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Abstract 

Products produced by a Swedish company are requested to be investigated regarding their harmonic 

and inter-harmonic currents injected into the public supply system to comply with the Swedish 

standard SS-EN IEC 61000-3-2, Electromagnetic compatibility (EMC).    

On behalf of Systemair Sweden AB, this bachelor thesis aims firstly to investigate if their product, 

PAFEC 4225 WH (Air Curtain), complies with standard SS-EN IEC 61000-3-2, and if not, what 

measures should be taken; and secondly to develop a low-cost instrument for the measurement of 

harmonics and inter-harmonics according to standard IEC 61000-4-7 related to the requirements on 

equipment used in standard SS-EN IEC 61000-3-2. 

To this purpose, the standards have been looked into thoroughly, the preconditions for 

measurements have been studied in detail, and external meetings with a consultant at Delta 

Development Technology AB have been performed. Measurements of the harmonic spectrum 

generated by PAFEC 4225 WH have been performed first at Systemair Sweden AB’s Technical center 

in Skinnskatteberg, and later at Delta Development in Västerås. After this, a low-cost instrument was 

developed, including hardware and software design and implementation. The hardware 

implementation consists of a circuit board designed using EasyEDA (an online PCB Design Tool), a NI 

myDAQ (a data acquisition device made by National Instruments), and an enclosure designed with 

Solidworks and made with a 3D-printer. The software implementation was conducted using LabVIEW 

– a graphical programming language.  

A few measurements were performed using instruments complying IEC 61000-4-7 at Delta 

Development, and later with the low-cost instrument. Different line chokes were measured. The 

results showed that a 15 mH line choke connected in series with each motor would make the PAFEC 

4225 WH comply with SS-EN IEC 61000-3-2. The results from the low-cost instrument did not match 

Delta Developments results regarding harmonic and inter-harmonic content. The difference could be 

caused by unfinished algorithm, different measurements conditions, and missing anti-aliasing-filter.          

For the future work it is recommended that Systemair Sweden AB can either develop the low-cost 

instrument or buy an existing instrument that complies with IEC 61000-4-7, to enable to do 

measurements that comply with SS-EN IEC 61000-3-2. One does also need to investigate the grid 

during low activity or consider buying a signal generator for the purpose of fulfilling the 

preconditions to enable measurements. It is also recommended that further measurements are 

performed with the proposed line choke installed to check for any change in performance of the 

product.   
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Populärvetenskaplig sammanfattning 

Övertoner, dvs multiplar av grundfrekvensen på nätet, är ett problem som orsakar felande 

komponenter och onödiga effektförluster. Övertoner uppstår i icke linjära laster, ofta innehållande 

likriktare. För att begränsa övertonerna på nätet finns EMC standarder som slutkunden behöver 

efterleva. Dessa standarder anger amplituder för respektive överton och hur stora dessa får vara. 

Vidare finns standarder som beskriver exakt hur man ska mäta dessa övertoner, förutsättningar för 

mätning, krav på mätkretsens utformning osv.  

Systemair Sverige AB har gett i uppdrag att undersöka en luftridå, PAFEC 4225 WH, som man 

misstänker ej lever upp till standard SS EN-IEC 61000-3-2. Man vill med denna studie ha svar på om 

produkten klarar standard, och om inte, vilka åtgärder som behöver tas för att klara standard. Vidare 

vill man veta hur övertoner mäts på ett korrekt sätt enligt IEC 61000-4-7 samt om detta kan 

genomföras av Systemair Sverige AB själva på deras Teknikcenter eller om ett konsultföretag behöver 

anlitas för denna typ av mätning.   

För att besvara dessa frågor har de nämnda standarderna analyserats i detalj. Mätningar har 

genomförts på Systemair med föreslagna instrument tillhandahållna av Systemair Sverige AB (ND30) 

men också på företaget Delta Developement i Västerås, vars huvudsakliga expertisområde är EMC-

störningar. Efter analys av mätdata från Delta Developement kunde man konstatera att en drossel på 

15 mH per motor i serie med respektive motor skulle reducera samtliga övertoner tillräckligt mycket 

för att PAFEC 4225 WH skulle klara standard SS EN-IEC 61000-3-2. Fokuset vid dimensioneringen av 

drosseln var på den 9:e övertonen eftersom denna var begränsande. 

Ett mätinstrument med tillhörande mjukvara utvecklades sedan med målet att Systemair Sverige AB 

på egen hand skulle kunna mäta upp övertoner enligt standard IEC 61000-4-7, i denna 

produktkategori. Till mjukvaran användes programmeringsspråket LabVIEW. Till mätbryggan 

utformades ett kretskort med hjälp av verktyget easyeda, för att på ett lätt sätt sampla nödvändiga 

data. En omslutande kapsel ritades upp med hjälp av 3D programmet Solidworks vilken sen 3D 

printades för att ge mätbryggan mer struktur och skydd mot spänningsförande delar.    

En jämförelsemätning gjordes med den tillverkade mätbryggan, där resultatet ej överensstämde med 

referensmätningen på Delta Developement (dock var resultatet närmre referensmätningen än 

instrumentet ND30 som Systemair Sverige AB tillhandahållit). Att mätbryggans resultat ej 

överensstämde med Delta Developements mätningar beror troligen på en kombination av tre saker. 

Den första är att algoritmens sista steg ej blev färdigställd inom tidsramen för denna studie. Den andra 

är att grundförutsättningar vid mätningarna skiljer sig (olika övertonsinnehåll i spänningen på nätet vid 

mätningarna). Den tredje är saknaden av anti-aliasing filter. Om samtliga tre anledningar åtgärdas 

bedöms sannolikheten god att mätbryggan kan användas för att avgöra om en produkt kan skickas för 

certifiering, eller om detta är en onödig investering. För att Systemair Sverige AB m.h.a. mätbryggan 

ska kunna genomföra mätning i enlighet med IEC 61000-4-7 på egen hand, krävs mer omfattande 

arbete med att utveckla mätbryggan. 
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Nomenclature and Abbreviations 

fc - Cut-off frequency  

f1 - Fundamental frequency 

fs - sample frequency [Hz] 

H - Henry  

L - inductance [H] 

ms - milliseconds  

O - ordo 

T - period 

 

A/D - analog to digital 

AC - alternating current 

BDC - brushed DC motor 

CAD - computer-aided design 

DC - direct current 

DFT - discrete Fourier transform  

EC - electronically commutated  

EMC - electromagnetic compatibility  

EUT - equipment under test 

FFT - fast Fourier transform 

IGBT - insulated-gate bipolar transistor 

LP - low pass 

MOSFET - metal-oxide-semiconductor field-effect transistor   

OP-amp - operational amplifier     

PFC - power factor correction 

PWM - pulse width modulation 

THD - total harmonic distortion 

THDI - total harmonic distortion of current  

THDV - total harmonic distortion of voltage  

VI - virtual instrument   
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1 Introduction  
 

1.1 Background  
Harmonics in the grid have been a growing problem that has earned more attention during the last 

decade due to the growth of electric vehicles and the problems introduced from their charging 

stations. [1] [2] Not only electric cars but also all the products that have rectifiers emit harmonics to 

the grid, which include EC-motors. The harmonics and interharmonics that EC-motors emit are 

referred to as conductive interferences, which is to be dealt with in this degree project. Regulation of 

these interferences has been formulated in EMC standards that the end customer must comply with. 

[3] Therefore, it is necessary that the manufacturer of such products comply with the EMC standards 

before they reach the end customer. To comply with the EMC standards is easy, but expensive. The 

first alternative most often involves contacting a consultant for measurements and certification of 

the product. The second alternative is to buy the instruments necessary to measure the harmonics, 

which also costs a lot of money and may also have unused features that come with the instrument to 

never be used. The third alternative is to build an instrument that comply with the standards in the 

specific area of interest. This is a harder, but if successful, cheaper solution. To build such instrument 

involves a deep understanding of the algorithms as well as the phenomenon of harmonics and the 

concepts of Fourier analysis. Even if such an instrument would not comply fully with the EMC 

standards, it could give the company a guidance in direction when or when not to hire a consultant 

for certification.      

Systemair Sweden AB is manufacturer of many ventilation products including air curtains. An air 

curtain is a fan containing parallel EC-motors with the purpose of creating an airstream to prevent 

cold air from entering a building. It is most often mounted above an entrance of a building, shooting 

a hot airstream against the floor. Like all products containing DC electronic the air curtain, which 

have built in electronics in its motors, emit harmonics to the grid. Because of earlier discoveries on 

similar product categories ejecting harmonics to the grid above the limits specified by the EMC 

standards, it is suspected that the air curtains as well do not comply with the EMC standards. Since 

the air curtain is sold in its current form today, it is important to investigate this matter and find a 

solution to correct the supposed problem. 

One model of the air curtains has been assigned to be under investigation and predecessor to other 

products, the model is PAFEC 4225 WH.  

The questions raised by Systemair Sweden AB have been grouped in two main problems which are 

the following: 

Problem one: Does the product PAFEC 4225 WH in its current form complies with the EMC 

standards? If not, how can it be solved? Where does the harmonics occur?   

Problem two: According to the EMC standards, how do the measurements of the harmonics work? Is 

it possible to do such measurements at Systemair Sweden AB’s Technical Center in Skinnskatteberg, 

or do external measurements need to be done to comply with the EMC standards?   
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1.2 Purpose and goals  
The purpose of this study is to investigate if the product PAFEC 4225 WH complies with the EMC 

standards and if the product does not, the purpose is to investigate what measures are needed to 

comply with the EMC standards.  

The goal of this study is to find a solution that makes the product comply with the EMC standards, 

and in this process, to enlighten Systemair Sweden AB about harmonics and how they are measured 

according to the EMC standards. If possible, the goal is also to develop a low-cost instrument for such 

measurements.    

1.3 Tasks and methodology  
The tasks of this study were: 

• To find the most suitable way for Systemair Sweden AB to determine if the product complies 

with the EMC standards.   

• Find the most practical and economical, suitable solution to make the product comply with 

the EMC standards.  

• Dimensioning a solution that will make the specific product comply with the EMC standards  

• Implementing the solution to the product.  

• Find out, if possible, a way for Systemair Sweden AB, to according to the EMC standard 

measure the harmonics in a correct way.  

• If possible, to build a low-cost equipment for this purpose with the aim of being used for 

harmonic assessment according to the EMC standards.  

Everything about this study is correlated to the EMC standards, and to assess something against a 

standard demands a very good understanding of the content, as well as an ability to correctly 

interpret the standards.   

Primary and secondary qualitative data have therefore been collected from the EMC standards 

through own interpretations as well as from interpretations from EMC expert Ulf Bjurman at Delta 

Development. Primary quantitative data in form of harmonic currents was fundamental to complete 

the tasks to dimension a solution.   

To collect the qualitative data, interpretations were checked with relevant theory and were 

discussed with EMC expert Ulf Bjurman. The quantitative data needed for dimensioning was 

extracted from the measurement results. The measurements were done according to standard IEC 

61000-4-7, referred to in this study as [4] and standard SS-EN IEC 61000-3-2, referred to in this study 

as [3] with instruments that complies with these standards. The data from the measurements was 

then summarized and analyzed using excel.  

To build a low-cost measurement equipment, LabVIEW, Solidworks, Easyeda aswell as theoretical 

knowledge in circuit analysis, transform methods, signal and systems and power electronics were 

used. The interpretations from the standards were implemented in LabVIEW-code and the print 

constantly checked with the measurements from Delta development as hindsight. The 

interpretations also gave rise to the development of the hardware which constantly was improved 

until ordered and assembled. All components were ordered from Elfa and the circuit board was 

assembled manually. The casing created in Solidworks was 3D-printed using Uppsala University’s 3D-

printers.   
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1.4 Limitations  
This degree project focuses primarily on how to mitigate harmonics from the specified product 

containing the EC-motors. Secondarily it focuses on how to measure the harmonics according to the 

EMC standards and the possibilities to do such measurements at Systemair Sweden AB’s technical 

center. This project does not address flicker or EMC in any other form or perspective than conductive 

interferences known as harmonics and interharmonics in the interwall from 0 - 2kHz. Nor does 

eventual invented low-cost equipment to measure harmonics of the specified product, take other 

product categories of the standard into consideration when constructed. Such developed equipment 

should be though of as a first edition, to enable measurements and expanding the knowledge of the 

harmonic content created by a product.    
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2 Technical Background  
 

2.1 Air curtain 
The product in this study is, as already mentioned, an air curtain named PAFEC 4225 WH. The 

product contains 7 parallel EC-motors that together creates an airstream for the purpose of rejecting 

cold air to enter a building through a door, carport, etc. It has a recommended installation high of 4,2 

m alternatively 6,2 m in width and has a length of about 2,5 m. The product is sold both as ambient, 

with water heater as well as with electric heater, for adjustable temperature on the airstream. The 

model is also sold at different length, containing different number of motors in parallel [5].  

 

 

Figure 2.1. PAFEC 4225 WH, with open hood and removed front cover. 1. Hood. 2. Air inlet. 3.Water 

heater. 4.Motors. 5 Air outlet. 6. Removed front cover.  

2.2 The EC motor  
EC-motors, or electrically commutated motors are the name of motors that use power electronics to 

function. As the name implies the motors have no physical commutator as the BDC but take 

advantage of power electronics to create a rotating magnetic field forcing the rotor to turn. The EC-

motors have one outstanding benefit from conventional motors which is a much higher efficiency. 

They have therefore over the last years, frequently at Systemair Sweden AB replaced many of the old 

motors to comply with EU-directives. 

Especially important parts in the EC motor, is the rectifier, inverter, and the way the PWM signal is 

generated. These are important because it is within these parts of the motor the harmonics and 

interharmonics (which is shown in Figure 2.2) occur, and most effectively can be avoided, rather than 

mitigated in a later stage [6].  
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Figure 2.2 The spectrum of a current showing interharmonics and harmonics.   

 

The motor inside of the product is an EC-motor named D1G146-LV03-06 and is manufactured by 

ebmpapst, a German motor manufacturer (motor shown in Figure 2.3). The motor is a single core 

motor with an outlaying rotor. It has a weight of 2,4 kg and is controlled through a PWM signal of 2 – 

10 kHz. As a single unit the motor complies with the EMC interference emission standard, EN 61000-

6-4 (industrial environment) [7].  

 

Figure 2.3. Blueprint of the motor. [7] 

2.2 Rectifier  
The rectifier is, seen from the grid, often the first part of the EC-motor. It is responsible for 

converting the AC to DC, and does so through diodes. [6, p. 111] The construction is rather simple as 

which is shown in Figure 2.4, consisting of four diodes which rectifies the voltage. The rectifier is 

often used together with a capacitor in parallel to give a smooth DC-link with low ripple on the 

output. 

 



6 
 

  

Figure 2.4 Single-phase Full-wave rectifier with a capacitor to contain a steady voltage over the load.  

[6, p. 123] 

Since the result of a well-functioning rectifier is an almost perfect alternating square-wave with 

minimum ripple, it is now easy to see where the harmonics originally come from. It is well known 

thanks to Fourier Theorem, that the square wave can be approximated as an infinite sum of odd 

number sinusoidals, which is illustrated for example here [8]. It is also a well-known fact that the THD 

of a square wave is about 48.3%. [6, p. 340]  

2.3 Frequency converter (inverter) 
The frequency converter is the next component in the EC-motor, consisting of switches, often 

MOSFETs or IGBTs, organized as the letter H this component is also called the H-bridge. Depending 

on the motor type the H-bridge can be constructed of two or more legs to enable more paths for the 

current to take through the windings. 

 

Figure 2.5. Typical H-bridge with L-load.  [9] 

For a simple H-bride the switching scheme will be composed out of 4 stages in the order as follows:   

Q1 & Q4 

Q1 & Q3 

Q2 & Q3 

Q2 &Q4 

For stage 1 and 3, which is the absolute majority of one complete switching period, current will be 

flowing. In stage 2 and 4, the current will be trapped for a short timeframe and decay using the 
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diodes. Stage 2 and 4 are to prevent the risk of shoot-through. [6, p. 337] One will therefore have a 

increasing current amplitude during stage 4 to 1 and decreasing during stage 2 and 3 as shown in 

Figure 2.6. 

 

Figure 2.6. The current through an RL load connected to an H-bridge.  [6, p. 337] 

From Figure 2.6 it is now clear that the load becomes nonlinear, and that the square wave voltage 

give rise to a current which also contains harmonics.  

2.5 PWM  
One way to reduce the harmonic content created by the rectifier and the inverter is to use a PWM 

signal [6, pp. 344-346]. The PWM signal is the signal that controls the switches (most often MOSFETs 

or IGBTs). The behavior of the PWM signal therefore have a direct connection to the behavior of the 

current passing through the switch. A PWM signal take advantage of the fact that a transistor can 

switch much faster than the fundamental frequency and thereby create a varying pulse width, which 

looks more like a sinusoidal, and therefore contain less harmonics. 

The PWM can be constructed using a comparator through which a carrier signal (often sinusoidal), 

and a triangular wave is constantly compared. The comparator output is one only when the carrier is 

higher than the triangular signal. This results in an alternating square wave with a changing but 

periodic duty cycle with reduced harmonic content compared to a square wave. This is called bipolar 

switching which is shown in Figure 2.7 [6, pp. 357-358] 

 

Figure 2.7. a) Carrier and reference signal. b) Bipolar pulse width modulated output. [6, p. 358] 
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To further reduce the harmonic content unipolar switching can be used. This is created by using a 

second carrier signal 180 degrees shifted to the primary carrier. Through software, the switching 

scheme can correspond in such a way that the negative parts of the bipolar switching output are 

reduced [6, p. 358]. Which is shown in Figure 2.8. 

 

 

Figure 2.8. Unipolar PWM switching. 

This way of controlling the H-bridge effectively reduce the harmonic content, especially in the lower 

frequency ranges, making the rest of the harmonic simpler to filter out using an LP-filter. [6, p. 366]  

2.6 Standards associated 
The EMC standards are a general guideline and include a wide range of products, it is therefore very 

hard to interpret a standard and it requires a lot of detailed analyzing. The following is therefore an 

interpretation of the two standards adequate for the product relevant to this study, with subject to 

the fact that the interpretation may not be complete.  

2.6.1 General on SS-EN IEC 61000-3-2 
The standard [3], is the European standard, and the Swedish standard for electromagnetic 

combability (EMC) regarding limits for harmonics current emissions applied from equipment into the 

grid with an input current less than 16A per phase. The standard contains information on 

measurement setup, general requirements and classification of products, harmonics voltage limits, 

current harmonic limits, as well as information on measurement procedure. Standard [3] also refers 

to standard [4] for instrument requirements for instruments used in [3] to comply with this standard.  

2.6.2 Interpretations of standard [3] 

• Standard [3] differentiates different EUTs in different categories, where the studied product 

falls in category A. 

• The product falls within the demands regarding repeatability (within ±5% from limits during 

same conditions) and reproducibility (within ± [1%+10mA], 1 % is the averaged value of the 

whole observation period) and variability (different units) in the measurements performed. 

For both reproducibility and variability there are exceptions that state compliance if the 

limits are still met. The repeatability criteria should only be used to determine or adjust the 

observation period and is not a pass or fail criterion.  

• The EUT should be tested during the conditions expected to give the highest harmonic 

content.   

• The harmonic currents can be measured within the neutral conductor instead of the phase 

since it is a single-phase unit.  

• Test equipment for compliance with this standard must comply with standard [4]. 

• The supply source for the measurements within this standard must be kept within ±2 % of 

nominal value. The frequency must be kept within ±0.5 % of nominal value.  

• The test voltage harmonic amplitudes should not exceed: 

o 0.9% for the 3rd order  
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o 0,4% for the 5th order  

o 0.3% for 7th order 

o 0.2% for 9th and even harmonics from 2nd to 10th order   

o 0.1% for 11th to 40th order 

During normal operation with the EUT connected.   

• The input impedance of the test rigg should be low.     

• The EUT should be in steady state during measurements.  

• The measurement procedure should be according to standard [4]. 

• The observation time should be long enough to meet the repeatability criteria. 

• The observation period should not be a part of the first or last 10 seconds of the unit 

startup/shut down.  

• The observation period should not include EUT in standby mode for more than 10% of the 

period.   

• For the current harmonic amplitudes calculated through algorithms in standard [4] the 

individual single amplitude should be equal to or less than 150% of the limits. However, the 

averaged harmonic current amplitudes from the whole observation period should be less 

than the applicable limits to comply with this standard.  

• Harmonic currents during tests less than 5 mA or 0.6% is disregarded, whichever is greater.  

• A test report should be generated that includes all relevant information regarding conditions, 

fundamental current, power factor and observations period.   

• The harmonic current applicable limits for class A EUTs are as follows [A]: 

o 1,08 for 2nd  

o 2,3 for 3rd  

o 0,43 for 4th  

o 1,14 for 5th  

o 0,3 for 6th  

o 0,77 for 7th 

o 0,23*8/ harmonic order, for 8th to 40th  

o 0,4 for 9th  

o 0,33 for 11th  

o 0,21 for 13th  

o 0,15*15/harmonic order, for 15th to 39th  

 

2.6.3 General on IEC 61000-4-7 
This standard contains complex and precise information on the specific demands the test equipment 

need to comply with, to be able to be used for compliance testing units to standard [3].  

2.6.4 Interpretation of standard [4] 

• The time window should be 10 periods of the fundamental frequency, for a 50 Hz system this 

equal 200 ms.  

• The interharmonics are the harmonic frequencies that is not an integer multiple of the 

fundamental frequency.   

• The frequency bin spacing for determination of interharmonics (as the spectral components 

in between two harmonics) should be the inverse of the time window. 1/200ms = 5 Hz.  

• The number of samples, M, within the time window must be an integer power of 2 for the 

FFT to work.  
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• Due to the lack of ability of the FFT to acquire accurate results for non-steady state signals a 

method is used combining long enough observation period with averaging techniques and 

long enough measurement cycles, which results are within acceptable tolerances.  

• The instrument should comprise input circuit with anti-aliasing filter, a DFT processor and a 

A/D converter with sample and hold function.    

• The signal analyzed needs to be pre-treated to extinguish harmonics and interharmonics 

higher than the operating range of the intended instrument to be used.       

• A preprocessing, sampling & conversion, and DFT should be performed on either the current 

or corresponding voltage.  

• The input circuit for current measurement should be low voltage high impedance, the 

complex power of the input circuit should not exceed 3VA for class two instruments and 0,15 

V in voltage drop for class 1 instruments.  

• The circuit for current measurements should be able to handle a nominal current of 120% 

continuously, and 1000% for a short timeframe (1s). 

• The current input circuit should withstand the input signal having a crest factor of 3.5 for this 

specific product.   

• The system should have an overload indicator regarding the currents. 

• Class 1 instruments are preferred to be used for compliance with standard, but class 2 can 

also be used if the measured values is less than 90 percent of the limits. Class 1 has higher 

accuracy demands.  

• The peak-voltage drop over the part in the circuit measuring the current should not exceed 

0,5 V. 

• A grouping and smoothing of the sampled signal should be performed after the DFT, before 

checking compliance.  

• The grouping of interharmonics and harmonics should be done according to formula: 

 

 𝑌𝑔,ℎ =  √
1

2
∗ 𝑌

𝑐,(𝑁𝑥 ℎ)−
𝑁

2

2 +  ∑ 𝑌𝑐,(𝑁𝑥ℎ)+𝑘
2 +  

1

2
∗ 𝑌𝑐,(𝑁𝑥ℎ)+𝑁/2

2
(

𝑁

2
)−1

𝑘=(−
𝑁

2
)+1

 (2.1) 

 

Where Yc is the spectral components of the output bin number decided by the following 

(Nxh) ± 𝑥 
 

• The smoothing should be performed on the grouped signal with a digital equivalent lowpass 

filter, with given constants and a sampling rate of 5 Hz. 

• The test report shall include operation conditions and error introduced by such as 

temperature and humidity changes, etc.   

• The harmonic range analyzed is from 0 to 2kHz, equals 0  to 40th harmonic.   
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3 Theory 
 

3.1 Fourier Series 
The Fourier series for a limited and continuous T-periodic function on trigonometric form can be 

defined as follows: 

 
𝑎0

2
+ ∑ 𝑎𝑛 𝑐𝑜𝑠 𝑛𝛺𝑡∞

𝑛=1 + 𝑏𝑛 𝑠𝑖𝑛 𝑛𝛺𝑡   ,      𝛺 =
2𝜋

𝑇
                                                   (3.1) 

Where an and bn are the Fourier coefficients of nth component with frequency 𝛺𝑛 = 𝑛𝛺 defined as: 

 𝑎𝑛 =  
2

𝑇
∫ 𝑓(𝑡)𝑐𝑜𝑠𝑛𝛺𝑡 𝑑𝑡 ,

𝑇

0
             

                                                                                (3.2)   

𝑏𝑛 =  
2

𝑇
∫ 𝑓(𝑡)𝑠𝑖𝑛𝑛𝛺𝑡 𝑑𝑡 ,

𝑇

0
              (3.3) 

And f(t) is the studied signal. [10] 

From Eq. (3.1), the fourier series is defined as an infinite sum of cosines and sinusoidals with different 

amplitude where a0/2 is the dc-offset. What this means is that all periodic signals can be decomposed 

into a sum of these base-components. If a signal is odd, an = 0 and if its even bn = 0. This means for 

instance that the gridvoltage (one phase), which is an odd signal (sinusoidal) can be decomposed to 

Eq. (3.4): 

 
𝑎0

2
+ ∑ 𝑏𝑛 𝑠𝑖𝑛 𝑛𝛺𝑡     ∞

𝑛=1    (3.4) 

Since an= 0, and since it has no DC-offset it can be written only as: 

 ∑ 𝑏𝑛 𝑠𝑖𝑛 𝑛𝛺𝑡     ∞
𝑛=1  (3.5) 

3.2 Harmonics 
From Eqs. (3.1) – (3.5), n goes from 1 to infinity. n=1 is called the fundamental frequency, whereas all 

other n are multiples of the fundamental frequency and are called harmonics. Harmonics are 

unwanted because of their effect on the grid, causing overheating and unnecessary losses, and in 

some cases even cause components to fail. Limitations for how much harmonics a product can 

produce is regulated in standards such as [3]. 

3.3 DFT and FFT 
Discrete Fourier transform, a.k.a. discrete Fourier series is defined as [11, p. 251]: 

 𝑋(𝑘) = ∑ 𝑥(𝑛) × 𝑒(
−𝑗𝑛𝑘2𝜋

𝑛
)

𝑁−1

𝑛=0
            (3.6) 

Where k is an integer, often known as the bin value, corresponding to a specific frequency output, 

𝜔𝑘 in the spectrum.   

The DFT is a way to express the frequency spectrum of a sampled signal, from 0 to N-1 datapoints. 

The formula itself is easy and intuitive to calculate for 1 or 2 frequency components with a low fs. 

However, calculations for a high number of frequency bins together with a high fs becomes large fast. 

The DFT is therefore often formulated as a matrix [11, pp. 254-255], but even so the computation is 

heavy and takes a lot of time. For this purpose, the FFT was invented.  
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The FFT, fast Fourier transform is by many [12] [13] one of the 20th centuries most important 

algorithms. That is because it is widely used in daily life, mostly without our recognition - in signal 

analysis, music, cellphones, image compression, and data transfers. The principle of the FFT is to 

reduce the DFT matrix [11, pp. 290-292], which is done by splitting the DFT matrix into smaller 

matrices based on the fundamental observation of that factorizing the odd and even indexes over 

and over, decreases the size of the matrix from 𝑶𝑛2 (DFT) to 𝑶 𝑛𝑙𝑜𝑔(𝑛) (FFT). A matrix of 104 x 104 

with 108 elements, is therefore with the FFT algorithm reduced to only 104 x 4 corresponding to 

40x103 elements which is a much smaller matrix to solve.  

3.4 Aliasing 
Aliasing is the phenomenon that can appear when a signal is sampled with to low sampling 

frequency. According to Shannon’s sampling theorem the sampling frequency need to be at least two 

times of the signal’s maximal frequency fmax as shown in Eq. (3.7):  

 𝑓𝑚𝑎𝑥 <  
𝑓𝑠

2
                (3.7) 

If Shannon’s sampling theory is not fulfilled the signal will be interpreted as a signal of lower 

frequency (mirrored in fs) which in many cases creates problems since the original signal, then risk 

being corrupted with the misinterpreted signal’s amplitude and phase created by aliasing. To avoid 

this phenomenon an LP filter is most often used before sampling the signal. [14, p. 342] 

3.5 Interharmonics 
According to [4] and as presented in 2.6.4, interharmonics are all the frequencies present in the 

frequency domain of a signal, between the harmonics.  

In Sweden, 50Hz is the fundamental frequency which means that all frequency components present 

in a signal that is not 𝑛 × 𝑓1 is an interharmonic. (As shown in Figure 2.2) 

Interharmonics can occur because of variation of the amplitude and phase angle in both fundamental 

and harmonic components. They can also result from power electronics circuits whose switching is 

not synchronized to the fundamental frequency of the supply source. Known problems from 

interharmonics are noise in amplifiers, disturbed zero crossing and additional torque on for example 

motors, e.g.  [4, p. 25]. 

3.6 Induction and Lenz law 
An inductor is mostly referred to as a coil and is one of the three passives most widely known 

components in electrical circuits together with resistors and capacitors. The coil stores energy in a 

magnetic field where the field strength is measured in Henrys [H] and is denoted as inductance with 

letter L. However, the unit Henry is quite large, and most coils inductances are therefore measured in 

𝜇H or mH. The inductance for a coil can be determined with Eq. (3.8): 

 𝐿 =  
𝜇𝑁2𝐴

𝑙
 ,             (3.8) 

Where 𝜇 = 𝜇0𝜇𝑟 , where 𝜇𝑟 is the relative permeability of the core and 𝜇0 = 4𝜋 ∗ 10−7 𝑊𝑏/𝐴𝑚 , 

which is the relative permeability for air. A denotes the current, N the number of turns and l the 

length of the inductor [15, pp. 498-500]. 

From the equation one can find that for high inductance one would need a short coil, with a core of 

high relative permeability, many turns and high current. However, this brings problems. A high 

current will force the diameter of the conductor to be larger compared to a small current, the 
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number of turns will therefore dramatically increase the size of the coil, together with a short core, 

the appearance of a coil of this type is mostly a toroid [15, pp. 500-502].   

The current through an inductor cannot change instantaneously. This phenomenon is 

known because of Lenz law that states that a change in magnetic flux through a closed loop will 

induce a current in the loop, whose direction give rise to a magnetic field opposing the cause that 

produced the change. In other words, a coil that sees a changing current will always try to run a 

current in the opposite to the changing direction, therefore are coils also known as chokes. Coils 

choke the change of flux, causing the current to change direction slower [15, pp. 504-505].   

3.7 Mitigating harmonics 
Another perspective to look at coils are from the harmonic perspective. It is well known that a coil in 

series with a load creates a LP-filter. The way the coil mitigate harmonics is given in the impedance 

formula of a coil. With the assumption made that the coil has close to 0 resistance the following can 

be stated:  

 𝑍 = 𝑅 + 𝑗𝑋𝐿 ≈ 𝑗𝜔𝐿 = 𝑗2𝜋𝑓𝐿        (3.9) 

Where j is the imaginary number and XL is the imaginary part of the impedance, Z.  

From Eq. (3.9) one can tell that the impedance Z, will be high for high frequencies and low for low 

frequencies, which means that the voltage drop over the coil will shift for different frequencies. Low 

frequencies will pass the filter due to the low voltage drop, and high frequencies will stop at the filter 

due to high voltage drop. In this way a coil can mitigate harmonics, acting as an LP-filter. [15, pp. 696-

697]    
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4 Method and implementation 
To answer the problems presented in section 1.1 the following steps were executed.  

4.1 Investigation of available instruments and conditions 
To be able to know if the product complies with the EMC standards two things had to be examined. 

Firstly, the EMC standards to comply with and secondary, available equipment for such 

measurements. The instrument ND30 were given by Systemair Sweden AB as an option to measure 

harmonics with, and the EMC standards [3] and [4] was supplied. Standard [3] refers to standard [4] 

for specifications on the equipment used to comply with standard [3]. No indication was found that 

the instrument ND30 complies with standard [4], but measurements with this instrument was still 

executed to confirm that the instrument do not comply with standard [4].  

 

Figure 4.1. The instrument ND30 provided by Systemair Sweden AB, initially used in measurements of 

the harmonics.  [16] 

4.2 First measurement, with ND30 
A measurement was performed using the ND30 which through MODBUS was controlled via 

Systemair Sweden ABs Technical centers logging system, originally used to monitor measurement in 

their climate chamber. A new Jason-file was set up to log all voltages and currents from 1st to 40th 

harmonic. The power, reactive power, complex power, frequency, THDI and THDU was also logged.  

The timeframe for each log was about 30 seconds with about 1 sample per second and 

measurements were performed with one to seven motors at 30%, 60% and 100% speed up to the 

current limit of 5 A within the ND30. Notice this sampling was done only to perform an average 

calculation over a timeframe. The actual sampling frequency within the instrument was here beyond 

control. The logging time of 30 seconds was interpreted to be long enough for stable conditions, and 

did according to [3] not include any standby mode, neither did it include the first or last 10 seconds 

of the startup or the shutdown of the product. Technical specification of ND30 can be found in [17].  
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4.3 Consulting experts – Delta Development 
To get a deeper understanding of the problems associated with harmonics mitigation, and to discuss 

questions within the standard, a meeting with Delta Developments EMC expert Ulf Bjurman was 

Scheduled. During this meeting the standards [3] and [4] was in focus to get a deeper understanding 

of what was applicable for Systemair Sweden AB, and what was not. A discussion about solutions to 

problem 1 was performed resulting in two possible outcomes. Harmonics mitigation through coils, 

and PFC. The complexity of standard [4] involving the algorithm for the instrument measuring 

harmonics, interharmonics and grouping and smoothing of such, was also discussed. 

4.4 Measurement two, at Delta Development 
After the consultation a measurement was scheduled at Delta Developments laboratory in Västerås. 

The measurement had three goals: To see how the ND30-measurements were compared to 

measurements with equipment complying with standard. To confirm or deny that the product today 

complies with standard, and to increase the knowledge on the measuring procedure. As a result, 

from earlier discussion on solutions on problem one, measurements were also performed with 

different line chokes handed from Delta development. 

4.5 Summarizing measurement and solving problem one 
After the measurements at Delta Development, the data was summarized to results which lead to a 

solution to problem one. From here on all focus was at problem two.  

4.6 Implementation to solve problem two 

4.6.1 Circuit 
To be able to measure the harmonics according to standard a circuit from which the signal can be 

sampled had to be built. The main idea of the circuit was to collect the current from a shunt resistor 

and then pass the signal through an amplifier to finally sample the signal using myDAQ and LabVIEW. 

The shunt resistor was placed on the returning conductor to reduce the risks of having an open 

circuit, and to be able to pass the signal through an OP-amp with normal feed (+-15 V). That would 

not have been the case if the shunt resistor was placed on the phase since most OP-amps have a 

feed of around 0-20V. The reason that the amplification was necessary is because of the following 

reasoning.  

MyDAQ has a resolution of 16 bits which gives the maximal number values as follows.  

 216 = 65 536  (4.1) 

Since the input voltage is ±10 𝑉 this means myDAQ has an amplitude resolution given by: 

 
10−(−10)

65 536
≡ 0.3051 𝑚𝑉 (4.2) 

Converting the voltage to current for this specific shunt resistor it results in a current resolution of: 

 
0.3051𝑚𝑉

10𝑚𝛺
= 30.51𝑚𝐴 (4.3) 

 

Where 10 m𝛺 is the resistance of the shunt resistor.  

In standard [3] the limit for the 39th harmonic is given to 57.6 mA, given the resolution of 30.51 mA 

the 39th harmonic will not be measured with sufficiently high accuracy to ensure compliance. To 

solve this problem the signal must first be amplified. 
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If 7.5 A passes through the shunt, the equivalent signal will be 75 mV over the shunt. If the signal is 

amplified 100 times it results in 7.5V, converting this to current it corresponds to:   

 
7.5𝑉

10𝑚𝛺
= 750 𝐴 (4.4) 

Still with the same resolution of 30.51 mA. Scaling the current from 750 A back to 7.5 A results in an 

equivalent sampling resolution of: 

 
30.51𝑚𝐴

100
= 0.3051𝑚𝐴 (4.5) 

In this way the amplified signal gets a higher resolution and can be used to check compliance even 

for the 39th harmonic.  

The circuit constructed had 2 purposes: 

• To enable sampling of the current through a shunt, amplifying the signal without corrupting 

it, to be able to FFT analyze it.  

• Enable sampling of the voltage, and frequency, to be able to check certain pre criteria’s 

according to standard [3] regarding voltage test harmonics.    

 The circuit was first connected on a breadboard, along with developments of the software. In a 

second phase, easyeda (an online tool for PCB-making) was used to sketch the schematic, which is 

shown in Figure 4.2.  

 

Figure 4.2. Schematic from which the circuit was built. 

The circuit board was then implemented using easyeda and the final circuit board is shown in Figure 

4.3, (2D) and Figure 4.3. (3D) as well as in Figure 4.13. 
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Figure 4.3 2D model of circuit board. 

 

Figure 4.4. 3D model of circuit board.  

Components from Elfa was used, and digital footprints for all components were created using the 

datasheets of the components. The white rectangle is for the shunt resistor (10A /100mV), which 

was ordered separately.    

4.6.2 LabVIEW-code, an overview  
When the circuit was constructed, the software to perform the algorithms had to be produced. 

LabVIEW was selected for this task. The interface and the code is shown in Figure 4.5 and Figure 4.6.  
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Figure 4.5. The code in LabVIEW. Note that the code has been compressed using subVIs to make it 

more foreseeable.  
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Figure 4.6. Interface of the code. Top right: Overview of test voltage and current passing the motor. 

Green staples: FFT of the current displayed in top right corner. Blue staples: FFT of test voltage (grid), 

displayed in top right corner. White staples: current and voltage limits respectively for each harmonic 

order in each graph. Observe the logarithmic y-scale in the FFTs. 

4.6.2.1 Dissection of code 

The code written in LabVIEW contains many subVIs, and it is large. Hereby follows the most relevant 

parts of the code and motivations and explanations of the algorithm. 

4.6.2.1.1 Sampling 

The first thing that is performed in the code is the sampling, marked with an arrow and “sampling” in 

Figure 4.7. The fs have carefully been chosen together with the number of samples to 40960 Hz and 

8192 respectively. The reason for these values is the following: 

• The time window with these settings becomes 200 ms, which is exactly 10 period of the 

fundamental frequency (50Hz = 20ms) This is according to standard [4] the time window to 

be used.  

• The number of samples can in this code also be seen as the FFT bin number, which 

determines how many frequency bins there will be in the FFT plot. This relation gives each 

bin a frequency spectrum of 5 Hz, which according to standard [4] should be the bin number-

spacing used.  

• The high fs chosen enable sampling of frequencies up to 20 kHz, which enables the 

frequencies in the range of 2-20 kHz to be digitally filtered out.1 

 

1 An analog aliasing filter (LP of lower order or a Butterworth filter of higher order if lower fs was chosen) can then also be easier applied in a 

wide range from 2 to 20 kHz to pretreat the signal, avoiding harmonics in the spectrum of 38-40 kHz to affect the signal. This is however not 

implemented in the hardware circuit today.          
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4.6.2.1.2 Filtering 

The filter is a digital Butterworth filter of 5th order recommended from [4] to filter out all frequencies 

non relevant for this study. The fc is set to 2050 Hz to not effect the 40:th harmonic. After the 

filtering is done the sampled data is split into voltage samples (going up) and current samples (going 

down), as which is shown in Figure 4.7.      

 

Figure 4.7. Overview, with comments on important parts of code.  

 

4.6.2.1.3 Own FFT subVI 

Figure 4.8 shows the subVI named “Own FFT subVI” in Figure 4.7. The resulting outcome is identical 

to the reference FFT in Figure 4.7 but was used to get a better understanding and control of the 

process of the reference FFT subVI.   

 

Figure 4.8 SubVI of own FFT VI.  
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4.6.2.1.4 Grouping of the signal 

According to standard [4] the FFT bins shall be grouped into harmonic groups according to equation 

3.1. Figure 4.9 shows the implementation of equation 3.1 where the output contains the harmonics 

group, Yg,h.  

 

Figure 4.9. Content of SubVI in the most right in Figure 4.7. 

4.6.2.1.5 Smoothing 

According to standard [4] the last step before checking compliance is a smoothing filter. The filter 

implementation is shown in the bottom of Figure 4.4. However, this implementation has been 

unsuccessful, which is why the input to this filter is the final print shown as the green tables in Figure 

4.5.  

4.6.3 CAD (Solidworks)  
To measure the signal with a shunt resistor the safest alternative is to have all the equipment within 

a box, which would structure the setup and prevent anything from getting in contact with the 

conducting parts of the circuit bord, a 3D model was therefore created using SolidWorks which are 

shown in Figures 4.10 - 4.12.  

 

Figure 4.10. 3D model of the enclosure.  
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Figure 4.11. Different view of enclosure. 

 

 

Figure 4.12. Different view of enclosure, open hood. 
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4.6.4 Final hardwareimplementation  
Figure 4.13 shows the final hardware implementation, top view. 

 

 

Fig 4.13. Final hardware implementation; 3D-printed bottom plate, myDAQ and circuit board.   
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5 Results and discussion 
 

5.1 Measurements and comparison  
After the first measurement was done at Systemair Sweden AB’s technical center, the product was 

sent do Delta Development for measurement in comparison. Figure 5.1 shows the summarize of the 

measurements made with one motor at 100% speed, where the ND30 is the instrument used at 

Systemair Sweden AB.    

 

Figure 5.1. Measurement results of first measurements (Systemair Sweden AB technical center – 

green, Delta Development – orange. Limits from standard [3] - white). 

From Figure 5.1, using one motor complies with standard [3], since all the orange tables are lower 

than the white tables. What can also be concluded is that the instrument ND30 that Systemair 

Sweden AB provided do not comply standard [4]. One do also need to have in mind that the 

conditions for these 2 measurements vary, since the grid at Delta Development is a separate grid 

with almost no harmonics, while the grid at Systemair Sweden AB is just the normal grid, of course 

containing a lot of harmonics.  

As Figure 5.1 is in logarithmic scale it is hard to see the actual difference between the measurements. 

In Figure 5.2 one can see the same result as in Figure 5.1, but in a linear scaling to visualize the 

differences. 
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Figure 5.2. Figure 5.1 with linear scaling to show the differences more clearly. 

Measurements was also done with 4 motors and 7 motors. In Figure 5.3 one can see the same 

comparison as in Figure 5.1 but now with 7 motors at 60% speed. The reason for this comparison at 

60% and not 100% speed was current limitation in ND30 at 5A, and lack of current transformer at 

that time. The measurement was therefore also made at 60% at Delta Development for comparison 

which is shown in Figure 5.3.  

 

Figure 5.3.  Comparison of 7 motors at 60% speed. The limits are clearly exceeded.  

This measurement verify that the product does not comply with standard, as suspected.  

5.2 Line choke measurements 
After a discussion with Delta Developments EMC expert ULF Bjurman, two possible solutions was 

concluded. PFC, also known as power factor correction, and line choke compensation, where the last 

mentioned is a lot cheaper. Measurements was therefore done with two different sizes of chokes 

5,6mH and 13,8mH. The results are shown in Figure 5.4.  
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Figure 5.4. Comparison with line choke installed in series with the load. Without line choke (purple), 

5,6 mH line choke (orange), 13,8 mH line choke (grey). 

As shown in Figure 5.4, the harmonics were heavily reduced with the line choke installed. What can 

also be concluded is that the 9th harmonic is the most critical harmonic limiting the product to 

comply with standard.      

A comparison without line choke at 100% speed with 1, 4 and 7 motors were also made which is 

shown Figure 5.5. 

 

Figure 5.5. Linear harmonic build up, from 1 to 7 motors.  

This Figure confirms the phenomenon of Fourier analysis - that harmonics do add since 7 motors 

according to Figure 5.5 gives 7 times the harmonics, and 4 motors gives 4 times the harmonics. 

From the known facts of Figure 5.5, and the results from Figure 5.4, Figure 5.6 was now constructed 

to dimension a line choke with focus on the 9th harmonic, which was limiting.  
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Figure 5.6. Showing the current [A] that needs to be met by standard (0,4 A for 9:th harmonic) on y-

axis, inductance [mH] at x-axis and the limits in currents (second y-axis) by how many motors the 

product contains.   

From Figure 5.5 one can see that the more motors the product contains, the more do the harmonics 

need to be mitigated so that the 7 motors together as product, do not deliver more than 0,4 A on the 

9th harmonic. From Figure 5.4 we know that if 9th harmonic complies with standard, so do all the 

others. From Figure 5.6, table 5.1 was produced as a result and suggestion to a possible solution on 

problem one.  

 

Table 5.1. Proposed measure, to comply with standard SS EN-IEC 61000-3-2. 

A line choke of 105 mH, rated for peak currents of about 20 A, 1 phase 230 Volt, has the size of a 

brick stone, which is not very applicable. The recommendation is therefore to install a 15 mH line 

choke rated for about 5 A peak current to each motor, in series with the motor. For products 

containing 6 motors the recommendation is to install a 14 mH line choke in series with each motor, 

and so on according to table 1. 

Regarding where the harmonics occur it is clear they occur from the motor and the design within the 

motor. The harmonics do therefore have nothing to do with the wiring in the unit or other 

circumstances. This can be confirmed since one motor tested outside with an externally controlled 

PWM signal still gives harmonic content - as when tested inside the unit with its internal control 

system. Regarding what type of PWM switching is used within the motor (bipolar or unipolar) and 

how this perhaps could have potential for improvements remains unclear, since such detailed 

information could not be found in the official datasheets, and a meeting with ebmpapst could not be 

performed during this study.  
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5.3 Measurement with own implementation 
A final measurement was completed where the low-cost circuit was compared to Delta Development 

measurements. The results are shown in Figure 5.7. The logging time was 30 seconds, and an 

averaging over the whole interval was completed with about 1 sample/s. In Figure 5.8 the test 

voltage FFT during the measurement with the low-cost equipment are shown.  

 

Figure 5.7 Low-cost equipment vs Delta development, 1 motor at 100 % speed. 

 

Figure 5.8. FFT of the test voltage during the measurement shown in Figure 5.7 with the low-cost 

equipment.   

As shown in Figure 5.7 the result of the two measurements differs. What this depends on can be one 

or a combination of the following:  

• The output from the low-cost equipment is missing the smoothing filter in the algorithm, 

which clearly should have an impact on the result.  

• The voltage harmonics, from the grid, do not meet the pre-conditions, which is shown in 

Figure 5.8. This will clearly impact the results.   

• Aliasing errors in the frequency range of 38-40kHz can affect the frequencies of interest, and 

therefore affecting the result since no aliasing filter is implemented in the circuit. 

A combination of all three points listed above is most likely.  

What is interesting is that the fundamental frequency is nearly identical to the measurement of Delta 

Development, and those who differs the most are harmonic order 5, 7, 9, 11 and 13 which also 

seems to be the harmonics that do not meet the pre-conditions in the test voltage FFT. However, the 

results from the low-cost equipment are much closer to the reference measurement than the results 

the instrument ND30 provided. (Figures 5.1, 5.2). This is due to that the algorithm within the low-cost 

instrument is similar to the one used at Delta Development.  

 



29 
 

6 Conclusion and future work 

6.1 Conclusions 
The product will theoretically comply with standard [3] when a 15mH line choke is installed in series 

with each motor of the load. To confirm this, a verification measurement is needed.  

The implemented low-cost instrument can today not be used to check compliance against standard 

[3] by following standard [4]. However, the possibility to use the instrument as a guideline for 

development measurements at Systemair Sweden AB, to know when, or when not to hire a 

consultant for certification of a product, are seen as high. This is due to that the implementations 

that needs to be done to get similar result with Delta Development, are known. It is however 

recommended that compliance with the standard, at this moment, are tested externally. Alternately 

instruments that complies with the standards can be bought.     

6.2 Future work  
To be able to perform development measurement at Systemair Sweden ABs products, to impending 

comply with [3] and [4] in the frame of this study, or fully comply with [3] and [4] the following must 

be executed:  

With the measurement system implemented from this study: 

• Implement the last step to the algorithm (smoothing filter).  

• Buy a myDAQ hardware.  

• Further develop the software to meet the final criteria of standard [4], such as indicator 

lamps, compliance regarding withstanding extreme conditions for short timeframes, 

reproducibility, report generation and accuracy of instrument.   

• Implement an seconds order LP-filter (analog cascade) to the hardware with a cutoff 

frequency between 5 - 10 kHz to avoid aliasing from the spectrum 38-40 kHz to effect the 

result (A suggestion on such is presented in appendix A.1).  

 

If not with system from this study: 

• Buy a measurement instrument that comply with standard [4]. 

Either way: 

• Further investigate if the grid at the Technical Center complies with standard during low 

activity (evening/night) or otherwise buy a signal generator for this purpose (for low 

harmonics content on test voltage.) 

• Establish a measurement method for the selected system.   

To be able to implement the line chokes into the product the following must be executed.  

• Catalogue measurements with the line chokes installed confirming no difference in 

performance.  

• Investigate market regarding line chokes and  

• Establish contact with manufacturer.  



30 
 

 

APPENDIX 
A.1.  

Proposed second order LP anti-aliasing filter with around 10kHz cut-off frequency to be implemented 

on circuit board of low-cost equipment.   

 

 

A.2 
Excerpt from measurement report of delta Development, one motor 100%. 

Measured values 

Fundamental Current 

Line 1: 0,748 A   

Active input Power 

Line 1: 169,967 W *   

Circuit power factor 

Line 1: 0,524 *   

* Absolute value. 

 

Current Test Result 

Average and Maximum harmonic current results 

Hn 

Average Maximum 
Harmonic 

Result Ieff [A] of Limit 

[%] 
Limit 

[A] Result Ieff [A] of Limit 

[%] 
Limit 

[A] Result 
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1 0,742    0,746     

2 0,047 4,374 1,080 PASS 0,048 2,983 1,620 PASS PASS 

3 0,694 30,158 2,300 PASS 0,695 20,154 3,450 PASS PASS 

4 0,059 13,651 0,430 PASS 0,060 9,303 0,645 PASS PASS 

5 0,611 53,618 1,140 PASS 0,613 35,833 1,710 PASS PASS 

6 0,061 20,437 0,300 PASS 0,063 14,021 0,450 PASS PASS 

7 0,506 65,701 0,770 PASS 0,508 44,001 1,155 PASS PASS 

8 0,060 26,169 0,230 PASS 0,062 18,114 0,345 PASS PASS 

9 0,389 97,284 0,400 PASS 0,392 65,313 0,600 PASS PASS 

10 0,055 29,922 0,184 PASS 0,057 20,796 0,276 PASS PASS 

11 0,275 83,295 0,330 PASS 0,279 56,305 0,495 PASS PASS 

12 0,047 30,677 0,153 PASS 0,049 21,428 0,230 PASS PASS 

13 0,177 84,450 0,210 PASS 0,182 57,668 0,315 PASS PASS 

14 0,038 29,254 0,131 PASS 0,040 20,497 0,197 PASS PASS 

15 0,112 74,896 0,150 PASS 0,116 51,540 0,225 PASS PASS 

16 0,032 27,747 0,115 PASS 0,033 19,295 0,173 PASS PASS 

17 0,089 67,036 0,132 PASS 0,091 45,891 0,199 PASS PASS 

18 0,029 28,204 0,102 PASS 0,030 19,428 0,153 PASS PASS 

19 0,088 74,458 0,118 PASS 0,090 50,556 0,178 PASS PASS 

20 0,028 30,640 0,092 PASS 0,029 20,869 0,138 PASS PASS 

21 0,085 79,106 0,107 PASS 0,086 53,647 0,161 PASS PASS 

22 0,027 31,924 0,084 PASS 0,027 21,835 0,125 PASS PASS 

23 0,072 73,116 0,098 PASS 0,074 50,157 0,147 PASS PASS 

24 0,024 31,571 0,077 PASS 0,025 21,657 0,115 PASS PASS 

25 0,053 58,736 0,090 PASS 0,055 40,732 0,135 PASS PASS 

26 0,020 28,962 0,071 PASS 0,021 20,017 0,106 PASS PASS 

27 0,037 43,940 0,083 PASS 0,038 30,710 0,125 PASS PASS 

28 0,017 26,350 0,066 PASS 0,018 18,305 0,099 PASS PASS 

29 0,030 38,476 0,078 PASS 0,031 26,866 0,116 PASS PASS 

30 0,016 26,192 0,061 PASS 0,017 18,217 0,092 PASS PASS 

31 0,030 41,943 0,073 PASS 0,031 28,619 0,109 PASS PASS 

32 0,016 27,471 0,058 PASS 0,016 18,901 0,086 PASS PASS 

33 0,030 44,442 0,068 PASS 0,031 30,402 0,102 PASS PASS 
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34 0,015 28,520 0,054 PASS 0,016 19,507 0,081 PASS PASS 

35 0,026 41,204 0,064 PASS 0,027 28,500 0,096 PASS PASS 

36 0,014 27,778 0,051 PASS 0,015 18,989 0,077 PASS PASS 

37 0,020 33,651 0,061 PASS 0,021 23,415 0,091 PASS PASS 

38 0,012 24,562 0,048 PASS 0,012 17,057 0,073 PASS PASS 

39 0,015 25,564 0,058 PASS 0,016 18,097 0,087 PASS PASS 

40 0,011 23,041 0,046 PASS 0,011 15,966 0,069 PASS PASS 

Note: Harmonic currents less than 0.6 % of the input current measured under the test conditions, or less than 5 

mA, whichever is greater, are disregarded. 

 

 

Voltage Source Verification 

Harmonic voltage results 

Hn Ueff [V] Ueff [%] Limit [%] Result 

1 230,516 100,225   

2 0,192 0,084 0,200 PASS 

3 0,088 0,038 0,900 PASS 

4 0,074 0,032 0,200 PASS 

5 0,078 0,034 0,400 PASS 

6 0,048 0,021 0,200 PASS 

7 0,099 0,043 0,300 PASS 

8 0,036 0,016 0,200 PASS 

9 0,020 0,009 0,200 PASS 

10 0,029 0,012 0,200 PASS 

11 0,077 0,034 0,100 PASS 

12 0,025 0,011 0,100 PASS 

13 0,024 0,011 0,100 PASS 

14 0,020 0,009 0,100 PASS 

15 0,031 0,014 0,100 PASS 

16 0,021 0,009 0,100 PASS 

17 0,024 0,010 0,100 PASS 

18 0,016 0,007 0,100 PASS 

19 0,023 0,010 0,100 PASS 

20 0,021 0,009 0,100 PASS 
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21 0,034 0,015 0,100 PASS 

22 0,018 0,008 0,100 PASS 

23 0,030 0,013 0,100 PASS 

24 0,014 0,006 0,100 PASS 

25 0,017 0,007 0,100 PASS 

26 0,018 0,008 0,100 PASS 

27 0,026 0,011 0,100 PASS 

28 0,015 0,007 0,100 PASS 

29 0,015 0,007 0,100 PASS 

30 0,011 0,005 0,100 PASS 

31 0,018 0,008 0,100 PASS 

32 0,011 0,005 0,100 PASS 

33 0,028 0,012 0,100 PASS 

34 0,011 0,005 0,100 PASS 

35 0,017 0,007 0,100 PASS 

36 0,016 0,007 0,100 PASS 

37 0,019 0,008 0,100 PASS 

38 0,013 0,006 0,100 PASS 

39 0,014 0,006 0,100 PASS 

40 0,009 0,004 0,100 PASS 
 

 

 

A.3 
Excerpt from measurement report of delta Development, one motor 100%, with 13.8 mH line choke.  

Measured values 

Fundamental Current 

Line 1: 0,759 A   

Active input Power 

Line 1: 171,367 W *   

Circuit power factor 

Line 1: 0,711 *   

* Absolute value. 
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Current Test Result 

Average and Maximum harmonic current results 

Hn 

Average Maximum 
Harmonic 

Result Ieff [A] of Limit 
[%] 

Limit 
[A] Result Ieff [A] of Limit 

[%] 
Limit 
[A] Result 

1 0,754    0,757     

2 0,041 3,751 1,080 PASS 0,041 2,533 1,620 PASS PASS 

3 0,573 24,910 2,300 PASS 0,575 16,678 3,450 PASS PASS 

4 0,035 8,160 0,430 PASS 0,036 5,517 0,645 PASS PASS 

5 0,376 33,019 1,140 PASS 0,377 22,041 1,710 PASS PASS 

6 0,019 6,452 0,300 PASS 0,020 4,411 0,450 PASS PASS 

7 0,162 20,980 0,770 PASS 0,162 14,055 1,155 PASS PASS 

8 0,007 3,186 0,230 PASS 0,008 2,290 0,345 PASS PASS 

9 0,057 14,189 0,400 PASS 0,057 9,532 0,600 PASS PASS 

10 0,005 2,908 0,184 PASS 0,006 2,070 0,276 PASS PASS 

11 0,055 16,731 0,330 PASS 0,055 11,194 0,495 PASS PASS 

12 0,005 3,173 0,153 n/a 0,005 2,203 0,230 PASS PASS 

13 0,039 18,484 0,210 PASS 0,039 12,428 0,315 PASS PASS 

14 0,003 2,209 0,131 n/a 0,003 1,597 0,197 n/a n/a 

15 0,025 16,597 0,150 PASS 0,025 11,164 0,225 PASS PASS 

16 0,003 2,731 0,115 n/a 0,003 1,916 0,173 n/a n/a 

17 0,024 18,233 0,132 PASS 0,024 12,239 0,199 PASS PASS 

18 0,003 2,958 0,102 n/a 0,003 2,068 0,153 n/a n/a 

19 0,019 16,193 0,118 PASS 0,019 10,896 0,178 PASS PASS 

20 0,002 2,464 0,092 n/a 0,002 1,740 0,138 n/a n/a 

21 0,016 15,058 0,107 PASS 0,016 10,121 0,161 PASS PASS 

22 0,003 3,138 0,084 n/a 0,003 2,189 0,125 n/a n/a 

23 0,015 15,352 0,098 PASS 0,015 10,337 0,147 PASS PASS 

24 0,003 3,284 0,077 n/a 0,003 2,332 0,115 n/a n/a 

25 0,014 15,196 0,090 PASS 0,014 10,253 0,135 PASS PASS 

26 0,002 3,099 0,071 n/a 0,002 2,232 0,106 n/a n/a 

27 0,013 15,141 0,083 PASS 0,013 10,244 0,125 PASS PASS 

28 0,003 4,130 0,066 n/a 0,003 2,932 0,099 n/a n/a 

29 0,012 15,422 0,078 PASS 0,012 10,436 0,116 PASS PASS 
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30 0,002 4,022 0,061 n/a 0,003 2,828 0,092 n/a n/a 

31 0,013 18,000 0,073 PASS 0,013 12,140 0,109 PASS PASS 

32 0,003 4,462 0,058 n/a 0,003 3,175 0,086 n/a n/a 

33 0,013 18,422 0,068 PASS 0,013 12,445 0,102 PASS PASS 

34 0,003 6,193 0,054 n/a 0,004 4,406 0,081 n/a n/a 

35 0,014 21,851 0,064 PASS 0,014 14,738 0,096 PASS PASS 

36 0,003 6,818 0,051 n/a 0,004 4,751 0,077 n/a n/a 

37 0,019 31,619 0,061 PASS 0,019 21,248 0,091 PASS PASS 

38 0,005 10,205 0,048 n/a 0,005 7,082 0,073 PASS PASS 

39 0,022 38,870 0,058 PASS 0,023 26,100 0,087 PASS PASS 

40 0,009 19,279 0,046 PASS 0,009 13,429 0,069 PASS PASS 

Note: Harmonic currents less than 0.6 % of the input current measured under the test conditions, or less than 5 

mA, whichever is greater, are disregarded. 

 

Voltage Source Verification 

Harmonic voltage results 

Hn Ueff [V] Ueff [%] Limit [%] Result 

1 230,519 100,225   

2 0,192 0,083 0,200 PASS 

3 0,039 0,017 0,900 PASS 

4 0,072 0,031 0,200 PASS 

5 0,093 0,040 0,400 PASS 

6 0,049 0,021 0,200 PASS 

7 0,045 0,020 0,300 PASS 

8 0,037 0,016 0,200 PASS 

9 0,045 0,019 0,200 PASS 

10 0,031 0,014 0,200 PASS 

11 0,047 0,020 0,100 PASS 

12 0,026 0,011 0,100 PASS 

13 0,024 0,011 0,100 PASS 

14 0,022 0,010 0,100 PASS 

15 0,014 0,006 0,100 PASS 

16 0,023 0,010 0,100 PASS 

17 0,013 0,006 0,100 PASS 
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18 0,018 0,008 0,100 PASS 

19 0,022 0,010 0,100 PASS 

20 0,020 0,009 0,100 PASS 

21 0,018 0,008 0,100 PASS 

22 0,019 0,008 0,100 PASS 

23 0,019 0,008 0,100 PASS 

24 0,017 0,007 0,100 PASS 

25 0,023 0,010 0,100 PASS 

26 0,023 0,010 0,100 PASS 

27 0,017 0,008 0,100 PASS 

28 0,017 0,007 0,100 PASS 

29 0,011 0,005 0,100 PASS 

30 0,016 0,007 0,100 PASS 

31 0,016 0,007 0,100 PASS 

32 0,012 0,005 0,100 PASS 

33 0,020 0,008 0,100 PASS 

34 0,012 0,005 0,100 PASS 

35 0,013 0,006 0,100 PASS 

36 0,018 0,008 0,100 PASS 

37 0,011 0,005 0,100 PASS 

38 0,014 0,006 0,100 PASS 

39 0,024 0,010 0,100 PASS 

40 0,009 0,004 0,100 PASS 
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