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The paper deals with the single-phase converter for combined power supply systems with a built-in transformer and in-
verter for volt-add, that combines the function of a power active filter with the maintenance of a power factor close to unity
when it is operating in parallel with a grid and also the operation in an autonomous mode and voltage stabilization of the
load in the normally acceptable range of value. The choice of the circuit parameters is confirmed. It is proposed to use the
variable structure of the converter control system with regulation of voltage at the input of a grid inverter in accordance
with the value of a grid voltage and cut-off energy generation to the grid when its voltage is higher than the maximum ac-
ceptable value. The results of the system simulation are presented. References 4, figures 3.
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Introduction. Currently for local objects (cottage, small enterprise, motel etc.) the combined power supply
systems (CPSS) with photovoltaic solar batteries (PVSB) and with connection to AC grid are widely used. In this case
the converter of energy, like the PVSB, is used only during the day hours and its power is determined by the maximum
power of PVSB, which occurs only during few hours of maximum solar activity in summer. Taking into account the
climatic conditions for most of territory of Ukraine the efficiency of such energy installation is low at a sufficiently high
cost. Increasing the efficiency of converter system is possible by the accumulation of energy in the battery in day high
hours, when PVSB produces maximum energy, with its subsequent transfer to the grid and the load in night time, when
PVSB energy generation are reduces. This assumes excess of power PVSB and converter. For local objects with CPSS
with two sources (AC grid and PV system) application of rechargeable battery leads to a significant rise in cost of unit.
Another way to improve the efficiency of using of CPSS converter is expanding of its functionality. For example, in [1-
3] it is proposed to combine the function of the active power filter (APF) with the converter for compensation of inac-
tive power of load at round-the-clock use. The specificity of local objects with CPSS is, as a rule, considerable distance
from transformer substations in conditions of existing overloaded, worn out distribution grids use. This causes voltage
deviations exceeding the maximum permissible values and with frequent disconnections there are problems in ensuring
normal functioning of consumers and the converter unit. Use of converter designed to operate in parallel with an AC
grid with wide range of voltage variation [4] reduces efficiency of CPSS. Maintaining of power factor close to unity at
point of connection of the object to AC grid will help unloading the grid, reducing energy losses in it and minimization
of voltage deviation. In this case is the question of the expediency of energy generation into grid when the voltage in-
creases in it above the permissible value, because it will contribute to growth of a grid voltage. The question of realiza-
tion an autonomous mode of CPSS operation with a generating energy by PV system when rechargeable battery is ab-
sence is also not well developed. Thus, creation of multifunction converters combining the function of APF with round-
the-clock use with an integrated unit for stabilization the consumer's voltage and providing an autonomous mode when
grid is disconnected during the day is a perspective solution of the problem of increasing of efficiency CPSS with
PVSB. In choice of converter structure it is necessary to take into account the change of PV battery voltage depending
on temperature for our climatic zone.

Purpose Statement. Development of the structure of power circuits and control system of multifunctional sin-
gle-phase converter of CPSS which combining function of APF with providing an autonomous mode of operation when
AC grid is switch-off and function of voltage stabilization of load.

Main results of research. In CPSS the converter provides an adjustable power take-off from PVSB and power
transmission to AC grid and load and, in this case, APF function. In the structure with DC/DC converter at input of in-
verter the power take-off function of PV battery performs DC/DC converter. When PVSB is directly connected to grid
inverter performs all functions. This solution, by eliminating DC/DC converter, reduces the losses in converter
switches. In the climatic conditions of Ukraine, when the change of the Upy voltage from the temperature can reach at
1.47 times, there is no increase in efficiency (with increasing voltage, the energy losses increase proportionally
(Upi/Usp)"™*, where Uy — value of the voltage for which the switching energy loss is given). In case use of DC/DC is the
possibilities of stabilization and control the voltage U, at the input of the inverter makes it possible to improve the indi-
cators of the scheme. At the same time solar battery can be collected from solar panels of any power and voltage.

Voltage source inverter (VSI) works in the mode of current controlled voltage source inverter (CCVSI) by the
unipolar pulse-width modulation (PWM) with constant frequency f), of modulation [2]
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where L — inductance of reactor of CCVSI; U, — voltage of the reactor; w — angular frequency of voltage; U, — phase
voltage of AC grid; Al¢,, — amplitude of current pulsation; /cy4x and Ieyyx, — accordingly, effective and amplitude val-
ues for the maximum value of the inverter's output current.

The voltage U, >aU,, (U,, —amplitude of AC voltage) should be selected according to the maximum value of
a voltage U, of AC grid with the corresponding determination of fj,. In the case of absence of load at constant power of
PVSB and power factor equals one, value of current of CCVSI relatively to nominal value Ugyops 18 1*=Ugnop/U,. If the
minimum voltage value is, for example, Ug,;v=150 V at a nominal voltage 220 V, then [*=1,467. If the voltage is ex-
ceeded — the current decreases. Therefore, the choice of a grid CCVSI switches should be made in accordance with the
value of current for Ugyy. For IGBT class of 1200 V with Ug;=600 V for a=1,3 the acceptable value is U,=326 V.

In the solving the problem of stabilizing of load voltage of local objects we proceed from the following:

- power of PVSB and, correspondingly, of converter is 2 + 2,5 times higher than the load power, which allows
to sell excess energy by “green” rate. The volt-add transformer is connected in the load circuit for reducing the power of
stabilization circuit;

- a grid inverter work in parallel with AC grid is slave and remains operable over a wide voltage range (for in-
verter of PVI-5000 (company ABB) 180264 V [4]);

- stabilization is not needed in autonomous mode of operation when AC grid disconnected, in this case, con-
verter ensures the stabilization of consumers' voltage in presence of PV energy generation;

- normally and maximum acceptable values of steady-state deviation of voltage dU at terminals of electrical
energy consumer are, accordingly, + 5 and + 10% of rated voltage of the AC grid;

- solution with additional devices use should be integrated as much as possible in converter (sensors, power
supplies, etc.) and be compatible in operation with a grid inverter;

- when the voltage rises above the maximum acceptable value, the generation of energy by the converter into
the grid is impractical, since this will help increase of the voltage at the connection point to the AC grid. In addition,
there will be a useless energy circulation, which is sampled by the stabilizer and through the grid CCVSI again returns
to the AC grid. So there is a sense in stopping of the power take off from PVSB. If energy of PVSB is enough for load,
it may be expedient to switch the converter into an autonomous mode.

The realization of the autonomous mode when AC grid is switch-off and the rechargeable battery is absent as-
sumes the taking power away from PV system regulated in accordance with the load, as well as the elimination of dis-
tortion of load voltage form due nonlinear consumers, which is possible in system that is closed-loop by instantaneous
voltage value.

The proposed scheme of converter is shown in Fig. 1 and it contains: AC grid; load, including nonlinear; cir-
cuit breakers at converter input QF/ and loads QF2; R,C,— filter for suppression of high-frequency current components
generated by CCVSI with output reactor L/; DC/DC converter for matching voltage of PV system and CCVSI; current
CS and voltage VS sensors. In autonomous mode, the converter is disconnected from the grid by means of the contactor
K. The stabilization block contains: transformer Tr; additional VSI (Q1 + Q4), which is connected to DC link of
CCVSI; reactor L2; Ry Cyy — filter that is connected in parallel with the primary winding Tr.

The power of the transformer is determined by the limiting values deviation of the U, and will be maximum
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boundary value. If the value of u, is within the specified limits that u; =u,.
The structure of control system of converter unit is shown in Fig. 2 and it contains: control block of a grid
CCVSI; control block of DC/DC converter; control block of stabilizer inverter (Inverter St). CCVSI control block con-
tains: proportional-integral (PI) voltage controller VC (for work in parallel with AC grid), VC1 (for autonomous mode);
current reference block (CREF) of CCVSI; generator of sinusoidal function (GSF) synchronous with a grid voltage;
adder (Add), which determines the deviation of inverter current Aic relatively to reference value (ic.e) Aic=icrer— ic;
current controller (CC) of CCVSI; unit of formation of pulse for control of inverter switches (FI).
The DC/DC control

hysteresis controller (HCC) of
input current, which ensures that
this current value is worked out.
The control block of the inverter
of stabilizer (Inverter St) con-
tains PI voltage controller VC,
which defines reference of the
output current of inverter i/
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output current; unit of formation
of pulse for control of switches
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External block in this
structure is voltage reference (VREF) block which determines voltage Uy, in the DC link and load voltage u*;,. ac-
cording to voltage of grid u,. For this effective value is U*74,.r

(Unom —08U), if Uy < (U oy —0U),
U*1rer =1(Unoum +0U), i Ug > (U youy +08U), 2
Ug,if (Unoy —8U) <Ug <(Unopy +8U).

VREF also controls by modes of scheme operation. There are following operating modes:

- Operation in parallel with AC grid in the presence and absence of generation of PV energy. For this the
switches S1 and S2 are set to position 1. The DC/DC control block takes the maximum power from the PV system. The
VC controller, according to the power of PVSB and power of the load, forms the reference value of amplitude of the
current of the AC grid /g,,, at which the voltage in the DC link of the converter is equal to U, The reference of current
of the CCVSI is generated by the VREF taking into account the reference of the current of the grid i,, the load current i,
and the capacitive filter current.

- Autonomous mode when AC is turn-off. For this the switches S1 and S2 are set to position 2 and reference of
current of PV battery determines VC by maintaining the voltage Uy.rin DC link at a level that corresponding to nomi-
nal voltage of load. VC1 generates the reference value of the CCVSI current. At the VC1 is supplied the reference value
of the sinusoidal voltage of load from GSF (from the autonomous generator).

- Operation in parallel with AC grid in the presence of PV generation energy in the case of 6U>10% with the
PV energy consumption ceasing. For this, the switch S1 is set to position 3 (indicated by a dotted line), S2 is set to posi-
tion 1. VREF sets the minimum value of PV battery current from condition consumption of energy from grid. Another
option provided by condition Pgg>P;,,x provides for switching to autonomous mode with disconnection from grid.

Results of simulation in Matlab. Matlab software package was used for simulation. Simulation of «AC grid —
converter with PVSB — load» system has done for the structure shown on Fig. 1 and Fig. 2 and nonlinear load. The
structure of load contains rectifier with output capacitive filter and the RL load with cosp=0,8. Model of AC grid
(220 V) contains resistance of grid R=0,02 Ohm, X;=0,02 Ohm, filter parameters at the input R=0,3 Ohm, C~=60 pF.
Inductance of the reactor at the output of VSI stabilizer is L,=2 mH, filter parameters at the output are Ry;=1 Ohm,
C;=10 pF. The waveforms of voltage u, and current i, of AC grid, voltage u; and load current i;, current of primary
winding of transformer i7,,;, voltage of secondary winding of transformer u7,, in parallel operation with AC grid are giv-
en: for minimum value of grid voltage (U,=150 V), U=315 V, n=3,5, U;=204 V (THDu= 0,6%) in the case of genera-
tion of PVSB energy with increasing RL load twice at 0,6 s (Fig. 3, a); for the maximum voltage (U,=280 V),
U/515V, U;=235 V (THDu = 0,54%) and no energy generation of PVSB (Fig. 3, b).

Conclusions. The proposed structure of a multifunctional single-phase converter for CPSS with integrated in
its structure transformer and inverter for volt-add, when working in parallel with AC grid, provides a combination of
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Fig. 3
APF function with round-the-clock maintenance of a power factor close to unity at the point of connection to AC grid
and operation in an autonomous mode.

The inverter of stabilization block operates in mode of source of current with the external PI-regulator of volt-
age, providing support for the voltage value at load within the normally acceptable values according to the voltage of
grid. For operation in parallel with AC grid the voltage at input of CCVSI is regulated according to the value of grid
voltage. Power generation to AC grid is terminated when AC voltage exceeds the maximum acceptable value. The re-
sults of simulation of the system confirm the operability of proposed solutions. Experimental research and practical im-
plementation are the directions of further work.
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