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Abstract 

The article presents the development of the algorithm for the study of higher harmonics of current and voltage. Research 
includes the harmonic interaction between transducers and power systems, as well as the simulation of higher 
harmonics research. The information on the application of the algorithm on the modern tool base is given.  
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1. Introduction

One of the main objectives of this work is the development of a method to account for losses caused by higher harmonic 
currents and voltages. At the same time, it is obvious that these components of losses must be assessed individually, due 
to their different weight significance, a significant difference in terms of distribution, on the equivalent circuits applied 
to them and their parameters. 

There is no doubt that a special need to account for such losses arises when the requirements of GOST 32144-2014 are 
violated, which set different standards not only for each harmonic, but also depending on the nominal voltage of the 
network. 

It is from these positions that it is impossible not to evaluate the existing methods for calculating capacities, their 
applicability to balance equations, and the calculation of losses caused by the distortions under consideration. 

The existing methods for determining the power components, depending on the mathematical apparatus used can be 
divided into: spectral, integral, exchange power method, equivalent sinusoid method, main harmonic method, energy-
flow theories, etc. 

2. Methods

In spectral methods, the power components are determined through the harmonic components of the currents and 
voltages. 

The active power of a periodic current of arbitrary shape is defined as the average power for a period [1, 2]: 
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                                                       (1) 

Indeed, if the instantaneous values of voltage and current are expressed in the form of trigonometric series, then we 
obtain [1, 2]: 

𝑃 =
1

𝑇
∫ [∑ 𝑈𝑛

∞

𝑛=0

sin (𝑛𝜔𝑡)] [∑ 𝐼𝑛

∞

𝑛=0

sin (𝑛𝜔𝑡 + 𝜑𝑛)] 𝑑𝑡 .                (2)
𝑇

0

 

The average for the period value of the product of the instantaneous values of sinusoids of various frequencies is zero, 
and after integration [1, 2]: 

𝑃 = ∑ 𝑈𝑛𝐼𝑛

∞

𝑛=0

cos 𝜑𝑛 = ∑ 𝑃𝑛

∞

𝑛=0

.                                            (3) 

From this expression it follows an important conclusion that the average power of a non-sinusoidal current is equal to 
the sum of the average powers of the individual harmonics. Thus, expression (3) fully meets the stated requirements, 
allowing to calculate active power losses both individually for each harmonic and integrally. The active energy, 
developed or consumed, is determined in a similar way during T [1, 2]: 

𝑊𝑎 = 𝑇 ∑ 𝑈𝑛𝐼𝑛

∞

𝑛=0

cos 𝜑𝑛 = 𝑇 ∑ 𝑃𝑛

∞

𝑛=0

   .                                     (4) 

In addition to the active power determined by the formula 4, in accordance with the theories of K. Budenau and S. Frieze 
[3, 4] in the mode with non-sinusoidal currents and voltages will also be present reactive power Q and power distortion 
T, determined by the formulas [2, 4]: 

𝑄 = ∑ 𝑄𝑛

𝑛

𝑛=1

= ∑ 𝑈𝑛𝐼𝑛

𝑛

𝑛=1

sin 𝜑𝑛     ,                                        (5) 

𝑇 = √ ∑ 𝑈𝑛
2𝐼𝑚

2 + 𝑈𝑚
2 𝐼𝑛

2 − 2𝑈𝑛𝑈𝑚𝐼𝑛𝐼𝑚cos (𝜑𝑛 − 𝜑𝑚)

𝑛≠𝑚

. 

Here, the calculated expression (5) allows us to estimate the reactive power for individual harmonics. However, on the 
network element for which the reactive power is calculated, there arises another, besides the active component, the 
power component - the distortion power. This value has no physical meaning and cannot be measured. Therefore, the 
expression (5) cannot be considered reliable [2]. 

N.Casters and V.Mur [3], analyzing the possibility of reactive power compensation in linear and nonlinear circuits in any 

energy process, determined the inductive and capacitive reactive powers: 𝑄𝐿 =
𝑈(𝑢(𝑡)𝑖(𝑡))

𝑈
, 𝑄𝐶 =

𝑈(𝑢̇(𝑡)𝑖(𝑡))

𝑈̇
 , where U is the 

effective value of voltage; 𝑢 (𝑡) and 𝑈 are the instantaneous and square root values of the variable ∫ 𝑢𝑑𝑡;   𝑢̇(𝑡) и 𝑈̇; and 

is the instantaneous and square root value 
 𝑑𝑢

𝑑𝑡
 [2, 5]. 

Reactive powers according to Custer and Moore in the frequency domain are equal to: 

𝑄𝐿 = ∑
𝜔𝐿

𝜔𝑛
𝑈𝑛𝐼𝑛

𝑛

𝑛=1

sin 𝜑𝑛 , 𝑄𝐶 = ∑
𝜔𝑛

𝜔𝐶
𝑈𝑛𝐼𝑛

𝑛

𝑛=1
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where two fixed frequencies are entered 𝜔𝐿 =
𝑈

𝑈
 𝑎𝑛𝑑 𝜔С =

𝑈̇

𝑈
 We get: 
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𝑄𝐿 = ∑
1

𝑛
𝑄𝑛

𝑛
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𝑛
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.                                (7) 

Inductive and capacitive reactive components can be compensated by parallel inclusion of the corresponding element. 
Residual reactive components cannot be compensated in this way [2, 5]. 

In the integral methods of M. Iliovisi [3] and O.A. Mayevsky proposed expressions for calculating the integral 
components of the total power. Reactive power at non-sinusoidal values is equal to: 

𝑄 = ±
1

2𝜋
∮ 𝑖(𝑢)𝑑𝑢;     𝑄 = ±

1

2𝜋
∮ 𝑢(𝑖)𝑑𝑖.                   (8)  

When bringing the integral value of reactive power to a certain specific frequency [3]: 

𝑄 = ∑
𝜔𝑛

𝜔п
𝑄𝑛

𝑛

𝑛=1

,                                                (9)  

where 𝜔𝑛 _ is the harmonic frequency, 𝜔п is the frequency of reduction. Then for the n-th order harmonic: 

𝑄 = ∑ 𝑛𝑄𝑛

𝑛

𝑛=1

.                                             (10)   

From these expressions it follows, that the reactive powers of the individual harmonics are not equivalent, and the 
reactive powers of the individual harmonics are included in the expressions of the total reactive power with a coefficient 
proportional to their frequency [2]. 

The harmonic interpretation of reactive power, used for the first time by Mayevsky, consists in the proportionality of 
the area of the current-voltage characteristic of a two-pole device described over the period, of reactive power; 𝑄 =

−
1

2𝜋
∮ 𝑖𝑑𝑢 = ±

1

2𝜋
|𝑠|𝑚𝑢𝑚𝑖, where s - is the area of the current-voltage characteristic, mu и mi –  are the scales along the 

coordinate axes. 

For the integral component of power, the law of energy conservation throughout the entire closed electric circuit is 
valid. K.S. Demirchyan also believes that the concept of reactive power should be linked to the intensity of the physical 
processes of the exchange of electromagnetic energy between the individual elements of the electrical circuit [2, 3]. 

In the theory of E. Pille [3], the reactive power at a non-sinusoidal voltage is 𝑄 =
2𝜋

𝑇
∫ (𝐺 − Е)𝑑𝑡,

𝑇

0
 where G - is the 

magnetic field energy, E is the electric field energy. With regard to the RL – chain 𝑄 = 𝜔𝐿𝐼2, for RC – chain  𝑄 = −𝜔С𝑈2 

, and for RLC sequences - chain: 𝑄 = ∑
1

𝑛
𝑈𝑛𝐼𝑛𝑠𝑖𝑛𝜑𝑛

𝑛
𝑛=1  [2]. 

E. Pille considers reactive power as a component of total power along with active power and distortion power. He 
believes that the power of distortion has no physical meaning, neither calculation nor measurement is supplied and 
cannot be compensated. 

F.P. Zharkov proposes to use the concept of "exchange capacity" [3]. When consumed, energy is converted and 
accumulated; when the stored energy is returned, partial conversion of energy into other forms takes place. 

The value of   
𝑑𝑊

𝑑𝑡
=

𝑊𝑚𝑎𝑥−𝑊𝑚𝑖𝑛

𝑇
  F.P. Zharkov calls the value of the exchange energy averaged over the interval T. In [2, 5] 

it is noted that in this formulation F.P. Zharkov determined not the exchange 𝑊exch = 𝑊𝑚𝑎𝑥 − 𝑊𝑚𝑖𝑛,  but the maximum 

accumulated energy. For an RL circuit with a sinusoidal voltage and period T, the reactive power is  𝑄 =
2𝜋

𝑇
(𝑊𝑚𝑎𝑥 −

𝑊𝑚𝑖𝑛). With such a record,  𝑄 = 𝜔(𝑊𝑚𝑎𝑥 − 𝑊𝑚𝑖𝑛) [2, 5]. 

According to K.S. Demirchyan distribution of these formulas to non-sinusoidal modes is possible using the method of 
equivalent sinusoids. In his opinion, to assess the intensity of the exchange processes, it is advisable to use the exchange 



Kholiddinov et al. / Global Journal of Engineering and Technology Advances, 2019, 01(01), 043–048 

46 
 

power 𝑄𝑒𝑥𝑐ℎ =
𝑊𝑒𝑥𝑐ℎ

𝑇
 , where Wexch - is the exchange energy for a period with sinusoidal processes, equal to twice the 

maximum value of the instantaneous accumulated electromagnetic energy. 

I.V. Zhezhelenko and Yu.L. Saenko believes that reactive power in the system should be proportional to Joule losses [4]. 
They recommend determining reactive power based on the main harmonics of current and voltage. The use of the 
concept of reactive power only for sinusoidal modes is also suggested by V.A. Venikov, L.A. Zhukov, N.A. Melnikov and 
other scientists [3]. 

Analyzing the approaches designed by these authors, it should be noted that most of the methods come down to the 
possibility of calculating the reactive power for the harmonic components. The resulting imbalance is “written off” to 
the power, which has no physical meaning, and therefore can be attributed to the methodological error of the 
calculation. It will certainly affect the accuracy of the measurement tools, which will increase with increasing harmonic 
composition of voltage and current [2, 5]. 

3. Results and discussion 

For a branched chain containing linear and nonlinear elements, the reactive power balance is described by the 
expression [2, 5]: 

𝑈1𝐼1𝑠𝑖𝑛𝜑1 = ∑ 𝑛𝑄(𝑛) + ∑ 𝑛∆𝑈𝑆(𝑛)𝐼(𝑛)𝑠𝑖𝑛𝜑𝑆(𝑛),

𝑛

𝑛=1

𝑛

𝑛=1

                         (11) 

Where  𝑈1𝐼1𝑠𝑖𝑛𝜑1  - reactive power source;   ∑ 𝑛𝑄(𝑛)
𝑛
𝑛=1  -reactive power nonlinear load;  ∑ 𝑛∆𝑈𝑆(𝑛)𝐼(𝑛)𝑠𝑖𝑛𝜑𝑆(𝑛)

𝑛
𝑛=1  -

reactive power losses in network elements. 

An algorithm has been developed for calculating the source's reactive power based on (11), which allows to take into 
account the reactive power of a non-linear load and the loss of reactive power in the network elements. This allows a 
more objective assessment of the reactive power of the source, which occurs when a number of electrical receivers 
operate, powered from the network with an asymmetric voltage system (Fig. 1) [5, 6]. 

 

Figure 1 Structural scheme for calculating the balance of reactive power 
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The presented structural diagram (Fig. 1) of the algorithm for calculating reactive power losses with regard to higher 
harmonics works as follows. The source data obtained determines the reactive power losses in the network elements 
and compares with the value of the reactive power from the source, if these values are equal, then the calculation ends. 
If the condition is not met, then the reactive power of the nonlinear load with the existing harmonics is determined and 
summed with the reactive power losses in the network elements, then these values are compared with the value of the 
reactive power from the source. If these values are equal, then the calculation ends. If the conditions are not met, then 
the reactive power of the nonlinear load with the existing harmonics is redetermined until the required balance 
conditions are fulfilled. 

 

ADC - block input circuits, SU - control system (keyboard), CPU — central processor; PM-microprocessor performs 
calculation of reactive power losses taking into account higher harmonics. 

Figure 2 Structure of reactive power measurement device "Malika-01" 

The author modernized the multifunctional device “Malika-01”, made on a modern microprocessor base to account for 
the higher harmonic components of the current and voltage in the electrical system. The algorithm for calculating the 
reactive power losses taking into account higher harmonics using the RM block, presented in Fig. 2 [5, 6], was laid. 

4. Conclusion  

Analysis of existing theories of power, as well as methods for describing electrical transformations in non-sinusoidal 
modes, allows us to draw the following conclusions [5, 8, 9]: 

- none of the existing methods for calculating the components of reactive power does not allow to fully describe the 
physical processes associated with energy transformations in non-sinusoidal modes; 

- the most appropriate approach should be considered, in which the power components are determined by the 
corresponding currents and voltages of higher harmonics: 

for four and five wire networks: 

𝑃𝑛Σ = ∑ ∑ 𝑈𝑛𝐼𝑛𝑐𝑜𝑠𝜑𝑛

𝑛=2𝐴,𝐵,𝐶

, 𝑄𝑛Σ = ∑ ∑ 𝑛𝑈𝑛𝐼𝑛𝑠𝑖𝑛𝜑𝑛

𝑛=2𝐴,𝐵,𝐶

.     (12) 

for three-wire networks: 

𝑃𝑛Σ = ∑ √3𝑈𝑛𝐼𝑛𝑐𝑜𝑠𝜑𝑛

𝑛=2

, 𝑄𝑛Σ = ∑ √3𝑛𝑈𝑛𝐼𝑛𝑠𝑖𝑛𝜑𝑛

𝑛=2

.     (13) 

-to estimate additional losses, it is necessary to investigate by measuring in existing electrical networks of various 
voltages in the presence of significant distortions of the sinusoidality of currents and voltages.  
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