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SUMMARY 
Energy efficiency improvements in electric motors can have major impact on the total energy 

consumption in the EU, especially in industry. At the moment, rare earth materials play an essential role 

in providing these efficiency improvements. 97 percent of the world production of these materials is 

located in China. But as China has announced a restriction on the export of these materials, and even a 

export ban for some of these materials, the EU is facing difficulties in maintaining its position in the 

electric motor industry and using electric motors to reach their sustainability goals. Therefore this 

research aims to map the technological development of the electric motors and find the opportunities and 

barriers for the EU in the field of electric motors, using patents as the unit of analysis.  

The research question that will be addressed in this research is as follows: 

‘How did the technological paradigm of electric motors change over time, what are the relevant 

technological trajectories and what are the opportunities and barriers for the EU in the future?’ 

METHODOLOGY 
As mentioned, patents (or actually patent families) are the unit of analysis in this research. Patents 

represent technical aspects of an invention by providing the technical details, but they also constitute 

economical aspects. A dataset of patent families is used to perform a number of patent citation (network) 

analyses. This research will check for important time periods, knowledge flows in the network, clustering 

of the patent families in related groups and identify the most recent developments. 

Next to these patent analyses, the barriers for energy efficient electric motors are discussed together with 

possible strategies for the EU to deal with the imposing threat of the monopolistic position of China when 

it comes to the production of rare earth materials. 

 

DATA COLLECTION 
The data collection is based on using a predefined classification system (IPC-codes) and a dual key word 

search. The data used comes from the Derwent Innovations Index which has the patents already 

categorized into patent families which represent related patents such as continuation patents and patent 

applications in different countries/regions. The initial dataset consisted of over 250.000 patent families. 

After processing the data the set resulting data consisted of 15.039 patent families. These patent families 

were used for the clustering and identifying the most recent developments. 

 

CONCLUSIONS 
The most common types of electric motors used today are the brushed DC motor, the induction motor, the 

brushless DC motor, the permanent magnet synchronous motor and the switched reluctance motor. 

Important in the development of these motors are the size of the motor, the weight, the durability, the 

noise, the vibration, the power, the costs, the controllability, all resulting in a search for a high operating 

efficiency at needed power levels for a reasonable price.  



The switched reluctance motors are a very interesting alternative for the expensive permanent magnet 

motors for the energy efficiency improvements of electric motors. The European Union should promote 

the developments of these types of motors and give companies more incentives to develop electric motors 

that can reach higher efficiency levels than now regulated. Furthermore in order to reduce the energy 

consumption more efficiently the European Union should not only restrict the selling of less efficient 

motors, they should also stimulate the motor users and the OEMs to buy the more efficient motors 

although these are more expensive. Because of the efficiency improvements the costs for these more 

expensive motors can be recovered very quickly. Furthermore the European Union could set up research 

programs that focus on the discovery of other high-energy materials and the development of ferrite 

magnets, and programs that focus on the improvement in recycling of rare earth materials.  
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1. Introduction 

Problem definition 

Over the past decades sustainability has become more and more important. As the climate is changing, 

lots of governmental measures are aiming at a more sustainable future. Carbon dioxide emissions have to 

be reduced, conventional energy is replaced by green energy, cities are trying to become energy neutral 

and total energy consumption has to be reduced. Several studies have shown that electrical motor-driven 

systems play an important role in the (industry) energy consumption. Haataja and Pyrhonen calculate that 

in 1992 69% of all electricity consumed by the EU industry was used by electric motors. Furthermore 

they show that 38% of total electrical energy in the EU was used for consumption by induction motors. 

(Haataja & Pyrhönen, 1998) Their story is backed up by De Keulenaer et.al. who state that 65% of all 

electricity consumed by the EU industry is used by electrical motor-driven systems (De Keulenaer, 

Belmans, & Blaustein, 2004).  Because of the large part of energy consumption used by electric motors, 

improvements in the efficiency of these motors have major impact on the energy consumption and 

therefore on sustainability issues in the EU. One way to improve the efficiency of the electric motors 

used, is to switch from the fixed-speed induction motors to variable-speed permanent magnet 

synchronous machines. This switch can lead to 15 to 30% energy savings. (Mecrow & Jack, 2008) 

However, permanent magnet synchronous machines use a number of rare earth materials, such as 

dysprosium, neodymium, lanthanum and samarium. These rare earth materials are, in the report ‘Critical 

raw materials for the EU’ (European Commission, 2010), identified by the European Commission as a 

criticality. The EC assessed the supply risk, economic importance and the environmental country risk of 

rare earth materials as well as other raw materials. The supply risk of raw materials is estimated by 

assessing the political and economic stability of the country, the concentration level of the production, the 

possibility of substitution and the recycle rate of the raw material. Out of all the raw materials analyzed 

by the EC, the rare earths score highest on the supply risk. The world production of the rare earth 

materials is for a large part situated outside of the EU. 97% of the world production is concentrated in 

China. Moreover, China has limited the export of these raw materials over the years drastically and even 

announced a complete export stop of the materials by 2015 (EurActiv.com, 2010), increasing the 

environmental country risk. The export limits have also driven prices up to a level in 2008 that is four to 

seven times higher than the price level in 2000. The question that rises for the EU is whether it is possible 

with China limiting the export of these rare earth elements and raising the prices to excessive levels, to 

increase electric motor efficiency in order to support reaching their sustainability goals in 2020.  Are there 

any other promising types of electric motors available? Can the EU replace the rare earth materials? What 

actions will the EU have to take to increase electric motor efficiency?  

Goal of the research 

The goal of this research is to map the technological development of the electric motors and find the 

opportunities and barriers for the EU in the field of electric motors. The technological developments will 

be mapped by searching for technological trajectories. With these mappings, trends for future 
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development may be discovered and possible alternatives for the permanent magnet motors can be found. 

Furthermore the mappings will show the periods in which the interest for electric motors has increased, 

what the critical points in time have been, what choices have been made and what innovations have been 

crucial for the development.  

 

Research questions 

The central research question in this research is defined as: 

‘How did the technological paradigm of electric motors change over time, what are the relevant 

technological trajectories and what are the opportunities and barriers for the EU in the future?’ 

To answer these questions several issues have to be addressed, cutting down the research questions in sub 

questions. Before trying to get some ideas about future developments, the history of electric motors has to 

be analyzed, categorizing the different types of electric motors. Thereafter critical periods of the 

development will be analyzed, looking at the bottlenecks in the development and how they were 

overcome. Then the question which countries and companies are responsible for the development will be 

addressed, followed by exploring the different stimulating measures countries have introduced. On the 

basis of the findings of the patent analysis and the literature research, barriers and opportunities for the 

EU are discussed.  

 

Subquestions 

How has the electric motor developed? 

• Which different types of electric motors have been developed? 

• When have these motors been developed? 

• What is the working principal of the different electric motors? 

• What are the important properties of an electric motor? 

• What are the advantages and disadvantages of the different types of electric motors? 

• What are the market characteristics of electric motors? 

What can we learn from the patent network of electric motors? 

• Which patent clusters can be identified? 

• What technological trajectories can be identified? 

• What economical tradeoffs  

• What are the most recent developments? 

What future role can the EU have in the field of electric motors? 

• What are the opportunities and barriers in reducing the energy consumption of electric motors? 

• What are the important regulations? 

• Which strategies can be followed? 

 

  



3 
 

Report outline 

The answers to the sub questions should enable us to understand what has been going on in the field of 

electric motors and should point us in the direction it is evolving nowadays. This report will start with an 

introduction into the field of electric motors. A categorization of the different electric motors and an 

overview of its developments according to the literature will be given together with a market overview of 

the electric motors. It will focus on the first of the sub questions above. The second part of the report 

elaborates on the methodology used in this research to be able to answer the second sub question. It 

focuses on the relation between the theory of technological trajectories and the use of patent analyses. 

Also the choice for the data and the different analyses used in this research will be discussed. The next 

chapter tries to answer the second sub question, providing the results of the analyses.  These results will 

be linked to the findings in the literature. The third and last sub question will be answered in the last part 

where the opportunities, barriers and future strategies for the reduction in energy consumption by electric 

motors in the EU will be discussed.   
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2. Introduction to the electric motor 

The goal of this chapter is to get a sound understanding how the electric motors work and how they have 

been developed. This background story on the electric motor is necessary to be able to understand the 

developments derived from the citation network later on in this research. Without this background 

information, reading and understanding the patent applications is nearly impossible (even with 

background information reading a patent application can be very challenging). The interpretation of the 

patent application needs some background information as a reference. (Verspagen, 2007) This 

background information is gained from existing literature and other research on the development of the 

electric motors.  

So to be able to understand the developments in the field of electric motors according to the patent 

network, first the working principal of an electric motor should be comprehended. Also the differences 

between the different motor types support the understanding of the outcomes of the patent citation 

analyses. Therefore this chapter focuses on how the electric motors has been developed and will have 

both take a technical and a historical perspective to describe the different types of electric motors. With a 

sound understanding of the working principal and the important properties of the electric motors, the 

patent citation analysis provides us with detailed information on the most important developments, 

interesting time periods for this development and the bottlenecks that have been overcome. 

The first part of this chapter starts with the working principal of an electric motor, explaining the concept 

of electromagnetic induction. It is followed by a categorization and description of the different types of 

electric motors and the historical development of these motors. The chapter continues with an overview of 

the market for electric motors. Understanding of the market will contribute to the insight how and why 

efficiency improvements in electric motors will lead to energy reduction and it will identify the areas for 

opportunity for these improvements.  

Before starting off with the working principal of the electric motor, a notion on the terminology has to be 

made. Although the so-called electric motor refers to a device that converts electrical energy to 

mechanical energy, this process can often be reversed, transforming the electric motor into a generator. 

(Edquest Science, 2009) In this research the term electric motor will be used for both concepts, unless 

explicitly mentioned, as the two operating principles are almost similar. 

2.1 Technology review 

2.1.1 The working principal 

In this section the basic working principal of an electric motor will be described. The section starts with 

the theoretical background of the electric motor, introducing the concept of electromagnetism and 

continues with describing a number of common elements in an electric motor. And before discussing the 

different types of electric motors, the working principal of a simple electric motor will be described. 
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The Lorentz force 

Figure 2.1 below shows how the Lorentz forces cause a rotor (in this simplified example represented by a 

single loop of wire) to rotate. Two magnetic poles (one north and one south pole) create a magnetic field 

B between the two poles that is directed from north to south. When a current runs through this magnetic 

field, the electrons in the loop of wire experience a force, which is named the Lorentz force and is 

depicted as F in the figure. This force is always perpendicular to the magnetic field, and the direction of 

the current determines the direction of the Lorentz force. In such loops, the Lorentz forces are always in 

opposite direction as shown in the figure below. When the position of the loop of wire is horizontal, thus 

in parallel with the magnetic field, the force on the wire is largest. As the loop of wire moves, the moment 

arm is reduced and the force decreases up until the point that the loop of wire is vertical and perpendicular 

to the magnetic field. Then there are no rotational forces as the upwards Lorentz force is in line with the 

downwards Lorentz force. The loop of wire comes to a standstill (LIMS, 2011) 

 

 
Figure 2.1. Electromagnetic forces: Lorentz force  

(Source: LIMS (2011)) 

 

However, when after this turn the current through the loop of wire is reversed, the Lorentz force changes 

in opposite direction. Again a rotational force sets in and the loop of wire continues to rotate. The 

maximum rotational force is then again reached when the loop of wire is in parallel with the magnetic 

field. The behavior of the rotational force is summarized in Figure 2.2a. At t = 0, in the initial state, the 

rotational force is at the maximum level and the position of the loop of wire is in parallel with the 

magnetic field. This causes the loop of wire to start rotate. At t=1, the rotational force has decreased to 

zero and the loop of wire is now perpendicular to the magnetic field. At this point the current is reversed, 

the rotational force builds up again and at t=2, the rotational force is at the maximum level again. The 

loop of wire is now again in parallel with the magnetic field (the loop of wire has now turned 180 

degrees). The loop of wire continues to rotate, but the rotational force decreases until t=3 when the 

rotational force equals zero and the loop of wire is perpendicular to the magnetic field. Again, the current 

is reversed at t=3 and the loop of wire continues to rotate until it reaches the initial state again at t=4. 

(LIMS, 2011) 
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To create a nearly constant torque
1, the number of these looped wires can be increased. These looped 

wires are placed in different angles with respect to the magnetic field. The rotational forces of three loops 

of wires are shown in Figure 2.2b in different colors. The resultant rotational force which is the sum of 

the three loops of wires is shown as a dashed line. This resultant force is always larger than zero, keeping 

the rotor turning as long as current is provided. 

 

 
Figure 2.2. The behavior of the rotational force over time  

(Source: LIMS (2011)) 

 

A typical electric motor 

In this section it is illustrated how the interaction between currents and magnetic fields can cause a rotor 

to rotate by using a simple brushed DC Motor as an example. Also a number of pretty common elements 

and terminologies in the field of electric motors will be described. Other types of motors, which will be 

described further on, may or may not use all the elements (especially the brushes and the commutator) 

mentioned in this example.    

A simple DC motor (see Figure 2.3) has six basic parts: a stator, a rotor, a shaft, a commutator, brushes 

and some field magnets. The stator is the stationary part of the motor, which consists of the motor 

housing, as well as two or more permanent magnet pole pieces. The rotor rotates with respect to the stator 

and consists of windings, generally wound around a core. This rotor is connected to a shaft. The rotor 

windings are electrically connected to a commutator. This commutator is an electrical switch that reverses 

the current in the windings so that the magnetic poles of the rotor never fully align with the magnetic 

poles of the stator. In this way the commutator makes sure that the rotor keeps rotating as long as power is 

applied. The commutator is ‘connected’ to the stator using brushes. The brushes are used to conduct the 

current between the stationary part of the motor and the rotary part. Most commonly brushes connect the 

stationary wires with the commutator. The last part of a simple DC motor are the field magnets. The 

                                                   
1 Torque is also referred to as the moment of force that is exerted on the rotor. This torque will cause the rotor to 

rotate. (Hughes, 2006) 

 

1 2 3 4

  

(a) One loop of wire (b) Three loops of wire 

Field magnet 
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interaction between these field magnets and the rotor is responsible for the continuous movement. (Seale, 

2003) 

 
Figure 2.3. The inside of a brushed DC motor 

 

 

How these field magnets interact with the rotor, is shown in Figure 2.4. The field magnets are drawn on 

the outside and a rotating three-pole DC rotor on the inside. A simplified representation of its operating 

principle is given in four states. In the first state on the left, the middle top pole of the rotor (in green) is 

fully energized, while the other two poles (in dark red) are partially energized. The fully energized green 

pole is attracted by the red field magnet, as is the left red pole by the green field magnet. The right red 

pole is disposed to the red field magnet. These forces are shown in the figure with arrows and they cause 

the rotor to rotate to state two. In this state, the fully energized green pole of state one has lost some of its 

energy and now is partially energized, while the left partially energized red pole of state 1 has lost all its 

energy. This causes the rotor to rotate towards state 3. In this state the bottom pole is fully energized and 

is attracted by the green field magnet. The right pole (in dark green) is attracted by the red field magnet 

and the left pole (in state 1 in dark red and in state 2 shown in grey) has now changed its current through 

the brushes and commutator and is disposed by the green field magnet. The rotor, thus, continues to rotate 

towards state 4 in which the right pole is not energized, the bottom red pole is partially energized, and the 

top left green pole is partially energized. It continues to rotate and the next state is similar to state 1. 

 

 
Figure 2.4. The operating principle of a three-pole DC motor  

(Source: Seale (2003)) 

  

Bearing Shaft 
Winding 

Brushes 

Brushes 

Commutator 



 

2.1.2 The different types of electric motors

Later on a patent network of electric motors 

will seek to find different clusters that can be related to the different types of electric motors. But before 

the relationship between the different patent clusters and the different types of motors can be illustrated, 

literature study is performed to categorize 

motors are indentified, their history is studied and th

analysis performed later on in this research. 

Many different types of electric motors exist, and classification of the motors can be very complicated. 

With some very small modifications a certain type of

research the classification scheme shown 

that has been performed by De Almeida et.al 

levels of the different motors.  

Traditionally, the electric motors can be 

AC motors. The major difference between these motors is, as the name already suggests, the way the 

current is provided to the motor. The AC motors use an alternating current

when fed with a direct current. Despite a

motors exist that work on both direct

aspects, the working principal of the universal motor is the same as that of the 

Therefore this section is divided into two parts: the DC

Figure 2.5
(based on (Kuphaldt, 2007)

Brushed DC

Series wound
Compound 

wound
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of electric motors 

of electric motors will be clustered and analyzed on its content. This research 

will seek to find different clusters that can be related to the different types of electric motors. But before 

tween the different patent clusters and the different types of motors can be illustrated, 

literature study is performed to categorize the electric motors. In this way the important types of electric 

motors are indentified, their history is studied and these findings form the basis for the patent citation 

analysis performed later on in this research.  

Many different types of electric motors exist, and classification of the motors can be very complicated. 

ith some very small modifications a certain type of motor often belongs to another category. 

the classification scheme shown in Figure 2.5 will be used which complies with a large research 

en performed by De Almeida et.al (2008) for the European Union to investigate the efficiency 

Traditionally, the electric motors can be divided in two large groups of motors: the DC 

The major difference between these motors is, as the name already suggests, the way the 

current is provided to the motor. The AC motors use an alternating current, while the DC motors work

Despite a pretty clear distinction in the AC and DC principle, also electric 

motors exist that work on both direct- as alternating current; the so-called universal motor

he working principal of the universal motor is the same as that of the 

Therefore this section is divided into two parts: the DC-type motors and the AC-type

5. A categorization of the different types of electric motors
(Kuphaldt, 2007) (de Almeida, Ferreira, Fong, & Fonseca, 2008)

Electric 
motors

DC motors

Brushed DC

Shunt wound
Permanent 

magnet

Brushless DC

(PM)

AC motors

Universal

Synchronous

Permanent 
magnet

Sine wave Reluctance Stepper

Wound

will be clustered and analyzed on its content. This research 

will seek to find different clusters that can be related to the different types of electric motors. But before 

tween the different patent clusters and the different types of motors can be illustrated, a 

. In this way the important types of electric 

ese findings form the basis for the patent citation 

Many different types of electric motors exist, and classification of the motors can be very complicated. 

to another category. In this 

which complies with a large research 

for the European Union to investigate the efficiency 

divided in two large groups of motors: the DC motors and the 

The major difference between these motors is, as the name already suggests, the way the 

, while the DC motors work 

pretty clear distinction in the AC and DC principle, also electric 

universal motor. In all other 

he working principal of the universal motor is the same as that of the DC and AC types. 

type motors. 

 

. A categorization of the different types of electric motors 
(de Almeida, Ferreira, Fong, & Fonseca, 2008)) 

Stepper

Asynchronous 

(induction)

Wound-rotor Squirrel-cage
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DC-type Motors 

The group of DC-type motors can be further divided in again two distinct groups: brushed DC motors and 

brushless DC motors. Clearly the difference between these two groups is the usage of brushes which are 

devices that conduct current from stationary wires to moving parts of the motor. 

Brushed DC motor 

As the name suggests the brushed DC motor is designed to operate from a direct current source. As 

mentioned in the example of an electric motor, the classic DC motor has a rotor, with several separate 

windings, that are fed through brushes which are connected to a rotary switch; the so-called commutator. 

Another term often used in describing a commutator is mechanical rectifier. This switch makes sure that 

the magnetic fields of the stator and the rotor are constantly misaligned so that maximum torque is 

generated. To set up the magnetic field the DC motor needs field windings (typically in the stator). In 

general there are three different types of DC motors with field windings that all have specific motor 

characteristics: series-wound, shunt-wound and compound-wound. (Westbrook, 2001) (de Almeida, 

Ferreira, Fong, & Fonseca, 2008) (The stator windings are sometimes replaced by permanent magnets, 

but the basic operating principle explained above is the same.) An overview of the specific motor 

characteristics for the different types of windings is given in Figure 2.6. 

Series-wound motors (Figure 2.6a) have their field coils in series with the rotor (armature) coils. The 

resistor and the field and armature coil resistance limit the current that runs through the windings and 

brushes to prevent overheating. A series-wound motor has a high torque at low speed (starting torque) 

and as speed increases, the torque decreases to relative small value. Therefore series-wound motors are 

often used in industrial applications when heavy loads must be moved at slow speed and lighter loads 

moved more rapidly such as cranes and traction work. Because of its possibilities for acceleration and 

controlled slowing down, series-wound motors were also used in the beginning of the development of 

electric vehicles when AC motors were not applicable yet. (Westbrook, 2001) (de Almeida, Ferreira, 

Fong, & Fonseca, 2008) 

Shunt-wound motors (Figure 2.6b) have their field coils in parallel with the rotor coils. The torque 

remains constant as speed increases until point (‘b’) is reached. In this point maximum power is reached. 

These motors run at almost the same speed for any load, so there is little variation in speed between no- 

and full-load. This makes this kind of motor suitable for (especially industrial and automotive) 

applications that require constant speed. (Westbrook, 2001) 

Compound-wound motors (Figure 2.6c) have their field coils partly connected in series and partly in 

parallel. In this way compound-wound motors combine the characteristics of series and shunt-wound 

motors. They have high starting torque just as the series-wound motors, and do not over speed at no-load 

conditions just like the shunt-wound motors. Because of the possibility to combine the two different types 

of field coils, many characteristics between the two extremes can be accomplished. Therefore the 

compound-wound motor also has many applications and is mostly found in applications where the load 
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fluctuates (suddenly or periodically) but constant speed is not an essential feature. (de Almeida, Ferreira, 

Fong, & Fonseca, 2008) (Westbrook, 2001) 

 

Figure 2.6. Motor characteristics of (a) Series-wound DC motor (b) Shunt-wound DC motor and  

(c) Compound-wound DC motor  

(Source: Westbrook 2001) 

Advantages and disadvantages 

The advantages of the brushed DC motors, regardless of the specific type, are the easy control of speed 

and/or torque without having to use more expensive electronics and the ability to reach desirable speed-

torque characteristics. However, the disadvantages are the complexity of the construction of the motors 

(leading to higher costs), low reliability and high maintenance costs due to the wear of brushes and 

commutators, high electromagnetic interference (EMI)2 because the brushes create sparks and ozone and 

lower efficiency due to the motor frictions. Also is the speed range of these motors fairly limited due to 

the mechanical elements of the motor (de Almeida, Ferreira, Fong, & Fonseca, 2008) 

                                                   
22 Electromagnetic interference is “a phenomenon of unwanted electromagnetic signals, which may degrade the 

performance of an electronic device. Electromagnetic interference is defined to exist when undesirable voltage or 

currents are present to influence adversely the performance of an electronic circuit or system” (Rumane, 2010)  
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Brushless DC motor (BLDC) 

To overcome the problems that brushes and commutators cause (EMI, efficiency losses, maintenance 

costs), brushless DC motors have been developed. A brushless DC motor is defined by the NEMA 

standard as “a rotating self-synchronous machine with a permanent magnet rotor and with known rotor 

shaft positions for electronic commutation” (NEMA, 2001) In this kind of motor the brushes and 

commutators of the DC motor are replaced by electronic control systems. Another difference with for 

example the brushed permanent magnet motors is that the permanent magnet are now part of the rotor, 

instead of being part of the stator. The stator is normally a classic three-phase stator. (de Almeida, 

Ferreira, Fong, & Fonseca, 2008) (Mani, 2008) Because the brushes and commutator that are responsible 

for the current switching are replaced by and electronic controlling system, the system now has to 

determine to which coil a current should be applied. For this the controller can use position information of 

the rotor together with the desired direction for the motor. There are two common ways to determine the 

position of the rotor: 1) Hall effect3-sensors and 2) measure the electromagnetic force in the stator coils 

where no current has been applied to, that has been caused by the rotation of the rotor (the back EMF). 

From this back EMF the controller can determine the rotor position. (Mani, 2008) 

Advantages and disadvantages 

The first advantage of the brushless DC motor is clearly the absence of any brushes and commutators 

which not only decreases the maintenance costs and extends the life time of the motor, it also reduces the 

complexity of construction. Due to the absence of the brushes and commutators also the efficiency of the 

motor is improved and the brushless DC motor has low EMI. Another advantage is that the BLDC motor 

produces more output power than a brushed DC motor of the same size. One of the disadvantages is the 

need for permanent magnets which are quite expensive. Another disadvantage is the need for more 

complex electronics to control the speed and to determine the rotor position which also leads to higher 

construction costs.  (Yedamale, 2003) (de Almeida, Ferreira, Fong, & Fonseca, 2008) (Mani, 2008) 

Furthermore the permanent magnets in BLDCs are susceptive to high temperature complications.  

AC-type Motors 

The AC motors can be divided into two main categories: induction (also known as asynchronous) motors, 

and synchronous motors. In this section first the working principal of the induction motors will be 

explained, followed by the working of the different types of synchronous motors.   

Induction motor 

The principle of the induction motor is that the power is supplied to the rotor by means of electromagnetic 

induction, hence the name. (Owen, 1988) The stator windings are fed with an alternating current to 

produce a rotating magnetic field. This electromagnetic field induces a current in the rotor, the dynamic 

part of an electric motor. These currents in the rotor create a magnetic rotor field which interacts with the 

rotating magnetic field of the stator. The rotor field tries to get aligned with the rotating stator field and as 

                                                   
3 The principle of the Hall effect: “When a current-carrying conductor is placed into a magnetic field, a voltage will 

be generated perpendicular to both the current and the field.” (Honeywell) 
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a result the rotor starts to rotate. The rotor of an induction motor will never run as fast as the 

(synchronous) speed of the stator field, because of mechanical motor torque load, bearing, windage and 

other losses. Therefore it is also referred to as ‘asynchronous motor’. This slip between the stator field 

and the rotor causes the creation of torque as the magnetic flux of the stator field is never completely 

aligned with the rotor conductors. (Parekh, 2003) (Kuphaldt, 2007) 

 
(a) (b) 

Figure 2.7 The principles of the AC induction motors illustrated: a) the wound-rotor b) the squirrel-cage rotor  

(Clemson University Vehicular Electronics Laboratory, 2011) (US Department of Energy, 1992)  

Basically there are two types of induction motors: the wound-rotor motor (Figure 2.7a) and the squirrel-

cage motor (Figure 2.7b). Both have a similar stator design, but differ in rotor design. The wound-rotor 

motor has a set of windings that are connected to insulated slip rings mounted on the motor shaft. In the 

squirrel-cage motor the rotor is made up out of bars of copper, aluminum or alloy. The squirrel-cage 

motor is most commonly used in induction motors. (Parekh, 2003) (El-Hawary, 2002) 

Advantages and disadvantages 

Induction motors have as advantage that they have low construction complexity, have high reliability as 

they have no brush and commutator wear, have high efficiency at high power levels, can be driven 

directly by the grid or by multi-phase inverter controllers, have low electromagnetic interference and are 

one of the cheapest motor technologies per kW. (El-Hawary, 2002) (de Almeida, Ferreira, Fong, & 

Fonseca, 2008) The main disadvantage of induction motors is that the speed is not as easy controllable as 

with DC motors and the electronics required for the control are more expensive than with DC motors. 

(Logue & Krein, 2002) 

Synchronous motor 

The major difference between the induction and the synchronous motors is that in case of the latter, a 

current is supplied into the rotor. These motors are called synchronous because the rotor locks into step 

(field poles of the rotor are aligned with opposite stator poles) and the rotor runs at the same speed as the 

rotating stator field. The three most important types of synchronous motors are: DC-excited synchronous 

motor, permanent magnet synchronous motor and switched reluctance motors.  



 

In case of the DC-excited synchronous motors

Conventionally this was done by using slip rings and brushe

brushless DC generators are used to supply the rotor. 

motor an auxiliary device is necessary. Normally, this device is an additional squirrel

added to the rotor poles. The motor 

the DC current is applied to the rotor. The rotor then is synchronized with the rotating stator field. 

The second type of a synchronous motor is the 

excitation is caused by permanent magnets instead of by field windings. 

almost similar to the brushless DC motor, these terms are often exchanged. But this is not completely 

correct. The differences are summarized in 

and back EMF that is produced. PMSMs 

sinusoidal back EMF, while the BLDCs 

back EMF. (Puranen, 2006) 

Table 

Characteristic 

Flux density (in space)   

Back EMF   

Stator current   

Electromagnetic Torque  

Energized phases  

The third type of synchronous motor

is simply constructed from stacked magnetic material such as soft iron. 

with the DC-excited synchronous motor. 

of these rotor laminations to the closest stator poles 

minimize the reluctance path through the rotor. The reluctance path is minimized when the magnetized 

rotor pole is aligned with the excited stator pole. 

great importance to determine which stator pole should be m

(a)  

Figure 2.8. The working principle of a s

The working principal of the motor is shown in 

poles and 4 rotor poles. First the 
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excited synchronous motors a separate DC source supplies the rotor with a current. 

onventionally this was done by using slip rings and brushes as with the DC motors, but nowadays often 

brushless DC generators are used to supply the rotor. To start the rotor of a DC-excited 

an auxiliary device is necessary. Normally, this device is an additional squirrel

motor then starts as an induction motor and as synchronous speed is reached, 

the DC current is applied to the rotor. The rotor then is synchronized with the rotating stator field. 

of a synchronous motor is the permanent magnet synchronous motor

excitation is caused by permanent magnets instead of by field windings. As the operating principle is 

almost similar to the brushless DC motor, these terms are often exchanged. But this is not completely 

The differences are summarized in Table 2.1. The major differences are with 

. PMSMs have a sinusoidal wave as stator current and 

sinusoidal back EMF, while the BLDCs have a square wave as stator current and 

Table 2.1 Differences between PMSM and BLDC 

PMSM   BLDC 

Flux density (in space)    sinusoidal distribution   square distribution

sinusoidal wave   Trapezoidal 

 sinusoidal wave   square wave 

Electromagnetic Torque   constant   almost constant

Energized phases   3 phases on at any time  2 phases on at any 

type of synchronous motor discussed in this section is the switched reluctance motor

is simply constructed from stacked magnetic material such as soft iron. The rotor itself has no windings as 

excited synchronous motor. The torque in the motor is produced by the magnetic attraction 

of these rotor laminations to the closest stator poles when magnetized. The rotor turns as it tries to 

luctance path through the rotor. The reluctance path is minimized when the magnetized 

rotor pole is aligned with the excited stator pole. Therefore the positioning of the rotor to the stator is of 

to determine which stator pole should be magnetized and at what time. 

(b) (c) 

. The working principle of a switched reluctance motor with 6 stator poles and 4 

motor is shown in Figure 2.8 for a switched reluctance motor with 6 stator 

First the stator poles indicated by A are excited (a). They attract the closest rotor 

a separate DC source supplies the rotor with a current. 

s as with the DC motors, but nowadays often 

excited synchronous 

an auxiliary device is necessary. Normally, this device is an additional squirrel-cage winding that is 

and as synchronous speed is reached, 

the DC current is applied to the rotor. The rotor then is synchronized with the rotating stator field.  

ermanent magnet synchronous motor (PMSM). Field 

As the operating principle is 

almost similar to the brushless DC motor, these terms are often exchanged. But this is not completely 

The major differences are with the current provided 

have a sinusoidal wave as stator current and develop a 

stator current and develop a trapezoidal 

square distribution 

almost constant 

2 phases on at any time 

eluctance motor. The rotor 

The rotor itself has no windings as 

The torque in the motor is produced by the magnetic attraction 

The rotor turns as it tries to 

luctance path through the rotor. The reluctance path is minimized when the magnetized 

Therefore the positioning of the rotor to the stator is of 

agnetized and at what time.  

 
(d) 

motor with 6 stator poles and 4 rotor poles  

for a switched reluctance motor with 6 stator 

. They attract the closest rotor 
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poles creating a torque that is responsible for the motion indicated by the arrows. Then, just before the 

rotor is in full alignment with the A-poles (b) the stator poles indicated by B are excited. The rotor 

continues its rotation, and then just before alignment with the B-poles (c) the C-poles are excited. As a 

result the rotor returns to its initial state (d). Thus the rotor rotates in the opposite direction of the 

excitation of the stator poles. (Kokernak & Torrey, 2001) 

Advantages and disadvantages 

In general, advantages of the synchronous motors are that they run at constant speed (of course this is 

only an advantage when constant speed matters), are able to operate at leading or lagging power factor 

which improves overall systems efficiency4 and are highly efficient in converting electrical into 

mechanical energy. (Kirtley & Ghai, 1998) (Actel, 2009) A general disadvantage of the synchronous 

motor is that the construction of the motor is of medium complexity. (de Almeida, Ferreira, Fong, & 

Fonseca, 2008) 

The permanent magnet synchronous motor has a high efficiency and reliability due to the elimination of 

rotor winding maintenance. It also results in smaller size, less weight and higher torque to size ratio. A 

disadvantage of the PMSM is the need for speed control and a frequency inverter.  

One of the advantages of the switched reluctance motor is that its rotor design is relatively simple. 

Therefore the motor is robust and works well on very high speed or in unusual environmental conditions. 

Also, the motor does not require the use of any permanent magnets. This makes not only the motor a lot 

cheaper, it makes it also easier to cool and insensitive to high temperatures. (Fahimi & Edrington, 2005) 

On the other hand the positioning and magnetization of the stator poles, makes the control of the motor 

more complicated.  Another disadvantage of the SRMs is that they have high torque ripple, meaning that 

the difference between maximum and minimum torque during motor operation is large. As a consequence 

of the torque ripple the speed of the motor oscillates and mechanical vibration and acoustic noise occurs. 

(Kokernak & Torrey, 2001) (Husain, 2002) 

 

  

                                                   
4 For more information on the leading and lagging power factor: http://www.basler.com/downloads/synchmtr.pdf 



16 
 

2.2 The history of the electric motor 

In this section the history of the electric motor will be discussed. Also in this section the focus will lie on 

the brushed DC motor in general, the brushless DC motor, the AC induction motor and the AC 

synchronous motors (DC-excited, PMSM and the switched reluctance motor) as these types of motors are 

most commonly used. (de Almeida, Ferreira, Fong, & Fonseca, 2008) (Lomonova, 2011) (Westbrook, 

2001) 

The underlying principle that led to the development of all of these electric motors is the electromagnetic 

induction. This phenomenon has independently been developed in 1831 by both Michael Faraday (UK) 

and Joseph Henry (USA). Faraday was the first to publish the results of his experiment, and therefore 

Faraday is seen as the inventor of the electromagnetic induction. (National Academy of Sciences, 2005) 

The first electric motor, demonstrated in 1832 by Faraday, had “a bar magnet mounted on a shaft rotating 

inside stationary coils of wire in which the electric current was successively switched by contacts on the 

shaft. This produced a synchronized rotating magnetic field - the principle still used in many of today's 

electric motors.” (Westbrook, 2001) The electric motor was born. 

Brushed DC motor 

Since 1831 a large number of researchers and engineers have been working on the development of the 

electric motor. In 1832 William Sturgeon (UK) built the first DC electric motor and with it he invented 

the commutator. Thomas Davenport (USA) independently built his DC electric motor in 1834 and was 

able to patent its design of an electric motor in 1837, the first electric motor to be patented. However, one 

of the problems of the earliest DC motors was to provide the motor with power at reasonable costs. 

Therefore the electric motors that have been developed in that time were not commercially applicable. 

The first DC electric motor that has successfully been used in the industry was the direct current electric 

motor constructed by Zenobe Gramme in 1869. (Westbrook, 2001)  By connecting two of his dynamos he 

accidentally found that by mechanically turning one of the dynamos he induced motion in the other. 

(Desai & Redmond, 2009) 

Induction motor 

But not only were the direct current motors invented in the 19th century; also the alternating current 

motors were developed in that era. The two engineers responsible for the development of the AC motor 

were Nikola Tesla and Galileo Ferraris. Independently from each other they both figured out how to 

produce a rotating magnetic field electrically and were able to produce an induction motor. In 1888 

Ferraris published his mathematically theory of the motor, stating that such motors can have a maximum 

efficiency of 50 percent. The tests he conducted even showed lower maximum efficiency and the 

theoretical and practical evidence convinced him that such motors would not be of commercial use. 

Therefore he stopped the development of the induction motor. On the other hand, Tesla was able to 

design an induction motor with higher efficiencies and had it patented. Tesla believed that the motor 

could be of commercial use, sold his patent to Westinghouse and became employee of the same company 

to develop his prototypes into commercial motors. When Westinghouse seemed not able to commercialize 
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the motors (only single and two-phase motors), they stopped the development in 1890 due to financial 

reasons. But the development of the induction motor did not stop. Based on the publications of both Tesla 

and Ferraris, engineers at other European companies also started to develop the induction motor. Most 

successful in their attempts were Charles Brown (from Oerlikon) and Michael von Dolivo-Dobrowolsky 

(AEG). And after signing a licensing contract on their patents and agreeing upon sharing the research 

results, both were able to produce polyphase electric motors that are nowadays known as the three-phase 

squirrel-cage induction motor. In 1892 the Dobrowolsky motors were already in use in the first 

commercial plant in the world at Heilbronn. (Kline, 1987) (Lomonova, 2011) 

Brushless DC motor  

The brushless DC motor has been described for the first time in 1962 by Wilson and Trickey in their 

article “DC Machine with Solid State Commutation”. Brushless DC motors use permanent magnets and 

therefore the development of the motor depended heavily on the development of the permanent magnet 

materials. The first permanent magnets were developed in 1930 and contained an alloy of iron, nickel and 

aluminum (Alnico). However, the relative cost of these magnets is quite high and the energy density of 

the magnets is quite low (up to 5.5 MGOe5). In the early 1960s an alternative for the Alnico magnets was 

developed: ferrite magnets. Their energy density did not really improve but it was a low-cost alternative. 

In the late 1960s, the Samarium-Cobalt (SmCo) compound was discovered which has a much higher 

energy density (18 MGOe) compared to the Alnico and ferrite compounds. This compound has been 

improved in the early 1970s to develop an even higher energy product (up to 32 MGOe), still using 

SmCo. In the early 1980s, a different compound of rare earth magnets was produced: the Neodymium-

Iron-Boron (NdBFe) magnet. Its energy density reaches values between 33 and 52 MGOe. The higher the 

energy density, the more compact the motor design, so reducing the motor size. Next to this development 

in permanent magnets, also the development of the power electronics in the early 1980s had a large 

influence on the development of brushless DC motors.  With improving power electronics for electronic 

commutation, a boost for the development of brushless DC motors occurred. (Lee, 2001) (Magcraft, 

2007) (Rahman, 2005) (Kreith, et al., 2007) 

AC permanent magnet synchronous motor 

The first operating principle of the permanent magnet synchronous motor as we know it now was 

published in 1955.  This motor described by Merrill used Alnico-magnets. Just as with the brushless DC 

motor, the development was heavily dependent on the development of the high energy permanent magnet 

materials. As the permanent magnet materials were improving, the designs for the PMSMs were 

changing. It started with Alnico-designs followed by the ferrite and SmCo-designs. The first large (45kW) 

high efficiency PMSM using NdBFe magnet was built by Rahman in 1982. (Kinnunen, 2007) (Rahman, 

2005) (Isfahani & Vaez-Zadeh, 2009) 

                                                   
5 Unit of measure typically used in stating the maximum energy product for a given material. It can be used as a 
measurement for the quality of a magnet. (Berry & Gorbatkin, 1995) 
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Switched reluctance motor (SRM) 

The reluctance motor uses the simplest of all electric machine rotors and is one of the oldest motor 

technologies known. In 1838 Robert Davidson's invented the switched reluctance motor, but the motor 

has only been recently adopted. The developments in DC commutator motors and in induction motors 

resulted in superior motors compared to the reluctance motor. One of the practical problems of the early 

switched reluctance motors (DC fed) was the commutation which caused strong sparks as the highly 

inductive circuits were suddenly disconnected by the mechanical commutator. The development in the 

reluctance motors stagnated because of this problem and the superior DC and induction motors. It was the 

introduction of the electronic converters that caused the rebirth of the switched reluctance motors. The 

rebirth was heralded by the patents of Bedford in 1972 as well as by the scientific articles from Nasar in 

1969. These publications have served as the basis for the increasing interest in SRM technology in the 

1980s, especially in the UK and US. (Fahimi & Edrington, 2005) 

 

2.2.1 Timeline of the development 

Figure 2.9 shows a number of important events in the history of the electric motors as discussed above. 

The events marked in dark blue represent the events related to the brushed DC motors, the green events 

are related to more general inventions and enabling technologies, the pink events represent the switched 

reluctance events, in grey are the milestones for the induction motor, light blue are the events related to 

the development of the permanent magnets, and in red are the events related to the brushless DC and 

permanent magnet synchronous machines. 

 

 
Figure 2.9. Important events in the history of the electric motor 
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2.3 Market overview 

In this section the market development of the electric motor will be provided. As mentioned, the 

understanding of the market will contribute to the insight how and why efficiency improvements in 

electric motors will lead to energy reduction. In this section, the focus will lie on only one of the three 

most important regions (US, Japan and Europe) in manufacturing and sales of electric motors. This 

section will focus only on Europe, as the goal of this research is to look at the barriers for and the future 

opportunities of Europe.  

2.3.1 Classification of different motor types in Europe6 

In Europe the electric motors are divided in categories according to their PRODCOM code. It is a system 

that provides statistics on the production of manufactured goods. The PRODCOM is built up by an 8-digit 

code. The first four characters (in Table 2.2 these are 27.11) represent a part of the category Mining, 

quarrying and manufacturing (sections B and C of the Statistical Classification of Economic Activities in 

the European Community (NACE Rev. 2)). The first six characters together represent a more specific 

classification: the so-called Classification of Products by Activity (CPA). The remaining two digits are a 

more detailed categorization of the products. For the purpose of this section, the CPA is chosen as the 

classification. The relevant CPA-codes and the number of units sold per CPA-code in 2009 are given in 

Table 2.2 (for the relevant PRODCOM codes, see Appendix 11.10). 

 

Table 2.2. Classification of Products by Activity in the field of electric motors 

CPA-code Description 
Units sold in 2009 

(millions) 

27.11.10 Motors of an output < 37,5 W; other DC motors; DC generators 163.8 

27.11.21 Universal AC/DC motors of an output > 37,5 W 22.4 

27.11.22 AC motors, single-phase 81.3 

27.11.23 AC motors, multi-phase, of an output < 750 W 10.0 

27.11.24 AC motors, multi-phase, of an output > 750 W but < 75 kW 7.5 

27.11.25 AC motors, multi-phase, of an output > 75 kW 0.1 

27.11.26 AC generators (alternators) 3.4 

 

Remarkable in this classification is that the AC motors (with an output larger than 37,5W) are spread 

among four different CPA-classes while DC motors are all in one class. Furthermore next to DC motors, 

also DC generators and all motors of an output smaller than 37.5W (AC, DC and universal) are classified 

within this class. In contrast, AC generators have their own CPA-class. A good comparison of the volume 

of electric motors sold is therefore very complicated.  

Every year, the EU collects data on the production of manufactured goods on basis of the PRODCOM-

classes which are subdivisions of the CPA. The first step in making a useful comparison between the use 

                                                   
6 The data used in this research are collected from the EuroStat database at  
http://epp.eurostat.ec.europa.eu/portal/page/portal/prodcom/data/tables_excel 
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7 (Magnetic) hysteresis losses typically occur within AC motors. It refers to the magnetic field lagging behind the 
magnetization force. See Kuphaldt (2007)
8 Eddy currents are circular currents that are induced as a conductor is placed in a changing magnetic field (for 
example due to a change in direction of the current). The circular eddy currents induce a magnetic field t
opposite direction of the original magnetic field, thus creating heat. In an electric motor, eddy currents are mostly 
seen as losses, but there are also other applications that use these eddy currents in their benefit, for example to damp 
motions or to heat small pieces of metal as in inductive heating systems. 
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uniform and inter-bar currents distribution, mechanical imperfections in the air gap and irregularities in 

the air gap flux density. In case of a brushed DC motor, there is a fifth type of losses, the brush contact 

losses. These losses occur due to the voltage drop between the brushes and the commutator. (de Almeida, 

Ferreira, Fong, & Fonseca, 2008)  

 

Figure 2.12 shows a typical distribution of the induction motor losses as a function of the load. Because 

of their independency of the motor load, the magnetic and mechanical losses are also referred to as fixed 

losses. The stray load and the electric losses are clearly dependent on the load and thus referred to as 

variable losses. (Bureau of Energy Efficiency, 2005) 

 

 
Figure 2.12. Typical distribution of the induction motor losses as a function of the load  

(Source: (de Almeida, Ferreira, Fong, & Fonseca, 2008)) 

 

The load is not the only factor that determines the efficiency of an electric motor. Some of the factors are: 

• the size of the motor (in hp): generally large motors are more efficient than small motors 

• the speed of the motor: the higher the speed, the more efficient 

• the enclosure of the motor: totally enclosed motors are generally more efficient than open motors 

• the age of the motor: newer motors are more efficient than older ones 

• rewinding: rewound motors are less efficient than new motors 

• (the load of the motor: generally motors are designed to be most efficient at 75% of full-load) 
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Efficiency levels for electric motors in general range from around 75% for small motors (0.75 kW) to 

over 95% for large motors (>200 kW). Nowadays almost all electric motors can be designed for this large 

range of power levels. (Section 7.1 provides with an overview of the regulations on the motor efficiency 

in Europe) This technical development and the dependence of the efficiency on the size of the motor 

make it nearly impossible to come up with average efficiencies for the different types of motors. 

Generally speaking, brushed DC motors have lowest efficiency. This is mostly due to the use and wear of 

brushes and commutators. Induction motors are more efficient than the brushed DC motors but have to 

cope with bearing and windage losses. Brushless DC and permanent magnet synchronous motors have the 

advantage over the induction motor that they don’t need any rotor windings. These motors reach highest 

levels of efficiency. The use of high energy permanent magnets also reduces the physical size of the 

electric motors for the same output levels. The disadvantage however, is the relative price due to the use 

of the expensive permanent magnets. 

 

But also the standard designs of the electric motors often can be improved. As a result an energy-efficient 

motor arises in which design improvements are specifically applied to improve the operating efficiency. 

These improvements for example include lower-loss silicon steel, thicker wires to reduce resistance, 

thinner laminations, smaller air-gap between stator and rotor, copper bars in the rotor, etc. The energy-

efficient motors are typically 3-7 percent more efficient than standard motors.  
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3. Theory 

This chapter focuses on the second subquestion ‘What can we learn from the patent network of electric 

motors? The chapter starts from a broad theoretical perspective on the economics of technological change 

and works toward a more specific methodology for analyzing technological change using patent citation 

networks. Central is this chapter are the questions why and how technological change can be analyzed.  

3.1 The economics of technological change 

Even in the earliest approaches for analyzing economic growth, technological change has been recognized 

as a driving force. In traditional neo-classical economics the production process is described as a 

transformation of production inputs (such as labor and capital) into production outputs (such as products). 

An improvement in production technology (e.g. increasing efficiency) results in a higher output with the 

same amount of inputs. Hence the production productivity increases with economic growth as a result. 

(Den Butter & Hofkes, 2006) 

In these traditional approaches the technological changes are treated as external factors; the models do not 

explain why these technological changes occur. This view on technological progress has been heavily 

criticized over the years, for example by Nelson and Winter (1974) (1977) (1982), Dosi (1982) and by 

Sahal (1981). The fundamental critique to these models is that technological progress is an endogenous 

process, so technological progress should be described in the models as well. Only by endogenizing 

technological changes in the models insight on the technological progress can be provided.  Furthermore 

it is claimed that the traditional neo-classical approach does not agree with the results of empirical studies 

on the nature of technological change. (Mulder, Reschke, & Kemp, 1999) Therefore new neo-classical 

approaches have been developed that treat technological change as an endogenous factor.9 Although lots 

of these approaches try to incorporate technological change in the new models, for example by describing 

the of technological progress as a result of R&D expenditures or by learning process of human capital, the 

new neo-classical approaches still get a lot of criticisms. (Den Butter & Hofkes, 2006) According to the 

evolutionary economists the empirical results on the sources, procedures, directions and effects of 

technical change and the characteristics of innovative firms are not covered by the new neo-

classical approaches. (Mulder, Reschke, & Kemp, 1999) In contrast with the (new) neo-classical 

approaches evolutionary approaches do not treat technology simply as an input-output 

relationship, but technological changes are contextualized. For example, Mulder et.al. (1999, pp 

4-5) define technological change as “interaction among human actors (i.e. societies), their set of 

technologies and the natural and social problem posing environment leading to the solution of some of 

the ‘old’ problems and occurrence of new ones requiring a change in the type and composition of 

technologies (and human actors/societies)”. The new evolutionary approaches focus more on the 

processes in the economy or society at large, the approaches look at the technology, its alternatives and 

also at the network of actors around the technology. One of the widely accepted approaches to understand 

                                                   
9 For surveys of this literature see Aghion and Howitt (1998), Barro and Sala-i-Martin (1995), Van de 
Klundert and Smulders (1992), Lucas (1988), Helpman (1992) and Verspagen (1992) 
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the process of technological change is the approach of Dosi (1982), which describes technological change 

in terms of technological paradigms and technological trajectories which are the subject of the next 

section.  

 

3.2 Technological paradigms and technological trajectoryies 

In 1982, Dosi defined a technological paradigm (in parallel with the definition of a scientific paradigm by 

Kuhn (1962)) as “a ‘model’ and a ‘pattern’ of solution of selected technological problems, based on 

selected principles derived from natural sciences and on selected material technologies”. A technological 

paradigm contains a set of heuristics (both positive and negative) that provide a strong prescription to the 

direction in which future technical changes will take place. Among the heuristics of a technological 

paradigms are the general problem to be solved (e.g. producing energy-efficient electrical machines) the 

shared beliefs of engineers, the characteristics of the organizations, (the characteristics of) the materials 

available (i.e. rare earth materials) and the understanding of the important technological and economic 

dimensions and tradeoffs the paradigm focuses on (e.g. torque density, speed, noise, vibration, size, 

power, unit costs, etc.). These heuristics determine the environment and the direction in which 

technological changes will occur. These directional technical changes are named technological 

trajectories. Dosi (1982) defines them as “the direction  of  advance  within  a  technological  paradigm” 

and also as “the pattern  of 'normal’  problem  solving  activity  (i.e.  of ‘progress’)  on  the  ground  of  a 

technological paradigm.”. The progress for the technological trajectories is then referred to as the 

improvement of the tradeoffs between the technical and economic dimensions. (Dosi, 1982) In case of the 

technological paradigm of electrical machines one could for example think of technological trajectories 

that are improving the tradeoffs between the technological and economic dimensions of brushless DC 

motors, AC synchronous motors, induction motors, and reluctance motors.  

Although this model has its (formal) limitations, it is very useful to get insight in the origin and direction 

of technical change. First of all it can distinguish to some degree between the two types of innovation: 

radical and incremental. Radical innovations will more often be involved in the creation of new emerging 

technological paradigms. Radical innovations for example change the shared believes of engineers and/or 

change the materials available. In contrast, incremental innovations are mostly concerned with the 

‘normal’ technical progress. (Dosi, 1982) This kind of innovations often improves the tradeoffs between 

the technological and economic dimensions (although some paradigms have been emerging on the basis 

of a number of incremental technologies such as the steam engine (Verspagen, 2007)) Secondly the model 

shows that new products and process are not randomly chosen among all technological opportunities, but 

the technological paradigm contains a number of heuristics that direct the technological changes. Third, 

the model sheds some light on the concept of cumulativeness of technological changes. As technological 

trajectories represent the improvements of the tradeoffs between the different dimensions, the 

technological changes within the same technological trajectory often built upon each other. (Dosi, 1982) 

The interest for the concept of technological paradigms and trajectories to analyze technical change has 

been growing over the years. Amongst others, Inoue and Miyazaki (2008) use technological trajectories to 
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analyze the technical changes in wind turbines in Japan, Rasiah (Rasiah, 2011) uses it to look at the 

technological capabilities of automotive firms, and Kirkels and Verbong (2011) investigate the 

technological developments in biomass gasification. But also in the earlier years the concept of 

technological trajectories has been used. For example in the early 90s Doyle (1991) uses it to look at the 

(future) development of computers and Christensen (1993) identifies the technological trajectories in the 

disk drive industry.  

3.3 Summary 

Technological paradigms and technological trajectories are of growing interest in analyzing technical 

change. It not only addresses the technical properties, but also tries to contextualize the technical change 

for example by looking for common beliefs among engineers/researchers, for alternative technologies and 

materials and for tradeoffs between technical and economical dimensions. The next chapter will discuss 

how this research will look for the technological trajectories in the technological paradigm of electrical 

machines. 
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4. Methodology 

Technological paradigms and trajectories can be analyzed in different ways using both qualitative and 

quantitative methods. This chapter will explain how this research will use a quantitative method for 

identifying and analyzing the technological paradigm and trajectories. Again it will start from a broad 

perspective on the different methods that can be used, focusing on the quantitative methods. After the 

introduction of citation networks as a quantitative method for analyzing the technological paradigms and 

trajectories, the choice for patents as the unit of analysis is discussed. The chapter then explains a number 

of descriptive analyses that can be performed on patent data. These descriptive analyses can be divided in 

two groups: the basic descriptives that focus on the data set as it is and the network descriptives that use 

the structure of a patent network. The chapter continues with a quantitative method for locating and 

assessing the value of the technological trajectories. At the end of the chapter the method for clustering 

the large dataset in smaller communities will be explained. These communities (that are about similar 

issues) help to understand the structure of the network and to find the heuristics in the paradigm, e.g. the 

tradeoffs between the technical and economical dimensions. 

The methods discussed in this research are summarized in Table 4.1. The first column shows the different 

categories of methods used. The second column mentions the method used and the third column 

summarizes the goal of the analysis. But before looking at the specific methods used in this research, first 

will be discussed how quantitative methods can be used to detect technological trajectories. 

Table 4.1. An overview of the different analyses in this research 

Type of analysis Method Goal of the analysis 

Network creation  Create the patent citation network  

Basic descriptive analyses 

Patent time series analysis Identify interesting periods in the development  

Occurrence analysis Identify the important actors in the data set 

Identify the important IPC-classes in the data set 

Co-occurrence analysis Investigate the technological linkages between IPC-

classes 

Network descriptives 

Input-output analysis Identify the knowledge flows in the network 

between the different IPC-classes 

Degree centrality Identify important patents which accumulate 

knowledge and have their knowledge transferred 

Patent network analysis 
Main path analysis Identify the technological trajectories and assess 

their value 

Network clustering analysis 

Modularity clustering Detect community structures in the network  

Topic detection Inspect the topics of the clusters to find the 

heuristics in the paradigm 
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4.1 Quantitative methods for analyzing technological trajectories 

Technological trajectories can be determined by either qualitative or quantitative methods. Qualitative 

methods often consist of desk researches and expert-interviews to identify how a technology has 

progressed over time. Disadvantages of these kinds of qualitative methods are 1) expert-based approaches 

are more time consuming than quantitative methods using computational tools, 2) academic knowledge is 

increasing faster than experts can keep up with, and 3) sometimes an unambiguous definition of the 

research field is lacking. (Shibata, Kajikawa, Takeda, Sakata, & Matsushima, 2011) The alternative is to 

use quantitative methods to analyze technological developments. For the purpose of this research these 

quantitative methods are categorized in two groups. The first group of quantitative methods uses a 

detailed market analysis to analyze and discuss the technological developments. Mostly based on data 

obtained from government agencies on research costs and units and value of sales of technological 

products, the technological developments are analyzed. (Acuity Market Intelligence, 2010) One of the 

disadvantages of this kind of analysis is that the focus lies on the technology that has already been 

commercialized into products that have reached the market. Underestimated in this kind of analysis are 

both the different alternatives during the development, and the technologies that have not been 

commercialized yet. This is one of the reasons that another group of quantitative methods has been 

developed which focuses on citation networks. In this group, two different types of methods can be 

identified: one that uses scientific publications as the unit of analysis and one that uses patents as the unit 

of analysis. These will be discussed in the next sections. 

4.1.1 Citation networks using scientific publications 

One of the first to analyze technological developments using the structure of a citation network were 

Humman and Doreian (1989). In their research on the connectivity in the network describing the 

developments in DNA theory they used a network of citing and cited scientific publications. Following 

the citations between the scientific publications they were able to identify a number of search paths. 

These search paths can be thought of as the technological trajectories from Dosi (1982). (Verspagen, 

2007) How the search paths were constructed will be explained in Section 4.4.1 because this research will 

use this method to find search paths in the field of electric motors (although the input for the analysis will 

not be scientific publications as discussed in the next section). 

Another example of using citation networks to analyze technological developments can be found in 

Shibata et.al (2011). The goal of this research is to detect emerging research fronts in regenerative 

medicine by looking at the network structure using citation network analysis of scientific publications. 

They combine the citation network analysis with clustering analysis as this research will do too. By 

analyzing the content and age of the clusters Shibata et.al (2011) analyze the technological development 

in regenerative medicine. They also argue that by using a computational tool, R&D managers and policy 

makers can be supported in discovering emerging research fronts in a more efficient way than with using 

expert-based approaches. (Shibata, Kajikawa, Takeda, Sakata, & Matsushima, 2011) 
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The advantages of using citation networks of scientific publications over the market analysis are that 1) 

different research tracks can be identified and 2) knowledge that does not lead to direct products is not 

discarded. However scientific publications are claimed to have a strong bias because researchers tend to 

cite either their own publications or closely related researchers more. Therefore another method has been 

developed using patents as a unit of analysis. This method is explained next. 

4.1.2  Citation networks using patents 

Another way of using citation networks to find technological trajectories in a certain technological 

paradigm is based on the use of patents instead of scientific publications. As patents also contain 

references to previous patents, the so-called patent citations, it is often assumed that at least some of the 

knowledge of the cited patent was useful in the development of the knowledge of the citing patent. But 

there are also arguments that can be thought of that contradict this assumption. The arguments often state 

that patent citations are used to determine the patent’s novelty and to limit the legal scope of patent, not to 

express the knowledge base of a patent. Furthermore, a lot of the citations found in patent citation 

databases are created by a patent examiner and not by the patent applicant itself. It might be well possible 

that the patent applicant has not seen these patents and thus their knowledge did not contribute to the 

knowledge of the citing patent. (Trajtenberg, 1990) Despite these arguments patent citations are often 

used to map the technological trajectories. Fontana, Nuvolari and Verspagen (2009) have analyzed the 

technological developments in data communication standards, Triulzi (2011) identified the technological 

developments in the semiconductor industry using patents and flash memory has served as an empirical 

study for a patent developments paths algorithm proposed by Choi and Park (2009).  

The approach using patents as the input of analysis for mapping the technological developments has a 

large number of advantages. As a patent is ‘an exclusive right granted for an invention, which is 

a product or a process that provides, in general, a new way of doing something, or offers a new technical 

solution to a problem” (WIPO, 2011), it represents the commercialization of a new invention. Therefore 

patents constitute economical aspects, next to the technical details they provide on the invention. To get a 

patent granted it has to meet certain conditions: the invention has to have some degree of novelty (is has 

to have some new characteristics that are not included in prior art), it must be of practical use, it has to 

show an inventive step and the subject matter must be patentable as defined under law. (WIPO, 2011) 

Next to the economic aspect and the disclosure of technical details, patents also provide information on 

the resources of the knowledge used. It references to the previous patents which underlie the knowledge 

used in the new patent application. And following these references, knowledge flows can be constructed. 

(Verspagen, Mapping technological trajectories as patent citation networks: a study on the history of fuel 

cell research, 2007) Another major advantage in using patents is that information on the patent details 

(including the information on the references used) is available for a large time period and relatively easily 

accessible due to the existing databases. (Park, Yoon,, & Lee, 2005) (Comanor & Scherer, 1969) 

Nevertheless, using patents as the input of analysis also has its drawbacks and is often argued. One of the 

disadvantages is that patents itself do not indicate the quality of the invention. (Basberg, 1987) A second 

disadvantage is that not all inventions are patented for example due to the cost of applying for a patent. 
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Furthermore, a patented invention does not necessarily lead to innovation and some sectors are more 

suitable for patent protection than others. However, despite these disadvantages the use of patents can be 

a useful tool to get insight in the technological changes that have occurred over time. (Basberg, 1987) 

(Verspagen, 2007) (Comanor & Scherer, 1969).  This point of view is shared in this research, although 

notion has been taken of the disadvantages.  

4.1.3 Elements of a citation network 

The citation networks used in this research consist of a number of vertices (or nodes) and edges. The 

vertices represent the unit of analysis (e.g. scientific publications or patents), while the edges are the 

connections between the vertices. In the case of citation networks, the edges are directed, i.e. the edges 

have a starting point (the cited unit of analysis) and a direction (the citing unit of analysis). The directed 

edges correspond to the knowledge flow between units of analysis. Little pieces of knowledge are 

transferred from the cited to the citing unit of analysis.  

In general, four different types of vertices can be identified: start points, end points, intermediate points 

and isolates. A start point in the citation network is a node that is only being cited. Therefore it only has 

outgoing arcs. End points are exactly the opposite of start points; they are only citing other nodes, thus 

having no outgoing arcs. Intermediate points cite other nodes but are also cited by other nodes. The last 

type of vertices are the isolates, which are not connected to any other node within the given network. 

(Verspagen, 2007)  

Other important elements of a patent citation network (especially in this research) are clusters. In this 

research two different types of clusters will be used: components and cliques. A component is a group of 

patents (or another unit of analysis) that only has citations within that group and thus is disconnected with 

the other components. Cliques are clusters that have a higher density of citations within the group than to 

other groups, although these citations do exist. (Hanneman & Riddle,, 2005) 
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4.2 Basic descriptive analyses 

This section will explain some of the basic patent descriptive analyses that can be performed with most of 

the existing patent databases. Tthe choice for the patent database used in this research will be discussed in 

SectionError! Reference source not found.. This section will start with explaining the patent time series 

analysis, followed by occurrence analysis and finally the co-occurrence analysis. 

4.2.1 Patent time series analysis 4.2.1 Patent time series analysis 

One of the standard descriptive analyses that can be performed on almost any patent databases is a patent 

time series analysis. Basically a patent time series analysis is nothing more than a count of the number of 

patents applied for or granted within a certain time period, normally being one year. As Kirkels and 

Verbong (2011) show in their research on biomass gasification, a patent time series analysis helps to 

identify interesting periods in time such as the take off of the development and periods were the 

development slowed down or speeded up. These interesting periods can then for example be focused on 

in the research.  

4.2.2 Occurrence analysis 

Another descriptive analysis is the occurrence analysis. Depending on the information available, 

occurrence analyses can be performed for example on inventor data, applicant information, classification 

data and country information. It counts the number of occurrences of certain information in the total 

dataset. The higher the number of occurrences is, the more important the certain information is for the 

dataset. For example in the case of country information, an occurrence analysis can show where the 

developments take place, or in case of applicant information the analysis can show which applicants are 

major actors in this development. As Govada et.al. (2008) show, occurrence analyses can also be 

combined with time series analyses to detect trends in geographical developments or to detect when a 

certain actors played an important role in the development. In this research the occurrence analysis will be 

used to detect the most important applicants and to show how the patents are classified in the predefined 

classification system of IPC-classes which will be explained in Section 5.2.1. 

4.2.3 Co-occurrence analysis 

A third descriptive analysis is the co-occurrence analysis, which is also based on the number of 

occurrences of certain information. However this time the ‘certain information’ does not consist of a 

single entity but of two or more pieces of information within the same patent. In case of applicants for 

example it indicates which applicants often work together in applying for a patent. In Govada et.al. (2008) 

the researchers refer to it as co-author analysis. Also other kind of information can be used for co-

occurrence analysis such as IPC-classification to see what classes are often used together, herewith 

implying a technological linkage between the two classes. (Verspagen, 1996) The latter will be used in 

this research. 
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4.3 Network descriptive analyses 

After constructing the patent network using nodes and arcs as described in Section 4.1.3, a number of 

standard network descriptive analyses can be performed. Although a lot more descriptive analyses exist 

(density, betweenness, geodensic distance, closeness, etc. (Hanneman & Riddle,, 2005)), in this research 

only the input-output analysis to discuss knowledge flows between IPC-classes and the degree centrality 

to detect most cited and citing patents is used.  

4.3.1 Input-output analysis  

The input-output analysis focuses on the information between two patents that are connected with a 

citation. Thus with the input-output analysis, the direct knowledge flows between different entities can be 

identified. Just as with the patent descriptive analysis, these entities can for example be the inventors, the 

assignees, the classification codes or the country information. In case of the assignees, the input-output 

analysis would count the number of times one assignee is cited by or cites another assignee, measuring 

the knowledge flows between two assignees. Again in this research this method is used on the IPC-classes 

to identify the knowledge flows between the different IPC-classes. The assumption of this analysis is that 

IPC-classes with a lot of direct citations share a lot of knowledge and therefore are to some extent similar 

in their knowledge base. On basis of this knowledge base the IPC-classes could be clustered. 

4.3.2 Degree centrality 

The second and last network descriptive analysis discussed is the degree centrality, which is a common 

measure in analyzing the structure of social networks. The degree centrality basically has two measures, 

the inner degree and the outer degree. The inner degree is the number of edges coming into a node, while 

the outer degree is the number of edges coming out of a node. In patent networks the inner degree is an 

equivalent of the number of citations a patent has made, while the outer degree is equivalent to the 

number of citations the patent has received. The higher the inner degree is, the more patents have been 

cited by the particular patent. The citing patent in this case uses a lot of different knowledge resources and 

combines these knowledge resources in its invention. The higher the outer degree is, the more citations 

the patent has received. In this case, the patent is cited by a lot of different newer patents building on the 

knowledge in the patent. Logically, how older the patent, the more time it had to receive citations, while 

when the patent is very new, the more patents have been applied for in the past and the more citations it 

can make. Therefore there will be a tendency for older patents to receive more citations than newer 

patents and for newer patents to make more citations than older patents. So especially interesting are the 

newer patents that receive a lot of citations and the older patents that make a lot of citations.  In this 

research the degree will be used to identify important patents on the technological development paths 

within the created cliques as a result of the clustering analysis explained in the next section. 
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4.4 Patent citation analysis 

4.4.1 Search paths 

Once the citation network is constructed, the most important links between nodes can be found using the 

structure of the created network. For this, Hummon and Doreian (1989) developed three different 

approaches. These approaches are: the Node Pair Projection Count (NPPC), Search Patch Link Count 

(SPLC) and Search Path Node Pair (SPNP). A big advantage of these methods is that not only the direct 

citations play a role in determining the value of the created technological paths, also the indirect citations 

are taken into account. The three approaches will be illustrated using Figure 4.1. 

The NPPC ‘accounts for the number of times each link is involved in connecting all node pairs’. (Lucio-

Arias & Leydesdorff, 2008) For example in the figure below, the citation link between node 5 and node 

12 connects two nodes on the left with five nodes on the right. The NPPC then is 2 x 5 = 10.  

 

 
Figure 4.1. A representation of a simple citation network. 

(Source: Hummon and Doreian (1982)) 

 

The SPLC ‘accounts for the number of all possible search paths through the network emanating from an 

origin’. (Lucio-Arias & Leydesdorff, 2008) The SPLC of a citation link can be calculated as follows. It is 

the count of the paths through the particular citation link to end points in the network from every node 

that lies before the particular citation link (these are thus treated as start points). The SPLC of the link 5-

12 is 6 and the paths are shown in Table 4.2. 

 

Table 4.2. The search paths of Figure 4.1 that involve citation link 5-12 with each node as a start point 

Search path  

3 5 12 20 21 22 

3 5 12 20 22  

3 5 12 22   

 5 12 20 21 22 

 5 12 20 22  

 5 12 22   

 

The SPNP ‘accounts for all connected vertex pairs along the search paths’. (Lucio-Arias & Leydesdorff, 

2008) The SPNP can be calculated as the multiplication of the count of all nodes in all search paths before 

the citation link including in the cited node for every search path with the count of all nodes in all search 

paths after the citation link including the citing node for every search path. In the example the SPNP of 
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the link 5-12: 2 x 10 = 20. Table 4.3 shows the search paths and its number of nodes that are involved in 

the calculation of the SPNP. 

 
Table 4.3 The search paths of Figure 4.1 that involve citation link 5-12 in the calculation of the SPNP value 

Search paths before  

the citation link 
Number of nodes 

Search paths after  

the citation link 
Number of nodes 

3-5 2 12-20-22 3 

  12-20-21-22 4 

  12-15-22 3 

Total 2 Total 10 

 

Because SPNP includes a multiplication in its calculation, SPNP tends to weigh the patents in the middle 

of the network more heavily that SPLC which only counts the number of possible search paths. However, 

literature agrees that both SPLC as SPNP tend to get similar results. (Hummon & Doreian, 1989) 

(Verspagen, 2007) Due to practical reasons (calculating SPNP is often faster as opposed to calculating 

SPLC) in this research SPNP is calculated as the network is of considerable size. 

4.4.2 Constructing the main paths 

After the calculation of the SPNP (or the SPLC) values for all citation links, it is possible to create a 

network of the most important technological paths, the so-called main paths. For this a simple heuristic 

method is used: (Verspagen, 2007) 

(i) From each start point in the network, choose the citation link with highest SPNP value. In 

case of more citations with the highest SPNP value, choose both citation links. 

(ii) Identify the nodes that are connected to the newly chosen citation links. 

(iii) Repeat steps (i) and (ii) for the nodes identified at the previous step. When a node has no 

outgoing arcs, an end point of the network is reached. When there are no nodes in the 

network with outgoing arcs, the network of main paths has been created. 

The value of these main paths then again can be calculated by adding the SPNP values for all citation 

links belonging to a certain main path. The main path with the highest cumulative SPNP value is referred 

to as the top path. In smaller networks a single top path probably reflects the most important 

technological developments quite well. In larger networks this is often not the case as there can be a lot of 

important developments which will be discarded when looking at only one single top path. Therefore for 

larger networks it can be very useful to not only look at the top path, but to investigate a number of 

independent main paths to provide a good overview of the technological developments. 
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4.5 Network clustering analysis 

4.5.1 Modularity clustering 

Because the large size of the network, this research uses a clustering analysis to group the different patent 

families in smaller clusters that can be analyzed. The clustering sought for is based on Community 

Structure in the network, to group the different nodes that have a higher density of edges within the 

groups than between the groups. Because the edges represent the knowledge flows within the patent 

network, the groups of nodes with a higher edge density within the group than to other groups are 

assumed to be on similar or very closely related topics. The advantage of Community Structure Detection 

over other methods such as K-means clustering is that the network divides naturally into different 

subgroups. When CDS is used, the goal is often is to find these subgroups. With K-means clustering the 

nodes are split in a predefined number of subgroups. Another advantage of CDS is that when no good 

division exists this will also come up from the analysis, something that K-means clustering lacks. 

(Newman, 2006) 

Several algorithms have been developed for Community Structure Detection. Some of these approaches 

are the Kernighan-Lin algorithm (Kernighan & Lin, 1970), spectral partitioning (Pothen, Simon, & Liou, 

1990), or hierarchical clustering (Girvan & Newman, 2002). Although these approaches work rather well 

on some specific type of problems, they perform a lot worse in more general cases. Another algorithm 

that has been developed for more real-world networks is the Girvan and Newman algorithm which “uses 

edge betweenness as a metric to identify the boundaries of communities”. (Clauset, Newman, & Moore, 

2004) The algorithm calculates the betweenness for all edges in the network, removes the edge with the 

highest betweenness, recalculates betweennesses for all edges affected by the removal and repeats the 

process until no edges remain. This process is very time consuming and relies heavily on the 

computational power, restricting the use to small and medium sized networks. (Girvan & Newman, 2002) 

Since then faster algorithms have been proposed to work well on larger networks. One of them is an 

algorithm based on the greedy optimization of modularity. Basically the modularity of the network “is the 

number of edges within groups minus the expected number of edges in an equivalent network with edges 

placed at random. (Newman, 2006, p. 8578) The higher the modularity, the better the community 

structure is given by the created clusters. The goal of the algorithm then is to maximize the modularity. 

For the mathematical formulation and implementation of the modularity algorithm see (Newman, 2006, p. 

8578). Clauset, Newman, and Moore (CNM) have made the algorithm even more efficient to work better 

with large scale networks. The algorithm is based on the same principal as the original algorithm, but it 

also incorporates sophisticated data structures. (Clauset, Newman, & Moore, 2004) The most important 

critique on the CNM algorithm is that it comes up with a few very large clusters and a large number of 

very small clusters. (Schuetz & Caflisch, 2008) (Wakita & Tsurumi, 2007) To correct for this unbalanced 

growth of the clusters, Wakita ,et.al. (2007) added a measure for the cluster size, both in terms of the 

degree as in terms of the number of its members. This algorithm is implemented as a plugin in the 

software package Cytoscape which is used in this research to perform the clustering. (Microarray Lab, 

2010) 
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4.5.2 Topic detection 

To analyze what the clusters are about, different strategies can be taken. Most often used strategies are 

based on natural language processing. One way to do so is used by Shibata et.al. (2008). Basically the 

idea behind the topic detection is to address which terms are mostly used in different documents. For this 

key term selection, the nouns in the (clustered) documents are weighted by tf-idf weight, which is a pretty 

common method in information retrieval. This term frequency–inverse document frequency calculates the 

importance of a certain term within a document (tf) as well as the general importance of a certain term 

(idf). The idf is calculated as the log of the number of all documents divided by the number of documents 

containing the term. In this way common terms are filtered out. Documents with high tf-idf weights have 

a high term frequency but a low inverse document frequency. The weight can of term i in document j is 

given by:                                          ��� = ����  ×  
��� =  ����  × log (
�

���
)      (1) 

where tfif is the number of occurrences of term i in document j, idfi is the inverse document frequency, dfi 

is the number of documents contacting term i and N is the total number of documents. In Shibata, et.al, 

the important terms were not extracted in documents j but in a clusters s, the j is replace with s in the 

equation above. Then to determine the terms representing the cluster, the top-10 terms were taken. 

(Shibata, Kajikawa, Takeda, & Matsushima, 2008) 

 
Figure 4.2. An simple example of a contigency table used by T-Lab. 

(Source: T-Lab (2011)) 

 

Another way of key term selection is to use a Chi-square measure instead of the tf-idf weight. This Chi-

square measure determines whether the occurrences of terms in the documents are to be expected or not. 

The Chi-square values can be calculated with the software package T-Lab. For every term T-Lab verifies 

the significance of a term (“x”) within a certain context (“A”). For this it uses a contingency table like the 

one below. 

Then the Chi-square for Word “x” in Context “A” is calculated as:  

�� =  ∑
(���)�

�
     (2) 

where O are the observed occurrences in the contingency table above and E are the expected occurrences. 

The expected occurrences E are calculated as: 

   � =  
�� × ��

���
      (3) 

Where Ni is the sum of the observed occurrences in column i, Nj is the sum of the observed occurrences in 

row j and Nij is the sum of all the observed occurrences in the contingency table.  
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When the Chi-square value is higher than the threshold value (3.84 (df = 1; p. 0.05) or 6.64 (df = 1; p. 

0.01)), a significant difference between the expected and observed occurrences is found. To determine the 

terms representing the cluster, a number of terms with high Chi-square values can be taken. (T-Lab, 2011) 

T-Lab also calculates the tf-idf weights, which give similar results to the Chi-square values.  

Besides the topic detection based on the natural language processing, other strategies can be taken that 

rely more on the structure of the patent citation network. For example one could look at the most citing 

and cited patent of a cluster and determine the topic of the invention. Because the citations in the patent 

network reflect the knowledge flows, the other patents in the cluster that are directly or indirectly 

connected this patent are likely to be on the same topic. However the topics in a path of connected patents 

can slightly change over time, so this approach should be performed with caution. To cope with this 

problem not only the most citing and cited patent family are inspected in this research, also the patent 

families that lie on the main path with highest SPNP-value that runs through the cluster will be 

investigated. And as a fourth method to complete the story on the topic of the cluster, the companies that 

have most patent families applied for are looked at. 

Summary 

In this research four methods are combined to detect the content of the clusters that are the result of the 

extended Newman clustering. This research will look at 1) the content of the patent families with highest 

degree centrality (most cited and most citing patent families), 2) the content of the patent families that lie 

on the main path with highest SPNP-value that runs through the cluster, 3) the results of the key term 

selection by T-Lab, and 4) the companies that have most patent families applied for. 

4.6 Summary 

This section has discussed all the analysis that will be performed in this research. It has described the 

methods that are used and what the goals of these methods are. In the next section the collection of the 

data on which these analyses will be performed is discussed. 

Table 4.4. A summary of the different analyses used in this research 

Type of analysis Method 

Network creation  

Basic descriptive analyses 

Patent time series analysis 

Occurrence analysis 

Co-occurrence analysis 

Network descriptives 
Input-output analysis 

Degree centrality 

Patent network analysis Main path analysis 

Network clustering analysis 
Modularity clustering 

Topic detection 
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5. Data collection 

This chapter will explain how the data is collected for this research and what choices have been made in 

the process. First a number of patent databases will be discussed, then a notion is made on patent families, 

the search criteria used in the research will be explained and the chapter will end with a section on data 

processing. 

5.1 Patent databases and patent families 

There are a number of patent databases that can be used for data analysis. Examples of these are USPTO 

PatFT, Espacenet, EPO Worldwide Patent Statistical Database (also known as EPO PATSTAT), 

MicroPatent and the Derwent Innovations Index. This research will use data collected from the Derwent 

Innovations Index (DWI) for the following two reasons. The far most important reason to use the DWI is 

the availability of the data in patent families instead of single patents which have been the unit of analysis 

for most of the previous research done. A patent family refers to a group of patents that are all related to 

the same invention. For example, a company can have applied for a patent in more than one country or 

more than one patenting authority (such as the European Patent Office or the World Intellectual Property 

Organization). These patents then are grouped together as one patent family. (Thomson Reuters, 2011) 

Also divisional and continuation patent applications are often part of a patent family together with the 

original patent. An important result of using patent families instead of single patents is the removal of 

duplication. The amount of redundant patents is reduced as similar patents (like continuation patents) are 

grouped into patent families. (Minesoft Ltd., 2011).  

The second reason for using the Derwent Innovations Index is more of a practical nature. The DWI allows 

for the export of the data to plain text files, unlike for example the USPTO PatFT. The DWI also has a 

fairly large number of search terms (51) that can be used within a single search query as compared to 

others like Espacenet (only 9). (Thomson Reuters, 2011) (European Patent Office, 2011)  

5.1.1 The Derwent Innovations Index  

The Derwent Innovations Index is developed by Thomson Reuters and contains patent information from 

Derwent World Patents Index as well as citation information from Patents Citation Index. The databases 

contain information on patents from 1963 to present with citation information from 1973 to present. The 

databases used cover more than 42 million patents in three citations databases: chemical section, electrical 

and electronic section and engineering section. The 42 million patents in the DWI are grouped into over 

20 million patent families. The use of these patent families has its advantages as we have seen above. 

Instead of using all single patents, the data is reduced by using only their patent families. However, when 

necessary, the information on the single patents is available and can be extracted. Nevertheless, as we will 

see in section 0, the use of patent families also has its drawbacks. Latter patents are registered under the 

family number of the first registered patent while they can be applied for in a different year. (Thomson 

Reuters, 2011) Furthermore, the creation of patent families can lead to loops in the network, which will be 

discussed in Section 5.3.1.  
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5.2 Search criteria 

Previous literature has shown that one of the biggest problems in doing patent research is collecting all 

relevant patents that define the research field under investigation. (Shibata, Kajikawa, Takeda, & 

Matsushima, 2008) (Van der Heijden, 2010)  Most commonly this is either done by looking at the patents 

that have occurrences in classes from a standard classification scheme or by searching for patents that 

have one of a number of key terms in the title and/or the abstracts. Both methods have its limitations. The 

first method, using a standard classification scheme, assumes that the patent (or patent family) has been 

classified correctly by the patent examiner. Also it assumes that the research field is covered well by one 

(or at least a small number) of the classes of the classification scheme. The biggest problem with the 

second method using the key terms is determining all relevant key terms a priori. The researcher should 

be aware of what key terms are used in patent applications to define the research field and of all the 

possible synonyms for all the key terms. This is hardly possible for the researcher.   

Therefore this research combines these two methods to find a solid base for the data collection. First a 

standard classification scheme was investigated to find the classes that are most probable to be relevant 

for the research. Then a key term search was performed to see to what classes these patent families 

belong. On the basis of the outcomes of these two analyses, the data set was determined.  

5.2.1 Searching for a classification scheme 

In the data available from the Derwent Innovations Index, two standard classification schemes are 

available: the International Patent Classification (IPC) and the Derwent Class Codes (which can be 

divided in Derwent Manual Codes). The Derwent Class Codes (DCC) are assigned by specialists at 

Derwent World Patent Index. However in this research these codes are not used because of two reasons. 

The first reason is the way the classification scheme of the Derwent Class Codes is set up. The classes 

(indicated by one capital letter followed by a two-digit number) of the DCC are rather broad and in case 

of the electric motor more focused on the application areas instead of the technologies. For example X22 

Automotive Electrics includes Starting motors and generators, but also Vehicle accessories, Vehicle 

lighting, and Batteries and charging. The second reason is that a quick check for the availability of these 

DCCs in the data showed that a relatively large number of patent families were not classified by the 

DCCs compared to the IPCs.  

Furthermore the International Patent Classification, established in 1971, is an internationally-recognized 

classification system, controlled by the World Intellectual Property Organization (WIPO). It “provides for 

a hierarchical system of language independent symbols for the classification of patents and utility models 

according to the different areas of technology to which they pertain”. (WIPO, 2011)  An overview of the 

search for relevant IPC classes is shown in Appendix 11.2. The International Patent Classification divides 

the technologies in 8 sections, marked by a capital letter (A through H). The section in which electric 

motors are likely to be classified is section H: Electricity. Sections are divided in so-called classes which 

constitute the second level of hierarchy. Classes are characterized by the section capital letter followed by 

a two-digit number. Section H is divided into six classes of which H02 seems to be of special interest in 
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this research. This class is about the Generation, Conversion, or Distribution of Electric Power. Each 

class can be divided in several subclasses, which is the third level of hierarchy. These subclasses are 

characterized by the class symbols followed by another capital letter. The class H02 is divided in eight 

subclasses. Four out of these eight classes seem to be very closely related to the electric motors. The 

subclass H02K represents Dynamo-electric machines and therefore is likely to contain the most important 

patents on the electric motors for the purpose of this research. The subclass H02M is about Apparatus for 

Conversion Between AC and AC, Between AC and DC, or Between DC and DC which is related to the 

inverters and converters that are used in some types of electric motors. However this class is not dealing 

with the motor types itself. The subclass H02N is about the Electric Machines not otherwise provided for. 

These are mostly very specialized motor types that are not generally used. Therefore this class seems to 

be of limited relevance, as this research seeks to depict the general development of electric motors. The 

class H02P is about Control or Regulation of Electric Motors, Generators, or Dynamo-Electric 

Converters. Also H02P seems to be of interest in this research as the developments in the control of 

electric motors have enabled the development of certain electric motors. Therefore H02K and H02P could 

be very closely related. The subclasses are again divided into smaller subdivisions called groups which 

are the fourth level of hierarchy. These groups are represented by the subclass symbol followed by a one- 

to three-digit number, an oblique stroke and a number of at least two digits. Table 5.1 shows an example 

of how a typical IPC-code looks like and how it is built up. In the example the fourth level of hierarchy is 

‘H02K 19/00’ where ‘00’ represents the main group. Any other number after the oblique stroke represents 

a subgroup of the main group. Thus H02K 19/02 Synchronous motors is a subgroup of the main group 

H02K 19/00 Synchronous motors or generators. (WIPO, 2009) A list of the groups belonging to H02K 

and H02P and their description is included in Appendices 11.3 and 11.4. In this research all these groups 

are taken into account. 

 

Table 5.1. An example of how IPC-code is built up 

Symbol Hierarchy Description 

H Section - 1st level Electricity 

H02 Class -  2nd level Generation, conversion, or distribution of electric power 

H02K Subclass - 3rd level Dynamo-electric machines 

H02K 19/00  

or  

H02K 19/02 

Main group - 4th level 

or 

Subgroup (lowest level) 

Synchronous motors or generators 

or 

Synchronous motors 

 

 

As a result of the search for some standard classes to which the relevant patents might belong, H02K and 

H02P were selected as good candidates for the patent data selection. However to get more insight on the 

distribution of the relevant patents for electric motors over the different IPC classes a key term search is 

performed to see to which classes the relevant patents belong.  
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5.2.2 Key term search 

The second method in this research to determine the relevant patent family set is based on a key term 

search in the patent families’ titles and abstracts. As it is unknown what terminology is used in all the 

relevant patents in the field of electric motors, two different strategies are taken. The first strategy focuses 

on the specific motor types and a number of its ‘synonyms’. With focusing on the specific motor types, 

the precision of the search is increased. Precision can be defined as “the ratio of the number of relevant 

records retrieved to the total number of irrelevant and relevant records retrieved”. (Creighton University, 

2000) The results of a search for induction motor are very likely to be relevant and rather a small part 

should be irrelevant. On the other hand, with including different synonyms for the motor types, the recall 

is increased. Recall is defined as “the ratio of the number of relevant records retrieved to the total number 

of relevant records in the database”. The recall of the search is also increased by not only looking for the 

specific motors. Also generators and machines are included in the search. The downside of increasing 

either precision or recall is that the other will suffer from the approach. The higher the precision the more 

likely it is that a number of relevant patents are discarded, and the higher the recall the higher the number 

of irrelevant patents retrieved. Therefore this first strategy tries to incorporate a large number of different 

types of electric motors, combined with two basic functions (motor and generator) and the more general 

term machine. The different types of motors were defined a priori according to the literature as discussed 

in Section 0. The search query was eventually constructed as: 

Table 5.2 First key term search
10

 

Specific motor type Recall 

induction motor or generator or machine 

asynchronous motor or generator or machine 

synchronous motor or generator or machine 

brushless alternating current motor or generator or machine 

brushless direct current motor or generator or machine 

AC motor or generator or machine 

DC motor or generator or machine 

universal motor or generator or machine 

permanent magnet motor or generator or machine 

switched reluctance motor or generator or machine 

variable reluctance motor or generator or machine 

hybrid reluctance motor or generator or machine 

step* motor or generator or machine 

linear motor or generator or machine 

plan*  motor or generator or machine 

 

                                                   
10 Some specific motor types that are expected to be in this list were not added because they are redundant. For 
example “brushless AC motor” would already included by searching for “AC motor” and “permanent magnet 
synchronous motor” would already be included by searching form “synchronous motor”. 
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But because the terminology used in the patents is not given, this research has a second strategy in the key 

term search. This strategy takes a broader perspective and does not focus on the specific motor types. 

the second search query the more general term ‘electric*’ was used, covering beside

search query looked like:  

machine” or "electric* motor" or "electric* generator")

 

shows how the two search queries are related to each other and to the expected relevant patents 

set of relevant patents in the database is shown in green on 

The set of patents resulting from following the first strategy of looking for specific motor types 

with this query are to a large extent relevant, but also

The set of patents resulting from following the second strategy is shown in blue. A lot of 

relevant patents are retrieved but also a lot of irrelevant patents are retrieved. The two search queries only 

have little overlap (around 8.000 patents), while both queries result in more than 100.000 patents

This key search term shows that the terminology used in the patents differs a lot. A lot of patents contain 

references to the specific motor type, but also a large number of patents only refer to the devi

motor or electric machine. Because of the large divergence in terminology, both sets of 

investigated further to see whether the patent families belong to a small number of particular IPC

classes and of course preferably the ones that are expected: H02K and H02P. 

Figure 5.1. Datasets 

shows the number of occurrences for the top-5 IPC-codes in both search queries. Because of the

code (the subgroups) and the purpose of determining a

codes are investigated on the third level of hierarchy, the subclasses

shows almost 60 percent of all the occurrences of the IPC-codes in the first search query are in H02K and 

H02P. A similar situation occurs in the second search query were a little over 61 per cent is in H02K and 

ther IPC subclasses, especially with the first strategy, have a considerably lower number of 

occurrences. Actually, most of the patent families that only have IPC subclass occurren

H02K and H02P are not on the construction of the electric motor itself. They refer 

(e.g. the use of a DC motor in a pneumatic hybrid vehicle 

Relevant patents
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(specific types)
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(electric*)

second strategy in the key 

term search. This strategy takes a broader perspective and does not focus on the specific motor types. In 

‘electric*’ was used, covering besides ‘electric’ also 

motor" or "electric* generator") 

shows how the two search queries are related to each other and to the expected relevant patents 

set of relevant patents in the database is shown in green on the background. 

strategy of looking for specific motor types is shown 

also a lot of relevant patents 

is shown in blue. A lot of 

relevant patents are retrieved but also a lot of irrelevant patents are retrieved. The two search queries only 

queries result in more than 100.000 patents each. 

This key search term shows that the terminology used in the patents differs a lot. A lot of patents contain 

references to the specific motor type, but also a large number of patents only refer to the device as electric 

both sets of patent families 

investigated further to see whether the patent families belong to a small number of particular IPC-

 

codes in both search queries. Because of the 

determining a group of relevant 

, the subclasses. As the table 

codes in the first search query are in H02K and 

econd search query were a little over 61 per cent is in H02K and 

, have a considerably lower number of 

occurrences. Actually, most of the patent families that only have IPC subclass occurrences other than 

H02K and H02P are not on the construction of the electric motor itself. They refer for example to the use 

in a pneumatic hybrid vehicle (Ge, 2010)), to 
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elements that are connected to an electric motor such as speed sensors (Ma, 2011) or to testing methods 

for electric motors such as durability testing (Tang, Liu, & Qin, 2011).  

 

Table 5.3. The top-5 IPC-classes in both search queries11 

First strategy (specific types) Second strategy (electric*) 

Subclass Occurrences Percentage Subclass Occurrences Percentage 

H02K 50666 35% H02K 58613 52% 

H02P 33790 23% H02P 9981 9% 

H02M 3224 2% B60K 8396 7% 

H01F 3091 2% B60W 4198 4% 

B60L 2481 2% B60L 4044 4% 

Total 144802 
 

Total 113514 
 

 

5.2.3 Conclusion on the search criteria 

In this section a solid base for the data gathering was sought. Were other researches only use a standard 

classification scheme or a key term search, this research combines these two methods. Based on the 

search for relevant IPC-subclasses and two key term searches, the criteria for gathering the patent data are 

set. Both the IPC-classification scheme as the key term searches, result in a strong indication that the 

relevant patent families for this research are to be found in H02K and H02P. Together with the 

descriptions of the subclasses H02K and H02P and their divisions into groups (see Appendices 11.3 and 

11.4, it is reasonable to assume that the best dataset is constructed by including all the patent families with 

occurrences in H02K and H02P. These patent families therefore will be the dataset used in the analyses in 

this research. 

  

                                                   
11 Because of the relatively broad scope of a patent and narrow scope of the technology class, especially when 
dealing with all the IPC-code characters, a patent can be classified in more than one IPC-code. For example a patent 
on the control of synchronous motors, can have the IPC-codes ‘H02K 19/02’ and ‘H02P 06/08’ (Arrangements for 

controlling the speed or torque of a single motor). That is why the number of IPC-occurrences does not give any 
information on the number of single patent families that belong to this IPC-class. 
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5.3 Data processing 

Table 5.4 shows the process of determining the final patent set. Searching the Derwent Innovations Index 

with the condition ‘IPC Code=(H02K or H02P)’ resulted in a patent set of 252.428 patent families from 

the period 1968-2011 (retrieved on January 14th
 2011). In this research the focus will lie on a patent 

network that is constructed based on the citations between the patent families. Therefore, out of the 

252.428 patent families, only the patent families that have a connection to (either citing or being cited by) 

another patent families within this data set will be kept. The patent set now contains 108.613 patent 

families. These patent families can be divided in 1924 separated components. The largest component, the 

main component, consists of 103.903 patents, while the second largest component has only 11 patents. 

The largest main component will be further analyzed in this research. 

 

Table 5.4. Working towards the final patent set: the number of patent families in the different steps 

Step 
Description Number of patent families 

1 IPC Code=(H02K or H02P) 252.428 

2 Patent families with ‘inner data set’ citations 108.613 

3 Largest main component 103.903 

4 Acyclic network 103.341 

5.3.1 Acyclic network 

The three methods developed by Hummon and Doreian (1989) as discussed in Section 4.4.1 assume an 

acyclic citation network, i.e. if a path exists from vertice i to vertice j, no path exists from vertice j to 

vertice i. (Batagelj, Kejzar, Korenjak-Cerne, & Zaversnik, 2006) The citation paths are therefore finite 

having a starting and an end point and no loops can be found in the network. This is a property of citation 

networks that should follow logically from the nature of a citation. A patent can only cite publications that 

have been published before, and the patent can only be cited by patents that are published after its 

publication. A loop in the network would result in time paradox as the citing patent is older than the cited 

patent. (Verspagen, 2007) In some cases the citation network has cyclic parts in it, e.g. using patent 

families as a unit of analysis.  

How patent families can lead to cyclic parts is shown using Figure 5.2 as an example. In Figure 5.2a a 

simple patent citation network is depicted. In this case the nodes represent single patents. Three patents 

are connected through two citations, where patent C cites patent B and patent B cites patent A. The 

numbers next to the patents represent the patent number, consisting of the year the patent was applied for 

and a unique number for that year. Together, this number is a unique identifier for the patent. As single 

patents generally only can cite other patents that are already been applied for, the citing patents have a 

higher number than the cited patents (A<B<C). However, the Derwent Innovations Index uses patent 

families, which are related patents grouped together. In some cases cyclic networks then arise. This is 

illustrated in Figure 5.2b using the same three patents (A, B and C) as in the previous example. Patent 

family 1 consists of patent A and C. Patent C for example could be a continuation patent of patent A. 
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Patent family 2 only consists out of patent B. Because patent A was cited by patent B, also patent family 

1 is cited by patent family 2. And similarly because patent B was cited by patent C, patent family 2 is 

cited by patent family 1, thus a cyclic network arises. 

 

Figure 5.2. Simple citation networks: (a) a simple patent citation network of three patents and (b) a simple patent citation 

network of the two corresponding patent families 

 

Because the analyses used in this research are based on finite citation paths, i.e. a number of connected 

patents with a start and end point, these cyclic parts have to be removed. So first a check for acyclicity is 

performed using Pajek.  The results are shown in Table 5.5. In the data set, 237 cyclic networks exist. Of 

these cyclic networks, 175 are of size two, 31 are of size three, etc.  

 

Table 5.5. Number of cyclic networks in the data set 

Number of patent families number of strong components 

2 175 

3 31 

4 14 

5 9 

7 3 

11 2 

17 1 

38 1 

67 1 

103194 1 

 

The cyclic networks were dealt with by ‘identification (shrinking) of cyclic groups (nontrivial strong 

components)’ (Batagelj, Efficient Algorithms for Citation Network Analysis, 2003, p. 9). Effectively this 

means that the cyclic groups were shrunk into single units of analysis. As most of the cyclic networks are 

(a) (b)
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rather small this will not have major impact on the network. However two cyclic networks are quite large 

(respectively 38 and 67 patent families). These cyclic networks were analyzed (see Appendix 11.5) and 

the bigrams12 of these networks indicate that the networks are mostly about generators for wind turbines. 

Because both cyclic networks are being reduced into single entities, it can be that the influence of wind 

turbines on the total network is a little underestimated. This should be taken into account in the analyses. 

On the other hand, the information of about 100 patent families is reduced while the total data set consists 

of more than 100.000 patent families. The other analyses in this research will be performed on the final 

patent family set consisting of 103.341 patent families with 346.703 citations between those patent 

families. 

 

5.4 Conclusion 

The data used in this research is collected using the Derwent Innovations Index. This Derwent 

Innovations Index has the single patents grouped into patent families that reduce the information 

redundancy of similar patents. It also allows for easy exporting of patent family data into plain text files. 

These text files, amongst other information, contain references to the IPC-codes on which the first method 

of finding the correct search criteria is based. This method resulted in H02K and H02P as the relevant 

IPC-classes for this research. The second method for finding the search criteria was based on two key 

term searches. The results also indicated that the relevant patents are covered by the H02K and H02P 

subclasses. The other subclasses are more on the use of electric motors or about the different elements 

connected to electric motors. Therefore the sublcasses H02K and H02P are used in this research as the 

search criteria. Searching the Derwent Innovations Index for all patent families with a H02K or H02P 

occurrence resulted in over 250.000 patent families. This set of patent families was further processed by 

1) looking at only patent families with citations within H02K and H02P for the construction of a patent 

network, 2) taking the main component of this patent network, and 3) removing the acyclic networks. The 

final data set has 103.341 patent families with 346.703 citations. 

  

                                                   
12 The bigrams used in this research are formed by two contiguous tokens, i.e. two tokens (words) that occur directly 
one after another. (Banerjee & Pedersen, 2003) 
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6. Results 

In this chapter the results of the analysis will be discussed. This chapter uses the same format as the 

chapter on the methodology. It will thus start with the results on the basic descriptive analyses, followed 

by the network descriptives, the patent network analyses and it will end with the results on the network 

clustering analysis. An overview of the analysis that will be discussed in this chapter is given in Table 

6.1. The major difference with the overview given in Chapter 0 on the methodology is that Section 6.2.2 

Data processing: new network creation is an intermediate step between the network descriptives and the 

patent network analyses. 

The basic descriptive analyses are performed on the patent family dataset that consists of 103.341 patent 

families. Also the network descriptives are performed on this dataset. In Section 6.2.2 the network of 

patent families undergoes a number of changes. Therefore also the number of patent families will change 

as the analyses are performed. Where relevant it is indicated in the sections how the data set looks like.  

 

Table 6.1 Overview of the chapter on the results according to the type of analysis 

Section Type of analysis Method Unit of analysis 

6.1 
Basic descriptive 

analyses 

Patent time series analysis Year of the patent families 

Occurrence analysis Applicants 

IPC-subgroups 

IPC-subgroups other than H02K 

or H02P 

Co-occurrence analysis IPC-subgroups 

6.2 Network descriptives 

Input-output analysis IPC-subgroup citations 

Data processing: new network creation 

Degree centrality Patent family citations 

6.3 
Patent network 

analyses 

Main path analysis 1 
 

Network reversion 
 

Main path analysis 2 
 

Main component of the network of 

main paths for the reversed network  

6.4 
Network clustering 

analysis 

Modularity clustering 

Main component of the network 

of main paths for the reversed 

network 

Topic detection Patent family clusters 
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6.1 Basic descriptive analyses 

In this section a number of basic patent descriptives for the final dataset will be presented. First, a time 

series on the number of patent families will be given, followed by an overview of the companies that have 

applied most patents. Then a list of IPC-classes with most occurrences will be given. Although the focus 

in this research lies on the subgroups of H02K and H02P, also an overview of the other IPC-subgroups 

with most occurrences will be given. This section will end with the results on the IPC-subgroups co-

occurrence analysis. 

6.1.1 Patent time series analysis 

The time series that will be presented are subdivided in three groups: 1) the patent families that have no 

H02P-subgroup occurrences 2) the patent families that have no H02K-subgroup occurrences, and 3) the 

patent families that have both H02K- as H02P-subgroup occurrences. Table 6.2 shows the number of 

patent families for these different groups. The first group is by far the largest with 60 percent of all patent 

families, the second group consists of 34 percent and the third is the smallest with just 6 percent of all 

patent families. These numbers indicate that the patent families have little technological linkage, the topic 

of Section 6.1.4.  

Table 6.2. Number of patent families with H02K- and/or H02P-subgroup occurrences 

Description Number of patent families 

IPC Code=(H02K and not H02P) 62.005 

IPC Code=(H02P and not H02K) 34.936 

IPC Code=(H02K and H02P) 6.490 

Total 103.431 

 

Figure 6.1 shows the time series from 1968 to 2010 for the final dataset of 103.431 patent families. The 

blue line represents the number of patent families per year that only have occurrences in one of the H02K-

subgroups, the red line represent the number of patent families per year with only occurrences in one of 

the H02P-subgroups, the orange line represents the number of patent families per year that have 

occurrences both in one of the H02K- as in one of the H02P-subgroups and the green line represents the 

total number of patent families per year. All lines follow a similar pattern, although the pattern in the 

orange line is not clearly visible due to the relative small number of patent families.  

From 1973 to 1974 there is rapid growth in the number of patent families; patenting in the field of electric 

motors starts. From 1974 till 1976 there is little decline and till the early 80s the number of patent families 

increase slowly but steadily. Important events between 1973 and 1980 that boosted the development of 

the electric motor were the patent of the switched reluctance motor by Bedford in 1972 and the 

development of the permanent magnets, especially the discovery of the SmCo magnets in the early 70s.  

But the rapid increase in patenting activity is probably not only due to developments in the field of 

electric motors itself, but also due to the developments in different patenting systems throughout the 

world. Three important events in the 70s were the introduction of the Patent Cooperation Treaty (PCT) in 
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1970 which made it possible to “seek patent protection for an invention simultaneously in each of a large 

number of countries by filing an ‘international’ patent application” (WIPO, 2011), the introduction of a 

European patent grant procedure in 1973 (EPO, 2010) and addition of Japan to the PCT in 1978 (WIPO, 

1978).   

As from the early 80s the development takes off. Enabled by improving power electronics providing 

methods for torque and speed control and by the discovery of NdBFe magnets, the patenting activity 

increases with an annual growth of 9.5 percent up until 2001. In the early 2000s, recovering from an 

economic downturn, the attention for green technologies (e.g. wind turbines, heavy vehicles) steadily 

increased. (Chan, 2007) (Aarhus, nd) This contributed to a small peak in patenting in the period of 2001-

2003. But after 2003 the number of patent families per year decreases rapidly, while worldwide patenting 

activity still slowly increases. (WIPO, 2010) This decrease in the number of patent families per year 

signals that the field of electric motors has reached maturity. In 2010 the number of patent families per 

year is only 35 percent of the 2003-level. 

  

Figure 6.1. Time series of the number of patent families per year 

 

6.1.2 Top-15 applicants  

The top-15 applicants are shown in Table 6.3 below. The top five companies are all companies with a 

Japanese background. The top company that is involved in the most patent families is Mitsubishi Electric 

Corporation. In 1921, the company was founded as a spinoff of Mitsubishi Shipbuilding Co. (now known 

as Mitsubishi Heavy Industries Ltd.). The spin off had as core business the production of electric motors 

for ocean-going vessels. Today, Mitsubishi Electric Corporation offers a wide range of products and 

services from LED screens to nuclear power generation. (Mitsubishi Electric Corporation, 2011)  

The second company in is Panasonic Corporation, founded in 1918 as ‘Matsuhita Electric Housewares 

Manufacturing Works’. The products that Panasonic Corporation offers ranges from consumer products 
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such as TVs, cameras and washing machines, to industrial solutions such as motors, fans and 

compressors. (Panasonic Corporation, 2011) 

The third (Japanese) company in the list is Hitachi Ltd, nowadays a worldwide company with several 

subdivisions in all regions in the world. Hitachi was formed in 1910, introducing a five-horsepower 

induction motor. Since 1910 the company has grown and diversified enormously. The products and 

services that Hitachi Ltd. now offers, range from kitchen appliances and mobile phones to health care and 

large industrial applications. (Hitachi Ltd., 2010)  

 

Table 6.3. Top-15 applicants 

Applicant Number of patent families 

MITSUBISHI ELECTRIC CORPORATION  5395 

PANASONIC CORPORATION  4393 

HITACHI LTD  4124 

TOSHIBA CORPORATION   3675 

DENSO CORPORATION  3562 

SIEMENS AG  3372 

BOSCH GMBH ROBERT  2514 

GENERAL ELECTRIC COMPANY  1924 

TOYOTA MOTOR CORPORATION   1770 

YASKAWA ELECTRIC CORPORATION  1375 

HONDA MOTOR CO LTD  1372 

FUJI ELECTRIC CO LTD 1208 

VALEO EQUIPMENT ELECTRIQUES MOTEUR 1088 

ABB GROUP  1020 

SANYO ELECTRIC CO LTD  1016 

 

The first non-Japanese company is the sixth in the list, Siemens AG. This German company was founded 

in 1847 in Berlin as a “small precision-engineering workshop primarily producing and electrical 

telegraph systems”. Throughout the years Siemens AG has increased their technological knowledge in the 

fields of among others: lighting, medical engineering, communication, household appliances, automotive 

systems and semiconductors. (Siemens, 2007) The division Drive Technologies (which includes electric 

motors and converters) accounted for 9% revenue in 2010 (7 billion euro). (Siemens, 2010)  

Out of the top-15 applicants, ten applicants were founded in Japan, two in Germany and one each in the 

United States, France and Switzerland. Nowadays all these applicants have divisions in Europe, North-

America and Asia. The activities of the top applicants, both the products and the services, are much 

diversified over the years. Often starting as small specialized suppliers of electric motors, nowadays they 

offer complete products in all kind of industries. As small adjustments of a certain type of electric motor 

leads to a new type of electric motor, the knowledge on building electric motors has increased rapidly 

within the companies. Besides, electric motors can often be used in different applications and industries. 
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6.1.3 Top-10 IPC-classes 

In the total dataset of 103.431 patent families, there are 415.620 IPC-subgroup occurrences. Thus on 

average a patent family has almost 4 IPC-subgroup occurrences (of which at least one is a subgroup of 

H02K or H02P). In total there are 4301 different IPC-subgroups in the data set, of which only 84 belong 

to H02K and H02P. These 84 subgroups of H02K and H02P account for 243.762 of all the occurrences 

(59%).  

The top-10 occurrences of these IPC-subgroups are listed in Table 6.4. The first 10 IPC-classes in total 

account for 36 percent of all occurrences. By far, most of the occurrences are in H02K-001 which is about 

‘Details of the magnetic circuit’. Within this main group, 18 percent of the occurrences (4308 

occurrences) are within the subgroup of ‘Rotor cores with permanent magnets’.  

Table 6.4. Top-10 IPC-class occurrences 

 

Because the patent families were selected on basis of their occurrences in H02K and/or H02P, it is no 

surprise that the top-10 IPC-subgroups are all within these criteria. The 4217 subgroups that do not 

belong to H02K and H02P account for 41% of all occurrences. The top-15 of these IPC-subgroups are 

shown in Table 6.5. These 15 IPC-subgroups only cover 6 percent of all occurrences. The highest 

occurrence can be found in H02M-007 which is about the mutual conversion between AC and DC power. 

This is not a surprise as the development of these conversion methods have led to an incentive for the 

development of the AC-type motors. Also the presence of the B60K- and B60L-subgroups is expected as 

they are on the electric propulsion units of vehicles. In these categories are for example electric gearing 

arrangements, electric safety devices and electric cooling systems.   

IPC-class 
Number of  

occurrences 
Description 

H02K-001 24264 Details of the magnetic circuit 

H02K-005 18144 Casings; Enclosures; Supports 

H02K-007 17634 

Arrangements for handling mechanical energy structurally associated with the 

machine, e.g. structural association with mechanical driving motor or auxiliary dynamo-

electric machine 

H02P-007 16596 Arrangements for regulating or controlling the speed or torque of electric dc-motors 

H02K-003 15439 Details of windings 

H02K-015 13994 
Methods or apparatus specially adapted for manufacturing, assembling, maintaining, or 

repairing dynamo-electric machines 

H02P-006 12859 
Arrangements for controlling synchronous motors or other dynamo-

electric motors with electronic commutators in dependence on the rotor position 

H02K-021 12028 Synchronous motors having permanent magnet 

H02P-005 11042 
Arrangements specially adapted for regulating or controlling the speed or torque of 

two or more electric motors 

H02K-009 9220 Systems for cooling or ventilating 
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Table 6.5. Top-15 occurrences in subgroups that do not belong to H02K or H02P 

IPC-class 
Number of  

occurrences 
Description 

H02M-007 5422 
Conversion of ac power input into dc power output; Conversion of dc power input into 

ac power output 

H01R-039 3361 Rotary current collectors, distributors, or interrupters 

H02H-007 3188 

Emergency protective circuit arrangements specially adapted for specific types of 

electric machines or apparatus or for sectionalized protection of cable or line systems, 

and effecting automatic switching in the event of an undesired change from normal 

working conditions 

B60K-006 2751 

Arrangement or mounting of plural diverse prime-movers for mutual or common 

propulsion, e.g. hybrid propulsion systems comprising electric motors and internal 

combustion engines 

H02J-007 2491 
Circuit arrangements for charging or depolarizing batteries or for supplying loads from 

batteries 

B60L-011 2191 Electric propulsion with power supplied within the vehicle 

F16C-033 2052 Parts of bearings; Special methods for making bearings or parts thereof 

F16C-017 1910 Sliding-contact bearings for exclusively rotary movement 

F04D-029 1859 Details, component parts, or accessories 

H01F-007 1710 Magnets 

 

6.1.4 IPC-class co-occurrences 

The idea beyond analyzing the IPC-class co-occurrences is that when two IPC-classes co-occur within a 

patent family, these IPC-classes are somewhat similar, in other words there is a technological linkage 

between the two classes. The more these IPC-classes co-occur the stronger the technological linkage 

between the classes is. And similarly, the less their co-occurrences are the weaker the technological 

linkage. (Verspagen, 1996)   

In the patent family set, there are 561.076 IPC-subgroup co-occurrences. Of these co-occurrences a co-

occurrence matrix was set up. A small part of the co-occurrence matrix is shown in Table 6.6 . The 

numbers represent the number of co-occurrences. Only the bottom part of the matrix is shown for clarity, 

although the matrix was symmetrized for the analysis. The numbers in red show the top-5 IPC-subgroup 

co-occurrences. Their technological linkage is largest in the data set. Four out of five of these numbers 

involve H02K-001 Details of the magnetic circuit, which also had the most IPC-subgroup occurrences. 

Furthermore the table below shows that the co-occurrences on the diagonal of the matrix (thus within the 

same subgroup) are relatively high. Most of the technological linkages occur within the subgroup, rather 

than between. The highest co-occurrence between two different IPC-subgroups is between H02K-001 

Details of the magnetic circuit and H02K-021 Synchronous motors having permanent magnet.  
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Table 6.6 A small part of the IPC-subgroup co-occurrence matrix 

 
H02K-001 H02K-005 H02K-007 H02P-007 H02K-003 H02K-015 H02P-006 H02K-021 

H02K-001 15095 
     

  

H02K-005 5140 7016 
    

  

H02K-007 3683 6853 4419 
   

  

H02P-007 308 174 540 4171 
  

  

H02K-003 11172 2895 1363 264 11097 
 

  

H02K-015 10546 2825 1298 47 9176 5386   

H02P-006 662 200 377 4445 254 89 7995  

H02K-021 12876 2637 3526 354 3095 2311 762 3827 

 

 

To show how similar the different IPC-subgroups are, the results of the co-occurrence matrix of the top-

25 IPC-subgroups are visualized using multidimensional scaling (MDS13).  The results of the MDS are 

shown in Figure 6.2, which is the output of the MDS-function of Ucinet 6.014. The closer the IPC-classes 

are to each other, the more similar the classes are and the stronger the technological linkage between the 

classes is. (For a description of all the IPC-classes, see Appendices 11.3 and 11.4.) The stress value of the 

MDS is 0.168. A stress value of 0 would indicate of perfect representation of the data, so the results have 

to be interpreted with some caution. This especially applies for small spatial differences in the graph 

because longer distances are more accurate than the small ones. Larger patterns can still be visible when 

stress levels are high, while smaller patterns would be meaningless. (Borgatti, 1997) 

Although the results have to be interpreted with caution, a distinction can be made between five groups 

named A through E. Group A on the left side consist of only H02K classes and is oriented on the electric 

motor (or generator) itself and its design characteristics. Group B on the right consists of H02P classes 

and H02M-007 which is about Conversion of ac power input into dc power output or conversion of dc 

power input into ac power output. Group B is more oriented on the control (for example the control of 

starting, stopping and regulating the speed) of the electric motor. Group C on the top left is about Current 

Collectors. Group D and E do not have a clear description. 

Furthermore H02K classes tend to be closer to other H02K classes while for H02P applies that they tend 

to be closer to other H02P classes. The technological linkages are thus more within their own IPC-

subclass.  

 

                                                   
13 The purpose of multidimensional scaling (MDS) is to provide a visual representation of the pattern of proximities. 
(Borgatti, 1997).  
14 Ucinet is “a comprehensive package for the analysis of social network data as well as other 1-mode and 2-mode 

data. Can read and write a multitude of differently formatted text files, as well as Excel files. Can handle a 

maximum of 32,767 nodes (with some exceptions) although practically speaking many procedures get too slow 

around 5,000 - 10,000 nodes. Social network analysis methods include centrality measures, subgroup identification, 

role analysis, elementary graph theory, and permutation-based statistical analysis. In addition, the package has 

strong matrix analysis routines, such as matrix algebra and multivariate statistics.” (Analytic Technologies, 2010) 
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Figure 6.2. Multidimensional scaling of the IPC co-occurrences 

 
 

 

 

Table 6.7. The overall topic of the different groups formed by the MDS of the IPC-co-occurrences 

Group Description 

A Design characteristics of the electric motor/generator 

B Control of the electric motor 

C Current collectors 

D No clear description 

E No clear description 

 

  

Stress: 0.168 

A 

B 

C D 

E 
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6.2 Network descriptives 

6.2.1 IPC-class input-output analysis 

For this analysis first the network was built as explained in Section 3.2. This section will only use the 

structure of the network for the analysis. It tries to identify the direct knowledge flows between IPC-

classes looking at the immediate citations between patent families.  

For this analysis again an occurrence matrix was built with the count of the citations between the different 

IPC-subclasses. On basis of this occurrence matrix, again a MDS was made to visualize the relations 

between the IPC-subclasses. The results are shown in Figure 6.3. H02K-subclasses are shown with blue 

circles, while H02P-subclasses are represented by red squares. The stress-value is 0.081, which implies 

that the MDS fits the data fairly well. The graph shows a pretty clear distinction between H02K- (on the 

right) and H02P-subclasses (on the left), although a couple of IPC-subclasses in the middle do not fit this 

pattern. Most of the knowledge flows are thus within the four-digit IPC-subclasses, while a small number 

of IPC-classes have a bridging role between the H02K and H02P classes.  

 
Figure 6.3. Multidimensional scaling of the IPC input-output citation analysis 

This result together with the result on the IPC co-occurrences, indicate a distinction between H02K and 

H02P-subclasses. And because this research is focused on the development of the different types of 

electric motors and their uses, instead of the control methods of these motors, the patent family data set is 

reduced to the patent families that only have H02K-subclass occurrences.  
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6.2.2 Data processing 

As the table below shows, there are 68.495 patent families in total with H02K-subclass occurrences. Out 

of these patent families 6.490 families also have H02P-subclass occurrences. This leaves 62.005 patent 

families with only H02K-subclass occurrences. Almost all of these patent families (97%) are citing or are 

cited by other patents within this same set. From these 59.981 patent families the main component, as 

mentioned in Section 6.2.2, was extracted, leaving 59.222 patent families in the patent family data set to 

be used further in this research.  

 

Table 6.8. The number of patent families in the process of the construction of the network 

# Criteria for the data set #of patent families 

1 H02K-subclass occurrence(s) 68.495 

2 H02K-subclass and H02P-subclass occurrence(s) 6.490 

3 Only H02K-subclass occurrence(s) 62.005 

4 Only H02K-subclass occurrence(s) with citations to others within this set 59.981 

5 Main component of the network 59.222 

 

6.2.3 Degree centrality 

The main component of the network consists of 59.222 patent families and 181.188 citations between 

them. On average a patent family is three times cited and makes three citations itself. But of course the 

distribution of the citations is not as leveled as described. To look at this distribution the degree centrality 

is used as described in Section 4.3.2. A histogram of the degree centrality is shown in Figure 6.4. The 

number of citations made (inner degree) is represented by the blue bars, while the red bars show the 

number of citations received (outer degree). For clarity the patent families that have made or received 

more than 10 citations are grouped together.  

 

 
Figure 6.4. The degree centrality measured by inner- and outer degree 

 

Both histograms are skewed to the left meaning that the number of patent families that either receive or 

make a lot of citations is smaller than the number of patent families that only make or receive one or two 

citations. Also the groups with more than 10 citations are highly skewed to the left, meaning that there are 
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only few patent families that are cited or citing a lot. The maximum number of citations made is 240, 

while the maximum the number of citations received is 127. Furthermore the number of patent families 

that received only one or two citations is larger than the number of patent families that has made only one 

or two citations while for the larger categories this is the other way around. This signals some 

convergence in the network. Convergence in the network is not (necessarily) a bad thing in a patent 

network. It only signals that a lot of knowledge is combined in some patent families. For example it could 

lead to a shared knowledge base for a small number of technological trajectories. Divergence in a patent 

network on the other hand, could mean that the knowledge sources are used for a large number of 

different possible trajectories.  

 

Not shown in the histogram are the numbers of patent families that either receive or make zero citations: 

the so-called start- and end points. Out of the 59.222 patent families, there are 23.986 start points and 

13.153 end points. This leaves 22.083 intermediate points. That the number of start points is considerably 

larger than the number of end points (for every two start points there is only end point) is again a signal 

for some degree of convergence in the network, although these numbers do not proof it. For example it 

can be possible that a large number of start points converge to one end point, while a small number of 

start points diverge to a large number of end points. Then parts of the network converge while others 

diverge. 

 

The next section will investigate the main paths of the new network to see to what degree the main paths 

are subjected to convergence. The outcomes of the degree centrality measures will also be used when 

checking for the content of the clusters in Section 6.4.2. The patent families that score highest on the two 

degree centrality measures are used to determine what the clusters are about, in combination with the 

patent families that are on the highest main path, the results of the T-Lab’s key term selection and the 

most active companies. 
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6.3 Patent network analyses 

6.3.1 Main path analysis  

The SPNP-values are calculated according to the method described in Section 4.4.1. On basis of these 

SPNP-values the main paths in the network are determined as described in Section 4.4.2. The top path of 

the network is shown in Figure 6.5. It consists of 30 patent families: 2 start points shown in red on the 

left, 1 endpoint in yellow on the right and 27 blue, intermediate points. For a complete list of the patent 

family numbers on the top path and their titles, see Appendix 11.6.  

The method developed by Hummon and Doreian (1989) states that the top path is judged to be most 

valuable as it has the highest sum op SPNP-values. However this approach seems to be more suitable for 

smaller citation networks. By looking at only the top path in larger citation networks (such as the citation 

network used in this research), a lot of information on the developments in the research field is discarded. 

A possible solution for this could be to check for a reasonable number of independent main paths.  

The first thing that stands out is that the first 1339 main paths in the network (sorted by the sum of SPNP-

values) all end up in the same endpoint (patent family 2008-F10238). But not only do the paths end up in 

the same end point, they also share the other patent families enclosed by the dashed eclipse in the figure. 

The main paths are subjected to quite a large amount of convergence, especially in patent family 1998-

181547. This patent makes citations to 13 other patent families.  

 
Figure 6.5. The network of the H02K-subclass patent families that are on the top path 

 

With this large amount of convergence in the network, lots of recent developments will be discarded. 

Therefore the standard method in this case does not provide a good overview of the more recent 

developments, as most of the main paths all converge to the same end points. A reason for this 

convergence lies in the choices made by Hummon and Doreian (1989).  The method takes every node that 

only receives citation(s) as a start point for the analysis and then uses a local search for the link with 

highest SPNP. Every start point will be on one of the main paths, so the oldest developments are mapped 

most accurately. From each node only the link with the highest SPNP is chosen, the others are discarded. 

It is highly unlikely (if not impossible) to reach all the end points of the network from these start points. 

Of course this depends on the structure of the network and the SPNP values of the citation links. To 

choose every patent family that makes no citations as a start point is an arbitrary choice; or at least just as 

arbitrary as choosing every patent family that receives no citations as a start point. 
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In this way all the recent patent families will be on the main paths and therefore the recent developments 

are mapped most accurately. As previous literature on patent citation analysis was concerned on tracking 

down the historical developments and determining what alternatives have been proven useful, the method 

proposed by Hummon and Doreian (1989) is often used. However, this research tries to map the most 

recent developments in the research domain and therefore proposes an adjustment of the Hummon and 

Doreian method: the reversed network.  

6.3.2 Network reversion 

In this adjustment of the patent citation analysis all citation links are reversed. All start points have 

become end points and vice versa. Now the patent citation analysis again will start from every start point 

which are the most recent patent families and will look for the citation link with highest SPNP at every 

junction. From every start point at least one main path will be constructed so much more information on 

recent developments will be present in comparison with the normal patent citation analysis. The results of 

the reversed patent citation analysis are again a number of main paths which represent technological 

trajectories in the research domain of electric motors. The top path is shown in Figure 6.6 below. Again 

the start points are shown in red, the end points in yellow and the intermediate points in blue. Fifteen out 

of eighteen patent families enclosed by the dashed eclipse are also on the top path of the standard patent 

citation analysis. Next to these fifteen patent families also families 1998-181547 and 1998-523495 are on 

both top paths. From that point on the networks are completely different. So both methods do agree on a 

certain knowledge base that has been historically created; but the more recent developments are different. 

As stated in the previous section, lots of information on the developments is discarded when only looking 

at one main path. Therefore this research tries to cluster the different patent families into reasonable sized 

clusters, which then can be analyzed on their content. But to create the clusters, first a network of main 

paths should be constructed.  

 

Figure 6.6. The network of the patent families that are on the reversed top path 

 

6.3.3 Main component of the network of main paths for the reversed network   

This network of main paths consists of 30.187 patent families. The next step is to analyze the structure of 

the main path network. This is done by counting the number of patent families, the number of 

disconnected components, the distribution of the relative sizes of the components using the Herfindahl 
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index15, the percentage of patent families in the largest component and the sizes of the top-10 

components.  The results are shown in Appendices 11.7 and 11.8. The cumulated number of patent 

families increases from 1.647 in 1979 to 30.187 in 2010. These patent families are distributed over 

respectively 865 and 2264 components. As the Herfindahl index shows, the network starts with relatively 

equally sized components. In 1987 the Herfindahl-index is 0.01 and it gradually increases to 0.25 in 2010. 

An increase in Herfindahl-index is normally caused by either a decreasing number of firms (in this case 

the number of components) or by an increase in disparity of size. (US Department of Justice, 2011). Up 

until 2002 the number of components in general increases (although 1999 is an exception to this), so the 

increase in the Herfindahl-index is caused by an increase in disparity in the size of the components. After 

2002 the number of components starts to decrease, which is a typical sign of convergence in the network. 

The increase in Herfindahl-index is in this period probably caused by both a decrease in number of 

components as well as an increase in disparity in the size of the components as the percentage of patent 

families in the largest component increases from 37 percent to 50 percent. This main component, 

consisting of 15.039 patent families, will be further analyzed using cluster analysis. After this clustering 

the contents of the patent families will be analyzed.  

  

                                                   
15 A commonly accepted measure of market concentration. It is calculated by squaring the market share of each firm 
competing in the market and then summing the resulting numbers. (US Department of Justice, 2011) 



 

6.4 Network clustering 

The main component is first analyzed using a spectral fuzzy clustering to determine whether this main 

component can be clustered on basis of the network structure

method see Bhupatiraju et al (2011)
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Figure 6.7. The spectral fuzzy clustering of the main component of the reversed main path network

 

6.4.1 Modularity clustering 

The extended Newman clustering, performed with Cytoscape

clusters. The sizes of these clusters and the time period covered by the clusters are

11.9 sorted by the year of the registration of the patent family. 

patent families, while the smallest cluster

                                                  
16 Cytoscape is “an open source software platform for visualizing complex networks and integrating these with any 

type of attribute data. A lot of plugins are available for various kinds of problem domains, including bioinformatics, 

social network analysis, and semantic we
17 GLay is “a cytoscape plugin that offers an asso
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of the cluster distribution is 0.026, referring to a relatively equal size distribution among the clusters.  

These clusters and the connections between them are shown in Figure 6.8. The colors represent the 

earliest year of registration of all the patent families in the cluster. The time period covered by the 

different color is indicated in the legend of the figure. The sizes of the circles represent the sizes of the 

clusters. The arrows represent a citation link between the clusters, although one should be careful with 

interpreting these citation links. The arrows represent one or more citations between the clusters, but it 

does not have to be the case that these citations are interconnected. To illustrate this, look at the 

relationship between clusters 27, 56 and 9 in the middle of the figure. Cluster 27 is connected to 56 and 

cluster 56 is connected to 9, i.e. a patent family in cluster 27 is cited by a patent family in cluster 56 and a 

patent family in cluster 56 is cited by a patent family in cluster 9. However there is no citation path in 

cluster 56 from patent family 1977-G9806Y (which is citing cluster 27) and patent family 1974-84407V 

(which is cited by cluster 9). So actually cluster 27 is not connected in any way to cluster 9.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.8. A spring-embedded layout of the clusters within the main component of the network main paths of the 

reversed network 

 

Except for clusters 26 and 15 all red clusters are located on the right and are connected to (i.e. they cite) 

cluster 1. These are the newest clusters and only contain information on recent developments. Therefore 

these clusters are of special interest for this research, next to the clusters that are on the top. All of these 

clusters will be analyzed in more depth in the next section starting with the clusters that are on the top 

path: clusters 27, 20, 4, 1 and 12.  

  

Color Earliest patent family 

Blue 1970-1980 

Green 1980-1990 

Yellow 1990-2000 

Red 2000-2010 
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6.4.2 Topic detection 

An overview of the content of the patents on the top paths and the results of the key terms selection in T-

Lab is given in Table 6.9. But before looking at the content a small remark on the key term selection in T-

Lab has to be given. One of the problems with the word-occurrence analysis of T-Lab is that it counts the 

number of times the terms occur in the cluster and it cannot count the number of distinct patents in which 

the term occurs. For example in cluster 2 the term bicycle has highest Chi-square value. This is because in 

cluster 2 there are 23 occurrences of the term bicycle. In the total patent family set there are 150 

occurrences. Thus bicycle seems to be quite specific for cluster 2. However, bicycle only occurs in 5 

patent families out of the 52 patent families of cluster 2. The second term coolant for example has 

occurrences in 7 patent families in cluster 2. Terms can be overrated sometimes when one or two paten 

families overuse the term.  

Cluster 27 

Cluster 27 consists of 265 patent families, ranging from 1971 to 2010. As this cluster does not cite 

another cluster itself and is cited by four different clusters, it is a starting point for the rest of the network. 

For this reason one might expect that this cluster mainly consists of earlier patent families that form a 

certain knowledge base for the network. Figure 6.9 shows the number of patent families in cluster 27 over 

the time, divided in four categories. The blue bars clearly show that also for cluster 27 the number of 

patent families grows over the time. However this is due to an increase in patenting activity in the total 

data set. The red bars show the percentage of patent families of cluster 27 (on the right y-axis) compared 

to the total patent family set. Cluster 27 accounts for 12 percent of all patent families before 1980, while 

for the period after 2000 this is only 1 percent. 

 
Figure 6.9. Distribution of the number of patent families in cluster 27 over time 

 

Eight patents in cluster 27 are on the top path of the reversed network. Inspection of these patents shows 

that the patents are on special designs and methods to support cooling for superconducting machines. One 

patent is related to a rotor structure for supporting and cooling a superconducting field winding to 

improve the efficiency of refrigeration of the rotor by using discrete heat exchangers, another relates to a 
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superconducting machine wherein provision is made to mitigate the effects of transients18 upon the 

elements located in the cold region of the machine. The patent family with highest inner degree (most 

citations made) in cluster 27 is 1982-E3869E with 9 citations made. This patent is on the design of an 

armature for a DC motor that provides heat extraction. The patent family with highest outer degree (most 

citations received) is 1992-250321 with 47 citations received. This patent again is related to the reduction 

of heat losses. It not only focuses on the reduction of eddy currents which are a source of heating, it also 

includes an independently driven fan to generate a stream of cooling air. 

The content of both the patents that are part of the top path and the patents with highest degree centrality 

is supported by the top key terms as selected by T-lab. The key terms also indicate that the cluster is about 

cooling methods and design for superconducting machines. Cooling of electrical machines can be 

performed in multiple ways, depending on the construction of the electrical machine. When open 

ventilation is used, often air is the coolant medium, but in totally enclosed machines, vaporized or liquid 

hydrogen, water and helium can be used. Cooling of electrical machines was in the beginning of the 

development important as the cooling of the machines increases the efficiency a lot. In the beginning the 

electric generators were air-cooled, but as the size and power of the generators increased, so did the heat-

losses. Helium was first considered for cooling, but due to better relative specific heat characteristics and 

the availability of it, hydrogen had become the primary coolant for large generators around 1937. 

(Mickalec, 2000) 

The companies most active in cluster 27 are General Electric, ABB, Mitsubishi and Westinghouse. In the 

1970s General Electric and Westinghouse indeed conducted large independent superconducting generator 

design studies. (Kalsi, 2002) And also major development programs on superconducting synchronous 

machines have been set up in that period by Brown-Boveri&Cie (in 1988 BBC and Asea merged to form 

ABB), Alsthom-Atlantique, Mitsubishi-Fuji, Siemens AG, Glebov Inst. and Kharkov Inst. (Blaugher, 

2003) 

Cluster 20 

Cluster 20 contains 723 patent families, ranging from 1987 to 2010. As expected, the time periods after 

1980 are becoming relatively more important within the cluster. The part of the total set that belongs to 

cluster 20 is before 1990 lower than 1 percent while for the time periods after 2000 this percentage is a 

little over 5 percent (see Figure 6.10). 

The patents on the top path that belong to cluster 20 are about a permanent magnet rotor structure that 

prevents axial and radial displacement relative to the armature and to secure the permanent magnets with 

minimizing the air gap. In this way the efficiency of the motor is improved, amongst others because of the 

reduction of eddy currents. The patent family with highest inner degree is 1989-285405, which is also part 

of the top path and is about a permanent magnet rotor structure with a magnet retention band. The patent 

family with highest outer degree is 1990-320457. This patent family is on a motor structure, especially the 
                                                   
18 A transient is “a short-lived oscillation in a system caused by a sudden change of voltage or current or load” 
(WordNet, 2005) 
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stator, for an electronically commutated reluctance motor. By the stator design the flux reversals in the 

stator are reduced increasing operating efficiency of the motor.  

 

Figure 6.10. Distribution of the number of patent families in cluster 20 over time 

 

Unfortunately the key terms defined by T-Lab are not as supportive to these findings as with cluster 27. 

Lens, camera and barrel indicate that the patents in cluster 20 are on the electric motors used in digital 

cameras (e.g. shutter blades, use in mobile phones, lens drive unit). Pump, submersible and wellbore refer 

to a type of pumping system using electric motors to wellbore liquid fluids. Slinger, pulp and capsule 

seem to be heavily overrated as only one or two abstracts of the patent families in this cluster contain this 

term. But those abstracts refer to these terms a lot. Therefore the terms were selected by T-Lab. From the 

key terms selected it is not that obvious that the cluster would be about a permanent magnet rotor 

structure. The companies with most patent families applied for are Siemens AG and Bosch. Siemens AG 

offers electric motors ranging from induction motors for machine tools to low-voltage motors that can be 

used in applications such as pumping natural resources from the depths of the sea or in the pulp and paper 

industry. But Siemens AG also offers products that already have an electric motor incorporated such as 

mobile phones. One of the parts of Bosch is specialized in the drive and control for different industries: 

Bosch Rexroth. The company design, manufactures and sells components and systems in the field of 

Electric Drive and Controls but also in the field of Industrial Hydraulics, Pneumatics, Linear technology 

etc. 

Cluster 4 

Cluster 4 consists of 665 patent families, ranging from 1992 to 2010. And again the importance of the 

time periods is shifting to the latest time periods. Almost two percent of the total patent family set 

between 1990 and 2000 belongs to cluster 4, while for the period after 2000 this is almost 6 percent (see 

Figure 6.11). 
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The patent families on the top path are about the design of high speed permanent magnet rotors. The 

rotors have yokes formed by laminating a large number of steel sheets, or have permanent magnets inside 

the rotor which enables high speed rotation. The patent family with highest inner degree is 2002-573844. 

This patent family is about a brushless DC motor that for example can be used as a steering drive for an 

electric vehicle. It is focused on decreasing the size of the motor and to provide uniformity in torque. The 

patent family with highest outer degree is 1992-057080 and is also on the top path. It is the first patent 

family in cluster 4 that is on the top path, therefore citing cluster 20. It is on the design for a brushless 

motor rotor for a high speed high efficiency motor. The design (and especially the permanent magnet 

placement) prevents the permanent magnet from flying off and reduces the iron losses.   

 

 

Figure 6.11. Distribution of the number of patent families in cluster 4 over time 

 

According to the key term selection in T-Lab, cluster 4 is about the design of a permanent magnet rotor 

supported by reluctance torque. Especially special attention in the cluster is for the positioning sensor and 

angle measurements of the rotor (measured by a resolver).  These key terms support the findings of the 

patent family abstracts, as the angle measurements are important in the permanent magnet placement and 

the positioning sensor play an important role in providing uniformity in torque. The companies with most 

patent families applied for are Mitsubishi, Siemens AG, Toyota and Bosch.  Three out of four are known 

for their relation to the automobile industry (Mitsubishi, Toyota and Bosch).  
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Cluster 1 

Cluster 1 contains 767 patent families, ranging from 1997 to 2010. Except for 8 patent families, all patent 

families are originating from the last time period used in the figures. A little over 7 percent of all patent 

families in the period after 2000 belong to cluster 1.  

Cluster 1 seems to be quite broad according to the inspection of the patent families on the top path. The 

patent families are one the design and manufacturing methods of the core of an electric motor. Both rotors 

and stators cores are described. The patent family with highest inner degree is 2006-327700. The 

advantage in this invention is an increase of the output torque per unit size of the motor by minimizing 

linear deviations of the magnetic flux (and therefore a reduction of the reluctance flux path). The patent 

family with highest outer degree is 1997-435420 and is also on the top path. It is a patent family about a 

small high-output synchronous motor using both reluctance and magnet torque to provide rotation. The 

electric motor is designed for the use in for example compressors, vehicles, air-conditioners or 

refrigerators. The key term selection in T-Lab signals that cluster 1 is indeed about the manufacturing and 

design of core elements of the electric motor. The terms indicate that the patent families are about the 

lamination of core sheets, and windings around the teeth of the stator or rotor. The companies that have 

most patent families applied for are Mitsubishi, Denso (automobile parts manufacturer) and Siemens AG.  

 

Figure 6.12. Distribution of the number of patent families in cluster 1 over time 

Cluster 12 

According to the patent families on the top path, cluster 12 is on the DC motor core elements, such as the 

commutator and conductor. Even though the size of the cluster is limited with only 81 patent families 

(compared to the previous clusters) it is still quite remarkable that all of these patent families have first 

been registered between 2002 and 2010. The market size for DC motors is decreasing and most of the DC 

motors nowadays are replaced by AC versions such as the brushless DC, AC synchronous and AC 

induction motors (although DC motors still can be used in applications that don’t need continuous 
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running such as wiper systems or window control in vehicles). Furthermore the technology for DC motors 

seems to be very mature. One would not expect the typical DC elements to show up as some of the most 

recent patents and even on the top path in the network. Actually with 11 patent families, cluster 12 is the 

largest contributor to the top path. 

The patent family with highest inner degree is 2003-039385 and is also part of the top path in the 

network. The patent family is on simplifying the assembly of a DC motor by requiring only two core 

elements, reducing the size of the motor. The design of the motor prevents vibration of the motor by 

choosing the number of stator magnets and the number of teeth in such way that the resultant torque on 

the teeth is zero. The patent family with highest outer degree, 2004-497737, is about a commutator for a 

DC motor. One of the objectives of the invention is to provide a commutator with a minimum of 

components and a minimized axial size that reduces the size of the motor. 

The key term selection in T-Lab indeed indicates a strong relation to the elements of a DC type motor. 

The key terms are both on the design of DC core elements and on the design of specific elements such as 

the commutator segments. The company with most patent families applied for is ASMO. The company 

focuses on the development, manufacture, and sales of small motor systems products for automobiles, 

office automation machines, etc. Examples of products ASMO offers are cooling fan motors for radiator 

cooling, power seat motors, steering column motors and motor to close windows and doors automatically. 

Some of these motors such as the motors that close windows and doors indeed do not run continuously 

and therefore DC motors can be used. 

 
Table 6.9. The content of the clusters according to the top path analysis and according to the key-term selection in T-Lab 

Cluster 

ID 
Content of the patents on the top path Key terms selection in T-Lab 

27 Cooling of superconducting machines 
Helium, ferrule, robot, fibre, superconducting, 

screen, vapor, liquid, coolant, exciter 

20 
Permanent magnet rotor structure to improve 

efficiency 

Lens, pump, submersible, magnet, pulp, slinger, 

barrel, camera, capsule, wellbore 

4 

Brushless (permanent magnet) rotor structure 

supporting reluctance torque and permanent magnet 

placement  

Rotor, permanent magnet, target, bus, bar, 

reluctance, braze, resolver, sensor, steer 

1 
Design and manufacturing methods of the core of an 

electric motor 

Tooth, core, stator, laminate, iron, sheet, 

double-sided, wind, simulation, lamination 

12 DC motor core elements 

Short-circuit, commutator, segment, anchor, 

group, tooth, six-pole, broad, conductor, 

collector 
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Most recent developments 

The previous part of this section has discussed the clusters that are on the top path of the patent citation 

analysis in this research. This part of the section will deal with the other clusters that are citing cluster 1, 

because in general these clusters represent the most recent developments in the network. Exceptions are 

clusters 14 and 17. The results of the key term selection of T-Lab are shown in Table 6.10 but these 

clusters will not be described in more detail as these clusters are not closely related to the top path that 

was a result of the main path analysis. The remainder of this section will start with describing this cluster 

22. This is the largest cluster that is citing cluster 1.  

Table 6.10. The content of the clusters 14 and 17 according to the top path analysis and the key-term selection in T-Lab 

Cluster 

ID 
Content of the patents on the top path Key terms selection in T-Lab 

14 
Segmented permanent magnet stator 

assembly 

Tooth, core, tau, stator, IPM (interior permanent magnet), 

inboard, portion, compressor, brushless, edgewise 

17 
Self-starting line start motor 

permanent synchronous motor 

Slew, auto, permanent magnet, rotor, machinery, wrench, 

dental, stray, one-piece, pancake 

Cluster 22 
Cluster 22 contains 247 patent families. Patent family 2006-017262 has the highest inner degree. It relates 

to a permanent magnet motor for an electric or hybrid vehicle. In this motor reluctance poles are added to 

create reluctance torque that supports the magnet torque created by the permanent magnets. It increases 

power and torque without increasing the size of the motor. Patent family 2002-493039 has highest outer 

degree. This patent family is also part of the highest main path of the network that goes through this 

cluster. It is about a permanent magnet motor to be mounted on a compressor or an air conditioner that 

has concentrated windings and in which the permanent magnets are convex V-shaped or U-shaped with 

respect to the rotor axis. The key term selection supports these findings with respect to the permanent 

magnet rotor. However the other terms do no match the findings on the basis of the abstracts; even not 

when the other patent families that are on the highest main path through cluster 22 are inspected. These 

are all on the design of a permanent magnet rotor that can be used to utilize reluctance torque. Again this 

is probably because a lot of the key terms selected by T-Lab are overused in some of the patent family 

abstracts. Vibratable, cradle, inference, columnar and bag are all used in only 2 patent family abstracts, 

while rotor is mentioned in 182 patent family abstracts. The most active companies in this cluster are 

Siemens AG, Bosch Gmbh, LG Electronics and Leroy-Somer. This cluster has a lot of European 

influences as Siemens (German), Bosch (German) and Leroy-Somer (French) are all European founded 

companies.  

Cluster 2 
This cluster contains 52 patent families. This cluster is about cooling for motors of for example electric 

vehicles, and especially on the stator structure that supports this cooling. The patent family with highest 

inner degree is 2005-172686. It is about a hub dynamo for electric bicycles. The patent family with 

highest outer degree is 2002-132303. This patent family is also part of the highest main path of the 
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network that goes through this cluster. This patent family is about a stator structure for an electric rotary 

machine that supports the dissipation of heat. As explained earlier also in cluster 2 there are a number of 

key terms that are overused in a number of patent family abstracts, such as bicycle. Other key terms 

(coolant, lubrication) indeed support the findings that the cluster is about cooling methods and the stator 

structure supporting it. The companies that have been involved in most patent families are Nissan Motors 

and Shimano (both involved in 15 patent families), indeed indicating that electric vehicles and bicycles 

are important applications in this cluster. 

Cluster 8 
Cluster 8 consists of 66 patent families. The patent family abstracts of the families that are on the highest 

main path through this cluster indicate a strong relatedness to linear motors for example used in electric 

vehicles and cooling systems. The patent family with the highest inner degree is 2003-059190. It is about 

a stator for a reciprocating motor with linear movement. The motor can be used in a lot of different 

applications, amongst other refrigerators and air conditioners (for example to rotate blast fans). The patent 

family with the highest outer degree, 2000-561884, is on the highest main path and deals with an electric 

motor for an electric vehicle. It is focused on reducing the size and weight of the electric motor by 

alternating the rotor design and using permanent magnets. The key term selection supports these findings 

to a large extent. Permanent magnet is the key term used the most (in 28 patent families), followed by 

linear (in 25 patent families). The most important companies in this cluster are Toshiba, LG Electronics 

and Danfoss. Toshiba offers general purpose linear integrated circuits for consumer products and home 

appliances but also has its share in high precision machines for industry using linear motor drives. LG 

Electronics is next to other sectors active in air conditioning systems and has developed a number of 

linear compressors and linear motors. Danfoss is amongst others known for their products (such as 

compressors) for heating and cooling systems.  

Cluster 13 
Cluster13 contains 46 patent families. The patent family with the highest inner degree is 2004-784717. It 

is about improving a permanent magnet motor in reducing the cogging torque19. Effective techniques for 

reducing the cogging torque are magnet pole arc designs, skewing of rotor magnets or stator, step skew of 

the magnets, dummy slots, etc. (Islam, Mir, & Sebastian, 2004) Patent family 2004-784717 is about a step 

skew design of the magnets. Some of the other techniques are shown on the highest main path of cluster 

13. These patent families are on either a magnet pole arc design or about skewing the rotor or stator 

magnets. The patent family with the highest outer degree, 2002-131763, is on the highest main path and 

thus is also about one of the techniques for reducing cogging torque. It is about skewing the magnetic 

pole pieces to create an angle of 72° between rotor and stator. The key term selection supports these 

findings, although it is not that obvious for someone who is not an expert in the field of electric motors.  

Important in reducing the cogging torque in brushless DC motors are the magnet geometry, magnetic 

orientation and microstructure of the permanent magnet. Both anisotropic and sinter refer to the 
                                                   
19 Cogging torque refers to the rotational variation that a permanent magnet motor produces (Miyazaki, Kikuchi, 
Kometani, & Yamaguchi, 2008). Cogging torque is created by the interaction between the stator teeth and the 
permanent magnets. (Islam, Mir, & Sebastian, 2004) 
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microstructure of the magnets, which plays a crucial role in determining the magnetization patterns which 

for example can be normal to the tangent of the rotor. (Morcos, Brown, & Campbell, 2002) The 

companies having most patent families applied are Panasonic, Aichi Seiko and Minebea. Panasonic is 

amongst other products manufacturing brushless motors for washing machines, DC motors for electric 

vehicle cooling, servo motors for industrial use, etc. Aichi Seiko is a Japanese steel manufacturer for the 

manufacturing of vehicles and a member of the Toyota Group. Minebea started as a specialized 

manufacturer of ball bearings, now offering all kinds of products including brushed DC motors, PM 

stepping motors, spindle motors, etc. 

Cluster 33 
Cluster 33 consists of 29 patent families. The patent family abstracts of the families that are on the highest 

main path through this cluster relate to a spindle motor for a disk driving device. The patent family with 

the highest inner degree is 2009-R89862. It is also on the highest main path and is about a fluid 

hydrodynamic bearing apparatus for spindle motor of a disk driving device. Fluid dynamic bearings have 

been developed to replace traditional ball bearings in order to reduce the size of and decrease the noise 

produced by spindle motors, while increasing density and rotation speed. (Inoue, et al., 2005) The patent 

family with the highest outer degree, 2005-486823, is also the highest main path and deals primarily with 

the reduction of noises produced by the bearings. In general the key term selection supports that the 

cluster is about the (fluid dynamic) bearings in an apparatus for a disk driving device, such as the hard 

disk drive. A major source of the noise produced in a spindle motor is due to resonance of the base plate. 

Most active companies in this cluster are again Panasonic, Nidec (cooling fans, brushless DC motors and 

spindle motors) and again Minebea.  In 2004 there have been several disputes between Nidec and 

Minebea on the use of fluid dynamic bearing spindle motor for a hard disk drive. (Minebea Co. Ltd., 

2004) 

Cluster 34 
This cluster contains 24 patent families. The abstracts of the patent families belonging to cluster 34 are 

very clear on the topic of this cluster: cluster 34 deals with wire winding methods and windings devices 

for core windings. Patent family 2008-K21926 had made the most citations and is about a winding device 

and method for a multipolar armature. It describes the mechanism of providing windings to a core, 

rotating the core, moving and using a nozzle for reeling out the plurality of wire rods. Patent family 2003-

723428 received the most citations and is also about a winding device for an electric motor; not about an 

electric motor itself. The key term selection supports the findings that cluster 34 is about winding 

methods and devices for the windings of an electric motor. There are no companies that really stand out 

for this cluster. 

Cluster 45 
Cluster 45 consists of 27 patent families. Most citations are made and received by patent family 2001-

603901 which is about the design and manufacturing of an armature core for electric motors.  In this 

design magnetic laminations are stacked and provided with slots. Also the other patent families deal with 

the design of armature core elements such as permanent magnet rotors with compressed non-bonded 
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magnetic powder material and stators with a plurality of teeth. The cluster is thus on the design and 

manufacturing methods of armature cores. The results of key term selection are quite broad but supportive 

to these findings, referring to different design and methods for lamination of the electromagnetic elements 

(armature) in electric motors. The company with most patent families applied for is Daikin Industries. It 

is a Japanese company active in air-conditioning, chemicals and oil hydraulics. 

Cluster 47 
Cluster 47 contains 25 patent families. The abstracts of the patent families clearly show that the cluster is 

related to linear motors. The abstracts are for example on the stator structure for linear motors, armatures 

for linear motors and the design of permanent magnet type linear motors for used in step drive 

mechanisms. Patent family 2006-092848 is about the magnetic cores of a permanent magnet type linear 

motor in machine tools and makes most citations in the cluster. The key term selection confirms the topic 

of the design of permanent magnet type linear motors, referring amongst others to the powder to form the 

magnets and some typical motor elements such as tooth, core and polar. The company with most patent 

families applied for is Siemens AG which amongst other types of electric motors (as seen earlier) also 

designs and manufactures linear motors for precision process systems for industrial use.  

Table 6.11. The content of the clusters according to the top path analysis and the key-term selection in T-Lab 

Cluster 

ID 
Content of the patents on the top path Key terms according to T-Lab 

2 
Cooling for motors of electric vehicles, 

especially with multiple stator segments 

Bicycle, coolant, interpoles, communicate, lubrication, 

axial-flux, multilayer, fee, outer-side, dynamo 

8 

Linear motor for example for use in  

vehicles and vehicle gearshift 

mechanisms 

Irradiation, tire, reciprocate, bag, harvest, linear, 

rotator, cluster, electromagnetically, permanent 

magnet 

13 
Permanent magnet motor for 

improvements to reduce cogging torque 

Elementary, tangent, permanent magnet, denticle, 

magnetization, coercive, cogging, anisotropic, sinter, 

outer-rotor 

22 

Rotor for permanent magnet reluctance 

type motor, interior split permanent 

magnets 

Vibratable, rotor, permanent magnet, cradle, inference, 

bag, multipart, machine, columnar, stack 

33 Spindle motor for disk driving device 
Suction, route, bush, hard, bearing, record, dynamic, 

repellent, hard disk drive (HDD), baseplate 

34 Wire winding methods and devices 
Wire, lace, needle, nozzle, termination, feeder, reel, 

wind, feed, core 

45 
Design of the armature of an electric 

motor 

Powder, prism, tooth, crown, parallelepiped, lamella, 

band, back, bind, station 

47 
Structure of a permanent magnet type 

linear motor 

Linear, secondary, primary, tooth, core, polar, powder, 

slope, cog, negligible 
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Summary 

Combining the methods of using the key term selection by T-Lab, inspecting a number of key patent 

families and look at the companies that are involved in the clusters seems to be a solid base for the topic 

detection of a cluster. Using only one of these methods, will sometimes result in a similar outcome but 

there are a number of clusters where the outcomes would have differed.  

Unfortunately the clusters do not all represent clear distinct motor types as identified in Section 2.1.2. 

A lot of the recent developments in the patents are on the design of specific motor parts (e.g. windings, a 

particular core and the stator). These parts are widely used in different kinds of motors. For example a 

standard three-phase stator is often used in induction motors but also in reluctance motors. Furthermore 

the differences between some types of electric motors are rather small. Using windings or permanent 

magnets to create the stator coil, results in a different motor type but does not lead to differences in for 

example the rotors used in these motors. 

Next to the more generic windings and core- and stator developments, the most recent developments in 

electric motors (that is the clusters that have their patent family registered after 2000) are on linear 

motors, PMSMs, SRMs, and spindle motors. The influence of automotive companies on the development 

of electric motors is large. They tend to show up a lot as an active company in the clusters. Besides these 

automotive companies also a number of large companies, such as Siemens AG and Panasonic, show up in 

a lot of clusters.  
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6.5 Summary 

In this section a summary of the results is given. For every analysis used in this research and depicted in 

Table 6.12 below, the most important findings are summarized. 

Table 6.12. An overview of the analyses used in this research 

Section Type of analysis Method Unit of analysis 

6.1 
Basic descriptive 

analyses 

Patent time series analysis Year of the patent families 

Occurrence analysis Applicants 

IPC-subgroups 

IPC-subgroups other than H02K 

or H02P 

Co-occurrence analysis IPC-subgroups 

6.2 Network descriptives 

Input-output analysis IPC-subgroup citations 

Data processing: new network creation 

Degree centrality Patent family citations 

6.3 
Patent network 

analyses 

Main path analysis 1 
 

Network reversion 
 

Main path analysis 2 
 

Main component of the network of 

main paths for the reversed network  

6.4 
Network clustering 

analysis 

Modularity clustering 

Main component of the network 

of main paths for the reversed 

network 

Topic detection Patent family clusters 

 

6.5.1 Basic descriptive analyses 

Patent time series analysis 

In 1974 patenting in the field of electric motors starts, but it was not until the early 80s that the 

developments in the field of electric motors really took off. These developments were enabled by the 

developments in the power electronics and permanent magnet materials. It led to an increase in the 

development of AC-type motors. Then in the early 2000s the hybrid vehicles began to be mass produced. 

In the same period the attention for green technologies (e.g. wind turbines) also steadily increased. (Chan, 

2007) (Aarhus, nd) This contributed to a small peak in patenting in the period of 2001-2003. After 2003 

the number of patent families per year decreases rapidly. This decrease in the number of patent families 

per year signals that the field of electric motors has reached maturity. In 2010 the number of patent 

families per year is only 35 percent of the 2003-level. 
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Occurrence analysis 

In general the applicants with most patents applied for are companies with a Japanese background. Ten 

out of the top-15 companies are founded in Japan. Five out of the top-15 companies are companies that 

are also well known for their contribution to the automotive industry. Mitsubishi, Denso, Toyota, Bosch 

and Honda all have strong ties to the automotive industry, either with care manufacturing or with other 

automotive technologies. Automotive companies seem to have a considerable influence on the 

development of the electric motor. 

 

The top IPC-classes (H02K or H02P) are related to the design of the different elements of electric motors. 

Most occurring is the IPC-class that deals with the details of the magnetic circuit. Of the non-H02K and 

non-H02P IPC-classes the most occurring is H02M,  the class that deals with the conversion of ac power 

into dc power and vice versa. Also the B60*-classes have high occurrences. These classes deal with 

electric vehicles, so again a big influence of the automotive industry is shown. 

Co-occurrence analysis 

Technological linkages between H02K- and H02P-subclasses are rather small. Most patent families are 

either classified with H02K- or with H02P-subclasses. The number of patent families that are classified 

by both H02K-subclasses and H02P-subclasses is thus rather small and a distinction between the control 

of the electric motor and the design characteristics seems to be pretty clear. The IPC-class that is involved 

most in the co-occurrence is also the class with the highest IPC-class occurrences: H02K-001 Details of 

the magnetic circuit. Also H02K-005 Casings; Enclosures; Supports is involved in a lot of the IPC-co-

occurrences. The highest number of IPC-subclass co-occurrences between two different IPC-subclasses is 

the co-occurrence of H02K-001 and H02K-021 (Synchronous motors having permanent magnet). 

6.5.2 Network descriptives 

Degree centrality 

The number of patent families that are being cited once or twice is higher than the number of patent 

families that make only one or two citations. The number of patent families that are being cited between 

two and ten times is lower than the number of patent families that are citing. In the category of more than 

ten citations, the number of patent families that are being cited is again higher.  

6.5.3 Patent network analyses 

Main path analysis 

The normal patent citation analysis approach resulted in a network with lots of convergence. Due to this 

convergence, most of the recent developments were discarded as a lot of end points in the network were 

not reached by looking at the citation link with highest SPNP-values. Reversing the network made sure 

that the most recent developments were mapped by creating citation paths from the most recent patent 

families to the oldest patent families. This resulted in less convergence than with the normal approach, 
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mapping more of the recent developments. The main component of the network of main paths of the 

reversed network consisted of 15.039 families.  

6.5.4 Network clustering analysis 

Modularity clustering 

The extended Newman clustering results in 77 clusters.  The largest cluster contains 768 patent families, 

while the smallest cluster consists of 21 patent families. The Herfindahl-index of the cluster distribution is 

0.026, referring to a relatively equal size distribution among the clusters.   

Topic detection 

Next to the more generic windings and core- and stator developments, the most recent developments in 

electric motors (that is the clusters that have their patent family registered after 2000) are on linear 

motors, PMSMs, SRMs, and spindle motors. The influence of automotive companies on the development 

of electric motors is large. They tend to show up a lot as an active company in the clusters. Besides these 

automotive companies also a number of large companies, such as Siemens AG and Panasonic, show up in 

a lot of clusters.  
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7. The European Union 

 
7.1 Regulation 

A long time the EU has been lagging behind on the regulation for motor efficiency improvements. While 

the US had implemented the EPAct20 already in 1997, it took the EU up to June 2011 before a regulation 

on motor efficiency improvements was implemented. The only regulation that the EU had up until 2011 

was a voluntary agreement that was implemented in 1998. This voluntary agreement was agreed upon by 

the CEMEP21 and the EU, and signed by 36 European motor manufacturers (for a list of these 

manufacturers see Appendix 11.10). These motor manufacturers account for 80 percent of the European 

production of standard motors. (de Almeida, Ferreira, Fong, & Fonseca, 2008) This agreement was aimed 

at increasing motor efficiency and save electricity for AC three-phase induction motors. The 

characteristics of the motors covered by the agreement is given in Table 7.1. (CEMEP, 1998) (de 

Almeida, Ferreira, Fong, & Fonseca, 2008) 

Table 7.1. Characteristics of the motors covered by the CEMEP/EU agreement 

Dimension Motor characteristics 

Type AC Three-phase squirrel-cage induction motor 

Rated power 1.1 kW to 90 kW 

Enclosure Totally enclosed fan ventilated 

Number of poles 2 or 4 

Line voltage 400 V 

Power supply 50 Hz 

Mode S1 Duty class 

Efficiency test IEC 60034-2 - summation of losses method 

 

The agreement had three objectives: 1) provide better information on the advantages of more efficient 

motors to the consumers, 2) provide a clearer motor efficiency designation, and 3) reduce to production 

and sales of low efficiency motors. To provide better information and provide a clearer motor efficiency 

designation, three categories of motors had been assigned: (CEMEP, 1998) (de Almeida, Ferreira, Fong, 

& Fonseca, 2008) 

• EFF1 - High efficiency motors 

• EFF2 - Medium efficiency motors 

• EFF3 - Low efficiency motors 

                                                   
20 The Energy Policy Act (EPAct) “mandates energy efficiency standards for general-purpose three-phase AC 

industrial motors from 1 to 200 horsepower which are manufactured for sale in the United States. In addition, 

EPAct also establishes new testing procedures and labeling requirements for electric motors.” (Baldor, 1997, p. 7) 
It was signed into law in 1992 and would apply to motors manufactured after October 24, 1997. (Baldor, 1997) 
21 Comité Européen de Constructeurs de Machines Electriques et d'Electronique de Puissance (CEMEP) represents 
the European manufacturers of electrical machines and power electronics equipment and systems. (CEMEP, 2011) 



82 
 

Table 7.2 shows the categorization according to the efficiency levels for the different power levels 

(efficiency levels are given in percentages) (CEMEP, 1998) (de Almeida, Ferreira, Fong, & Fonseca, 

2008) 

Table 7.2. Categorization on basis of the efficiency levels (in %) according to the CEMEP/EU Agreement 

Output 

power 

(kW) 

2-Pole 4-Pole 

EFF3 EFF2 EFF1 EFF3 EFF2 EFF1 

1.1 76.2 76.2 82.8 76.2 76.2 83.8 

1.5 78.5 78.5 84.1 78.5 78.5 85.0 

2.2 81.0 81.0 85.6 81.0 81.0 86.4 

3 82.6 82.6 86.7 82.6 82.6 87.4 

4 84.2 84.2 87.6 84.2 84.2 88.3 

5.5 85.7 85.7 88.6 85.7 85.7 89.2 

7.5 87.0 87.0 89.5 87.0 87.0 90.1 

11 88.4 88.4 90.5 88.4 88.4 91.0 

15 89.4 89.4 91.3 89.4 89.4 91.8 

18.5 90.0 90.0 91.8 90.0 90.0 92.2 

22 90.5 90.5 92.2 90.5 90.5 92.6 

30 91.4 91.4 92.9 91.4 91.4 93.2 

37 92.0 92.0 93.3 92.0 92.0 93.6 

45 92.5 92.5 93.7 92.5 92.5 93.9 

55 93.0 93.0 94.0 93.0 93.0 94.2 

74 93.6 93.6 94.6 93.6 93.6 94.7 

90 93.9 93.9 95.0 93.9 93.9 95.0 

 

The manufacturers agreed upon assigning their motors to one of these categories in their catalogue, 

providing direct information to the customer on the efficiency levels of the motor. To support this special 

logo’s were designed for EFF1 and EFF2 motors. To reduce the production and sales of EFF3 motors a 

voluntary target for the participants was set at 1) a reduction of 30% by 2001 and 50% by 2003 for 4-pole 

motors and 30% by 2002 and 50% by 2003 for 2-pole motors. (CEMEP, 1998)  

The market share of the EFF-motors for the period 1998-2009 is shown in Figure 7.1. In 1998, the EFF3 

motors accounted for 68% of the electric motors sold in the EU. By 2003 this number had been reduced to 

10%. In 2005, this number has even been reduced to only 4%. The aim of the voluntary agreement, thus, 

was reached completely. However, the market share of EFF3 is largely replaced by EFF2-type motors and 

the penetration of the more efficient EFF1-motors lags behind. The main reason for the EFF2-motors to 

take the market share of the EFF3-motors while EFF1-motors lag behind is the structure of the market for 

electric motors. The sales in the motor market are largely dominated by the Original Equipment 

Manufacturers. These OEMs account for about 80-90% of market sales. Combined with the prices for the 

different types of motors, the penetration of EFF1-motors did not take off. With design improvements, 



 

manufacturing improvements and competitive marketing, manufacturers were able to sell EFF2

the similar prices as the EFF3-motors. The prices of the EFF1

about 20-30% higher than for the EFF2 motors. 

Figure 7.1. Market share of EFF

In 2009, the European Commission

directive the EC implements Directive 2005/32/EC
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caused by the use of electric motors. The energy efficiency of these motor systems can be improved by 20 

to 30 percent, systems where energy efficient motors are one of the major factors. 

of this regulation is to increase the market penetration of high efficient electric motors. 

Commission, 2009) 

Table 7.3. Comparison of the motors covered by 

Dimension 
Motor characteristics

CEMEP agreement

Type AC Three-phase squirrel

Rated power 1.1 kW to 90 kW

Enclosure Totally enclosed fan ventilated

Number of poles 2 or 4 

Line voltage 400 V 

Power supply 50 Hz 

Mode S1 Duty class 
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ng improvements and competitive marketing, manufacturers were able to sell EFF2

motors. The prices of the EFF1-motors on the other hand are typically 

30% higher than for the EFF2 motors. (de Almeida, Ferreira, Fong, & Fonseca, 2008)

. Market share of EFF-motors in the scope of the CEMEP/EU Agreement
(Source: CEMEP (2010)) 

the European Commission created a new Commission Regulation, No 640/2009. With this 

Directive 2005/32/EC22 with regard to ecodesign requirements for electric 

motors. In this new regulation, the EC states that 70% of the electricity consumption in the industries is 

caused by the use of electric motors. The energy efficiency of these motor systems can be improved by 20 

to 30 percent, systems where energy efficient motors are one of the major factors. 

regulation is to increase the market penetration of high efficient electric motors. 

. Comparison of the motors covered by the CEMEP agreement

Commission Regulation (EC) No 640/2009 

Motor characteristics  

CEMEP agreement Commisson Regulation (EC) No 640/2009

phase squirrel-cage induction motor AC Three-phase squirrel

kW 0.75 kW to 375 kW 

Totally enclosed fan ventilated Totally enclosed fan ventilated

2 to 6 

Up to 1000V 

50 or 50/60 Hz 

S1 Duty class 
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Table 7.3 above shows the characteristics of the motors covered by the new regulation in comparison with 

the characteristics of the motor covered by the CEMEP agreement. Both are about three-phase squirrel-

cage induction motors that are totally enclosed fan ventilated (an integrated cooling system) but the 

coverage in power levels is extended, the number of poles has increased, the rated voltage has increased 

and the power supply can be variable between 50 and 60 Hz. Also in this agreement the labels for the 

efficiency of the motors (EFF1 to EFF3) have changed, complying with the international standard IEC 

60034-30:2008 that was set up to create uniformity in labeling. The existing categories are now labeled 

IE1 to IE3, where IE1 are now the least efficient motors and IE3 the most efficient. In the future new 

categories can be added to the scheme without having to change the entire scheme.  

Table 7.4. Nominal minimum efficiencies (in %) for IE2 and IE3 efficiency levels (50 Hz) 

Output power 

(kW) 

2-Pole 4-Pole 6-Pole 

IE2 IE3 IE2 IE3 IE2 IE3 

0.75 77.4 80.7 79.6 82.5 75.9 78.9 

1.1 79.6 82.7 81.4 84.1 78.1 81.0 

1.5 81.3 84.2 82.8 85.3 79.8 82.5 

2.2 83.2 85.9 84.3 86.7 81.8 84.3 

3 84.6 87.1 85.5 87.7 83.3 85.6 

4 85.8 88.1 86.6 88.6 84.6 86.8 

5.5 87.0 89.2 87.7 89.6 86.0 88.0 

7.5 88.1 90.1 88.7 90.4 87.2 89.1 

11 89.4 91.2 89.8 91.4 88.7 90.3 

15 90.3 91.9 90.6 92.1 89.7 91.2 

18.5 90.9 92.4 91.2 92.6 90.4 91.7 

22 91.3 92.7 91.6 93.0 90.9 92.2 

30 92.0 93.3 92.3 93.6 91.7 92.9 

37 92.5 93.7 92.7 93.9 92.2 93.3 

45 92.9 94.0 93.1 94.2 92.7 93.7 

55 93.2 94.3 93.5 94.6 93.1 94.1 

75 93.8 94.7 94.0 95.0 93.7 94.6 

90 94.1 95.0 94.2 95.2 94.0 94.9 

110 94.3 95.2 94.5 95.4 94.3 95.1 

132 94.6 95.4 94.7 95.6 94.6 95.4 

160 94.8 95.6 94.9 95.8 94.8 95.6 

200 up to 375 95.0 95.8 95.1 96.0 95.0 95.8 

The new scheme is listed in Table 7.4, showing the efficiency levels required for IE2 and IE3 types of 

motors. To reach the objective of increasing penetration rates of higher efficient electric motors, the 

requirements for the efficiency levels of the electric motors changes over time. The agreement states that 

as of June 16th 2011, all motors covered by the regulation should at least be of the IE2-level. From 

January 1st 2015 all motors with a rated output between 7.5 and 370 kW have to be of IE3-level, or of 
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IE2-level but then the motors should be equipped with a variable speed drive. This variable speed drive is 

an electronic power converter that adapts the power supplied to the electric motor to control the 

mechanical power output. It adjust the three-phase 50 Hz power supply to a variable frequency and 

voltage that is supplied to the motor. This variable speed drive also increases the efficiency of the motor 

system, without increasing the efficiency of the electric motor itself. From January 1st 2017 all motors 

with a rated output between 0.75 and 375 kW, should reach IE3 efficiency levels or again IE2 with a 

variable speed drive. (European Commission, 2009) 

Besides the technical specifications, the agreement also makes some arrangements for the information 

provided by the motor manufacturer. These agreements have to be complied to as of June 16th 2011. The 

information on the motors should be visible in the technical documentation of the motors, technical 

documentation of the products in which the motors are incorporated, free access websites of the motor 

manufactures and free access websites of the manufacturers of products that have these motors 

incorporated. For a complete list of the technical specifications that should be included in the technical 

documentation see Annex 1 of the Commission Regulation No 640/2009. These specifications include the 

nominal efficiency at full load, 75% load and 50% load, the rated input frequency (Hz), the efficiency 

level label, the number of poles of the motor and the rated output (kW). (European Commission, 2009) 

Before August 2017 this regulation will be revised in the light of the technical developments in the field 

of electric motors and variable speed drives.   

7.2 Barriers for the energy efficient electric motors 

In 2003 De Almeida (2003) performed an extensive study using several data sources, such as the 

European Union database, but they also conducted expert interviews with energy managers of several 

large companies. In their report, they identified major barriers for energy efficient electric motors to 

penetrate the market of electric motors. The main barriers can be divided into three categories: economic 

barriers, internal conflicts, and market structure. 

7.2.1 Economic barriers 

The most important economic barriers that prevent the more energy efficient motors to penetrate the 

market are the running hours of the motors, initial price of the efficient motors, payback time and earlier 

experiences. Some of the motors are not continuously used and the running hours are insufficient to make 

the measure of replacing the electric motors cost-effective. Also the initial price of the efficient motors is 

relatively high in comparison with the induction motors that are probably installed. A payback time more 

than three years is perceived as too long, certainly in combination with earlier experiences with energy 

saving measures that did not follow through as promised. Furthermore the decision for buying the electric 

motor is mostly taken by the non-technical personnel. They often do not take into account the 

consequences for the energy use or recognize the benefits of a small efficiency improvement. Besides the 

already installed induction motors are known for their reliability, lack of noise, little maintenance 

requirements and low initial costs. These initial costs are often recognized as being more important than 

the efficiency improvement. (De Almeida, Fonseca, & Bertoldi, 2003) 
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7.2.2 Internal conflicts 

The structure of the companies can also lead to barriers for the penetration of energy efficient electric 

motors. Because the companies are structured into different departments all with their own budget, the 

cost of equipment is partitioned through the different departments, while only one department will benefit 

from the investment. Besides the departments do not get an incentive to reduce energy costs as this may 

lead to a reduced budget in the next year. A third internal conflict can occur when a manager has to take 

care of other responsibilities such as Health & Safety which gets priority because of the legal 

consequences. (De Almeida, Fonseca, & Bertoldi, 2003) 

7.2.3 Market structure 

The third category of barriers is the market structure of the electric motors. The majority of the induction 

motors are sold to original equipment manufacturers (OEMs). They do not have to pay the energy bill and 

are mostly focused on reducing the price for their products. The price of their product is often the 

property they compete on. So there is no incentive for the OEMs to buy the more expensive but more 

efficient electric motors. (De Almeida, Fonseca, & Bertoldi, 2003) 

The issue of the high prices for energy efficient electric motors is expected to enlarge in the near future. 

The permanent magnets, now used in the high efficiency motors, are made out of rare earth materials. The 

world production of these rare earth materials has been concentrated in China for the last decade. The 

next section will go into more detail in the problem concerned with supplying the rare earth materials. 

7.3 Rare earth materials 

The group of rare earth elements (REEs) consists of 17 elements23. Some of the REEs, such as 

neodymium, and lanthanum are very important for the production of permanent magnets and rechargeable 

batteries for applications such as electric vehicles and wind turbines. Other REEs, such as ytterbium, 

terbium, europium and gadolinium are used in medical applications and monitors. (Humphries 2010)  

The name of the materials would suggest differently, but the rare earth elements can be found all over the 

world. For example cerium is more common in the earth crust than lead. However, the rare earth materials 

are not often concentrated in the earth crust or in the sand deposits. Therefore, there are little places were 

rare earth materials can commercially be mined. In the early beginning of the mining of REE, the rare 

earths came from placer deposits (accumulations of valuable minerals formed by deposition of dense 

mineral phases in a trap site) in India and Brazil. Then South Africa became an important place to mine 

the rare earth materials, before the Mountain Pass mine in California (US) had been discovered. The 

Mountain Pass mine in California has been the prime source of mining rare earth materials up until the 

mid 80s. In 1984, the US had 59% of the world production, 22% of world production occurred in 

                                                   
23 The group of Rare Earth Elements consists of: Yttrium, scandium, lanthanum, cerium, praseodymium, 

neodymium, promethium, samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, 

thulium, ytterbium, and lutetium. 



 

Australia, Brazil still was responsible for 13% and 7% was divided among China, India and others.

(USGS, 2010) 

Figure 7.2. Global Production of Rare Earth Oxides, 1950

 

In the late 80s and early 90s China was able to increase their mining activities and started to sell the REE 

under cost prices. China was in this position because they had both access to light rare earth materials as 

well as heavy rare earth materials. Now
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United States, the EU and Japan, major consumers of rare earth materials
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Australia, Brazil still was responsible for 13% and 7% was divided among China, India and others.

. Global Production of Rare Earth Oxides, 1950-2000 (USGS, 2010)

In the late 80s and early 90s China was able to increase their mining activities and started to sell the REE 

under cost prices. China was in this position because they had both access to light rare earth materials as 

well as heavy rare earth materials. Now, China was able to exchange the knowledge to process the light 

materials for the heavy materials with Japan. Soon China became the world’s biggest producer of rare 

earth materials, and the other mines, for examples those in India and Australia, had to shu

they couldn’t compete with the Chinese prices. Figure 7.2 shows how the world production of rare earth 

materials changed over time until 2000. It clearly shows that as from 1984, China started to produce rare 

earth oxides and by 2000, China accounted for most of the world production (85%). In the same period 

the production of rare earth materials by the United States decreased. By 2001 the United States 

produce any rare earth materials, and they had to rely on their reserves and the production in other 

countries. By 2009, 97% of world production was concentrated in China. (USGS 2010)

The monopolistic position of China raises concerns among the other countries using rare earths materials 

for production of for example wind turbines, hybrid vehicles and domestic appliances. Not only do they 

fear the reliability of China as a supplier, also the prices for rare earth materia

exponentially. In 2009, China has announced to cut down the export of rare earth materials. Expectations 

are that by 2015 China will not export any rare earth materials anymore because their production then 

This has driven prices up enormously. The monopolistic position of China and 

the increasing prices of the rare earth materials set out a challenge for the other countries such as the 

United States, the EU and Japan, major consumers of rare earth materials.  (USGS, 2010)
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for production of for example wind turbines, hybrid vehicles and domestic appliances. Not only do they 
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are that by 2015 China will not export any rare earth materials anymore because their production then 
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7.4 Strategies for the EU 

In general there are three major strategies to be chosen: Reduce, Reuse and Replace. These will be shortly 

discussed in this section. 

7.4.1 Reduce 

In case of the electric motors, the reduction of the use of permanent magnets in the electric motors might 

be a good opportunity in the near future. Developments in switched reluctance motors have shown the 

potential for reaching the high efficiency levels required. And also induction motors have been improved 

a lot. Toyota is working on induction motors that are more efficient and lighter than the ones they use 

now in their Prius. These motors do not rely on the supply of rare earth materials. Also other companies 

active in the automotive industry are developing motors that do not need rare earth magnets, such as 

NovaTorque and Continental AG. (Siegel, 2011) But still improvements in the switched reluctance, 

induction and maybe other types of motors are necessary to overcome the present disadvantages and to 

make them feasible for all kind of applications. In the case of other applications, such as medical 

applications and monitors for PCs and TVs, another strategy might be better suitable.  

7.4.2 Replace 

Another possible strategy could be the replacement of the rare earth materials that are supplied by China. 

This can be done by replacing the rare earth materials with other high energy materials, or by finding 

alternative sources for rare earth materials. Alternative sources can be found in Australia, Brazil, Canada, 

South Africa and in the United States. Some of these mines had to be closed when China was selling its 

products under cost prices. Now that world demand will exceed China production of rare earth materials, 

it becomes feasible to reopen these mines. Also new mines have been discovered in for example Canada, 

Vietnam and the United States. Although setting up a new mine or reopening an existing mine takes a lot 

of time (respectively 8-10 and 3-5 years), these developments could decrease China’s monopolistic 

position. (Humphries, 2010) 

7.4.3 Reuse 

A third strategy, interesting for products with shorter life cycles such as computers, batteries, mobile 

phones etc., is the recycling of rare earth materials. Recent developments have shown improvements in 

the recycling of for example electronic components that have rare earth materials, although more research 

is necessary to increase the efficiency of extracting rare earths from these electronic components. 

Especially in Europe this knowhow is often lacking. (Kinkartz, 2011) According to a study performed by 

United Nations Environment Program (2011) less than one percent of the rare earth materials are 

nowadays recycled to be used in new products with same properties.  
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8. Conclusion 

The goal of this research was to map the technological development of the electric motors and find the 

opportunities and barriers for the EU in the field of electric motors. To map the technological 

developments, the method of Hummon and Doreian was used for finding technological trajectories that 

represent the developments in the field of electric motors. But before these developments could be tracked 

using patent citation networks, a background story was needed to define the different types of electric 

motors, comprehend their working principal and see the opportunities for the future.  

 

The most common types of electric motors used today are the brushed DC motor, the induction motor, the 

brushless DC motor, the permanent magnet synchronous motor and the switched reluctance motor. 

Important in the development of these motors are the size of the motor, the weight, the durability, the 

noise, the vibration, the power, the costs, the controllability, all resulting in a search for a high operating 

efficiency at needed power levels for a reasonable price. Of these motors, the brushless DC motor and the 

permanent magnet synchronous motor can reach highest efficiency levels at a given power level. 

However, because of the necessary use of permanent magnets these motors are very costly and are 

expected to become even more expensive as China is limiting the export of rare earth materials.  These 

materials are needed for the construction of the high energy permanent magnets that make it possible for 

the motors to reach such high efficiency levels. The switched reluctance motors are a very interesting 

alternative for the future. These motors do not need permanent magnets and also can reach high efficiency 

levels, although not as high as the other two types yet. Further research in switched reluctance motors to 

overcome its problems might result in a good alternative for the BLDC and PMSM motors. Also other 

types of motors that do not need permanent magnets such as the induction motor could be improved to 

reach higher efficiency levels. The European Union should promote the developments of these types of 

motors and give companies more incentives to develop electric motors that can reach higher efficiency 

levels than now regulated. Furthermore in order to reduce the energy consumption more efficiently the 

European Union should not only restrict the selling of less efficient motors, they should also stimulate the 

motor users and the OEMs to buy the more efficient motors although these are more expensive. Because 

of the efficiency improvements the costs for these more expensive motors can be recovered very quickly. 

Furthermore the European Union could set up research programs that focus on the discovery of other 

high-energy materials and the development of ferrite magnets, and programs that focus on the 

improvement in recycling of rare earth materials.  

 

Looking at the methods used in this research, the first problem with the patent analysis has been the 

structure of the patent network itself. To start with, the research field is very large with more than 100.000 

patents in the main component of the network. Previous research using the methods proposed by 

Hummon and Doreian was concerned with much fewer patents (mostly ranging from 400 to 5000 

patents). Finding and creating software that can handle over 100.000 patents and still can output all the 

needed information within a reasonable time is quite time consuming. Furthermore this method has not 

been proven its use in these large networks.  A second problem with the structure of the original network 
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was that the field of electric motor is much interconnected. Because of this interconnectedness the values 

calculated for the citation paths are all very large and the differences between the citation paths are rather 

small. Therefore this research proposed to create a network of the main paths and take the main 

component of this network to further analyze. In this ways the size of the network is considerably reduced 

which makes it much easier and faster to handle it.  

Furthermore the interconnectedness in this patent family network also led to a large convergence in the 

network. A large number of citation paths all converged to the same citation path (the top main paths of 

the network). This made it really hard to track the recent developments in the network as only a small 

number of end points were reached in the network. The way of reversing the network as proposed in this 

research seems to work fairly well for this. Every recent patent family becomes a start point for a citation 

path so all the recent developments are included in the creation of the citation paths. To track recent 

developments in a patent citation network, this method is therefore preferred over the more common way 

of doing patent citation analysis where the focus is more on tracking the history of the development of a 

certain field of interest. 

 

Another problem with the patent citation analysis on the basis of the method of Hummon and Doreian 

finds its origin within the way the patenting process is set up. Patents do often not explicitly mention what 

part of the new patent application is related to a cited patent and therefore also do not mention what 

knowledge of a previous patent is used in the new patent. Furthermore a lot of the citations between 

patents are made by a patent examiner which as to understand the complete field of interest and interpret 

what knowledge was of should have been present with the patent applicant. As a result the relation 

between some of direct citation links between patents on a certain citation path is not that obvious. This is 

especially the case when the links between patents on a path are investigated that are indirect citations. 

The shift in the citation path from one patent cluster to another, therefore often lacks meaning.  

 

A third altercation of the more common way of doing patent citation analysis in this research was the use 

of patent families from the Derwent Innovations Index. The use of patent families instead of single 

patents certainly has its advantages as the amount of redundant information is reduced. However it also 

has its drawbacks: 1) all patents belonging to the family are assigned the year of registration of the patent 

family. This could make time series analysis more difficult or/and less meaningful. 2) It can lead to the 

creation of cyclic networks on which the method of calculating SPNP cannot be performed. Removing 

these cyclic networks would entail the removal of some information. And 3) it removes the information 

on the specific patents that are citing each other.  

 

Topic detection will continue to be a difficult process in doing patent clustering research. Several ways 

have been proposed in the paths but all of the methods have its shortcomings. For example investigating 

solely the most cited patent family does give some information on the context of the patent but does not 

ensure the researchers that the other patent families belonging to same cluster are also about the same 

topic. Using automated software like T-Lab to count the number of (co-)occurrences of words gives the 
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researcher some indication of for example the most used or most specific words within a cluster. These 

words lack however of a meaning in a specific context. Software programs often have algorithms that can 

inspect the context by looking at words that are positioned closely but, especially when dealing with 

generic technologies, this will prove not to be that useful as these words are not really interpreted within 

their entire context. Also when dealing with generic technologies, the most used words in a cluster are 

probably the most generic words so these do not indicate what the cluster is about. The most specific 

words for a cluster sometimes tend to get overrated as being specific for the entire cluster. Therefore the 

best approach for the topic detection when dealing with community structures of patent networks is a 

combination of checking the most important patents in a cluster (either that are on the highest main path 

or that are cited/citing most) for its contextual content and a list of key terms within that cluster. 
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9. Discussion 

9.1 Limitations 

Each patent research and thus also this research is accompanied with a number of assumptions and 

limitations. The first assumption is related to the use of citations between documents. It is assumed that a 

citation represents a knowledge flow between two patents and therefore that the amount of citations a 

document receives is in indicator of how important that documents is perceived to be. So the citations 

itself represent value. Several studies have been conducted to this the relation between the number of 

citations a document receives and the value of that document. Most of these studies show a positive 

correlation between the two which supports the assumption of patent citation analysis. Because of the 

correlation between the number of citations and the value of a document, it is also assumed that when a 

document receives fewer citations, it is of less value. (Smith, 1981) However this all depends on the 

behavior of the author of the citing document. Firstly it is assumed that an author is aware of the best 

document to cite and not just cites the first he comes across, secondly the document that is cited is really 

used and thirdly all the documents the author uses are indeed cited. Otherwise documents can be 

undervalued because they used but not cited by the author, overvalued because they are cited but not used 

or documents are cited while there might have been better documents to cite. And also a citation analysis 

that uses a simple citation count method assumes that all citations are of equal value, because there is no 

weighing of the citations. (Smith, 1981) 

However, because patent applications are of a legal nature to protect the invention, some of these 

assumptions are no problem. As patent citations represent the limitations of the intellectual property rights 

for the citing patent application, the patent systems are designed to make sure that all references used are 

cited and that the best possible patent applications for this have been searched for. (Trajtenberg, 1990) 

However it does not take away the worry about the author really using the cited patent applications. In 

Europe an applicant for a patent has to hand in a list of all the relevant patents that have formed the state-

of-the-art that served as the basis for his invention. A patent examiner will look at these references and 

will if necessary add or remove a number of references. By the removal of the citations that do not seem 

relevant for the patent examiner, the probability that patents are cited but not used is fairly limited. But for 

example in the US, the list of cited patents created by the applicant is not altered by a patent examiner. So 

the applicant has to be sure that all relevant patents are cited in his patent application, otherwise the patent 

application could be rejected. To limit the risk of getting his patent application revoked, a patent applicant 

in the US tends to cite a lot of patents, including less relevant patents. These patent citations are not 

removed by an examiner and therefore in the US there is a higher possibility of irrelevant patent citations. 

(Michel & Bettels, 2001) 

Besides limitations of the use of citations in patent citations analyses, there are some limitations for the 

use of patents itself. The first limitation is that it is difficult to address the quality of a patent, so even 

more difficult to take into account differences in the quality of different patents. As discussed above this 

is handled by looking at the amount of citations it has received but this again has its limitations. So still 

there is a chance that the quality of a number of patents has been overestimated, while the quality of 
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others is underestimated. The second limitation is that not all inventions lead to patents. Some industries 

have better opportunities for using patents as protection for the intellectual property rights, while in others 

a first mover advantage is more appropriate. Furthermore, the costs for applying a patent can be a barrier 

for firms. (Verspagen, 2007)(Griliches, 1990) A third limitation is related to the search for all of the 

relevant patents. An extensive key word search is rather difficult for a researcher as the researcher has to 

be aware of both the research field in detail and the legal terminology used in the patents. Often 

researchers use a standard classification scheme that is already available in different patent databases. But 

also this method has its limitations as it assumes that all the relevant patents can be captured by a fairly 

limited number of classes, and that the patents in these classes are all relevant. (Griliches, 1990) 

 

9.2 Further research 

In this section a number of questions will be raised that might be interesting for future research. The first 

questions are related to the use of the method of Hummon and Doreian for analyzing patent networks. As 

this method is aimed at finding some main paths that have most knowledge transferred, the question rises 

whether in very large networks with more than 10.000 or even 100.000 documents, finding a few main 

paths will proof to be as useful as with smaller citation networks. The second question that rises regarding 

this method is how big the impact is of the choice for picking a start point and search locally for the link 

with highest SPNP value, ignoring the other citation links. How does the outcome change when also a 

network is constructed from all the end points backwards and then these values are combined? Or what 

happens to the outcomes when not only the citation link with highest SPNP value is chosen, but all 

citation links are chosen that a SPNP-value that is higher than a certain threshold value? And what should 

this threshold value to obtain the best outcomes? 

The second line of questions that rises is about the use of patent families in patent research. To what 

extent does the use of patent families over for example single US patents influence the outcomes of the 

patent citation analysis? And if the outcomes are influenced by this choice, which of the methods gives 

more accurate outcomes in tracking the developments in a research field? 

Thirdly interesting research might be done on how well the method of detecting community structures 

works with large patent networks. What are the characteristics for which the method of Newman works 

well in detecting community structures? Is there any size constraint? Should the network be undirected? 

Are there any limitations to the interconnectedness of the network? 
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11.1 The relevant PRODCOM codes in the field of electric motors 

 
NACE CPA PRODCOM Manufacture of electric motors, generators and transformers 

27.11 10 10 
Electric motors of an output <= 37.5 W  

(including synchronous motors <= 18 W, universal AC/DC motors, AC and DC motors) 

27.11 10 30 
DC motors and generators of an output > 37.5 W but <= 750 W  

(excluding starter motors for internal combustion engines) 

27.11 10 53 
DC motors and generators of an output > 0.75 kW but <= 7.5 kW  

(excluding starter motors for internal combustion engines) 

27.11 10 55 
DC motors and generators of an output > 7.5 kW but <= 75 kW  

(excluding starter motors for internal combustion engines) 

27.11 10 70 
DC motors and generators of an output > 75 kW but <= 375 kW  

(excluding starter motors for internal combustion engines) 

27.11 10 90 
DC motors and generators of an output > 375 kW  

(excluding starter motors for internal combustion engines) 

27.11 21 00 Universal AC/DC motors of an output > 37.5 W 

27.11 22 30 Single-phase AC motors of an output <= 750 W 

27.11 22 50 Single-phase AC motors of an ouput > 750 W 

27.11 23 00 Multi-phase AC motors of an output <= 750 W 

27.11 24 03 Multi-phase AC motors of an output > 0.75 kW but <= 7.5 kW 

27.11 24 05 Multi-phase AC motors of an output > 7.5 kW but <= 37 kW 

27.11 24 07 Multi-phase AC motors of an output > 37 kW but <= 75 kW 

27.11 25 30 Multi-phase AC traction motors of an output > 75 kW 

27.11 25 40 
Multi-phase AC motors of an output > 75 kW but <= 375 kW  

(excluding traction motors) 

27.11 25 60 
Multi-phase AC motors of an output > 375 kW but <= 750 kW  

(excluding traction motors) 

27.11 25 90 
Multi-phase AC motors of an output > 750 kW  

(excluding traction motors) 

 

  



 

11.2 An overview of the search for the relevant IPC codes 

 

Section Description 

Section A Human Necessities 

Section B Performing Operations; Transporting 

Section C Chemistry; Metallurgy 

Section D Textiles; Paper 

Section E Fixed Constructions 

Section F Mechanical Engineering; Lighting; Heating; Weapons; Blasting 

Section G Physics 

Section H Electricity 

 
Class Description 

 
H01 Basic Electric Elements 

 
H02 Generation, Conversion, or Distribution of Electric Power 

  
Subclass Description 

  
H02B 

Boards, Substations, or Switching Arrangements for the Supply 

or Distribution of Electric Power  

  
H02G 

Installation of Electric Cables or Lines, or of Combined Optical 

and Electric Cables or Lines 

  
H02H Emergency Protective Circuit Arrangements 

  
H02J 

Circuit Arrangements or Systems for Supplying or Distributing 

Electric Power 

  
H02K Dynamo-Electric Machines 

  
H02M 

Apparatus for Conversion Between AC and AC, Between AC and 

DC, or Between DC and DC 

  
H02N Electric Machines not otherwise provided for 

  
H02P 

Control or Regulation of Electric Motors, Generators, or 

Dynamo-Electric Converters 

 
H03 Basic Electronic Circuitry 

 
H04 Electric Communication Technique 

 
H05 Electric Techniques not otherwise provided for 

 
H99 Subject Matter not otherwise provided for In This Section [8] 

 

  



 

11.3 The IPC subgroups of H02K Dynamo-Electric Machines 

Code Description 

H02K 1/00 Details of the magnetic circuit 

H02K 3/00 Details of windings 

H02K 5/00 Casings; Enclosures; Supports 

H02K 7/00 Arrangements for handling mechanical energy structurally associated with the machine 

H02K 9/00 Systems for cooling or ventilating 

H02K 11/00 Structural association with measuring or protective devices or electric components 

H02K 13/00 Structural associations of current collectors with motors or generators 

H02K 15/00 
Methods or apparatus specially adapted for manufacturing, assembling, maintaining, or repairing dynamo-

electric machines 

H02K 16/00 Machines with more than one rotor or stator 

H02K 17/00 Asynchronous induction motors; Asynchronous induction generators 

H02K 19/00 Synchronous motors or generators 

H02K 21/00 Synchronous motors having permanent magnet 

H02K 23/00 DC commutator motors or generators having mechanical commutator; Universal ac/dc commutator motors 

H02K 24/00 
Machines adapted for the instantaneous transmission or reception of the angular displacement of rotating 

parts 

H02K 25/00 Dc interrupter motors or generators 

H02K 26/00 Machines adapted to function as torque motors, i.e. to exert a torque when stalled 

H02K 27/00 Ac commutator motors or generators having mechanical commutator 

H02K 29/00 Motors or generators having non-mechanical commutating devices 

H02K 31/00 
Acyclic motors or generators, i.e. dc machines having a drum or disc armature with continuous current 

collectors 

H02K 33/00 Motors with reciprocating, oscillating, or vibrating magnet, armature, or coil system 

H02K 35/00 
Generators with reciprocating, oscillating, or vibrating coil system, magnet, armature, or other part of the 

magnetic circuit 

H02K 37/00 Motors with rotor rotating step by step and without interrupter or commutator driven by the rotor 

H02K 39/00 Generators specially adapted for producing a desired non-sinusoidal waveform 

H02K 41/00 
Propulsion systems in which a rigid body is moved along a path due to dynamo-electric interaction 

between the body and a magnetic field travelling along the path (linear motors) 

H02K 44/00 

Machines in which the dynamo-electric interaction between a plasma or flow of conductive liquid or 

of fluid-borne conductive or magnetic particles and a coil system or magnetic field converts energy of mass 

flow into electrical energy or vice versa  

H02K 47/00 Dynamo-electric converters 

H02K 49/00 Dynamo-electric clutches; Dynamo-electric brakes 

H02K 51/00 Dynamo-electric gear 

H02K 53/00 Alleged dynamo-electric perpetua mobilia 

H02K 55/00 Dynamo-electric machines having windings operating at cryogenic temperatures 

H02K 57/00 Dynamo-electric machines not provided for in group 



 

11.4 The IPC subgroups of H02P Control or regulation of electric motors, 

generators, or dynamo-electric converters 

 

Class Description 

H02P CONTROL OR REGULATION OF ELECTRIC MOTORS, GENERATORS, OR DYNAMO-ELECTRIC CONVERTERS 

H02P 1/00 Arrangements for starting electric motors or dynamo-electric converters 

H02P 3/00 Arrangements for stopping or slowing electric motors, generators, or dynamo-electric converters 

H02P 4/00 
Arrangements specially adapted for regulating or controlling the speed or torque of 

electric motors that can be connected to two or more different voltage or current supplies 

H02P 5/00 
Arrangements specially adapted for regulating or controlling the speed or torque of two or more 

electric motors 

H02P 6/00 
Arrangements for controlling synchronous motors or other dynamo-electric motors with electronic 

commutators in dependence on the rotor position 

H02P 7/00 Arrangements for regulating or controlling the speed or torque of electric dc-motors 

H02P 8/00 Arrangements for controlling dynamo-electric motors rotating step by step 

H02P 9/00 Arrangements for controlling electric generators for the purpose of obtaining a desired output  

H02P 11/00 Arrangements for controlling dynamo-electric converters 

H02P 13/00 
Arrangements for controlling transformers, reactors or choke coils, for the purpose of obtaining a 

desired output 

H02P 15/00 Arrangements for controlling dynamo-electric brakes or clutches 

H02P 17/00 Arrangements for controlling dynamo-electric gears 

H02P 21/00 Arrangements or methods for the control of electric machines by vector control, 

H02P 23/00 
Arrangements or methods for the control of ac-motors characterized by a control method other than 

vector control  

H02P 25/00 
Arrangements or methods for the control of ac-motors characterized by the kind of ac-motor or by 

structural details  

H02P 27/00 Arrangements or methods for the control of ac-motors characterized by the kind of supply voltage 

H02P 29/00 Arrangements for regulating or controlling electric motors, appropriate for both ac- and dc-motors 

H02P 31/00 Arrangements for regulating or controlling electric motors not provided for in groups 

 

  



 

11.5 Large cyclic networks 

Cyclic network of size 67 

The patent family citation network of the cyclic network of size 67 is shown below. The red circles 

represent the patent families and the labels are the years that the patent family was first registered (the 

first four characters of the unique patent family number). In this network two cyclic parts are highlighted 

in blue as an example of a typical cycle, although more exist in the network.  

 
Figure 11.1. The patent family citation network of the strong component of size 67 

 

A check for the most common pair of consecutive words in the abstracts (see Error! Reference source 

not found.) indicates that the cyclic network is about (induction) generators for wind turbines. Two third 

of all patents contains the word combination wind turbine and one third of the abstracts contains wind 

power. 

Table 11.1. Bigrams in the abstracts of the cyclic network of size 67 Table 11.1. Bigrams in the abstracts of the cyclic network of size 67 

Bigram # of occurrences # of distinct patents 

wind turbine 125 41 

wind power 42 20 

turbine generator 37 16 

wind farm 37 15 

power output 28 14 

utility grid 27 9 

induction generator 26 10 



 

Cyclic network of size 38 

The patent family citation network of the cyclic network of size 38 is shown below. Again, the red circles 

represent the patent families and an example of a cyclic part highlighted in blue. Although the bigrams are 

a little less consistent than with the previous cyclic network, these bigrams also indicate that the network 

is mostly about generators for wind turbines.  Because both cyclic networks are being reduced into single 

entities, it can be that the influence of wind turbines on the total network is underestimated. This should 

be taken into account in the analyses. On the other hand, the information of about 100 patent families is 

reduced while the total data set consists of more than 100.000 patent families. 

 

 
Figure 11.2. The patent family citation network of the strong component of size 38 

 

Table 11.2. Bigrams in the abstracts of the strong component of size 38 

Bigram # of occurrences # of distinct patents 

AC power 25 10 

turbogenerator/motor 24 7 

DC bus 23 9 

wind turbine 22 8 

DC power 21 8 

power grid 18 9 

variable speed 17 8 

 

  



 

11.6 The patent family numbers on the top path and its titles  

 

Patent family 

number 
Patent family title 

1971-13625S Dynamo-electric machines having vacuum cast - winding insulation 

1974-E4218V 
Cryogenic field coil rotor support - has discrete heat exchangers, interstices for permeating coil 

with super-cooling fluid, and trap preventing centrifugal convection 

1976-E8870X 
Superconducting machine with shield - protects field winding and associated elements in cold 

region against transients 

1978-B5777A 
Superconducting rotor winding on electrical machine - has alternating magnetic flux screening 

layers held between mechanical reinforcements 

1978-B7699A 
Dynamoelectric machine with superconducting rotor winding - has screen for thermal radiation 

and device for rotor torsion reset 

1980-G0113C 
Superconductive generator rotor with internal tube and outer jacket - which are rigidly secured 

together at both ends to remove relative oscillation during rotation 

1981-L4673D 

Cantilevered field winding support for superconducting AC machine - is concentrically disposed 

with rotor shafts and is supported in cantilever fashion, with torque tube, to one end of rotor 

shafts 

1983-759884 
Thermal screen for superconducting generator rotor - made from concentric cylinders provided 

with cooling channels and brazed together 

1985-062376 
Refurbishable high speed generator rotor assembly - has protective can closely fitted and secured 

by welding to shaft fitting 

1987-021665 
Permanent magnet rotor for dynamo-electric machine - has cured fibre:resin wraps in annular 

recesses to secure magnets 

1987-058116 
Rotor for electrical motor or generator - has high strength fibre:epoxy! resin composite sleeve 

over magnets on hub 

1990-375489 
Shaft mounted rotor for electric motor - has moulded plastic sleeve holding arcuate permanent 

magnets on core 

1992-057080 
Rotor for brushless motor with permanent magnets - has yoke formed with laminated silicon steel 

plates and at least four magnetic poles on outer periphery 

1993-359883 
Rotator element for electrical motor - with core body made of stacked disc-shape plates, each 

with cut-out at circumference to form hole when stacked. 

1994-083478 
Permanent magnet rotor of brushless motor - includes protuberances striking side surfaces of 

permanent magnet for field which are disposed at right and left end portions of slot 

1996-030733 
Permanent magnet rotor esp. for use with compressor - has rotor yoke with even number of 

poles formed of laminated steel sheets and retains flat magnets in slot openings in yoke. 

1997-435420 

Electric motor for compressor, vehicle, air-conditioner or refrigerator - includes stator core with 

tooth portions on which single conductor is wound, and permanent magnet rotor, and uses 

reluctance torque and magnet torque for rotational driving 

 



 

Patent family 

number 
Patent family title 

1997-557426 

Rotary electric machine with permanent magnet used in electric vehicle - has rotor core that is 

provided with insertion hole whose aperture is larger than size of permanent magnet, which is 

inclined towards rotation direction of rotor 

1998-181547 

Core manufacturing method e.g. for rotary electric machine - forming coupling convexity having 

arc like planar shape and coupling concavity which is engageable with coupling convexity on core 

segments with serial core segment assembly composed by engaging coupling convexity on 

adjacent core segments 

1998-523495 
Stator for dynamoelectric machine - comprises stator core formed by stacking number of steel 

sheets each including number of unit cores, each having unit yoke and magnetic pole teeth 

2000-089368 Iron core assembly which forms major part of an electric motor, a transformer etc. 

2002-749848 
Rotating electric machine e.g. motor has insulator inclined to radial plane perpendicular to 

rotation axis and pole teeth cores have differing thickness in axial direction along their length 

2003-150200 
Rotor for alternator of vehicle, has flange with hook portions to direct finishing end of field coil in 

radially inward direction opposite to coil winding direction 

2003-313147 

Collecting and distributing ring for rotary electric machine stator, has stator units provided with 

one end of coils connected to connection terminal and other end of adjacent coils electrically 

connected internally 

2004-012344 
Rotary electric machine has coils which are wound, such that each coil crosses or contacts 

intermediate line bisecting angle formed between axes of coils 

2005-663963 

Segmented stator end cap for refrigeration system, has outboard leg extending from cap and 

positioning adjacent to outboard end of yoke portion, and positioning within slot defined in 

outboard end of yoke portion 

2005-675592 

End cap for use in segmented stator, has inboard wall positioned adjacent to tooth portion such 

that winding coil wound on tooth portion is partially positioned between inboard wall and 

inboard side of body portion 

2005-706523 
Stator for motor, has bobbins fixed to inner circumferential surface of ring-shaped yoke at 

predetermined intervals, and stator coils wound around outer circumferential surface of bobbins 

2006-716294 
Vacuum circuit breaker actuator, has permanent magnet fixedly installed at inner surface of space 

for fixing mover, and mover linearly moving in space by magnetic force generated by bobbin coil 

2008-F10238 
Actuator has separating portion that separates yoke and movable core by being interposed 

between yoke and movable core 

 

  



 

11.7 The structure of the main path network over the years 

 

Time period 
# of patent 

families 

# of 

components 

Herfindahl 

index 

Share of patent families in 

largest component 

1968 - 1979 1647 865 0.01 5% 

1968 - 1980 1910 905 0.01 5% 

1968 - 1981 2166 930 0.01 7% 

1968 - 1982 2497 1024 0.01 7% 

1968 - 1983 2849 1134 0.01 6% 

1968 - 1984 3216 1224 0.01 6% 

1968 - 1985 3572 1331 0.01 6% 

1968 - 1986 3965 1471 0.01 6% 

1968 - 1987 4408 1604 0.01 6% 

1968 - 1988 4862 1730 0.03 18% 

1968 - 1989 5324 1897 0.03 18% 

1968 - 1990 5792 2049 0.04 18% 

1968 - 1991 6325 2190 0.04 18% 

1968 - 1992 6850 2345 0.04 19% 

1968 - 1993 7510 2537 0.04 19% 

1968 - 1994 8203 2687 0.04 19% 

1968 - 1995 9025 2814 0.05 22% 

1968 - 1996 9944 2882 0.08 29% 

1968 - 1997 10967 2981 0.09 30% 

1968 - 1998 12008 3059 0.10 31% 

1968 - 1999 13108 3055 0.11 32% 

1968 - 2000 14397 3108 0.12 34% 

1968 - 2001 15664 3126 0.13 36% 

1968 - 2002 17063 3134 0.14 37% 

1968 - 2003 18810 3119 0.15 39% 

1968 - 2004 20682 2996 0.17 41% 

1968 - 2005 22520 2847 0.19 43% 

1968 - 2006 24118 2749 0.20 45% 

1968 - 2007 25695 2725 0.22 46% 

1968 - 2008 27403 2635 0.23 48% 

1968 - 2009 28918 2410 0.24 49% 

1968 - 2010 30187 2264 0.25 50% 

 

  



 

11.8 The size of the top-10 components of the main path network over the years 

 

Time period 
# of patent 

families 

Component 

1 2 3 4 5 6 7 8 9 10 

1968 - 1979 1647 79 44 40 21 18 16 14 13 12 12 

1968 - 1980 1910 96 50 49 27 27 18 17 16 16 16 

1968 - 1981 2166 150 69 64 31 22 21 19 19 18 17 

1968 - 1982 2497 165 104 100 36 28 27 23 23 22 20 

1968 - 1983 2849 179 121 110 60 50 38 31 23 23 22 

1968 - 1984 3216 199 144 144 68 58 48 35 28 25 23 

1968 - 1985 3572 221 166 161 75 63 61 51 36 30 25 

1968 - 1986 3965 239 219 176 97 72 69 61 39 32 30 

1968 - 1987 4408 263 259 217 117 84 76 67 42 34 33 

1968 - 1988 4862 861 131 95 83 70 47 37 34 29 28 

1968 - 1989 5324 943 143 115 90 79 48 37 35 34 31 

1968 - 1990 5792 1040 165 140 96 88 52 40 40 35 35 

1968 - 1991 6325 1151 190 156 110 93 62 54 52 45 42 

1968 - 1992 6850 1271 383 113 105 64 57 53 53 49 44 

1968 - 1993 7510 1409 425 124 113 72 64 59 58 58 50 

1968 - 1994 8203 1586 457 131 116 80 74 69 60 59 54 

1968 - 1995 9025 1975 525 137 88 87 81 63 58 47 45 

1968 - 1996 9944 2856 145 118 96 93 66 64 50 48 47 

1968 - 1997 10967 3239 151 145 136 121 71 70 56 54 52 

1968 - 1998 12008 3691 178 164 144 142 80 71 60 57 56 

1968 - 1999 13108 4259 213 174 162 157 93 72 66 59 59 

1968 - 2000 14397 4902 259 213 187 182 105 75 68 66 63 

1968 - 2001 15664 5608 308 227 214 191 114 79 71 69 67 

1968 - 2002 17063 6352 375 245 239 200 128 83 79 73 67 

1968 - 2003 18810 7339 459 278 268 217 146 87 86 77 69 

1968 - 2004 20682 8518 542 326 290 230 164 93 88 77 77 

1968 - 2005 22520 9685 619 365 309 240 182 95 91 87 78 

1968 - 2006 24118 10790 669 404 334 249 197 96 96 92 78 

1968 - 2007 25695 11926 729 434 353 259 204 107 97 93 78 

1968 - 2008 27403 13114 811 469 373 278 213 114 100 95 78 

1968 - 2009 28918 14183 851 502 398 293 220 116 101 97 81 

1968 - 2010 30187 15039 916 520 421 303 225 128 103 97 85 

 

  



 

11.9 The results of the extended Newman clustering 

 

Cluster Size Start 
 

End Cluster Size Start 
 

End Cluster Size Start 
 

End 

5 237 1970 - 2010 43 169 1984 - 2010 52 66 1993 - 2010 

9 311 1970 - 2010 70 28 1985 - 2010 60 63 1993 - 2010 

0 335 1970 - 2011 55 45 1986 - 2010 59 28 1994 - 2010 

27 265 1971 - 2010 67 28 1986 - 2009 24 53 1994 - 2010 

71 92 1971 - 2010 42 271 1986 - 2010 41 97 1994 - 2010 

46 294 1972 - 2010 44 387 1987 - 2010 16 149 1995 - 2010 

56 335 1972 - 2010 25 383 1987 - 2010 32 329 1995 - 2010 

64 115 1973 - 2010 20 723 1987 - 2010 40 61 1997 - 2010 

48 202 1974 - 2011 58 53 1987 - 2010 1 768 1997 - 2011 

28 464 1974 - 2010 38 298 1988 - 2010 39 52 1998 - 2010 

10 307 1974 - 2011 6 387 1988 - 2010 23 136 1998 - 2010 

7 255 1974 - 2010 49 28 1989 - 2009 14 258 1999 - 2010 

37 374 1974 - 2011 61 34 1990 - 2010 21 317 1999 - 2010 

29 563 1974 - 2011 3 641 1990 - 2011 17 113 1999 - 2010 

35 600 1975 - 2010 62 76 1990 - 2010 22 247 2000 - 2010 

73 50 1975 - 2009 76 21 1990 - 2007 8 66 2000 - 2011 

74 97 1975 - 2010 68 26 1991 - 2010 26 102 2000 - 2010 

51 168 1976 - 2010 31 484 1991 - 2010 47 25 2000 - 2010 

75 47 1978 - 2010 50 52 1991 - 2010 45 27 2001 - 2010 

57 23 1979 - 2009 4 665 1992 - 2011 2 52 2001 - 2010 

53 160 1980 - 2010 72 35 1992 - 2010 34 24 2002 - 2010 

36 151 1980 - 2010 63 32 1992 - 2009 33 29 2002 - 2010 

19 634 1980 - 2010 18 385 1992 - 2010 13 46 2002 - 2010 

65 51 1980 - 2010 54 36 1992 - 2010 12 81 2002 - 2010 

30 163 1981 - 2010 66 28 1993 - 2010 15 26 2004 - 2010 

69 48 1982 - 2010 11 168 1993 - 2011 
     

 

 

  



 

11.10  Motor manufacturers that have signed the voluntary EU/CEMEP agreement 

on the efficiency classification and market reduction of EFF3 
 

Source: CEMEP (1998) 

Company Country 

ABB Automation Group Ltd Switzerland 

ABM Greifenberger Antriebstechnik GmbH Germany 

AEG Fabrica de Motores S.A. Spain 

ARCELIK A.S. Turkey 

ATB Antriebstechnik AG Germany 

BALDOR MOTORS AND DRIVES United Kingdom 

Brook Cromton United Kingdom 

Cantoni Group (Besel SA INDUKTA SA CELMA SA EMIT SA) Poland 

Danfoss Bauer GmbH Germany 

Dutchi Motors B.V. Netherlands 

Universal Motors S.A. Portugal 

ELECTRO ADDA SPA Italy 

Felten & Guilleaume Germany 

FIMET - MOTORI E RIDUTTORI SPA Italy 

Getriebebau Nord GmbH &Co. Germany 

Grundfos Management A/S Denmark 

Hanning Elektro-Werke GmbH&Co KG Germany 

J. HELMKE & Co. - Elektrische Maschinen Germany 

LAFERT SPA Italy 

Loher AG Germany 

MARELLI MOTORI SPA Italy 

MGM. Motori Elettrici SpA  Italy 

Moteurs Leroy-Somer France 

Motori Bonora S.r.l. Italy 

OEMER MOTORI ELETTRICI SPA Italy 

Rockwell Automation Germany 

SCHORCH Elektrische Maschinen und Antriebe Germany 

SEIMEC SpA-Rossi Motoriduttori Italy 

SEIPEE S.p.a. Motori Elettrici Italy 

SEW-Eurodrive GmbH & Co. Germany 

SICME MOTORI SPA Italy 

Siemens AG Germany 

Stöber Antriebstechnik GmbH & Co. Germany 

Teco Electric Europe Ltd United Kingdom 

VEM motors GmbH Germany 

WEG Portugal/Brazil 
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