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 DINAMIC REACTIVE POWER COMPENSATION IN ELECTRIC DRIVE 
TRANSIENT MODE 

The pager suggests the structural diagrams with the formulated low of control over the system of dynamic 
compensation for reactive power in disturbance, intended for the compensation of reactive power starting 
large asynchronous motors.  
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Problem consideration  

Operation of electric drives during their starting as well as under variable conditions is 
characterized by considerable consumption of reactive power, which in some cases exceeds the 
consumption of active power. Starting currents of powerful asynchronous motors (AM) stipulate for 
under voltage in the network node. This in turn, causes the reduction of node load stability. One of 
the efficient measures of improvement of voltage level in transient modes is fast (dynamic) 
compensation for reactive power. 

Substantiation of the results 

Let us consider two variants of realization of the systems of dynamic compensation for reactive 
power of electric drives with the usage of static thyristor compensation (STC) (fig 1), where: three-
phase power supply (TPS), electric drive (ED), thyristor-regulated reactor, including reactors  L1, 
L2, L3 and switched subtractive-paralled-thyristors VT11, VT12, VT21, VT22, VT31, VT32,, capacitors 
battery  С1, С2, С3. Controlling over STC is made with the help of the system of impulse-phase 
control (SIPC). Information on loading on its input enters from the outputs of measuring channels 
(MC), which, in turn, connected to the ED supply line through the current measuring transformers 
(CT)  and voltage (VT). 

 The system of dynamic compensation for reactive power (fig. 1a) ensures the control on 
disturbance, and the system (fig. 1b) – on deviation. The system with the control on disturbance 
(fig. 1a) is characterized by more efficient processing speed, but its construction requires to choose 
informative parameters and to receive regulation curve of STS. 
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Fig.1. Diagram of dynamic compensation for reactive power of electric drives with the help of STC 
 
Let us consider a question on choice of informative parameters for controlling over STC on 

disturbance. With an aim of analysis of energy processes during transient processes in electric 
drivers, [1-3] presents the notions of current meanings of active  and reactive constituents of 
spectral resistance α conductivity. 
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as well as spectral conductivity, for determination of which there had been used the equivalency 
conditions between the constituents of spectral resistance and conductivity: 
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In case of controlling following the condition 0=)t(bK  the reactive power 
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As under conditions of supply voltage nonsinusoidality or non-linearity in the magnetizing 
circuit AM )t(Q)t(P)t(S 222 +≥ , the dynamic compensation for reactive power on criteria   

0=)t(bK  ensures more efficient coverage in comparison with control on criteria 0=)t(bC :  
)t(Q)t(QK ≥ . Electromagnetic torque   of AM in conditions of nonsinusoidality decreases, that is 

why the application of this criteria leads to an increase of stability of loading node. At the same 
time, in conditions when supply voltage nonsinusoidality or non linearity of AM are insignificant. 
Both the criteria provide for equal level of compensation. 

Let us switch over to the consideration of the STC regulation curve. In STC with the diagram of 
connecting the thyristor-regulated reactors (TRR) in „ triangle”, the  current through the bithyristor 
key in each of the phases does not depend on the current in other phases. That is why the 
peculiarities and energetic characteristics of STC may be received considering one phase TRR [4, 
5].  

Each phase of the compensator includes the reactor with the inductivity рL  and active resistor 

рR , and  bithyristor key, the resistance of which equals zero. The expression for momentary current 
may be received by solving the differential equation 
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where mU   – amplitude value of the linear net voltage; γ  – angle of thyristors opening, which 
comes true for the current through the theristor in the interval  вt γ≤ω≤γ , вγ  – angle of thyristors 
closing, corresponding to the zero current value. 

Solving the differential equation (3) considering the initial conditions γ=ωt , 0=i , we get the 
expression for momentary current through TRR, which is true for the current through the thyristor 
in the interval вt γ≤ω≤γ :  
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Since the TRR in the common case is mostly the inductive loading ( o90≈ϕ ), the form of current 
in TRR when increasing the angle of switching on γ, calculating from the maximum value of linear 
voltage, decreases its amplitude without changing the phase shift practically (fig. 2). After 
switching the thyristor, the current through the TRR runs within the time interval which does not 
exceed the half period. Angle of thyristor closing  вγ  may be determined from the expression 

0=⋅ϕ−γ−ϕ−γ ωτ
γ−γ

−
р

в

e)cos()cos( в , 

which is received from (4) under condition of 0=i  when вt γ=ω . 
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Fig. 2. TRR current dependences in the function of angle γ  

 

To receive the regulation curve  Qstc(γ) lets consider the analytical dependences for the current 
TRR, which has the reactive character. The dependence of amplitude current value TRR on angle  
γ  may be received from the expression  (4), substituting ϕ=ωt : 



ENERGETICS AND ELECTRICAL ENGINEERING 

 

Наукові праці ВНТУ, 2008, № 3 4 

 
⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
⋅ϕ−γ−⋅=γ ωτ

γ−ϕ
−

рe)cos()(I)(I mm 10  . (5) 

Dependence )(Im γ  presented in Fig. 3 (curve1). For the comparison this figure presents the 

experimentally taken dependence of the amplitude of the first harmonica )(I~ m γ1  of the current 

TRR (curve 2). Dependence of the amplitude of the first harmonica )(I~ m γ1  (curve 2) of the current 
TRR is much more lower in comparison with the theoretical dependence of the amplitude value of 
the non sinusoidal current )(Im γ  (curve1), which can be explained by the availability of the higher 
harmonics. 
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Fig. 3. Dependence of  amplitude values of no sinusoidal current (curve 1) and its first harmonica (curve 2) through 

TRR 
 

The table presents the experimental data of the current amplitude values TRR )(I~m γ , which 
slightly differ from the theoretical )(Im γ . It also presents the experimental data of the amplitude 

values of the first harmonica of the current TRR )(I~ m γ1 , as well as higher harmonics )(I~ m γν , of the 
reactive character. 

 

Table 

Data of the amplitude values of the current through the TRR 

γ o0  o9  o18  o27  o36  o45  o54  o63  
)(Im γ  1 0,844 0,692 0,548 0,414 0,295 0,193 0,110 

)(I~m γ  1 0,839 0,693 0,538 0,405 0,293 0,186 0,107 

)(I~ m γ1  0,986 0,790 0,604 0,436 0,293 0,179 0,096 0,042 

)(I~ m γ3  0 -0,065 -0,113 -0,136 -0,131 -0,105 -0,069 -0,035 

)(I~ m γ5  0 -0,036 -0,051 -0,037 -0,006 0,021 -0,031 -0,024 

)(I~ m γ7  0 -0,024 -0,021 0,002 0,020 0,015 -0,002 -0,012 

)(I~ m γ9  0 -0,016 -0,005 0,013 0,008 -0,007 -0,009 0,002 

)(I~ m γ11  0 -0,011 0,003 0,009 -0,005 -0,006 0,005 0,003 

)(I~ m γ13  0 -0,001 0,006 0,001 -0,006 0,004 0,002 -0,004 
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Data analysis shows that angle increase γ  decreases the reactive current of the main harmonica 
TRR. At the same time, angle increase  γ  causes the current reactive constituents on the higher 
harmonicas. The amplitude value of the third current harmonica is the highest and reaches its 
maximum with the angle of o30≈γ . However, considering, that the third current harmonica is 
closed in the triangle TRR, the influence of the higher harmonic component will be less 
considerable, since the amplitude of the fifth harmonica makes up 5,1 % of the main harmonica 
with the angle of o18 , and the amplitude of the seventh harmonica does not increase 2,4 %. 

Since the highest harmonicas of feeding voltage equal zero, the reactive power is not consumed 
on them. That is why the reactive power will be determined by the reactive constituent of the main 
current harmonica 

рIUsinIUQ 111 ⋅=ϕ⋅⋅= . 

Analytical dependence of the amplitude values of the main current harmonica )(I m γ1 , with the 
reactive character, may be received from the expression for current (4), factorising it in Fourier 
series [6] 
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So, the regulating curve of the TPS reactive power may be presented as 
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Thus, the law of TPS control for the system of dynamic compensation of the reactive power on 
the disturbance (fig. 1а) may be presented as : 
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For the realization of the inverse non linear dependence F –1 it is possible to use the functional 
generator.  

Conclusions 

There had been suggested the structural diagrams of the systems of dynamic compensation  of 
the reactive power on disturbance and on deviation. There had been formulated the law of control 
of the system of dynamic compensation of reactive power on disturbance. 
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