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In this article the expediency of using the fuzzy controller, as part of an additional control loop of the compensator
control system in terms of the level of commutation overvoltages and amplitudes of the higher harmonics of the supply
network current, is shown. The use of fuzzy controller makes it possible, in the process of reactive power compensation,
to reduce the generation of higher harmonics of the current to the network, without exceeding the established level of
switching overvoltages. The principles of control of the filter compensating device for the powerful sounding pulses
generator using the second order fuzzy regulator are considered. The use of a fuzzy second-order regulator will enable
the controlled parameters to be adjusted with the given accuracy. References 8, figures 5, table 1.
Key words: multi-functional compensators, control system, fuzzy logic controller.

Introduction. At present, various options for constructing devices for compensating inactive network power
are proposed in [1,6,7], however, a narrow specialization and orientation toward a specific type of distortion of the
power network indicate the advisability of an integrated approach to solving the problem of improving the quality of
electricity and meeting its standards. A promising direction is the creation of multifunctional devices that perform the
functions of a network asymmetry compensator, a stabilizer, an active filter and a reactive power compensator [2,8].
Currently two-channel compensator had been developed and it is based on the principle of a two-channel structure in
the power circuit. The power circuit of the device is the compensated controlled rectifier that consists of the low and the
high frequency channels. The power circuit is shown in [4, 8]. The control system of compensator is based on modern
power theories, fuzzy logic and forecast control ideas. Control algorithms of dual channel compensator and control
software in real time are considered in [4,5,8]. In this article it is necessary to prove the expediency of using the second-
order fuzzy regulator, as part of an additional control loop of the compensator control system in terms of the level of
commutation overvoltages and amplitudes of the higher harmonics of the supply network current.

Compensators control principles. Matlab-model of a two-channel semiconductor compensator with digital
forecasted control system is shown in Fig. 1. Matlab-model of a two-channel semiconductor compensator includes gate
group GG of the low frequency channel with active-inductive load, the voltage inverter - SAF, the digital processing
block DPB, the capacitive C with the diode group VD and the pulses distribution block PDB. A load of compensator is
the powerful sounding pulses generator, described in [4, §8].

Using a given model, the dependence of the level of commutation overvoltages, as well as the level of the
amplitude of an single harmonics of the mains current, on the relative voltage on the storage capacitor were
investigated. The graphical dependencies obtained by means of the simulation, as well as their analysis, confirmed the
theoretical conclusions about the presence of a range in which further increase of the voltage value on the storage
capacitor Uc is not advisable, in order to reduce the values of single harmonics of the mains current, of the set
overvoltage limit Upmax, which must be taken into account when tuning the parameters of the fuzzy controller.
Recommended level of overvoltage restriction is 0.98 of the amplitude value of the voltage on the secondary winding of
the low-frequency channel transformer. The interrelation between the amplitudes of the higher harmonics of the line
current Ig; and the level of overvoltages Up on storage capacitor appear as the initial data for the synthesis of the fuzzy
controller. Fuzzy controller controls the amplitude level of selected harmonic of mains current k; and establishes it to the
bounden value. This can be received by varying the level of capacitor voltage of the inverter Uc by control signal
Uc_ref of the extra control loop.

The initial data for the synthesis of the second-order fuzzy controller is the experimental data, presented in the
form of a table of reference points (Table). The table of control points has » rows and m columns. To each row and
column, when forming incoming linguistic variables, there will be a triangular term with a vertex that determines the
values of the input parameter of the corresponding row and column.

Thus, the linguistic variables describing the second-order fuzzy regulator will look like this:

—  input & (k; - the amplitude level of selected harmonic) and its range K = { K1, K 2, ..., Kn};

— input u (Uc - the voltage value on the storage capacitor) and its range U= { U1, U 2, ..., Um};
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— input p (Up - the level of commutation overvoltages) and its range P={P 1,P 2, ..., P
—  output r (U ¢- the control signal) and itsrange R={R 1,R 2, ...,
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The number of product rules N that need to be described is

N=m-n.

)

If the desired value r lies between the centers of gravity of terms Rg n Rg+], then in the context of the
Rg the result will be less than desired, and with r = Rg+] — more than desired. Therefore,

production rule » =

production rules are created with a double consecvet of this type
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IF =Kj AND u=Uj AND p=Pj then r= RClg AND r= RC2 g+l.

Determination of the degree of truth Cy is carried out in a mathematical package and is described in more detail
in [5]. Thus, if the desired value coincides with one of the centers of gravity of terms, then in the consequent of the
production rule for a given output, this term is indicated. If the desired value does not coincide with any of the centers of
gravity of terms, then in the productive rule consequent for the given output two terms with necessary degrees of
belonging are indicated. Since the fuzzy controller synthesis algorithm does not depend on the number of inputs and the
sequence of development of product rules, the static characteristic in all directions will have the same properties [9].
Outputs in the fuzzy controller are independent, so this algorithm can be used regardless of the number of outputs.

The example of fuzzy controller rule synthesis. Lower voltage limit on the storage capacitor, which is
chosen from the condition of ensuring the permissible value of the harmonic current factor of the supply network, is
equal to twice the amplitude value of the linear voltage on the secondary winding of the rectifier transformer. It is
recommended to maintain the voltage on the storage capacitor at level 2.6 from the amplitude value of the voltage on
the secondary winding of the low-frequency channel transformer. Terms of linguistic variable output parameter of fuzzy
controller are shown in Fig. 2. Let consider the synthesis of the production rule for a variable k = k1, u = ul. Let
according to the table of control points, the required output value rl is 2,38. Nearest terms are V1 and V2.

To identify the base and additional consecutive factors, the center of gravity of the linguistic variable with
active terms V1 and V2 with C =1 equals 1,=(2,342,4)/2=2,35.

As vr >vy , then the basic consequent is v = V2, additional consequent is v = V1. The degree of truth of the

basic consequent is 1. The degree of truth of the additional consequent C is determined from the graph presented in [5]
depending on the relative value of the output value according to the formula
r*=1-(2,38 —2,35)/(2,4 —-2,35)=0,94. 2)

According to the graph presented in [5], it can be found the value of the truth of the additional
consequent C = 0.68.

The production rule will have the form: IF k=K1 AND u=Ul then v=V1*® AND v = V2,

For other rules, calculations are carried out similarly.

The surface of the static characteristic is shown in Fig. 3.

Fig. 2 Fig. 3

Simulation results. Energy characteristics of generator including reactive power Q and a power factor k£ when
the compensator is connected are shown in Fig. 4. Fig. 5 demonstrates changing of the current harmonics amplitudes Im
that are generated by the generator to the mains supply. The proposed control system provides maintaining the load
factor with the compensator not lower than 0.98 and reducing the amplitudes of higher harmonics of the power supply
current by 50-60% of the initial value, which proves the efficiency of using the second-order fuzzy controller. When
using the proposed fuzzy controller amplitude of commutation overvoltage pulse does not exceed 0.96 of the amplitude
value of the voltage on the secondary winding of the low-frequency channel transformer.
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Fig. 4 Fig. 5
Conclusions. The simulation results confirmed the effectiveness of the proposed multi-loop control system of
compensators for powerful sounding pulses generators. The obtained results are completed for use in the development
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of the structure of a microprocessor control and regulation system for the filter-compensating device for powerful
sounding pulses generators, the creation of real-time control algorithms and their program realization.
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CUCTEMA KEPYBAHHS ®IVIbTPOKOMIIEHCYIOUUM IPUCTPOEM 3 FUZZY-PET'YJISITOPOM
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Toxazano doyinbHicmeb GUKOPUCMAHHS HEHIMKO20 Pe2ysamopa y cKAadi 000amKo8020 KOHMYpa pe2yio8anHs Cucmemu
KepyBaHHs1 KOMIEHCAMOPOM 34 DI6HeM KOMYMAYIIHUX NepeHanpye i aMnimyo UWUX 2aPMOHIK CHIPYMY MeEPeNCi HCUG-
JIeHHsl, 3ACTOCYBAHHA AK020 0A€ MONCIUBICMG Y NPOYeCi KOMNEHCayii peakmugHoi NOMYHCHOCIIT 3MEHUUTNUY 2eHEPAYI0
8 Mepedcy BUYUX 2aPMOHIK CIPYMY, He nepesuwyyioul npu ybomy 6CMAHOBIEHUL PiBeHb KOMYMAYIUHUX nepeHanpye.
Pozenanymo npunyunu xepysanus @QiibmpoKOMNEHCYIOUUM NPUCMPOEM O (YOPMYBAHHSL NOMYNCHUX 30HOVIOUUX
iMRYBCI8 3 BUKOPUCTNAHHAM HEYiMmKO20 pe2yiamopa 0py2020 HOPAOKY, 3ACHOCY8AHHS K020 0AE 3MO2Y Pe2yito8amu
KOHMpOAbo8ami napamempu 3 3adanoio moynicmio. bion. 8, puc. 5, Tadm. 1.

Knrwowuoei cnosa: 6araroQyHKIiOHAIbHI KOMIIEHCATOPH, CUCTEMa KepyBaHHs, HEUITKHI JIOTTYHHI PEryJIsTop.

YAK 621.311:621.314 .
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" Mucturyr nonocdepst HAH u MOH Ykpannsl, yia. Kupnuuesa, 16, I'CII, Xapbkos, 61002, Ykpauna.
?” HaumoHa/1bHbIii TeXHHYECKHIi yHHBePCHTET «XaphKOBCKHIi MOJHTEeXHHYECKHi HHCTHTYT»,
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B cmamve nokazana yenecoobpaznocmv ucnonwb3o6anus fuzzy-pezyismopa 8 cocmase OONOIHUMENbHO20 KOHMYpa
Pe2yIUpOo8aHus cucmemsl YNpAasieHuss KOMNEHCAMOPOM N0 YPOBHIO KOMMYMAYUOHHBIX NEPEHANPANCEHUU U AMNAUMYO
BBICUIUX 2APMOHUK TOKA RUmMarowell cemu, npumeHeHue KOmopoz2o O0dem B03MONCHOCMb 8 npoyecce KOMNeHCAyuu
PEAKMUBHOU MOWHOCU YMEHbUUUMND 2eHEePUPOBAHIUE 8 CeMb BbICULIUX APMOHUK MOKA, He Npesvlulas npu 2mom ycma-
HOBNEHHbIIL YPOBEHb KOMMYMAYUOHHBIX nepeHanpajceHutl. Paccmompenvl npunyunsl ynpasienusi uibmpokoMnencu-
PYIOwuUM YCmpoucmeom 0Jis QoOpMUpo8amenst MOUHbIX 30HOUPYIOWUX UMAYIbCO8 C UCHONIb308AHUEM HEUYEMKO20 pecy-
JIAMOPA 8MOPO20 NOPSIOKA, NPUMEHEHUEe KOMOPO20 0aCh 603MOICHOCHb Pe2YIUpO8ams KOHMPOaUpyemble napamempol

¢ 3adannoi mounocmeio. bnon. 8, puc. 5, Tadm. 1.

Knrouegvie cnosa. MHOTOpYyHKIIMOHAIBHBIE KOMIICHCATOPBI, CUCTEMA YIIPABJICHUsI, HEYETKUI JIOTUIECKHH PEryJisiTop.
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