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A COMPARATIVE STUDY OF VOLT-AMPETE CHARACTERISTIC OF
THE W, Sn, C, Cr SELF-DIRECTED CHANNEL MEMRISTORS

The characteristics of tungsten, chromium, tin, and carbon self-directed channel Knowm
memristors were studied at up to 10 kHz. Besides, we have studied the switching voltages,
resistances of HRS/LRS, and retention times. The characteristics were compared and the
possibility of their application in logic embedded into memory devices were investigated.
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DESIGN OF A SYSTEM FOR MEASURING THE MAXIMUM POWER
POINT OF SOLAR PANELS

The maximum power point is an important parameter of solar panels. The solar
panel works at its highest efficiency at that point. However, depending on the external
conditions, such as irradiation and temperature, the maximum power point is constantly
changing. Finding the maximum power point of a solar panel is practically necessary for
the solar panel always to work at its maximum power.

In the scope of the current work, we have designed and implemented a system for
measuring the maximum power point of solar panels. The tests of the designed system
show the repeatability of the measurements and the dependance of the maximum power
point of solar panels from the irradiation.

Keywords: maximum power point, solar panel, system for measuring maximum
power point, solar panel efficiency.

Introduction

The rapid growth of solar energy is due to several important factors. First of
all, renewable energy is incomparably preferable, besides, the price of natural fuels
is increasing day by day, and the above-mentioned circumstances, the energy policy
is pursued by large countries [1].

The total cumulative installed capacity for PV in 2009 was 2.6GW, in 2010
was 7,8GW and at the end of 2020 reached at least 760,4 GW [2].

The need for more available energy raises the issue of creating more up-to-
date solar platforms that will be able to extract all the energy produced by the solar
panel.

In order to ensure the best efficiency of the work of a solar panel, it is
necessary that it always work at the maximum possible power: Maximum Power
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Point (MPP). This power can be calculated from the volt-ampere characteristic of
the solar panel and determines the effective values of the current and voltage (1.1):

where Igrrand Vgyr, respectively, are the effective values of the current and the
voltage (the values at which the power has its maximum value) [3].

The value of maximum power and its position (Vgss) depend on the impact
of the external environment, and the latter is subject to constant change. The so-
called Maximum Power Point Tracking (MPPT) method is used to track the MPP
and adjust the system to gather the maximum available power. The efficiency of
using this method can reach up to 98%, ensuring the operation of the solar panel at
the maximum power point.

System Design

To have the MPP of the solar panel at given external conditions, one needs
to change the load on the solar panel and measure the values of current and voltage
[4, 5]. By changing the load resistance from 0 (short circuit) to several MQ (open
circuit) while measuring the values of current and voltage, one can build the volt-
ampere characteristic of the system. From the measured volt-ampere characteristic
curve, the MPP, I ¢ and V¢ can be easily derived, as the point where the output
power has the maximum value [6, 7].

The schematic representation of the designed system is shown on Fig. 1.
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Fig. 1. The schematic representation of the designed system for MPP measurement

Fig. 1: (1) solar panel, (2) amperemeter, (3) voltmeter and (4) variable load.

To build the system, we have used two “NI USB-4065" Digital Multimeters
(DMM): one as amperemeter and other as voltmeter. The “NI USB-4065 is
6'2-Digit, +300 V, USB digital multimeter device.

To measure the I-V characteristics and calculate the MPP, Igsrand Vg

values, we have developed a software in NI LabVIEW environment. When the
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operator executes the “Start Measurements” command, the developed software
starts registering the voltage and current values form the DMMs and calculates the
power for each value. The obtained values of each parameter are being saved in
separate arrays (one array per parameter). When the operator terminates measurements,
the designed software builds the I-V characteristic curve and the power dependence
on the voltage curve. And finally, the software derives the MPP, I ¢ and Vi ¢ values.

The functionality of the designed software is determined by its block-
diagram shown in Fig. 2.
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Fig. 2. The block-diagram of the designed in LabVIEW environment software

The left part of the block-diagram, which precedes loop structures, is responsible
for the configuration of the DMMs: top part — voltmeter, bottom part — amperemeter.
Here the software selects the appropriate physical device, activates the built-in
hardware filter for powerline noise reduction, chooses the DMM measurement mode
(DC Volts and DC Current), sets the input range (£10 V and £0.1 A) and resolution
(6" digits).

The inner “While loop” executes when the “Measure” button (Fig. 3) is pressed
(“Start Measurements” command). At each iteration of this loop the software reads
measurement data from our amperemeter and voltmeter and calculates the power.
The obtained values are then sent to the corresponding indicators on the front panel
(Fig. 3) of the software: “Current”, “Voltage” and “Power”. At the completion of
each iteration the obtained values of each parameter are being saved in separate
arrays (one array per parameter). When the “Measure” button is released this
“While loop” finishes its execution and passes the arrays of the obtained values to
the next part of the block diagram: “Case structure”.

Each time the “Case structure” receives new data, it builds the I-V characteristic
curve and the power dependance from the voltage curve on the “XY Graph” of the
front panel (Fig. 3). Next, by finding the maximum value of the array in which the
power values are saved the software derives the MPP, Igfr and Vgsr values. Then,
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these values are sent to the corresponding indicators on the front panel (Fig. 3) of

the software: “MAX Power”, “I Effective” and “U Effective”.

System Testing and Results

To test our system for measuring the maximum power point of solar panels,
we have used a light source with a controllable intensity. We have placed the light
source and the solar panel under the test in an opaque box to eliminate the influence
of ambient lighting. During the measurements we have set different constant levels
of illumination and gradually changed the load of the solar panel.

The results of such measurements for 50%, 80% and 100% illumination
levels are presented in Fig. 3-a), -b) and -c) respectively.
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Fig. 3. The measured volt-ampere characteristics (red) and power curves (blue) at
different illumination levels: (a) 50%, (b) 80%, (c)100%

Conclusion
We have designed and implemented a system for measuring the maximum

power point of solar panels. To have the I-V characteristic curve and the power
dependence on the voltage curve and to automatize the calculations of the MPP,
Ig sy and Vg5 values, we have also developed a software in NI LabVIEW environment.

To test the designed system, we have made measurements on a solar panel

under different illumination levels. The results of these tests show the repeatability
of the measurements and the dependance of the maximum power point of solar
panels from the irradiation level.
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A.T. CUMOHSH

MMPOEKTUPOBAHUE CUCTEMbI U3MEPEHUSI MAKCUMAJIbHOM
MOIIHOCTH COJTHEYHBIX NAHEJIEA

Touka MakCUMaJIbHOM MOIIHOCTHU - BaXKHbIU [1apaMeTp COJHEYHBIX NaHesneil. B atoi
TOYKE COJIHEYHAsl MTaHeJIb paboTaeT ¢ MaKCUMaNbHOH dpdexTBHOCTRI0. OIHAKO B 3aBUCH-
MOCTH OT BHEIIHHUX yCJIOBHH, TAKHX KaK OOJydeHHE U TeMIIepaTypa, TOUKa MaKCHMaJIbHOH
MOII[HOCTH MOCTOSIHHO MeHsieTcsa. Ha npakTuke onpeneneHue TOYKHM MaKCUMaIbHONW MOII-
HOCTH COJIHEYHOH NaHeJM HeOOXO0IMMO IS TOT0, YTOOBI COJIHEYHasl IIaHesb Bcerja pado-
Tajla Ha MAaKCUMAaJIbHOW MOIIHOCTH.

B pamkax tekymniell paboTsl pa3paboTaHa M peann3oBaHa CUCTEMa U3MEPEHUs MaK-
CHUMaJIbHOH MOIIHOCTH COJIHEYHBIX naHesed. VcnbiTaHus pa3paboTaHHONM CHUCTEMBI TOKa-
3BIBAIOT IMOBTOPSEMOCTh M3MEPEHUH M 3aBUCHUMOCTh TOYKM MAaKCHMAJIBHOM MOIIHOCTH
COJIHEYHBIX NaHelseil 0T 00IydeHus..

Knrwouesvie cnoga: Touka MakCUMalbHOM MOIIHOCTH, COJTHEYHAsl MaHENb, CUCTEMa
U3MEPEHUS TOYKH MaKCUMAJIbHON MOLTHOCTH, 3P ()EKTUBHOCTH COJTHEYHOH NaHeIu.
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