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S u m m a r y. This paper presents the recorded oscillograms 
of the commonly used current and voltage supplying non-linear 
loads. Contribution of individual higher harmonics (up to and 
including the 15th component) of the current supplying house-
hold and production equipment and their effects on the harmon-
ics content in a low-voltage grid were analysed.

K e y  w o r d s : non-linear load, rms value, distortion fac-
tor, higher harmonics.

INTRODUCTION

In recent years, due to the dynamic growth of the 
number and changes in the structure of used electrical 
loads, it has been discovered that the effects of voltage 
distortion in fi eld distribution grids are becoming more 
and more severe [6]; Metody ograniczania …; [12]. The 
reason for this is an intense growth in the number of loads 
with power-electronic input circuits which convert AC 
energy into the same type of energy, but with different 
parameters than those of the power grid, or convert it 
into DC voltage and current. Such devices allow for the 
reduction of energy consumption but, on the other hand, 
introduce interference to the power grid, which distorts 
the voltage waveforms [1, 7]. 

Ideal voltage and current waveforms in AC power 
grids are sinusoidal in shape, changing in the function 
of time according to the pulsation  = 2 f, where f is 
the basic grid frequency, which - according to the Con-

nection Regulation - should be 50 Hz ± 1% for 95% of 
the week time. Supplying non-linear loads causes the 
voltage waveforms to become a sum of waveforms with 
a basic frequency and with waveforms being their total 
multiplication.

Determining the voltage distortion level requires 
knowledge on the current distortion levels, which is an 
individual feature of a device and of the short-circuit 
impedance of the system as well [11]. 

The aim of the paper was to analyse higher harmon-
ics in the current supplying household and production 
equipment and their effects on the higher harmonics 
content in the LV power grids.

MATERIAL AND METHODS

The objective of the study was met with own test 
results involving the measurement of individual higher 
harmonics in the current supplying individual electri-
cal loads with the aid of the AS3-mini grid analyser. 
Distortion of voltage and current waveforms in a power 
grid supplying the loads affected was assessed based on 
the measurements performed in 15/0.4 kV transformer 
stations in rural areas of southern Poland using AS3 
Plus analysers. The analysers used in the tests allowed 
measurement of higher harmonics up to and including 
the 15th component and for recording the supply current 
and voltage oscillograms.

RESULTS

Analysis of higher harmonics content in the cur-
rent supplying individual electrical loads

Most of today’s household appliances, such as TVs, 
PCs, CFLs, etc., as well as controlled production equip-
ment, draw a current in a non-linear manner. As shown 
in the oscillograms (Fig. 1), current is often drawn in 
the form of a short impulse in each half of the sinusoid. 
The household appliances tested, in contrast to produc-
tion equipment, were characterised by low unit power 
output, 180 [W] on average. Since they often operate at 
the same time and there are quite a number of them, they 
pose considerable load to the power supply grid, drawing 
current which is highly distorted from the sinusoid. In 
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2010, in the Ma opolska Province, the energy consump-
tion in agriculture, for production purposes only, was 
of some 115 GWh, whereas the total demand for energy 
in households, including farmers’ households, was 2673 
GWh. As compared to the previous year, the increase 
observed was 1.7 and 5.2% respectively [3, 4].

Consumption of a distorted current increases its rms 
value (I

RMS
) in relation to the basic frequency from a few 

to several per cent (Table 1). Such a high increase of the 
rms value of current for non-linear loads may lead to 
pronounced consequences on the local and global scale. 
It may, for example, lead to undesired activation of circuit 
breakers protecting given circuits and cause overheating 
of transformers and the entire power grid, since no effects 

of higher harmonics were considered in their design. 
Unfortunately, the effects of voltage and current distor-
tions are usually not immediately visible. In the long 
run, however, they cause a signifi cant increase of the 
operating cost by reducing the nominal device’s lifespan. 

The content of individual current harmonics intro-
duced to the power grid by common household and pro-
duction loads can be viewed based on the tests illustrated 
in Table 1 and 2. The values of the basic component of 
the drawn current (h

1
) for individual loads and higher 

harmonic current values are shown in percentages of the 
basic component. The last column shows the rms value of 
the current drawn (I

RMS
), which, for a linear load, equals 

the basic component.
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Fig. 1. Oscillograms of current and voltage supplying selected household appliances and production equipment

Ta b l e  1 .  Relative current values of higher odd harmonics in percentages of the basic component 

Load:

Odd harmonic number

I
RMS

[A]h
1

[A]

h
3

h
5

h
7

h
9

h
11

h
13

h
15

[%]

TV 0,3 77,0 43,4 0,0 0,0 0,0 0,0 0,0 0,4

home cinema 0,2 50,0 42,4 0,0 0,0 0,0 0,0 0,0 0,3

PC 0,7 82,0 57,1 23,0 0,0 0,0 16,2 0,0 1,0

portable computer with a power adapter 0,2 83,6 66,8 54,3 0,0 0,0 0,0 0,0 0,3

microwave oven 6,0 30,2 8,0 3,8 0,3 0,0 0,0 0,0 6,3

CFLs switch on 0,1 67,2 23,2 23,2 23,2 23,2 20,0 20,0 0,2

CFLs after stabilising light fl ux intensity 0,2 70,4 0,0 0,0 0,0 0,0 0,0 0,0 0,2

vacuum cleaner max. rpm 4,9 14,6 0,0 0,0 0,0 0,0 0,0 0,0 5,0
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According to the carried out tests, most of the non-
linear loads draw current with higher odd harmonics 
while operating. The even harmonics were observed only 
in the current drawn by a microwave oven, and while 
switching on CFLs and starting up a 3-phase motor with 
a soft-start system reducing the starting current. 

For the electrical loads tested, except for the motors, 
the third harmonic is dominating. The relative value of 
the third harmonic’s current and of the basic component 
varied from 0% for 3-phase motors to 84% for PCs and 
the frequency inverter. 

Currents containing the third harmonic and multi-
ples of it are highly problematic, since they are summed 
arithmetically in the power grid, and they are not zeroed 
as for the basic component of the current and harmon-
ics of the other order. Therefore, currents in the neutral 
conductor are often considerably higher than the phase 
currents, even by up to 170% [2].

Analysis of higher harmonics content in trans-
former stations supplying rural subscribers

A commonly adopted measure of voltage and current 
distortion time waveforms in power grids is the value 
of the THD factor (total harmonic distortion), which 
determines the relative value of the current or voltage of 
higher harmonics according to the formula: 

for voltage:   for current:

2

2

1

n

h

h

U

THDU
U

==

∑
,            

2

2

1

n

h

h

I

THDI
I

==

∑
, (1)

where: 
U

h
, (I

h
 ) –  rms value of the hth voltage (current) har-

monic,
U

1
, (I

1
) –  rms value of the 1st voltage (current) har-

monic.

Pursuant to the valid Regulation of the Minister of 

Economy and Labour [Dz. U. z 2005 r., nr 2, poz. 6], the 
THD factor of supply voltage THDU, including higher 
harmonics up to 40, should be less or equal 8%. The 
admissible levels of individual harmonics fall within the 
range from 1.5 to 6% [8, 9].

Standards for the maximum levels of current harmon-
ics are determined by the American Institute of Electrical 

and Electronic Engineers, IEEE – 519 - 1992 [5]. Those 
requirements are currently not applicable in Poland, but 
according to Szyma ski [11], future technical stand-
ards will be based on them. According to the IEEE 519 
standard, the maximum level of THDI distortion factor 
for current drawn by the loads depends on the product of 
the short-circuit current I

zw
of the supply system and the 

load current I
obc

 and should not exceed the values given 
in Table 3. The requirements apply to the values of the 
following harmonics, up to the order of 11. 

Ta b l e  3 .  Maximum values of odd harmonics in a current 
according to IEEE-519

I
zw

/I
obc

<20 20...50 50...100 100...1000 >1000

THDI dla n<11 4% 7% 10% 12% 15%

Distributions of the observed relative values of the 
current and voltage of individual harmonics as a percent-
age of the basic component in the transformer stations 
tested in rural areas of the Ma opolska Province are 
shown in box plot graphs - Figures 2 and 3. They are 
drawn based on conventional measures of distribution 
locations. A box height is restricted by a confi dence in-
terval for the average distribution, and its branches show 
the scatter of the values observed. Inside a box, a line is 
marked which indicates the average value of individual 
higher harmonics. 

vacuum cleaner min. rpm 3,1 66,4 31,8 17,7 9,4 4,2 2,2 0,0 3,9

lawn mower 4,2 8,0 4,5 0,0 0,0 0,0 0,0 0,0 4,2

manure pump 2,2 0,0 12,0 0,7 0,0 0,0 0,0 0,0 2,2

3-phase motor start up with as soft-start system 5,6 6,0 15,1 5,8 0,8 2,5 1,7 0,6 7,7

3-phase motor after the start up 6,3 0,0 10,8 0,5 0,0 0,0 0,0 0,0 6,3

start up of a 3-phase motor with an inverter 1,1 83,5 65,7 44,7 22,2 0,0 11,1 20,5 1,7

Ta b l e  2 .  Relative values of a current of higher even harmonics in percentages of the basic component

Load:
Even harmonic number

h
2
[%] h

4
[%] h

6
[%] h

8
[%] h

10
[%] h

12
[%] h

14
[%]

microwave oven 12,4 5,6 2,8 0,0 0,0 0,0 0,0

CFLs switch on 16,2 11,1 16,2 16,2 16,2 11,1 16,2

3-phase motor start up with as soft-start system 82,8 34,3 1,9 5,2 2,7 0,0 0,0
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Fig. 2. Box plots showing distributions of relative current 
values of individual harmonics as a percentage of the basic 
component

In the transformer stations tested (Fig. 2), a domi-
nating share of odd harmonics was found. The highest 
level was recorded for harmonics 3 and 5, the average 
values of which were 14.2 and 8.6% respectively. The 
total harmonics content ratio in the current was 17.6% 
on average, varying from 1.8 to 47.4%. According to the 
analysis performed, it may be impossible to meet the 
requirements of IEEE-519 in rural transformer stations 
without using active fi lters or other equally expensive 
systems for compensation of distorted power. 

Fig. 3. Box plots showing distributions of relative voltage 
values of individual harmonics as a percentage of the basic 
component

In the objects tested, the THDU factor (Fig. 3) varied 
from 1.9 to 4.4% without exceeding the level of 8% al-
lowed by law. However, there are still fears that, in the 
nearest future, supply voltage distortions, mainly in rural 
areas, may become a serious problem. Non-linear loads 
being a source of higher harmonics are commonly used 
both in households and production facilities. Furthermore, 
many farms are planning to purchase them in the days 
to come [Pabia czyk 2010]. 

CONCLUSIONS

Non-linear loads commonly used in households draw 
current with a basic frequency and with frequencies being 

its total multiple, compromising the quality of electrical 
energy in the LV power grid. For the loads studied, the 
third harmonic was observed to have a dominating role, 
with the peak value exceeding 80% of the basic compo-
nent. Also, the occurrence of a fi fth harmonic of 67% 
was specifi c for them.

The increasing popularity of production facilities 
with power electronic input circuits is also the cause of 
generating higher harmonics in the current drawn from 
the power grid. Drawing current with non-sinusoidal 
waveforms distorts the supply voltage. Its value is cur-
rently at the level below 5% - not exceeding the limit value. 

Since the number of loads with power electronic 
input circuits increases rapidly, the necessity to compen-
sate current distortions may not be excluded. It is a very 
expensive undertaking, particularly in rural LV systems 
with considerable scattering of the distorting loads. 
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ANALIZA WYTWARZANIA WY SZYCH HARMONICZNYCH 

PRZEZ ODBIORNIKI NIELINIOWE

S t r e s z c z e n i e . W pracy przedstawiono zarejestrowane 
oscylogramy pr du i napi cia zasilaj cego powszechnie sto-

sowane odbiorniki nieliniowe. Dokonano analizy udzia u po-
szczególnych wy szych harmonicznych (do 15-stej sk adowej
w cznie) w pr dzie zasilaj cym odbiorniki gospodarstwa do-
mowego i produkcyjnego, oraz ich oddzia ywania na zawarto
harmonicznych w sieci elektroenergetycznej niskiego napi cia.

S o w a  k l u c z o w e : odbiornik nieliniowy, warto  sku-
teczna, wspó czynnik odkszta cenia, wy sze harmoniczne.


