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(54) SECONDARY BATTERY

(57) Battery is made in the form of at least one battery
assembly installed in a sealed enclosure. The battery
assembly consists of several battery modules. Each of
the battery modules is made in the form of a metal sealed
container designed in such a way that the battery cells
installed in the latter, connected in series in parallel to
each other, are cooled and/or heated by a liquid by a
liquid cooling or heating system. In addition, the design
of the battery module in the flow of inert gas and/or, if
necessary, fire extinguishing powder in the channels
(holes) between the positive and negative poles of the
battery cells, provides a fire extinguishing system. The
battery monitoring is carried out by the BMS monitoring
and control system - microcontrollers that are responsible
for the state of the battery modules and interact via the
CAN-bus with the on-board computer of the vehicle.
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Description

[0001] The utility model belongs to the electrotechnical
industry and can be used in the development of stationary
and traction batteries with increased operational life.
[0002] We will first define the terminology.
[0003] The battery element is called a cylindrical lithi-
um ion battery in one of 18650, 20700 or 26650 standard
sizes.
[0004] The battery module is a certain number of bat-
tery cells, connected in series-in parallel and placed in a
single sealed housing. Depending on the intended pur-
pose, it may contain different amounts of battery cells
and, consequently, different power.
[0005] We will call the battery assembly several battery
modules, which are connected in series - in parallel and
which can be located in one plane, and one over another.
[0006] The rechargeable battery is a series of battery
assemblies, interconnected in series, in parallel (see
more details later).
[0007] Exploitation of the battery is mainly due to three
physical factors: power, temperature and service life. The
latter factor directly depends on the temperature regimes
when charging and operating the battery. Powerful ac-
tions in the form of vibrations and mechanical shocks
arise when using a battery in vehicles. The temperature
problem is related to the conditions of use of the battery
in different climatic zones. When operating the battery,
the optimum operating temperature within the standard
lithium-ion cells (18650 standard size), which ranges
from 5 °C to 45 °C (https://best-energy.com.ua/sup-
port/chargers/bu-410? utl t=vbhttps://best-ener-
gy.com.ua/support/chargers/bu-410? utl t=vb). Increas-
ing the temperature significantly reduces the life of the
rechargeable battery. When stabilizing the temperature
mode, the battery life can reach 15 years or more (ht-
tps://hevcars.com.ua/akkumulyatoryi-bmw-rasschit-
anyi-na-ves-period-ekspluatatsii-elektromobilya/). In ad-
dition, since the discharge temperature depends on the
temperature of the element, in the case of temperature
distortions between the individual elements in the battery
pack during discharge, unequal power output may be
observed. Thus, it is not only about heating or cooling,
but also about ensuring a stable operating temperature
throughout the volume of the battery, regardless of the
external conditions.
[0008] In the winter, when charging, it is necessary to
remove the battery for heating. This is due to the fact that
fast charging at low temperature leads to metallization
of lithium inside the elements. This solid lithium coating,
as a rule, causes irreversible loss of capacity. Under "low"
can mean a different temperature inside the battery, de-
pending on the chemical composition of the elements.
For lithium-ion elements, it ranges from 0 °C to +5 °C
(https://best-energy.com.ua/support/chargers/bu-
410?_utl_t=vb). At ambient temperatures below 0 °C,
charging lithium-ion batteries is not allowed at all. There-
fore, in rechargeable batteries where there is a risk of

lithium metallization, a quick charge simply turns off and
becomes impossible at low temperatures. This is a dis-
advantage for all users of batteries, including electric car
owners. Without the possibility of fast charging the owner
of the electric vehicle will have to wait until the tempera-
ture of the elements does not rise to +5 °C. That is why
it is necessary to begin the process of charge with small
currents when its value in amperes does not exceed 10%
(0,1) from the value of the battery capacity (C) in ampere-
hours (0,1 C), which will be quite long. This problem is
complicated by the fact that virtually all charging stations
and most cars are located, as a rule, outdoors. Therefore,
solving the problem associated with fast charging of lith-
ium-ion batteries at low (045) °C, and even more nega-
tive (<0 °C) air temperatures, will significantly improve
the throughput of electric vehicle charging stations.
[0009] The problem of temperature stabilization within
the working range becomes especially important for bat-
tery cells, in particular, the standard sizes 20700 and
26650, designed for servicing powerful units. For such
elements, the removal of heat from the inner layers is
very complicated. With prolonged discharges and pow-
erful charges, the released heat builds up, and in the
case of the latter, the internal pressure relief valve can
work. This will result in the release of the battery part of
the electrolyte, which is an aggressive medium for the
cylindrical body of the elements. All this will affect the
reduction of the capacity and increased physical degra-
dation of their shells due to the oxidizing processes in
which oxygen is involved.
[0010] Also, for the safe operation of the battery in the
electric vehicle it is necessary to exclude the possibility
of sparking. In the event of an accident, damage to the
battery pack or, moreover, breakage of the battery pack
is possible. This can cause fire and explosion. To save
the life of the driver and passengers, the rechargeable
battery must be equipped with a highly effective fire ex-
tinguishing system. However, to date, none of the bat-
teries used in electric vehicles, such a system is not
equipped.
[0011] From the state of the art, the system of passive
air cooling of a storage battery is known (RU 2640572,
Battery Charging Structure, ed. 10.01.2018), which com-
bines a battery storage unit with cooling channels and
avoids blocking the flow of cooling air due to blockage of
the cooling channels or a hole for air inlet The cooling
structure of the battery pack contains a plurality of cooling
channels for drawing cool air into the battery pack unit,
which are formed on the surface of the lid (yellow-marked
phrases are directly taken from the patent number
2640572), which is attached to the battery pack, and also
contains connecting channels, which connect a plurality
of cooling channels to each other to provide the possibility
of mutual exchange of cooling air, with the indicated
channels formed in the direction, in common with a plu-
rality of coolant s channels on the surface of the lid. In a
hot climate, such a passive cooling system becomes in-
effective. This is due to the fact that the air has poor
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thermal conductivity and therefore it will be difficult to
remove excessive heat from the battery cells. In this re-
gard, the most promising system of liquid cooling.
[0012] The most closely related technical solution is
the US 2015/0077057 A1 patent application dated March
19, 2015, (hereinafter referred to as US 2015/0077057),
which discloses how it is possible to quickly charge the
battery pack at low temperatures, in particular the em-
phasis placed on installing a large number of temperature
sensors in the rechargeable battery.
[0013] Maintenance of the temperature mode between
the battery cells is provided by the controller, in particular,
with a precision of about 0.01 °C, the temperature differ-
ence between the individual elements is recorded.

• Patent US 2015/0077057 specifies when charged
with large currents, and when not. A fast charge in-
cludes a charge with currents when their values in
amperes are equal to 100% (1) of the battery capac-
ity (C) in amper hours (1C), or higher for a recharge-
able battery using accumulator elements. Some bat-
tery cells are at risk of lithium ion at a rapid charge
in low ambient temperatures. Moreover, this risk is
a function of two parameters: temperature and
charge state (hereinafter - SOC). The battery can be
characterized by its charge profile, which is imple-
mented in the charger and which binds the temper-
ature and SOC with an optimized risk-free charge
rate. Thus, for any particular set of critical parame-
ters, under certain operating conditions, there is a
very specific charge rate without risk. And this opti-
mized charge rate represents the optimal charge cur-
rent at each stage, which does not threaten the bat-
tery elements with a certain level of damage, such
as lithium coating. This optimized risk-free charge is
less than the high charge rate, and for some values
of SOC and temperature it can be only 0.01 C, and
at some air temperature values, the charge speed
can be zero at all.

• Therefore, in order to implement the US Pat. No.
2015/0077057 way of recharging the battery, it is
necessary to significantly increase the number of
sensors that control the temperature in the battery
modules, which will complicate the entire electronic
circuitry of the battery and increase its cost.

• The existing cooling system (heating) used in the
Tesla Motors storage batteries is disclosed in US
Patent No. 2015/0111082 A1 dated April 23, 2014,
(hereinafter - US 2015/0111082), namely in the form
of a fluid belt line that covers a certain amount of
outside rechargeable batteries. In this case, the sys-
tem of fast charge at low ambient temperature (<5
°C) will not yield a significant gain in time, since the
proposed system of heating (cooling) of battery cells
is not effective.

• The technical task is based on the invention: by im-
proving the cooling system (heating) of the battery
cells and using the spark-ignition system made in

the form of a closed circuit in which the inert gas and
self-healing fuses circulate, provide:

• increase of efficiency of the system of liquid cooling
(heating);

• rule out the appearance of sparks;
• ensure fire extinguishing of the battery;
• increase the life of the battery.

[0014] The problem is solved by the fact that the battery
pack is made in the form of at least one battery assembly,
which is located in a sealed housing, which is covered
on the inside with a heat-insulating material.
[0015] The sealed housing also contains an emergen-
cy valve for relieving unnecessary internal pressure that
may result from fire extinguishing and fire extinguishing
in the battery case.
[0016] The battery assembly consists of several bat-
tery modules. Each of the battery modules is made in the
form of a metal sealed container (hereinafter - the module
container) in the upper and lower covers of which are
coaxial openings. In these holes are inserted and sealed
metal pipes, each of which is inserted perforated dielec-
tric tube, openings (perforations) which are filled with a
silicone conductive compound, and already in the middle
of each dielectric cylinder insert the battery element. The
top and bottom caps of the module container are covered
by dielectric plates. In dielectric plates, openings are
made, coaxial with holes in the top and bottom housings
of the module container, but whose diameter is smaller
than the diameter of the battery cells for fixing the battery
cells in the module container. In the dielectric plates, met-
al contact plates are inserted, to which one contact of
each fuse is welded. The second fuse pin is welded to
the negative pole of each battery element. This design
from above and from below is hermetically sealed with
plastic covers. From the inside of the upper and lower
covers are the channels for circulation of gas and extin-
guishing powder. These channels are located above
each of the battery cells and are interconnected. At the
ends (lateral surfaces) of the module container, metal
pipes for supplying the thermoregulatory fluid are in-
stalled, and on the opposite end (the lateral surface) of
the module container, metal pipes for its removal.
[0017] From one side of the plastic cover there are two
tubes for supplying the inert gas and, if necessary, an
extinguishing powder, while from the opposite side of the
plastic cover there are, in the bottom of the embodiments,
two nozzles for removing the inert gas into the silica gel
blocks.
[0018] The battery elements of each battery module
are interconnected in series to provide operating voltage
and in parallel to provide operating current.
[0019] The battery contains the battery management
system - microcontrollers, further - BMS-microcontrollers
that are responsible for the state of the battery modules.
They operate them in such a way as to maximize the
performance of the battery in different conditions.
[0020] BMS-microcontrollers:
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a) maintain the voltage on the battery cells of each
battery module within a given range and perform
general control over the battery life, as well as gen-
eral control, which includes battery protection from:
discharge; recharge; short circuit; overload current;
b) carry out constant monitoring of the heating of the
battery cells through the digital temperature sensors
installed in each battery module and installed at each
module and assembly or in the battery module; they
form and transmit to the central computer onboard
the vehicle information and control signals about the
state of the battery and system liquid cooling or heat-
ing of battery cases;
(c) constant monitoring of the speed of the liquid duct,
which washes the lateral surface of the cylinders of
each battery module in which the battery cells are
installed.

[0021] Monitoring is carried out using a central vehicle
on-board computer, which receives information on the
CAN bus. If necessary, the control signal from the on-
board computer through the controller enters the liquid
pumps, which pump the thermoregulator to change the
pump’s impeller rotational speed.
[0022] The system of liquid cooling or heating provides
the optimum operating temperature in all battery mod-
ules, and then in the battery assemblies of the battery in
the range from+5 °C to+45 °C.
[0023] As noted earlier, all the battery modules contain
nozzles for the input and output of the thermoregulatory
fluid, the modules form assemblies, and their input and
output connections are interconnected in parallel. Thus,
the system of liquid cooling or heating is made in the form
of a closed circuit and provides a temperature difference
between modules less than 1 ° C. This is due to the fact
that the battery modules and, respectively, the battery
assemblies are spaced apart. Therefore, there may be
a temperature difference of 1 °C between them. The sys-
tem of liquid cooling (heating) allows the use of battery
cells that withstand high load currents: 50A with short-
time load of up to 5 sec; 100A for short-term load up to
1 sec (https://bestbattery.com.ua/li ion 1850/li ion
18650/imr 18650/samsung inr 18650 25r 2500 2 0a).
[0024] These characteristics are possible, since the
system of liquid cooling or heating contains the following
components: a liquid pump; heater of working fluid;
valves, which ensure the flow of working fluid in the area
of the heater; chiller; a system of valves that ensure the
flow of the working fluid in the range of the chiller; tem-
perature sensors; pipelines for the flow of working fluid
in the system of ensuring optimal working temperature
of the battery; a system of valves for controlling the supply
of the working fluid through the inlet ports to the module
container with the optimum operating temperature and
drainage of the working fluid through the outlet from the
container of the module for discharging into the zone of
operation of the heater or in the range of the chiller; ra-
diators with fans.

[0025] BMS-microcontrollers also provide tempera-
ture control in the zone of operation of the heater and the
chiller in a proportional-integral-differential law (PID law;
see. https://docplayer.ru/32614985-Pid-zakon-reguli-
rovaniya-metody-nahozhdeniya-pid-koefficientov.html): 

Where N is the power to be allocated by the heater,
expressed as a percentage of its maximum power;
Kp, Ki, Kd, - proportional, integral and differential ad-
justment coefficients accordingly (PID coefficients);
ΔT = (Tyc - TΔ), - difference between the temperature
setpoint Tyc and the measured temperature T. The
addend in the steady state control is equal to the
amount of thermal power required to compensate
for heat losses at ΔT = 0. The third component is
proportional to the rate of temperature change with
the opposite sign and should prevent sharp changes
in the temperature of the object (differential compo-
nent).

[0026] Proportional-integral-differentiating (PID) regu-
lator is a device used in the cooling or heating system of
a rechargeable battery equipped with a feedback link.
The advantage of the regulator is the rapid exit to the
regime, the exact maintenance of the given temperature
of the thermoregulating fluid and a rapid reaction to its
change within the specified limits. With the help of the
PID regulator and digital temperature sensors, the fluid
circuit controls are controlled and the CAN bus informa-
tion is transmitted to the controller.
[0027] Each battery cell as an option is placed in a
metal tube with a thickness of walls of 0.142 mm, made
of metal, or made of an alloy with the maximum possible
in the manufacture of the last heat conductivity (herein-
after - the tube) and washed on the outer side surface
thermoregulatory fluid. To prevent the battery from clos-
ing, when installing into the tube of the module container,
a perforated dielectric tube, apertures (perforations)
made in a dielectric tube, filled with a silicone conductive
compound, are installed inside each tube. The use of the
compound due to the fact that it is not combustible, further
fixes the cylindrical elements in metal tubes and improves
the thermal conductivity inside each tube. The thickness
of the walls of dielectric tubes is selected, in one of the
variants of execution in the range of 0,142 mm. With this
design, uniform temperature heating or cooling of all bat-
tery cells that are in each battery module is carried out.
It also provides a stable temperature of the electrolyte
inside each battery element.
[0028] For counteracting the occurrence of an electric
spark and, as a consequence, an electric arc when con-
necting the battery elements into groups, self-healing fus-
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es are used in the ceramic body, for example, polymer
devices with a positive temperature coefficient of resist-
ance, which is mounted on each battery element and is,
in particular, a matrix of polymer that does not conduct
current and mixed with carbon black. In a cold state, the
polymer is in a crystalline state, and the space between
the crystals is filled with carbon particles, the latter create
many chains that conduct current.
[0029] Such a fuse is connected, in particular, welded
to the negative pole of each battery element, and its sec-
ond output is welded to the common metal plate of the
serial-parallel connection of the battery cells in each bat-
tery module of the battery assembly.
[0030] The resistance of such a fuse in the exhaust
state depends on the voltage supplied to the element U
and the dissipation of the power Pd,.
[0031] Resistance Rt of the self-repairing fuse is cal-
culated by the formula: 

[0032] After disconnecting the battery from the load
after some time, the internal resistance of the fuses de-
creases, which leads to their self-healing.
[0033] The battery is characterized by the fact that in
order to prevent the occurrence of electric sparks it uses
a system in the form of a closed circuit of circulation of
inert gas (refers to the system of extinguishing a fire),
which contains the following components: a cylinder with
an inert gas under pressure; a valve that provides the
supply of inert gas to a closed loop for extinguishing
sparks; pressure gauge of inert gas in a closed circuit;
membrane cylinders that provide the pressure of the inert
gas in a closed circuit; valve membrane cylinders for reg-
ulating the pressure of inert gas in a closed circuit; silica
gel blocks; sensors for controlling the degree of pollution
of these units; air compressor and BMS-microcontrollers,
which provide control of the modes of functioning of the
components of the closed circuit of inert gas.
[0034] In order to counteract the emergence of a fire
in emergency situations (as a result of accidents, etc.),
a fire extinguishing system is installed in the battery,
which operates at the first level of fire safety, or depend-
ing on the location of the possible localization of the ac-
cident.
[0035] The fire extinguishing system provides, firstly,
the oxygen-free stay of the battery cells in the recharge-
able battery. Inertia gas is fed into each battery module
through the inlet ducts made from the inside of the upper
and lower plastic hermetic crumbles propagated in the
module housing through the channels made in the upper
and lower hermetic plastic covers, contacts the positive
and negative poles of the battery cells and through the
output channels, made on the inside of the upper and
lower plastic hermetic covers, extends through the silica
gel filtration units of each module in the membrane pres-
sure regulating cylinders inert gas.

[0036] It is known that an inert gas provides a complete
stop of the oxidative processes on the end surfaces of
the battery cells. Consequently, the presence of inert gas
artificially creates the maximum allowable pressure in-
side the battery module between the sealed container
and the plastic covers, which differs from the atmospheric
pressure by 0.140.5 atm (experimentally installed).
[0037] Secondly, as a result of overheating of battery
cells, the discharge of the electrolyte into channels made
in the upper and lower hermetic plastic covers of the bat-
tery module can occur. In this case, in the channels made
on the inside of the plastic hermetic lid of the module
there is a reverse motion of the inert gas, that is, the
droplets of the electrolyte and condensate settle in the
silica gel filtration blocks, passing into the membrane
blocks. Sensors installed in silica blocks control the de-
gree of contamination of these units. The signal from
them enters the controller.
[0038] Secondly, the fire extinguishing system is the
final stage when the battery is damaged, when it loses
its tightness. The contour of the fire extinguishing powder
contains the following components: a cylinder with a fire
extinguishing powder under pressure; a valve that deliv-
ers fire extinguishing powder to the battery assembly
module, in which there is a sharp temperature rise or
pressure drop of inert gas and filling the entire internal
space of the module with exit to the damaged or fractured
zone, emergency valve.
[0039] The essence of the invention explains the illus-
tration.
[0040] FIG. 1 shows a block diagram of a battery, which
includes battery elements 1, battery modules 2, and bat-
tery assemblies 3. It also conventionally shows the main
components (elements) of the cooling or heating systems
4 and the fire extinguishing 5 batteries, which are
claimed.
[0041] FIG. 2 shows the cooling or heating system of
the battery, which includes a small 6 (indicated by a dash
line) and a large 7 (indicated by a long double line d line)
cooling or heating circuits with the main elements.
[0042] FIG. 3 shows a sealed container 20, which is
the basis of each battery module 2 (hereinafter referred
to as module 20 container), having through coaxial open-
ings between the lower 26 and upper 25 covers (Fig. 4),
and metal tubes 21 are fixed in the coaxial openings. side
surfaces of the container) walls of the container module
20 fixed nozzles, while at one of the ends of the nozzle
22, 23 for the supply of liquid, and from the opposite end
- nozzle 24 for removal of the already heated liquid, with
a speed that depends on the ambient temperature food,
that is for a large 7 or small 6 closed circuits for cooling
or heating (Fig. 2).
[0043] FIG. 4 shows a section (A-A) of the container
part of the module 20 (FIG. 3), namely: two battery cells
1, the top 25 and the bottom 26 metal covers of the con-
tainer of the module 20; a cooling or heating fluid 27 wash-
ing the metal tubes 21 (FIG. 3); perforated dielectric tubes
28 are installed inside each tube, and the holes (perfo-
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rations) of the tubes are filled with silicone heat-conduct-
ing compound 29 so that the entire inner surface of the
perforated dielectric tubes 28 fits snugly to the surface
of the battery 1. The upper 25 and lower 26 covers of the
container of the module 20 are closed by the upper 30
and the bottom 31 dielectric plates, in each of which metal
contact plates 32 are embedded, including for connection
with battery cells mi 1 and channels (holes) (fig. 3) for
the supply of gas and, if necessary, fire extinguishing
powder from channels 35 (see below)).
[0044] This structure is hermetically sealed at the top
and bottom with plastic caps (33, 34). On the inside of
the upper 33 and lower 34 plastic caps, the channels 35
are provided for the circulation of gas and, if necessary,
fire extinguishing powder. These channels 35 are located
above each row of battery cells 1 and interconnected
(Fig. 7).
[0045] FIG. 5 is a top view of a portion of the container
of the module 20 without the top cover 25 (FIG. 4).
[0046] Battery elements 1 are located in metal tubes
21 with internal dielectric tubes 28.
[0047] Also FIG. 5 shows the pipe 22 through which
the cooling or heating fluid 27 is fed into the container of
the module 20 (FIG. 3), and through the pipe 24 is re-
moved for scraping along small 6 or large 7 closed cooling
or heating circuits (FIG. 2).
[0048] The negative electrode of the battery cell 1 is
connected, for example, by gluing a digital temperature
sensor 36 and is attached, for example, by welding one
with a vivod-37 self-shaped fuse in the ceramic case 38
(hereinafter - fuse 38).
[0049] In the module 20 module can be located from
four digital temperature sensors 36, which are connected
in parallel, and the signal from the terminals of one of the
sensors 36 to fit the controller 8. The temperature sensors
36 themselves are located in the channels (orifices) of
the dielectric plates 30 and 31 (Fig. 4) . The second ter-
minal of the fuse 38 is welded to the metal contact plate
32. The fuses 38 are mounted on each battery cell 1. The
fuses themselves are located in comparable grooves
made in the dielectric plates 30 and 31 (not shown). It
also shows the direction of movement 39 of the cooling
or heating fluid 27.
[0050] FIG. 6 shows the system of counteraction to the
occurrence of electric sparks in the form of a closed circuit
of circulation of an inert gas (hereinafter referred to as
the system of counteraction). It refers to the fire safety
system 5 (Fig. 1).
[0051] The countermeasure system includes: an inert
gas cylinder 40; an inert gas supply valve 41 to all battery
modules; an inert gas supply valve 42 to a specific mod-
ule battery module 2, a controller 8; inert gas pressure
sensor 43; membrane cylinders 44 for controlling the
pressure of an inert gas 44; valves 45 membrane cylin-
ders for regulating the pressure of an inert gas; compres-
sor 46; silica gel blocks 47; sensors 48 control the degree
of contamination of these blocks; valve 49 for relieving
excess pressure.

[0052] Fire extinguishing system also applies to fire
safety system 5 (Fig. 1). It contains a balloon with fire
extinguishing powder 50; valve supply 51 fire extinguish-
ing powder; battery module 2, controller 8; emergency
valve 52 fire extinguishing powder; temperature sensor
53, which is installed inside the battery housing, in par-
ticular on its side wall for additional temperature control.
[0053] FIG. 7, a top view of a longitudinal section of a
portion of the top plastic airtight cover 33 (FIG. 4).
[0054] In the plastic sealed cover 33 (FIG. 4), on the
inside, channels are made in one embodiment in the form
of rectangular grooves (54) for passing inert gas that en-
ters the battery module 2 through the inlet 55 at the end
(side) top plastic sealed cover. The second inlet 55 is
located at the same end (side), and in the lower plastic
sealed cover 34, similar grooves for an inert gas are made
(not shown in Fig. 7).
[0055] Moving in the direction 57, the inert gas contacts
with both positive and negative electrodes of the battery
cells 1, and through the outlet 56, which is made on the
opposite end (side) of the upper 33 and lower 34 (shown),
the plastic hermetic seal enters the silica gel blocks 47
(FIG.. 6).
[0056] The system of liquid cooling or 4 batteries,
works as follows: in the winter period of time, the battery
is charged as follows.
[0057] The car connects to the charging station’s sock-
et 10, which, as a rule, are located along the autobahns,
while data is being exchanged between the station and
the car via CAN bus. After the battery voltage information
and the magnitude of the charging current can be read
by the charging station’s computer 10, the liquid pump
12 is turned on to circulate the fluid in the cooling or heat-
ing system through the small loop 6 (Fig. 2) through a
three-way valve 14 (outlets 61 , 62). This circuit includes:
modules 2 (Fig. 1) of the battery 11; heater 13; liquid
pump 12. Thus, the temperature is equalized between
all of the battery modules 2 included in the collector 3
(Fig. 1) of the battery 11.
[0058] In the process of charging with large current,
the battery cells 1 are heated and, as a result, the fluid
in the cooling system is up to+45 °C. At this moment, the
three-way valve 14 switches from the small circuit 6 to
the large 7, which includes: 2 battery modules battery
11; three-way valve 14 (inlet 61, outlet 63) chiller 17; ex-
ternal radiator 15 with fan 15’, which is a structural ele-
ment of the car; a three-way valve 16 (inlet 73, outlet 72)
a liquid pump 12 or a three-way valve 16 (inlet 71, outlet
72) and additional components of the vehicle’s design
compressor air conditioner 19 radiator with fan 18, which
are connected in accordance with FIG. 2 (see below).
The fan 15 is turned on and off by a command from the
controller 8 to stabilize the temperature of the liquid. The
controller 8 itself receives information from digital tem-
perature sensors 36 from microcontrollers of the BMS
monitoring and control system, a proportional-integral-
differentiating (PID) controller (9), and digital tempera-
ture sensors 36 are installed in modules 2 (Fig. 5) of the
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battery 11. It should Note that the optimum temperature
in the process of charging is from +5 °C to +45 °C.
[0059] In modern cars, the air conditioning system is
reverse, i.e. Chiller can both cool and heat. When the
ambient temperature changes from -5 °C to +5 °C, it is
advisable to heat the battery using an air conditioner com-
pressor 19. In this mode, a large circuit (the so-called
alternative large circuit, previously mentioned) is turned
on, which includes: battery 2 modules battery 11; three-
way valve 14 (outputs 61, 63); chiller 17; radiator 18 with
fan 18’; three-way valve 16 (outputs 71, 72); liquid pump
12. When this occurs, the chiller 17 is heated and, as a
result, the thermostatic fluid itself. This is due to the fact
that the compressor of the air conditioner 19 consumes
significantly less energy than the heater 13 based on
electric heating elements.
[0060] A separate+5 °C mode is used exclusively dur-
ing the winter time and is a standby mode. When the car
is in a disconnected from the charging station state 10,
fluid flows along the small circuit 6, or the alternative
mode described above can be used. It should be noted
that the battery is a thermos, since the body of the battery
is internally covered with insulating material (not shown),
so the temperature is maintained in the battery at a con-
stant temperature regardless of the ambient tempera-
ture.
[0061] In the summer period, the temperature of the
battery is maintained in the range of 25 °C to+45 °C. A
large amount of heat is removed from the battery element
1 during the fast charging process with the help of a liquid
that flows in this case along a large circuit 7, which
includes : modules 2 of the battery 11; three-way valve
14 (outputs 61, 63); chiller 17; air conditioning compres-
sor 19; radiator with fan 18; radiator with fan 15; three-
way valve 16 (outlets 73, 72) liquid pump 12.
[0062] The chiller is a plate heat exchanger in which
liquid flows from one side and freon from the other.
[0063] The chiller contains a system that cools the fluid
circulating in the battery, and heats the freon - this is the
air conditioning compressor 19 of the high and low pres-
sure tubes through which it flows. The heated freon falls
on an external radiator with a fan 18 for cooling. The
system also contains freon pressure sensors (not
shown), temperature sensors on the chillers (not shown)
and on the external radiator 15. At the moment of charg-
ing, all information from the sensors goes to the controller
8.
[0064] Separately, it should be noted that when the
auto engine is moving, the grand circuit 7 for cooling the
liquid through the three-way valve 16 (outlets 73, 72) con-
nects an external radiator with a fan 15 to cool the liquid
from the incoming air flow, hence thereby reducing the
electricity consumption of the air conditioner compressor
19.
[0065] The inert gas circulation system uses the wave
method of its movement. The process begins with the
supply of gas from the cylinder 40 through the valve 41
to all of the battery modules 2 (Fig. 6). Before each mod-

ule 2 is installed an additional valve 42.
[0066] The gas fills the entire inner space between the
upper metal lid 25 of the container module 20 and the
upper plastic lid 33, as well as between the lower metal
lid 26 of the container module 20 and the lower plastic
lid 34. The gas in the battery modules 2 is under pressure,
slightly exceeding atmospheric (0, 1 4 0.5 atm). On the
other hand, there is an air compressor 46, which, through
valve 45, pumps air into membrane cylinders 44 to a pres-
sure that is slightly higher than atmospheric (0.140.5
atm), which is monitored by a pressure sensor 43. Con-
sequently, the gas pressure in each module and the pres-
sure air in the membrane cylinders 44 will be the same.
As a result, the membrane in each membrane cylinder
will be at rest and its shape will not be curved (concave).
When the valve is opened, 49 inert gas moves into the
cylinders 44 and bends the membrane. The gas inside
each module 2 is shifted into silica gel blocks 47. Sensors
48 monitor the degree of contamination of these blocks
47. Thus, module 2 is cleaned of condensate and elec-
trolyte emissions. Further, at the command of the con-
troller 8, the compressor 46 is turned on and the valve
45 is opened while the valve 49 is simultaneously closed.
Air under pressure restores the state of the diaphragm,
that is, the movement of the inert gas reversed, and the
system checked the tightness and integrity of each bat-
tery module 2, each battery assembly 3 and the entire
battery 11.
[0067] In the event of an accident, there is an instan-
taneous release of gas from the cavity of the damaged
battery module, since the pressure inside is higher than
atmospheric, followed by blowing it with an inert gas. This
prevents the occurrence of fire or explosion.
[0068] As soon as the pressure sensor 43 of the inert
gas (Fig. 6) detects the absence of pressure inside the
module 2, or by using the temperature sensor 38, the
temperature rise in module 2 is recorded, the fire extin-
guishing powder from the cylinder 50 is ejected through
its supply valve 51 into the internal space of module 2.
this prevents oxygen from entering inside the module and
eliminates the possibility of fire. If the pressure on the
battery modules 2 increases when the fire extinguishing
powder is applied, then for its automatic discharging an
emergency dump valve of the fire extinguishing powder
52 is included in the circuit.
[0069] We have manufactured a battery module, which
contains a built-in balancer and a controller for controlling
the flow of fluid (cooling or heating) with a circulation
pump according to the law. It consisted of one sealed
enclosure, the parameters of which were 17 V, 10 A.
Climatic tests of the battery module were carried out at
the National Scientific Center "Institute of Metrology" (42
Mironositskaya Str., Kharkiv, Ukraine, 61002) at a tem-
perature of -40 ° C for three hours. All auxiliary devices,
by means of which the temperature inside the module
was controlled, were also inside the cooling chamber.
These include: controller, electric teng, liquid pump.
These devices were powered from the AC mains with a
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voltage of 220 V and a frequency of 50 Hz. Antifreeze
was used as a liquid in the battery modules (-60 °C).
During the experiment, it was found that the battery ca-
pacity of the module did not change. In addition, in the
process of testing it was shown that negative temperature
has practically no effect on the stable operation of the
battery module.
[0070] A similar experiment was carried out at an am-
bient air temperature of +60 °C. Only in contrast to the
previous case, an additional auxiliary device, a plate heat
exchanger, was included in the general scheme. In its
second circuit was Freon. At high temperatures, as well
as at low temperatures, the battery module showed full
performance.
[0071] As a next step, the charge of the module was
investigated, which took place with an increase in the
voltage on the battery cells from 2.8 V to 4.2 V. In these
tests, a battery module with a capacity of 1.9 kW3h was
used. The latter consisted of a single sealed unit, whose
parameters 33.6 V (834.2 V), 57 A. The process of charg-
ing the module under study was carried out with a current
of 300A. At the first stage, previously used cells were
used in the frame size 18650 of 2013, produced by Pa-
nasonic with high internal resistance.
[0072] As a result of this experiment, the module was
charged to 80% capacity in 20 minutes. In further exper-
iments, new battery cells were used in the standard size
18650 of LG. The battery module was also charged from
a battery voltage of 2.8 V to 4.2 V. As it turned out, in this
case, it was possible to reduce the module charge time
to 80% of capacity to 12 minutes. At the same time, the
coolant temperature was ∼ 32 °C. All of this was achieved
thanks to a fundamentally new system of liquid cooling
of the battery cells.

Claims

1. The battery pack has a hermetically sealed body with
an inside surface covered with a heat-insulating ma-
terial, with at least one battery assembly (3) consist-
ing of several battery modules (2), each of the battery
modules (2) made in the form of metal sealed con-
tainer module (20) with
through coaxial holes between the bottom (26) cover
and the top (25) cover,
in the end walls of the module container (20), the
nozzles are fixed, at least one nozzle (22) for sup-
plying a liquid and at least one nozzle for draining a
liquid (24),
moreover, metal tubes (21) are tightly fixed in coaxial
holes, in each of which a perforated dielectric tube
(28) is installed, the holes of which are filled with
silicone heat-conducting compound (29), while a
battery cell (1) is installed inside each dielectric tube
(28), the latter are connected in series in parallel,
and the upper (25) and lower (26) lids of the container
module (20) are closed with the upper (30) and lower

(31) dielectric plates, which have holes coaxially in
the holes of the upper (25) and lower (26) lids of the
container module (20), in addition, in the dielectric
plates (30, 31), nested contact metal plates (32) are
made with the possibility of spreading self-guided
fuses (38) and digital temperature sensors (36),
while one self-powered fuse is connected to the met-
al plates (32) (38), and the second contact is sam
reset fuse (38) Attached to the negative pole of each
battery cell (1), to which a digital temperature sensor
(36) is also connected, which is connected to the
microcontroller of the VMS monitoring and control
system, with the container module (20) with dielectric
plates (30.31) hermetically sealed top (33) and bot-
tom (34) in accordance with plastic covers on the
inner side have channels (35), which are connected
to at least one (55) patron fixed on one side of the
plastic cap (33,34) a shell for feeding an inert gas
into the module or, if necessary, a fire extinguishing
powder, and with at least one (56) pipe fixed on the
opposite side of the plastic cover (33.34) to remove
the inert gas; the inlet (22,23) and outlet (24) nozzles
for the input and output of the thermostatic fluid of
the battery modules (2), forming the assemblies (3)
are interconnected in parallel.

2. The battery according to claim 1, characterized in
that the nozzle (22) for the supply of fluid and the
nozzle (24) for drainage of the already heated fluid
are fixed from opposite ends.

3. The battery according to claims 1 or 2, character-
ized in that it contains solenoid valves to regulate
the flow of working fluid through the nozzles..

4. The battery according to claim 1, characterized in
that the diameter of the holes of the upper (30) and
lower (31) dielectric plates such that the battery cells
(1) are fixed in the container of the module (20).

5. The battery according to any one of the preceding
claims 1 to 4, characterized in that the channels
(35) from the inner top (33) and lower (34) sides of
the plastic covers are formed above each row of bat-
tery cells (1) and interconnected.

6. The battery according to any one of the preceding
claims 1 to 5, characterized in that between the
pipe (22) for the supply of fluid and a pipe for draining
fluid (24), a circuit is connected, including a three-
way valve (14), a heater (13), a liquid pump (12).

7. The battery according to any one of the preceding
claims 1 to 6, characterized in that between the
pipe (22) for supplying a liquid and a pipe for draining
liquid (24), a circuit is connected, including a three-
way valve (14), a chiller (17), an external radiator
with a fan (15), which is element of the design of the
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car, three-way valve (16), liquid pump 12.

8. The battery according to any one of the preceding
claims 1 to 6, characterized in that between the
pipe (22) for supplying a liquid and a pipe for draining
liquid (24), a circuit is connected, including a three-
way valve (14), chiller (17), radiator with a fan (18),
three-way valve (16), liquid pump (12).

9. The battery according to any one of the preceding
claims 1 to 6, characterized in that between the
pipe (22) for the supply of fluid and a pipe for draining
fluid (24), a circuit is connected, including a three-
way valve (14), a chiller (17), an air conditioning com-
pressor (19), radiator with fan (18), radiator with fan
(15), three-way valve (16), liquid pump (12).

10. The battery according to any one of the preceding
claims 1 to 6, characterized in that the inlet gas
supply valve (42) is connected to the nozzle (55),
which is connected to the circuit, which contains the
inert gas supply valve (41) to all of the battery mod-
ules (2) and the inert gas cylinder (40).

11. The battery according to claim 10, characterized in
that the valve (41) supply of inert gas to all battery
modules (2) connected circuit containing valve sup-
ply (51) fire extinguishing powder and a balloon with
fire extinguishing powder (50) under pressure.

12. The battery according to any one of the preceding
claims 1 to 6, characterized in that the nozzle (56)
is connected to a circuit that contains silica gel blocks
(47) with sensors (48) for monitoring the degree of
contamination, membrane cylinders (44) for control-
ling the pressure of an inert gas, valves (45) for mem-
brane regulation cylinders inert gas pressure with
valve (49) for relieving overpressure, compressor
(46).

13. The battery according to claim 12, characterized in
that in membrane cylinders (44) of controlling the
pressure of an inert gas connecting silica gel blocks
(47) with sensors (48) monitor the degree of contam-
ination of other battery modules (20).

14. The battery according to any one of the preceding
claims 1 to 13, characterized in that the modules
(2) and accordingly the assemblies (3) are separated
by a distance at which the temperature difference
between them is set to not more than 1 °C.

15. The battery according to any one of the preceding
claims 1 to 14, characterized in that the modules
(2) and accordingly the assemblies (3) are separated
by a distance at which the temperature difference
between them is set to not more than 1 °C.

16. The battery according to any one of the preceding
claims 1 to 15, characterized in that digital temper-
ature sensors (36) are connected in parallel, and the
signal from the terminals of one of the sensors (36)
comes from the microcontroller of the VMS monitor-
ing and control system to the proportional-integral-
differentiating (PID) controller (9) and through CAN-
buses to the controller (8) to control the liquid circuit
modes.

17. The battery according to any one of the preceding
claims 6 to 9 or 16, characterized in that the liquid
pump (12) is controlled by the central on-board com-
puter of the vehicle connected via the CAN bus.

18. The battery according to any one of the preceding
claims 1 to 17, characterized in that the VMS mi-
crocontrollers are made with the ability to control the
temperature in the zone of the heater and chiller ac-
cording to the proportional-integral-differential law
(PID law): 

where N is the power to be allocated by the heater,
expressed as a percentage of its maximum power;
Kp, Ki, Kd, - proportional, integral and differential ad-
justment coefficients accordingly (for the coeffi-
cients); ΔT = (Tyc - TΔ), - difference of temperature
setpoint Tyc and measured value of temperature T;
the second term in the constant mode of regulation
is equal to the amount of thermal power required to
compensate for heat losses at ΔT = 0; the third com-
ponent is proportional to the rate of change in tem-
perature with the opposite sign and should prevent
sharp changes in the temperature of the object (dif-
ferential component).

19. The battery according to any one of the preceding
claims 1 to 18, characterized in that the self-reset-
ting fuse (38) in a ceramic package, for example, a
polymer device with a positive temperature coeffi-
cient of resistance.

20. The battery according to claim 18, characterized in
that the self-resetting fuse (38) in the ceramic case
is installed on each battery cell (1) and are matrix
with polymer, do not conduct current and mixed with
carbon black.

21. The battery according to any one of the preceding
claims 1 to 20, characterized in that the hermetic
housing contains an emergency valve, which is made
with the possibility of relieving excess internal pressure.
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