has also potential for research. 

2. Obtain a general and comprehensive knowledge and understanding of the sub-

ject of research. 

3. Innovate, i.e. construct an idea for the solution.   

4. Demonstrate the solution and that it works. 

5. Explain the theoretical connections and the research contribution of the solution. 

6. Examine the scope of applicability of the solution. 

Kasanen et al. (1993) notifies that the process is not explicit and that it can vary in nu-

merous ways depending on the research. Last column in Table 1 refers to the process 

phases listed above.  
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2. THEORETICAL BACKGROUND FOR SER-
VICES’ PROCESS DEVELOPMENT 

2.1 Product Lifecycle Management (PLM) 

Stark (2004)  described  a paradigm of a company and its Vice President (VP) of Product 

Development. The environment is extremely competitive, customers more demanding, 

rules and regulations are constantly changing and new places to cut costs are required. 

Products are getting more complex all the time, markets are looking for more vast offer-

ing while seeking for shorter lead times and longer lifecycles for purchased products and 

systems. In short, all the listed factors are making the everyday job more challenging. 

Keys for conquering the modern obstacles can be found from the subject of PLM. (Stark 

2004, p. 1-2) 

The business concept of PLM is a holistic approach that combines activities and tools 

around a product in its lifecycle, analyses them in accordance to their surroundings and 

aims to produce the best economic and ecologic outcome. 

 

Figure 3. Functions and processes connected with PLM system (modified from 
Sääksvuori & Immonen 2008b)  
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Figure 3 shows a PLM system as a central databank that is utilized by the several differ-

ent processes and functions, within a process oriented manufacturing organization. 

Sääksvuori & Immonen (2008b) describes the role of PLM as being the provider of con-

ditions for connecting different and separate information data systems, processes and 

automation entities. It is a connecting technology that aims to integrate variety of infor-

mation systems in order to maximize profitability throughout the lifecycle. 

Ming et al. (2016) state in similar way that PLM has been recognized as a business tool 

which could help integrating people, processes and technologies together across the 

extended organizations. In the sense of the complete lifecycle of a product, they add that 

PLM methodologies suggest that the complete process should identify following factors: 

market strategy, portfolio planning, customer requirements, product specifications, con-

ceptual design, detailed design, design analysis, prototyping, testing, process planning, 

inventory management, sourcing, production, inspection, packing, distribution, operation 

and service, disposal and, recycle (Stark 2004).  

Stark (2004) points out that to have an effective utilization of PLM, a company must 

include the concept in its decision making throughout the organizational structure and 

PLM cannot be the responsibility of a Design department. It would be highly inconvenient 

for Design department to be responsible for field activities along the lifecycle. Vice versa, 

for a services department which is responsible for the field activities after the handover 

of the product, it would not be convenient to engineer the systems from the beginning. 

As Figure 3 illustrated PLM should be the integrator between the different aspects of a 

product lifecycle. (Stark 2004) 

Before PLM activities were introduced in the early 21st century, companies did support 

their products across their lifecycle, but it was not done very effectively nor organized. 

Because of the unorganized way of conducting things there were many faults in the pro-

cesses, e.g. lack of coordination, lack of risk assessments, loss of information, misun-

derstanding of customer requirements, lack of documentation, waste of time and ignoring 

of key-relations. (Stark 2004, p. 15) 

Over the years, a lot of input has been put on designing products more economically and 

ecologically. Westkämper et al. (2000) evaluated various different approaches towards 

more sustainable manufacturing processes. Their findings conclude that manufacturing 

companies need to systematically implement various lifecycle aspects and integrate en-

vironmental considerations to their product development when answering today’s market 

demand, i.e. more sustainable ways to manufacture and operate. Efficiency needs to be 

thought in each phase of the lifecycle. As possible tools for making the manufacturing 
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activities more sustainable along the whole lifecycle, different “Design for X” methods 

along with simultaneous & concurrent engineering can be helpful. (Westkämper et al. 

2000)  

The concepts of simultaneous engineering and concurrent engineering are investigating 

ways to integrate different procedures and functions connected with product from its de-

sign into marketing, e.g. material selections, manufacturing method, environmental im-

pacts, energy consumption and different lifecycle aspects (Pilz & Kussmaul 2001; Atkins 

& Escudier 2013a; Atkins & Escudier 2013b). Using these design and integration meth-

ods together, organizational transparency can also be increased. This can mutually ben-

efit both existing products and those that are in design phases. Integration and learning 

from past projects can reduce the costs and improve product quality. (Aurich et al. 2006) 

Following chapters are investigating relevant topics withing context of PLM.  

2.1.1 Product data 
 

Product Data Management (PDM) is often considered to be the predecessor for PLM, 

and PDM is still one of the core elements of operational PLM (Sääksvuori & Immonen 

2008c; Stark 2015). Stark (2015) refers to product as the source for a company’s reve-

nue, and to product data as the collective know-how. Since product data is major asset, 

it needs to be available at all times and accessible to everyone that may need it. In order 

to enable this, the data requires upkeeping, and will become chaotic and decayed if not 

properly managed. To manage the data, companies utilize PDM- systems. Sääksvuori 

& Immonen (2008c) notifies that product data is a core integrator of functions and busi-

ness processes both internally and externally. Product data connects immaterial and 

material expertise of a company.  

Sääksvuori & Immonen (2008b) roughly divided product data into three groups: 

1. Definition data of the product 

2. Lifecycle data of the product 

3. Metadata of the product. 

Definition data of the product defines the physical and functional elements of the product. 

These are the ones mainly visible to customers. Lifecycle data of the product connects 

product data to a certain stage on the lifecycle. According to Silvola et al. (2011) each 

stage, e.g. sourcing, manufacturing, distributing and servicing, requires different data 

that needs integration and systematic management to be able to serve the numerous 

stakeholders involved. Metadata of the product consists information of information. It 
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describes the context of information, where it is located, who is the owner and editor, 

where it can be accessed and who can modify it. (Sääksvuori & Immonen 2008b)  

Sääksvuori & Immonen (2008c) point out that completeness and consistency in creating, 

handling and updating product data can be sometimes hard between different organiza-

tions within a company. According to Silvola et al. (2011) problems often arise when the 

amount of data increases, and different application, e.g. customer relations manage-

ment, PDM and Enterprise Resource Planning (ERP), cross-functionally consist the 

needed data.  

Data requires upkeeping and needs to be up to date after the initial handover, especially 

within capital goods segment where the manufacturer is often the primary maintenance 

and services provider (Edwards 2004; Pueo et al. 2019). In order to be able to provide 

sufficient after sales activities, product data needs to be correctly organized and availa-

ble. Sääksvuori & Immonen (2008a) writes that this is especially crucial in the context of 

capital goods, where typically a vast number of suppliers are involved in supply chain of 

a given product, and it is normal for the supplier to take responsibility of the device 

throughout its lifecycle. In this segment knowledge on the installed base is extremely 

important and it needs proper management in order to be able to offer lifecycle services 

to customers efficiently and with a high level of quality. 

2.1.2 Lifecycle 
 

According to standard ISO/IEC/IEEE - 15228 (2015) lifecycle is a progress which a sys-

tem undergoes as a result of actions conducted and managed by people in involved 

organizations. Typical stages for a system lifecycle include concept, development, pro-

duction, utilization, support, and retirement (ISO/IEC/IEEE 2015). Stark (2015) defines a 

system’s lifecycle in a similar manner. Figure 4 illustrates Stark’s vision. 

 

Figure 4: The five stages of a product's lifecycle (modified from Stark 2015) 

Zolghadri & Couffin (2018) also define lifecycle in a similar manner. First being Design 

which is followed by Industrialization/Manufacturing, Use/Support phase, and finally End-
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Of-Life treatment. The definition of lifecycle often varies a little but the basic idea is the 

same. Design & imagination is followed by realization of the idea after which product is 

used before eventually being disposed or recycled. Following chapter investigates the 

actions and solutions that original manufacturer could provide during the later phases of 

lifecycle. 

2.1.3 After sales services  
 

Services can be defined in several different ways depending on the context, the service 

provider and the nature of the service. Different types of services include, e.g. B2C (busi-

ness to customer), B2B (business to business), public-service, voluntary-service, self-

service etc. One thing they all have in common is that a service has always an intended 

customer receiving the provided service through different operations. Service operations 

overlapping from receivers and providers perspectives is illustrated in Figure 5.(Johnston 

et al. 2012) In PLM context, the services are directly related to the delivered product, and 

typically with complex products are B2B services by nature (Stark 2015). 

 

Figure 5. Service operations overlapping (modified from Johnston et al. 2012). 

 

Discrete products and systems can be composed out of hundreds or even thousands of 

different parts. Typically, service products are not seen in this way. However, to some 

existence they should be thought similarly to their physical counterparts, as having sub-

stantial number of different parts and components. With service-products, parts are not 

just physical but a combination of processes, people skills, i.e. tangible and intangible 
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knowledge, and materials that all need to be integrated together in order to provide the 

intended service. The total number of parts can be hundreds. When a service organiza-

tion is designing a new service, they need to define all the physical and non-physical 

elements and quantities that are needed. Since services are provided to customers, their 

expectations need to be foreseen and set as well. The overlapping of process and expe-

rience in Figure 5, demonstrates the involvement of customers’ needs in processes and 

development. Typically, customers expect some kind of service package including ele-

ments such as the nature of the service, duration and flexibility to continue their work 

operations during the service. (Goldstein et al. 2002) 

2.1.4 Maintenance as a Service 
 

Traditionally PLM has been seen as a concept especially suited for tangible businesses, 

i.e. goods manufacturing, but since the beginning of 21st century it has become evident 

that the idea can, and should, be also implemented into intangible services business 

(Sääksvuori & Immonen 2008d). Löfberg et al. (2010) writes that in order for the service 

strategies to be successful for manufacturing companies, the strategy must be extended 

from offering repairs and spare-parts into including also preventive maintenance actions. 

OEMs can be considered to be in the best position in regards to providing after sales 

services. They possess the knowledge and have direct access to the data on their in-

stalled base, whereas independent service and maintenance providers usually do not. 

Preventive actions without knowledge on the installed base is not efficient when potential 

risks and historical knowledge are harder to combine. (Löfberg et al. 2010) Figure 6 

shows the development of maintenance methods over the past few decades and the 

more recent trends. 
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Figure 6: Development of maintenance (modified from Arunraj & Maiti 2007) 

 

Risk analysis as a part of maintenance programs can help to reduce risk of unexpected 

downtime of production and therefore rule out massive losses of production due to fail-

ures. As stated earlier, the manufacturer of a complex capital good is often the primal 

supplier of maintenance activities. This also means that they should possess the 

knowledge on the risks that may occur on the artifacts they have produced and delivered. 

Based on conducted risk-analysis, it is possible to convince the customer to purchase 

preventive maintenance services. (Khan & Haddara 2003; Arunraj & Maiti 2007) 

Khan & Haddara (2003) proposes Risk-based maintenance (RBM) as a methodology to 

improve decision making in preventive maintenance especially suited to industrial appli-

cations. RBM is based on a risk analysis which intends for identifying, characterizing, 

quantifying and evaluating the losses from a potential event. As an output the analysis 

should provide probability and consequences. To help with the analysis, answering fol-

lowing questions is proposed (Khan & Haddara 2003; Arunraj & Maiti 2007): 

• What can go wrong which could lead to a system failure? 

• How can this happen? 

• How likely this is going to occur? 

• What would the consequences be of such failure? 

Risk assessment can be quantitative or qualitative. Quantitative relies more heavily to 

concrete data and as its output it provides index level of risk. Qualitative assessment 

results typically with expert recommendations. Several different tools can be used for 
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creating risk assessments, e.g. Fault Tree Analysis, Failure Mode Effect Analysis, differ-

ent decision matrix, historical data & expertise etc. Eventually after the evaluation of 

probability and consequence risk should be presented a multiple of them. After deter-

mining different risks they can be evaluated based on their urgency and overall impact. 

Further, this can be then used for determining next actions in means of maintenance and 

services. (Tixier et al. 2002; Khan & Haddara 2003; Arunraj & Maiti 2007; Bevilacqua et 

al. 2009) 

Manufacturers of high quality investment goods can differentiate themselves from their 

competition by offering and providing quality technical after sales services to support 

their products. Customer demands can vary significantly due to various reasons, e.g. 

cultural differences and differences in regional legislation. Service offering can be 

adapted quite easily and it can be individualized flexibly. Ultimately this can realize as 

growing profits and better customer satisfactory. Positive effects are not only limited to 

the provider but also the industrial user of the equipment can benefit. Production up-time 

can be improved and the total investment costs of the product reduced due to longer 

lifecycle. In addition to these economic benefits, servicing existing systems have also 

positive ecological impact. Environmental load can be reduced by using products more 

consciously. (Aurich et al. 2006) Dombrowski & Malorny (2016) writes that in addition of 

providing several competitive advantages, after sales services are also independent 

from the current economic situation, provide high sales margins, and the business is 

more stable during time of crisis. Risk assessment, and reduction of the risks can be 

used for offering and determining next maintenance for a given system. 

2.1.5 Retrofitting of machinery 
 

The term retrofit refers to replacing an existing part of a product or a system of products 

to somehow different and typically improved replacement part. It can be referred to as 

any type of modernization, update, upgrade, renovation, refurbishment, adaption or re-

manufacturing. (Pueo et al. 2019) Zolghadri & Couffin (2018) writes that upgrades of 

existing machineries are  typically connected to systems with long lifecycles. The long 

lifecycle is usually due to high initial investment price and complex nature of the product, 

which means that simply replacing the machine with a new one would be highly expen-

sive and involve more risks. Zolghadri & Couffin (2018) continue that typically the retro-

fitting works are conducted as a one-off or batch upgrades to a single individual system 

or batch of individual systems. Regular component replacement is a part of normal pre-

ventive maintenance actions in high duty complex machines (Edwards 2004).  
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Complex manufacturing machineries are often constructed out of hundreds or even thou-

sands of components. It is evident that some of these will break, wear out and become 

obsolete which will have an effect on the performance of a given artifact. Therefore, 

companies typically search for options for delaying the retirement in order to gain maxi-

mal return for their investment. Investments in this kind of machinery are often substantial 

and not affordable to private consumer. Improving ones lifespan, efficiency and perfor-

mance can be done economically and environmentally by changing just the relevant 

components. By upgrading the machinery, not only the life can be extended but also 

efficiency, versatility and performance. Furthermore, used equipment can be brought up 

with current regulations concerning safety and environmental legislation. (Edwards 2004; 

Pueo et al. 2019) 

Edwards (2004) points out that when replacing the intended components, all interfacing 

and adjacent components should be taken into account. If the replacement is done in-

correctly without properly assessing the effect on these components the result can be 

opposite of the intended, i.e. decreasing performance and effectiveness while causing 

more trouble. In order to succeed, Edwards (2004) writes that the process of replacing 

parts in a complex manufacturing machine needs to be assessed thoroughly by reverse 

engineering actions. To help in this process, many companies now regularly conduct 

technical risk assessments, as part of their preventive maintenance actions to identify 

the risks involved with replacing components. 

Zolghadri & Couffin (2018) proposes a framework for conducting different kind of up-

grades, called Upgrade to Performance (UtP). The framework is closely linked to a typi-

cal lifecycle model, i.e. plan, define, realize, use/support, retire/dispose. The UtP frame-

work is based on performance indicator model proposed by Murthy et al. (2008). The 

idea is that when a new product is planned, a desired performance level is defined. This 

level needs to be met on the next phases of the lifecycle along with more detailed spec-

ifications. From the performance perspective Zolghadri & Couffin (2018) & Murthy et al. 

(2008) propose the process for a new design method as follows: 

1. Desired Performance level is defined based on the idea or customer’s requests. 

2. Predicted performance level of the first design needs to be at the level of the 

desired performance. 

3. Effective performance of the manufactured/industrialized artifact needs to be at 

the level of the predicted performance. 

4. Observed performance needs to be at the level of the effective performance dur-

ing the use phase of the artifact. 
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When the product reaches the use phase of its lifecycle, UtP process is set to begin. 

Figure 7 illustrates the UtP process and where it stands within a typical lifecycle depic-

tion. The initial desired performance level is referred to as “0”, while “i” refers to (i-1)th 

upgrade design. When features are added in order or increase the performance, this is 

depicted with “I+1”. UtP processes are proposed in four steps, i.e. feasibility analysis, 

upgrade design, upgrading industrialization, and upgrade integration. (Zolghadri & Couf-

fin 2018)  

 

Figure 7: UtP process within a product lifecycle (modified from Zolghadri & Couffin 
2018) 

Whenever the observed performance of the delivered artifact drops beneath the initial 

effective performance or intention is to increase the performance of the artifact, some 

form an upgrade is required. Zolghadri & Couffin (2018) propose four different loops for 

UtP process depending on the nature of the upgrade: 

• R – Renovation 

• M – Modernization 

• E – Extension 

• C – Conversion. 

Renovation in this context means that if the observed performance level drops beneath 

the initial effective performance level, worn parts and components are to be replaced 

iteratively until the desired effective performance level is reached. Renovation can be 

referred to as a typical maintenance. Modernization means that parts are replaced with 

newer technologies or models, whether or not they are worn or have any indications of 
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drop in effective performance. Typically, with the modernized parts, the performance is 

not only met, but increased at some levels. Extension means that some additional func-

tionalities are added on top of the existing. Conversion means that the core functionalities 

are transferred in order to meet changed demand. Typically conversions can be combi-

nation of some of the former upgrade types, or even all. Conversing airplane from a 

passenger model into cargo model, can be used as an example. (Zolghadri & Couffin 

2018)  

In the future retrofitting production machineries could be more and more dominated by 

transforming equipment to cope with Industry 4.0. In order for the manufacturers and 

users of the provided production machineries to be able to benefit from Industry 4.0 rev-

olution, they are required to conduct retrofits. This would require enabling the equipment 

with more advanced technological solutions, e.g. Internet of Things (IoT) sensors, Em-

bedded Systems, Cloud Computing. System architecture, along with functional require-

ments, and design parameters would require thorough development and analysis along 

with the component replacements. (Lee et al. 2015; R. G. Lins et al. 2017; Frank et al. 

2019; Lins & Oliveira 2020) Frank et al. (2019) continue that servitization and moderni-

zation of production technologies could together provide efficient solutions. Manufactur-

ing companies could gain competitive advantage from developing and designing efficient 

Product Service Systems, which could also include implementations of Industry 4.0 

(Frank et al. 2019). 

2.2 Product Service Systems 

Designing practical and efficient Product Service Systems (PSS) has been mostly dom-

inated by the research on the product design phase, i.e. how to manufacture more sus-

tainably with efficient internal and external processes with minimal resources and envi-

ronmental burden. Historically, technical services have not received as much attention 

and therefore in many manufacturing companies there is a lack of systematic approach 

on the development of services and the related processes. Technical services have been 

designed detached from the product design meaning that the influences of product de-

sign on providing technical services are not optimized. This can realize in unnecessary 

costs when services need to be applicably designed on the terms of the product. (Bull-

inger et al. 2003) 

Mont (2002) continues with stating that for a traditional manufacturing company and their 

customers, the transition towards more PSS orientated operations requires fundamental 

changes. Contrary to buying new products to help with their operations and improve-

ments, customers need to think of buying services that will help maximizing the usage 
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and utilization of the existing system or product. This will also help with decreasing the 

environmental impact. Aurich et al. (2006) describe the transition towards a PSS organ-

ization from a traditional discrete part manufacturing enterprise in three stages. First, a 

company is solely focusing on providing physical products to customer, then step by step 

it extends its portfolio and starts to include and deliver also non-physical products i.e. 

services. Third stage happens naturally when the company no longer identifies their 

products being either physical or non-physical but provides their customers with individ-

ualized products combining both.  

Extended description of a PSS by (Aurich et al. 2006) adds prefix technical into PSS. A 

technical-PSS emphasizes on the investment characteristics of physical and non-physi-

cal PSS components, the relatively higher value of physical core, and B2B relationships 

between PSS manufacturers and their customers. Technical PSS is depicted in Figure 

8. 

 

Figure 8. Technical-product-service-system (modified from Aurich et al. 2006). 

 

A technical PSS is a combination of physical and non-physical components which core 

is structured of physical elements wrapped with non-physical elements. Together, they 

provide better lifecycle oriented benefits for customers. When designing these different 

elements, different aspects of the product need to be accounted for. The physical product 

core needs to be designed with assembly, usage and remanufacturing in the scope, 

while the technical non-physical, i.e. services, need to be designed with the point of view 

of the customer in mind. The lifecycle of the product needs to be thought through the 

whole designing period. Mass customization is another helpful tool for helping with the 

individualized product demands without having to invest too much capital to design of 

each individualized product. (Aurich et al. 2006) 
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Concept of lifecycle engineering gives basis for designing technical PSS. It is defined as 

“engineering activities which include the application of technological and scientific prin-

ciples to manufacturing products with the goal of protecting the environment, conserving 

resources, encouraging economic progress, keeping in mind social concerns, and the 

need for sustainability, while optimizing the product lifecycle and minimizing the pollution 

and waste.” (Jeswiet 2014) 

A PSS offering does not necessarily need to be product oriented. In increasing numbers, 

PSS providers are developing use oriented or result oriented PSS solutions. With use 

oriented PSSs, the idea is that the provider assures and is responsible for the usability 

of the offered PSS. No physical objects are sold at any point. Different leasing and rental 

services can be seen as use oriented PSSs. With result oriented PSSs, the provider 

agrees to deliver results. No specific service, product or intellectual property is present 

or sold. The provider gets compensated based on the results they deliver. Result ori-

ented PSS can be for example an availability service where the provider ensures the 

availability of defense equipment with a promise of certain respond time. (Reim et al. 

2015)  

2.3 Service development 

Rapid growth of service sector has meant increasing interest for developing services. 

Companies in different industry sectors are pursuing service growth strategies, in order 

to gain better margins and more revenue (Kowalkowski et al. 2017). This is also visible 

in the manufacturing industry where major companies, such as Rolls Royce, are shifting 

their strategies more towards services (Huxtable & Schaefer 2016). Rondini et al. (2016) 

writes that the evolution towards more service oriented business model means that in-

creasing amount of companies are developing and offering more solutions which are 

integrations of physical product and services, i.e. PSSs. 

To help with developing services from a strategical point of view, Roth & Menor (2003) 

introduces the service strategy triad, illustrated in Figure 9.  



19 
 

 

Figure 9. The Service Strategy Triad (modified from Roth & Menor 2003). 

 

The service strategy triad includes service concept, target market and service delivery 

system design choices. Each of the elements are linked to service encounters, which 

Roth & Menor (2003) describes being the moment of truth, i.e. the point of customer 

contact where the customer experiences the service and forms their evaluations of sat-

isfaction. Target markets refers to choosing right customers. This is typically done by 

segmenting potential customers based on their commonalities, e.g. geographic location, 

income, size, age etc. Segmentation can also be done by operational attributes, e.g. 

customer relations and degree of customization. (Roth & Menor 2003)  

The triad as a whole provides a framework for strategic decision making when planning 

and designing services. It is useful for emphasizing alignment between what is to be 

offered, to who, and how. Service design choices should follow strategic requirements 

for a given concept. (Heskett 1987; Roth & Menor 2003; Ponsignon et al. 2011) 

2.3.1 Service concept & Service Delivery System 
 

Goldstein et al. (2002) states that a key element to successfully design and develop 

services is to clearly define the service concept. Service concept has several definition 

available, which all reflect around the idea of what a service provider is offering and how 

they are offering it. Johston et al. (2012) says it is more of an emotional model than a 

business model, that can unite the employees and customer to create mutual business 

advantage. Edvarsson and Olsson (1996) describes service concept as a prototype for 

service that argues the benefits for the customer, i.e. what they receive, and how the 
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provider is going to make this happen. Johnston et al. (2012) further describes the con-

cept as a shared and jointed understanding of the nature of provided and received ser-

vice, which should provide: 

• The organizing idea, i.e. the core of the service received by the customer. 

• The service provided, i.e. the service process and the outputs that have been 

designed and realized by the provider through its input resources. 

• The service received, i.e. the customer experience and the service outcomes. 

Customer experience covers customer’s direct and personal interpretation to interaction 

and participation in the service process. Service outcomes underlines the results of the 

service for the customer, i.e. products, benefits etc. (Johnston et al. 2012) 

Service concept is a tool for concretizing the whole nature of the service. The intent is to 

clearly define what is to be done, how it is to be done, what is the strategic intention 

behind it, and what the customer expects to receive. Service concept aims to integrate 

all of these together in a deliverable solution, see Figure 10. Service concept can be 

described in short as the nature of the service that provides the needed basis for service 

design planning. The concept can be seen acting as the integrator between the service 

delivery and the business strategy of an organization. (Goldstein et al. 2002)  

 

Figure 10. Basic service concept (modified from Goldstein et al. 2002). 

 

Edvardsson & Olsson (1996) notes that when planning the fulfillment of customer needs, 

the difference between primary and secondary should be distinguished. Primary needs 

are the reasons why customer experiences the service need and secondary needs can 

be for instance a way of communication, e.g. email or telephone. Similarly, but with more 
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detailed, Roth & Menor (2003) defines service concept as a portfolio of core and periph-

eral services. The core services are comprised of five elements: 

1. Supporting facilities, i.e. required structural and physical resources for the service 

to be delivered. 

2. Facilitating goods, i.e. the materials, supplies and resources consumed by the 

delivery. 

3. Facilitating information, i.e. to support the execution of the explicit service. 

4. Explicit services, i.e. customer’s experimental or sensual benefits. 

5. Implicit services, i.e. psychological benefits and tacit aspects of the service. 

Peripheral services are providing additional benefits to the core services. Both Roth & 

Menor (2003) and Edvardsson & Olsson (1996) note that these supporting services 

should not be forgotten, but also fulfilled in order to satisfy customers’ needs. 

Figure 11 illustrates the idea of Goldstein et al. (2002) of how the service design planning 

model should look and how the service concept is working as an integrator between 

strategy and the outcome. 

 

Figure 11. Service design planning model (modified from Goldstein et al. 2002) 

 

The figure shows where the service concept sits, i.e. the integrator between the strategy 

and measurements of performance. Service strategy defines what is the intended ser-

vice being delivered. Service delivery system is describing how this is being achieved, 

i.e. the processes for creating the service. Based on their research, Goldstein et al. 

(2002) underlined the importance of service concept in linking the intended offering to 

the actual delivered service.  
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Menor et al. (2002) writes service concept provides blueprint to employees and customer 

which communicates what they are expected to provide and receive. The service con-

cept provides a framework for strategic choices for service design, which need to be 

organized according to the service strategy along with the intended actions to provide 

customers with value during and after the service encounters. Roth & Menor (2003) sug-

gests that service delivery systems should be organized according to three interrelated 

major components: strategic service design choices, execution of service delivery, and 

customer perceived value of the total service concept. Figure 12 depicts this organized 

framework. 

 

Figure 12. Architecture for Service Delivery Systems (modified from Roth & Menor 
2003) 

 

Strategic design choices are consisted of structural, infrastructural and integration 

choices. Structural choices are supposed to provide the physical assets needed for the 

realization of the service. Roth & Menor (2003) argues that these should include for in-

stance facilities, used technology, equipment, and capacity. Ultimately the structural 

choices should answer to questions: What types of management and delivery technolo-

gies should be deployed and where? How much technology needs to be developed? 

Should outsourcing be used? Is there enough of capacity? If more is needed, is the need 

temporary or permanent?  

Of the infrastructural choices, Roth & Menor (2003) writes that these can be viewed as 

strategic complementarities, which are always connected to another specific choice. If a 
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decision of quality is being made, infrastructural decision could that the correct amount 

of employees with sufficient knowledge are appointed to the matter.  

Integration choices are addressing integrations issues, both external and internal, as well 

as adaptive mechanisms. External integration refers to supply chain relationships and to 

customer relationships. Internal integration deals with matters between operational and 

business performance, i.e. how they fit together, and how different functional areas work 

together. Integration choices are also related to fitting structural and infrastructural 

choices together. Adaptive mechanisms focuses on intellectual assets that are critical to 

the delivery of services, e.g. employees, knowledge, learning. (Roth & Menor 2003) 

To sum up the strategic choices, Roth & Menor (2003) state that these choices collec-

tively define the boundaries for the delivery system, and determine the potential to pro-

duce the intended concept for the intended customers. Strategic decision choices initially 

are a function of competitive priorities. Through the priorities the service provider is po-

sitioned against competitors and its targeted customers. The strategic choices provide 

the tools for service execution which then forms the eventual value for the customer. 

Renewing the service delivery and constantly assessing its functionality are crucial ele-

ments for service providers. Through constant assessment of the activities it is possible 

to identify faults which can be renewed into better functioning solutions. (Roth & Menor 

2003)  

2.3.2 New Service Development 
 

Based on conducted research it is safe to say that new service development procedures 

are partly interrelated with the service concept development and service delivery plan-

ning. New service development methodologies intent on providing tools for more con-

create development activities in relation to developing services and service products.  

Rondini et al.(2016) introduce a concept tree for helping the development of new PSSs. 

They propose a concept tree, depicted in Figure 13, which is structured into four hierar-

chical levels: 

• Customer needs, 

• Customer wishes, 

• Solution proposals, and 

• Required resources. 
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To help with identifying the wishes and needs, first thing Rondini et al. (2016) suggest is 

that there should be valid description and understanding of the customer base. Depend-

ing on the type of the customer-base, service provider can compose social surveys for 

B2C customers where the base is vast and heterogenous. Quantitative user experience 

analysis can be organized for more homogenous B2B customers where data on the cus-

tomer is available. If there is no possibility to gather enough of data to be analyzed, less 

structured manual brainstorm with key individuals can be organized. The idea is that a 

general understanding or even consensus of the needs and wishes could be formed. 

Using these, a PSS solution could be conceptualized to answer the needs and wishes. 

Possible competitors’ offering should also be investigated. It can give ideas for own de-

velopment work and it is good to evaluate the developed solutions against competitors’ 

solution in order to see whether or not they are worthy against the markets. Once a 

solution is proposed, resources which are required in its realization need to be identified. 

Only after all the resources are identified, can the whole solution be formally evaluated 

and the decision of proceeding with it made. (Rondini et al. 2016) 

 

Figure 13: A PSS concept tree (modified from Rondini et al. 2016) 

Needs are fulfilled through different wishes. Through these wishes and needs, different 

solutions, requiring certain amounts of different resources, are proposed. The idea is that 

even though different solutions for same issue could be proposed, through evaluation 

only the best one would be chosen. (Rondini et al. 2016) 

Cowell (1988) writes that similar to new product design, also new services development 

requires systematic approach which can help in reducing the risk of product failure. This 
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typically requires series of steps and phases between idea generation and commercial-

ization into the markets. A typical sequence according to Cowell (1988) is as follows: 

• Idea generation, 

• Idea screening, 

• Concept development and testing, 

• Business analysis, 

• Development, 

• Testing, and 

• Commercialization. 

Cowell (1988) continues by stating that all of the steps are not always necessary, and 

they are dependent on the target segment and the nature of the produced service. Idea 

generation can be generated in various ways. For example, they can arise inside or out-

side of the organization. They can be resulted of formal research or nonformal. They can 

also be generated outside the organization by third party for which the organization could 

purchase rights, e.g. franchising or outsourcing. (Cowell 1988) 

Idea screening is the stage of the development where it is concerned whether or not the 

idea is worthy of the time, expense and managerial commitment needed to further re-

search and develop. Set of suitable criteria needs to be thought to rate the idea and its 

applicability. The criteria can be for instance the market potential, available resources or 

objectives of the company. The screening can be quantitative or qualitative by nature. 

Quantitative screening can refer to mass data analysis and qualitative can for example 

refer to simple check lists with few vital factors on it. Ideas that are evaluated good 

enough during the screening, are then developed into service concepts and tested. 

(Cowell 1988) 

Concept testing refers to obtaining reactions from the targeted markets and customers. 

Business analysis refers to translation of the idea into business proposal. The meaning 

of this is to form a detailed analysis of the attractiveness of the service product which 

could elaborate the chances of success and failure. The analysis should consider the 

aspects of manpower the implementation of the service would require, additional physi-

cal resources, the estimated sales, costs and profits, customers reaction to the service, 

and reactions of possible competitors. (Cowell 1988) 

Development stage is when the actual development of the service is done. This requires 

developing and testing the tangible elements of the service. In addition to this, also the 
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intangible elements, such as the service delivery system need to be developed. Testing 

of the new service may not be always possible. One example in these kinds of situations 

is to introduce the new service with limited promotion, through which it could be possible 

to test its operability. Commercialization phase is when the full-scale launch is taken 

place. Time, place, audience and the channel of the introduction should be considered 

in order to succeed. (Cowell 1988) 

The service strategy triad along with concept and delivery system, and new service de-

velopment methodologies can be seen as interrelated. Both of these provide factors 

which needs to be assessed when services are developed. They do not consider the 

actual actions that need to happen in order to turn the inputs into value generating out-

puts. This is naturally hard when we are discussing the development of at least partly 

intangible services. Development of processes will be explained in the following chapter.  

2.4 Process design 

International Organization for Standardization (2008) describe in their ISO 9000 standard 

process as a “set of interrelated or interacting activities, which transforms inputs into 

outputs”. Business process is a process where inputs and outputs are clearly defined 

and set to generate business value. Typically, within each activity, roles, tasks, respon-

sibilities, checklists, milestones, deliverables and metrics are described in detail. Details 

include the scope, nature, type, resources, information needs, required skills and work 

measuring methods. (Stark 2015, pp. 71-72) 

Business processes need to be clearly defined in detail in order to avoid unnecessary 

problems. In addition to previously mentioned activities, inputs and outputs, Stark (2015) 

suggests following characteristics to be identified for a process: 

• name for identification,  

• purpose for describing the objectives,  

• scope to define the boundaries,  

• starting and ending points for clarification so resources are not wasted,  

• location inside the company so that needed tools, resources etc. and helping 

neighbors are close by, 

• customer (internal or external) for the output of the process, 

• owner of the process to oversee the performance and further develop 

• KPIs for measuring the successfulness. (Stark 2015, p. 77) 
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Stark (2015) points out that in many cases processes tend to be cross-functional and for 

a process developer it can be difficult to think of needs of other involved departments. 

The needs may come out later and this can cause extra steps which cost time and 

money. Process development work need to take into account also possible involvement 

of other processes and possible interaction with them. If some activity is partially done 

and resulted as an output of another process, there is no point to do double work. This 

is also why documentation is vital. With proper documentation, best-practices can be 

shared and double work can be avoided. (Stark 2015, p. 93) 

Process maps and process modelling have been widely recognized as a key tool for 

process development, re-engineering of process, and in general to understand pro-

cesses. Through process maps, it is possible to gain effective overview of the business 

and store the information in order to share it. Process model’s purpose is to visually 

describe a business process, and in a compact nature also show interrelated processes 

and other relationships. (Stefano 2002; Malinova et al. 2015)  

There are several different ways of modelling processes depending on the organization 

and their interests. However typical features for them is that they try to model the value-

adding core activities in a sequential order. It is typical that maps are illustrating flow of 

data, actions, actors, inputs, outputs or combinations of these. (Aguilar-Savén 2004; Ma-

linova et al. 2015) 

Mendling et al. (2010) provide guidelines to help building processes and their models: 

1. Use only necessary elements in the model and try to narrow the number of ele-

ments to minimal. 

2. Minimize routings per element. 

3. One start event & one end event 

4. Keep the model as structured as possible. 

5. Avoid “OR” routings. 

6. Use verb-object activities in elements. 

7. Decompose models with over 50 elements. 
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2.5 Lean methodology in context of service process develop-
ment 

When services and processes are being developed, it is common to seek opportunities 

to utilize practices that have been generally proven with the more researched product 

and production design. Lean process-product development is one of the most studied 

and utilized methodologies of recent times. Being originated from Toyota and their pro-

duction system, Lean is typically identified as a practice for developing production on the 

factory floor (Ballé & Ballé 2005).  

Even tough not originally used or intended to be in tact with services, lean methodologies 

can provide frameworks for designing and further improving processes that are associ-

ated with services and product development (Malmbrandt & Åhlström 2013; Gupta et al. 

2016). Ward (2007) describes following four starting points for lean product & process 

development: 

1. What is the purpose of development? 

2. What does it produce? 

3. What is a good development system? 

4. What is the value in development? (Ward 2007, p. 7) 

One of the core concepts of lean is the idea of seeing value in usable and reusable 

knowledge. As a basic learning cycle for creating usable and reusable knowledge, Ward 

(2007) describes the LAMDA cycle, which stands for: 

• Look,  

• Ask, 

• Model, 

• Discuss, 

• Act. 

This principle can be used in iterative way to gain the best outcomes. First, the developer 

should go and “look” the current situation in order to gain knowledge of it. By “asking” 

from peers or certain specialists, more knowledge can be gained, after which first drafts 

can be “modelled”. After this, models should be “discussed” with peers and managers. 

Finally, the findings can be “acted” upon, i.e. implemented as a part of work routines. At 

any point of the cycle, it is possible to go back to another point, for example to remodel 
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or to ask for more information. (Ward 2007, p. 8-9) Used together with another learning 

cycle, Plan-Do-Check-Act, it is possible to reach better results (Tortorella et al. 2015). 

Continuous improvement is another integral part of lean ideology. According to Malm-

brandt & Ahlström (2013), Tortorella et al. (2015) & Guptra et al. (2016) this is a major 

element also in lean services. As tools to evaluate and assess service organization’s 

“leanness” in context of continuous improvement, following four things are suggested: 

• employee participation in improvement teams, 

• improvement work, 

• structured problem solving, and 

• sustaining improvements. (Malmbrandt & Åhlström 2013) 

Continuous improvement and creation of reusable knowledge are interrelated. Creating 

new usable knowledge, e.g. through LAMDA cycle, and at the same time the evaluation 

of current situation, enables the continuous improvement. Unarguably, this requires that 

the findings are further acted upon. 

Ballé & Ballé (2005) describes lean as a system for ultimate waste reduction. Waste 

means all the unnecessary non-value adding activities involved in the process. Primary 

source for waste are inefficient use of knowledge and the flow of knowledge. These can 

be divided into three categories: scatter, hand-off, and wishful thinking. Scatter means 

actions that are disrupting effective flow of information. Hand-off specifies the wastes 

generated when knowledge, responsibility, action, and feedback are separated. This can 

result in decision-making by people who do not have sufficient knowledge required for 

making the decision. By handing off information from a person to another, useless infor-

mation can be generated and the main point missed. Additional knowledge may also be 

needed for a decision to be made, and this can create unnecessary wait. Wishful thinking 

means making decisions without proper data, i.e. blindly. (Ward 2007, p. 41-66) 

In the context of services, first thing to do is identifying what are the actions that generate 

value, and specifically in the eyes of the customer. When this is known, the unnecessary 

non-value adding activities can be identified. Common protocol for identification is to 

make value stream mapping of processes. (Malmbrandt & Åhlström 2013) Value streams 

are sequences of activities an organization is required to do in order to design, produce 

and deliver a good or a service to a customer. Mapping of the value stream is a method 

to visually map the material and information flows. Typically, a value stream map consists 

three components: information flow, work flow, and a summary timeline. (Martin & Os-

terling 2013) 
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3. STARTING POINTS FOR THE RESEARCH AND 
DESCRIPTION OF IMPLEMENTATION 

3.1 The case company 

The case company is a globally operating, privately owned Finnish company. It provides 

and produces flexible manufacturing systems (FMS) and manufacturing operations man-

agement (MOM) software (SW) for customers mainly operating in metal cutting industry. 

Currently the company employs around 450 employees out of which majority are located 

at the company headquarters in Tampere, Finland. In 2019, a decision of focusing all the 

production activities to Finland was made. The company has a global network for provid-

ing sales-activities along with assembly-, commissioning- and lifecycle-services. In addi-

tion to the headquarters in Tampere, smaller offices can be found from Germany, Swe-

den, The United Kingdom, The United States of America, China, Japan, Italy and France. 

Company’s products are also sold through many different Machine Tool Builders (MTB) 

and regional subcontracting agents. 

In increasingly challenging markets, the case company seeks to gain competitive ad-

vantage through dedicated strategy. The target of the strategy is to be acknowledged as 

the company that metalworking manufacturers would turn into when they are looking for 

solutions to provide them with word class competitiveness. Company has a strive to be 

a partner to customers rather than being a supplier. Providing value adding lifecycle so-

lutions in addition to the provided production systems is one significant mean to succeed 

in this. Customer needs in different phases of the delivered product’s lifecycle need to 

be known and value adding solutions developed and available when needed.   

The case company’s core business segments inside the metalworking industry have his-

torically been in automotive industry, aerospace-industry, production technology and 

sub-contracting job-shops. The company’s vision is that with the intelligent automation 

and SW solutions along with the services it provides, it would be possible for the cus-

tomers to utilize their production 24 hours a day, 365 days a year. 

The company delivers different kinds of FMS and digital manufacturing solutions. The 

FMS solutions can be categorized into pallet handling and part handling. All of these rely 

heavily on the Company’s manufacturing management software (MMS). MMS does all 

the scheduling and planning in the systems, making it possible for the system to run 

automatically. It is the top-level executor commanding Programmable Logic Controller 

(PLC) which ultimately controls the movements.  
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Part handling solutions are robotized production cells, where smaller parts are processed 

whereas pallet handling solutions typically involve pallets. Typically, payload of a single 

pallet varies between 500 and 11 000 kg. Pallet handling solutions can be roughly di-

vided into more standardized offering, i.e. FPC (Flexible Pallet Container) and FMS ONE, 

and engineer to order (ETO) solutions i.e. MLS (Multi Level System). Each FPC and 

FMS ONE delivery are also engineered depending on the customer’s wishes, but as said 

it is more standardized compared to MLSs. This work focuses on the MLSs which works 

as an integrator between different machine tools (MT) and other value adding processes, 

e.g. washing machines, material stations & loading stations. Digital manufacturing solu-

tions provide methods for virtually analyzing and testing different production operations 

and their efficiency. With the digital solutions it is also possible to educate and introduce 

personnel for purchased part handling solutions. Digital solutions are typically purchased 

parallel to physical solutions, or after the initial purchase to gain more advantage of the 

initial investment. 

Even though the MLS solutions are usually ETO, similar key elements and components 

can be found from each system. One of these is the Double Mast Crane (DMC) which 

executes the given movements of the pallets between different stations and pallet stor-

age. DMC is a core element of each MLS. An unexpected fault in the DMC’s movements 

means that the flow of the production will be stopped. In a situation where the fault is 

caused by a malfunctioning or broken EOL drive, the downtime of the production can be 

several weeks. Since many of the company’s customers are also subcontractors, this 

does not only mean delays in their production but also with their customers. These sce-

narios are to be avoided.  
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Figure 14: Example of Multi Level System (case company intranet) 

Figure 14 illustrates a typical MLS. On the front there are several Machine Tools (MTs), 

loading & material stations, and control units. DMC operates behind these and transports 

pallets between storage, stations and machine tools.  

3.2 Service unit and its responsibilities 

Service business in the case company has been separated to its own unit. The services 

unit is responsible of developing, launching and delivering services and modernizations 

globally to customers. Service strategy follows the company strategy. The main target 

for services is to strive in services excellence by being closer to the customer. In practice 

this means that the number of employees is increased in order to being able to provide 

support and perform the maintenance and refurbishment tasks efficiently to customers 

globally. More resources are put into developing service product catalogue and the busi-

ness in general in order to provide customers with value adding services along the lifecy-

cle of their investment.  

When delivering new systems to customers, the company follows a stage-gate model. 

The model describes a path from a quotation of a new system to its external handover 

to the customer. In other words, it specifies different stages of a project’s lifecycles. Be-

tween the gates, there are stages that include specific actions that need to be fulfilled in 

order the pass the next gate. At each gate, a decision of moving on, holding or cancelling 

the project can be made. The gates are point of decision making. (Nicholas & Steyn 

2017)  
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Figure 15: Interpretation of case company’s stage-gate model 

The model is widely recognized and used in different variants in different kind of compa-

nies. It is said to be one of best practice for achieving all the set goals for a given process 

or a project (Barshop 2016). Figure 15 illustrates the model used in the case company. 

When the sold project has been handed over to the customer, gate three is passed and 

the responsibility of it transfers to the service unit. The main responsibilities with the 

service unit can be categorized as follows: 

1. Ensuring the usability 

2. Modernizations and change management 

3. Adding competence. 

Ensuring the usability is done by providing service and support to help customer’s daily 

functions. The goal is to prevent interruption on the production. The case company has 

24/7 Global Technical Support (GTS) to help with the problems customer might run into, 

global service network for conduction maintenance tasks, and spare parts operations for 

providing the needed components to upkeep the systems. Modernizations are done to 

help with increasing efficiency, extending systems, adding functionalities and ensuring 

safe production into the future. These are to add value for customer’s investment and 

extend the life of it. Case company provides solutions for transferring the systems be-

tween locations and customers, and recycles disposed systems. Services for adding 

competence are done by providing training for the use of the systems and providing 

consultation on how to gain more out the invested system. 

3.3 Role of spare parts team 

Spare part team operates as a part of the services unit in the case company. Their main 

responsibilities are on providing quotations and handling spare part orders. Global spare 

part team is operating from Finland and is currently consisted out of seven spare part 

engineers and trainees. The Finnish team acts as a back-office for other service offices 

and helps them with their spare part inquires and other related matters. They also are 

the front office for areas which do not have own service offices. Furthermore, all smaller 
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modernizations and upgrade sales are handled from Finland via service unit, so they are 

responsible for handling the sales orders for these as well. The processes are typically 

straight forward in normal spare part cases, i.e. a customer has a worn or faulty compo-

nent used in their system and this has been identified. Spare part team makes sure that 

correct parts are offered, sold and delivered to a correct customer. They also make sure 

that the needed information is shared and that the case is set to invoicing afterwards.  

With the smaller modernizations which are handled by spare parts team there is often a 

need for resources outside of spare part team and outside the scope of regular pro-

cesses. This complicates situation as more involved people adds more variables into 

equation. The best examples of these are Cell Controller sales, Control Cabin upgrade 

sales and Power rail upgrade sales. For each of these there is a clear agreed process 

which to follow. Spare part team makes requests for the units whose input they require 

in manners which have been formally agreed earlier. Already when requesting help, they 

know what kind of response times and lead times for required tasks can be expected. 

Normally these resources are needed from one additional team. With Cell Controller 

sales the request is made towards SW design. With control cabin upgrades to a sub-

contractor, and with Power Rail upgrade to HW design. 

In the case of drive retrofits, where there is no agreed process nor agreed working pro-

tocols, situation becomes complicated and waste is added as people do not know what 

is expected from them . The used stage-gate model states that the sold and delivered 

systems are responsibility of the services unit after the initial handover. This can be in-

terpreted that all the resources for serving customers’ systems in the aftermarket should 

also be located in the services. When the resources are not to be found, and the 

knowledge need to be asked from other units, it means these loaned resources can 

cause delays elsewhere. This naturally can cause unwillingness to loan resources. Fur-

thermore, when this is combined with the urgency that often is present with systems that 

may have been broken down, it adds pressure which again complicates things. However, 

if there is an agreed process, agreed lead times for providing help along with reasonable 

estimation on how frequent these requests might be, the other units could plan their 

resources ahead and adjust them if needed in a way that would also enable fulfilling 

requests from services. One of the responsibilities of the spare part team is to develop 

their functions and operations in a way that solutions could be efficiently provided to 

customers.  



35 
 

3.4 The need for the drive retrofit delivery process 

The assignment, given by the company, is to develop a process for delivering drive ret-

rofits for customers that have EOL drives in use in their FMSs’ DMC. The drives in a 

DMC are controlling the input for motors which are controlling movements of different 

axles in the crane. All DMCs have capabilities of moving along at least three axles, i.e. 

X, Y and Z. In addition, most solutions include also W-axle, which is the spread of tele-

scopic forks along Z-axle. Fifth possible axle is B-axle. This is intact if the load handler, 

i.e. forks, in the delivered DMC includes rotation around its Y-axle. Figure 16 shows a 

DMC and its axles.  

 

 

Figure 16: Double Mast Crane and its axles (modified from company intranet) 

Downtime for customer’s whole production can be several weeks if an unexpected break-

down of a critical EOL drive occurs, and they do not have a replacement unit in stock. It 

has been identified that the company has a sever need to have a new clear process for 

conducting these retrofits of DMC’s EOL drive components. The current situation is un-

clear and there has not been an agreed process among the involved stakeholders. The 

internal problem was raised when these kinds of retrofits were offered and sold but there 

was no agreement on who should do and what. After, it was agreed that services need 

to develop and agree on a process for conducting these retrofits. A plan for communi-

cating the situation to the customers in the scope need to be made. All of them may not 

be aware of the risks they face when running their production with EOL components. 

Getting rid of these would benefit both parties, i.e. the case company and the customers. 
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What makes this more problematic than a regular spare part sales process, is that the 

old EOL drive cannot be replaced with a newer series’ drive using plug-and-play meth-

ods. It is recommended that all the drives used in DMC are changed at the same time. If 

only a single one was changed, this would make the PLC and database modifications 

problematic and the costs compared to changing all at once would be higher. In addition 

to spare part team’s input, the process requires input from many different stakeholders, 

e.g. HW design, SW design and service technicians. Furthermore, the process is dealing 

with older technology for which there might be only little knowledge with many more 

recent employees. The number of employees has vastly risen inside the company and 

there are many SW engineers who might have only been involved with the newest sys-

tems which naturally use more recent technological solutions. Therefore, the internal 

knowledge and capabilities needs to be assessed and think how the tacit knowledge that 

is now possessed by the few, can be shared to the many.  

This is not the first time that the drives used in older systems reach the end of their 

lifecycle. Last time this happened, the company was better prepared and there was a 

dedicated team inside the Services unit for handling smaller modernization processes 

such as this. The drive retrofits that have now been conducted by the case company, 

prior to this research and without agreed methods, raised issues with other involved units 

regarding whose responsibility the work should be. These units, other than Services, 

pointed that these should be handled by the Services internally and that in the past there 

were a dedicated team to handle these. They were not aware that team has been disas-

sembled several years ago. Currently the service unit does not possess the needed 

knowledge or the tools for handling the drive retrofits on their own, so it was agreed that 

other units can help with the cases. 

Lack of proper process and process ownership on these conducted drive retrofits cases 

meant that all of these were agreed case by case. This has required extra work from 

each involved person. According to Lean methodologies, this can be argued as unnec-

essary waste and therefore should be get rid of. By having agreed process, every in-

volved stakeholder would know what to do and what is expected from them. This would 

decrease the amount of work that needs to be put in, compared on agreeing cases one 

by one. Waste would be reduced. Customer perspectives need to be thought of as well. 

How can the company ensure the safe usage of the provided systems throughout their 

projected lifecycles, i.e. approximately 20 years or more? Customers need to know if 

they have critical components in use which cannot be replaced with a simple solution. 

There is a need to have plans for situations like this, and the case company knowledges 

this also in their strategy. Otherwise, when the customer runs into problems and their 
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production stands still for weeks, they lose faith and will seek other options for their future 

investments. Customer needs to feel safe with systems they use. This will ensure a mu-

tually benefitting and developing relationship with the case-company and their custom-

ers.  

3.5 Service Concept for the drive retrofit 

To help with developing the proposition of the process and more generally to provide a 

framework for strategic development of a new service, service strategy triad and service 

concept should be formed. As explained in the previous chapter, the drive retrofit is in-

tended to very specific segment, i.e. to existing customers of the case company who are 

utilizing EOL drives in their DMC, which are less than 10 years of age. Therefore, the 

target market can be specified quite easily. More detailed business analysis including 

the estimate of potential systems to undergo the retrofit is introduced in the next chapter.  

Johnston et al. (2012) & Goldstein et al. (2002) stated that the service concept should 

be based on an organizing idea and have a strategic intent behind it. It should also ex-

plain what is the service, how this is to be organized and offered, and what can the 

customer expect out of the service encounter. This kind of process that is intended to 

remove risks from appointed systems and ensure their usability further into the future, 

fits directly into the responsibilities of the case company’s service unit, i.e. ensuring us-

ability, conducting modernizations, and adding competence. On a conceptual level the 

answer to what is being delivered, can simply be stated as “a drive retrofit”. The cus-

tomer’s experience of the service is formed through communication towards case com-

pany, and the technicians conducting the physical work on site. These are crucial points 

since the customer experience is mainly formed based on these. Communication flows 

and the means to share information are detailed in the following chapter.  

The service concept for the drive retrofit can be stated in short followingly. “In order to 

reduce the risk of critical failure, the case company is offering drive retrofit to customers 

who are utilizing EOL drive units in their FMS’s DMC. The retrofit will include all the 

needed components along with design, and documentation update related work. It shall 

also include the physical dismantling, assembling and commissioning along with case 

management work.” 

Developed service, i.e. the drive retrofit and its delivery, can be referred to as a product 

related service, which is ensuring the proper functioning of the delivered product. The 

service is a combination of physical and non-physical elements, i.e. a bundle of products 



38 
 

and services. This can be referred to as a PSS. The service concept provides the frame-

work for the service. The resources and means to deliver the service, i.e. the service 

delivery system, are described in chapter four through processes and their descriptions.  

3.6 Description of implementation 

The research has been conducted mainly with hands-on approach. While working in the 

case company’s spare parts team, the subject of developing a process for the drive ret-

rofits was first proposed by the thesis worker in August 2019. Shortly after, it was agreed 

among the thesis worker, head of spare parts team and the case company that this is a 

subject on which research should be done. Formally, the thesis work begun in December 

2019. 

The information and knowledge on the current situation, company’s working methods 

and processes have been mainly gained from the thesis worker’s experience as an em-

ployee in the global spare part for timespan of more than two years. Knowledge has also 

been gathered from co-operation with colleagues in and out of services unit, and through 

company’s Intra, ERP and PDM- applications. Thesis worker has held meetings with 

different stakeholders whose input is required for conducting the drive retrofit process in 

order to understand their working methods and the input which is required from them in 

practice. The proposed process for delivering drive retrofits has been constructed on the 

formed understanding on the required phases and activities along with internal working 

methods between different stakeholders.  

SW design and HW design have made internal instructions for handing required tasks in 

order to deliver a drive retrofit. These, along with discussions and work reports have 

been used for evaluating the amount of work required for design and documentation 

updates. HW design has also formed a part replacement matrix. In relation to these kind 

of drive retrofits, the matrix consists list of parts which are typically used in older systems 

and their corresponding replacement parts. The matrix lists also associated parts that 

need to be changed when retrofitting the drives. 

Next chapter will present the thesis worker’s proposal for the process and explain the 

roles of each involved stakeholder. Different scenarios to spark the process are also 

introduced. The presented scenarios are rough examples to give an idea what kind of 

starting points for the process there might be. Scenarios are results of empirical analyses 

conducted by the thesis worker. The scenarios have been identified during the period of 

working in the case company’s spare part team.  
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The thesis worker has held meetings with the head of spare parts on a regular bases, 

where the current situation, findings and possible next steps have been discussed. The 

proposed process has been evaluated with the head of spare parts. The thesis work has 

not involved researching, or possibly assessing new tools nor applications which could 

help to make the process more efficient. The intention has been to form a proposal for 

the drive retrofit process with the tools and applications currently is use. 

     



40 
 

4. PROPOSED DELIVERY PROCESS FOR A 
DRIVE RETROFIT 

The proposed delivery process for drive retrofits is introduced in this chapter. The pro-

cesses are described with standard flow charts in a swim lane diagram. This method was 

chosen because the case company uses this kind of process charts in their internal qual-

ity-management system which stores all internal work processes. This chapter withholds 

also description of the different scenarios to spark the process, description of each stake-

holder that is playing a part in the processes along with flowcharts for information shar-

ing. A small business analysis is also conducted in order to demonstrate the potential 

business value. 

4.1 Different scenarios to spark the drive retrofit process 

The starting point for a drive retrofit can vary. From the retrospective of the case com-

pany, some of these scenarios should be pursued for as they are less tricky to organize 

and easier to handle than others. Making the customers understand the difference be-

tween the scenarios, and the costs that the less wanted scenarios might generate, can 

be tricky. What all the scenarios have in common, is the fact that the customer’s system 

has EOL drives in their DMC. 

Scenario 1: 

Customer has a breakdown of a drive in their system’s crane. They have not prepared 

for the scenario, i.e. they do not have a spare part in their storage and there is no pending 

order for a retrofit. They send an urgent request to the case company, stating their pro-

duction is down and they are unable to get it up and running. The lead time for the drive 

retrofit is several weeks, thus the expenses can be significant since the production is 

down and the crane cannot be operated. Customer accepts situation and places an or-

der, and case company pushes to speed up the delivery. 

Scenario 2: 

Customer has identified the critical nature of the drives in their crane, and they have 

purchased an old EOL drive to their storage as a spare part. They have a break-down 

situation, they contact the case company on the situation. The matter can then be han-

dled by sending a service technician on site or even via remote technical support pro-

vided by the case company. However, this does not remove the problem completely but 
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only transfers it further into the future. Case company should address the issue and offer 

a retrofit. 

Scenario 3: 

Similarly to scenario 1, there is a breakdown of a drive in the crane and customer re-

ceives or have received an offer. Contrary to scenario 1, they do not purchase the retrofit 

from the case-company but seek for another solution. Typically, this would mean they 

purchase replacement item online from eBay or some other platform where you can find 

old components being sold. However, this can be tricky since the case company owns 

the SW along with parameter settings for the drives. When they do not have the 

knowledge of the SW nor the parameters for the drives so most likely they are unable to 

get their systems running and they contact the case company. This creates a complex 

situation. It would not be right to leave the customer alone in their problematic situation, 

but it is highly unrecommended from the case company’s perspectives to let customers 

order parts online from other retailers. When spare parts are purchased elsewhere, other 

than the case company and its subsidiaries, the functionality of the system cannot be 

vouched for. Even if, with the help of the case company, customer’s system is ramped 

up to production, there cannot be any guarantees given to the lifetime nor functionality. 

Therefore, this scenario possesses high risks. Short term costs can be lower compared 

to retrofit but in the long-term they can be significantly higher, since the problem of the 

EOL-drives is not removed. Furthermore, the risk of using the EOL drives is not removed, 

so case company should address the issue further and try to convince the customer to 

purchase the retrofit. 

Scenario 4: 

Customer has been proactively offered an upgrade package on the drives or the whole 

control cabin for their system. Customer has understood the level of importance and has 

purchased the package from the case company. The work can be done with minimal 

downtime to the customer proactively before any errors occur.  

Scenario 5: 

Case company has EOL drive components available from stock after refurbishing used 

ones and customer purchases these due to urgent need. However, like in scenario 2, 

this does not remove the problem completely but only transfers it further into the future. 

Case company should address the issue and offer a retrofit. 
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Out of these scenarios, the fourth one is the one to be pursued for. The problem in many 

cases is how to make customer see the value and understand the importance. To help 

in the process of making customer see this, it is vital to have a clear process for the 

whole sales-delivery process internally. If the processes are unclear or there is no agreed 

understanding, it is not easy to sell them and offering them might feel uncomfortable. 

4.2 Involved stakeholders 

The many stakeholders involved in delivering the drive retrofit to crane’s drives are intro-

duced here. They all have they own roles, purposes and actions that need to be per-

formed in order for the delivery to be successful. The purpose and actions are explained 

here. The flow of the process along with description of information flows are introduced 

in the following paragraphs.  

Customer: 

The input for the process comes typically from the customer. The process starts almost 

always with a request for quotation. It can come as a direct request from the customer 

or it might come through service visit’s findings listed on a work report or by the Area 

Service Manager’s notification that the customer would need an upgrade. Either way, 

the main input is always the fact that customer is having the EOL drives in use in their 

systems.  

Area Service Manager: 

Service manager’s responsibility is to know the customers of their respected areas. Cur-

rently the case company has service manager for South Europe, Central Europe, Scan-

dinavia, Finland & Estonia, Asia, United Kingdom, Americas, and for Rest of the World. 

If the spark for the drive retrofit comes externally from the customer, service manager is 

responsible for starting the process internally. When the new HW has been delivered to 

customer and the needed design and documentation updates have been made, it is the 

responsibility of the service manager to plan the resources for installation & commission-

ing and oversee the work is conducted properly. If problems occur in the process, he 

along with the commissioning engineer is responsible for requesting the needed support.   

Local services front office: 

Currently all other service Managers except United Kingdom’s and Scandinavia’s have 

at least a small team that is handling office and customer service duties. In addition to 

the service manager, the front office is the primary contact point for the communication 
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between the customer and case-company. This helps to cope with linguistic, cultural 

differences, and differences in time-zones on a global scale. 

Global spare parts team, i.e. services back-office: 

The global spare parts team possesses the ownership of the drive retrofit delivery pro-

cess. The most important aspect is the overall coordination of the whole process. The 

responsible spare part engineer needs to handle the information sharing between the 

involved stakeholders in the order-delivery process. They need to make sure that the 

needed resources are appointed, and keep everyone up to date on the progress. They 

prepare the quotations, order-confirmations, source the needed components and coor-

dinate the logistics through company’s ERP. Team is also responsible for further devel-

oping the process. By continuously assessing the functionality of the process, they can 

identify points of further improvement.  

Head of Spare Parts: 

The supervisor of the global spare part team. He/she is ultimately responsible of the 

process as their main responsibility is to oversee and develop the spare part business.  

HW design: 

The responsibilities of the HW design are to confirm the applicability of the replacing 

parts for the retrofit and to update the project-documentation accordingly.   

HW resource planner: 

Responsible for appointing the needed resources through existing internal ticketing sys-

tem after spare part engineer has created the ticket. 

SW design: 

SW-delivery team is responsible for conducting the required SW-modifications to PLC 

and database.  

SW resource planner: 

Responsible for appointing the needed resource from SW-delivery team. 

Commissioning engineer & Service technician: 

Commission engineer and or service technician carries out the disassembly of old HW, 

and installs the replacing HW in place. Once installed they need to carry out needed 

tests and checks in order to handover the system safely back to the customer. 
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Global Technical Support: 

Before the commissioning is conducted, technical support remotely connects to the cus-

tomer’s system and retrieves backups of the control SW. During the commissioning, GTS 

(Global technical support) can assist the engineer carrying out work at the site. 

Invoicing specialist: 

After the work has been done invoicing specialist carries out invoicing of the customer.  

Component supplier: 

Supplies the requested parts and keeps buffer storage according to agreed contracts 

with case-company. 

Logistics: 

Responsible for handling the storing of the parts. When needed, they pack the parts and 

ship them forward. 

4.3 Flow of the Process 

Flowcharts of the process can be found from the appendix. The process is divided into 

two phases, i.e. offer phase, and order-delivery phase. This is done in order to keep the 

flowchart more readable. The number of involved stakeholders and actions is vast so 

reading and following of the flowchart would be highly impractical if it was not divided 

into two. The proposed flowcharts are describing a typical scenario of how the process 

should be done, the starting points, ending points, and actions in between. Depending 

on the situation, its urgency, customer and their location, variations are more than likely 

to occur. These processes along with the described work are supposed be applicable in 

most of the cases. Also for those that vary from the proposed solution, the proposition 

should provide reasonable guidelines. The described processes are proposals of the 

master’s thesis author on how this process should be done with the current tools used 

inside the case company. To help with following the process, the process has been di-

vided into smaller pieces and figures of these placed between the text describing the 

process. The figures of process parts are interconnected with dots and reference num-

bers.   

The process itself does not include actions which would be completely new to any of the 

involved stakeholders. All the stakeholders in the process have similar tasks at their 

hands frequently. What is new with the proposition, is that there have not been formally 

agreed processes to systemically conduct drive retrofits inhouse before. These types of 

processes, where both SW design’s and HW design’s input are needed in order to deliver 
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a product are also infrequent in the spare parts, hence there is no existing process which 

could be copied with minor modifications. The few this type of drive retrofits that have 

been performed prior to this thesis work, have been done in an unorganized way under 

a pressure from all sides to get things done somehow. The need to properly investigate 

how things should be handled as a process has been identified but overlooked and 

thought that someone in the future will figure this out. That someone is now the thesis 

worker and the proposition introduced here provides a reasonable option for proceeding 

with the retrofits inhouse in the future. 

4.3.1 Flow of offering phase 
 

Before the actual delivery process of the drive retrofit, the customer is provided with an 

offer which they need to accept by placing an order. The scenarios to spark the process 

are described in paragraph 4.1. Request for a quotation is initiated typically directly by 

the customer or by the Area Service Manager. It is also possible suggestion to form an 

offer comes indirectly through a service technician that has performed a maintenance at 

the customer and written the current state of the system into a work report. 

 

Figure 17: Process part 1 

Once request has been initiated, a service desk ticket needs to be opened. The service 

desk is case company’s workflow management system that enables traceability and 

transparency while also decreasing the amount of email exchange. This is from now on 

referred to as Jira, which is how it is more commonly known in the case company. Each 

Jira-ticket is appointed to a responsible organization, i.e. local service unit or global team 
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in Finland. From the work queue, teams assign their tickets to a responsible spare part 

engineer who takes the case into their work queue and begins handling the case forward. 

At this point the ticket should be filled with basic information, i.e. description of the case 

in question, customer information, system number, and contact details. Typically, the 

cases are forwarded to the global spare part team either by the service manager or the 

local services. This is done by setting the Jira-ticket’s organization to the global team in 

Finland and removing the assignee and leaving it unassigned. This way the case will 

appear in the responsible team’s work queue, from where it is assigned to service engi-

neer from the global team. The requests can also be directly appointed to the global 

Finnish team. 

Once the case is assigned to spare part engineer in Finland, he/she can start to further 

process it. The first thing to do is to search for the system’s documentation through com-

pany’s PDM system. Once found, the next thing is to identify parts that are currently used 

in the control cabinet of the DMC in question. Once the parts have been identified, the 

age of the parts needs to be assessed. The case company has general guideline that for 

systems that are currently utilizing more than 10 years old drives, the first option is to 

offer complete replacement of the control cabinet including all its components. If this is 

the case, then a different process for offering complete control cabinet retrofit is to be 

followed. When there has been no indications of very bad condition of the control cabinet, 

and the drives are less than 10 years old, the process of drive retrofit delivery is to be 

followed. Unfortunately, in the past there has been some inconsistency in handling the 

customer projects’ documentation upkeep after the initial handover of the delivered sys-

tem. Especially with significantly older projects, i.e. plus 20 years old, the system might 

have underwent a control cabinet upgrade or a drive upgrade but it has not been updated 

into documentation nor case company’s PDM system. Therefore, systems that according 

to the documentation are using drives beyond last generations, extensive search is re-

quired to be sure of the drives currently used.  

After identifying the current components, initial component replacement list can be done. 

To help with this task, a drive replacement matrix has been created in co-operation with 

electrical design. The matrix shows the replacement parts for a given component. The 

list is divided based on the system’s and crane’s size, e.g. light-duty, medium-duty, 

heavy-duty. In addition to the drives, in most cases also connectors, modules, braking 

resistors, installation plates and cables needs to be replaced as well.  
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Figure 18: Process part 2 

Over the years, a lot of heavily specialized systems have been delivered. In most of the 

cases the delivered systems utilize Beckhoff’s logic, profibus, and Control Technique’s 

frequency converters. However exceptions do exist, e.g. some systems use Siemens’ 

logics & interbus. These cases needs to be checked through with HW & SW design to 

determine the replacing parts and design needs. Typically, these cases will need some 

kind of extra configuration work hence HW & SW design needs to properly evaluate 

these cases. Another varying thing between different systems is the MMS version. The 

older the version is, the bigger the possibility of it causing problems with the delivery. 

These should also be properly assessed with SW design in order to eliminate and limit 

the number of unpleasant surprises in the delivery phase. 

The help from HW design is asked by opening a Jira-ticket and appointing it to them. 

This ticket needs to include all the basic information, i.e. customer company, system 

number, description of the problem, urgency level along with project number and activity 

which they can use to book their hours.  

Help requests towards SW design are typically done via email or though Microsoft’s 

Teams application. The requests in the offering phase towards SW design are pretty 

simple. They are only asked to estimate the amount of work it would take to make the 

needed modification in the case of a drive retrofit. However, they should be provided with 

enough of background information in order for them to make an educated estimation.  

Once all of the needed components and the work estimation regarding HW and SW 

design is known, a quotation can be formed. This is done through company’s ERP- sys-

tem. It has been agreed through discussions with Area Service Managers, that the quo-

tations should not list all the parts the upgrade is including. The content should be on 

general level and verbally describe to the customer; what are the deliverable, i.e. new 
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drives, other needed components, and design & documentation update. At this point it 

needs to be known and stated in the offer, whether or not the upgrade is offered with the 

installation and commissioning included with a fixed price, or with realized costs accord-

ing to local service’s price list. Figure 19 shows an example of what a part of an offer 

lines could include. The figure is a screen capture taken from a recent offer made to a 

customer in Germany.  

 

Figure 19: Example of offer texts 

Example depicted in Figure 19 has been offered as a single product which has included 

the installation and commissioning with fixed price. Description below specifies the con-

tent on general level. If the onsite work was not included with a fixed price, additional row 

would be required. The row needs to state that installation and commissioning will be 

invoiced according to realized costs. Other things that the offer need to include are: 

• Payment terms 

• Delivery terms 

• Appointed customer and their location 

• Warranty 

• Quote validity time 

• Other necessary clauses. 

The other necessary clauses include, e.g. unforeseen costs which might arise during the 

installation due to surrounding conditions and rights to adjust the delivery time due to 

epidemics & pandemics.  
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Figure 20: Process part 3 

Once the quotation is ready it can be forwarded. The case company has internal approval 

limits in use which means that every offer needs acceptance of the Area Service Man-

ager, and if the offer’s value exceeds certain levels, it also need separate acceptance 

from the head of Spare Parts or VP, Services. Once the offer is approved it can be for-

warded to the customer, which ends the offer phase of the process. 

 

4.3.2 Flow of order-delivery phase 
 

The order-delivery phase of the process is the one that actually generates the value. It 

begins when customer places an order, based on the quotation formed earlier. Similarly 

to the offering-phase, the order from the customer is typically first handled by the Area 

Service Manager, who then forwards it to the local services before it eventually reaches 

the global spare parts team in Finland. Once the purchase order is reached by the global 

team, a Jira-ticket needs to be opened. The ticket is assigned to a responsible spare part 

engineer in Finland, who thus becomes the main handler of the case. The offer ticket 

created when offering the retrofit, needs to be linked to the new order ticket in Jira. It 

may withhold some useful information in regards to the sales case, e.g. list the initial list 

of replacement parts, and prior conversations. For internal follow up procedures, the sta-

tus of the offer needs to be changed into “sold”, both in Jira and ERP.  
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After receiving the case, the responsible person opens a sales order for the case in case-

company’s ERP. This can be done by copying the offer into order using ERP’s inbuilt 

function. When opening the sales order the project number must be set accordingly. The 

number depends on the location of the customer and type of the sold product. Another 

crucial information from the sales order is activity ID, which the ERP generates automat-

ically. Project number and activity are used to track and monitor the costs and incomes 

of the case. The different stakeholders during the process timeline use these to book 

their hours into the expenses of the sales case. Also, all the material purchases and 

stock withdrawals are allocated using these.  

 

Figure 21: Process part 4 

Once the sales order along with the activity have been opened, work requests can be 

made for the needed stakeholders, i.e. GTS, HW design & SW design. At this point, a 

work case should be opened to ERP. The same work case can be used by the afore-

mentioned stakeholders for booking their hours using the correct project number and 

activity. Later on, the on-site technicians handling the installation & commissioning 

should also use the same work.  

The request for HW design is done through Jira, the same way as it was made in the 

offering phase. If HW design has not yet formally checked and accepted the list of re-

placing parts during offering phase, this need to be done now. In addition to checking 

the parts’ validity, request for documentation update need to be made. The replacing 

components and their connections need to be documented into electrical and mechani-

cal documentation, and the updated documentations uploaded into case company’s 

PDM system.  
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The requests towards GTS and SW design are done via email. Both of them are also 

using Jira but according to current methods the teams open their own tickets. Task re-

quested from GTS is for them to download the latest backups from the customer. This is 

normally done by contacting the customer and establishing a remote connection to the 

system in question. The needed backup-files are consisted out of the PLC-program, I/O 

(Input / Output) configurations and database dump file. These are needed by SW design 

when they make the needed PLC & DB (Programmable Logic Controller & Database) 

modifications. The needed modifications are required since the older V3 & SP-model 

drives’ parameter setting and reading in PLC differs from replacement series settings.  

Once the work requests have been submitted to the involved stakeholders, they need to 

confirm schedule. GTS’s backup retrieval is the quickest and most straight forward out 

of the three. Normally these kinds of backup retrieval requests for GTS are confirmed 

and handled within a few days. Generally, the requests for HW design & SW design take 

longer. The needed knowledge of the older delivered systems and their functionalities is 

limited in the teams. The workload of both design teams is often very high, and their 

calendars fully booked by new projects’ design needs. The sequence of the three re-

quests is limited by the fact that SW design need to know the exact replacing compo-

nents, and they need the backups in order to make the modifications correctly. Hence, 

backup retrieval and HW design tasks need to be done before SW design can begin their 

work. 

 

Figure 22: Process part 5 
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When HW design has validated the replacement parts, the responsible spare part engi-

neer should make needed material purchases and stock reservations. The needed pur-

chase orders are sent to suppliers, who in return send order confirmations, and deliver 

the parts according to the confirmation. Parts available from stock need to be reserved 

to the sales order through ERP. 

Formal order confirmation of the drive retrofit towards the customer can be made once 

the schedule for SW modifications, and the delivery date of the purchased parts are 

known. The order confirmation should include the same clauses as were in the offer, i.e. 

the content, delivery time, prices, delivery terms, payment terms, warranty and other 

necessary clauses. The main differences between the order confirmation and the offer 

are that now all the delivered components need to be listed and visible to the customer, 

delivery time should be withstanding, and the quotation validity time should be removed 

from the confirmation. If the stated delivery time on the order confirmation is substantially 

inaccurate, the customer could make legal claims towards the case company. It is vital 

to not make any promises that are not solid. All the delivered components are listed as 

sub-items to the drive retrofit. It need to be stated that they are part of the drive retrofit. 

They should not have price information nor separate delivery times. Just item ID, name 

and delivered quantity. The order confirmation should also state that travel & accommo-

dation costs are invoiced according to realized costs. Also, if the installation & commis-

sioning work is not included in the price, it needs to be stated that these are invoiced 

according to the realized costs and local services’ price list.  

Once the responsible spare part engineer has finished the order confirmation it needs to 

be forwarded to the Area Service Manager. He/she checks it and if they think it needs 

adjustments, it is sent back to the responsible spare part engineer. Once the order con-

firmation meets all the criteria, it is forwarded to the customer by the local service or Area 

Service Manager.  
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Figure 23: Process part 6 

As soon as the Area Service Manager receives the order confirmation and with it the 

delivery time, he/she should immediately start planning the installation & commissioning 

schedule. They need to find capable resources for conducting the onsite work. Further-

more, it is not abnormal that during the onsite work some unexpected problems occur 

with the SW. To tackle this obstacle, a capable resource for the potential remote support 

need needs to be on alert during the onsite work. It is best suited that the engineer that 

has been responsible of the SW modification, would provide the remote support if 

needed. The installation schedule needs to be agreed with the customer. The onsite 

work will stop customer’s production on their FMS-line for approximately four to five work-

ing days. 

Before the formal order confirmation is sent to the customer, it is within good practices 

to send a recognition and state that their order has been received and work towards 

delivering their order has begun. It can also include preliminary delivery time and a state-

ment that this will be more specified with the formal order confirmation.  
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Figure 24: Process part 7 

When the parts have been delivered to case company’s logistics, information of this is 

sent to the person who has placed the purchase order, i.e. the responsible spare part 

engineer. Once all of the required parts have been received, and reserved from the cor-

rect stock balances, and the SW modifications have been made, a delivery can be orga-

nized for the parts. Spare part engineer creates a delivery in ERP. The delivery needs to 

include all the basic information, i.e. the delivery address, contact information, used 

freight forwarder and type of freight, i.e. road, sea or air. By changing the status of the 

created delivery into “ready to be sent”, ERP sends an automated input to the logistics 

center, which then takes care of packing the shipment. If the customer is located inside 

the area of EU (European Union), logistics center handles booking of the freight and 

pickup. If the customer is located outside of EU area, the package details, i.e. size, weight 

and type of package, are sent to case company’s shipment & invoicing specialist team. 

They form the required documentations in order for the delivery to pass customs clear-

ances, and bids the freighters. For the deliveries ranging outside EU, e.g. to North- Amer-

ica, the fares between different freighters can vary significantly whereas inside EU the 

differences are not substantial enough to bid each delivery. After bidding the freighters, 

the best suited in terms of costs and delivery time, is chosen. The decision is made by 

the responsible spare parts engineer. They are also responsible of sharing information 
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of the delivery, e.g. tracking codes and estimated time of delivery, forward to the cus-

tomer through local services team and Area Service Manager. 

The sequence of actions between scheduling the onsite work, organizing the delivery 

and delivering, is not certain. Only limiting factor is that the shipment need to reach the 

customer site before the installation work can actually begin. Once the customer has 

received the delivery and the case company’s onsite technicians are present, the instal-

lation can begin. At this point the possible providers of remote support should be on alert.  

The onsite technicians need to start their work by first running tests with the old compo-

nents attached in the system. Reference data need to be gathered from each axle’s 

movements in order to compare results after modifications. During the assembly, the 

technicians dismantle the old components from the control cabinet, mount the new ones, 

connect them properly, insert parameters into drives and upload the modified SW. The 

commissioning includes running several tests after installation and comparing them to 

the references taken with the old components. When everything is working as it should 

be, the technicians need to take backups and upload them to case company’s internal 

network. Technicians are also required to fill a work report where they need to write 

description of conducted work, insert work hours, travelling costs and accommodation 

costs. This report is signed by the customer when the system is handed back over to 

them.  

 

Figure 25: Process part 8 

After the work report has been signed and approved by the Area Service Manager, an 

input should be sent to the responsible spare part engineer handling the case. He/she 
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should check that the work report and the sales order are in correlation, and they are 

linked together with project number and activity. Once everything is correctly inserted, 

spare part engineer can change the sales order’s status into “ready to invoice”, which 

sends an input to invoicing specialists. They form the end-customer invoice according to 

agreed payment terms and forward the invoice to the customer. Once the payment is 

received, the revenue is allocated according to the project number and activity. Activity 

and Jira-ticket can be closed, hence the case is also closed.  

4.3.3 Flow of information 
 

From the beginning to the end, the process withholds roughly two kind of information 

sharing, i.e. internal & external. Both of these are crucial in order for the process to pro-

ceed smoothly. To clarify the flow, there should be a named responsible party at the 

beginning of the process for both. The responsible party should know what is happening 

and forward the information to stakeholders that need it. Without this responsibility, the 

flow of information could become a mess since the number of involved stakeholders is 

vast.  

Customer communication needs to be made as simple and easy for the customer as 

possible. Typically the party to handle the external communication, is the local service 

and/or Area Service Manager. This is to ensure that the communication is clear. In addi-

tion this enables communication with the customer’s native language. Having only one 

point of external communication clarifies the communication with the customer and also 

removes the risk of providing contradictory information or sending double notifications. 

For communication with the customer, the case company utilizes traditional methods, 

i.e. e-mails and phone calls. The local service and Service Manager should however also 

make sure that the information of the communication with the customer is transparent. 

To enable this, shared email-boxes should be used along with the case-company’s ser-

vice desk, i.e. Jira. Comments of phone-calls should be added to Jira-tickets if they con-

tain any usable knowledge. 

Jira is the most vital communication channel between the local services, i.e. the front 

office, and the global back office, i.e. Finnish Spare Part team. As briefly mentioned in 

the previous section, Jira is a workflow management system that helps with decreasing 

the number of e-mails, and ease the communication and its traceability. Organizations 

in the case-company have their own dashboards, i.e. work queues for their own needs. 

Employees with access to Jira can read and comment cases also outside of their own 

work queues. For each drive retrofit offer and order, a Jira- ticket needs to be opened in 
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to Spare Part ServiceDesk. Each ticked has a named reporter, assignee and organiza-

tion. They need to contain all the basic information, i.e. the customer, system number, 

customer contact details and type of the ticket (order or offer request). Priority of the case 

needs to be also set, i.e. Minor, Major, Critical or Blocker. Priority is used to signal the 

urgency of the case in question. Minor is not urgent, e.g. a request based on a service 

report. Blocker on the other hand is used to signal that customer production is in system 

stop because of this problem, and these should be handled with the utmost urgency. 

Attachments, e.g. purchase orders, offers, production drawings, email conversations, 

can be shared via the ticket. Communication through a comment section is possible as 

well as tagging persons in order for them to receive a notification. The internal commu-

nication and information sharing between the local service & Service Manager and global 

spare part team should be handled through Jira and the opened ticket. 

SW design, HW design and GTS utilize Jira through their own dashboards and work 

queues. Currently, global spare part team utilizes on a daily bases HW Design’s Jira for 

creating design requests and other HW related work requests. This is done by creating 

a ticket and assigning it to their resource planner. Requests made towards SW design 

and GTS are made typically through email from which their appointed resource planners 

create a Jira-ticket to their service desk. ERP enables pushing information to warehouse 

logistics and invoicing specialists whenever their input is required. 
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Figure 26: Primal tools for sharing information in a drive retrofit delivery process 

 

Figure 26 illustrates how the information is shared in a drive retrofit delivery process from 

the perspective of global spare parts team. In the figure, SP-Jira refers to spare parts 

team’s Jira dashboard & work queue, and similarly GTS- Jira, HW-Jira and SW-Jira refer 

to their Jira. Jira enables crosslinking of different tickets together and adding persons of 

interest as watchers to tickets. To enable email push notifications from related Jira-tickets 

which are not opened by the responsible spare part engineer, i.e. other than SP-Jira & 

HW-Jira, responsible member of global spare part team should be added as a watcher 

to the ticket. This should be done by the person who is the assigned reporter of the ticket. 

Related tickets should also be linked to the original sales order ticket in the spare part 

service desk. This adds transparency and helps interested parties to check current situ-

ation of the process. In addition to mentioned communication channels, communication 

can be constantly on-going face to face, via phone call, or via Teams-application. Figure 

26 does not include external communication. As stated earlier, this is handled through 

more traditional methods via email and phone calls by the local service and Service 

Manager.  
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4.4 Business analysis 

In order to analyze the business potential of the drive retrofit, the number of systems that 

could be offered the retrofit need to be analyzed. The past model of the drives, i.e. Con-

trol Technique’s SP -series, was installed by default to new DMC cranes between 2006 

and 2016. These totals to around 300 delivered DMCs. When this number is narrowed 

into those handed over during the past 10 years, the number equals to around 180 de-

livered DMCs. Furthermore, in the past 10 years around 50 systems have underwent a 

retrofit from older model into SP-series’ drives. According to available data, these have 

included a renewal of the complete control cabin, meaning these would also fit into the 

scope of the proposed drive retrofit. Around 10 systems from these under 10 years old 

DMCs with EOL-drives have underwent either control cabin upgrade or a drive retrofit 

meaning these can be diminished from the potential systems. This means that in total 

there is approximately 220 potential systems to undergo the proposed drive retrofit pro-

cess.  

Regular gross margins of a spare parts sales are calculated in a way that they are 

enough to cover fixed costs that are connected into normal operations, e.g. salaries, and 

the variating costs, e.g. packing & shipping. In a drive retrofit process, the gross margin 

of a sale needs to cover also additional costs involved. Most notifiable are design & doc-

umentation costs. If decided, also installation & commissioning costs can be included as 

fixed into the sales price. It can also be decided that they are invoiced according to case 

company’s service price list and actual realized costs after the completion of the work. 

Travel and accommodation costs are always invoiced according to the realized costs, 

meaning they are not included in the quoted price.  

As mentioned in previous chapters, case company has conducted few of these drive 

retrofits prior to this research. The sampling from these cases is quite narrow, but nev-

ertheless analyses can be made based on the reports of those sales. Table 2 shows the 

booked hours for four different sales cases of drive retrofits. 

Table 2: Booked hours for conducted drive retrofits 

Project 1 2 3 4  

 Work (h) Work (h) Work (h) Work (h) Average (h) 

HW design 5,5 5,5 6 8,5 6,375 

SW design 10,5 8 5,5 19 10,75 

Service technicians 41,5 76 50 147 78,625 

 

Table 2 can be used for guidance when assessing the price and resource needs for a 

drive retrofit. Unfortunately, due to minimal sampling, evident decisions cannot be made 
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based on these. Furthermore, especially with SW design and Service technicians, the 

variations between the four cases is quite significant. Therefore, offering drive retrofit 

should be proceeded as was described in the precious chapter, by asking for an estima-

tion from SW design if anything out of ordinary is identified from the system. As for the 

Service technicians’ hours, these are quite case dependent and unexpected events, dif-

ficulties and failures can always occur. Hence the great differences. Service technicians’ 

work can be invoiced from the customer for example at a rate of approximately 100€ per 

hour. Therefore, underestimating the resource need can accumulate easily to thousands 

of euros in lost revenues. In order to avoid lost revenues, and on the other hand to avoid 

overly invoicing customers, the safest option would be to offer the installation work ac-

cording to realized costs.  

In order to estimate the capabilities to deliver the retrofit, resource needs should be as-

sessed. Through the data in Table 2 and from conversations with employees from HW 

& SW units and with service managers the resource needs for delivering a drive retrofit 

are shown in Table 3. 

Table 3: Estimated resource needs 

 Estimated resource need (man-days) 

HW design 1  

SW design 1 

Service technicians 10 
  

Man-day is typically used with technicians, but more rarely with the design teams. How-

ever, this is chosen because it can be thought from resource perspectives that design 

team members are resourced away from their normal tasks for one working day, during 

which they are not available for other work. HW and SW design, including required doc-

umentation updates can each be estimated to require one man-day. This does not sound 

like a lot but typically resources are booked elsewhere for weeks ahead. Each man-day 

that is used for service projects, is away from other projects. Situation with HW design is 

pretty manageable and resources are fairly easy to come by. The tasks required from 

HW are not that complex and there are several engineers capable of helping with them.  

With SW design, the resources are harder to come by. There are less than five SW 

engineers that currently possess the required knowledge on the older systems that is 

required for making the required SW modifications. The modifications for all of the four 

retrofits, referred to in Table 2, were done by the same engineer. Furthermore, lead time 
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for the SW modifications was around ten weeks because the capable engineers had 

been booked for other time critical projects. With five engineers doing one modification 

every ten week, it would roughly mean 25 retrofits per year. The ideal situation would be 

that all of the systems that have EOL drives in their DMC’s, would be retrofitted with up 

to date drives. It would take almost ten years to do this with 25 retrofits per year.  

For each DMC drive retrofit, the recommendation is that two service technicians are re-

sourced for five days. This totals into 10 man-days. Currently, the needed knowledge on 

conducting drive retrofit installation and commissioning is possessed by a pair of Finnish 

service engineers. In the long run this does not form prosperous base. However, this can 

be improved by clear instructions and trainings for technicians. In general, the service 

technician resource pool has been somewhat inadequate, and it has been a challenge 

to get technicians on-site to conduct typical maintenance, not to mention the more chal-

lenging tasks. Luckily, the case company has recently recruited several new service 

technicians globally who after a proper training should also be capable of conducting 

more challenging retrofitting tasks.  

Table 4 presents rough calculations on the financial figures that the drive retrofit with-

holds. The presented numbers are not exact but provide reasonable enough estimations 

for further analyzing the potential profitability and revenue gains. The cost of sold prod-

uct, i.e. a drive retrofit delivery, is an educated estimation. The cost estimation includes 

the costs associated to the retrofit, i.e. materials, logistics, design, documentation, and 

onsite work. The estimation does not include the fixed costs of running every day oper-

ations in the case company’s Service unit nor does it consider any costs related to trav-

elling or accommodation. The costs can vary also due to several reasons. For example 

bigger DMCs require more powerful drive units and brake resistors, which cost more 

than less powerful. The proposed table along its figures are supposed to shed light on 

the potential of the drive retrofit and further motivate to invest in the project. The pre-

sented gross margins are not aligned with case company’s policies but rather typical 

margins that could be used with services’ business.  
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Table 4: Potential profit & revenue calculations 

Costs of a 
sold retrofit 

Gross 
margin Income 

Gross 
profit (and 
revenue)  

per 1 retro-
fit 

Gross profit 
(and revenue) 
per 20 retrofit  

Gross profit 
(and reve-

nue) per 50 
retrofit 

Gross profit 
(and revenue)  
per 100 retro-

fit 

Gross profit 
(and revenue) 
per 220 retro-

fit 

15 000,00 € 35 % 23 076,92 € 
8 076,92 € 

(23 076,92€) 
161 538,46 € 
(461 538,46€) 

403 846,15 € 
(1 153 846,15€) 

807 692,31 € 
(2 307 692,31€) 

1 776 923,08 € 
(5 076 923,08€) 

15 000,00 € 40 % 25 000,00 € 
10 000,00 € 
(25 000,00€) 

200 000,00 € 
(500 000,00 €) 

500 000,00 € 
(1 250 000,00€) 

1 000 000,00 € 
(2 500 000,00€) 

2 200 000,00 € 
(5 500 000,00€) 

15 000,00 € 50 % 30 000,00 € 
15 000,00 € 
(30 000,00€) 

300 000,00 € 
(600 000,00 €) 

750 000,00 € 
(1 500 000,00€) 

1 500 000,00 € 
(3 000 000,00€) 

3 300 000,00 € 
(6 600 000,00€) 

 

Based on the figures presented, it can be said that there is substantial potential with the 

drive retrofit. With annual sales of 20 drive retrofits the revenue potential is around 

500 000€ per year. This alone could be reason enough to proceed. However, with the 

currently available resources, retrofitting all plus 200 potential DMCs would take quite 

long. Certainly, this is something that needs to be further investigated if the proposed 

process is to be implemented. One problem is that the sales of retrofits is quite hard to 

predict and they can be quite urgent by their nature. This makes it always problematic 

since typically HW & SW engineers have other projects to proceed with.  

From customers’ perspective the value received is more reliable and safe system. This 

is quite simple on the paper but as explained in the previous chapters, it can be hard to 

make the customer understand this.  
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5. DISCUSSIONS 

5.1 Evaluation of the proposed process 

In thesis worker’s honest opinion, the proposed process as it is demonstrated in chapter 

four and in the appendix, is providing enough guidelines for beginning the offering and 

execution of the drive retrofits. With the current agreed responsibilities and tools, the 

proposed process is the best available solution that the thesis worker could come up 

with. However, it is evident that this is not finished eventual version, and that there is still 

room for improvements. Continuous improvement is not only likely but favorable. If pos-

sible, it would be good to narrow the number of involved stakeholders and actions in the 

process. The vast number of different actions and stakeholders in the process makes it 

less sufficient to follow and track, but as of now all of their input is required in order to 

make the delivery of the drive retrofit happen. However, the good thing is that the tasks 

described are not that complex and, on the paper, can be answered in straight forward 

fashion, i.e. whether or not the tasks are completed.  

The responsibility of the spare part engineer handling the case needs to be underlined 

throughout the process so that he/she would be on top of the situation at all times, know-

ing what the status of the process is as of whole and when can certain actions be ex-

pected to be done. The flow of information and knowledge is the key to success in pro-

cess like this where there is a lot of involved stakeholders. There needs to be clear owner 

for the process. Customer aspects are another crucial thing which needs to be under-

lined. The contact point between customer and the case company needs to be known, 

and customer must have a clear idea of where to contact with their questions and in-

quires. Unfortunately this cannot be generalized company-wide since internally there are 

regional differences in the practices depending on the location of the customer. Having 

agreed protocols throughout the company would be better and reduce waste as there 

would be less variation and things to remember in the process.  

Waste reduction in general is probably the best place to improve the processes, and 

make it more lean. In thesis worker’s opinion probably the best place to find notable 

results in relation to leanness and waste reduction, would be to improve the tools for 

information sharing. If the tools and ways of communicating between different stakehold-

ers and teams were more generalized, it would surely improve the efficiency of the pro-

cess and reduce waste. 
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The timeline from the beginning of the process to actually delivering the retrofit and in-

voicing customer is extremely long. This is not caused by the process itself but due to 

lack of resources needed to perform certain actions. The process on its own does not 

cause the lead time of more than 10 weeks. The business analyses in chapter 4.4. shows 

that even with a little optimistic approach to the current resource situation, it would take 

almost 10 years to retrofit all of the systems in need of the drive retrofit. This basically 

means that if the resource availability is not improved, it is likely that major part of sys-

tems needing drive retrofits will continue to operate with EOL drives. Furthermore, it is 

more than likely that within the next few years, next generation of the drives is introduced 

and the model which is now being retrofitted becomes EOL.  

To sum up evaluation of the process, the conducted process development answers the 

given assignment and provides guidelines for the question of what kind of process there 

should be for conducting drive retrofits. Even though the proposed process is not perfect 

it is enough to begin. It still needs to be thoroughly went through with the involved stake-

holders so that they receive an opportunity to comment it and perhaps provide improve-

ment ideas.  

5.2 Reliability of the proposed process 

The process is quite reliable for most of the cases that can come up. The scenarios to 

spark the retrofit process, described in chapter 4.1, covers the basic cases which could 

lead to the drive retrofit being delivered. The proposed delivery process should in all of 

these cases provide instructions on how to proceed and how to ask for help and for 

resources. In some cases customer who facing issues and is in need of the retrofit can 

be too important and big to wait for more than 10 weeks, and in these cases typically the 

case is escalated through upper management. Historically in the case company, these 

are typically quite messy cases. In these cases it is hard to know who is responsible of 

leading the case and who is doing what. These problems could be fixed with increased 

resource pool, which would lead to more reasonable lead times.  

The process itself could be copied to other modernization projects where resources are 

needed from both SW- and HW design teams. The proposed process for drive retrofits 

explains and describes the sequences in which the process proceeds including the cur-

rent ways and primal tools for communicating and requesting the help needed. Of course 

some differences most likely would occur especially regarding some sequences, e.g. it 

could be that contrary to this proposed process, SW modifications would need to be done 

before HW- design could draw the updated documentation. But this proposed process 

would provide the basis nevertheless. 
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5.3 Future development of drive retrofit delivery process 

As stated, the proposed process is not expected to be the ultimate final best solution. It 

is a good starting point to begin offering and delivering but is more than favorable that 

efficiency of the process is improved in the future. This section introduces development 

actions that the thesis worker thinks would be beneficial for the success of drive retrofit 

deliveries.  

Development action 1: 

Introducing the process to other stakeholders and providing them with a chance to 

comment and introduce improvement propositions. This action can be easily realized by 

arranging a meeting where the process is introduced to involved stakeholders and other 

interested parties where possible improvement suggestions would be noted and ac-

counted for. Possible changes could be made and then it would be good to organize a 

second meeting after relatively short period of time to discuss if the changes have re-

sulted with positive changes. 

Development action 2: 

Improve and unify the tools for communication. This is a task that would require a 

meeting with the involved stakeholders where possible new solution were discussed with 

IT-department to see if Jira would offer some inbuilt, but unused functionalities which 

could be utilized more efficiently. Other means for communication and transparent infor-

mation sharing could be also investigated. This is more time and resource consuming 

action compared to the first one, but also the results could be more prosperous.   

Development action 3: 

Systematic approach for contacting potential customers in need of a drive retrofit. 

An agreement could and should be made internally, that the desire is to get rid of these 

systems that have critical EOL drives in use by conducting a retrofit. A page could be 

made in intranet where all these systems in need of a drive retrofit would be listed. The 

systems would each, according to their location, be a responsibility of that area’s Service 

Manager. This list would easily visualize the situation for each service manager on their 

respected areas. The task of setting up an intra page itself is not a major one. But in 

order to do this, the systems and their locations require identifying. This is more time 

demanding since the case company’s master data is not a desired level. This task would 

most likely take several days to complete but the result could be rewarding. 
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Development action 4: 

Increasing the resource availabilities for the bottlenecks of the process, i.e. SW & 

service technicians. This action requires systematic trainings to be organized for the 

aforementioned groups. First a decision would be needed on how much the desired re-

source availability increase is after which the amount of work needed to succeed could 

be estimated. It is also a possibility that employees from Services unit would be trained 

in order for them to be able to conduct the needed modifications independently. Never-

theless, organizing the trainings would require a lot of work from several employees. The 

results on the other hand would be more than beneficial and crucial if the consensus is 

to conduct retrofits to each system needing one. Without completion of this development 

task, the lead time of a drive retrofit cannot be decreased. 

Development action 5: 

Appointing a responsible spare part engineer for bigger modernization cases. If 

and hopefully when the pipeline of the sold retrofits increases, the need for such person 

could be further investigated. The role could be cyclic where this appointed employee 

would take responsibility of bigger modernization cases which require more managing 

and coordinating for a certain period of time by default. Establishing this would be quite 

simple and needed only if the situation in the global spare part team and their workload 

would suggest this. 

Development action 6: 

Boosting marketing and finding ways to motivate customers to purchase modern-

izations. One problem that the case company runs into with modernizations and retrofits, 

is that customers are often unwilling to go through process of upgrading their system. 

Reasons can vary. Many of the customers operating with older systems are either small 

or medium sized companies, and they may not have a large budget available for mainte-

nance and modernizations. With bigger companies the downtime caused by the installa-

tion work can also cause concerns with the decision making. Further, at times system 

integrators, such as the FMS systems provided by the case company, are not seen as 

equally important as the machine tools that actually are doing the processing of the ma-

terials. Whatever the reason is for not purchasing the offered modernization, case com-

pany needs to find ways to motivate the customer to upgrade their system in order to 

remove risks and make the customer see the value in this. One potential way would be 

to systemically conduct risk analyses for delivered systems and provide customers with 

detailed results that underline the potential losses caused by the failures along with res-

olutions to prevent these. RBM could provide tools for planning more effective preventive 
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maintenance in the future. Performance indication and UtP framework could be also 

helpful in this matter.   

Tasanko (2019) conducted a master’s thesis to the case company, where he researched 

methods to implement predictive maintenance practices for MLSs’ maintenance. As a 

part of his thesis, Tasanko (2019) conducted a failure mode effects analysis for deter-

mining the most critical components in terms of functionality of MLSs. Results of his 

research include the drives, especially outdated generations, as one of the most critical 

components. These findings could and should be converted to applicable tools for help-

ing to motivate the customers to undergo offered upgrades to their systems. When the 

customer could see a quantitative results, i.e. cost/hour, of a given major failure, and 

they would be offered a concrete solution to prevent this, they might be more willing to 

go through the process. Probably customers would also be interested to know more of 

the potential risks that are involved with their production systems. These kind of propo-

sitions are somewhat being done under the name of lifecycle analysis in some areas, 

but consistent approach is still missing. The case company’s marketing department and 

Service Portfolio Manager should probably look into this matter with the help of Service 

Managers, and come up with materials and tools to boost the sales. This is probably the 

most challenging of the suggested development actions but withholds the most financial 

opportunities if successfully tackled. 

 

Figure 27: Relative comparison of the development actions and their relations 

Figure 27 illustrates the introduced development actions. The actions have been rela-

tively compared in terms of the resources their completion would require and potential 
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impact that conducting the action could have. The actions have been sequenced if one 

should be done before the other. 
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6. CONCLUSIONS 

The thesis has been investigating a problem encountered at the case company. The 

problem formed into research question: “What kind of a process there should be for de-

livery of a drive retrofit?” The question was then divided into two sub question in order to 

help with the development and in answering the aforementioned question. These sub 

questions were: “Which stakeholders are needed, and what are their tasks in the pro-

cess?” and “What kind of value the process withholds (internally & externally)?” First 

thing that was done in order to find the answers was to identify all the stakeholders whose 

input is required for the delivery and identify the actions required from them. Once the 

stakeholders and actions were identified and unnecessary parts reduced, the sequence 

of the actions was determined and eventually the actions were formed into process 

charts. 

The biggest problem with the stakeholders and the smoothness of the process is the 

vast number of these which means that in order for the process to be successful the 

information needs to flow smoothly between each stakeholder. The smoothness is 

mainly responsibility of the Global spare parts team’s spare part engineer who is respon-

sible of handling the drive retrofit case. One problem with this is the different communi-

cation methods used internally between different teams. Responsible spare part engi-

neer needs to communicate via different methods and tools between different stakehold-

ers.  

Another factor which causes delays and waste in the process is the number of available 

resources. This number of capable personnel who can do the needed SW modifications 

and onsite installation & commissioning needs to be desperately increased if all or most 

of the possible systems to go through drive retrofit are wanted to be upgraded. The lead 

time of more than 10 weeks is too long.  

Despite the issues, a process was developed and proposed. The process is divided into 

two, i.e. offering phase & order-delivery phase. The processes are providing applicable 

guidelines for helping with the sales of drive retrofits. In order to answer the second sub 

question “What kind of value the process withholds (internally & externally)?”, a small 

business analysis was conducted. The analysis provides insight to the business potential 

that is possible to gain by modernizing the EOL drives in all the systems that fall under 

the scope of the proposed drive retrofit process. With the example figures provided in 

Table 4, the overall potential for upgrading all 220 systems is as much as plus six million 
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euros in revenues and plus three million euros in gross profit. The external value, i.e. 

value for the customer, is the removal of unnecessary risks in their production. The the-

sis-work includes also listing of potential development actions which would help in selling 

and delivering more drive retrofits in the future.  

Summarizing the work, the assignment was fulfilled, i.e. a process for delivering a drive 

retrofit was developed. The prototype testing of the developed solution is yet to be tested 

as suitable cases did not come up during the thesis work, and the process has not been 

formally introduced to all involved stakeholders. With the current tools and internal work 

methods in the case company, the proposed solution is the best available in thesis work-

ers opinion. 

 



71 
 

BIBLIOGRAPHY 

Aguilar-Savén, R.S. (2004). Business process modelling: Review and framework, International 
Journal of Production Economics, Vol. 90(2), pp. 129-149.  

Arunraj, N.S. & Maiti, J. (2007). Risk-based maintenance—Techniques and applications, Jour-
nal of hazardous materials, Vol. 142(3), pp. 653-661.  

Atkins, T. & Escudier, M. (2013a). concurrent engineering, in: A Dictionary of Mechanical Engi-
neering (1. ed) Oxford University Press, https://www.oxfordrefer-
ence.com/view/10.1093/acref/9780199587438.001.0001/acref-9780199587438-e-1048. 

Atkins, T. & Escudier, M. (2013b). life-cycle analysis, in: A Dictionary of Mechanical Engineering 
(1. ed) Oxford University Press, https://www.oxfordrefer-
ence.com/view/10.1093/acref/9780199587438.001.0001/acref-9780199587438-e-3530. 

Aurich, J.C., Fuchs, C. & Wagenknecht, C. (2006). Life cycle oriented design of technical Prod-
uct-Service Systems, Journal of Cleaner Production, Vol. 14(17), pp. 1480-1494. 
http://dx.doi.org/10.1016/j.jclepro.2006.01.019. 

Ballé, F. & Ballé, M. (2005). Lean Development, Business Strategy Review, Vol. 16(3), pp. 17-
22.   

Barshop, P.H. (2016). Why the Stage‐Gate Process Is the Best Tool Executives Can Use to Get 
the Most Value from Their Capital Projects, in: Capital Projects, John Wiley & Sons, Inc, Hobo-
ken, New Jersey, pp. 15-30. 

Bevilacqua, M., Ciarapica, F.E. & Giacchetta, G. (2009). Critical chain and risk analysis applied 
to high-risk industry maintenance: A case study, International Journal of Project Management, 
Vol. 27(4), pp. 419-432.  

Bullinger, H., Fähnrich, K. & Meiren, T. (2003). Service engineering—methodical development 
of new service products, International Journal of Production Economics, Vol. 85(3), pp. 275-
287.  

Cowell, D.W. (1988). New service development, Journal of marketing management, Vol. 3(3), 
pp. 296-312.  

Dombrowski, U. & Malorny, C. (2016). Process Identification for Customer Service in the field of 
the After Sales Service as a Basis for “Lean After Sales Service”, Procedia CIRP, Vol. 47 pp. 
246-251.  

Edvardsson, B. & Olsson, J. (1996). Key concepts for new service development, The Service 
Industries Journal, Vol. 16(2), pp. 140-164. 

Edwards, K.L. (2004). Systematic retrofit design for manufacture-critical component substitution 
in machine design, Proceedings of the Institution of Mechanical Engineers, Vol. 218(1), pp. 129-
134.  

Frank, A.G., Mendes, G.H.S., Ayala, N.F. & Ghezzi, A. (2019). Servitization and Industry 4.0 
convergence in the digital transformation of product firms: A business model innovation per-
spective, Technological Forecasting and Social Change, Vol. 141 pp. 341-351.  



72 
 

Goldstein, S.M., Johnston, R., Duffy, J. & Rao, J. (2002). The service concept: the missing link 
in service design research? Journal of Operations Management, Vol. 20(2), pp. 121-134.  

Gupta, S., Sharma, M. & Vijaya, S.M. (2016). Lean services: a systematic review, International 
Journal of Productivity and Performance Management, Vol. 65(8), pp. 1025-1056.  

Heskett, J.L. (1987). Lessons in the service sector, Harvard Business Review, Vol. 65(2), pp. 
118-126.  

Huxtable, J. & Schaefer, D. (2016). On Servitization of the Manufacturing Industry in the UK, 
Procedia CIRP, Vol. 52 pp. 46-51.  

International Organization for Standardization (2008). ISO 9000 Introduction and Support Pack-
age: Guidance on the Concept and Use of the Process Approach for management systems, 
https://www.iso.org/files/live/sites/isoorg/files/archive/pdf/en/04_concept_and_use_of_the_pro-
cess_approach_for_management_systems.pdf 

ISO/IEC/IEEE International Standard - Systems and software engineering -- System life cycle 

processes. (2015) in ISO/IEC/IEEE 15288 (1. Ed), pp.1-118, doi: 10.1109/IEE-

ESTD.2015.7106435. 

Jeswiet, J. (2014). Life Cycle Engineering, in: Laperrière, L. & Reinhart, G. (ed.), CIRP Encyclo-
pedia of Production Engineering, Springer Berlin Heidelberg, Berlin, Heidelberg, pp. 757-758. 

Johnston, R., Shulver, M. & Clark, G. (2012). Introducing service 
operations management, in: Service operations management: improving service delivery, Pear-
son, Harlow, pp. 4-21. 

Kasanen, E., Lukka, K. & Siitonen, A. (1993). The constructive approach in management ac-
counting research, Journal of management accounting research, Vol. 5 pp. 243-264.  

Khan, F.I. & Haddara, M.M. (2003). Risk-based maintenance (RBM): a quantitative approach for 
maintenance/inspection scheduling and planning, Journal of Loss Prevention in the Process In-
dustries, Vol. 16(6), pp. 561-573.  

Kowalkowski, C., Gebauer, H. & Oliva, R. (2017). Service growth in product firms: Past, present, 
and future, Industrial Marketing Management, Vol. 60 pp. 82-88.  

Lee, J., Bagheri, B. & Kao, H. (2015). A Cyber-Physical Systems architecture for Industry 4.0-
based manufacturing systems, Manufacturing Letters, Vol. 3 pp. 18-23.  

Lins, T. & Oliveira, R.A.R. (2020). Cyber-physical production systems retrofitting in context of 
industry 4.0, Computers & Industrial Engineering, Vol. 139 pp. 106193.  

Lukka, K. (2000). The key issues of applying the constructive approach to field research, Man-
agement Expertise for the New Millennium, pp. 113-128.  

Löfberg, N., Witell, L. & Gustafsson, A. (2010). Service strategies in a supply chain, Journal of 
Service Management, Vol. 21(4), pp. 427-440.  

Malinova, M., Leopold, H. & Mendling, J. (2015). An Explorative Study for Process Map Design, 
Environments, Springer International Publishing, Cham, pp. 36-51. 

Malmbrandt, M. & Åhlström, P. (2013). An instrument for assessing lean service adoption, Inter-
national Journal of Operations & Production Management, Vol. 33(9), pp. 1131-1165.  



73 
 

Martin, K. & Osterling, M. (2013). Value stream mapping : how to visualize work and align lead-
ership for organizational transformation, McGraw Hill, Place of publication not identified,  

Mendling, J., Reijers, H.A. & van der Aalst, W. M. P. (2010). Seven process modeling guidelines 
(7PMG), Information and Software Technology, Vol. 52(2), pp. 127-136.  

Menor, L.J., Tatikonda, M.V. & Sampson, S.E. (2002). New service development: areas for ex-
ploitation and exploration, Journal of Operations Management, Vol. 20(2), pp. 135-157.  

Ming, X.G., Yan, J.Q., Lu, W.F. & Ma, D.Z. (2016). Technology Solutions for Collaborative Prod-
uct Lifecycle Management – Status Review and Future Trend: Concurrent Engineering, Vol. 
13(4), pp. 311-319.  

Mont, O.K. (2002). Clarifying the concept of product–service system, Journal of Cleaner Produc-
tion, Vol. 10(3), pp. 237-245.  

Murthy, D.N.P., Rausand, M. & Østerås, T. (2008). Product Performance and Specification, in: 
Anonymous (ed.), Product Reliability: Specification and Performance, 1st ed., Springer Verlag 
London Limited, London, pp. 37-54. 

Nicholas, J.M. & Steyn, H. (2017). Chapter 16 - The Management of Project Management, in: 
Anonymous (ed.), Project management for engineering, business and technology, Fifth edition 
ed., Routledge, London, England, pp. 553-578. 

Pilz, T. & Kussmaul, U. (2001). Simultaneous Engineering, Chemie Ingenieur Technik, Vol. 
73(6), pp. 623.  

Ponsignon, F., Smart, P.A. & Maull, R.S. (2011). Service delivery system design: characteristics 
and contingencies, International journal of operations & production management, Vol. 31(3), pp. 
324-349.  

Pueo, M., Santolaria, J., Acero, R. & Sierra-Pérez, J. (2019). Design methodology for produc-
tion systems retrofit in SMEs, International Journal of Production Research, Vol. 58(14), pp. 1-
19.  

R. G. Lins, B. Guerreiro, R. Schmitt, J. Sun, M. Corazzim & F. R. Silva (2017). A novel method-
ology for retrofitting CNC machines based on the context of industry 4.0, 2017 IEEE Interna-
tional Systems Engineering Symposium (ISSE), pp. 1-6. 

Reim, W., Parida, V. & Örtqvist, D. (2015). Product–Service Systems (PSS) business models 
and tactics – a systematic literature review, Journal of Cleaner Production, Vol. 97 pp. 61-75.  

Rondini, A., Pezzotta, G., Pirola, F., Rossi, M. & Pina, P. (2016). How to Design and Evaluate 
Early PSS Concepts: The Product Service Concept Tree, Procedia CIRP, Vol. 50 pp. 366-371.  

Roth, A.V. & Menor, L.J. (2003). INSIGHTS INTO SERVICE OPERATIONS MANAGEMENT: A 
RESEARCH AGENDA, Production and Operations Management, Vol. 12(2), pp. 145-164.  

Silvola, R., Jaaskelainen, O., Kropsu-Vehkapera, H. & Haapasalo, H. (2011). Managing one 
master data - challenges and preconditions, Industrial Management & Data Systems, Vol. 
111(1), pp. 146-162.  

Stark, J. (2004). Product lifecycle management : 21st century paradigm for product realisation, 
Springer, New York,  

Stark, J. (2015). Product Lifecycle Management (Volume 1), 3rd ed. 2015 ed. Springer Interna-
tional Publishing, Cham,  



74 
 

Stefano, B. (2002). Process mapping techniques and organisational analysis: Lessons from so-
ciotechnical system theory, Business Process Management Journal, Vol. 8(1), pp. 42-52.  

Sääksvuori, A. & Immonen, A. (2008a). Challenges of product management in manufacturing 
industry, in: Sääksvuori, A. & Immonen, A. (ed.), Product Lifecycle Management, Springer Berlin 
Heidelberg, Berlin, Heidelberg, pp. 111-147. 

Sääksvuori, A. & Immonen, A. (2008b). Fundamentals, in: Saaksvuori, A. & Immonen, A. (ed.), 
Product Lifecycle Management, Springer Berlin Heidelberg, Berlin, Heidelberg, pp. 7-26. 

Sääksvuori, A. & Immonen, A. (2008c). Introduction, in: Sääksvuori, A. & Immonen, A. (ed.), 
Product Lifecycle Management, Springer Berlin Heidelberg, Berlin, Heidelberg, pp. 1-6. 

Sääksvuori, A. & Immonen, A. (2008d). Service industry and PLM, in: Sääksvuori, A. & Immo-
nen, A. (ed.), Product Lifecycle Management, Springer Berlin Heidelberg, Berlin, Heidelberg, 
pp. 149-176. 

Sääksvuori, A. & Immonen, A. (2008e). Understanding the product lifecycle, in: Saaksvuori, A. 
& Immonen, A. (ed.), Product Lifecycle Management, Springer Berlin Heidelberg, Berlin, Heidel-
berg, pp. 191-206. 

Tasanko, J. (2019). Häiriötilanteiden ennakoiminen joustavassa valmistusjärjestelmässä, Tam-
pere University,  

Tixier, J., Dusserre, G., Salvi, O. & Gaston, D. (2002). Review of 62 risk analysis methodologies 
of industrial plants, Journal of Loss Prevention in the Process Industries, Vol. 15(4), pp. 291-
303.  

Tortorella, G.L., Viana, S. & Fettermann, D. (2015). Learning Cycles and Focus Groups: A Com-
plementary Approach to the A3 Thinking Methodology, Learning Organization, Vol. 22(4), pp. 
229-240.  

Ward, A.C. (2007). Lean product and process development / Allen C. Ward, Lean Enterprise In-
stitute, Cambridge, MA,  

Westkämper, E., Alting & Arndt (2000). Life Cycle Management and Assessment: Approaches 
and Visions Towards Sustainable Manufacturing (keynote paper), CIRP Annals, Vol. 49(2), pp. 
501-526.  

Zolghadri, M. & Couffin, F. (2018). One-off or batch upgrading of complex products and sys-
tems: concepts, data model and analysis framework, Research in Engineering Design, Vol. 
29(2), pp. 263-284.  

  
 
 
 
 
 
 
 
 
 
 
 
 
 

 



75 
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APPENDIX B: PROCESS MAP FOR ORDER-
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