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Abstract
Objectives. Due to the continuous rapid development of renewable energy sources, requirements for secondary 
power supply systems keep increasing from year to year. Productive uptime for end users is dependent on the 
efficiency and stability of the power supply system. Such systems should be able to distribute and store energy 
from renewable sources having various parameters and configurations. Therefore, the present work is  aimed 
at  developing technical solutions for efficient uninterruptible secondary power supply systems in  low voltage 
DC networks.
Methods. Advanced circuitry solutions are used for performing pulse conversions with high efficiency. The flexible 
hardware-software system is used for implementing the parameter control system.
Results. An uninterruptible power supply for low-voltage DC networks is developed. The description of subsystems 
and calculations for all main elements including the power ones are given. Using a contemporary component base, the 
system prototype is assembled, configured, and measured by parameters. The presented solutions allow achieving 
the universality of the system in terms of the input and output voltage range. Support for the fast-charging Power 
Delivery protocol is integrated. As well as regulating the battery charging current and voltage, the Li+ battery charging 
controller permits changes in  the number of chargeable cells. The monitoring and control unit monitors network 
parameters and controls the system automation. Using a microcontroller as the control device, it is possible to easily 
change control parameters by changing software settings. Dual redundancy of the module monitoring the built-in 
battery parameters is used to ensure the reliability and safety of system functioning. Support for the standardized 
I2C communication protocol with a separate power bus allows any necessary sensors to be connected for monitoring 
system parameters. External high-power devices controlled by a PWM signal may be added, if required. In the paper, 
the Li+ battery charging profile recommended by the manufacturer is provided.
Conclusions. The designed system provides stable power supply to  end users at  a  power consumption up  to 
40 W for at least 45 min. The automation demonstrates reliable operation.

Keywords: uninterruptible power supply, control unit, charge controller, Power Delivery standard, charging curve, 
battery protection system, DC-DC converter, battery balancing
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Резюме
Цели. От  эффективности и  стабильности систем электропитания зависит время бесперебойной работы 
конечных потребителей. Такие системы должны иметь возможность распределения и  накопления энер-
гии от  возобновляемых источников с  различными параметрами и  конфигурациями. Развитие источников  
возобновляемой энергии постоянно увеличивает требования к системам вторичного электропитания. Целя-
ми работы являются разработка научно-обоснованных технических решений и создание эффективной си-
стемы бесперебойного вторичного питания в низковольтных сетях постоянного тока.
Методы. Использованы современные схемотехнические решения для выполнения импульсных преоб-
разований с  высокой эффективностью. Для реализации системы контроля параметров применен гибкий  
программно-аппаратный комплекс.
Результаты. Разработана система бесперебойного питания для низковольтных сетей постоянного тока. 
Приведено описание работы блоков системы и расчеты основных элементов, в т.ч. и силовых. С применением 
современной элементной базы собран прототип системы, проведена настройка и измерение ее параметров.  
За счет представленных решений достигается универсальность комплекса по диапазону входных и выходных 
напряжений. Интегрирована поддержка современного протокола быстрой зарядки Power Delivery. Применен-
ный контроллер зарядки Li+ аккумуляторов позволяет изменять количество заряжаемых ячеек и регулировать 
токи и напряжения заряда аккумуляторной батареи (АКБ). Блок мониторинга и управления отслеживает теку-
щие параметры сети и управляет автоматикой системы. Использование микроконтроллера в качестве управ-
ляющего устройства дает возможность изменения параметров управления без конструктивных изменений 
благодаря редактированию программного обеспечения. Для безопасности функционирования системы при-
менено двукратное резервирование модуля контроля параметров встроенной аккумуляторной батареи. Под-
держка стандартизированного протокола обмена данными по шине I2C с отдельной шиной питания позволяет 
подключать любые необходимые датчики для отслеживания параметров системы. При необходимости могут 
быть добавлены сторонние устройства повышенной мощности, управляемые сигналом широтно-импульсной 
модуляции (ШИМ). Приведен рекомендуемый производителями профиль заряда Li+ АКБ.
Выводы. Спроектированная система позволяет обеспечивать стабильное электропитание потребителей 
с энергопотреблением до 40 Вт в течение времени не менее 45 мин. Автоматика демонстрирует безотказное 
функционирование. 

Ключевые слова: система бесперебойного питания, блок управления, контроллер заряда, протокол Power 
Delivery, профиль заряда, блок защиты, DC-DC преобразователь, модуль балансировки
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INTRODUCTION

Due to the development of renewable energy sources 
including their increased capacity, solutions are required 
for a number of problems associated with the conversion 
and storage of energy  [1]. Automation systems used for 
these purposes should be developed using new circuit 
solutions aimed, among other things, at increasing 
operating efficiency, speed, and autonomy, at the same time 
as reducing heat generation, safely preventing abnormal 
operation, maintaining cost-effectiveness, etc. The standard 
output voltage of power systems in industrial automation 
and motor vehicles is 24  V. Such power systems can 
provide power to low-power devices in case of emergency.

Laying networks for emergency equipment is 
combined with additional time and material costs. 
This is especially true for emergency lighting systems 
in remote locations  [2]. Such costs can be reduced by 
using a separate power supply units in the fixed version 
as a voltage source. Since the power consumption for 
sensor operation is low, the operating time of such units 
is satisfactory in the absence of recharging.

24 V power networks are also used in the security and 
fire safety systems [3]. In this setting, it is obvious that 
fail-safe power supply is required even under conditions 
of network failure. The Shtyl1 and Bastion2 companies 
produce uninterruptible power supplies (UPS) in the 
form of wall mount boxes. A 24  V power supply is 
also typically used by audio systems, for example, by 
a great number of device components manufactured by 
the MONACOR International company3,  4. Here, UPS 
systems can be integrated into devices in the form of 
modules or to ensure network continuity as a separate 
unit. It is also theoretically possible to use 24 V UPS 
systems to ensure the safety of trucks in the event of grid  
network failure5. UPS systems in the form of separate  
 

1 https://www.shtyl.ru/. Accessed August 29, 2022 (in Russ.).
2 https://bast.ru/. Accessed August 29, 2022 (in Russ.).
3 https://www.monacor.com/. Accessed August 29, 2022.
4 MONACOR INTERNATIONAL GmbH & Co. KG; 2016. 

164  p. https://www.blej24.com/catalogs/Monacor.pdf. Accessed 
August 29, 2022.

5 MAN TGA s 2000 g. Rukovodstvo po remontu i ekspluatatsii 
(MAN TGA from 2000 y. Repair and operation manual). Monolit; 
2015. 794  p. https://monolith.in.ua/catalog/rukovodstvo_po_
remontu_man_tga_2000. Accessed August 29, 2022 (in Russ.).

units are necessary attributes of equipment cabinets. 
Such systems must ensure safe and stable operation 
throughout their lifetime.

1. UPS SYSTEM

A conventional UPS system consists of two 
independent devices capable of operating both 
independently and together, thus expanding the 
possibilities of applying and reconfiguring the final 
product. The structural diagram of the UPS system is 
shown in Fig. 1.

Sensors

Monitoring and control unit Battery charging and 
protection unit

To the load
24 V

Network
24 V

Fig. 1. Structural diagram of the UPS system

The UPS system consists of the monitoring and 
control unit, battery charging and protection unit, and 
external sensors. A similar system has been implemented 
in [4] but using a 220 V power supply.

The monitoring and control unit is designed for 
controlling the network and battery parameters, as 
well as the equipment temperature. At the moment of 
emergency shutdown, the unit commutates the system 
so that the necessary voltage is supplied from the battery 
charging and protection unit to the load. This provides 
the uninterrupted power supply of connected devices 
from the backup power supply. In addition, output 
currents and power are monitored while operating from 
the UPS system. Should the UPS permissible power 
consumption be exceeded, the load connected to the 
system is automatically switched off.

The battery charging and protection unit is designed 
for charging the built-in batteries and equalizing the 
potential between cells. When the built-in lithium-
ion battery is discharged, backup power from any 
battery having voltage greater than 9  V—e.g., from 
widespread automotive lead-acid batteries—may 
be supplied. It is also possible to supply backup 
power from portable batteries supporting the Power 
Delivery fast-charging protocol. The unit duplicates 
critical system protection functions, preventing 

https://doi.org/10.32362/2500-316X-2022-10-5-60-72
https://doi.org/10.32362/2500-316X-2022-10-5-60-72
https://www.shtyl.ru/
https://bast.ru/
https://www.monacor.com/
https://www.blej24.com/catalogs/Monacor.pdf
https://monolith.in.ua/catalog/rukovodstvo_po_remontu_man_tga_2000
https://monolith.in.ua/catalog/rukovodstvo_po_remontu_man_tga_2000
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“overcharging” and deep discharging of the battery, 
as well as monitoring the temperature of the built-in 
battery using a thermistor.

2. MONITORING AND CONTROL UNIT

In the paper, the monitoring and control unit 
implemented on the ATmega 168  (Atmel Corporation 
(Microchip), USA) microcontroller (MCU) is 
considered  [5]. Here, MCU with a clock frequency 
of 16 MHz, supply voltage, and logic levels of 5 V is 
used6. This version is selected due to its low cost and 
availability, an especially important factor under the 
present situation of crisis in the semiconductor industry. 
If necessary, it can be replaced without serious labor 
costs by a more productive and energy-efficient unit 
involving minor modifications of the circuit diagram. 
The structural diagram of the monitoring and control 
unit is shown in Fig. 2.

The circuit diagram of the monitoring and control 
unit shown in Figs. 3, 5, and 6 comprises two 5 V linear 
voltage regulators, MCU, state indicators, step-up 
(boost) regulator, three commutation elements, output 
filters, control element, and connector X1 for connecting 
sensors via I2C bus with power supply. 

The step-up regulator U1  (Fig. 3) is implemented 
on an XL6009  chip (XLSEMI, China). With an input 
voltage ranging from 5  V to Uout, its conversion 
efficiency may achieve 94% depending on the difference 
between input and output voltages. The conversion 
frequency is 400 kHz, while the maximum commutated 
current is 4 A. Soft start, thermal protection, and current 
limitation functions are built in7. The output voltage 
may be calculated by the following formula:

6 High performance, low power AVR® 8-bit microcontroller, 
ATmega48/V/88/V/168/V, DS40002074A. Microchip 
Technology; 2018. 390  p. https://www.microchip.com/content/
dam/mchp/documents/OTH/ProductDocuments/DataSheets/
ATmega48_88_168_megaAVR-Data-Sheet-40002074.pdf. 
Accessed August 29, 2022.

7 Switching current boost / buck-boost / inverting DC/DC 
converter, XL6009. Xinlong Semiconductor Technology; 2017. 8 p.
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Inductances L3  and L4  are switched in parallel 
for providing a given maximum conversion current. 
The converter chip has the control input for switching 
it on connected to the MCU pin via current limiting 
resistor R11. Resistor R12 connects the MCU pin of the 
microcircuit to “ground” for preventing spontaneous 
activation.

The field-effect transistor FET PSMN4R3-30BL 
(Nexperia, China) controlled by a PWM signal coming 
from MCU is used as the control element VT1  as 
described in  [6]. This transistor is selected with 
allowance for power dissipation and the required output 
characteristics8; the control voltage produced by the 
divider R9, R10 is only 4.5 V.

The transistor output characteristic (Fig. 4) shows 
the transistor to be capable of commutating direct current 
up to 100 A at the control voltage of 4.5 V.

Although this value is much higher than necessary 
for steady-state operation, very high currents occur 
between C13, C15 and C21 when the output filters are 
powered due to the capacitors C13 and C15 having a rated 
capacity of 4700 μF. The equivalent series resistance of 
these capacitors is 55 mΩ; when unlocking the transistor 
gate9, the peak current may be written as follows:

	 I
U
Rpeak

out

ESR

 A,= = =
23 75

0 055
431 8

.

.
. � (2)

where Uout is the source voltage; RESR is the equivalent 
series resistance of the capacitor. 

Here, the subsequent capacitive filter elements are 
not accounted for: the current is limited by the step-up 

8 N-channel MOSFET in D2PAK, PSMN4R3-30BL. 
Nexperia B.V.; 2017. 15 p.

9 Matvienko V.A. Fundamentals of electric circuit theory: 
Textbook for universities; Yekaterinburg: UMTs UPI; 2016. 
162 p. (in Russ.).

Fig. 2. Structural diagram of the monitoring and control unit

Temperature and 
humidity sensor

Current, voltage,  
and power sensor

Indicators

MCU

5V voltage regulator  
for peripherals

Voltage regulator 5 V

From the battery charging 
and protection unit

To the battery charging  
and protection unit

To the load 
24 V, Channel 1

To the load 
24 V, Channel 2

Network
24 V

Commutation element Output filter Control element Step-up regulator

Output filterCommutation element Commutation element

https://www.microchip.com/content/dam/mchp/documents/OTH/ProductDocuments/DataSheets/ATmega48_88_168_megaAVR-Data-Sheet-40002074.pdf
https://www.microchip.com/content/dam/mchp/documents/OTH/ProductDocuments/DataSheets/ATmega48_88_168_megaAVR-Data-Sheet-40002074.pdf
https://www.microchip.com/content/dam/mchp/documents/OTH/ProductDocuments/DataSheets/ATmega48_88_168_megaAVR-Data-Sheet-40002074.pdf
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voltage regulator U1, but not until its output capacities 
are discharged. Since the maximum peak current of 
the selected transistor is 465 A, the performance is not 
affected.10

Each output filter is the LC ladder filter, as described 
in  [7]. These are used for additional smoothing of 
pulsations after the boost converter.11

Both 5V linear voltage regulators are made on 
LM7805 chips (Inchange Semiconductor Company, China).  
 

10 GOST 2.710-81. Unified system for design documentation. 
Alpha-numerical designations in electrical diagrams. Moscow: 
Izdatel’stvo standartov; 1985 (in Russ.).

11 Output noise filtering for DC/DC power modules. https://
www.ti.com/lit/an/snva871/snva871.pdf. Accessed August 29, 
2022.

Fig. 3. Power supply circuit diagram of the monitoring and control unit. Here and in the following circuits, 
the designations of elements correspond to GOST 2.710-8110

To A0
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Х2

VD1L3

To D12

No.
1
2

Circuit
VCC Batt
GND Batt

From the battery charging and 
protection unit

SA1

DA2
LM7805

DA1
LM7805

C19
0.1 μF

C16
0.33 μF

C14
0.33 μF

C12
0.1 μF

C8
47 μF

C11
105 μF C18

100 μF
C21

220 μF

C23
470 nF

C22
470 nF

C20
470 nF

C17
47 μF

C15
4700 μF

C13
4700 μF

C10
47 μF

R9
1 kΩ

R10
10 kΩ

From MCU VT1

C7
470 μF

C6
470 μF

C5
470 μF

+

+ +
++

+

3 31 1

1

2 2

2

+++

L6

300 μH

L1

300 μH

L5

47 μH

L2

47 μH

R13
18 kΩ

R11
1 kΩ

R12
10 kΩ

U1
DC/DC

XL6009

U(K2)+U(K1)+

U(K1)– U(K2)–

Vin
Sw

FB
1

5
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4
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GND
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1 kΩ

82 μH
L4

82 μH

C9
220 μF

The C14  and C16  capacitors filter input pulsations, 
while the C9, C12, and C19 capacitors filter the output  
ones.

The commutating elements K1–K3  (Fig. 5) are 
implemented on HK19F-DC5V-SHG relay (Ever-way 
Industry Co, China). The rated commutation current 
is 2 A at DC voltage 30  V12. The relay is controlled 
from MCU through optocouplers DA3–DA5. Resistors 
R15–R17 limit the current through the optocoupler and 
the LED used for indicating the state of elements K1–K3. 
This implementation allows for galvanic isolation of the 
MCU pin and the relay to protect MCU from line voltage 
as described in [8].

12 Subminiature DIP Relay, HK19F. Ever-Way Industry 
Company Limited; 2011. 3 p.

https://www.ti.com/lit/an/snva871/snva871.pdf
https://www.ti.com/lit/an/snva871/snva871.pdf
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Fig. 4. Output characteristic of the PSMN4R3-30BL 
transistor. Dependence of the drain current Idrain  

on the drain–source voltage Vds at fixed gate–source 
voltages Vgs

Fig. 5. Circuit diagram of commutating elements for the monitoring and control unit
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and power sensor. The SHT2  chip (Sensirion AG, 
Switzerland) is used as a temperature and humidity 
sensor; it has an accuracy of relative humidity ±2% and 
temperature ±0.3 °C.14

The LEDs HL1–HL4  displaying the remaining 
battery percentage along with the system operating mode 
are used as indicators; SB1  is the MCU reset button. 
The SB2  and SB3  clock buttons used for the forced 
shutdown of UPS output channels are connected to the 
MCU analog input DD1 through the resistive divider.

3. BATTERY CHARGING  
AND PROTECTION UNIT

The structural diagram of the battery charging and 
protection unit is shown in Fig. 7. 

In the designed system, the load for this unit is 
produced by the control and monitoring unit. The circuit 
diagram of the battery-charging and protection unit 
is shown in Fig. 8, 10, and 11. The standalone pulse 
charge controller for the Li+ battery is implemented on a 
MAX1737 chip (Maxim integrated, USA) (Fig. 8). This 
controls the input current from the source, the output  
charging current, and the battery voltage. The allowable 
charging voltages range between 4.0  V per cell and 
4.4 V per cell.

14 Humidity and Temperature Sensor IC, SHT21. 
SENSIRION. CMOSens®; 2014. 15 p.

All the sensors used are connected via the I2C bus 
(Fig. 6). The INA219  chip (Texas Instruments, USA), 
which determines the current and voltage with an 
accuracy of ±0.2%13, is used as the current, voltage, 

13 Ugryumov E.P. Digital circuitry: Textbook for universities. 
2nd ed.; BHV-Petersburg; 2007. 800 p. (in Russ.).
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Fig. 6. Circuit diagram of the monitoring and control unit MCU

Fig. 7. Structural diagram of the battery charging and protection unit
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Fig. 9. Diagrams of voltage  
and current for charging profile
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The external thermistor is connected via 
connector X1. The 10 kΩ resistor R1 is installed in the 
absence of a need for temperature monitoring. When 
the voltage of the built-in battery drops below the 
minimum threshold value Umin (3), the deep discharge 
protection system is activated; the load is switched off 
by transistors VT1 and VT2.

	 Umin = 2.5N V,� (3)

where N is the number of connected cells.
The Li+ batteries are charged according to the 

specific charging profile, which is distinguished from 
those used with classic lead acid batteries. This is 
necessary for increasing the lifetime of the batteries as 
detailed in [9] and recommended for charging by many 
Li+ battery manufacturers. The diagram of the charging 
voltage and current as well as voltage diagrams of 
inverting pins for the fast charge (FASTCHG) and full 
charge (FULLCHG) stages are shown in Fig. 9.

The full charge cycle may be divided into 4 main 
stages:

1)	fast charge stage—including non-linear changes in 
battery voltage while the current remains constant;

2)	full charge stage—battery voltage reaches the 
predetermined value to remain constant, while the 
current decreases;

3)	fill stage—initial current is decreased by 90% while 
the current change becomes almost linear;

4)	completion stage—charging current becomes zero.
The maximum duration of each cycle is set by the 

charge controller’s internal timers. The nominal value of 
capacitor C8 sets the running time of timer 2 responsible 
for the fast charge stage, amounting to 90 min at 1 nF. 

Should the controller fail in transiting to the next stage 
of the charge cycle within the time set by timer 2, the 
chip disables further battery charging and turns the error 
indicator on. 

The nominal value of capacitor C7 sets the running 
time of timer 1  responsible for the full charge and fill 
stages, as well as for the pre-preparation time. At 1 nF, 
the full charge stage time is 90 min, while the fill stage 
time is 45 min. The pre-preparation includes checking 
the cell voltage for the minimum threshold value as 
well as checking the temperature. The checking time is 
7.5 min. Should indicated values exceed the operating 
range, the controller turns an error message on and the 
charge cycle does not begin.

The LEDs HL1–HL3  are connected via current 
limiting resistors R9–R11 to inverting pins of the charge 
controller state indicator FAULT, FASTCHG, and 
FULLCHG.

The elements VT1, VT2, C17, L1, and VD3 form the 
DC voltage step-down converter. The transistor gates are 
controlled by chip DA1 (Maxim integrated, USA). This 
chip generates a PWM signal with variable fill factor 
depending on the input and the battery charging voltages 
and a frequency of 300  kHz. The claimed conversion 
efficiency ranges from 85% to 90%15. Although the 
output voltage ranges from 6 to 28 V, the input voltage 
should be higher than the minimum supply voltage of 
the charge controller:

	 Umin chg = Umin + 1.6 V.� (4)

The voltage drop across resistor R17 sets the input 
current of the charge controller Iin as calculated by the 
following formula:

	 I
R

U
Uin
ISETIN

REF

 A,� � �
0 1

1
17

.
 � (5)

where UISETIN is the voltage on pin 2 (SETIN) DA1 set by 
the voltage divider formed by resistors R4 and R7 with 
reference voltage at the input UREF = 4.166–4.242 V.

The voltage drop across resistor R14, which 
regulates the battery charging current Ichg, is calculated 
by the following formula:

	 I
R

U
Uchg
ISETOUT

REF

 A,� � �
0 2

1
14

.
 � (6)

where UISETOUT is the voltage on pin ISETOUT set by 
the voltage divider formed by resistors R5 and R8 with 
reference voltage at the input UREF.

15 Stand-alone switch-mode lithium-ion battery-charger 
controller, MAX1737, Data Sheet 19-1626. Maxim Integrated; 
2017. 19 p.
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Fig. 10. Circuit diagram of the boost converter of the battery charging and protection unit
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The boost converter in the battery charging and protection 
unit (Fig. 10) is used for generating the supply voltage of 
the charge controller. As a result, the input charging voltage 
range of the built-in battery is significantly extended, ranging 
from 5 to 28 V regardless of how many cells are connected 
due to the formation of a step-up/down converter.

The support of the Power Delivery fast charging 
protocol implemented in many modern consumer 
battery chargers is provided by the protocol trigger 

implemented on the IP2721 chip (Injoinic Technology 
Corp., China). Pin SEL sets one of the standard output 
voltages of the connected charger using data exchange 
protocol. When pin SEL is connected via resistor R18 to 
the power supply, the voltage at the battery charger unit 
is set to 12 V; when it is connected via resistor R19 to 
“ground”, the voltage is set to 5 V.16

16 TYPEC/PD2.0/PD3.0 Physical Layer IC for USB TYPEC 
input interfaces, IP2721. Injoinc Corp.; 2017. 7 p.
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Fig. 12. Prototype for the monitoring and control unit:  
top and bottom views

Fig. 13. Prototype for the battery charging and protection unit:  
top and bottom views

The built-in cells are balanced by the balancing 
module using operational amplifiers DA3, DA4, and 
DA5 (Fig. 11). Each of these controls a pair of transistors 
by comparing the sum of voltages on two battery cells with 
voltage between two cells connected in series making 
allowance for the voltage17 divider formed by a pair 
of resistors R24–R25 for DA3, R26–R27 for DA4 and 
R37–R38  for DA5. The built-in battery is formed by 
the cells of Li+ batteries GB1–GB4 connected in series. 
Operational amplifiers TLV521  (Texas Instruments, 
USA) are selected due to low power consumption18, 
which increases energy efficiency.

The prototype design for the monitoring and control 
unit is shown in Fig. 12.

The prototype design for the battery charging and 
protection unit is shown in Fig. 13.

17 Keep the balance – balancing of supercapacitors, ANP090. 
https://www.we-online.com/catalog/media/o671684v410%20
ANP090a%20EN.pdf. Accessed August 29, 2022.

18 NanoPower, 350nA, RRIO, CMOS Input, operational 
amplifier, TLV521, Data Sheet SNOSD26. Texas Instruments; 
2016. 27 p.

4. RESEARCH FINDINGS  
ON CHARACTERISTICS  

OF THE DEVELOPED SYSTEM

For evaluating the output power of two channels, 
each channel is connected to a controlled electronic 
load. The constant power operating mode is set to 20 W 
per channel. The total power delivered by the system 
to the electronic load is about 40  W in this operating 
mode. Time diagrams for current, voltage, and power are 
drawn using the measuring tools built into the electronic 
load units.

Time diagrams for current, voltage, and power of the 
first channel are shown in Figs. 14 and 15.

Figure 14 shows that the change in the output voltage 
level during operation is 0.2 V. The actual output voltage 
level is 22.6 V differing from the calculated value Uout. 
This is due to the voltage drop across the output filters 
and the parameter spread of resistors R13, R14. The 
output current ripple is due to the operating principle of 
the controlled electronic load.

https://www.we-online.com/catalog/media/o671684v410%20ANP090a%20EN.pdf
https://www.we-online.com/catalog/media/o671684v410%20ANP090a%20EN.pdf
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Fig. 14. Time diagrams for current and voltage of the first channel

Fig. 15. Time diagram of the first channel power 

Fig. 16. Time diagrams for the total current and power of two channels
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Time diagrams of the second channel almost 
coincide with those of the first one making allowance for 
the insignificant parameter spread of the output filters. 
Time diagrams for the total current and power of two 
channels are shown in Fig. 16.

It may be seen from Figs. 14–16  that a sudden 
drop in the output voltage and power level occurs at 
t  =  2800  s. This is due to automation; the voltage of 
built-in batteries drops below the critical value, they 
are completely discharged, and the charge controller 
disconnects them from the monitoring and control unit.

As can be seen from Fig. 16, the total output power 
is about 40 W, while the system operating time with such 
load is at least 45 min.

CONCLUSIONS

A prototype of an uninterruptible power system with 
the ability to change output voltage for required tasks 
has been created. Each unit has been tested separately 
along with their interaction.

The system generates stable output voltage of 22.6 V 
with a power of 20 W in each channel. The monitoring 
and control unit correctly displays the remaining 
percentage of the built-in battery charge in increments 
of 25% and enables shutdown of consumers when the 
built-in battery voltage falls below a specified threshold, 
thus duplicating the protection function of the battery 
charging and protection unit.

The battery charging and protection unit provides 
stable power supply to the monitoring and control unit 
for at least 45  min, successfully activating the fast-
charging protocol when connected to the battery charger 
and protecting the built-in batteries from “overcharging.”

It is intended to improve the developed system in 
future as follows: 

•	 modification of output filters for reducing output 
voltage ripple; 

•	 improvement of DC-DC converter input filters for 
reducing noise level;19 

19 Design and application considerations of input filter 
to reduce conducted emissions caused by DC/DC converter,  
No. 62AN101E Rev.003. ROHM Co., Ltd.; 2020. 7 p.
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•	 replacement of transistor group in the balancing 
module for increasing maximum allowable 
balancing currents or using the balancing module 
for the same purpose;20

20 Passive balancing allows all cells to appear to have the same 
capacity. https://softei.com/passive-balancing-allows-all-cells-to-
appear-to-have-the-same-capacity. Accessed August 29, 2022.

•	 increasing the output power and developing the 
inverter for providing the standard 220 V network 
voltage;

•	 implementing the control of the charge controller 
from MCU.
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