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ABSTRACT: The increasing deployment of modern multifunctional measuring instruments (MIs) and electronic 

computing machines (ECMs) has enhanced the analysis and evaluation of electrical networks, particularly in addressing 

the non-sinusoidality of voltage and current. Non-sinusoidal waveforms, primarily caused by higher harmonics (HH), 

degrade the performance of electrical systems, reducing energy efficiency and stability. This study explores technical 

solutions, such as filter-compensating devices and LC filters, which are used to mitigate harmonic distortion and improve 

the power factor. The paper also discusses the role of passive and active power factor correction methods, focusing on 

the application of linear chokes and active harmonic conditioners (AHCs). These devices effectively reduce harmonic 

components in nonlinear load scenarios and improve the overall energy quality in transmission networks. The findings 

highlight the need for both passive and active filtering solutions to ensure efficient electricity transmission, reduce 

harmonic distortion, and maintain network reliability. 
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I. INTRODUCTION 

Recently, due to the emergence and spread of modern multifunctional measuring instruments (MIs) for indicators of 

electrical modes and electronic computing machines (ECMs), it has become possible to conduct a deeper analysis and 

take into account the impact of additional factors that were previously difficult to assess. Among the additional and poorly 

studied factors is the low quality of electricity (EQ), and in particular, the non-sinusoidality of voltage and current. The 

presence of higher harmonics (HH) reduces the performance of most elements present in electrical networks, which 

requires both technical and organizational measures to reduce the level of HH to a minimum. 

Domestic and foreign specialists have developed many technical means to improve the quality of electricity according to 

indicators of voltage and current non-sinusoidality. One of the effective ways to reduce higher harmonic components of 

current is the use of filter-compensating devices [1]. The use of an LC filter to smooth out the ripples of rectified voltage 

can be called a method of passive power factor correction. The shape of the input current depends on the inductance of 

the choke and the capacitance of the filter capacitor. Since the frequency of the power supply network is 50 Hz, the filter 

elements will be large, which worsens the mass and size characteristics of the device. In this case, the power factor is in 

the range of 0.7-0.85. It should be noted that the use of inductance leads to overvoltages that occur on the output 

capacitance and the choke of the filter during abrupt changes in the load current [2]. Methods of active power factor 

correction [3] can be conditionally divided by conversion frequency into low-frequency and high-frequency methods [4]. 

As with most proposed methods, harmonics are eliminated only for individual electrical receivers. 
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II. MAIN PART 

The simplest way to reduce the level of higher harmonics generated by nonlinear loads into the external network is the 

sequential connection of linear chokes (Fig. 1). Such a choke has a low value of inductive resistance at the main frequency 

and significant resistance values for higher harmonics, which leads to their attenuation [5,6]. At the same time, the 

amplitude factor (crest factor) ka and the distortion factor ki of the input current decrease: 

𝑘𝑎 =
𝐼𝑎

𝐼
 

Where 1a - current pulse amplitude; I - effective value of non-sinusoidal current. 

𝐼 = √𝐼1 
2 + ∑ 𝐼𝑛

2
𝑛≥2   , 

Where 𝐼1 - effective value of the fundamental (first) harmonic of current; 𝐼𝑛- effective value of the "n"-th harmonic of 

current. 

                              
 

Figure 1 - Current curves of nonlinear loads: a) without choke b) with choke connected in series 

 

This method of reducing the current distortion factor is used in three-phase bridge circuits [7]. The use of series-connected 

linear chokes in some cases does not allow reducing current harmonic distortions to the desired limits. In this case, the 

use of passive LC filters tuned to a certain harmonic order is advisable. Such filters have found wide application in 

systems with NSPS to improve the harmonic composition of the consumed current. 

Connecting a filter at the input of a six-half-period rectifier under 100% UPS load reduces the current distortion factor to 

8-10%. The value of this factor in the system without a filter can reach 30% or more. Figure 2 shows the implementation 

of a three-phase LC filter used as an optional device in three-phase NSPS. 

The following types of passive filters are distinguished [7]: 

- uncompensated LC filter; compensated LC filter; uncompensated LC filter with switch; three-phase version of the LC 

filter. 
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Figure 2 - Passive filters: a) uncompensated LC filter; b) compensated LC filter; c) uncompensated LC filter 

with switch; d) three-phase version of the LC filter. 

 

  An uncompensated filter contains a longitudinal inductance L1 and a transverse circuit consisting of a series-connected 

inductance L2 and capacitance C1 tuned to a certain harmonic (Figure 2a). If the filter is tuned to the 5th harmonic, the 

transverse circuit resistance is close to zero, and the current consumed from the source will not contain this harmonic. 

A compensated filter contains an additional transverse inductance L3, which makes the filter inductive relative to the 

generator (Figure 2b). This reduces the capacitive component of the consumed current and facilitates generator operation 

in start-up and steady-state modes. However, the presence of the choke reduces the overall system power factor. 

 

The uncompensated filter with a switch is convenient for use in circuits where its operation is required only at certain 

times. The transverse filter circuit is automatically connected only after the NSPS reaches nominal mode (Figure 2c). 

One of the main disadvantages of such filters is the need to select chokes for a specific and constant harmonic power, 

which does not allow effectively combating them when the nonlinear load changes throughout the day. The use of chokes 

reduces the power factor, which negatively affects the energy efficiency of electricity transmission. 

For such loads, active harmonic filters or active harmonic conditioners (AHC) can be used. AHC [891011] is connected 

in parallel with the nonlinear load (Figure 3). 
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Figure 3 - Active harmonic conditioner connection diagram 

 

The principle of operation of an active harmonic conditioner is based on analyzing the harmonics of the nonlinear load 

current and generating the same current harmonics but with the opposite phase into the distribution network. As a result, 

higher harmonic components of the current are neutralized at the point where the AHC is connected. This means they do 

not propagate from the nonlinear load into the network and do not distort the primary energy source voltage [12]. 

The nonlinear load current contains the main and higher harmonics: 

. 𝐼𝑛𝑙 = 𝐼1 + ∑ 𝐼𝑛𝑛≥2 , 

Where 𝐼1  - is the effective value of the main (first) harmonic of the current; 

1п - effective value of the "n"-th harmonic of the current. 

The AHC current contains the higher harmonics in counterphase to the load current: 

𝐼𝑎ℎ𝑐 = − ∑ 𝐼𝑛𝑛≥2 , 

Where 1п - is the effective value of the "n"-th harmonic of the current. 

As a result, the current consumed from the source is almost sinusoidal, as it contains only the main (first) harmonic: 

𝐼𝑝𝑠 = 𝐼𝑛𝑙 + 𝐼𝑎ℎ𝑐 =  𝐼1  

 

III. CONCLUSION 

 

Thus, the source supplies only the main harmonic of the load current, while the AHC compensates for almost the entire 

spectrum of higher harmonics from the 2nd to the 25th. The AHC can be installed at any point in the distribution network 

and can compensate for higher harmonics from one or more nonlinear loads. Most AHC models can compensate for 

effective values of higher harmonics from 20 to 120 A. 
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