IIpuboper u memoowl usmepeHuil Devices and Methods of Measurements
2021.—T. 12, Ne 4. — C. 286-291 2021, vol. 12, no. 4, pp. 286-291
V.P. Vasilevich, M.Y. Zbyshinskaya V.P. Vasilevich, M.Y. Zbyshinskaya

Shape and Measurement Monitoring of Inrush Current
Characteristics of a Battery-Capacitive Energy Storage
Device with Two-Channel Digital Oscilloscope

V.P. Vasilevich, M.Y. Zbyshinskaya

Belarusian State University of Informatics and Radioelectronics,
Brovki str., 6, Minsk 220013, Belarus

Received 19.10.2021
Accepted for publication 02.12.2021

Abstract

The main reason of voltage instability in stand-alone power supply systems is the electric drive motors
inrush current, which are usually higher than their nominal value. The most reasonable way to solve this
problem is using capacitive energy storage. The purpose of research is shape and measurement monitoring
of battery-capacitive energy storage device inrush current characteristics. Parameters comparative analysis
for lithium-ion battery (LIB) part and capacitive part of the energy storage device was holding with the two-
channel digital oscilloscope.

Measuring testing bench included parallel connected LIB part and capacitive part of the storage device
and connected to the power source. The LIB part of the storage device is made on the basis of the ATOM
10 multifunctional motor drive device of the new generation, which contains 15 V lithium-ion battery and
9.4 A-h capacity. The capacitive part of the storage device is the INSPECTOR Booster supercapacitor with
an 80 F electrostatic capacitance and 15.5 V voltage. A 12V AC/DC step-down converter was used as a
power source. An electric air automobile compressor M-14001 was used as a current drain. The testing
bench measuring part consisted of a two-channel digital oscilloscope and two standard measuring shunts
with 15000 pOm resistance serial attached to LIB part and capacitive part of the storage device. Shape and
measurement monitoring of inrush current characteristics of LIB part and capacitive part of the energy sto-
rage device was held synchronously using a two-channel digital oscilloscope with recording data to FAT32
file system USB flash drive. Obtained data was transferred to a personal computer and analyzed.

The measurement results showed that 82.3 % of the energy losses compensation of the motor start is taken
over by the capacitive part of the energy storage device, what makes longer LIB’s life. By adjusting the oscillo-
scope sweep trace index you can analyze more detailed time response shape and its duration. The values of the
inrush current amplitudes were calculated in proportion to the voltage drop on the shunts and their resistances.

The developed method for monitoring shape and measurement inrush current characteristics can be used
in various technical applications: smart stand-alone photovoltaic system, uninterruptible power supply de-
vices, electric drive control systems, etc.
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OnHOM W3 OCHOBHBIX MPUYHH HECTAOWIBHOCTH HANPSIKCHHS B AaBTOHOMHBIX CHCTEMax 3HEProoOecredeHus
SIBIISTIOTCSI ITyCKOBBIC TOKH JBUTATEJICH AIIEKTPOIPUBOAOB, MHOTOKPATHO MPEBBIMIAIOIINE HX HOMHHAIBHOE 3HAYCHUE.
Hambonee pannoHaIbHBIM ITyTEM pEIICHHUS 3TOH MpOoOJIeMbl MPHU3HAHO HCIONb30BaHHE EMKOCTHBIX HAKOIIHTENCH
sHepruu. L{enbio naHHO# padoTHI ABISIACH PETUCTPAIHst (OPMBI M U3MEPEHHE MYCKOBBIX Pa3psIHBIX XapaKTEPHUCTHK
AKKYMYJISTOPHO-EMKOCTHOTO HAKOITUTEIIS JIEKTPOIHEPTHH C TPUMEHEHUEM IByXKaHaJIFHOTO H(POBOTO ocumimiorpaga
JUTSL CPAaBHUTEIFHOTO aHAJIH3a MapaMeTPOB aKKyMYIIATOPHON 1 EMKOCTHOM JacTel HAKOTIATEIIS.

Pa3pabotan W3MEpHTENBHBI CTEHIl, B KOTOPOM aKKYMYJSTOpPHAass W EMKOCTHAsS YacTH HAKOIHTEINS COCIUHCHBI
MapauIeIbHO M TIONKITIOYCHBI K MCTOYHUKY SIICKTPOIHEPTHH. AKKYMYJSITOpPHAs 9acTh HAKOITUTEIS BBIMIONHEHA Ha 0ase
MHOTO()YHKIIMOHAIBHOTO ITyCKOBOTO yCTpoicTBa HOBOro mnoxosieHnsi ATOM 10, nmeromero B cocraBe JIMTHH-HOHHYIO
aKKyMYJIATOpHYIO Garapeio HanpsukenneM 15 B, émkoctbio 9,4 A-u. EMKocTHas 4acTh HaKONMTeNs MpeicTaBisna coboit
myckoBoe ycTpoicTBo cynepkoHaeHcatopHoro tuna INSPECTOR Booster ¢ anekrpocrariueckoit éMkocthio 80 @ mpu
HarpspkeHud 15,5 B. B kauecTBe MCTOUHIKA SHEPT U UCTIONB30BaJICs ToHMmKaromii A C/DC-mipeoOpa3oBaTeb HarpsyKeHHEM
12 B. B kauecTBe Harpy3kd HCIOJIB30BAJICS JJIEKTPOABUraTelb IMPUBOAA BO3AYLIHOTO aBTOMOOHMIBHOTO KOMIIpECCOpa
M-14001. M3meputernbHas 4acTh pa3pab0OTaHHOTO CTEH 1A COCTOsIIA U3 IByXKaHAIBHOTO HU(ppoBoro ocumuiorpada tuma C8-
46/1 1 ABYX CTaHAAPTHBIX H3MEPUTEIBbHBIX ITyHTOB THIA 7511ICM 3-5-0,5 conporusiernem 15000 MkOMm, mocea0BaTeIbHO
TOZIKITIOYEHHBIX K aKKyMYIIITOPHON U EMKOCTHOH YacTsIM HAKOIUTEIISI COOTBETCTBEHHO. MccnenoBanue hopMbl 1 I3MEPEHUS
BEJIMYMH ITyCKOBBIX Pa3psAAHBIX TOKOB AKKyMYISATOPHOM M EMKOCTHOW HYacTel HAKONUTENS MPOBOIMINCH CHHXPOHHO
C WCTIONB30BaHHEM IBYXKaHAJIBHOTO IH(POBOTO ocrmimiorpada ¢ 3amichio Ha AEKTPOHHBIN HOCUTENb B (aillioBON CHC-
teme FAT32. [Momy4yenHas nHGOpMAI TIEpeHOCHIACH Ha TIEPCOHAIBHBIN KOMITHIOTEP 1 aHATIM3UPOBAIACH.

Pesynprarel u3mepeHumii mokaszand, 4To 82,3 % KOMIIEHCAnWi IMOTEph DHEPrUM Ha IYCK 3JIEKTPOABHIATEINS
NpUHUMAET Ha ceds EMKOCTHAs YacTh HAKOIMTEJs, YTO MPOAJIEBAET CPOK AKCILTyaTallMl aKKyMYJISATOPHOW Oarapew.
Perynupys koadduumeHT pazBEpTkH ocuuiuiorpada, MOKHO JEeTalbHO HCClenoBarh (OpMy MEpEXOopHOro Tporecca
U €ro NpOAOJKUTENBHOCTb. 3HAYEHUs AMIUIMTYJ IYCKOBBIX TOKOB PAaCCUUTBHIBAIHUCH MPONOPLUUOHAIBHO MaJEeHHUIO
HaNpsDKEHUS Ha IIYHTaX U UX COMPOTHUBICHUSM.

Paspabotanusbiit MeTon peructpanuu GOpMBI U U3MEPEHUS ITYCKOBBIX XapaKTEPUCTHK MOXKET HANTH MPUMEHEHHS
B PAa3IMYHBIX TEXHUYCCKUX MPHIOKEHUSIX: ABTOHOMHBIX HWHTEUIEKTYAIbHBIX (DOTOINEKTPHUSCKUX CHCTEMAax
ANEKTPOCHAOKEHHUSI, yCTPONCTBAX OecrepeOOHHOTO AIEKTPONUTAHNS, CUCTEMAaX YIIPABICHHUs YIEKTPOIPUBOIOM U JIP.

KaroueBble ciioBa: 3apsSAHO-pa3psAHbIC XapAKTCPUCTUKHU, aKKyMyJIHTOpHO-éMKOCTHLIﬁ HAKOIIUTECJIb DJICKTPOIHCPIUH,
AaBTOHOMHAas (1)OTO3J'IGKTPI/I"IGCKEIH CHUCTEMA, CYIICPKOHACHCATOP.
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Introduction

One of the reasons of unstable electricity os-
cillation by stand-alone renewable energy systems
hides in energy consumption structure. Nowadays
more than 50 % of world generated electricity is con-
sumed by electric drives. Energy consumption start-
up modes is are typical for AC and DC electric drives
and can lead to in electric networks voltage drop and
failures in their work. Currently, a significant result
in voltage stabilization is achieved by using batteries
as energy storage devices [1].

First of all, ground-based and space-based stand-
alone photovoltaic (PV) power supply systems are
equipped with battery energy storage devices [2].
However, using of electrochemical energy sources to
amend start-up modes in power supply system isn’t
an optimal solution. Electrochemical energy sources
are quite expensive, have a short-live and unable to
deliver high power to the current drain without degra-
dation. They are charging and discharging slowly [3].

Currently, supercapacitors are being intensively
researched for being used as a storage of electrical
energy. They have noticeable advantages over bat-
teries in terms of charge and discharge cycles num-

ber, charging and discharging speed, power amount
delivery and the durability [4-9]. A full replacement
of batteries with supercapacitors in energy storage
is still impossible due to their low storage density.
Although there is a publication about the samples of
a graphene supercapacitor, which energy capacity
reaches the lithium-ion battery’s energy capacity [3].

The use of hybrid battery-capacitive storage
devices is being intensively studied and seems to
be relevant and promising direction in stand-alone
PV system and grid power supply systems develop-
ment [10—12]. The industrial use of such storage de-
vice requires a non-standard approach in the field of
control and monitoring circuitry, because two parts
of the storage device operate on different physical
principles. The research task was to make a compa-
rative analysis of the battery-capacitive energy sto-
rage device parameters.

Main body

Stand-alone photovoltaic system (SAPS) is
successful and cost-effective solar energy project.
The block diagram of an SAPS is in Figure 1.

J‘ J— DC24V
DC [ d
BEHEI}' Ca;}a Cﬂjﬁ-"& AC"DC c;e
Solar panel Thaes storage storage converter rcuit
regulator s

Figure 1 — The block diagram of an stand-alone photovoltaic system with the battery-capacitive energy storage

The SAPS power ranges from 0.1 kW if it’s used
as a power supply of security systems up to 256 kW
if it’s used as a life support of the international space
station. It is expected that if SAPS is equipped with
hybrid battery-capacitive storage device it will sig-
nificantly increase its applicability and improve its
capacity for inrush current drain compensation. Fi-
gure 2 shows the block diagram of the developed
testing bench for the shape and measurement moni-
toring of inrush current characteristics of a hybrid
battery-capacitive energy storage.

The lithium-ion battery (LIB) part of the sto-
rage device is the “ATOM 10” multifunctional motor
drive device of the new generation, manufactured in
RF, which contains lithium-ion battery with 9.4 A-h
capacity, 15V peak voltage and 300 A inrush cur-
rent.

The capacitive part of the storage device is the
INSPECTOR Booster supercapacitor manufactured
in ROK. The main feature of this type of devices is
the absence of built-in batteries. Instead of batteries
in this device is used a block of supercapacitors with
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80 F electrostatic capacitance, 15.5 V voltage capa-
bility and 800 A inrush current. The application of
such capacitive storage allows to guarantee its work
if the open circuit voltage of the power sources is not
above 15.5 V.

Energy
source
Battery charge
regulator
Two-channel digital
oscilloscope
= =21
i I Rshl LIB S1
= "
Rsh? SC S2
—— "
(a0 >
@ -

Figure 2 — Block diagram of the developed testing bench
for the shape and measurement monitoring of inrush cur-
rent characteristics of a hybrid energy storage

In developed testing bench battery and capacitive
energy storage parts are joined-up in parallel and con-
nected to the power source with the built-in charge ad-
justment device of the “ATOM 10” and the blocking
diode. Adjustment device is used as maximum vol-
tage limiting of storage device at 15 V. The blocking
diode prevents the backstreaming of electrical current
from the storage device into the energy source.

Testing bench allows to work with different
power suppliers such as electrical grid with a step-
down AC/DC converter (220 V, 50 Hz/12 V), or a
12 V solar battery or a 12 V DC car power grid, etc.
In this research was used a step-down AC/DC con-
verter which is turns off after full charging of the hy-
brid battery-capacitive energy storage and during the
study of inrush charging currents.

As the current drain was used a DC electric air
automobile compressor M-14001M manufactured
by Mega Power, PRC. It is capable to simulate the
charging current instability of the battery and capaci-
tive parts of the energy storage.

The recommended supply voltage of electric air
automobile compressor is (12-13.5) V. The maxi-
mum current consumption is 14 A. The current con-
sumption value can be adjusted by increasing or de-
creasing pressure in the airline and controlled with
the built-in manometer.

The testing bench measuring part consisted of
a two-channel digital oscilloscope and two standard
measuring shunts Rsh1l and Rsh2 with 15000 pOm
resistance which serial attached to LIB part and ca-
pacitive part of the energy storage device. Oscillo-
scope was used for monitoring shape and measure-
ment parameters of single and periodic electrical
signals in the frequency range up to 60 MHz with a
maximum sampling rate of 1 GS/s and an equivalent
frequency of 25 GS/s. The oscilloscope has two syn-
chronous channels equipped with A/D converter and
attenuators.

Analyzed signals are fed to the inputs of the at-
tenuators, where the synchronization signals are gen-
erated, which are fed to the synchronization circuit.
As well as the signals fed to the inputs of two A/D
converters, which convert the analog signals into a
digital code processed in the conversion device. The
oscilloscope provides digital measurements of volt-
ages, time intervals impulse front and fall time and
amplitudes of periodic signals.

Measuring electrical shunt is a conductor with
ultra-low resistance, or a low-resistance resistor. The
shunts can be used for DC current measurements
in the range of 5-15000 A. Shunt resistance ranges
from 5 pQ to 15000 pQ. The rated voltage drop of
the shunt is 75 mV. The maximum permissible basic
error of shunts §, at any current drain not more than
+0.5 % or £1.0 % of the rated resistance. Accor-
dingly, the accuracy class of shunts for 5 A is 0.5 and
for 15000 A shunts — 1.0.

The current is measured in following man-
ner (Figure 3): the voltmeter is connected to the
shunt with potential fan. The moment the current
flows through the current shunt, a voltage drop
measured by the voltmeter occurs at the potential
fan. The current strength is determined by dividing
measured voltage by the electrical resistance of the
shunt — 15000 pOhm.

Shape and measurement monitoring of inrush
current characteristics of a LIB part and capacitive
part of the energy storage was carried out according
to the block diagram of the testing bench on real time
basis synchronously with using a two-channel digi-
tal oscilloscope and recording on FAT32 file system
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USB flash drive. Obtained data was transferred to a
personal computer and analyzed.

AY : o o =
—+ +=
Measured
current Shunt

O
Voltmeter
Figure 3 — Shunt connection to voltmeter

It is convenient to monitor the shape of the dis-
charge current triggering pulses by changing the
index of the sweep trace (Figure 4).

The input of channel 1 (Chl1) from the shunt Rsh1
is supplied with a signal from the LIB part of the ener-
gy storage device (blue color trace of the oscillogram),
the input of channel 2 (Ch2) from the shunt Rsh2 is
supplied with a signal from the capacitive part of the
energy storage device (yellow color trace of the oscil-
logram). As you can see from the oscillograms, a de-
crease in the sweep trace allows to analyze the shape
and duration of the trigger pulses more detailed.

From the oscillograms we know the scale of the
measured voltage and counting the divisions’ number
from the zero to maximum of steps height, we also
know the resistance of each shunt (15000 pOhm),
and so we can determine the voltage and calculate
the values of the inrush currents amplitudes.

Measured data from oscillograms (Figure 4a)
are in the table.

Figure 4 — Triggering pulses oscillograms which were recorded at sweep traces of 1 s/div (a) and 2 s/div (b)

Table

The results of measuring the inrush discharge characteristics of the hybrid LIB-capacitive energy storage

Typ.e of energy storage Shunt voltage, mV Shunt resistance, pOm Inrush current
device amplitude, A
LIB part 80 15000 53
Capacitive part 440 15000 293

Data in the table shows that 82.3 % of the
compensation for electric motor start energy losses
is taken over by the capacitive part of the energy
storage device, what prolongs life of expensive LIB
storage devices.

Conclusion

On the basis of modern charging and motor
drive devices was developed a hybrid lithium-ion

battery-capacitive energy storage device. A measu-
ring unit was based on a two-channel digital oscil-
loscope and method of synchronous registration and
measurements of stationary and mutual characteris-
tics of lithium-ion battery part and capacitive part
of the energy storage device. Experimental research
have been carried out inrush current parameters con-
sumed by an electric air compressor. This research
clearly demonstrate the advantages of a hybrid sto-
rage device.
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The developed method for monitoring shape and
measurement inrush current characteristics can be
used in various technical applications: smart stand-
alone photovoltaic system, uninterruptible power
supply devices, electric drive control systems, etc.
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