
PRZEGLĄD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 98 NR 5/2022                                                                                 43 

Marian HYLA 

Silesian University of Technology, Department of Power Electronics, Electrical Drives and Robotics 
ORCID: 0000-0001-6466-7398 

 
doi:10.15199/48.2022.05.08 

 

Higher harmonics filtration in the power supply system of 
thyristor hoisting machine of shaft transport in a mining plant 

 
 

Abstract. The paper presents the issues of the influence on the supply electrical power grid of the thyristor rectifier supplying high power receivers 
such as a shaft hoisting machines in mining. The current distortion influence of the non-linear load on the quality of electricity in the plant's power 
grid was presented. Methods of higher harmonics filtration of the current supplying the hoisting machine are discussed. The results of control tests 
of the effectiveness of shunt passive higher harmonic filters after changing the configuration of the power grid of the mine are presented. 
 
Streszczenie. W artykule zaprezentowano zagadnienia wpływu na sieć zasilającą przekształtników tyrystorowych zasilających odbiorniki dużej 
mocy jakimi są szybowe maszyny wyciągowe w kopalniach. Przedstawiono wpływ zniekształcenia prądu odbiornika nieliniowego na jakość energii 
elektrycznej w sieci zakładu. Omówiono metody filtracji wyższych harmonicznych prądu zasilającego maszynę. Zaprezentowano wyniki badań 
kontrolnych skuteczności działania pasywnych filtrów równoległych/gałęziowych wyższych harmonicznych po zmianie konfiguracji sieci 
elektroenergetycznej kopalni. (Filtracja wyższych harmonicznych w układzie zasilania tyrystorowej maszyny wyciągowej transportu 
szybowego w kopalni) 
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Introduction 

In industrial electrical power grids, the sources of higher 
harmonics are usually power electronic converters 
supplying high power loads. Typical devices are hoisting 
machines in mine shaft transport systems with DC motors 
powered from the 6 kV power grid through the 12-pulse 
thyristor rectifiers.  Machine speed regulation is achieved by 
changing the thyristor firing angle in accordance with the 
so-called a travel diagram taking into account allowable 
accelerations and decelerations as well as speed 
stabilization during the steady driving operation. An 
example of a hoisting machine travel diagram is show in 
Figure 1. 

 

 
Fig.1. Travel diagram of the hoisting machine 

 

 
Fig.2. Active and reactive power of the 3600 kW hoisting machine 
during two work cycles 
 

The relatively high engine power of mine hoisting 
machines with a short and often repetitive cycle of operation 
makes them as nonlinear loads, with a significant impact on 
the supply power grid, being the source of higher harmonics 
and voltage fluctuations [2, 3]. These have a negative 
impact on the electrical energy quality and may result in 
financial penalties for failure to meet the appropriate 

parameters at the point of plant supply. Figure 2 shows an 
example of the active and reactive power waveforms of the 
hoisting machine during 2 work cycles. 

The distorted current consumed by the rectifier causes a 
voltage drop on the power grid impedances, which in turn 
causes also distortion of the supply voltage. The shape of 
the supply voltage is also influenced by the phenomenon of 
the commutation voltage drop associated with the switching 
of the current between the individual thyristors of the 
rectifier. 

Figure 3 shows a diagram of a 12-pulse rectifier 
consisting of two 6-pulse rectifiers connected in series on 
the DC side, supplying motor of the hoisting machine. The 
bridges are supplied from separate rectifier transformers 
with appropriate connection groups, which enable the 
voltage shift by an angle of 30°. 

 

 
Fig.3. Diagram of a 12-pulse rectifier powered the hoisting machine 

 
The 12-pulse rectifier compared to the 6-pulse rectifier is 

characterized by a reduced content of current harmonics 
generated to the power grid and the suppression of the 3rd 
harmonic and its multiples by transformers with an 
appropriate group of connections. It also enables 
theoretically the elimination, but in practice a significant 
reduction of 5th and 7th order harmonics with common 
control of thyristors firing angle (two six-pulse groups must 
operate with the same firing angle). 

The disadvantage of multi-pulse rectifiers is their 
sensitivity to load unbalance and voltage imbalance or 
distortion. In this case, for a 12-pulse rectifier, non-
characteristic 5th and 7th harmonics may occur, which 
increases the THDi factor and may lead to exceeding the 
assumed power quality parameters [2, 4]. Such a case 
often takes place in power grid with many nonlinear high-
power loads, in particular supplied from thyristor rectifiers. 
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In the power supply systems of mine hoisting machines, in 
order to reduce the reactive power consumed by the 
machine, the sequence control of 12-pulse converters is 
used, which results in the presence of the 5th and 7th 
harmonics in the supply current. 

In the middle-voltage power supply systems of hoisting 
machines, rectifiers with more than 12 pulses are practically 
not used. This is mainly due to the increase in the costs of 
such solutions with a slight improvement in the quality of 
electricity parameters. The 12-pulse converter is a 
compromise between limiting the impact on the supply grid 
and the simplicity of the system, investment and operating 
costs of the drive [1]. However, this has consequences in 
the form of a negative impact of the drive on the supply 
power grid. 

In 12-pulse rectifiers of mining hoisting machine drives 
the three-winding transformers are not used. Separate 
transformers for each of the rectifiers allow emergency 
operation of the hoisting machine in case of failure of one of 
the converters or power transformers. In this case, the 
machine is powered by a 6-pulse rectifier. However, this 
results in a reduction of the machine speed and an increase 
in harmonics generated to the power grid. 

The paper presents the issues of the occurrence and 
elimination of higher harmonics generated by the thyristor 
power supply system of the hoisting machine and the 
results of the use of passive shunt filters in one of the hard 
coal mines in Poland. 

 
The influence of converters on the supply power grid 
and other devices 

Power electronic converters are non-linear loads for the 
supply power line. 

The thyristor rectifier causes many negative phenomena 
in the supply power grid, e.g. voltage distortion in the supply 
line, which may cause disturbances in the operation of other 
devices, in particular related to synchronization errors as a 
result of distortion of the synchronizing signal in the vicinity 
of the zero crossing which can lead to asymmetry in the 
thyristor/transistor switching of the voltage-synchronized 
converter’s. Operation result of the converter in such 
conditions may be the generation of non-characteristic 
harmonics, including even, triple orders and interharmonics 
2, 4]. 

Higher harmonics can cause resonance phenomena in 
cable lines with large inter-line capacities, which can lead to 
overvoltages at certain points in the power system. They 
can also lead to overload of capacitor banks not protected 
by chokes, used for reactive power compensation and, 
consequently, to their emergency shutdown or damage. 

The distortion of the converter current adversely affects 
the magnetic elements, causing an increase in losses in 
transformers and chokes (e.g. eddy currents, connections 
and structural parts stray losses) [5], which results in an 
increase in their operating temperature and, consequently, 
a shortened service life or the possibility of damage. In 
practice, the current distortions may cause even several 
times increase in additional power losses in magnetic 
elements. These reduces the efficiency of not only the drive 
system powered by the converter, but also the energy 
efficiency of the entire system due to increased losses in 
transformers and other devices [4, 7, X]. 

In rotating machines powered from the same transformer 
as the converter system, parasitic torques may arise 
produced by higher harmonics. These torques may be 
directed opposite to the torque from the fundamental 
harmonic. Parasitic torques from higher harmonics also 
increase the vibration of the drive system, which can lead to 
premature wear of the machine bearings. The efficiency of 

induction motors supplied from the same system as the 
source of higher harmonics is also reduced  [3]. 

Harmonics of higher order may cause disturbances in the 
operation of telecommunications systems. 

The inductive reactive power consumed by the converter 
causes voltage drops on the reactance elements of the grid. 
At the same time, the change of the thyristor firing angle, 
e.g. during the starting or braking of the hoisting machine, 
causes that these phenomena are dynamic, and the time-
varying reactive power load may cause voltage fluctuations 
in an unacceptable range, especially in the grid with low 
short-circuit power. 

One of the criteria for assessing the multi-pulse 
converters for power supply of hoisting machines is the 
level of their negative impact on the power supply grid 
presented in numerical terms. To assess the distortion of 
current and voltage waveforms, the total harmonic distortion 
(THD) and the values of individual harmonics are used, with 
separate analysis of current distortions and voltage 
distortions resulting from the current flow through the 
reactances of the supply power grid. 

Regardless of the individual harmonic or THD values 
resulting from any standards (IEEE 519-2014, EN 50160, 
PN-EN 61000-2-4 etc.) it can be noticed that the aim is to 
ensure the proper quality of electricity by forcing the 
effective elimination of current and voltage distortions at the 
plant's supply point as well as in its internal power grid. 

 
Methods of higher harmonics reduction 

There are many methods of limiting the current 
harmonics of power electronic converters with various 
effectiveness and which is of great importance with various 
investment and operating costs [8, 9]. 

The simplest method are AC or DC chokes applying 
which, depending on the choke’s reactance, allowing for a 
certain reduction of current harmonics. This solution is 
currently not widely used due to its low effectiveness with 
the applicable power quality requirements and due to the 
increase in voltage drop across the reactor along with its 
impedance increase. 

A technically simple and frequently used solution is 
passive harmonic filters. Such filters are constructed as 
simple shunt, series, double tuned or broadband filters [10-
18]. There are also solutions with a more complex topology 
of LC elements connection, which are a combination of 
several types of passive filters, or a combination of passive 
filters with additional series chokes (input and output) 
enabling the shaping of the attenuation bandwidth and 
preliminaty partial limitation of higher order harmonics [4, 
19]. 

Passive shunt filters are systems with series connection 
of LC elements, connected in parallel with a non-linear load, 
creating a resonant circuit with a specific natural resonant 
frequency [19, 20]. For frequencies lower than the natural 
resonance frequency, the filter is capacitive, compensating 
the inductive reactive power in the grid. For higher 
frequencies, the filter is inductive and prevents resonance in 
the circuit capacitors - supply power grid [2]. Such a filter is 
tuned to a harmonic frequency slightly lower that the 
desired frequency that has to be eliminated. If it is 
necessary to filter several harmonics, multi-branch systems 
are built, in which each branch is tuned to a different 
resonant frequency. 

Currently, in industrial grids with non-linear high-power 
loads, for economic reasons, almost exclusively resonant 
shunt filters [19, 21, 22] are used, which for a selected 
frequency constitute a low-impedance branch shunting the 
impedance of the supply grid, which in ideal conditions 
means that the current of a specific harmonic is shortened 
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in the filter branch and is not present in the supply power 
grid. 

Active filters are a much more expensive solution, 
however they enable effective elimination of both higher 
harmonics and reactive power generated by converter 
systems. Active filters are usually built as shunt filters [8-10, 
17, 22, 23]. Active filters work by eliminating the 
components that are not active currents, i.e. those 
components that are not in phase with the appropriate 
voltage. 

Active filters are power electronic devices that generate a 
current that is in opposite phase to the undesirable 
components of the load current, thanks to which a 
sinusoidal current is obtained at the supply point of the filter 
- non-linear load system. There are many designs of active 
filters and many methods of controlling the filter's power 
electronic switches. The vast majority of these are VSI 
systems.  

The high switching frequencies of active filter transistors 
may result in an increased level of higher order harmonic 
distortion and the emission of EMC disturbance, but 
appropriate filter control causes them to lie above the 
frequencies covered by the power quality standards. 

Unlike passive filters that filter only harmonics with 
dominant values, active filters are able to filter out a wide 
spectrum of undesirable frequencies, and thus allow to 
maintain a low level of harmonics in the full load range [4]. 

Hybrid systems consisting of passive and active filters 
are also used [9, 17, 22-24]. In these solutions, the active 
part of the filter can be connected to the passive part in 
series or in parallel. The passive part is used to eliminate 
the dominant lower-order harmonics, and the active part is 
used to eliminate the rest. This allows to reduce the power 
and thus the cost of the active part of the filter. 

 
Passive straight filters 

The most common method of filtering higher harmonics 
in hoisting machines are multi-branch passive resonant 
shunt 2nd order filters. The individual filter branches are 
tuned to the appropriate frequencies. 

Most often, the system consists of branches that include 
the filters of 5th and 7th harmonic or the 5th, 7th, 11th and 
13th harmonic, regardless of whether 6-pulse or 12-pulse 
rectifiers are used. 

In practice, in a 12-pulse rectifier appear the currents of 
uncharacteristic 5th and 7th harmonics which cannot be 
omitted. The use of 5th and 7th harmonic filters eliminates 
the possibility of parallel filter resonance with the power grid 
near these frequencies [2, 16]. 

In the case of hoisting machines, the expected level of 
harmonics should also be taken into account at the 
sequence control of 12-pulse converters and during 
emergency operation of the machine when the motor is 
powered from a single 6-pulse rectifier. 

Figure 4 shows a single-phase equivalent diagram of the 
power grid [21], and Figure 5 shows an example of the 
frequency response of a grid with a 4-branches passive 
higher harmonic filter [14, 21]. 

 
Fig.4. Single-phase equivalent circuit diagram of the power grid 
with a 4-branches harmonic filter 

 
When calculating the filter parameters, apart from the 

expected harmonics of the compensated load, one should 
also take into account the harmonics generated in other 

points of the power grid, because they may cause an 
increase current of the filter branch, and thus an increase 
temperature of the choke or tripping of the overcurrent 
protection. As a result of activation of the protection, the 
filter is switched off and all harmonics generated by the 
loads get into the grid. 

 

 
Fig.5. An exemplary frequency characteristic of a supply power grid 
with a 4-branches filter of the 5th, 7th, 11th and 13th harmonic 
seen from the rectifier side: Zs - grid impedance without filter, Zf - 
grid impedance with filter 
 

In the hoisting machinery power supply systems, due to 
its short operating cycle, these filters are switched on 
permanently. Possible switching off the filter may take place 
with excess of the reactive power in the grid during longer 
machine downtime. In this case, sections in order from the 
highest harmonic to the lowest are switching off, until the 
appropriate power factor is obtained at the point of common 
coupling. The filter sections are switched on in the reverse 
order. A certain inconvenience is the necessity to turn on 
the filters while the hoisting machine is working, which limits 
the possibility of using them to regulate the reactive power 
in the plant's grid. 

The effectiveness of the filter depends on the impedance 
of the power grid at the point of its connection [2, 5, 12]. 
Usually, this value is not known exactly, and additionally it 
changes with changing the configuration of the supply grid. 

Filters become detuned as a result of changes in the 
supply frequency and changes in the parameters of the filter 
elements, e.g. as a result of the aging process of the 
capacitors. For these reasons, filters of this type are tuned 
to a frequency slightly lower than the frequency of the 
harmonic need to be eliminated. 

Filter parameters may also differ from the optimal values 
due to tolerances of individual components parts in 
production process. 

These phenomena reduce the effectiveness of the filter. 
The following part of the paper presents the results of the 

control tests of the higher harmonic filtering efficiency of a 
hoisting machine powered by a 12-pulse rectifier in one of 
the hard coal mines in Poland. The tests were aimed at 
checking the impact of the drive on the supply power grid 
after changing its configuration, and thus changing the 
impedance at the filter connection point. 

 
Measurement results 

Figure 6 shows a simplified diagram of the mine's power 
grid. 

 
Fig.6. Simplified diagram of the power grid of the mine: RG - main 6 
kV switchgear, R1 - local switchgear, M - hoisting machine, F5, F7, 
F11, F13 – 5th, 7th, 11th and 13th harmonic filters 
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Fig.7. Spectrum of line-to-line voltage harmonics on the RG 
switchgear busbars: a) without filters, b) with 5th and 7th 
harmonic filters, c) with 5th, 7th, 11th and 13th harmonic filters 

 
Fig.9. The spectrum of harmonics of the current in the bay 
supplying the R1 switchgear: a) without filters, b) with 5th and 
7th harmonic filters, c) with 5th, 7th, 11th and 13th harmonic 
filters 

 
Fig.8. The spectrum of harmonics of the current in the bay of a 
110/6 kV transformer: a) without filters, b) with 5th and 7th 
harmonic filters, c) with 5th, 7th, 11th and 13th harmonic filters 
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Fig.10. Comparison of the content of higher harmonics for 
different filter operating states: a) line-to-line voltages on the RG 
switchgear busbars, b) currents in the 110/6 kV transformer bay, 
c) currents in the bay supplying the switchgear R1 
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The object of the research was a hoisting machine with a 
direct current motor with a power of 3600 kW powered by a 
12-pulse thyristor rectifier and a set of shunt passive filters.  

Measurements were made in the bays of the main RG 
switching station. The line-to-line voltage waveform on the 
RG main switchgear busbars and the current waveforms in 
the 110/6 kV transformer supply bay and the R1 
switchboard supply bay were recorded. The measurements 
were carried out while hoisting machine run in fixed speed 
16 m/s with the filters turned off and the relevant filter 
sections turned on. The hoisting machine was driven at the 
full load. Harmonic analysis was performed up to a 
frequency of 1600 Hz. The tests were carried out during the 
normal operation of the plant. 

It should be noted that the hoisting machine is the largest 
unit load, but other loads with a total power greater than the 
power of hoisting machine are also important, which affects 
the content of higher harmonics of the transformer 
supplying the system. During the tests, the average load of 
the transformer was approx. 9.5 MVA. 

Figures 7-9 show on a logarithmic scale the harmonics 
spectra for individual analyzed cases. 

Table 1 presents the synthetic results of the harmonic 
analysis for the cases shown in Figures 7-9. 
 
Table 1. Results of the harmonic analysis for a fixed speed driving 

Parameter 
without 
filters 

with 5th 
and 7th 

harmonic 
filters 

with 5th, 
7th, 11th 
and 13th 
harmonic 

filters 
Voltage TDH 2.90 % 1.99 % 0.93 % 
Dominant harmonic of voltage 11 11 5 
Content of the dominant 
voltage harmonic 

1,30 % 0.94 % 0.51 % 

Transformer current THD 4.50 % 3.87 % 1.73 % 
Dominant harmonic of the 
transformer current 

11 11 5 

Content of the dominant 
harmonic of the transformer 
current 

2.70 % 2.35 % 1.40 % 

Machine current THD 10.69 % 10.91 % 11.67 % 
Dominant harmonic of the 
machine current 

11 11 11 

Content of the dominant 
harmonic of the machine 
current 

7.80 % 8.02 % 8.59 % 

 
The effects of the filters can be observed by comparing 

the measurements during the operation of the hoisting 
machine and switching on of subsequent filter sections. As 
can be seen from the values presented in Table 1, 
switching on next section of the filter causes a decrease in 
THDu and THDi values in the 110/6 kV transformer bay. 
The percentage content of higher harmonics in the supply 
transformer current is small and does not exceed the 
permissible values with harmonic filters turned off or on. 
However, with a reduced load of other devices, this share 
will increase and during operation with filters switched off, it 
may exceed the permissible values. Therefore, the filters 
should be switched on when the hoisting machine is 
running. 

Figure 10 shows, on a linear scale, a comparison of the 
content of higher harmonics for different operating states of 
the filters for fixed speed operation of hoisting machine. 

As can be seen in Figure 10c), the harmonic content of 
the current in the bay supplying the hoisting machine 
through the R1 switchgear practically does not change. 
Minor changes are caused by a change in the impedance of 
the circuit power grid-harmonic filters when switching on 
subsequent filter sections [14]. 

Figure 11 shows the current waveform in the bay 
supplying the R1 switchgear, and Figure 12 shows the 
voltage waveforms on the RG switchgear busbars during 
the fixed speed operation of hoisting machine for selected 
filter configuration cases. 
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Fig.11. The waveform of the current in the bay supplying the R1 
switchgear during the fixed speed operation of hoisting machine 
and turned off the higher harmonics filters 
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Fig.12. The waveform of the line-to-line voltage on the RG 
switchgear busbars during the fixed speed operation of hoisting 
machine: a) without filters, b) with 5th and 7th harmonics filters, c) 
with 5th, 7th, 11th and 13th harmonics filters 
 

Based on the analysis of the voltage and current 
waveforms of thyristor rectifier supplying the hoisting 
machine, no excessive distortions of these waveforms were 
found. The waveform of the current supplying the machine 
practically does not change when next sections of the filter 
are turned on. The next filter sections turning on smooths 
the supply voltage waveform. 

The currents of selected harmonics flow through properly 
tuned filter sections and practically do not cause voltage 
distortions on the reactances of the supply power grid The 
control measurements confirm the correct operation of the 
installed filters after changing the configuration of the supply 
power grid, resulting in the limitation of the appropriate 
current and voltage harmonics in the bay of the transformer 
supplying the RG switchgear. 
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Summary and conclusions 
The paper presents the results of controls tests of the 

filtration efficiency of higher harmonics of a thyristor hoisting 
machine in one of the hard coal mines in Poland. 

Due to the relatively high power, hoisting machines are 
one of the most important electricity consumers in mines, 
affecting the quality of energy. The use of passive multi-
branch higher harmonic filters, due to their high attenuation 
and efficiency as well as relatively low cost, is one of the 
most common solutions used in industrial power grids. 
Properly calculated filter parameters allow to maintain the 
proper quality of energy in the power supply and distribution 
grids. However, due to the aging of passive filter elements 
and changes in operating conditions when changing the 
configuration of the supply grid, it is advisable to carry out 
periodic control measurements of their effectiveness. 

The presented control measurements confirm the correct 
operation of the tested filters and the effective limitation of 
higher harmonics generated by the rectifier of the hoisting 
machine after changing the configuration of the power 
supply grid. 

The use of harmonic filters contributes to the reduction of 
electricity costs by eliminating additional charges related to 
the failure to meet the quality parameters of energy at the 
point of supply to the plant and significantly improves the 
reliability of both the converter system and other devices 
supplied from the plant's power grid. 
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