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Abstract

The article is devoted to the construction of a controller algorithm as part of an adaptive reactive power compensation system.
To construct the structure of a system with a controller, a reactive power compensator circuit with an analog calculation of the capacitance of

capacitors was selected.
The article reflects the following questions:

- the compensator of reactive power on urban electric networks by the automatic control system is presented, which made it possible to build

a model in terms of the theory of automatic control;

— agraphical information model of the reactive power compensator with analog calculation of the capacitance of the capacitors is shown;
- asetof system parameters is selected for control and optimization by software;
- selected the numerical values of the parameters of the elements for building the model.
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®YHKLIMM KOHTPONNEPA ANA AQBANTUBHOW CUCTEMbI KOMNEHCALUW PEAKTUBHOW MOLLHOCTH

N. U. Babmweuy, A. A. Knonoukui, A. B. Apowesuy

Pechepar

CraTbsi NoCBSiLLEHa NOCTPOEHMIO anropuTMa KOHTPONEepa B COCTaBE afjanTUBHON CUCTEMbI KOMMEHCALMM PeakTUBHON MoLHoCTM. [ns nocTpoe-
HWS CTPYKTYPbI CUCTEMbI C KOHTPOMNNepoM Bbina BbIOpaHa cxema KoMneHcaTopa peakTUBHOM MOLLHOCTM C aHarnoroBbIM pacyeToM eMKOCTM KOHAEHCa-

TOpOB. B cTaThe oTpaxeHbl crieaytoLme BOMpoChl:

—  MpeAcCTaBnEH KOMMEHCATOP PEaKTUBHOM MOLUHOCTM Ha TOPOACKUX 3MEKTPUYECKMX CETSX CUCTEMON aBTOMATMYECKOO YNPaBIEHMs, YTO MO3BOMMIO
MOCTPOUTL MOZENb C TOUKM 3PEHUS TEOPUM aBTOMATUHYECKOTO YNpaBIIEHNS;

- MoKasaHa rpagmyeckas MHhopMaLMOHHasi Mofenb KOMMNeHcaTopa PeakTUBHOM MOLLHOCTY C aHaroroBbIM PAaCHETOM EMKOCTM KOHEHCaTOPOB;

- Habop CUCTEMHBIX NapaMeTPOoB BbibUpaeTcst ANs yNpaBneHust 1 ONTUMU3ALMKM C NOMOLLIbIO NPOrpaMMHOr0 06ecneveHus:;

- BblbGpaHbl YMCIOBLIE 3HAYEHMSI NAaPaMeTPOB 3MEMEHTOB Afsi NOCTPOEHWUS MOLENM.

KntoueBble cnoBa: anroput™ KOHTponnepa, agantueHas cuctema ynpaBneHua, KoMneHcaumna peaKTUBHOI MOLLHOCTH.

Introduction

The representation of a reactive power compensator on urban electrical
networks by an automatic control system allows us to build a model of
a reactive power compensator in terms of the theory of automatic control.
To create a model, you can use the entire arsenal of software tools created
for the study of automatic control systems (Matlab, Simulink, etc.).

Controller in the structure of an analog automatic control system

The reactive power compensator model will make it possible to in-
vestigate the inductive power compensation errors caused by a number
of approximations adopted for constructing schemes for calculating the
value of the compensating capacitance. First, this is the representation of
the values of trigonometric functions f = tg () by the linear depend-
ence f = @ when expressing @ in radians for small values of the phase
difference angle. Secondly, it is quantization according to the signal level
by an analog-to-digital converter and, accordingly, a stepwise connection
of the capacities of the compensating battery.

The model is based on the structural diagram of the reactive power
compensator with analog determination of the capacitance to compen-
sate for the inductive load [1]. The model avoids programmatic computa-
tion of f = tg (¢) values. The last operation uses a rather complex
algorithm of computational mathematics, which requires a significant time
interval for implementation. In the structure of the automatic control sys-
tem, this is represented as a pure delay link that degrades the quality
indicators of the automatic control system.

The proposed block diagram of a reactive power compensator with a mi-
croprocessor-based controller included in the control loop is shown in Fig. 1.
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Figure 1 — Structural scheme

The controller only performs functions that require several cyclesop-
eration of the processor and does not introduce a significant signal delay
into the automatic control system loop.

Generator G supplies the system load with sinusoidal voltage 220V
50Hz. The signals Ug, Ig are fed to the input of the comparison ele-
ment. In this case, the comparison element performs the functions of
vector algebra, creating vector sums of complexes of currents. The load
changes the parameters of the current signal to In = Ig —Ic, where the
capacitor current is created from the resonance condition of the currents
of the inductive load and compensating capacitors.

The current meter generates a signal /H, which with the signal Ug is
fed to the phase meter, at the output of which the voltage f is proportional
to the phase difference between the supply voltage and the load current.

The controller takes over the functions of a multiplier, amplifier and
analog-to-digital converter. The multiplier unit multiplies the current and
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phase difference signals according to the formula for calculating the capaci-
tance of the capacitors. Signal C at the output of the block determines the
compensating capacitance. The amplifier scales the signal to the level re-
quired by the analog-to-digital converter to generate the code K for control-
ling the switching keys of the capacitors of the compensating battery.

The main stages of forming the control code are presented by the
block diagram of the controller algorithm.

Switching in accordance with the K code will lead to an uneven load
on the keys and operating capacitors, which will significantly reduce the
reliability of the elements. In addition, with limited durability of elements,
it is important to monitor their condition and take it into account when
controlling commutation. For this purpose, a microprocessor controller
was introduced into the control loop. The functions of the controller con-
sist in analyzing the state of the triacs of the switch and capacitors,
choosing the switching algorithm according to many criteria and informing
about the loss of the device's performance. The Kopt key control signal
is generated at the output of the controller.
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Block functions:

Block 2. Setting the load power. The load power determines the max-
imum current drawn from the network. The value of this current is used to
calculate the total capacity of the compensating battery.

Block 3. Setting the number of compensation steps. The capacitor for
compensation of inductive load is connected in steps. The number of
stages is determined from economic and design requirements, as well as
requirements for compensation accuracy. The seven-stage compensator
can be realized with three capacitors controlled by a three-bit binary code.

Block 4. Calculation of the full capacity of the compensating battery.
The initial data for the calculation are the maximum load current, deter-
mined by the power of the consumer and the voltage of the supply net-
work, and the maximum angle of phase shift of voltage and current. This
angle is selected from the statistically established one in real networks.

COSPax=0,65: Qmax =50° =0,87rad.

Block 5. Calculation of the capacity interval. The capacity interval
is determined by the total battery capacity and the number of control
steps.

Block 6. Assigning the number of the current interval to the value ze-
ro. The number of the current interval is a multiplier with the capacity of
the capacitor bank stage to determine the current compensation capacity.
The current interval number is a binary discrete code for controlling the
keys of the capacitor bank.

Block 7. Input of load current. The load current is obtained in the form
of an analog signal by rectifying the output of the measuring current
transformer. Input to the controller is made through the analog-to-digital
converter block.

Block 9. Entering the phase angle. The phase angle is measured by
a phase meter as an analog signal. Input to the controller is made
through the analog-to-digital converter block.

Block 10. Calculation of the capacity of compensation. The initial da-
ta for the calculation are the load current and the phase angle of the volt-
age and current.

Block 11. Calculation of the number of the capacitance interval of the
capacitor bank. The interval number is calculated as an integer part from
dividing the calculated capacitance of the capacitor by the capacity of the
section interval.

Block 12. Analysis: has the interval changed?

Block 13. Assigning a new value to the current interval number.

Block 14. Output of the number of the capacitor interval for control-
ling the switching keys of the capacitor bank.

Switching in accordance with the K code will lead to an uneven load
on the keys and operating capacitors, which will significantly reduce the
reliability of the elements. In addition, with limited durability of elements,
it is important to monitor their condition and take it into account when
controlling commutation. For this purpose, a microprocessor controller
was introduced into the control loop. The functions of the controller con-
sist in analyzing the state of the triacs of the switch and capacitors,
choosing the switching algorithm according to many criteria and informing
about the loss of the device's performance. The Kopt key control signal is
generated at the output of the controller.

The switch block creates an electrical circuit for the current through
the block of compensating capacitors.

The peculiarities of the functioning of the automatic control system of
the reactive power compensator are determined by the random nature of
the formation of the inductive component of the load. This uncertainty
leads to uneven use of switch keys and capacitors of the compensating
battery. Due to unevenness, the likelihood of loss of performance of the
elements increases.

In such a situation, it is necessary to monitor the state of the switches
and capacitors and ensure the uniformity of the load on the elements.

The random nature of the load forces us to build complex determinis-
tic algorithms to ensure a uniform load of workable elements, which do
not always give reliable error-free results. The task can be attributed to
the synthesis of adaptive control systems. Adaptability involves tuning the
system parameters to the optimal operating mode under conditions of
random load changes and disturbing influences. This problem can be
solved using a microprocessor controller in the loop of an automatic con-
trol system with an algorithm for generating commands according to arti-
ficial intelligence algorithms.

The controller performs a number of functions:

— control of the state of the key and accounting for the statistics of
commutations;

— ensuring uniform loading of efficient capacitors and switches;

— assessment of the performance of the elements;

— taking into account the temperature of the capacitors;

— calculation of the priorities of elements to form the control code;

— informing the operator about the loss of system performance.
Parameters of elements for accounting for operability:

— keystate i - Ki =1 (closed) or O (open);

— the number of commands to close the key i - ki, i =1...7;

— the number of closures of the key i - Sii =1... 7;

— the average number of key closures i - Scp = Zsi/ 7;

the state of the capacitor Ci =1 (Uc #0) or0 (Uc =0) atKi = 1;

- condenser temperature Ti = 1 (toC<Tmax) or 0 (to>Tmax),
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The main design ratios for choosing the numerical values of the
model parameters are based on the following network parameters.

Maximum load current /[Hmax = 50 A. Power consumed in the net-
work PHmax =11 kW.

The number of control steps N = 7. The maximum error of the step-
wise connection of the compensating power is 14%.

Maximum compensated phase shift of voltage and current

@ =0.5 rad (¢ =30°). In this case, tg® = 0.55. In this case, the er-
ror of the asymptotic representation is 10%.

To calculate the capacity of the capacitor bank, the following ratio is
used.

C =15 Iy (bF)

The capacity of the capacitor bank is C =15 * 50 * 0.55 = 412 uF. Then
the capacity of one stage (capacitor) of the battery
C1=412/7=58.9=~60 uF.

The main parameter for choosing capacitors is the value of the com-
pensated reactive power Pc (var). This power can be calculated from
the current in the compensating battery. From the vector diagram for the
mode of full compensation of inductive power, Ic / | = tg® follows,
where IC is the capacitor current, | is the total current of the supply net-
work, @ is the phase shift of the voltage and current in the network with-
out reactive power compensation. For the maximum current | = 50 A and
@ = 30°lc =50*0.55=27.3 A.

Compensation battery power at capacity C = 420 uF

Pc=I1c2*Xc=Ic2/2nfC =
=27.32/(2m* 50 * 420 * 10-6) = 5650 (var).

Power per capacitor of one compensation stage
Pcl =Pc/7=0.8 (kvar).

The parameters of the signals of electronic elements in the structure
of the ACS are determined by the choice of the element base for the
implementation of circuits.

Conclusion
Analysis of the variety of control methods for reactive power com-
pensation allows us to draw the following conclusions.
1. All methods are based on an indirect estimate of the value of the
reactive power and do not provide the required cos ¢ of the network.
2. Assessment of the compensated power requires the study of specific
characteristics of the load and technology of production processes.
3. Compensation control schemes require an individual approach to
design and commissioning for a specific situation.
4. Circuits of control devices of compensators are not distinguished by
simplicity and reliability.

Based on these conclusions, it can be concluded that the above dis-
advantages can be eliminated by using automatic control of reactive
power compensation based on measuring the reactive power in the load
or electrical parameters of the load, which can be used to calculate the
value of the compensated reactive power.

Such a compensator must be built using a micro-processor controller
to control the commutation of the compensating capacitors of the sec-
tional battery.

To calculate the current capacity of the compensating capacitor, the
value of the load current measured by the current transformer and the
phase angle of the voltage and current from the electronic phase meter
are used.

The control algorithm is developed in the form of a block diagram,
which is the basis for programming the controller. The algorithm provides
for the ability to vary the maximum load power and the number of capaci-
tor bank sections. This uses the minimum number of |/ O ports.

When choosing a controller, it is necessary to take into account the
requirements of the algorithm, the shape of the input and output signals,
the power requirements and the cost.

To build a model, a block diagram of a discrete automatic control
system was obtained with the possibility of optimizing the parameters of
elements to ensure a uniform load and taking into account the operability
of the components.
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