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The article describes the device for telemetry and control of the technical state of chemical
current sources. The controlled parameters are the residual capacity, voltage, discharge current,
temperature of current sources. The article presents a functional scheme of the device, its feature
being galvanic isolation of the current source circuit and the monitoring device. To provide
galvanic isolation, the authors propose a circuit solution for non-contact current measurement
in order to reduce the error in measuring currents of various magnitudes. An asynchronous
parallel-serial data transfer interface is used for the exchange with the upper-level system. The
article describes the algorithm of telemetry device operation, which is implemented for the
1887VE4U microcontroller. When developing the device, the main difficulty was the need to
ensure the minimum weight and dimensions and use only domestic-made electronic components
to comply with the import substitution strategy in the Russian economy.
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YCTPOUCTBO TEJIEMETPUMU U KOHTPOJIA TEXHUYECKOTO
COCTOAHUA XUMUYECKUX UCTOYHUKOB TOKA

Nn.l. banaéax, A.J1. banabaH, A.A. XoBnaue8, E.B. LLlunuH

HOHO-PoCCUIACKUIA TOCYAapCTBEHHbIN MOJIMTEXHUYECKUIN YHUBEPCUTET
(HON) um. M.U. Nnatosa, r. HoBo4yepKacck, Poccuitickaa Peaepaums

OnucaHo yCTPOWCTBO TeAEMETPUU U KOHTPOJISI TEXHUUYECKOTO COCTOSIHUSI XUMUUECKUX
MCTOYHUKOB ToKa. KoHTpoJlMpyeMbIMU MapamMeTpaMu SBJSIIOTCS OCTaTOYHAasl €MKOCTb, Ha-
NpsKeHWe, pa3psaHblii TOK, TeMaepaTypa UCTOYHUKOB Toka. [TpuBeneHa yHKIMOHaJbHAas
CcXeMa YCTpOiicTBa, 0COOCHHOCTBIO KOTOPOU SIBIsSIeTCS oOecredeHne ralbBaHUIECKOM pas-
BSI3KM IIENU MCTOYHUKA TOKa M YCTPOMCTBA KOHTpOJs. s obecrieueHUsT TaJlbBaHUIECKOM
pa3BI3KM IIPEIIOXKEHO HCII0Jb30BaTh CXEMOTEXHMYECKOE pelleHHe MJIsI 0eCKOHTaKTHO-
o U3MEPEHUs TOKa C LeJbl0 CHUXEHUS TOTPEIIHOCTU MPU U3MEPEHUM TOKOB Pa3IMUHOM
BeJIMUUHBI. [ oOMeHa ¢ CUCTEMOM BEpPXHEro YpOBHSI MCIIOJb30BaH aCUHXPOHHBIN Ma-
pajienabHO-TIOCAe0BaTebHbIM UHTEepdelic nepenauyn JaHHbIX. ONUcaH aaropuTM padoThl
YCTpO#iCcTBa TeJeMeTPUM, KOTOPBIM pealn3oBaH I MUKpoKoHTposaepa 1887BE4Y. Ilpu
pa3paboTKe yCTpOKCTBA OCHOBHAS TPYIHOCTb 3aKJl0yaaach B HEOOXOAUMMOCTU OOECIIEUUTh
MUHUMaJbHbIE MaccorabapuTHbIC MapaMeTPbl U MCIOJb30BaTh 3JEKTPOHHBIE KOMITOHEHTHI
TOJIBKO OTE€UYECTBEHHOTO MPOU3BOJICTBA B paMKax peaJu3alu CTpaTeruu MMIopTo3amelle-
HUS B 93KOHOMUKe Poccun.



4Computing, Telecommunications and Control Vol. 13, No. 3, 2020 >

KnioueBble ciioBa: TeieMeTpusi, 06CKOHTAKTHOE U3MEPEHME, PA3PSAHbIN TOK, TaTYUK TOKA, EM-
KOCTb, HAIIPSLKEHUE, XUMUUECKUI MICTOYHUK TOKA.

Ccbuika mpu unutupoBanum: banmaban W.IL, bama6an A.JI., XosmaueB A.A., llwmH E.B.
YcTpoiicTBO TeieMeTpUU U KOHTPOJISI TEXHUIECKOTO COCTOSTHUST XMMUUECKUX UCTOUHUKOB TOKA
// Computing, Telecommunications and Control. 2020. T. 13. Ne 3. C. 63—74. DOI: 10.18721/
JCSTCS.13306

CTtaThst OTKPHITOTO J0cTyNa, pactpoctpansiemast mo nuieH3un CC BY-NC 4.0 (https://creative-
commons.org/licenses/by-nc/4.0/).

Introduction

Chemical current sources (CCS) are widely used in everyday human life (uninterruptible power sup-
plies, cars, household appliances, etc.) and in various industries (for autonomous power supply of civilian,
military, space and other specialized equipment).

When supplying power to industrial facilities, two types of CCS are used: primary batteries and second-
ary batteries. The most common batteries are saline, alkaline, lithium. Lithium cells and batteries from the
listed are the most energy-intensive and capable of delivering powerful current pulses.

The problem of diagnosing the state of CCS and the possibility of predicting their performance is one
of the central problems of the production and operation of current sources [1]. According to the require-
ments for the operation of lithium CCS for long-term and high-quality operation, as well as their timely
replacement, it is necessary to ensure control of the main parameters — residual capacity, voltage and
discharge current.

There is a term “smart” CCS [2]. It is a current source, which contains a parameter monitoring device
and sends information about the current state of the battery, discharge current, voltage, capacity and tem-
perature of the battery to the monitoring system in real time. Such control devices must have minimum
weight and dimensions.

Reducing the influence of the human factor, labor intensity of maintenance and the need for remote
diagnostics during battery operation is an important task and requires introducing monitoring and diag-
nostics devices into the electric power facilities [3—10]. In addition, one of the problems arising during
the operation of lithium batteries is the absence or insufficient number of effective methods and devices
for non-destructive and continuous monitoring of parameters in all operating modes, including during
operation [11].

There are many methods for determining capacity. These can be methods based on measurements of
the open circuit voltage [12], discharge voltage [13—19], internal resistance of a CCS [20—23], as well as
density, optical refractive index, dielectric constant of the electrolyte, intensity of infrared radiation emit-
ted by the outer surface of the CCS [24, 25].

For lithium power sources, the number of successfully tested methods is limited due to the peculiarities
of such power sources. These methods include: impedance measurement, fluctuation of the discharge
voltage, assessment of the discharge current at constant and pulse current, microcalorimetry [1].

The method of potentiostatic diagnostics of the capacity of an active electrode of a nickel-cadmium
battery, which is based on the relationship between the current arising during potentiostatic polarization of
a nickel oxide electrode, and the residual capacity is given in [26]. However, this method for determining
capacity is only intended for a nickel-cadmium battery.

Devices for monitoring the state of CCS are proposed in [27—32]. A device for measuring direct cur-
rent with galvanic isolation was proposed in [33]. The disadvantage of these devices is that they do not
simultaneously measure the voltage, discharge current, residual capacity and temperature of the CCS. In
addition, the overall dimensions of the devices are not indicated.
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A computer system for monitoring the parameters of power supplies consisting of CCS is proposed in
[34]. The monitored parameters include voltage, current and discharge time. However, the system does
not take into account the residual capacity of the CCS, and also has large weight and size characteristics.

The known devices for monitoring the parameters of the CCS do not meet all the necessary require-
ments for the quantity and quality of the monitored parameters, permissible weight and dimensions, and
the possibility of information communication with upper-level systems.

The authors have developed a device that allows continuous monitoring of the CCS parameters. The
introduction of a telemetry and parameter control device into the CCS makes it possible to create a
“smart” battery and to simplify obtaining objective information about the current state of the battery. The
information obtained will make it possible to analyze the operation of batteries in order to increase their
reliability, determine ways to improve equipment and establish the causes of its failures.

Within the framework of the implementation of the import substitution strategy in the Russian econo-
my, only domestic-made electronic components were used in the development of the device.

Functional scheme of the device

The developed device consists of the following functional units: non-contact current measurement
unit, voltage measurement unit, temperature measurement unit, microcontroller (MC), power supply.
The functional scheme of the current measurement unit is shown in Fig. 1.
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Fig. 1. Functional scheme of the current measurement unit
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The non-contact current measurement unit implements the circuit design developed by the authors
for the contactless current measurement, in which three current measurement subranges are used in order
to reduce the error. Contactless measurement is implemented using a compensation current sensor of
our own production, since the existing current sensors either cannot be used in terms of design, weight or
dimensions, or are not produced in the Russian Federation (for example, manufactured by LEM [35]).

The current sensor consists of a toroidal ferromagnetic core, a compensation coil L1, consisting of
10,000 turns, and a Hall sensor Ul PKHE61A1 [36], which is installed in the gap of the core with a wound
compensation winding.

The proposed circuitry principles of non-contact current measurement make it possible to galvanically
isolate the battery circuits and control circuits in order to prevent the destruction of the controlled battery
in the event of the control device malfunction.

The amplified voltage from the Hall sensor is used in the compensation type sensors to generate a com-
pensation current /, in the secondary winding. As a result, a magnetic flux is created, which compensates
for the magnetic flux created by the primary current /,. If the magnetic flux is fully compensated (equal to
zero), then the magnetic potential of the two windings is identical [37].

The Hall sensor is powered by a current stabilizer. One of the parameters of the Hall sensor is the resid-
ual voltage, so the device is included in the circuit to compensate for the residual voltage.

The measured current creates a magnetic flux in the magnetic circuit, which induces an electromotive
force (EMF) in the Hall sensor, proportional to the discharge current. The EMF signal from the terminals
of the converter is amplified by the measuring amplifier (MA) and fed to one of the inputs of the differen-
tial amplifier.

A signal from a digital-to-analog converter (DAC) is fed to the second input of the differential amplifier
through a repeater. The digital-to-analog converter is controlled through a shift register to save discrete
pins of the microcontroller.

This is necessary to compensate for the offset voltage at the output of the instrumentation amplifier
and the possible uncompensated residual voltage of the Hall sensor at the input of the measuring amplifier.

The signal goes to the compensation winding L1 from the output of the measuring amplifier and, then,
goes to the load resistors (shunts) R, , R, or R,,, which are earthed by means of switching devices con-
trolled by the MC. The current flowing through the winding and one of the load resistors creates a mag-
netic flux in the opposite direction in the magnetic circuit.

Thus, a negative feedback magnetic system is created. In this case, the following equality must be sat-
isfied

Id' Wdzlc ' Wc’

where [, is a discharge current; W, is the number of conductors through which current flows 7, (W, = 1),
1 is a compensation current flowing through the coil; W is the number of turns of the compensation coil.

The sensor operates at almost zero magnetic flux, which eliminates the temperature drift of the sen-
sor’s conversion factor. Thus, the resulting compensation current /, flowing through the coil accurately
represents the discharge current /, to be measured. A voltage proportional to the primary current /, can be
obtained by a series connection with the secondary winding of the load resistor-shunt.

The use of three different size load resistors-shunts allows changing the range of current measurement
and allows you to reduce the error when measuring currents of different magnitude. The voltage drop
across resistors R, , R, or R, ., created by the compensation current, is converted by the normalizing am-
plifiers into a normalized signal, which passes through a low-pass filter (LPF) and then is transmitted to
the input of an analog-to-digital converter (ADC) built into the microcontroller.

The voltage measuring unit must be galvanically isolated from the rest of the circuit of the parameter
monitoring device in order to exclude the failure of the developed device in the event of a malfunction of
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the controlled object. In this regard, a DC/DC converter is used to power the voltage measuring unit, which
is controlled from the MC through a galvanic isolation and a switching device. In addition, the controlled
voltage of the CCS is also supplied through the switching device not to constantly load and discharge the
battery.

Since the value of the monitored voltage can reach +40 V, there is a voltage divider at the input helping
to adjust the input resistance of the voltage measuring unit and reduce the voltage to be applied to the input
of the measuring amplifier. The MA amplifies the voltage and transmits it to the input of the low-pass filter,
from the output of which, through the repeater, the voltage signal is fed to the input of the ADC unit with a
built-in Serial Peripheral Interface (SPI). The ADC unit is exchanged through galvanic isolation with the
microcontroller and digitally transmits the measured voltage value using the SPI interface.

The temperature measuring unit contains a resistive temperature sensor built into one of the arms of the
bridge measuring circuit. The bridge is powered by a voltage stabilizer connected to one of the diagonals
of the measuring bridge. The voltage signal from the other diagonal of the bridge is fed to the input of the
measuring amplifier, amplified and fed to the input of the low-pass filter and transmitted to the ADC built
into the microcontroller.

The microcontroller is one of the central blocks of the device. It is designed to collect and process in-
formation about the magnitude of current, voltage, solve computational problems, including the problem
of calculating the residual capacity of the battery, communication and data exchange with the upper-level
system and the control panel.

The data on the discharge current, capacity of the monitored battery and voltage will be transmitted via
the asynchronous parallel-serial data interface. The array returned by the device will consist of 48 bits and
6 eight-bit words (8 digits for markers of discharge current, voltage and temperature, and 16 digits for ca-
pacity). The first word is a marker for the beginning of the information transfer. The second word contains
information about the current of discharge. The third and fourth words contain information about the
capacity of the monitored battery. The fifth word contains voltage information. The sixth word contains
information about the temperature of the battery.

Algorithm

The operation algorithm of the telemetry device and control of the technical state of chemical current
sources is shown in Fig. 2.

At the first stage, the MC modules are initialized (interrupt controller, analog-to-digital converter,
watchdog timer, input-output ports, interfaces and others). After that, the device proceeds to the cyclic
measurement of the monitored parameters: discharge current /,, voltage and residual capacity of the CCS.

The discharge current measurement subroutine is responsible for current measurement (Fig. 3), the
voltage measurement subroutine is responsible for voltage measurement.

If the value of the discharge current /, is in the range from 40 to 120 A then the discharge current / is
assumed equal to /,and the subroutine ends.

In the opposite case, a more accurate determination of the current is required. For this, the load R, is
disconnected and it is determined whether the measured value of the discharge current /, belongs to the
range from 5 to 40 A. If it does, then the R, load is switched with the control signal from the MC and the
voltage is measured at the ADC2 input. After that, the value of the discharge current /,, is determined and
the subroutine ends. The magnitude of the current corresponds to the voltage signal fed to the ADC2.

If the measured value of the discharge current /, does not belong to the range from 5 to 40 A then the
readings are in the range from 0 to 5 A. Similar to the previous steps: the load R, , is switched, the voltage is
measured at the input of ADC3 and the value of the discharge current / , is determined, which corresponds
to the voltage signal received by the ADC3. Then the subroutine ends.

The residual capacity of the CCS is calculated at the next stage by the measured value of the discharge
current as the difference between the nominal value of the capacity Q =~ and the capacity of the discharge Q..
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t n
QSC = Qnom _Qd = Qnom _I[ddt = Qnom _ZIdAti’
0 i=1

where O is the nominal value of the controlled CCS capacity (technical datasheet value); O, is the value
of the capacity for which the CCS was discharged; /_ is the current value of discharge current; Atl. is the
time elapsed since the last measurement of the discharge current.

The device exchanges data (discharge current /,, voltage, residual capacity and temperature of the
CCS) with the upper-level system by means of telemetry after each measurement cycle. When a control
panel is connected, the measured values are transmitted to it. It can be used to configure the device.

The algorithm is implemented in software using the 1887VE4U microcontroller [38]. The program
is written in a high-level language C (ISO/IEC 9899:1999) in a software development environment Keil
uVision. It consists of a head module and subroutines [39].

Conclusion

The device for telemetry and control of the technical state of chemical current sources developed by the
authors allows analyzing the operation of both batteries and autonomous devices in order to increase their
reliability, determine ways to improve equipment and establish the causes of its failures.

A three-dimensional model of the developed device for telemetry and control of the technical state of
chemical current sources is shown in Fig. 4.

Device characteristics: voltage measurement range from 0 to +40 V, current from 0 to 120 A, capacity
from 0 to 511 A/h and temperatures from 0 to +100 °C.

The error in measuring current and capacity does not exceed 5 %, in voltage and temperature is not
more than 1 %. The values of the discharge current, voltage and capacity are transmitted to the upper-level
system via an asynchronous parallel-serial interface; it is possible to connect a control panel. Operating
temperature range varies from 0 to +50 °C, relative humidity 60 % at a temperature of +25 °C.

It should be noted that in connection with the state policy of import substitution and the development
of the production of a domestic electronic component base, the device includes domestic components only.

Fig. 4. Three-dimensional model of the device for telemetry and con-

trol of the technical state of chemical current sources
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