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Electric traction motors are a major component of electric vehicles that convert electrical 

energy into mechanical power for successful vehicle electrification. A new technological 

concept related to electric traction motors is under development at the Lappeenranta 

University of Technology. In this regard, this thesis aims to prepare a commercialization 

strategy for a new technology product called the REAL Machine.  

The success rate of commercialization and the path from the lab to the market are low and 

unique, respectively, for any new technology. This study targets to increase the chances of 

success by proposing a tailored commercialization strategy for a REAL Machine project. To 

achieve this goal, this study employed a qualitative research approach comprising three 

methods. These include literature studies, in-depth interviews with five industry experts, and 

a market content analysis of 40 companies in the commercial vehicle market.  

The study findings revealed that the commercial vehicle electrification is a growing industry, 

critical for reduction in greenhouse gas emissions and holds a big future in the transportation 

sector. In this manner, the study exposed three target market segments in the commercial 

vehicle market that fit well with REAL Machine capabilities. They are arranged in the 

specified order of refurbishment, transportation buses, and medium-duty vehicle segments. 

The findings also indicate that both from the original equipment manufacturer and customer 

perspective, improved technical specifications, required vehicle architecture, and a user-

centric approach are key to fulfilling market needs and preferences.  
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1  Introduction 

This thesis is commissioned to prepare a new motor technology project named REAL 

Machine for commercialization. REAL Machine is an advanced technology concept for 

electric traction motor. This research-to-business project at the Lappeenranta University of 

Technology is funded by Business Finland to run until January 2025.  

The case study of REAL project is needed since a successful academic entrepreneurship 

depends on business studies in addition to just performing the technology proof of concept. 

Among many definitions of innovation, REAL machine case study is an example of taking 

the technology from lab and preparing it for market deployment. On that account, this thesis 

work is an effort to bridge the gap between commercialization and research work from the 

lab. 

1.1  Background 

Electric traction motors (ETMs) are critical for reducing greenhouse-gas emissions. In 2022 

alone, the transport sector contributed 7.98 gigatons of CO₂ emissions, the third largest 

source of emissions, according to the International Energy Agency (2023). Owing to the 

adoption of electric vehicles, emissions have decreased by 13 megatons in the year 2022.  

Therefore, the deployment of electric powertrains can significantly lower carbon emissions 

in road transportation  (Wei, Wang and Chang, 2022). This is also in line with the long-term 

strategy of European Union (EU). According to the European Green Deal and Paris 

Agreement, the EU aims to achieve climate neutrality by 2050 (European Commission, 

2015; European Commission, 2019). To achieve this, the electrification of vehicles requires 

many technological solutions and advancements. One is to achieve highly efficient and 

energy-dense electric traction motors (Husain et al., 2021).  

Owing to the fact that ETM is a major component in electric commercial vehicles contrary 

to the diesel-powered commercial vehicles.  The pivotal role that these motor play to propel 

the electric vehicle (EV) by converting electrical energy into mechanical power while 

reducing the negative environmental impact is clear. Thus, these motors are a critical 
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component of an electric- powertrain (e-powertrain) or vehicle propulsion system that reduce 

emissions and improve energy efficiency.    

The medium and heavy-duty commercial vehicle market is comprised of buses, trucks, 

coaches, off-roads, and specialty vehicles. They are used to fulfil various delivery and 

transportation services. The performance analysis of the commercial vehicles relies on the 

certain characteristics of the ETM used in them. Such as torque output, power rating, 

reliability, maintenance cost, and efficiency.  

In the commercial vehicle market, a potential strategy that is also cost-effective lie in the 

refurbish market segment. This target market segment involves retrofitting internal 

combustion engine (ICE) vehicles with ETM. Vehviläinen et al. (2022) mention that this 

solution also offers advantages linked to sustainability such as extension of the operational 

lifespan of the existing vehicle fleet and reduction of greenhouse gas emissions to tackle 

climate change.  

Gearbox and inverter are two direct interfacing components connected to ETMs. The 

understanding of the integration and utilization of these interfacing components is useful. 

This is because from the perspective of original equipment manufacturer (OEM), the system 

level performance is one of the main criteria for choosing individual components and 

optimization of the vehicle requirements. Others include operating conditions, cost-

constraint, and vehicle application.  

Contrary to the gearboxes, single speed transmission also refers to as direct drive often form 

a design choice for e-powertrain in the commercial vehicle market. This design choice aids 

in reducing cost, volume, mass, and losses in the overall drivetrain. Thus, electric motors 

provide high performance over a wide range of speeds and a simple powertrain structure. 

However, factors in the rolling resistance including changing route grades, different terrain 

types and high gross vehicle weights in the case of medium and heavy-duty trucks can 

necessitate the use of gear ratios. Through this, the motor can operate with higher top speed, 

better efficiency, and improved incline performance/gradeability.  

Inverters which are also the electrical interface of the motors affect the motor performance 

through control techniques. Advancements in motor technology and power electronics go 

hand in hand. Specifically, the introduction of inverters based on silicon carbide technology 
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has introduced new possibilities for technologies alternative to permanent magnet-based 

motors to compete with the performance of the latter.  

In the reviewed literature, the permanent magnet based ETM is revealed as extensively 

studied technology. Owing to its capability of delivering high power compared to the size 

and weight of other motor technologies, it has become a popular choice for electric 

commercial vehicle market. In fact, the technology relies on the usage of rare earth materials 

such as neodymium that make the production of these motors costly as well as contributing 

to sustainability challenges linked to the mining of the rare earth materials used in them. 

Hence, a need for transition towards a more sustainable and greener transportation require 

advancements in the ETM technologies. 

Induction motor is considered a common type of commercial ETM. Their widespread usage 

is mostly due to their robustness, low cost, and simplicity in design. Advancements in the 

research and development of various types of ETM is observed. Each motor type offers its 

own advantages and disadvantages. However, the focus of research is to enhance the power 

density while reducing the cost. One such effort is the REAL project that is based on 

synchronous reluctance motor technology to offer high power density, small size and high 

efficiency without using permanent magnets.  

This study aims to provide a commercialization strategy to increase the success rate of 

research-to-business projects. Focusing on a specific case of the REAL Machine. However, 

not all new technologies have been successfully launched in the market. The path from 

product development to the market is not straightforward (Gbadegeshin, 2018). 

According to Boyer and Kokosy (2022), a focus for the development of Industry 4.0 is geared 

towards market-features akin to market-pull strategy. As a technology innovation, REAL 

Machine requires an interaction framework between both market-pull and technology-push 

strategies. Instead of focusing only on a single linear model of either market-pull or 

technology-push (Di Stefano, Gambardella and Verona, 2012). The issue with the existing 

literature is that it does not provide a clear pathway or framework available on how to 

strategize a research-to-business project for commercialization.  
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1.2  Research Objectives and Scope 

The research objective of this study is to address the low success rate of commercialization 

of a new technology originating from research labs. The research questions probed for this 

purpose include:  

1. What is the strategy to launch a new electric traction motor (REAL machine) for the 

commercial vehicle market? 

2. What features and metrics based on the market needs should prioritize by a new 

electric traction motor such as REAL Machine? 

To answer these research questions, this study examines the technology required to succeed 

and attempts to understand the customer preferences. Specifically, this study provides a 

strategy for launching a new electric traction motor for the commercial vehicle market. To 

support this work, the methodology adopted has two levels. The first level identifies the 

target market segments (TMS). It then further looks into the TMS to better understand the 

technological landscape. This is done by competitive landscaping and website content 

analysis through surveying companies. The second level consists of understanding market 

insights through interviews with relevant industry professionals. Thus, it covers both 

strategic orientations, namely technology-push and market-pull, assuming that customers 

favor superior technological products and higher customer value, respectively (Guo et al., 

2020).  

The innovation commercialization process is not familiar to the technology researchers. A 

well strategized innovation management strategy can accelerate the development and 

increase the chances of success of a REAL Machine. Therefore, the findings of this study 

propose a launch strategy for REAL project. This strategy is tailored for commercializing a 

REAL project. Other research-to-business projects can get inspiration from this thesis work 

and prepare their own commercialization strategy by following the steps of this thesis work. 

However, this study has limitations for other commercialization aspects such as after-sales 

services, regulatory control, and marketing campaigns. These aspects, among others, are part 

of the successful commercialization process.  
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1.3  Outline of the Research Structure 

This dissertation constitutes of five chapters. The summary of each chapter content is 

presented here.  

Chapter 1 introduces the topic of electric traction motors in the commercial vehicle market. 

Besides this, the research needed for commercialization preparation of REAL project is 

presented. Finally, a short literature review and the research objectives along with research 

questions and scope are presented. 

Chapter 2 presents the theory and literature review based on the set research objectives. All 

the applicable information related to electric traction motor technologies and the 

commercialization strategies linked to electric commercial vehicle market are searched in 

the literature and presented in this chapter.  

Chapter 3 describes the research methods adopted that are best suited to answer the research 

questions. The qualitative methods that include literature studies, semi-structured interviews, 

and market content analysis are discussed in detail along with the validity and reliability of 

the research design.  

Chapter 4 is the analysis and discussion chapter. It covers the analysis of both semi-

structured interviews and market content data. The themes emerged through the analysis in 

NVivo are discussed in detail.  

Chapter 5 concludes the thesis by providing a summary of the findings. It answered the 

research questions by presenting a launch strategy and market needs and preferences catering 

the REAL project case study. Finally, the chapter presents the future needs and research 

limitations.  
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2  Electric Traction Motors in the Commercial Vehicle Market 

This chapter discusses the literature available for electric traction motors in the commercial 

vehicle market along with commercialization strategies. The chapter starts by explaining the 

process for systematic literature review. Following with the findings of the studies. In the 

last, a summary of the insights in connection with the objectives of this literature review is 

presented.  

The rationale for the literature studies on electric traction motor in the commercial vehicle 

market is manifold. These includes. 

• To understand the motor technology relevance to the electric commercial vehicle 

market and the architecture of vehicle propulsion system in which the technology is 

integrated.  

• To gain a deeper understanding of the technologies available for electric traction 

motors and future trends.  

• To grasp the knowledge on technical features of the electric traction motors and the 

customer selection criteria based on technical specifications.  

• To better understand the commercialization process of a new technology product 

similar to electric traction motors.  

The basis of these study objectives is rooted in the research questions set for this master 

thesis. That is to find the strategy to launch a new technology product such as REAL 

Machine and access the market needs and preferences which REAL machine should 

prioritize.  

To find the relevant literature related to the research topic, a strategic methodology is 

adopted to select the relevant sources as references for the research, depicted in figure 1. 

This includes applying keywords such as ‘electric traction motor’, ‘commercial vehicle 

market’, ‘research to business’, ‘medium and heavy duty’ and ‘new technology 

commercialization’ to guide a thorough search for articles. While keeping the search scope 

limited to Title and Abstract and English as a chosen language. Owing to the considerable 

interest in electrification over the past decade, the author mainly focuses on literature 

published from 2012 onwards to acquire the most recent insights. The databases initially 
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considered for sourcing papers include LUT Primo, Scopus, EBSCO, Science Direct, 

Business Source Complete, JSTOR, DOAJ, EconBiz, Emerald, and Google Scholar. Those 

databases are discarded that were giving duplicate papers and not useful in finding relevant 

reports. The chosen databases from which the papers are sourced include LUT Primo, 

Scopus, EBSCO, Science Direct, DOAJ and Google Scholar. Only peer-reviewed journals 

and conference proceeding articles are taken into account with the exception of 6 articles.  

 

Figure 1: Literature review flow diagram 

 

Before delving deeper into the findings of the literature, the author presents the significance 

of electric traction motor technology in the commercial vehicle market. Along with this, the 

importance of ETM as a single component integrated into the electric vehicle architecture is 

equally crucial to clarify.  
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The propulsion system that drives the electric vehicle (EV) is called electric powertrain or 

e-powertrain. The system level overview of electric vehicle with e-powertrain components 

is given in figure 2.  

 

 

Figure 2: Electric Commercial Vehicle Architecture 

 

In the e-powertrain, an electric motor constitutes a major component of the propulsion 

system that converts the electrical energy into mechanical energy and drives the vehicle. The 

other components include gearbox, inverter, battery, battery management and charging 

system, vehicle bus architecture (controller area network) and auxiliary systems (Bielaczyc, 

Sala and Meinicke, 2021). An overview of e-powertrain architecture and placement of the 

electric motor into the propulsion system is given in figure 3.  

 

Figure 3: Electric Powertrain (adopted from Bosch company website) 
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2.1  Comparison of Electric Motor Technologies  

The review of the motor technologies given in this section are relevant to commercial vehicle 

market. Otherwise, vehicle market has more than 100 distinct electric motors. This is due to 

market fragmentation based on vehicle architecture and road application  (Wang, X. et al., 

2022; Wang, Z. et al., 2021). As each motor comes with its own challenges such as power 

density, manufacturability, price and efficiency (Bilgin and Emadi, 2014). Original 

equipment manufacturers (OEM) have great interest in implementing a motor technology 

that optimizes the driveline architecture of the vehicle and efficiently fulfils the driving cycle 

requirement  (Venkitaraman and Kosuru, 2023). The major electric traction motor 

technologies found in the literature are listed below and next presented the cross comparison 

of these technologies.  

1. Permanent-magnet synchronous motor (PMSM) 

2. Induction Motors (IM) 

3. Reluctance Motor (RM) 

Permanent magnet-based motors are widely discussed in the literature. As PMSMs are more 

efficient than its IM counterparts in heavy-duty vehicles (HDV)  (Hadboul and Ali, 2021). 

PMSMs are high power density machines of more than 95% efficiency compared to 92% 

efficiency of induction machine (Kondo, 2010). Another advantage of PMSM is that it uses 

magnets and reluctance to offer higher torque  (Z. Yang et al., 2015). Such characteristics 

make this technology attractive to market and researchers alike.  

Induction motors consider as a mature technology and are generally low-cost. It is used in 

wide variety of applications. They have a similar structure to PM machine in regard to stator 

and winding. The speed difference in the airgap magnetic field and the rotor produces torque 

in IMs. Typically, they are considered to have lower efficiency and power factor compared 

to PMSMs. Minimal slip and reduced rotor copper losses can achieve highly efficient IMs  

(Bilgin and Emadi, 2014).  

Two types of reluctance motor include switched reluctance motor (SRM) and synchronous 

reluctance motor (SynRM). SRM considers having a low-cost, simple, and robust structure 

compared to IM and PMSM. It can operate at high speed and temperature reliably. The 

reluctance torque produces due to the orientation difference in saliency or inductances. The 
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motor has salient pole with concentrated windings and structure without permanent magnets 

in stator and rotor, respectively. The motor can pose few challenges in the powertrain such 

as high torque ripple, vibration, and acoustic noise (Bilgin and Emadi, 2014).  

SynRM can operate at high efficiency and reliability with low cost and maintenance. The 

motor also features high-speed and temperature resistance (A. Vagati et al., 1992) (Lipo, 

1991). Compared to SRM, SynRM offer smaller torque ripple and less noise (Deepak et al., 

2023).  

2.2  Why REAL Machine? 

In the production of electric vehicle motors, the permanent magnets are commonly used. 

These EV motors use the permanent magnets to generate a magnetic field that interacts with 

the magnetic field created by the stator windings to produce torque (K. -C. Kim et al., 2009). 

Permanent magnets are made from rare earth elements (REE), such as neodymium. China is 

the largest producer of REE globally. However, it is worth noting that the production of REE 

has significant environmental impacts including, inter alia, water pollution, soil 

contamination, and air pollution  (Machacek and Fold, 2014). 

In recent years, the EU has been concerned about the security of China’s REEs supply. There 

were many examples that China used its dominance in REE production to exert political 

influence over other countries, for example, the export quota dispute in 2010, which led to a 

sharp increase in the price of REE  (Cai et al., 2014). REAL machine is going to counter this 

problem by not using the REE in its motor technology. Other characteristics possessed by 

the motor, compared with other electric traction motors, are presented next.  

REAL machine technology is based on SynRM type. This motor type considered to have 

high efficiency exceeding IE4 and IE5 levels (de Almeida, Anibal T., Ferreira and Fong, 

2023). Even though as a mature technology type, it was not widely adopted by the 

commercial vehicle market due to limitations in power density. Owing to the advancements 

in the power electronics and inverter technologies based on Silicon Carbide (SiC) that are 

able to run these motors at high voltages of 800 volts and high-power density, the scenario 

has changed  (Sarlioglu et al., 2015). Hence the advancements in both SynRM design and 

the power electronics have made the performance of these motor types on par with the 
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magnet-based motors  (Gómez et al., 2022). Therefore, the REAL Machine has a strong case 

and relevance to the commercial vehicle market that require attention.  

REAL Machine design offers rare earth free solution. This provides twofold competitive 

advantages. First, as the automotive industry is cost competitive, thus implementing this 

solution significantly lower the price of the motor. As the cost of the RRE can be eliminated. 

Second, through its technology, the REAL machine can provide either same or better 

performance features compared to the already existing permanent magnet-based motors. 

That also without using RRE while reducing the dependency on supply of such materials 

from China and help achieve sustainable development goals (SDG) in general.  

Other salient features and planned specifications of the REAL Machine are listed below: 

Technical: Six poles planned, Jacket cooled motor, Speed – 0-12000 rpm, rated speed 5000 

rpm, Power – 250 kW, rated Torque 477 Nm, Voltage: 800 volts and above, Rough mass 

150 Kg, maybe not more than 200 Kg, More than 95% efficiency, Hairpin winding (easy 

manufacturing for mass production) or round wind winding, Direct cooling of stator 

windings for improved power densities & lifetime. 

Materials: Rotor & Stator – Steel, Winding – copper or aluminium. 

Motor Dimensions: Outer diameter(stator): 375mm, Length is 300 mm including bearing, 

auxiliary and diameter is 400 mm. 

2.3  Electric Motor Integration  

The architecture of the vehicle powertrain for electric vehicles is different compared to 

internal combustion engine. The electric powertrain configuration requires less components. 

Compared to traditional ICE engine, electric motors are smaller. This results in allowing free 

space and flexible positioning while reducing the weight of the vehicle  (Wolff et al., 2021a). 

The architectural topology and electric motor integration requirements vary depending on 

the vehicle structure and application requirement.  

By using the existing model components, it is possible to convert an ICE vehicle to an 

electric vehicle. As a result, the ICE engine is replaced by the electric motor which connects 

to the existing components including clutch, gearbox, and differential.  
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According to Verbruggen, Silvas and Hofman (2020), three design choices affect the 

topology for electric powertrain consist of: the number of electric motors, distributed or 

central drive, and multiple or fixed gear. Based on these design parameters, Wolff, Kalt, 

Bstieler and Lienkamp  (2021a) proposes five topologies from the industry perspective. 

Specifically focused on the European truck market. These include three central-driven, one 

eAxle and one distributed (Hub) topologies. In another literature, Deepak et al.  (2023) 

compare the in-wheel with a central-motor driven topology. Whereas, the research of Wang, 

Hung, Zhong and I  (2018) assess how the powertrain design effects the energy consumption 

of an electric vehicle. In which, they adopted only three powertrain topologies namely 

central drive, wheel-hub and close-wheel. In a nutshell, EVs can be categorized into three 

main powertrain topologies based on the placement of electric motor and other propulsion 

system components. 

For the better understanding of a vehicle propulsion dynamics in terms of motor integration, 

the study of the three main topologies in majority of the electric vehicles are presented 

below:   

• Central Motor Drive  

In this topology, the motor is connected to the propeller shaft as 

shown in the figure given on the right-hand side. As this 

arrangement occupies more space, it is not considered space-

efficient or compact in regard to the other two topologies. Thus, 

it results in reduction to energy efficiency, adds complexity to the mechanical structure, and 

increase the vehicle weight (Raslavičius, Keršys and Makaras, 2017). This leaves less space 

for battery pack that can damper vehicle range limits.  However, this topology offers easy 

integration of a larger motor (Bishop, Martin and Boies, 2016). In addition to this, it permits 

convenience when replacing the ICE engine with the electric machine for vehicle 

conversion.  

• In-wheel Motor Drive  

The motor is directly integrated into the wheels of the electric 

vehicle in this topology. Due to the elimination of the propeller 

shaft, this approach can save the space, reduce losses, and simplify 

the vehicle architecture as shown in the diagram. However, this 
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arrangement increases the wheel mass while impacting the vehicle handling and driving 

experience  (Park et al., 2014).  

• E-axle Motor Drive (single motor and dual motor) 

This topology places electric motor directly on the axle as shown in the diagram. As the 

motor is not directly attached to the wheel instead placed close to 

the wheels, it serves many advantages. Such as driving comfort, 

reduced wheel-mass, and handling of the vehicle (Napoli et al., 

2017). OEMs are showing keen interest in this topology especially in applications where 

space is critical. In medium and heavy-duty segments, high-speed compact motors with 

reduced diameter can allow dual motor integration into the e-axle. Hence allow superior 

performance and advantage for near-wheel integration where space is restricted (Karamuk, 

2019).  

2.4  Trend towards Non-Rare Earth Motors 

Owing to the high energy density of PMs, namely Neodymium Iron Boron (NdFeB) and 

Samarium Cobalt (SmCo), motors that use these magnets offer a high torque and power 

density  (Akune et al., 2016; Iyer et al., 2019). Hence, among the main motor technologies 

currently consisting of RM, PMSM, and IM, PMSM is considered the first choice for EV 

manufacturers. However, PM is costly, geopolitical, and unsustainable (Widmer, Martin and 

Kimiabeigi, 2015). Therefore, PM-free motors that can offer similar performance with low 

cost are getting strong attraction of the EV market  (Wang, Z. et al., 2021).  

The two motor types show promising prospects for future traction motor technologies. These 

include the SynRM and SRM. Both are century-old technologies (Lan et al., 2021; 

Men’shenin and Grigor’ev, 2018). Although they have had shortcomings in the past, 

advancements in power electronics and control methods have made it possible to utilize these 

technologies effectively.  
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2.5  Case studies and Business Strategies  

In this section, various case study examples relevant to REAL Machine within the 

commercial vehicle market are presented. In addition to this, it delves into several business 

strategies identified in the literature which are useful to strategize the REAL Machine case 

study.  

Within the electric vehicle industry, electric powered buses are dominating the market share. 

The market share will continue to increase owing to the fact that internal combustion engine 

(ICE) buses are detrimental to the environment and the advancement in technology of 

electric powered vehicle. Though, the market growth heavily depends on the cost of the EV 

bus which is currently higher than the ICE buses. Based on the 2018 data, the market share 

of electric buses in Europe by VDL bus, Solaris, Irizar, and Volvo companies was 24, 17, 9, 

and 8, respectively  (Pagliaro and Meneguzzo, 2019).  

Lifecycle cost analysis done by Lajunen and Lipman  (2016) predicts that electric buses will 

become much more cost efficient in future compared to hybrid buses. Though, the recent 

technology in electric and hybrid buses is still competitive as compared to traditional buses. 

The current cost of electric buses is high but due to low emission operation, energy 

efficiency, and expected reduction in cost make them competitive. Lithium-Ion batteries and 

charging infrastructure are also affecting the adoption of electric buses in the market. In 

summary, the electric bus presents a compelling and intriguing target market segment that 

deserves attention.    

The Nissan electric vehicle case study, which was conducted by  (Dehkordi, Yonekura and 

Kohnepushi, 2013), gives us insights, takeaways into electric vehicle commercialization 

process. Nissan was late to understand the future tendency of transport industry and so it 

started late on its electrification journey. The study specify that the late adopters of 

technology can lag in capturing the market. Innovators that ride the market trend are bound 

for success. In addition, cost and operating infrastructure were the main concerns mentioned 

for the adoption of this technology. Higher sales are achievable when the competition is low. 

Hence, when the market is in growth, as the trend with green transition now, it is easy to 

penetrate and establish presence in the market.   
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Classic innovation diffusion theories can be used to analyze the mass market adoption of 

electric vehicles. According to Rogers  (2003), elements influencing adoption rate include 

relative advantage, compatibility, complexity, trialability, and observability. Along with the 

influencing elements, different consumer types also contribute to the dissemination process. 

Depending on their level of passion for innovation, innovation adopters can be categorized. 

A critical turning point is when dissemination successfully reaches the early majority, also 

known as the critical mass.  

Usually, the new entrants are advised to avoid direct confrontation with big market players 

and seek market opportunities where the larger incumbents are not interested. Case study of 

Tesla Motors suggests that this may not be the right way to act always. Innovation 

management frameworks which considered to be not well-known such as architectural 

innovation and the attacker’s advantage can be utilize for commercialization and market 

entry strategies  (Thomas and Maine, 2019). Architectural innovation refers to supply chain, 

production, and marketing strategies unfamiliar to incumbent firms. Attacker’s advantage 

refers to enter the product market: Invest in complementary assets, target niche markets, 

establish technological leadership.  

According to Nyffenegger et al. (2020), pay per use, output and outcome are collectively 

called PPX (Pay Per X). It is a business model for small manufacturing companies to increase 

their sales, profit, and market share. The domains, mechanisms that increase the customer 

base of such companies linked to strategy, managing risks, financing, and pricing within the 

PPX business model. This BM can lower the risk threshold for customers to buy from SMEs, 

which would otherwise rely on reliable large manufacturing suppliers.   

China, Japan, Europe, and the United States are the main markets who are producing and 

selling the electric vehicles. 97% and 93% of global sales and production, respectively, are 

from the mentioned countries. Between 2010 and 2017, the Europe and United States were 

the net importer of electric vehicle whereas Japan and South Korea were the next exporter. 

China was neither net importer nor exporter. The market development depends on many 

factors including, inter alia higher cost and technology development in nascent stages. 

Currently, the regulatory policies are encouraging the market sentiments, favouring the 

conditions to install necessary infrastructure, and giving a clear signal to manufacturers to 

invest in long-term strategies. In Europe the battery production investments are on the rise 

and the European commission has allocated funds to secure its interests in electric vehicle 
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market chain  (Lutsey et al., 2018). Thus, various EV design advancements are competing 

for future technologies. Such as Li-Ion batteries, fuel cells and electric motor especially in 

the heavy-duty electric vehicles. The future market depends on the infrastructure, supply and 

demand, and investments in the development of these technologies  (Ho and Huang, 2022). 

Thus, REAL Machine can compete to become a major part of these future technologies.  

2.6  Summary of the chapter  

The literature studies conducted for this dissertation concentrate on comprehending the ETM 

technologies and integration dynamics into the electric vehicle architecture. Through the 

literature review, preferences of the market and future trends are perceived and identified. 

Besides, the case studies relevant to the electric commercial vehicle market are also part of 

this studies.  

Electric motors are main component of the electrified powertrains. Main topologies of the 

powertrain include central-motor, in-wheel and e-axle drive (de Santiago et al., 2012). 

Compared to diesel, electric powertrain occupies less space hence provide many advantages 

in terms of weight, integration, and maintenance of the propulsion system  (Wolff et al., 

2021b). 

Interfacing components of the traction motor include gearbox and inverter. The vehicle 

performance depends on the overall performance of the powertrain that also include motor 

interfacing components  (Kellner, Lienland and Utz, 2021). Thus, the testing and judging the 

performance of the powertrain is main concern of the OEMs. For example, transmission 

system with a single speed (direct drive) or multiple speed (gearbox) can influence the 

gradeability and vehicle performance. Vehviläinen et al. (2022) compares the single and 

multi-speed transmission. The study advocates the use of gearbox in heavy trucks.  

The control techniques in the motor are employed by the inverter. The advancements in the 

power electronics using silicon carbide technology are driving the change towards the 

technological developments in magnet free motors. Currently, permanent magnet based 

motors are widely used due to their high-power density, size and efficiency criteria (Pavel 

et al., 2017). However, the study reveals that the demand for magnet free motors is increasing 

due to factors including, inter alia sustainability, heavy-cost and supply chain issues. 
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Traction motors based on reluctance technology are considered as a potential magnet free 

motor of the future (Widmer, Martin and Kimiabeigi, 2015). Concerning this, the REAL 

Machine is based on synchronous reluctance technology.  

In the last, the literature highlights that the electric commercial vehicle market is growing 

globally. In addition, the bus transportation and refurbishment market are identified as 

potential target market segments for REAL project.  

The next chapter discusses the research methodology adopted by the author to determine the 

launch strategy of REAL Machine and defines the market needs and preferences.  
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3  Research Methodology 

In the introduction chapter, the research problem and questions were established. Subsequent 

chapters provided a literature review on electric traction machines and commercialization of 

a new motor technology to comprehend the underlying concepts. This chapter presents the 

research approach and strategy utilized to analyze the problem and examine the research 

questions.   

Table 1: Research Goal and Objectives of this Master thesis 

Research 

Topic 

Developing a Commercialization Strategy for a New Technology: 

REAL Project Case Study. 

Research 

Questions 

What is the strategy to launch a new electric traction motor (REAL 

machine) for the commercial vehicle market? 

What features and metrics based on the market needs should prioritize by 

a new electric traction motor such as REAL Machine? 

Research 

Aim 

This research seeks to improve the commercialization prospects of a new 

electric traction motor technology using an innovation strategy. The target 

market is the medium and heavy-duty commercial vehicle market.  

Research 

Objectives 

- To analyse the current commercial vehicle market for electric 

traction motor technology.  

- To assess the initial industry insights. 

- To identify the roadmap for successful commercialization strategy 

of a new electric traction motor technology. 

 

In the knowledge production, fundamental building blocks are the selection of research 

methodologies and analysis. According to Yin and Yin (2018), the study design is ‘A 

blueprint for moving from point X to Y, where X is characterized by initial questions to be 

addressed, and Y represents a destination that signifies a collection of conclusions or answers 

to those questions’. Essentially, this entails making choices regarding research objectives 

and linking theories with appropriate methodologies and resources (Flick, 2007).  
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The following subsection focuses on the research context. The subsequent section presents 

the empirical part of the research conducted as a qualitative research approach. Next, the 

data analysis process and research rigor are presented. Finally, the last section concludes by 

addressing the research limitations and conclusions.  

3.1  Research Context 

This research has been conducted for a REAL Machine project. The research-to-business 

projects such as REAL Machine, funded by Business Finland, requires the preparation of a 

commercialization strategy by the agency. As this constitute a necessary objective within the 

overall project duration. Henceforth, this research has been commissioned to assist in the 

commercialization efforts of a new motor technology from the lab to the market. 

The success rate of commercializing a new motor technology depend on many factors 

including, inter alia launch time, regulatory control, after-sales services, business model, 

maturity of the technology, marketing, branding, value proposition, and target market. This 

study focuses on the initial market survey, academic literature, and industry insights to 

accomplish the research objectives.  

Target market survey is a critical part of the process as it assists in narrow the market and 

choose potential buyers. Equally to obtain the initial industry pulse can help in determining 

the value of the product. While academic literature aids in providing a comprehensive 

understanding to bridge any knowledge gaps. The research scope also addresses the first four 

milestones in the REAL Machine project. These include target market analysis, competition 

analysis, customer needs and problem/solution fit. At the same time, studying these topics 

help to answer the research questions. 

3.2  Research Approach 

In research philosophy, two primary school of thoughts are positivism and 

interpretivism/constructivism  (Nyika, 2018). These are guided by two scientific approaches: 

deductive and inductive, respectively. Deductive approach is driven by statistical techniques 

using quantitative data. The research design is structured and predetermined to verify the 



27 

 

hypothesis using mainly quantitative methods. Inductive approach is driven by interpretation 

of data. The research design is emergent, evolving which is descriptive and chiefly involve 

qualitative methods  (Lee, 2021).  

This thesis shall utilize the inductive approach, which entails the use of qualitative research 

methods. The aim is to gather and synthesize data rather than relying on statistical or 

numerical aspects to achieve the study goal. Thus, the research involves reviewing the 

academic literature on commercializing a traction motor technology. In addition, the data is 

collected through interviews with industry experts to find the initial industry insights on 

commercializing a new traction motor. Lastly, the research includes information analysis of 

traction motor technologies in the commercial vehicle market from the publicly available 

data on company websites. The author recognizes that there is no single path to successful 

commercialization of a new technology. For this reason, this study is important as it focuses 

on the particular case of REAL Machine.  

The process of devising a commercialization strategy for a new traction motor technology is 

an interconnected and intricate one which defy one-size-fits-all approach. In a nutshell, this 

thesis adopts an interpretivism approach as the nature of this research leans towards an 

inductive method. This involves:  

1. To familiarize with previous literature and existing knowledge on traction motors 

and new motor commercialization strategies. 

2. To gather and analyse empirical data collected through interviews and real-world 

traction motor technologies. 

3. To draw new models and concepts by drawing insights from collected data.  

3.3  Research design 

Qualitative and quantitative are two methods used for collecting and analyzing data. The 

former typically adopts a subjective approach in contrast to the objective approach of the 

latter  (Lewis-Beck, Bryman and Liao, 2004). The most suitable approach for this thesis is 

the qualitative one since its emphasis on drawing insights from people’s understanding of 

the traction motor, studying academic literature as well as investigating public data available 

on company websites. 
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REAL Machine is a specific motor technology studied in this thesis work as a case study. 

Case study is common in business research. It allows adoption of research design by 

incorporating usage of various data gathering and analysis methods. In the case study of 

REAL Machine, qualitative methods that are utilized consist of academic literature, 

interviews and market survey.  

3.3.1  Academic Literature 

This method provides context details and background information, supplementary questions, 

a way to track progress and change, additional data, and the capability to validate findings 

(Onwuegbuzie, Leech and Collins, 2012). Through exploration of existing literature on the 

commercialization of previous electric motor technologies and innovation frameworks, a 

researcher can derive meaning, attain insights, and gain a deeper understanding of the study 

problem.  

The integration of academic literature provides a broader perspective on the research topic. 

This holistic approach facilitates a more insightful interpretation of the qualitative data 

gathered through other data collection methods.  

The study presumes that the commercialization strategy of REAL machine can be 

constructed from diverse research such as interview and market survey while academic 

literature supporting the overall research and integrating to fill any gaps. The theoretical 

framework contextualizes the other qualitative data, making possible to generate relevant 

questions and better understanding of the interviews and market survey.  

In a nutshell, the academic literature improves the research methodology of this thesis report 

and enhances the study’s breadth, depth, and academic rigor. This eventually contributes to 

drawing conclusions and strategizing the REAL machine commercialization.  

3.3.2  Interview 

An interview serves as a suitable method for data collection about experiences, processes, 

and facts. Thus, interviews are useful for in-depth studies involving a range of views or select 

few participants  (Rowley, 2012).  
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The interviews are categorized into three types according to their structure level. These 

include unstructured, highly structured, and semi-structured interviews (Merriam, 2009).  

Unstructured Interview: This structure is useful when flexibility and freedom to explore the 

project topic is required. Rather the interview allows openness and enables participants to 

delve deep into the topic. As this format does not follow pre-defined questions.  

Highly Structured Interview: This format follows a specific sequence of questions and 

answers. This limits the ability for in-depth qualitative analysis. As the participants cannot 

share their perspectives freely and comprehensively.  

Semi Structured Interview: A semi-structured interview is a blend of the above-mentioned 

interview structures. Because of the flexibility in the format, the interviewer can employ 

open-ended questions for deeper understanding and insights.  

3.3.3  Market Survey 

The objective of this research method was to obtain an overview of the traction motor 

business in the commercial vehicle market. This strategy helped to build the foundation by 

collecting information on market intelligence such as 

• Relevant players and the positioning of these players in the market. 

• Relevant technologies and the identification of potential partners/customers.  

• Competition benchmarking  

The intelligence collected through this market content analysis played a substantial role in 

extracting valuable data about companies. The researcher adopted an approach to analyze 

the published data on company websites comprising technical datasheets, product 

descriptions and services, and offering around specific products. Through this, the researcher 

acquired a holistic understanding of motor technologies, advancements in electrification and 

strategic trajectories of medium and heavy-duty commercial vehicle market. 
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3.3.4  REAL Machine Case Study Design 

A case study design allows adaptability, which permits the use of various methods of data 

collection and analysis (Eisenhardt and Graebner, 2007). Three qualitative methods that are 

align with are study’s research goal are employed for REAL machine case study: academic 

literature, semi-structured interviews, and market content analysis.  

A REAL machine case is distinct because the commercialization path varies for every 

research to business project. Thus, developing a strategy to enhance the chances of a 

successful product launch is crucial. In this regard, the ‘Electric traction motors’ serve as the 

analytical unit for this case study. Data collection primarily targets prominent industry 

experts and companies involved in electric traction motor projects. The methodological 

structure of the master thesis is illustrated in the figure 4. 

 

 

  Figure 4: Research design  

3.4  Data Collection and Analysis 

Probabilistic and non-probabilistic samplings are two main sampling techniques. 

Quantitative research involves probabilistic sampling techniques as it deals with the 

generalization of results. On the other hand, qualitative research associated with non-

probabilistic sampling techniques. Whichever research approach is chosen, quantitative or 

qualitative, the selection of sampling strategy should aim to maximize the effectiveness of 
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the studied research topic. This means that the sample is representative of the research focus 

and capable of providing valuable insights (Keptner, 2011).  

The author chiefly used non-probabilistic sampling techniques, with the exception of using 

probabilistic sampling for market survey data to draw inferences about the technical 

specifications of the electric traction motor. Below are presented the methods used for 

selecting interview participants and determining the criteria for market survey. These are 

crucial steps to gather relevant and meaningful data for research objectives.  

The essential criteria taken into account for selecting study participants are as follows: 

1. Company experts engaged in the manufacturing of electric motor technologies. 

2. Professionals with a background in development projects related to electric traction 

motors and related electric vehicle technologies.  

3. Experts employed in the emerging electric vehicle automotive sector and actively 

participating in electric vehicle projects.  

Two distinct methods were used to identify the company cases for market content analysis:   

1. Companies operating in the commercial vehicle market, specifically in the medium 

and heavy-duty vehicle segments.  

2. Companies involved in the manufacturing of electric traction motors and electric 

powertrains.  

 

Semi-Structured Interview 

Semi-structured interview approach was adopted. This allowed participants to discuss broad 

concepts on market for electric traction motor technologies and their commercialization. The 

interview questions were formulated using the literature review to gather data for analysis 

and advance on the research objective. For this, the researcher followed a few qualitative 

interview criteria that is outlined below. 

1. Questions that are relevant, concise and clear to facilitate comprehensive and quick 

responses (Bryman and Bell, 2015). 
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2. Selection of open-ended and flexible questions over closed-ended ones. While 

following some structure to keep participants on the topic (Bryman and Bell, 2015).  

In table 2, the developed interview protocol, consisted of six categories along with questions, 

is presented.  

Table 2: Interview protocol with questions 

Category Questions 

General Can you share your working experience and the current role in 

your company? 

Current Traction Motor 

Technologies Market 

In your opinion, what are the main challenges faced by current 

electric traction motor technologies in the commercial vehicle 

market? 

How do you perceive the varied traction motor technologies 

available in the market today? 

Integration of a New 

Motor Technology 

For integrating a new electric traction motor such as REAL 

machine in the e-drivetrain, what would be the influential elements 

from the customer point of view? 

Apart from the critical performance parameters such as torque, 

power output or efficiency, are there any specific compatibility 

requirements with other subsystems? 

Market Competition What do you think of the current level of competition in the electric 

traction motor market for commercial vehicles? Are there any gaps 

or unmet needs that you believe could be addressed?  

Are there any features or aspects that you believe are lacking or 

could be improved upon in existing electric traction motors 

available in the market? 

From your perspective, how one should approach a commercial 

vehicle market to successfully launch a new electric traction motor? 

Customer Understanding What criteria will be decisive for a customer to choose a new motor 

such as REAL machine over its competitors? 

If the motor is without Rare Earth Elements and with high power 

density and efficiency, then what factors can stop the customer 

from buying such a motor? 
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Cost Constraints What are the cost constraints or target price range for the electric 

traction motor? 

Final comments Do you have any final thoughts, or would you like to add something 

else that is not discussed but you are willing to share? 

 

Interview sparing meeting with the REAL machine project team was conducted. Through 

this, the researcher reviewed the relevance of the questionnaire in relation to the project and 

research scope. The questionnaire was redrafted to suit the research requirements, that is 

presented earlier in the table above.  

Interviewees were contacted mainly by two methods: phone call and email. After confirming 

their participation, the interview invitation was shared. Microsoft team was used to conduct 

the interviews for easy recording and transcript generation purposes.  

Each interview followed the four-stage plan in order to effectively utilize the set time period 

of 30-minutes.  

1. [1-3 minutes] Welcome the interviewee and general introduction. 

2. [2-4 minutes] Quick Review of the project background and discussion about the 

essential aspects of confidentiality, anonymity, and the right to withdraw at any point.  

3. [20-25 minutes] Interview questions. 

4. [1-5 minutes] Closure and final thoughts. 

 

Appendix 1 contains the REAL machine project background and pre-read document shared 

with the participants. Table 3 below shows the interview participants, the dates when the 

interviews were conducted, and provides an approximate duration for each interview. The 

information is presented without revealing their names to protect their identity and to follow 

the data protection guidelines of the LUT university. Following the interviews, the 

researcher proceeded to code the transcripts for interpretation and data analysis.  

Table 3: Interview details and participants information 

Interviews  Contact Method Reference Date  Length of Interview 

Interview 1 Phone and 

Email 

Senior R&D 

Engineer 

July 4, 

2023 

30 
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Interview 2 Email Manager July 12, 

2023 

30 

Interview 3 Phone and 

Email 

Expert June 30, 

2023 

40 

Interview 4 Email Director July 3, 

2023 

30 

Interview 5 Phone and 

Email 

Manager July 25, 

2023 

30 

 

Data Analysis 

Thematic analysis was selected as the main analytic method in this study because it allows 

for a detailed exploration of complex data. The researcher adhered to Braun and Clarke’s 

(2006) six-stage process for thematic analysis using NVivo 12, this includes: 

• Transcribing, reading and reviewing the data to note initial concepts. 

• Systematically coding intriguing aspects of the data, organizing codes into potential 

themes.  

• Assessing the relevance of themes and the coded dataset. 

• Refining and naming themes.  

• Yielding the final analysis based on the generated themes.  

This approach enabled the researcher to effectively analyze the interview and market survey 

data, maintain flexibility during text analysis and generate valuable insights for the study.  

3.5  Validity and Reliability  

In qualitative research, providing a comprehensive description is crucial to convince readers 

of the author’s conclusions  (Lee, 2021). However, regardless of the type, the research should 

be meticulously planned and executed to provide justifiable and credible answers to research 

questions. Various techniques are used in qualitative and quantitative research to enhance 
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their quality of research  (Jaakkola, 2020). In any case, validity and dependability are the 

most common used terms to evaluate the research quality.  

In the methodology literature, reliability is described as the reproducibility of research 

outcomes while validity is related to the accuracy and truthfulness of the results. These two 

key aspects of external validity and internal reliability come into play in the process of 

comparing study findings to reality  (Merriam, 2009). 

In this study, multiple data sources are employed to validate findings as advised by the 

Creswell (2003). However, the publicly available data on company websites is subject to 

change whereas the analysis is based on the currently available data. Thus, the researcher 

acknowledges that the qualitative research involving website content analysis is not as 

reliable as primary data collection of interviews or peer-reviewed journals. 

One limitation was the time constraint that affected the number of interviews conducted. 

Though it would have been beneficial to conduct more interviews for even diverse point of 

views. However, the five interviews served the primary objective of gaining the initial pulse 

on the market and collecting insights from industry experts.   
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4  Analysis and Discussion 

This section presents the analysis of the data collected for the goal of this thesis work. That 

are to provide a commercial launch strategy and investigate the market needs and preferences 

to improve success ratio of launching a new electric traction motor technology. Through the 

website content analysis, market survey for electric traction motor in the commercial electric 

vehicle industry are discussed. Further segmentation of the target market is also presented. 

Whereas the semi-structured interviews were conducted to get initial insights from industry 

experts.  

4.1  Interview Analysis 

The semi-structured interview data has been analysed using the NVivo qualitative analysis 

tool. The process involved familiarizing with the data and developing the initial codes. This 

was achieved by assigning labels to the information extracted from data in accordance with 

the set research questions. Following this, the codes were sorted to identify and review 

themes. Once the themes were designated, the emergent themes were thoroughly discussed 

(Adu, 2019). 

Before starting to develop codes, one must select the type of analysis for their research. Two 

types of analysis found in literature include thematic and content analysis.  This research can 

better utilize the thematic analysis approach. This is because in thematic analysis, the author 

can create cases for the research question first and go through the transcript and signify the 

significant information and generate containers/codes and select the significant information 

and drop them into the containers. Whereas content analysis requires creating codes or 

containers before going through the transcript to identify the significant information (Adu, 

2019).  

4.1.1  NVivo Data Analysis Prerequisite 

Five transcript files have been generated against each interview. The transcripts in English 

were auto generated by Microsoft Teams. To protect the anonymity of the participants and 
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safeguard any personal information, the transcript files have been cleaned and filtered. In 

addition, the autogenerated text had errors in wording and sentence structures that have been 

checked to keep the overall readability and preserve the essence of the responses. Lastly, the 

original interview questions have been highlighted against relevant answers. After having 

this done, the transcript files with nomenclature P1, P2, P3, P4 and P5 were ready to upload 

in NVivo.  

A Classification Sheet containing demographic information is optional in NVivo. For this 

analysis, the sheet is prepared as presented in table 4. The sheet uploaded to NVivo is 

prepared in such a way to link with the respondents’ uploaded transcripts.  

Table 4: Interviewee classification sheet  

ID number Industry Reference Location 

P1 Medium Enterprise R&D Head Ljubljana, Slovenia 

P2 Large Enterprise Senior R&D 

Engineer 

Finland 

P3 Large Enterprise Engineer Finland 

P4 Small Enterprise Expert Finland 

P5 Medium Enterprise Director Tampere, Finland 

4.1.2  Node Creation 

After loading NVivo with transcript files, the next step was making nodes. The nodes were 

created by labeling the research questions. In this research, two primary research questions 

were introduced.  

1. What is the strategy to launch a new electric traction motor (REAL machine) for the 

commercial vehicle market? Node: Launch Strategy 
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2. What features and metrics based on the market needs should prioritize by a new 

electric traction motor such as REAL Machine? Node: market needs and preferences 

4.1.3  Coding 

Along with the steps mentioned above, determining the coding strategy is part of the 

analysis. Two different coding strategies include descriptive-focused and interpretation-

focused (Adu, 2019). For this thesis work, interpretation-focused coding strategy is adopted 

to make sense of the data to minimize the gap between information and research goals. The 

information is implicit and embedded in the data. The code is developed that best represents 

the participant information and addresses the research goal of this thesis work.  

Table 5: Coding outcome for interview analysis 

Coding Outcome 

(RQ1) Launch Strategy 

• Files (Participants Transcripts)       5 

• References (code counts)        14 

(RQ2) Market Needs and Preferences 

• Files (Participants Transcripts)        5 

• References (code counts)        10 

 

When the coding, which is about assigning labels to significant information extracted from 

data, is concluded. Then comes the sorting which is performed by categorizing the codes 

based on the relationship. This sorting results in generating themes by grouping the codes 

into various classes. Ultimately, these themes help in answering the research goals for the 

research. The overall summary of the analysis or step-by-step overview of the analysis 

approach in NVivo is given below. Subsequently, the themes emerged are presented.  

1. Preparation of transcript files 

• Transcript files were cleaned and uploaded to NVivo for analysis and code 

generation.  

• Participant’s demographic classification sheet was prepared. 

2. Labeling the research questions 

• Cases were created as a starting point for analysis in NVivo. 
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• Codes were organized based on the research questions/cases. 

• Cases: Launch Strategy and Market needs and Preferences 

3. Coding Data 

• Coding strategy was determined that was interpretation-focused coding. 

• Containers were created that were codes to drag and drop the relevant 

information from the transcript data. This is also called tagging or extracting 

relevant information.  

4. Grouping the codes 

• Codes were categorized based on their relationship. 

5. Emergent themes 

• Based on the categorization of the codes or sorting, themes were generated. 

4.1.4  Emergent themes: 

The themes that emerge based on the set research objectives are presented here. Initial codes 

characterizing these themes are shown in the table 6. They represent the insights that come 

forth out of discussion. After which, a short description of each theme is presented below.  

Table 6: Initial codes and themes (Interview Analysis) 

Theme Initial Codes 

Customer-Centric Approach • Selecting buyer 

• Contacting Customers 

• Customer System Requirements 

• Unique Selling point 

• Selecting technology based on vehicle design 

Strategize Market Entry • Internal combustion engine to electric  

• Production volume of electric motors 

• Consortium from Finland initiative 

• Large market vs specific market 
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Holistic Design Approach • Vehicle system requirements 

• Inverter choice 

• Load cycle and user case 

Future Trends • Certified motors 

• Comparison of SRM and PMM 

• Magnet Free Motors 

• Motor interfacing subsystems 

Cost Reduction • Reducing the Rare Earth material 

• New battery technology and refurbish buses 

• Motor technologies 

Technical features  • System level safety  

• High torque density  

• Compactness 

• Monitoring through sensors 

Vehicle Topology 

Consideration 

• In-wheel motors 

• Central drive motors 

 

Customer-Centric Approach: This theme is related to the first research question (Launch 

Strategy) and underscores the importance of market pull approach. The initial coding for this 

theme involves interview questions that revolve around customer point of view and customer 

decision making processes. Another interview question linked to the initial coding process 

aimed at the successful launch of a new electric traction motor technology. From interviews, 

it became evident that working closely with the customer is crucial. This engagement can 

impact positively, to the overall success of the project goals, if maintained throughout the 

project period.   

Strategize Market Entry: Initial coding for this theme covers interview questions related 

to main challenges for implementation faced by electric traction motors, current level of 

competition and approach to a new technology commercialization. The theme encompasses 

the proposition of initiating a national consortium on electric vehicle technology. In addition 

to this, it covers the influence of targeting varied market sizes for commercialization and 

discloses a new type of niche market.  
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Holistic Design Approach: The interview questions that probe the various traction motor 

technologies and integration of a new motor technology in e-drivetrains resulted in this 

theme. The initial coding is linked to the system requirements for the load cycle. Other 

encompass, the vehicle application and technology selection dictate requirements for each 

other. This theme is connected to the first research question (Lauch Strategy). For the OEMs, 

any selection of a new component means changes in their vehicle system design. This results 

in careful adoption of new technology that can retain or even increase system efficiency, 

reliability, and safety.      

Future Trends: This theme addresses the effects of changing automotive industry towards 

electrification, growth trajectory of the electric vehicle industry and highlights the shifting 

from permanent magnet motors to rare earth free motors. This theme is relevant to the first 

research question (Launch Strategy). The initial coding for this theme derived from the 

comments on tackling the unmet market needs, electric drivetrain system integration and 

comparison among motor technologies.  

Cost Reduction: This theme serves the second research question (Market Needs and 

Preferences) and underlines the importance of cost competitiveness in the automotive 

industry. The initial codes for this theme were selected from submissions that advocated for 

lower price range and cost constraints on commercializing new motor technology. To 

achieve reduction in cost, the theme promotes reducing the amount of rare earth material in 

motors, lowering the price of batteries, and pioneering cost-effective motor technologies 

through interview responses.  

Technical Features: This theme is associated with the second research question  (Market 

Needs and Preferences) and put emphasizes on the demand for improvements in technical 

aspects of a system as well as individual components on the drivetrain such as electric motor. 

The initial codes for this theme were derived from interview responses concerning 

challenges in traction motor technologies and critical motor performance parameters. The 

responses led to the endorsement of high torque density, monitoring of motor through 

sensors,  and compact integrated solution of the motor with interfacing components. 

Vehicle Topology Consideration: This theme assists in answering the market needs and 

preferences, which is the second research question. Insights gathered through this theme 

includes the effect of vehicle drivetrain architecture when choosing the suitable traction 
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motor. The initial codes that were generated after assessing the interview responses comprise 

of central and in-wheel drive topologies.  

The NVivo generated sunburst visual representation helps in illustrating distinct hierarchy 

of codes and their interconnections. This aids in verifying that the researcher effectively 

captures the essential observations through initial coding. This coding system is crucial to 

precisely capture significant information by identifying themes and sub-themes as depicted 

in the figure 5. 

 

Figure 5: Sunburst diagram (themes and initial codes) 

4.1.5  Discussion of Findings 

The subsequent section delves into the research findings. The findings are researcher’s 

reflection in relation to the literature review and research questions.  
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4.1.5.1  Theme 1: Customer Centric Approach 

Three out of five interview participants stressed on thinking from the customer perspective 

for developing a new traction motor such as REAL Machine. This is in line with the effective 

commercialization strategy. Such an approach considers by many researchers as a success 

criterion (add references). A notable quote is attributed to participant 5, a head of department 

at a prominent manufacturing company in Finland.  

‘’It is essential to understand the customer’s requirements and system technology to 

provide them with suitable solutions. We often work with customers and discuss their 

machines’ usage, maintenance, and other factors to tailor our products to their needs.’’ – 

P5 

• Feedback Loop and Iteration 

Quite evident is to create avenues for customers to actively participate in the product 

development processes and offer feedback. To foster an understanding with customers, 

require shifting with customer expectations and constantly evolving to cater their feedback 

and market trends. As mentioned by participants: 

‘’the first prototype may not fully fulfil the customer specifications, so we might need to 

make a second prototype. Simulation is useful for estimating the electrical performance of 

the motor, but thermal performance can be more complex and may require adjustments 

after building the prototype.’’ – P2 

‘’It is essential to negotiate and collaborate with customers to find the best solution for 

their specific use case.’’ – P5 

Analysing the comments thoroughly would underscore concerns of participants about 

negotiation, customer input, iterative prototyping and improvements.  

• Value Creation 

Offering a product that can provide unique value to customers, facilitate them in further 

advance their objectives, and tackle their challenges is crucial for success. Value creation is 

also about creating differentiation by offering something unique, innovative or tailored to 

specific customer needs. Hence, the notion of value creation revolves around either 

surpassing or meeting customer needs.  
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’’To stand out, it’s crucial to find a unique selling point and demonstrate the reliability and 

performance of the product.’’ – P5  

4.1.5.2  Theme 2: Strategize Market Entry 

The success ratio to commercialize any new technology is not very high. This requires 

deliberate planning and meticulous execution to successfully enter a new market. In other 

words, the main objective is to maximize the opportunities and minimize the risks to attain 

sustainable growth. Several participants propose thoughtful concepts to consider for this 

project. A particularly insightful remark from participant 5 is: 

‘’Bigger companies focus on high-volume production, we target markets with lower 

production quantities, typically between 10 and 500 units per year.’’ – P5 

• Underserved Market 

Through the interviews, a deeper understanding of the refurbish market segment developed 

which was not much familiar to the writer before. As multiple participants mentioned cases 

about converting traditional combustion propulsion systems to electric propulsion systems. 

This shows that the participant companies identified a specific customer segment. That is in 

line with their capabilities and strengths. By doing this, they managed to successfully address 

an unmet market need.  

we have seen some customers convert fleets of vehicles to electric using our technology, 

especially in commercial applications where the advantages of in-wheel motors are 

apparent. – P1 

It's a state-owned, and they want to shift totally to electric vehicles in their transportation, 

and they also consider converting the older vehicles. – P4 

In addition to the discovery of refurbish vehicle market segment, another intriguing approach 

is associated with the strategy of avoiding competition. This is to captivate the market share 

that is not enticing to large enterprises as mentioned by one of the participants.  

we aim to provide specialized solutions for specific markets that may not be attractive to 

larger companies. – P5 
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• Production Volume 

Manufacturability is another aspect to strategize market entry highlighted by the participants. 

The interview discussion revealed that large corporations are involved in producing low cost 

motors through large production volume.  

Customers have a relatively good understanding of the production cost level of such 

motors. Creating a business with high margins may not be possible, so it has to be based on 

serial production and relatively low margins to earn money in that kind of business. – P2 

Producing Small batches is expensive. It's relatively much cheaper if you manufacture in 

large numbers. – P4 

The comments above underline the significance of manufacturability and the effects for new 

entrants due to their limited resources. Nevertheless, to penetrate the market, a new business 

can adopt a comparable approach to counteract the existing market competition.  

• Innovative initiatives: 

Strategize market entry can involve many key steps such as distribution channels, 

positioning, pricing, or marketing among others. However, a creative idea was shared by 

participant 5 that involves organizing a consortium from Finland on electric vehicles.  

Organizing a consortium from Finland or other countries with complementary technologies 

and building a demonstrator could be an effective way to showcase the technology's 

potential. – P5 

This strategy is particularly useful to bring together varied technology producers of electric 

vehicles at one platform to showcase their products. Besides, such a consortium can assist 

entities to share expertise and collaborate on projects. Additional benefits comprised of 

tapping into each other’s customer networks and improving credibility.    

The conversation with participant 5 further revealed that prototyping is a crucial step. 

Prototyping can serve to demonstrate a new technology idea. This can provide opportunity 

to customers to directly interact with the proof of concept; thus, leads to reduced time to 

market by gathering user feedback in the early stages. 
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A prototype provides a tangible and visual representation of the product, making it easier 

for potential customers to understand and approach. This kind of demonstration can help 

gain confidence in the technology and attract interest from the industry. – P5 

4.1.5.3  Theme 3: Holistic Design Approach 

Drawing from the valuable insights gathered from interview participants, this report delves 

into the OEMs perspective on electric vehicle system design. The OEMs are concerned about 

the interconnection of different subsystems. The main goal is to optimize the system level 

performance by integrating suitable subsystem level components. One such example is 

highlighted by participant 1 where choosing a particular technology can affect the choice of 

interfacing component.  

Reluctance machines need to operate at high speed to compensate for the absence of 

magnets, which can impact power factor and require a larger inverter. – P1 

When advertising, OEMs focus on showcasing the overall effectiveness of their product 

rather than explicitly mentioning the advantages of usage of a single component.  

We differentiate ourselves by offering advanced functions, compactness, comfort, and 

efficiency as part of a complete system. – P1  

• User case Scenario 

According to the interviewees, vehicle design approach is dependent on the user case 

requirements and the operating conditions of the vehicle. In this regard, the subsystem level 

components need to work in sink to achieve minimum loses.  

The load cycles, vehicle type, and application play a crucial role in determining the most 

suitable combination of motors and gearboxes – P5 

For example, the integration of electric motors into different types of vehicles, such as 

highway trucks, off-road dumpers, or city buses, will require different approaches due to 

varying load requirements and usage patterns. – P5 
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4.1.5.4  Theme 4: Future Trends 

Interview participants stressed on keeping an eye on technology development trends and 

industry requirements. As the high-power electronics invertor based on silicon carbide (SiC) 

technology are becoming increasingly popular, this has direct impact on using certain motor 

technologies such as SynRM. Before the combination of these two technologies, SynRM 

were not attractive for automotive applications.  

Different customers have different needs, and they might be buying the motor, both the 

motor and the inverter, or the motor, inverter, and gearbox as a complete package. – P2 

The structure of this reluctance motor and the use of iron material in it, it would be a bit 

heavier than permanent magnet synchronous motors. But it’s a fair trade-off between the 

cost and weight. – P3 

• Rare Earth Free motors 

The industry trend is towards rare earth free motors. As acknowledged by two of the 

participants from manufacturing industry.  

For instance, your project’s focus on magnet-free motors with high power density could be 

a significant advantage. – P5 

Reducing the amount of rare earth used in the magnets to minimize environmental impact 

and costs – P1 

The major concern is attributed to the control of the supply chain of earth earth material by 

China. In addition, the drive to reduce the environmental impact associated with their 

extraction. 

4.1.5.5  Theme 5: Cost Reduction 

Nearly all respondents specify the distinction of cost in the electric vehicle market. Not only 

the cost of a single component is of concern to the interviewees, but the overall cost of the 

drivetrain is critical. A scenario like this is possible, where the motor itself is expensive, yet 

the overall system remains cost competitive and efficiently meets the user criteria. This is 

indicated by the individuals interviewed.  
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the cost and performance of the motors remain crucial points, especially for powerful and 

high-torque motors. – P5 

If another supplier can make a more cost-optimized drive package for the EV application, 

even if the motor itself is more expensive, the total package cost might still be lower. – P2 

the total cost of the drivetrain package will determine the purchase decision – P2 

• Motor Desing Considerations 

The permanent magnet motors are costly due to usage of rare earth elements in them. This 

prompts the market players to explore the development of alternative motor technologies 

that can provide same performance metrics with lower cost.   

the cost of a synchronous reluctance motor can vary depending on various factors such as 

the design, materials used, and production volume. – P2 

In general, synchronous reluctance motors are considered to be more cost-effective 

compared to permanent magnet motors as they do not require expensive rare-earth magnets 

– P2 

one thing is also that in the design of that motor, it could be taken into account that this can 

be produced easily also in low volumes. – P4 

At the same time, the participants argue the advantages of using permanent magnets in the 

motor. That is why, a majority of the electric vehicle industry still employ PM motors due 

to advantages mentioned in here.  

To achieve high torque density, there's no other way but to use permanent magnets – P1 

There are trade-offs, but permanent magnets offer advantages in compactness – P1 

The automotive industry is price competitive. Currently, the prices are higher than traditional 

combustion engine vehicle. Hence, as the technologies such as batteries, inverters, and 

electric motors become cheaper, the adoption rate of electric vehicles will increase. 
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4.1.5.6  Theme 6: Technical Features 

Various participants identify the significance on enhancing the technical attributes of motor 

technology and boast about the features of their technological product.  

Main advantage of our technology is compactness – P1 

One important aspect of reluctance machine is safety. Reluctance Machines don't have 

fault currents, which enhances safety in certain applications. – P1 

The industry is progressing towards greater intelligent products and systems. This is 

achieved through deployment of sensors for continuous monitoring and control, as well as 

the implementation of advance maintenance practices like predictive maintenance into the 

system. 

These sensors also have other uses besides motor control and may include temperature 

sensors – P2 

Primarily, these measures enhance the overall system-level performance and safety, meeting 

the demands of OEMs for high performance electric vehicles. 

4.1.5.7  Theme 7: Vehicle Topology Considerations 

Two main drivetrain topologies of electric vehicle identified through interview participant 

include: Central-drive and In-Wheel Drive motors. Another topology, not talked by the 

participants, is the electric axle or e-axle motor drive. This topology can be categorized as 

an intermediate solution to the two previously mentioned topologies.  

Placing the electric motor directly into the wheel allows for better responsiveness and fast 

performance. In-wheel motors enable various control options and compact windings – P1 

Central drive motors require more space – P1 

Each of these drivetrain topologies come with their own advantages and disadvantages. 

We believe in the advantages of distributed drive systems and are dedicated to reducing the 

cost of in-wheel motors while maximizing their benefits – P1 
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The implementation and selection of either of the aforementioned drivetrain topologies 

depend on the particular objectives, design needs and target performance outcomes of the 

electric vehicle.  

Frequency of Quotations from Each Interview 

In an effort to provide transparency and comprehensive view on the interview data analysis, 

frequency of quotations attributed to each participant interview is quantified in the table 7. 

This breakdown serves as a supplement to the given analysis by offering a clearer perspective 

on the interviewee’s insights. The reader should not link the number of quotations to the 

significance of each participant contributions. As qualitative factors, such as depth and 

context, also influence the analysis of this study.  

Table 7: Number of quotations from each interview 

Participant Number of Quotations 

P1 11 

P2 8 

P3 1 

P4 3 

P5 11 

 

4.2  Industry Landscaping Analysis 

This section is divided into two sub-sections. They are target market segmentation and 

findings in NVivo. The reason to present analyses this way is chiefly to present the data 

collected from relevant technology products in answering the research objectives effectively. 

Forty companies linked to the electric commercial vehicle market have been surveyed 

extensively as part of the market content analysis. The list of these companies is presented 

in table 8.   
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Table 8: Surveyed companies 

Scania Volvo Trucks Man VDL Groep Meritor 

Dana TM4 Equipmake Siemens Volta Trucks ZF 

Bosch Daimler Truck Schaeffler Danfoss 

Editron 

Electric 

Machines 

Zytek 

Terberg Vitesco 

Technologies 

Linkker Bus Hitachi Ltd LG Magna 

Parker Sea Electric Allison 

Transmission 

Motiv 

Delivers 

Lightning 

eMotors 

Rivian Lion Marelli Temsa Otokar 

Lonestarsv Nikola Motors Canoo Brightdrop Arrival 

BMC 

Otomotive 

Proterra Exro Linamar Orange Ev 

 

4.2.1  Target Market Segmentation Analysis 

Based on the capabilities of the REAL machine, medium and heavy-duty vehicle market 

have been chosen to study as they are consistent with the potential application usage of the 

REAL machine technology. To fulfil the research objectives, this target market is segmented 

into four categories. These include geography, technical specification, vehicle type and 

stakeholder.  
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4.2.1.1  By Geography 

The companies studied were further divided into serving regions of the world. Six regions 

around the world are identified as where the companies serving.  These include the US, 

Europe, Asia, Africa, South America, and Japan. 

The figure 6 illustrates where the forty companies are doing business. This target market 

segment can help in addressing the research question pertaining to the REAL machine launch 

strategy, such as market size, competition, and technological clusters. Exploiting this 

information, REAL machine can strategically position itself. 

Figure 6: Serving regions of the companies 

4.2.1.2  By Technical Specifications 

The electric traction motor is classified by a few important technical performance features, 

including inter alia, power, torque, weight, and dimensions.  

Out of forty, the study could find motor technology developed by eighteen companies. As 

part of these companies’ motor portfolios, permanent magnet-based electric traction motors 

of various designs have been found to be their main product lines.   

The figure 7 shows the relationship between the weight of the motor and speed. In the case 

of lower speed, the torque is higher, and the weight is higher, as is clearly visible through 

the example of a motor from Scania. The relation of speed and weight is vice versa in case 
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of motor offered by Zytek. This information is important because it determines which motor 

would be suitable for the intended vehicle architecture and user case scenario.  

 

Figure 7: Motor weight vs speed  

The figure 8 shows the continuous and peak torque of motors from various brands. The 

torque variation is large among different motors because it depends on the motor 

manufacturers’ business strategy to use a gearbox with a motor in the case of high speed and 

low torque or to offer direct drive capability with high torque without using any gearbox 

component. 

 

Figure 8: Continuous and peak torque comparison 

The continuous output power range of various motors in medium and heavy-duty 

commercial vehicle market is shown in figure 9. Both the output power and torque 
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characteristics influence the decision of a customer. The factors involved are application 

suitability and operational efficiency of the chosen technology.  

 

Figure 9: Output continuous power of various electric motors 

4.2.1.3  By Vehicle Type 

The studied companies offer electric motors to the commercial vehicle market comprised of 

buses, trucks, coaches, off-Roads, and specialty vehicles. The categorization of vehicle types 

is given in figure 10 below.  
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Figure 10: Vehicle types 

As an example, identifying buses and trucks with varying capacities, duties and sizes holds 

substantial importance. This knowledge can support REAL machine to find its market 

position based on vehicle type, that aligns with its technological capabilities.  

4.2.1.4  By stakeholder (Competition Analysis) 

In stakeholder analysis, the studied companies are divided into three categories based on 

their supplier relationship. This includes original equipment manufacturer (OEM), Tier 1 

and Tier 2 suppliers. Original equipment manufacturers are the provider of ready products 

to the end user or customer. Tier 1 are the suppliers to OEM, for example, Meritor is the 

manufacturer of electric drivetrain which is used by OEMs to integrate with the mechanical 

structure to manufacture the end product. Tier 2 could be supplier to tier 1 or directly to the 

OEM. For example, Bosch is the electric motor manufacturer and a tier 2 supplier who 

supply electric motors directly to Diamler trucks, an OEM. Whereas, Linamar is a tier 2 

supplier of electric motors to Exro, who is then supplier to Sea Electric for its COIL Drive 

system. Figure 11 divides the companies studied for this report into the OEM, Tier 1, Tier 1 

and 2, and OEM and Tier 1 supplier. 
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Figure 11: Supplier categorization 

 

Based on the analysis given above, it is then easy to determine the potential partners, 

competitors, acquirer and customers for REAL Machine as shown in the figure 12.  

 

Figure 12: Stakeholder Analysis 
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4.2.2  Discussion of Findings in NVivo 

The large amount of data collected from the company websites were based on two main pre-

defined categories linked to the research objectives: product capabilities and company 

offerings around that product. The first reason behind selecting these categories was to look 

deeper into the available electric traction motor technologies and its capabilities in terms of 

hard value proposition. The second reason was to understand the soft value proposition with 

respect to how these companies are doing business and attracting their customers. NVivo 

played an immensely vital role in uncovering themes and sub-themes. The subsequent 

section provides the coding stages and findings of the content analysis. 

 

Stage 1: Pre-Coding 

The researcher initially extensively collected the data from the company websites. A single 

file was created and formatted until achieved a consistent pattern during the pre-coding 

process. Then, the researcher applied Nvivo to reveal the most frequent words written in the 

text by conducting a word frequency query. This intelligence could be visualized using a 

word cloud, as depicted in figure 13. By using this approach, useful insights and new areas 

of discovery made possible.  

By applying a query in word frequency, key thesis related theme words have been stopped 

to display, namely ‘electric’, ‘motor’, ‘power’, and ‘torque’, together with other common 

words such as ‘high’, ‘and’. The purpose was to generate a word cloud containing words 

that would assist in generating themes for REAL machine commercialization strategy.  
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Figure 13: Word cloud (Generated in NVivo) 

 

Stage 2: Coding  

Two containers based on research objectives namely launch strategy and market need and 

preferences were formed in NVivo for the coding process. This process involved rereading 

the data file and coding relevant information into their respective containers by scanning the 

whole document. In total, 25 codes were generated. Out of which, 12 belonged to the launch 

strategy and 13 belonged to the market needs and preferences. This process facilitated in 

clustering the codes and identifying the patterns that resulted in the generation of six themes. 

The table 9 below summarizes the coding outcome. Next comes the themes inferred and post 

coding analysis.  

 

Table 9: Coding outcome for market qualitative data 

Coding Outcome 

(RQ1) Launch Strategy 

• References (code counts)        12 

• Themes Generated        3 

(RQ2) Market Needs and Preferences 

• References (code counts)        13 

• Themes Generated         3 
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Stage 3: Post-Coding 

As a result of the coding process, six themes emerged that are summarised in the table 10. 

The following section entails the description of each theme that is linked to the main research 

questions. Subsequently, the researcher’s reflection in relation to the literature review and 

research questions are presented.  

Table 10: Emergent themes and their initial codes (Market Content Analysis) 

Themes Initial Codes 

Product customization and customer-

centric offerings 

• Customer communication channel 

• Customization 

• Add-on services 

• Thermal Management 

Compliance and quality assurance 

validation 

• Automotive Validation 

• Environmental Sealing validation 

• Highest Protection Validation 

• Safety standards validation 

Industry dynamics and transformation • Electrification of vehicle industry 

• Joint Venture 

• Production Volume 

• Retrofitting 

Enhancing compatibility and 

integration 

• Motor Interfacing components 

• Compactness 

• Integration of components 

• Winding technology 

• IoT Solution 

• Modular design approach 

• Regenerative Breaking 

Improve reliability and enhance 

performance 

• Technical Capabilities 

• Low maintenance 

• Maintenance Cycle 

Electric propulsion system and its 

intended case scenario 

• e-Axle Configuration 

• Motor performance in all driving situations 
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• Vehicle configuration recommendation 

 

• Product customization and customer-centric offerings 

This theme supports the first research question (launch strategy) and centres around 

incorporating the customer perspective when marketing the product. The initial codes 

gathered for this theme arise from the data on customization, add-on services and 

communication strategy of the companies.  

Multiple large corporations such as volvo trucks, man and ZF provide enough flexibility to 

their customers and offer integration services to consolidate their market position. A few 

notable examples are as follows:  

One point of contact for all your electromobility needs. Flexible and dependable trucks 

with Volvo financing. Guidance to the best charging setup for your conditions. Digital fleet 

management and environmental reports. – Volvo trucks 

By combining comprehensive yet individual consultancy services, tailor-made eSolutions 

and reliable fully-electric buses. MAN has put together an eMobility package for you. Our 

customized, integrated eMobility solution is your roadmap into the future. – Man 

The companies present product line to fulfil multiple customer needs that are suitable to their 

demands. Assessment of the data reveals that the companies either big or small understand 

the pertinent technologies and requirements of the interfacing components linked to their 

products. By making use of this knowledge, they position themselves to catch interest of 

customers. This gives an understanding of importance of the customer-oriented approach to 

compete effectively with other technology providers.  

Our application engineering team can support the customer with powerful simulation tools 

that, based on the vehicle target requirement, define the perfect motor size and winding 

configuration for the best results in terms of power, efficiency, size and cost. – Dana TM4 

“Customers can choose from water-, oil- or slot-based cooling. This option can also 

influence continuous power and product costs,” says Roland Hintringer, Head of the 

Electric Motors Product Line. – ZF 
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• Compliance and quality assurance validation 

Compliance to regulatory standards play a major role for companies to demonstrate their 

adherence to industry norms and guarantee technology prowess. Numerous automotive 

validations including functional safety and environmental protection are observed of the 

studied companies. Thus, this theme is interconnected with the initial research question of 

launch strategy while emphasizing quality assurance validation and regulatory compliance 

with the industry standards.  

The primary codes developed for this theme were derived from exploring specific motor 

datasheets of various companies. Large manufacturers and companies that plan to scale their 

business particularly give attention to collect automotive validation to stem their position for 

large scale operation.  

Completed full ISO16750 testing for electrical, environmental and mechanical loads – 

Arrival 

Automotive validation in progress: ISO19453-3, ISO19453-4, ISO16750-2, BS EN 60034-

1, BS EN60034-2-1, ISO20653 6X/X7, ISO60529X9, ISO6469-3, UN ECE REG 10 (Pre -

compliance) – Equipmake 

Another observation and finding tell us that the component level testing as well as the system 

level validation are critical aspects of vehicle safety and development.  

The HPI-800 inverter has been developed specially to meet the latest ISO26262 ASIL D 

functional safety standards. – Equipmake 

Highest protection class IP69K: dust, water and steam tight for harsh conditions – Siemens 

Up to IP67 enclosure class– Danfoss Editron 

Featuring Environmental Sealing of IP67 – Zytek 

 

• Industry dynamics and transformation 

The elementary coding for this theme were generated from companies’ data that delved into 

the progression of vehicle industry electrification, collaboration among companies, new 

market niches and a stride towards mass production of electric vehicle components. This 
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theme is undoubtedly related to the primary research question concerning launch strategy 

and underscores the importance of industry transformation and dynamics.  

The growth in electrification of the commercial vehicle market has an upward trajectory, and 

the trend is towards rare-earth-free motor technology.  

Electrification is happening so fast that we estimate that 10% of our vehicle sales will be 

electric by 2025 – and a staggering 50% by the end of this decade. – Scania 

The automotive industry is in turmoil because electric vehicle technology is nascent 

compared with traditional automotive technology. Consequently, many companies are 

investing either in developing electric technology in-house or in buying other potential start-

up businesses. Mergers among companies and new start-ups entering the automotive 

industry are observed, which is otherwise considered a competitive and mature market.   

A joint venture between Dana Incorporated and Hydro-Québec resulted in a company 

called Dana TM4 

A joint venture established July 2021 by LG Electronics and Magna International named 

LG Magna 

The refurbishing vehicle market involves converting already running internal combustion 

engine (ICE) vehicles into electric vehicles. This exciting target market segment or niche 

discovered through our studies has a low entry barrier and sizeable market, considering that 

the number of ICE vehicles operating is still large compared to electric vehicles. Equipmake 

in the UK and Moveko in Finland are two examples of such businesses.  

The focus is on manufacturers that want to integrate an electric drive into their existing 

conventional vehicles. It is suitable for replacing internal combustion engines in special 

vehicles in conventional arrangements or to retrofit existing axle driven vehicles without 

changing the powertrain concept. - ZF 

The market indicates demand for both mass production and distinct electric component. For 

smaller companies, the viability of engaging in business with lower production is observed. 

This provides insightful knowledge into the diverse business opportunity present in the 

electric vehicle space, illustrating the wide array of prospects available through the following 

examples.  
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HTM-3500 motor. £25 000 per motor, that is 29 253 Euro. Low volume production pricing 

available – Equipmake 

Proven track record in mass production components - Marelli 

• Enhancing compatibility and integration 

This theme supports in answering the second research question regarding market needs and 

preferences and highlights the significance of enhancing motor design, integration and 

manufacturing for overall improvement in the electric vehicle efficiency and performance. 

The initial coding was carefully derived from perceptive data that underlined the importance 

of modular design approach, varied motor design technologies and different facets of motor 

integration into the system.  

The collected data manifest that the industry players are adopting the strategy of designing 

for integration. The provision of compact electric design, high level of integration and 

implementation of modular designs reflect the market needs and preferences.  

The electric motor can be easily adapted to our inverter lines - Dana TM4 

The CeTrax electric central drive can be integrated simply into vehicle designs with a 

conventional driveline layout and is suitable for different buses, trucks and a variety of 

special vehicles such as terminal tractors, light crane vehicles or municipal vehicles. - ZF 

Compact design of electric motors allows for easy integration into different vehicle 

architectures.  

Low motor diameter allows for packing in tight spaces – Arrival 

Modular technology in both motor and propulsion system promotes combination of 

components to achieve different power levels, as well as add versatility across various 

system components. 

Modular technology: Various drive concepts, battery technologies and charging systems. – 

VDL Groep 

Flexible (Modular system offers max design and volume flexibility) – ZF 

High modularity with many common parts that can be reused for other series. - Siemens 
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Simply integration by means of standardize interfacing of electrical and mechanical 

components such as gearbox and inverter, respectively, adds value to the business 

proposition of the companies.   

Standard mechanical interfaces simplify integration with external components. – Scania 

The electric motor features high level of vertical integration – Schaeffler 

The active parts of electric motor can be flexibly integrated into the electric rigid axle. – 

Bosch 

Market demand for enhanced monitoring of both motor and system-level performance is on 

the rise. This demand is accompanied by the IoT-based solutions that utilizes sensors on 

electric motors and predictive maintenance.  

Motor accessories (provisions) for IoT solutions are available on our traction motors. The 

progress of IoT solutions in recent years has led to a greater demand for monitoring signals 

from motors. HIP motors can be outfitted with all types of sensors to meet customers’ 

monitoring requirements. - Hitachi Ltd 

Value proposition of various electric motor manufacturers also revolve around positioning 

their product based on winding configuration. As the winding technology effect the 

efficiency and performance of the electric motors.  

Hairpin winding (Enables high power & torque density in a compact package) – ZF 

Future-oriented winding technology such as wave-winding technology used in the stators.  

– Schaeffler 

Single & double winding stators for standard- & high-power options – Siemens 

As part of the electric drive solution, numerous electric vehicle manufacturers offer 

regenerative braking capability which contributes to recapture some of the energy during 

deceleration and enhances overall efficiency.   

Accommodates parking brakes, regenerative brakes part of the electric drivetrain, and 

electric Powertrain Modular Design – Meritor 

The ProDrive drivetrain enables regenerative braking to make the most efficient use of 

energy and extend vehicle range, while reducing strain on the brakes. - Proterra 
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• Improve reliability and enhance performance 

After reviewing the data carefully, the initial codes collected were linked to the maintenance 

and technical features of the motor. This theme assists in answering the second research 

question that is market needs and preferences by focusing on motor capabilities and 

reliability.  

The data suggests several key performance metrics for motor technology such as noise ratio, 

efficiency, torque, power, and mass. These motor attributes are interlinked. Hence, a 

particular vehicle application or propulsion system architecture requirements can influence 

motor selection. 

Product benefits/features: Up to 1,000 Nm of torque right from the start ensures powerful 

acceleration and more fun driving – Bosch 

High performance power at low weight due to combination of water and oil cooling. Low-

noise. Lightweight: Power-to-weight ration (1,1 kW/kg) – ZF 

Higher efficiency (~98%), Lower noise PMSM - Hitachi Ltd 

Several companies are noted for promoting easy, cost-effective, and low maintenance 

capabilities of their electric motor technology. A lesson to learn is that through optimizing 

and minimizing the maintenance cycle demands, these companies contribute to improved 

operational efficiency and increased customer satisfaction.  

The low maintenance requirements help reduce operational costs. – Scania 

Easy Bearing Replacement System: The bearings can be replaced without disassembling 

the rotor, making maintenance work more efficient. - Hitachi Ltd 

• Electric propulsion system and its intended case scenario 

The initial coding for this theme underscores three main focus areas. These encompass the 

electric axle topology, motor performance across various driving scenarios and vehicle 

topology configurations obtained from studied companies. The current theme is tied to 

second research question of market needs and preferences and clearly highlights how 

industry players are positioning themselves in terms of their offerings of electric propulsion 

systems.  
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For instance, Meritor offers three primary electric powertrain solutions and tailors them to 

specific duty trucks that align with their technology. Another comparable example from 

Dana TM4 provides insight into how the configuration of their solutions are influenced by 

the type of vehicle.  

E- powertrains: 12Xe (Class 4-7), 14Xe (Class 5-8) (supplied to Kenworth, Peterbilt), & 

17Xe (Class 8). eSuspension (independent suspension) – Meritor 

Depending on the vehicle type, we recommend various configurations and solutions: 

Direct-drive for 10-26T (Gross Combination Weight), e-Axle for class 4, 5, 6 (<8T – 12T) 

– Dana TM4 

Electric vehicles are dependent on the performance of traction motors in various driving 

conditions as it impacts the system’s efficiency and driving experience. Manufacturers seem 

to fulfil the market needs by optimizing the motor performance across diverse scenarios, 

aiming to achieve an equilibrium between power, reliability, and efficiency.  

How can you tell which motor is better? The electric motor is all about power and torque 

density, efficiency and quality. And ensuring the motor performs well all the time, not just 

in certain situations. – ZF 

All permanent magnet motors can be tested with full load against the actual desired 

workload in our own test laboratory. We can feed the work load cycle of the machine into 

our testing system and run loading tests in the laboratory. - Danfoss Editron Electric 

Machines 

In the next section, the dissertation is concluded by extrapolating insights from above 

mentioned findings, interlinking existing literature and theories with the study objectives.  
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5  Results 

This last chapter delves into the results of this thesis work commissioned for the REAL 

Machine project. By covering the studies from literature, interviews and market content 

analysis, the research questions are reviewed, and all aspects of the findings are presented. 

Besides this, the launch strategy that manifests the practical contributions are part of this 

chapter.  

The research goals set for the REAL Machine case study were linked to strategize the launch 

strategy and look into the market needs and preferences. The philosophy or reason behind 

setting this research objective was clear. Which is to increase the chances of success of 

launching a new product in the market. As research to business project, the 

commercialization study is crucial in the early stages of product development and to reduce 

the time from lab to market.  

REAL Machine lies in the technology push category. The proof of concept of its technology 

alone is not enough to become successful in launching a 

new product and make a business out of this, as indicated 

by Di Stefano, Gambardella and Verona (2012). What is 

required is to connect this compelling science and 

technology seed (REAL Machine) with unmet market 

need. Thus, the bases of the launch strategy lie in 

combining the technology push approach (Seed-Driven) 

with market pull approach (Need-Driven). In the wider 

perspective, this accelerated innovation approach can increase the odd of success for REAL 

machine.  

Summary of the main findings  

• The growth in electrification of the commercial vehicle market has an upward 

trajectory, and a clear interest is seen towards rare-earth-free motor technology. This 

is observed in both literature and market research.  

• The automotive industry is in turmoil because electric vehicle technology is nascent 

compared with traditional automotive technology.  
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o Consequently, many companies are investing either in developing electric 

technology in-house or in buying other potential start-up businesses.  

o The study also observed mergers among companies and new start-ups 

entering the automotive industry, which is otherwise considered a 

competitive and mature market.  

• Initial interviews with industry experts uncovered several significant aspects, such 

as  

o To adopt a Customer-Centric Approach for the technology development and 

keep track of alternative technologies. 

o Original Equipment Manufacturers prioritize system-level performance over 

individual components. 

o Strategize market entry by organizing a consortium from Finland, producing 

motors in volume, converting ICE to electric vehicles, or finding an 

altogether a new underserved market. 

o The electric vehicle industry is looking towards solutions that reduce costs 

and are on par with combustion engine vehicles.  

5.1  Launch Strategy of REAL Machine 

The answer to the first research question lies in addressing the three target market segments 

and in adopting the iterative approach. Based on the analysis of competitive landscape, entry 

barrier, market size and growth potential in combination with REAL machine attributes and 

objectives, three target market segments of interest to enter the market are identified as a 

launch strategy. An important aspect needs mentioning here is that the technical features and 

capabilities of REAL Machine align with studied traction motors in the commercial vehicle 

sector. That is why, all three target market segments originate from the commercial vehicle 

market. These include the refurbished commercial vehicle market, transport buses, and the 

medium-duty commercial vehicle market in their respective order. The REAL Machine 

technical features and capabilities are comparable to other traction motors in the commercial 

vehicle market. That is why, all three target market segments are from the commercial 

vehicle market and specifically target medium and heavy-duty commercial vehicle. In 

addition to this, the strategy proposes to take an iterative approach. By adopting the iterative 



69 

 

process, first REAL Machine should aim for the minimum viable product and eventually 

product market fit. 

  

Figure 14: REAL Machine Iterative Approach 

As portrayed in the figure 14, the continuous process is more streamlined, balanced, and 

sensible approach. Through this, the REAL Machine can reduce the time from lab to market 

and increase its chances of success. By engaging with relevant stakeholders such as potential 

customers, manufacturers, suppliers, and industry experts, the REAL Machine can validate 

its idea to build the minimum viable product for the target markets of which description is 

given below. 

Refurbish Market Segment: The refurbishing vehicle market involves converting already 

running internal combustion engine vehicles into electric vehicles. According to Vehviläinen 

et al.  (2022), the electric retrofitting is gaining a lot of attention recently. Multiple companies 

are involved in this business are discovered through the market survey. Equipmake in the 

UK and Moveko in Finland are two examples of such businesses. Two of the interview 

participants P1 and P4 from medium and small enterprises, respectively, clearly mentioned 

of this business opportunity as well. This exciting target market segment or niche discovered 

through this study has a low entry barrier and sizeable market, considering that the number 

of ICE vehicles operating is still large compared to electric vehicles.  

Transport Buses: Buses in transportation were the second target market priority. This is 

because the infrastructure for electric vehicle charging is readily available in the cities where 

this segment operates. Besides, the demand for less polluted cities is high among 
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governments around the world  (De Almeida, A. et al., 2019). In addition, research has 

observed that more than half of the companies studied are involved in electric buses. Thus, 

the automotive industry is focusing on electric propulsion buses as a viable current business 

opportunity. Hence, this target market segment is sizeable and predicted to grow in the near 

future.  

Medium-Duty Commercial Vehicle Market: The medium-duty commercial vehicle market 

segment is chosen as a third priority for the same reasons mentioned for electric buses. The 

difference lies in the delayed market growth potential of medium-duty vehicles compared 

with the bus market. Since many medium-duty vehicles operate intra cities and the charging 

infrastructure is not enough developed (Jahangir Samet, Liimatainen and van Vliet, 2023). 

This hinder the hassle-free operation compared to the cities where the charging infrastructure 

is much better than rest of the areas. 

One must keep in mind that the change is inevitable so the target markets identified here 

might not necessarily be relevant in next few years, but another target market segment might 

become a better choice.   

5.2  Market Needs & Preferences 

The second research question looked into the market needs and preference that REAL 

Machine should prioritize. The analysis of interviews and market survey bring forth three 

main findings that are useful to cater this research question. Wherein these findings are also 

supported by the literature studies. These include user-centric and tailored approach, 

improved technical specifications and consideration to vehicle system design.  

User-Centric and Tailored: This finding has two major parts. One is developing a product 

that is adaptive to the target market segment and the second is offering a product that can 

cater to maximum specific customer requirements. Each target market segment can propose 

various challenges including, inter alia motor dimensions, weight, and torque. A slight 

adjustment to the motor design might be required according to the needs of the individual 

target customer. As described in the product portfolio management (PPM), after-sales 

services, regulatory laws, and data management are all part of the product life cycle. Thus, 

the companies try to win maximum market share by offering the highest number of benefits. 



71 

 

REAL Machine can replicate this finding by doing the same for the highlighted target market 

segments and by offering the maximum benefits to its selected users. This can increase the 

chances of success for REAL Machine to collect early adapters of its technology.  

Improved Technical Specifications: Each traction motor is judged by some main technical 

specifications such as power density, torque, and efficiency. The study noted that the 

research and market are always seeking to improve and highlight these features, respectively. 

However, careful observation revealed that a few of the specifications are focused by traction 

motor suppliers that they use to create differentiation and add value when promoting their 

solutions to customers. These include compactness, low maintenance, compliance, and 

quality assurance through automotive industry certifications. The lessons learned can also 

be adopted by REAL Machine for validation of its own technology.  

Vehicle System Design: Apart from the vehicle system design that is comprised of 

mechanical structure and propulsion system. Three main propulsion system topologies are 

found in all three research methods which involve center-drive, in-wheel, and electric axle 

drive motors. The vehicle application and load cycle requirements dictate the propulsion 

system requirements. This then translates back to the individual components used in the 

propulsion system architecture. Thus, the OEMs when selecting a traction motor deeply 

considerate of the fact that how efficient the overall system would be when integrated 

together. This allows one to understand that the performance and integration of an individual 

component such as a REAL Machine dependent on other components. Therefore, it is critical 

to think from the perspective of OEM.  
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6  Conclusions 

This research contributes to finding the launch strategy for a new electric traction motor 

technology, the REAL Machine. The study summarizes the literature on electric traction 

motor technologies in the commercial vehicle market. The study involves extensive 

qualitative market analysis and engagement with industry experts. It compares market needs 

and preferences with REAL Machine capabilities. The main findings reveal three priority 

target market segments: 1) refurbish, 2) bus transport, and 3) medium-duty commercial 

vehicle market. It emphasizes improving technical specifications, taking a user-centric 

approach, and keeping the vehicle system design in mind to increase the chances of 

commercialization.  

This study has several limitations. First, the sample size of the interview data lacked an 

adequate representation of views from industry experts, manufacturers, suppliers, and 

customers in the electric commercial vehicle market. Second, conclusions drawn from the 

researcher’s personal perspectives and interpretations can raise concerns about potential 

bias. Third, contrary to the proposed iterative framework, which is a continuous process in 

time, this dissertation captures only a single point in time, thus making it impossible to track 

market changes over time.  

Future research opportunities lie in studying the commercialization aspects of value capture, 

go-to-market strategy, funding, and the operating model of the business plan. It is 

advantageous to track market changes throughout the project’s duration. Finally, future 

research prospects also exist in interviewing multiple stakeholders to collect data that are 

representative of diverse viewpoints, which can increase the chances of success.  
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Appendix 1 

 

Pre-Read Document for Interviewees 

 

This document serves to provide background information on the REAL Machine project, 

including potential questions and research objectives. It also outlines the planned usage of 

the data collected and seeks your consent.   

 

1. Background information:  

 

REAL machine is a LUT University project funded by business Finland. It is a two-year 

project that will run until January 2025. Below are estimates of the planned motor 

specifications and capabilities.  

Motor Specifications: 

• Type – Synchronous Reluctance Motor (SynRM) 

• No Rare Earth Elements  

• 6 poles planned 

• Jacket cooled motor 

• Speed – 0-12000 rpm, rated speed 5000 rpm 

• Power – 250 kW, rated Torque 477 Nm 

• Voltage: 800 volts and above 

• Rough mass 150 Kg, maybe not more than 200 Kg 

• More than 95% efficiency. 

• Hairpin winding (easy manufacturing for mass production) or round wind 

• Direct cooling of stator windings for improved power densities & lifetime 

Materials: 

• Rotor & Stator – Steel  

• Winding – copper or aluminum 

Motor Dimensions: 

• Outer diameter(stator): 375mm 

• Length is 300 mm including bearing, auxiliary and diameter is 400 mm 
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2. Sample questions and potential topics that will be covered in the interview.  

 

I. Can you share your working experience and the current role in your company? 

II. In your opinion, what are the main challenges faced by current electric traction 

motor technologies in the commercial vehicle market? 

III. For integrating a new electric traction motor such as REAL machine in the e-

drivetrain, what would be the influential elements from the customer point of view?  

IV. If the motor is without Rare Earth Elements and with high power density and 

efficiency, then what factors can stop the customer from buying such a motor?  

V. How do you perceive the varied traction motor technologies available in the 

market today? 

VI. What do you think of the current level of competition in the electric traction 

motor market for commercial vehicles? Are there any gaps or unmet needs that you believe 

could be addressed? 

a. Are there any features or aspects that you believe are lacking or could be 

improved upon in existing electric traction motors available in the market? 

VII. From your perspective, how one should approach a commercial vehicle market 

to successfully launch a new electric traction motor? 

VIII. What criteria will be decisive for a customer to choose a new motor such as 

REAL machine over its competitors?   

IX. Apart from the critical performance parameters such as torque, power output 

or efficiency, are there any specific compatibility requirements with other subsystems?  

X. What are the cost constraints or target price range for the electric traction 

motor? 

 

3. Data Collection and Research objectives 

 

• I would appreciate it if you give your consent to record this interview and to use the 

information collected for my thesis report writing. You can also definitely not allow 

this if you want.  

 

• I will keep the anonymity of the participant in the thesis report writing and the data 

will not be used outside the LUT university guidelines.  

 

• The objectives of this research work are to understand the market needs and 

preferences. The target market is the medium and heavy-duty commercial vehicle 

market for electric motors.  
 


