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Abstract: Matlab engineering software application for 
measurement results’ analysis process improvement has been 
presented in this paper. The main purpose of the study was the 
analysis of the impact of the interrupted current distortion level on 
selected low voltage (LV) circuit-breakers’ (CB) current breaking 
capability. Influence of various levels and characters of current 
distortion were analyzed for few types of LV circuit-breakers. Huge 
number of data collected as the result of performed tests needed 
process automatization for fast extraction the specific resultant data 
required for future analysis. It was realized by means of developed 
Matlab software script. Developed script, basis on recorded 
diagrams, permitted for fast determination the arcing time, arc 
energy and power for various voltage levels and interrupted current 
phase and values. 
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1. PROBLEM DESCRIPTION 

 

Problem of current and voltage higher harmonics 
presence is gaining in importance since the power electronic 
devices are being installed in the power network. Higher 
harmonics content in distribution system has negative 
influence on devices installed into electrical network [1-3] – 
both for passive elements like cables, coils, capacitors and 
for active devices [4-7]. It can be observed e.g. in the form 
of increased level of the generated loses, decreased devices 
durability, unpredictable operation of some types of switches 
or insulation systems premature aging. Basis on conclusions 
found in literature, it is also expected the significant 
influence of the interrupted current waveform shape on 
switching apparatus operation conditions and relays 
reliability [4-6, 8]. It may be connected with signal 
frequency, voltage rate of rise, number of current zero 
crossing points and so on [7]. Particular harmonic’s number 
and amplitude affecting on generated arc power and energy, 
as well.   

Due to relatively small number of available papers 
describing in details forenamed problem, presented paper 
deals with research activities focused on these issues. The 
main goal of the research was analysis the impact of the 
current harmonics on arcing time and generated arc energy 
in respect to input current shape, parameters of power 
network and load type with emphasis on load inductive 
character. Because of specific research character, number of 

tested objects and experiment conditions variations, huge 
number of collected data was obtained.  

Detailed analysis required study of more than 2 000 of 
recorded diagrams for each of the tested object. As the 
objects of the first step of the research, typical, air-insulated 
LV circuit breakers was selected (Fig. 1). 

 

  

Fig. 1. Exemplary tested object  
 
Due to comprehensive range of the research, dedicated 

tool for analysis procedure improvement was required. It 
was realized by means of Matlab software application and 
dedicated script development. 

 
2. EXPERIMENTS SPECIFICATION 

 

2.1. Tests set-up 

For experiment needs, especially for this purpose, testing 
stand has been developed (Fig. 2).  

 

 
 

Fig. 2. Testing stand diagram 
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Testing circuit comprised the following elements: 
− power supply combined with functional generator (1), 

able to generate desired input signal with required shape 
and amplitude, 

− LV circuit-breaker (2), 
− voltage and current probes (3), 
− digital oscilloscope (4),  
− Inductive load (5) characterized by: R=13,5 Ω, L=20 

mH, XL= 6,3 Ω, cosϕ = 0.91, 
− voltage surge limiting element (6) – optionally, 
− switching-off phase (ϕ) controller (7). 

 
Voltage source allowed for generation the desired 

signal shape, basis on manually implemented or applied in 
form of power supply device’s input file waveform. 

For power supply output voltage shape an additional 
Matlab script has been developed, allowing the 
transformation of the analog signal waveform into 
acceptable for power supply command set. For this reason at 
the first step, selected waveform was transformed into group 
of harmonic waveforms with defined frequency and phase 
and at the next step transferred into power supply in form of 
particular Matlab script commands. 

 

 
 

Fig. 3. Input signal waveform transformation into power supply 
output signal 

 
Summary over the 20 input signal waveforms were 

examined. 
The main signal criteria selection was its incidence rate 

in power network, where non-linear devices are installed. 
For example inductive and semi-conductive elements as 
rectifiers or inverters were taken into account. Figure 4 
presents selected, exemplary waveforms utilized for tests. 

 

 
 

Fig. 4. Exemplary signal waveforms used during functional tests 
 

Distorted input signal usage for tests was strictly 
associated with experiment scope aiming at different number 
of higher harmonics introduction into inductively loaded 
circuit. For analysis the higher harmonics presence, a Fourier 
distribution of all used waveforms were executed. Table 1 
presents selected signals Fourier distribution according to 
Figure 4. 

It has to be pointed that few of the used waveforms 
were characterized by similar Total Harmonic Distortion 
(THD) factor for different waveform shape. 

 
Table 1. Selected examined waveforms Fourier distribution 

 
Waveform Harmonic Amplitude [%] Phase [rad] 

W1 

3 20 π 
5 7,5 0 
7 2,5 π 

W2 

3 20 0 
5 7,5 0 
7 2,5 0 

THD = 21,5% 

THDtriangle = 12 % 

 
As reference, sinusoidal signal was selected. All other 

waveforms had the RMS values in reference to sine wave. 
At the first step tests were performed for two voltage-

current ratios of supply conditions (URMS =80 V, IRMS = 5,5 
A) and five moments (phases) “ϕ” of contact breaking: 0+, 
0+<ϕ<90º, 90º, 90º<ϕ<180º, 180-, where e.g. 0+ means 
breaking moment right after current “zero” crossing and 180- 

right before secondary (half-wave) “zero” crossing moment.  
Input signal phase control was realized by specially 
developed phase controller allowing for selection the desired 
contact breaking moment, taking into account tested circuit 
breaker internal delay times. Accuracy of contact breaking 
moments selection was c.a. 0,1 ms.  
 Basis on recorded diagrams, which had the 
graphical (*.jpg) and numerical forms, output quantities 
were calculated and counted: 
− arcing time (Tarc), 
− arc energy and power (Warc, Parc), 
− number of arc re-ignitions (narc), 
− overvoltages levels (∆u) – optional. 
Resultant data had a form of output excel file containing 
tabulated data records. 
 
2.2. Experiment data post-processing 

As research results, waveforms of voltage across the 
interrupter contacts and current flowing through the circuit 
were recorded. Figure 5 presents exemplary waveform 
recorded for breaking operation executed at “0+” moment.  
In practice 0,5 ± 0,1 ms after  “zero” crossing breaking 
operation was realized.   
 

 
 

Fig. 5. Exemplary circuit current and voltage across the 
contacts waveform recorded during contact breaking 
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For post-processing needs each of the recorded 
waveform was splitted into three time intervals (Fig. 5): I – 
record starting point (1) and arc burning starting moment  
(2), II – arc burning duration (2)-(3), III – arc burning ending 
moment  (3) – record finishing point (4).  

For each of the voltage-current recorded signal pairs, 
resultant arc energy – Warc and arcing time – Tarc were 
calculated. Due to large number of waveforms recorded for 
analysis, to improve analysis process dedicated software 
tool, realized in Matlab, were developed. Figure 6 presents 
diagram of the developed Matlab script.  

Elaborated software permitted for significant post-
processing process improvement combined with automatic 
resultant data calculation and output file composition.  
Recorded diagrams, having graphic form - for quick 
inspection and numerical form - for mathematical post-
processing, were utilized for output data determination. 
 

 
 

Fig. 6. Matlab script diagram 
where: Warc – arc energy between the t(2) and t(3) moments, max 
u(t)noise, max i(t)noise – maximum value of voltage and current noise 
signal, uarc(t), iarc(t) -  voltage and current time related arc 
parameters 
   

As an input data for Matlab script, *.csv text files 
obtained from oscilloscope and containing recorded voltage 
and current waveforms in numerical form were used.  
Output files had a form of *.xls files including arc energy - 
Earc and power - Parc diagrams and Tarc, average values. 

The main software tasks were to collect all necessary 
data from the input *.csv files, to determine arc burning 
starting and ending moment, calculate arc duration and 
finally calculate arc energy. 

To determine arc burning starting point, voltage across 
the contacts was monitored. Sample with recorded voltage 
level higher than 3 times of maximum voltage signal - 
u(t)noise – recorded at “I” time interval, is considered as an 
arc burning starting point. Similarly arc burning ending point  
is determined as the point of the sample with current signal 
iarc(t) not higher than three times of maximum noise value 
signal i(t)noise recorded at “III” interval. Arc burning duration 
Tarc is calculated as number of samples between the 
moments “3” and “2” marked in Figure 3 as “II” time 
interval. Number of samples multiplied by single sample 
duration, identifies desired arcing time - Tarc. 

 

Tarc = t(3) – t(2)   (1) 
 
Based on time-related arc energy diagrams (Fig. 7) arc 
energy was obtained according to formula (2) for signals 
recorded between the “3” and “2” points. 
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Fig. 7. Arc energy waveform calculated for various interrupted 
input signal 

 
3. ANALYSIS RESULTS 

 
Finally, average values of calculated quantities were 

determined. Figures 8 and 9 present average values of arcing 
time – Tarc and arc energy – Warc obtained for exemplary 
input waveforms (Fig. 4) and for “0+” CBs contacts breaking 
moment. Basis on 30 measurements results, tests were 
obtained for each of the measurement points: URMS, IRMS, ϕ, 
waveform type. 

 

 
 

Fig. 8. Arc duration calculated for various input signal 
 

 
 

Fig. 9. Arc energy calculated for various input signal 
 

Obtained results indicate dependence of switching arc 
duration and arc energy on an interrupted current shape.  
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All measurements results performed for the similar 
conditions confirm this trend.  

Tests permitted for estimation which of the interrupted 
current parameter is a decisive factor for generated switching 
arc parameter. In some cases various current shape were 
characterized by the same (or similar) THD factor, thus 
preliminary analysis indicates larger significance the current 
form  than its harmonic components. Future tests will verify 
this thesis. 

 
4. SUMMARY 

 
Presented in this paper tests results were the first step 

of the large scale tests planned to be executed on various 
types and construction low of voltage current interrupters. 
Simultaneously numerous input signal waveforms types and 
in consequence current harmonics content in power network 
influence ,on air-insulated LV breakers breaking capability 
is going to be tested in scope of the planned experiments. 
Initial tests results confirmed early indicated in available 
literature, current harmonics significant impact on arc 
quenching parameters. For example, tests results of the 
performed experiment initially show higher impact of the 
signal shape prior to its THD value. 

Due to huge number of data which had to be analyzed, 
achieved results processing, automatization process were 
required. 

Developed software script permitted for significant 
improvement of recorded, in scope of the experiments, 
output data post-processing. Applied procedure significantly 
reduced time consuming required for calculation and for data 
analysis.  It permitted for automatic processing large number 
of resultant data files.  

Taking into account software structure, script can be 
utilized for various type of input numerical data. After minor 
modification it can also be adapted for different quantities 
analysis. 

In future different u-i RMS values and different tested 
objects are going to be tested.  
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ZASTOSOWANIE OPROGRAMOWANIA MATLAB DO ANALIZY WPŁYWU 

ZNIEKSZTAŁCENIA PRĄDU WYŁĄCZANEGO NA ZDOLNOŚCI ŁĄCZENIOWE 

WYŁĄCZNIKA NISKIEGO NAPIĘCIA 
 
W artykule przedstawiono zastosowanie oprogramowania inżynierskiego Matlab do usprawnienia analizy wyników 

pomiarów uzyskanych drogą eksperymentu. Implementacja opracowanego skryptu pozwoliła na automatyzacje procesu 
ekstrakcji wybranych danych bezpośrednio z zarejestrowanych drogą pomiarów przebiegów napięć i prądów.  Głównym 
celem przeprowadzonych badań była analiza wpływu formy oraz poziomu odkształcenia wyłączanego prądu na podstawowe 
zdolności łączeniowe wybranych łączników niskiego napięcia. Z uwagi na obszerną bazę uzyskanych wyników pomiarów,  
a tym samym dużą liczbę danych koniecznych do przeprowadzenia analizy, zastosowano specjalnie w tym celu opracowany 
skrypt dedykowany dla środowiska Matlab, a pozwalający na automatyzacje wspomnianego procesu, w szczególności na 
wyodrębnienie z pozyskanych przebiegów  napięć i prądów, niezbędnych do dalszej analizy informacji. Dzięki 
opracowanemu oprogramowaniu możliwe stało się szybkie pozyskanie danych dotyczących czasów łukowych, energii i 
mocy łuku dla różnych parametrów sieci oraz różnych chwil czasowych rozejścia się styków. 

 
Słowa kluczowe: harmoniczne prądu, parametry łączeniowe, czas łukowy. 
 
 


