ISPC «Modern information and electronic technologiesy

EFFECTIVE COMPUTER SYSTEM FOR TESTING
SUPERCAPACITORS

Dr. Zoran Stevi¢', Misa Stevi¢', Dr. Mirjana Rajcic-Vujasinovi¢',
Dr. Oleksandr Bondarenko®

'Technical Faculty of Bor, University of Belgrade, Bor, Serbia;
*NTUU “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine
zstevic@etf.rs

The paper gives a brief overview of the developed simple and affordable computer-controlled system for test-
ing electrochemical elements including supercapacitors. The means for the system embodiment and the main
parameters of it are described. The realization of principal hardware blocks of the system and the software
for it are shown. An example of implementation of the cyclic voltammetry method using the developed system
is given.
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Introduction

There are a number of methods for testing electrochemical elements, which can be also used for test-
ing supercapacitors [1—3], however the commercially available equipment for this purpose is excessively
complicated and too expensive, while many research laboratories often need simple and cheap devices pro-
viding standard tests.

Therefore, the aim of this work is to develop a simple and affordable computer-controlled system of
this kind, which makes it possible to implement the most common testing methods and has sufficient charac-
teristics and handy user application.

Means for implementing the system

Measurement and control system for signal generation and monitoring the response of electrochemical
element is developed using PC and LabVIEW software package. The hardware part also includes commer-
cial AD-DA converter and an external interface for analog signal processing.

AD-DA conversion

For the purposes of measurement and control, commercially available data acquisition card (N16009)
was chosen. The most important features of the card are:

— the number of input analog channels (Al) 8 (single ended);

— the number of output analog channels (AO)  2;

— I/O voltage range +5V;
— AD convertor resolution 14 bit;
— DA convertor resolution 12 bit.

Measuring interface

For the purposes of voltage and current tests of electrochemical system, the circuit was designed
(Fig. 1) with the following characteristics:

— two voltage inputs with = 5 V range,

— one measurement current output with + 5 A range,

— one voltage output = 5V for input current £+ 5A,

— one voltage output for monitoring referent potential,

— resistance input of referent electrode is greater than 1012 Q,
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— three outputs for electrodes for electrochemical cell with manual selection:
- voltage of £ 5 V range
- current of + 5 A range.

Using the laboratory 5% digit instrument PRIMA B7-21A (voltmeter + ammeter) and PRIMA B7-38
(voltmeter) the system (individual modules and general assembly) was calibrated for the selected range, then
the whole system was tested and tuned using the accompanying software. The offset and gain constants were
reduced to the input constants of the LabVIEW application. The other checks (temperature stability, immuni-
ty to interference, etc.) were also carried out. The interface and the entire system showed stable behavior,
while the measurement error was less than 0.2%, depending on conditions.

+12V

Al CHO O

12V POWER SUPPLY

12V POWER SUPPLY

Fig. 1. The circuit of the measuring interface

Since the device is developed for measuring small voltages and currents, during assembling and instal-
ling of the whole system, special care was taken with shielding, grounding, filtration and positioning of the
parts. Therefore, the system is well grounded, the interface modules are packed in a metal box, and the de-
vice and the cell are connected using special measuring shielded conductors.

Software

As a platform for writing user applications, LabVIEW package (National Instruments) [4, 5], which is
a kind of standard among modern virtual instruments, was chosen. For connection with the AD-DA conver-
ter and the outside world, NI Collection driver that comes with the converter NI 6009 was used. The installa-
tion of these two packages and AD-DA converter provides a powerful development system for measurement,
control and signal processing (virtual instruments). LabVIEW is based on the principle of virtual instruments
with graphical user interface.

The applications were developed for potentiostatic and galvanostatic methods, cyclic voltammetry and
measuring the open circuit potential. An example of described applications for cyclic voltammetry is shown
in Fig. 2.
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Cyclic Voltammetry

In this method, current measurement is performed using the channel AI CH1, while channels A0 CHO
and CH1 are used for setting the output voltage (Fig. 1). The voltage intensity is set on the virtual instrument
panel. Regulated power supply with output current of 5A is solved as a part of the external interface.

Minimum and maximum potentials and the voltage increase in time are set by control E,, Enax and
dE/dt, from which the actual value of the output voltage is calculated according to the following equations:

E=kt+ E.,,fort<t, (1)
E=—kit+2E,— En. fort>t, (2)
where £ — actual voltage value;
t — time;
k = dE/dt — specified voltage increase rate;

t1 = (Emax — Emin)/k — duration of voltage increase;
Einy Erax — minimum and maximum voltage values.
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Fig. 2. Application for cyclic voltammetry

Conclusions

The developed computer-controlled system for testing supercapacitors has high-resolution measuring
interface and handy user application based on LabVIEW package. The device is simple and affordable, while
being able to implement the most common testing methods. Therefore, it may be useful for carrying out the
study of electrochemical elements including supercapacitors, and is recommended for research laboratories
of educational and scientific institutions.

This investigation was funded by the Ministry of Education, Science and Technological Development of Republic
of Serbia under the projects ON 172060 for the period 2011-2017.
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3. CreBiu, M. CteBiu, M. Paituiu-Byscinosuy, O. bonnapenko
EdexTnBHA KOMII'I0TEePHA CHCTeMA JIsl TECTYBAaHHS CYNIePKOHIEHCATOPIB

Cmamms npedcmasisie cmuciuil 02ni0 po3podieHol npocmoi ma OOCMYNHOI cucmemu 3 KOMN 1OMepHUM
KepyBaHHAM 0Jisl MeCMy8anHs e1eKMpOXiMIUHUX eleMeHmis, 8 MOoMY Yucii cynepkonoencamopie. Onucani
3acobu ona nobyoosu cucmemu ma ii ocHoeni napamempu. [loxazane BUKOHAHMA KuOUOBUX OJIOKI6 Npu-
CmMpoIo, A MAKOAIC NPOSPAMHO20 3abe3neyents 015 Hb020. Hagedeno npuxnao peanizayii memooy yukiiuHoi
B0JILIMAMNEPOMEMPIL 3 GUKOPUCTNAHHAM PO3POOIEHOI cucmemu.

Krouosi cnosa: cynepxondencamop, LabVIEW, 36ip Oanux, yuxkiiuna 601bmamnepomMempis.
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