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To generate a maximum electric power by photovoltaic station (PVS), besides the use of the
developed high-performance liquid-cooled photovoltaic modules (PVM), equipped with solar radia-
tion concentrators, high-performance power take-off system (PTOS) should be used [1]. Upcon-
verter (UC) is the most important part of PTOS that provides increasing a constant voltage generat-
ed during PVM operation, for its further efficient transfer and transformation [2, 3]. Since, electric
power generated by the PVM depends on daily solar radiation changes, the optimization UC and
PTOS constructive and technological solutions should be carried out taking into account the full
range of converted electric power. Optimization of constructive and technological solutions of all
components of solar energy conversion into commercial frequency system will increase the PVS
effectiveness and achieve its competitiveness in the domestic and global market due to energy and
economic indicators.

Based on the above, the creating a highly efficient and cost-effective PTOS was carried out
by three steps. In the first step the dependence of the electric power from the intensity of the inci-
dent solar radiation was studied. Based on these data, in the second stage electrical schematic dia-
gram of UC was developed, and calculation of the resonant circuit and converter operating parame-
ters of UC were carried out. In the third stage, the PTOS work using the UC was analyzed.

Measurements of short circuit current (Isc), open-circuit voltage (Uoc), work (Pw) and max-
imum (Pmax) electrical power and the efficiency of standard industrial PVM were carried out at in-
tensive of solar insolation from 1000 to 2000 W/m?, to simulate their performance when using con-
centrators. These measurements were conducted by load light current-voltage characteristics with
the help of developed stand, block diagram and design of which are shown in Figure 1.

It was established experimentally that the use of the test samples PVM in a low-
concentration solar radiation is justified, because investigated PVM achieve maximum efficiency of
16.9% exactly at the radiation power 1700 W/m2. An additional advantage of using low-
concentration radiation is increasing the maximum power generated by the PVM to 420 watts,
which is 1.7 times greater than for classical PVM. The use of low-concentration solar radiation as
well is an additional argument in favor of equipping each PVM with UP in PTOS, because the op-
erating current of the PVM at radiation power 1700 W/m? reaches 13 A that almost twice greater
than for 1000 W/m?radiation power, which for is traditional PTOS performing will cause additional
losses in the connecting wires, or lead to significant investment for equipping the photovoltaic plant
with increased cross-section cables.
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a) b)
Figure 1 - Block diagram of (a) and design (b) of stand for the study of the PVM

It was established experimentally that the use of the test samples PVM in a low-
concentration solar radiation is justified, because investigated PVM achieve maximum efficiency of
16.9% exactly at the radiation power 1700 W/m2 An additional advantage of using low-
concentration radiation is increasing the maximum power generated by the PVM to 420 watts,
which is 1.7 times greater than for classical PVM. The use of low-concentration solar radiation as
well is an additional argument in favor of equipping each PVM with UP in PTOS, because the op-
erating current of the PVM at radiation power 1700 W/m? reaches 13 A that almost twice greater
than for 1000 W/m?radiation power, which for is traditional PTOS performing will cause additional
losses in the connecting wires, or lead to significant investment for equipping the photovoltaic plant
with increased cross-section cables.

To optimize the power take-off system adjustable bridge resonant UC [3, 4], which allows to
achieve high conversion efficiency values up to 95.8% was developed. A high efficiency is
achieved by digital control inverter and opens up opportunities for flexible control algorithms that
ensure reliability and conversion efficiency, fast and accurate determination of maximum power
point [6].

The results of the calculations of the PTOS can be concluded that the use in such system UC
can significantly reduce power losses in the PTOS and therefore improve efficiency PVS [7]. The
above will result in an additional increase of usable power given to the consumer through an invert
er.
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Figure 2 - The dependence of the calculated power losses (a) and efficiency (b) using PTOS
PVS upconverters (solid line) compared to PVS without such converters (dashed line)
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According to Figure 2, a the total loss of power in a PTOS (Pioss.sum.) With output power 1700
W/m? and a current of the PVM (lpvm) at 13 A was 644.6 watts, which is much less than 6180.8
watts typical for a system without such converters. This will increase the efficiency of the PTOS
from 71.0% to a value of 92.5% (Figure 2, b).

It should also be noted that the efficiency of the PTOS remains almost unchanged at wide
range of PVM illumination, which changes depending on weather and seasonal conditions.
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B ocranHiil yac mifBHUIlEHa yBara MpUAUISETHCS BUBYEHHIO HOBOI'O Marepiajly B HAaHOTEX-
HOJIOTisIX — rpadeny. 3a JOMOMOT0I0 CIIEKTPOCKOMIUHOT e1iIcoMeTpii BUSBIECHO, 1110 PU HAHECEHHI
rpadeHy Ha 30J0Ty MiJKJIAAKYy, 3MIHIOIOTbCS Horo onTuyHi BiracTuBocTi [1]. IlniBku okcuny rad-
HIIO € HeOOXITHUM MaTepiajoM JUisi BUKOPUCTAHHS B PI3HUX rally3siX HayKH 1 TexHiku. HaHeceHHs
tonkoi mwiiBku HfO2 B cuctemi Cu/HfO2/TiO2/Pt o6mexye mirpaiiro atromiB CuU, THM camMuM IiJi-
BUIIYIOYM HAAIHHICTh Ta Y3TOJDKEHICTh MIEPEMHUKAUiB B €IEMEHTax 1am’sTi [2], a mpu BUKOPUCTAaHHI
ix B OararomapoBUX TOHKOIUTIBKOBUX CTPYKTYpax, JOCSTAIOYH BUCOKHX 3HAYEHb IMOKa3HUKa 3aJ10-
MJICHHS, TO3BOJISIE 3aCTOCOBYBATH TaKi IIApW B MPUCTPOSIX BUMIPIOBAHHS 32 JIOIIOMOTOI0 BUCOKHX
PIBHIB TIOTY>XKHOCTI J1azepiB Bix OmmkHBOI [Y o6macti cektpa g0 Ommkaboi YO o6macti ciekTpa
[3]. Tonki mtiBku HfO2, oTpuMaHi i3 Tiaposi30BaHUX PO3UMHIB, € po3opumu a1t YO ta BuIuMoi
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