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2 Disclaimer 

 

The content described in this document is publicly available. 

 

The content described in this document reflects only the authors view and the European 

Commission is not responsible for any use that may be made of the information described.  
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3 Abbreviations 

 

Abbreviation Translation 

PQ Power Quality 

EMI Electromagnetic Interference 

ESR Early Stage Researcher 

EMC Electromagnetic Compatibility 

SCENT Smart Cities EMC Network for Training 

COTS Commercial Of The Shelf 

EM Electromagnetic 

Si based VSD Silicon based variable speed drive 

GaN based VSD Gallium Nitride based variable speed drive 

BLDC brushless direct current 

MOSFET metal- oxide-semiconductor field-effect transistors 

V Volt 
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4 Introduction 

 

The impact of demonstrators is aimed at the general public demonstration PQ and EMI effects 

using simple test setups. The industrial mentor of ESR 9 has published in 2018 a paper with 

respect to “a demonstration model for EMC education” [1]. The targeted audience is electrical 

engineers that are working within an industrial environment. It describes a method for 

visualizing EMI in automation systems often used in industry. In the paper, EMC protection of 

instrument signal lines was extensively described. 

 

This is the starting point and thus the point of reference for the demonstrator development in 

the SCENT project. Its basic components consist of: 

- Industrial grade 3 phase moto 

- Variable speed drive, converter 

- Relay system 

- Sensors and actuators 

- Several valves 

- Power line communication 
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5 SCENT Demonstrator 

 

In case of the SCENT project demonstrator, there should be a possibility to do in-depth research 

as well as demonstrating typical PQ and EMI effects in complex systems consisting of 

Commercial Of The Shelf (COTS) devices. This would leave room to actually test and 

understand state of the art developments and their impact in the EM environment. 

 

A student (supervised by one of the ESRs) was tasked with comparing power efficiency 

between a Si and a GaN based VSD [2]. Which will be described in the following section, and 

serves as the beginning of the development of the SCENT project demonstrator.  

 

5.1 Student - Si and GaN based triple half bridge BLDC motor drivers [2] 

Many battery powered applications such as un-manned aerial vehicles and personal electric 

vehicles rely on brushless direct current (BLDC) motors and their complementary three-phase 

drivers. Efficiency is critical in these applications, as the goal is to achieve optimal performance 

in a small package size. The efficiency of BLDC motor drivers is continuously improving as a 

result of developments in semiconductor technology. 

 

Two triple half bridge BLDC motor drivers were designed, one based on Si power metal- 

oxide-semiconductor field-effect transistors (MOSFET) and one based on enhancement mode 

GaN high electron mobility transistors. Assumption is that switching times are decreased 

considerably in GaN technologies and therefore the loss per switching event is reduced. 

However, it has also been demonstrated in many papers the amount of EMI could be increased 

significantly and should be dealt with accordingly. 

 

Note that PQ and EMI effects using simple test setups is the goal to be achieved here. Figure 

1 shows the created demonstrator, with a schematic block diagram of the measurement system 

in Figure 2. The block diagram shows only electrically coupled components on the primary 

side. The load in the top right corner of Figure 1 is basically a mechanical load, and is created 

by connecting an identical motor while loading it with power resistors. By varying these values 

the mechanical load can be adopted to a preferred value. 
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Figure 1: Developed demonstrator, with the Green PCB board to be exchangeable to test Si vs GaN based technology. 

 
Figure 2: Block diagram of measurement setup, with the developed PCB highlighted, which can be seen in Figure 4. 

In both systems, parameters that have an effect on drive efficiency can be studied. The losses 

in a BLDC motor driver mostly consist of conduction losses, switching losses and diode losses. 

For this reason, on-state resistance, turn-on time, turn-off time and diode forward voltage are 

the main focus. The details can all be found in the Open Access available paper. 

 

For this deliverable, the most significant result from an EMC point of view is shown in Figure 

3. The expected speed of GaN is indeed demonstrated, however one interesting and quite 

significant effect can also be seen. It is predominantly seen in the Turn-off transition at the 

high side transistor.  There is a ringing to be seen, which exceeds approximately 15 V. The 

ringing is a resonance effect between an inductance and capacitance that consists of mainly 

parasitic elements. How to deal with this and if the EMI introduced will be devastating for the 

complex system, is future work. 

 

 

http://essay.utwente.nl/82049/1/Schonewille_BA_PE.pdf
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Figure 3: comparison of Si and GaN switching of and on. 
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Figure 4: PCB design scheme. 

6 Conclusion 

 

This document described the first SCENT demonstrators. The demonstrators will be used to 

inform general public and experts about PQ and EMI effects using simple test setups. Due to 

the international COVID-19 pandemic it is currently not possible to show the demonstrators in 

public. These demonstrations will be planned for the future. 
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