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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 

SCENT Smart Cities EMC Network for Training 

EdCom EMCS Education Committee of the Electromagnetic Compatibility 

Society 

EMC Electromagnetic Compatibility 

ESR Early Stage Researcher 

(k)Hz (kilo) Hertz 

UT University of Twente 

IEC C14 plug Internationale Elektrotechnische Commissie C14 plug 

BNC-connector Bayonet-Neill-Concelman-connector 

W Watt 

EMI Electromagnetic Interference 

LED Light-Emitting Diode 

V Volt 

AC Alternating Current 

LISN Line Impedance Stabilization Network 

FFT Fast Fourier Transformation 
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4 Introduction 

 

Within the SCENT Consortium, several demos and experiments have been developed that can 

be shown at conferences. This document will have a description of the two most mature and 

well developed experiments. These experiments are mainly aimed at the Education Committee 

of the Electromagnetic Compatibility Society (EdCom EMCS). Who are actually responsible 

for arranging and allocating the timeslots during the EMC Europe and IEEE EMC/SIPI 

symposia.  

 

The requirements for the development of these experiments are: 

- Relatively small and thus transportable 

- Demonstrating typical EMC subjects 

- Safely to operate by non-experts 

- Easy to understand, and thus explainable in plain English. 

 

The experiments described here were developed by ESR 8 Wibisono and ESR 9 Daria, and are 

intended to be shown at the EMC Europe 2021 conference in Glasgow.  
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5 Experiment 1: Measurement of conducted emission 

 

Safely measuring currents and voltages of mains connected devices have been an issue that 

was for instance described in [1]. In case of the civil standard gap for limiting the emissions 

between 2 kHz to 150 kHz, a solution was shown based on a high pass filter with a 1:50 voltage 

division. The resulting breakout box was extensively described in deliverable D7.3 and is 

shown in Figure 1. 

 
Figure 1: The breakout box developed in UT with (a) IEC C14 plug and (b) four BNC output connectors for voltage 

measurement and three output wires for current measurement. 

From previous research [2] it can be easily seen that several types of lamps (and in combination 

with dimmers) will draw very different types of currents (Figure 2).  

 

 
Figure 2: Typical currents for different loading conditions. 

Typically power efficient lamps are not considered to interference sources, due to the very low 

impact a single lamp has. The civil standards even state that below 5W, the assessment is not 

required. In [3] it was shown, that increased numbers of lamps actually do have an impact and 

thus cause EMI. This is recapitulated below. 

 

5.1 Accumulation of LED lamps emission  

The measurement was performed to investigate the accumulated emission level from LED 

lamps, with a focus on the frequency band between 2-150 kHz. Each LED lamps has 2W of 

power. The LED lamps are shown in Figure 3. 
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Figure 3:The LED lamps used in the measurement. 

The measurement was performed using a clean 230V and 50 Hz AC power supply via a Line 

Impedance Stabilization Network (LISN). The earlier described breakout box was used to 

safely measure, simultaneously, the voltage and the current at the LED lamps interface. The 

measurement setup can be seen in Figure 4. 

 
Figure 4: The Measurement Setup. 

From the measurement result, the mains voltage and the current profile of the LED lamps in 

time domain is shown in Figure 5. By applying an FFT, the frequency domain information can 

be obtained. In Figure 6 it shows the emission levels of 0, 4, 16 and 28 LED lamps, respectively. 

 

 
Figure 5: The mains voltage (blue) and the current of from the 32 LED lamps (red). 
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Figure 6: FFT plot of the current from LED lamps. 

5.2 Emissions of several types of lamps 

Based on the breakout box developed in deliverable D7.3 and previously conducted research 

on accumulated emissions, the experiment is developed, while considering the requirements 

stated earlier. It is unpractical to carry around a string of up to 32 lamp sockets to every 

conference, hence the breakoutbox is combined with a single socket (Figure 7). Therefore it 

becomes relatively small and thus transportable. It clearly will demonstrate the emissions in 

the overlooked 2-150 kHz range, while it is able to investigate this for very power efficient 

lamps. None of the dangerous high voltage wires are touchable, and the measurable outputs 

are scaled down to protect the measurement equipment.  

 

 
Figure 7: Breakout box incorporating a lamp socket. 

The experiment is to be carried out using: 

- Incandescent lightbulbs (Resistive) 

- Compact Fluorescent lightbulbs 

- LED without power factor correction 

- LED with power factor correction 

 

The point of the experiment being (in conjunction with earlier shown research) that in case of 

low power equipment, aggregated effects need to be considered, and thus emissions of these 

devices should still be taken care of. 
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6 Experiment 2: The effect of the magnetic material on the Q-factor of the LC-circuit 

 

The experiment is intended to show the impact of the magnetic core material of an inductor on 

the resonance peak in an LC circuit. I.e. the Q-factor of a resonant inductor and capacitor 

combination. In [4] the complex permeability of a toroidal core was derived via the 

measurement of the complex impedance of a self-made inductor, the results are shown in 

Figure 8. The complex impedance of the inductor consists of an inductive and resistive part, 

which are related to the complex permeability of the material: 

 

µ′ − 𝑗µ′′ =  
−𝑗[𝑍𝑟 + 𝑗𝑍𝑖]

µ0𝑓𝑁2ℎ ln
𝑑𝑜

𝑑𝑖

 

Where the complex permeability is expressed by its real (inductive) component μ' and 

imaginary (resistive loss) component μ". 𝑁, being the number of windings. ℎ, the height of the 

toroid, 𝑑 the diameter of the toroid decomposed into an inner (i) and outer (o) part. 

At the frequencies where the real part is dominant, the core material rejects or reflects EMI, 

while at the frequencies where the imaginary part becomes dominant the core material starts to 

absorb EMI.  

 

 
Figure 8: Permeability of Ferroxcube – TX22/14/6.4 – 3E27. Adopted from [4] 

6.1 Q-factor 

The relevance of this lies in the application of a resonant LC circuit. As this means that if the 

resonance happens at the frequency where the resistive part is dominant and the value of the 

resistance is high, the Q-factor of the filter will be extremely low. This is a typical well known 

effect seen in ideal RLC circuits, either series or parallel in which case the Q factor equations 

are each other’s inverse, however in the series case the following equation holds: 

𝑄 =  
1

𝑅
√

𝐿

𝐶
 

According to the purely ideal case of a resonating LC circuit, the impedance of the components 

are canceling each other. However, as many times in EMC, we are not dealing with ideal cases. 
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Thus this experiment demonstrates the importance of complex permeability, which basically 

describes the non-ideal case of an inductor as it adds a resistive part. As was also seen in the 

previous experiment, it is often the case this is actually neglected and thus making it relevant 

and important for experimental demonstrations.  

 

The experiment will demonstrate several combinations of inductors and capacitors, always 

tuned to get a resonance peak at 100 kHz. Materials from which the inductors are made are: 

- Nanocrystalline Vitroperm 500F 

- N87 MnZn ferrite 

- N97 MnZn ferrite 

- Unknown 

 

 
Figure 9: two examples of the measured resonant circuits. 

The frequency responses of the tested circuits can be seen in Fig.1 – Fig. 5 

 
Figure 10: Measured frequency responses, with resulting minimum values summarized in Table 1. 

Table 1. Comparison of the resonance depth within tested LC circuits. 

 

 

 

 

 

By using a core with a dominant resistive part, i.e. ‘lossy core’ we are essentially adding a 

relatively large series resistor into an LC circuit, which decreases the Q-factor. Based on the 

results presented in the table, it can be seen that the Vitroperm 500F core is the material with 

Circuit Material Min. [dB] 

n1 COTS (unknown core material) -9.7 

n2 Nanocrystalline -16  

n3 Ferrite N97 -24  

n4 Ferrite N87 -36  
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highest losses, and thus the highest imaginary part of the permeability. As opposed to the N87 

MnZn ferrite, which is the material with the lowest losses. 

These aspects are important, as they make certain type of materials good for certain 

applications. In resonant power converters, one might want to have a high permeability, and 

based on the absolute value, the nano-crystalline might be the best choice. However due to the 

resistive nature (i.e. the imaginary part) it is actually absorbing the energy. This is detrimental 

to the efficiency of the converter, as most of the power is lost into heat. While from an EMC 

point of view, it might be a great choice to dissipate the power somewhere known. 

 

Note that a large spectrum analyzer is used, but this can be easily replaced with a pocket sized 

version. Whether it being a Vector Network Analyzer or an oscilloscope with integrated 

waveform generator, depends on what is available at the conference or could be tuned to the 

other experiments performed at the session. 

7 Conclusion 

 

Two experiments have been designed to demonstrate typical neglected effects, which makes 

all the more reason for showing them in simplified experiments. The execution of the 

experiments at conferences still needs to be done, however the idea behind them and main 

message have been explained in this document. With the rational often origination from 

previous research, and in the first experiment actually making use of developments made in an 

earlier stage of the SCENT project. 

 

The requirements for the development of these experiments are all met: 

- Relatively small and thus transportable 

- Demonstrating typical EMC subjects 

- Safely to operate by non-experts 

- Easy to understand, and thus explainable in plain English. 
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