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ABSTRACT

Provided is a battery module having an improved structure to appropriately manage
heat or gas discharged from the battery module. A battery module according to an aspect
of the present disclosure includes a cell assembly including one or more battery cells, a
module case having an inner space in which the cell assembly is accommodated, the module
case including a venting hole through which venting gas generated from the cell assembly is
discharged, a venting unit provided outside the module case, and configured to allow venting
gas discharged from the venting hole to be introduced and discharged to an outside, and a
cooling unit including at least a portion provided in a path through which the venting gas

flows, the cooling unit being configured to absorb heat and release the heat to an outside.
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DESCRIPTION

TITLE OF INVENTION

BATTERY MODULE WITH IMPROVED SAFETY

TECHNICAL FIELD

The present application claims priority to Korean Patent Application No. 10-2021-
0138849 filed on October 18, 2021 in the Republic of Korea, the disclosures of which are
incorporated herein by reference.

The present disclosure relates to a battery, and more particularly, to a battery module

with improved safety and a battery pack and a vehicle including the same.

BACKGROUND ART

As the demand for portable electronic products such as laptops, video cameras, and
mobile phones has recently rapidly increased and the commercialization of robots, electric
vehicles, etc. has begun in earnest, research on high-performance secondary batteries
capable of repeated charging/discharging has been actively conducted.

Currently commercialized secondary batteries include nickel cadmium batteries,
nickel hydride batteries, nickel zinc batteries, and lithium secondary batteries. Among
them, lithium secondary batteries are in the spotlight because they have almost no memory
effect compared to nickel-based secondary batteries, and thus, have advantages of free
charge/discharge, very low self-discharge rate, and high energy density.

A lithium secondary battery mainly uses a lithium-based oxide and a carbon material
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as a positive electrode active material and a negative electrode active material, respectively.
A lithium secondary battery includes an electrode assembly in which a positive electrode
plate and a negative electrode plate coated with a positive electrode active material and a
negative electrode active material are located with a separator therebetween, and a casing in
which the electrode assembly is air-tightly accommodated with an electrolyte, that is, a
battery case.

In general, according to a shape of a casing, lithium secondary batteries may be
classified into can-type secondary batteries in which an electrode assembly is received in a
metal can, and pouch-type secondary batteries in which an electrode assembly is received in
a pouch of an aluminum laminate sheet.

Recently, secondary batteries have been widely used for driving or energy storage
not only in small devices such as portable eclectronic devices but also in medium and large-
sized devices such as electric vehicles and energy storage systems (ESSs). A plurality of
secondary batteries may be electrically connected to each other and accommodated together
in a module case to constitute one battery module. A plurality of battery modules may be
connected to each other to constitute one battery pack.

However, when a plurality of battery modules are included in a battery pack, the
battery pack may be vulnerable to a thermal chain reaction between the battery modules.
For example, when an event such as thermal runaway occurs in one battery module, it is
necessary to suppress propagation of the thermal runaway to other battery modules. When
propagation of thermal runaway between battery modules is not appropriately suppressed,
an event occurring in a specific module may cause a chain reaction in several battery

modules, which may cause a big problem such as an explosion or fire.
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In particular, when an event such as thermal runaway occurs in any one battery
module, heat or gas may be discharged to the outside. In this case, when the discharge of
heat or gas is not appropriately controlled, the heat or gas may be transferred to other battery

modules, which may cause a thermal chain reaction of the other battery modules.

DISCLOSURE

Technical Problem

The present disclosure is designed to solve the problems of the related art, and
therefore the present disclosure is directed to providing a battery module having an improved
structure to appropriately manage heat or gas discharged from the battery module, and a
battery pack and a vehicle including the battery module.

However, the technical purpose to be solved by the present disclosure is not limited
to the above, and other objects not mentioned herein will be clearly understood by one of

ordinary skill in the art from the following disclosure.

Technical Solution

In one aspect of the present disclosure, there is provided a battery module including
a cell assembly including one or more battery cells, a module case having an inner space in
which the cell assembly is accommodated, the module case including a venting hole through
which venting gas generated from the cell assembly is discharged, a venting unit provided
outside the module case, and configured to allow venting gas discharged from the venting
hole to be introduced and discharged to an outside, and a cooling unit including at least a

portion provided in a path through which the venting gas flows, the cooling unit being
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configured to absorb heat and release the heat to an outside.

Here, at least a portion of the cooling unit may be provided in the venting unit.

Also, the venting unit may have a plate shape in which at least an end is bent, and
the bent end of the venting unit may be attached to an outer surface of the module case.

Also, at least a portion of the cooling unit may be located between an outer surface
of the module case and an inner surface of the venting unit.

Also, at least a portion of the cooling unit may contact an outer surface of the module
case.

Also, the cooling unit may include a cooling pipe including a hollow through which
a cooling fluid flows.

Also, at least a portion of the cooling pipe may be bent in an inner space of the
venting unit.

Also, the cooling unit may be configured to be ruptured by the venting gas.

Also, a tupture portion configured to be ruptured by a pre-set temperature or
pressure may be pre-formed at a certain position in the cooling unit.

Also, the venting unit may be located on a side surface of the module case, wherein
the rupture portion is located at an upper portion in an inner space of the venting unit.

In another aspect of the present disclosure, there is also provided a battery pack
including the battery module.

In another aspect of the present disclosure, there is also provided a battery pack
including one or more battery modules, a pack housing having an inner space in which the
one or more battery modules are accommodated, the pack housing including a pack hole, a

venting unit mounted on the pack housing and configured to allow venting gas discharged
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from the pack hole to be introduced and discharged to an outside, and a cooling unit
including at least a portion provided in a path through which the venting gas flows, the
cooling unit being configured to absorb heat and release the heat to an outside.

In another aspect of the present disclosure, there is also provided a vehicle including

the battery module.

Advantageous Effects

According to an aspect of the present disclosure, efficient cooling performance and
safe venting performance of a battery module may be ensured.

Furthermore, in the present disclosure, even when an event such as thermal runaway
occurs in a specific battery module, propagation of thermal runaway to other battery modules
may be effectively suppressed.

In particular, according to an aspect of the present disclosure, with one cooling
configuration, in a normal state, a temperature of a battery module may be lowered, and in
an emergency situation, a temperature of venting gas may be lowered or a flame or spark
included in the venting gas may be prevented from being discharged to the outside.

Accordingly, in the present disclosure, a battery module with excellent safety may
be implemented.

Also, according to another aspect of the present disclosure, a battery module that
may be easily assembled and miniaturized may be implemented.

The present disclosure may have various other effects, which will be described in
each embodiment, or descriptions of effects that may be easily inferred by one of ordinary

skill in the art will be omitted.
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DESCRIPTION OF DRAWINGS

The accompanying drawings illustrate a preferred embodiment of the present
disclosure and together with the foregoing disclosure, serve to provide further understanding
of the technical features of the present disclosure, and thus, the present disclosure is not
construed as being limited to the drawing.

FIG. 1 is a combined perspective view schematically illustrating elements of a
battery module, according to an embodiment of the present disclosure.

FIG. 2 is an exploded perspective view illustrating some elements of the battery
module of FIG. 1.

FIG. 3 is a perspective view schematically illustrating elements of a venting unit
included in a battery module, according to an embodiment of the present disclosure.

FIG. 4 is a front view schematically illustrating a state where the venting unit of FIG.
3 is combined with a module case.

FIG. 5 is a view illustrating some separated elements of a battery module, viewed
from a side, according to an embodiment of the present disclosure.

FIG. 6 is a side view schematically illustrating a state where a portion of a cooling
unit is ruptured, in a battery module, according to an embodiment of the present disclosure.

FIG. 7 is a side view schematically illustrating elements of a battery module,
according to another embodiment of the present disclosure.

FIG. 8 is a cross-sectional view schematically illustrating elements of a battery
module, according to still another embodiment of the present disclosure.

FIG. 9 is a perspective view schematically illustrating elements of a battery module,
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according to another embodiment of the present disclosure.

FIG. 10 is a cross-sectional view taken along line A6-A6' of FIG. 9, according to an
example.

FIG. 11 is a view schematically illustrating some elements of a battery module,
according to still another embodiment of the present disclosure.

FIG. 12 is a perspective view schematically illustrating elements of a battery module,
according to still another embodiment of the present disclosure.

FIG. 13 is a view schematically illustrating a battery pack, viewed from above,
according to an embodiment of the present disclosure.

FIG. 14 is a view illustrating a battery pack, viewed from above, according to

another embodiment of the present disclosure.

BEST MODE

Hereinafter, preferred embodiments of the present disclosure will be described in
detail with reference to the accompanying drawings. Prior to the description, it should be
understood that the terms used in the specification and the appended claims should not be
construed as limited to general and dictionary meanings, but interpreted based on the
meanings and concepts corresponding to technical aspects of the present disclosure on the
basis of the principle that the inventor is allowed to define terms appropriately for the best
explanation.

Therefore, the description proposed herein is just a preferable example for the
purpose of illustrations only, not intended to limit the scope of the present disclosure, so it

should be understood that other equivalents and modifications could be made thereto without
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departing from the scope of the present disclosure.

FIG. 1 is a combined perspective view schematically illustrating elements of a
battery module, according to an embodiment of the present disclosure. FIG. 2 is an
exploded perspective view illustrating some elements of the battery module of FIG. 1.

Referring to FIGS. 1 and 2, a battery module according to the present disclosure
includes a cell assembly 100, a module case 200, a venting unit 300, and a cooling unit 400.

The cell assembly 100 may include one or more battery cells. Each battery cell
may refer to a secondary battery. The secondary battery may include an electrode assembly,
an electrolyte, and a battery case. In particular, the battery cell provided in the cell
assembly 100 may be a pouch-type secondary battery. However, another type of secondary
battery, for example, a cylindrical battery or a prismatic battery, may be applied to the cell
assembly 100.

A plurality of secondary batteries may be stacked on each other to form the cell
assembly 100. For example, the plurality of secondary batteries may be stacked by being
arranged in a horizontal direction (x-axis direction) while erected in a vertical direction (z-
axis direction). Each battery cell may include an electrode lead, and the electrode lead may
be located at both ends or at one end of the battery cell. A secondary battery in which an
electrode lead protrudes in both directions may be referred to as a bidirectional cell, and a
secondary battery in which an electrode lead protrudes in one direction may be referred to
as a unidirectional cell. = However, the present disclosure is not limited to a specific type
or shape of a secondary battery, and various types of secondary batteries known at the time

of filing the present application may be applied to the cell assembly 100.
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The module case 200 may have an empty inner space in which the cell assembly
100 is accommodated. For example, the module case 200 may include an upper plate, a
lower plate, a left plate, a right plate, a front plate, and a rear plate to define the inner space.
At least two of the upper plate, the lower plate, the left plate, the right plate, the front plate,
and the rear plate may be integrally formed with each other. For example, the upper plate,
the lower plate, the left plate, and the right plate may be integrally formed with each other.
In this case, the integrated case may have a tubular shape, and may be referred to as a mono
frame. In another example, the left plate, the right plate, the lower plate may be integrally
formed with each other. In this case, the integrated case may be referred to as a U-frame
due to its shape. In addition, the module case 200 may be configured in any of various
other shapes.

A venting hole H1 may be formed on at least one side of the module case 200, as
shown in FIG. 2. For example, the venting hole H1 may be formed in each of the left plate
and the right plate of the module case 200. The venting hole H1 may be configured so that,
when venting gas is generated and ejected from the cell assembly 100 accommodated in the
inner space, the generated venting gas may be discharged through the venting hole H1 to an
outer space of the module case 200. For example, the module case 200 may be sealed
except for the venting hole H1. The venting hole H1 may be completely open to pass
through the module case 200. Alternatively, the venting hole H1 may not be completely
open, but may be configured so that the venting hole H1 is closed in a normal state and may
be opened according to a change in pressure or temperature. Also, the venting hole H1
may extend long in one direction. For example, as shown in FIG. 2, the venting hole H1

may extend long in the vertical direction. Also, the venting hole H1 may be formed in side
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surfaces, in particular, a left surface and a right surface, of the module case 200. However,
the venting hole H1 may be formed in other portions of the module case 200, for example, a
top surface, a bottom surface, a front surface/or a rear surface. In addition, the venting hole
H1 formed in the module case 200 may be formed in any of various other ways.

The venting unit 300 may be provided outside the module case 200. In particular,
the venting unit 300 may be attached to a portion of the module case 200 where the venting
hole H1 is formed. For example, as shown in FIG. 2, the venting hole H1 may be formed
in the left surface of the module case 200. Also, although not shown, the venting hole H1
may also be formed in the right surface of the module case 200. In this case, the venting
unit 300 may be attached to each of the left surface and the right surface of the module case
200.

The venting unit 300 may have a defined empty inner space, and may be configured
so that venting gas discharged from the venting hole H1 flows through the defined space.
That is, the venting unit 300 may be configured so that venting gas discharged from the
venting hole H1 is introduced into the inner space. The venting unit 300 may be configured
so that venting gas flowing in the inner space is discharged to the outside through a discharge
outlet O1 shown in FIG. 2. Here, the inner space of the venting unit 300 may be referred
to as a venting channel in that it is a space for guiding venting gas. That is, the venting unit
300 may include the venting channel through which venting gas may flow.

At least a portion of the cooling unit 400 may be provided in a path through which
venting gas flows. That is, when venting gas is discharged from the cell assembly 100, the
venting gas may flow in a space inside or outside the module case 200. In this case, the

cooling unit 400 may be located together in the space where the venting gas of the module
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case 200 moves. The cooling unit 400 may be configured to absorb surrounding heat and
release the heat to the outside. In particular, the cooling unit 400 may absorb heat of the
module case 200 and may release the heat to the outside of the module case 200.

The cell assembly 100 may generate heat not only in an abnormal situation such as
thermal runaway but also in a process of performing normal charging/discharging. In this
case, the cooling unit 400 may be configured to absorb heat generated from the cell assembly
100 and release the heat to the outside. In particular, the cooling unit 400 may absorb heat
generated from the cell assembly 100 and transferred to the module case 200 and may release
the heat to the outside of the module case 200.

Accordingly, according to this aspect of the present disclosure, in a normal use of a
battery module, the performance of the battery module may be stably maintained through
appropriate cooling. Also, according to this aspect of the present disclosure, when an
abnormal situation such as thermal runaway occurs in a battery module, such heat may be
released. In addition, according to this aspect of the present disclosure, through the cooling
unit 400 provided inside or outside the module case 200, for example, a left side and/or a
right side, heat transfer to other battery modules may be prevented. Hence, propagation of
thermal runaway between battery modules may be effectively suppressed. Also, in this
embodiment, a temperature of venting gas may be lowered by the cooling unit 400.

Accordingly, according to this aspect of the present disclosure, fire generation or
spread due to venting gas or flame, propagation of thermal runway, etc. may be prevented.

At least a portion of the cooling unit 400 may be provided in the inner space of the
venting unit 300. That is, at least a portion of the cooling unit 400 may be located in the

venting channel that is the inner space of the venting unit 300. The cooling unit 400 may
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be configured to absorb heat of venting gas flowing in the venting channel and release the
heat to the outside.

According to this embodiment of the present disclosure, performance of cooling
venting gas and suppressing propagation of thermal runaway or fire may be further improved.
In particular, before venting gas is discharged to the outside of the venting unit 300, the
cooling unit 400 may lower a temperature of the venting gas. Furthermore, a flame or spark,
and high-temperature active material particles may be included in venting gas discharged
when an event such as thermal runaway occurs. In this case, the cooling unit 400 may
suppress movement of the flame or spark and the active material particles and may lower a
temperature thereof.

The venting unit 300 may have a plate shape in which at least an end is bent. The
bent end of the venting unit 300 may be attached to an outer surface of the module case 200,
which will be described in more detail with reference to FIGS. 3 and 4.

FIG. 3 is a perspective view schematically illustrating elements of the venting unit
300 included in a battery module, according to an embodiment of the present disclosure.
FIG. 4 is a front view schematically illustrating a state where the venting unit 300 of FIG. 3
is combined with the module case 200. For example, FIG. 4 may be a front view illustrating
aportion Al of FIG. 1.

Referring to FIGS. 3 and 4, the venting unit 300 may include a main body 310 and
a bent portion 320. The main body 310 may have a plate shape, and the bent portion 320
may be formed at an edge portion of the main body 310. In particular, the bent portion 320
may be integrally formed with the main body 310. Accordingly, the bent portion 320 may

be formed by bending an edge portion of the main body 310 inward. An inward direction
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may be a direction toward the module case 200. In the present specification, unless
otherwise specified, with respect to each element, an inward side may be a direction toward
the center of the battery module and an outward direction may be a direction toward the
outside of the battery module.

In the venting unit 300, the main body 310 may have a quadrangular plate shape,
and the bent portion 320 may be formed at three edges from among four edges of the main
body 310. For example, as shown in FIGS. 3 and 4, the bent portion 320 may be formed
at an upper edge, a lower edge, and a rear edge of the main body 310. Because the bent
portion 320 is not formed at a front edge of the main body 310, the discharge outlet O1 for
discharging venting gas may be formed.

In this embodiment, the venting channel may be formed by being defined by the
main body 310 and the bent portion 320 of the venting unit 300. That is, referring to a
configuration of FIG. 4, a right surface of a venting channel V may be defined by the main
body 310, and an upper portion and a lower portion of the venting channel V may be defined
by the upper bent portion 320 and the lower bent portion 320. A rear portion of the venting
channel V may be defined by the rear bent portion 320 of the venting unit 300.

A left portion of the venting channel V may be completely open, and the module
case 200 may be located on the left portion. In particular, outer ends A2 and A2' of the
upper bent portion 320 and the lower bent portion 320 of the venting unit 300 may be
attached to an outer surface of the module case 200, as shown in FIG. 4. Also, the rear bent
portion 320 of the venting unit 300 may be attached to the outer surface of the module case
200. An attached portion between the module case 200 and each bent portion 320 of the

venting unit 300 may be sealed so that venting gas does not leak out. For example, an end
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of each bent portion 320 of the venting unit 300 may be laser welded to the outer surface of
the module case 200. Also, the venting unit 300 and the module case 200 may be coupled
to each other in various other ways.

As such, the venting channel V may be formed by the venting unit 300 and the outer
surface of the module case 200. Venting gas discharged from the venting hole Hl may
flow in the venting channel V and may be discharged to the discharge outlet O1 as marked
by an arrow in FIG. 3.

According to this configuration of the present disclosure, a configuration for guiding
venting gas in the battery module may have a simple structure and may be provided in an
easy assembly method. In particular, according to this embodiment of the present
disclosure, only the venting hole H1 needs to be formed in the module case 200, and most
of conventional battery module clements may be used. Accordingly, it is not necessary to
significantly change or complicate a design or a manufacturing method of the module case
200 or internal elements of the module case 200. Hence, the battery module according to
the present disclosure may be easily manufactured.

At least a portion of the cooling unit 400 may be located between the outer surface
of the module case 200 and an inner surface of the venting unit 300. For example, referring
to the configuration of FIG. 4, the cooling unit 400 may be located between a right surface
of the module case 200 and a left surface of the main body 310 of the venting unit 300.
Also, the cooling unit 400 may be located in a space between the upper and lower bent
portions 320 of the venting unit 300. The cooling unit 400 may be located between the rear
bent portion 320 of the venting unit 300 and the front discharge outlet O1.

According to this embodiment of the present disclosure, the battery module may be
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easily assembled and manufactured. For example, the battery module according to the
present disclosure may be manufactured by locating, while the cell assembly 100 is
accommodated in the module case 200, the cooling unit 400 outside the module case 200
and covering an outer surface of the cooling unit 400 with the venting unit 300.
Alternatively, the battery module according to the present disclosure may be manufactured
by attaching the venting unit 300 to an outer surface of the module case 200 and then
inserting the cooling unit 400 into a space between the module case 200 and the venting unit
300.

At least a portion of the cooling unit 400 may contact the outer surface of the module
case 200. For example, referring to FIG. 4, a left portion of the cooling unit 400 may
contact a right surface of the module case 200. In particular, all parts of the cooling unit
400 located in the venting unit V may contact the module case 200.

According to this configuration of the present disclosure, heat of the module case
200 may be more smoothly transferred to the cooling unit 400. Accordingly, heat
generated from the cell assembly 100 may be easily released to the outside of the module
case 200 through the cooling unit 400. Hence, cooling performance of the cell assembly
100 may be further improved.

The cooling unit 400 may include a cooling pipe, as shown in FIG. 2. The cooling
pipe may have a hollow through which a cooling fluid flows. That is, the cooling pipe may
include an inlet 12 at an end and an outlet O2 at the other end in FIG. 2. A cooling fluid,
for example, cooling water, may be introduced through the inlet I2. The cooling fluid, that
is, the cooling water, may absorb surrounding heat while flowing along the hollow of the

cooling pipe. The cooling water may be discharged to the outside of the venting unit 300
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together with heat through the outlet O2, thereby performing a heat dissipation function.

In the embodiment, the inlet I2 and the outlet O2 of the cooling pipe may be located
close to the discharge outlet O1 of the venting unit 300, as shown in FIGS. 1 and 2. In
particular, the inlet 12 and the outlet O2 of the cooling pipe may be located outside the
discharge outlet O1 of the venting unit 300. A part or the whole of a pipe section of the
cooling unit 400 between the inlet I2 and the outlet O2 may be inserted into the inner space
of the venting unit 300.

According to this embodiment of the present disclosure, a process of assembling the
battery module may be more easily performed. According to the embodiment, venting gas
may be discharged from the inside of the venting unit 300 toward the discharge outlet O1,
and cooling performance of the cooling unit 400 may be further improved.

The cooling pipe may be bent in the inner space of the venting unit 300, which will
be further described with reference to FIG. 5.

FIG. 5 is a view illustrating some elements of a battery module, viewed from a side,
according to an embodiment of the present disclosure. = However, in FIG. 5, for
convenience of explanation, the venting unit 300 is not shown, and only a position A3 where
the venting unit 300 is mounted is shown. Furthermore, FIG. 5 is a view illustrating the
battery module, viewed from the left to the right (+X direction), in a state where the left
venting unit 300 is removed, in a configuration of the battery module of FIG. 1.

Referring to FIG. 5, the cooling pipe may be bent at least once in a section between
the inlet 12 and the outlet O2. In more detail, referring to a configuration of FIG. 5, the
cooling unit 400, that is, the cooling pipe, may include bent portions B1, B2, and B3 in a

section between the inlet 12 and the outlet O2.
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In particular, due to this bending configuration, there is one connected pipe, but a
plurality of pipes may be provided in a direction perpendicular to a flow direction of venting
gas, in the venting unit 300. For example, referring to an embodiment of FIG. 5, a flow
direction of venting gas in the venting unit 300 may be a -Y axis direction that is a horizontal
direction as marked by an arrow. A direction perpendicular to the flow direction of venting
gas may be a vertical direction, that is, the Z axis direction, and four pipes may exist in the
vertical direction.

Accordingly, according to this embodiment of the present disclosure, because
venting gas contacts more cooling pipes, cooling efficiency of venting gas may be further
improved.

In addition, according to this embodiment of the present disclosure, venting gas may
collide with the cooling pipe due to a bent portion existing in the direction perpendicular to
the flow direction of venting gas. For example, because the bent portions B1 to B3 in FIG.
5 generally include portions extending in the vertical direction, venting gas may collide with
a bent portion formed in a shape substantially perpendicular to the flow direction. Hence,
in this process, a flame or an active material included in venting gas may be prevented from
being discharged. Also, in this case, because venting gas contacts the cooling pipe at more
portions, a temperature of the venting gas may be further lowered.

In the embodiment, a maximum width of the cooling unit 400 may be equal to or
greater than a maximum width of the venting hole H1. A width may refer to a length in the
direction perpendicular to the flow direction of venting gas. For example, in the
embodiment of FIG. 5, because the flow direction of venting gas is the horizontal direction

(-Y axis direction), the vertical direction (Z axis direction) perpendicular to the flow
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direction may be a width direction. Accordingly, a maximum width C2 of the cooling unit
400 may be a distance between a lowermost cooling pipe and an uppermost cooling pipe.
A maximum width C1 of the venting hole H1 may refer to a distance between an upper end
and a lower end of the venting hole H1. The following relation may be established between
C2 and C1.

C2>Cl

Moreover, an outermost portion of the cooling unit 400 may be located outside an
outermost portion of the venting hole H1. For example, in the embodiment of FIG. 5, a
lowermost end of the cooling unit 400 may be located below a lowermost end of the venting
hole H1, and an uppermost end of the cooling unit 400 may be located above an uppermost
end of the venting hole H1.

According to this embodiment of the present disclosure, the cooling unit 400 may
entirely cover venting gas discharged from the venting hole H1. That is, according to the
embodiment, when venting gas is discharged from the venting hole H1, the venting gas may
entirely contact the cooling unit 400. Accordingly, an effect of cooling or an effect of
blocking a flame or spark by the cooling unit 400 may be more reliably achieved.

In the embodiment, because the cooling unit 400 and the venting unit 300 are
attached to a side surface of the module case 200, a width direction may be the vertical
direction. However, when the cooling unit 400 and the venting unit 300 are attached to a
top surface or a bottom surface of the module case 200, a width direction may be the
horizontal direction, for example, a left-right direction.

At least a portion of the cooling unit 400 may be ruptured by venting gas, which will

be described in more detail with reference to FIG. 6.
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FIG. 6 is a side view schematically illustrating a state where a portion of the cooling
unit 400 is Tuptured, in a battery module, according to an embodiment of the present
disclosure.

Referring to FIG. 6, when venting gas is ejected from the cell assembly 100 into an
inner space of the venting unit 300, the cooling unit 400 located in the inner space of the
venting unit 300 may be at least partially ruptured by the venting gas. In more detail, a
portion D1 of the cooling pipe may be ruptured in FIG. 6. Through the rupture portion, a
cooling fluid in the cooling pipe may be sprayed into the inner space of the venting unit 300,
that is, the venting channel V.

According to this embodiment of the present disclosure, the cooling unit 400 may
lower a temperature of the cell assembly 100 in a normal situation, and may lower a
temperature of venting gas discharged from the cell assembly and suppress a flame in an
emergency situation. In addition, the cooling fluid may be sprayed in a direction different
from a discharge direction of the venting gas. In this case, a spark, foreign material, and
flame included in the venting gas may be prevented from being discharged. Furthermore,
such an effect may be further improved when the cooling fluid is a liquid such as cooling
water.

The cooling unit 400, in particular, the cooling pipe, may be formed of a material or
shape that may be ruptured by a temperature or pressure of venting gas. For example, the
cooling pipe may be formed of a thermally deformable resin material, or an aluminum
material having a thickness of a certain thickness (e.g., 1 mm) or less.

In particular, a rupture portion of the cooling unit 400 may be pre-formed at a certain

position. For example, a rupture portion of the cooling unit 400 may be pre-formed at the
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portion D1 in FIG. 6. The rupture portion may be ruptured by a pre-set temperature or
pressure, in the cooling unit 400, in particular, the cooling pipe. For example, the cooling
pipe may be formed of an aluminum material having a thickness of about 2 mm, and the
specific portion D1 may be formed of an aluminum material having a thickness of 0.5 mm.
Alternatively, the cooling pipe may be substantially formed of a metal material, and the
specific portion D1 may be formed of a plastic material having a lower melting point.
Alternatively, in the cooling pipe, an opening may be pre-formed in the portion D1, a cap
for sealing the opening may be provided, and the cap may be configured to open the opening
due to heat or pressure of venting gas. In these embodiments, the portion D1 exposes a
hollow of the cooling pipe to the outside due to venting gas and allows a cooling fluid to
leak out, and thus, may be referred to as a rupture portion.

According to this embodiment of the present disclosure, when venting gas flows in
the venting unit 300, a cooling fluid from the cooling unit 400 may be rapidly discharged by
the venting gas. In particular, in the embodiment, because a position where the cooling
fluid is discharged is pre-determined by the rupture portion, the cooling fluid such as cooling
water may be sprayed to an appropriate space in the venting unit 300.

Furthermore, a plurality of rupture portions may be formed in the cooling unit 400.
For example, as shown in FIG. 6, a plurality of rupture portions D1 may be located in a
discharge direction of venting gas in the cooling pipe, and may be spaced apart from each
other.

In this case, the cooling fluid may be sprayed through the several rupture portions
D1, and when venting gas is discharged to the outside from the venting channel V, the

venting gas may contact the cooling fluid several times. Accordingly, an effect of cooling
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the venting gas or blocking a flame or spark may be further improved.

In particular, the venting unit 300 may be attached to side surfaces, for example, a
left surface and a right surface, of the module case 200 as shown in many drawings. In this
case, the rupture portion D1 may be located at an upper portion in the inner space of the
venting unit 300.

For example, referring to the embodiment of FIG. 6, a vertical center line of the
position A3 where the venting unit 300 is attached may be referred to as A4-A4'. The
cooling unit 400, that is, the cooling pipe, may be located over and under the center line A4-
A4'. In this case, the rupture portion D1 may be located at least over the center line A4-
A4

In particular, the cooling pipe may be formed so that one cooling pipe is bent in the
vertical direction in the inner space of the venting unit 300 to form a plurality of layers from
bottom to top. For example, in FIG. 6, the cooling pipe may include a total of four layers
in the vertical direction. In this case, the rupture portion may be formed on an uppermost
layer, for example, on the fourth layer of FIG. 6, in the inner space of the venting unit 300.

According to this embodiment of the present disclosure, the venting gas may contact
the cooling fluid as much as possible in the inner space of the venting unit 300. That is, as
shown in FIG. 6, when the cooling fluid is sprayed downward from an upper portion of the
venting channel V, the cooling fluid may be sprayed into the entire space in the vertical
direction in the venting channel V. Hence, in this case, an effect of cooling venting gas and
suppressing a flame or spark, by the spray of the cooling fluid, may be more reliably ensured.

Also, in the embodiment, the cooling fluid may flow from a lower layer to an upper

layer. For example, as shown in FIG. 6, when the cooling pipe includes a total of four
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layers from the first layer to the fourth layer in the inner space of the venting unit 300, the
cooling fluid may be introduced into the first layer that is a lowermost layer, and the cooling
fluid may flow out from the fourth layer that is an uppermost layer. That is, the inlet 12
may be located at the first layer that is a lowermost layer, and the outlet O2 may be located
at the fourth layer that is an uppermost layer.

According to this configuration of the present disclosure, when the cooling fluid is
sprayed from the fourth layer that is an uppermost layer, the fooling fluid may flow from the
first layer to the third layer of the cooling pipe. Accordingly, due to the cooling fluid
sprayed from the fourth layer, an effect of cooling venting gas and suppressing a flame or
the like may be ensured, and due to the cooling fluid flowing through the cooling pipe from
the first layer to the third layer, a cooling effect of the venting unit 300 may also be achieved.
In addition, due to the cooling fluid flowing through the cooling pipe from the first layer to
the third layer, a function of absorbing heat from the cell assembly 100 existing in the module
case 200 may also be performed.

FIG. 7 is a side view schematically illustrating elements of a battery module,
according to another embodiment of the present disclosure. In FIG. 7, for convenience of
explanation, the venting unit 300 is removed. When various embodiments of the present
disclosure including the present embodiment are described, for parts to which descriptions
of the above embodiments are equally or similarly applicable, descriptions thereof are
omitted, and different parts are mainly described.

Referring to FIG. 7, the cooling unit 400 may have a pipe shape that is bent in an
inner space of the venting unit 300, and may include an inclined portion E1 that is inclined

at a certain angle (e.g., an acute angle) rather than a right angle with respect to a flow
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direction of venting gas. In particular, the inclined portion may include an upper inclined
portion (first inclined portion) S1 and a lower inclined portion (second inclined portion) S2.
In this case, the upper inclined portion S1 may be inclined toward a discharge outlet toward
the bottom, and the lower inclined portion S2 may be inclined toward the discharge outlet
toward the top. A lower end of the upper inclined portion S1 and an upper end of the lower
inclined portion S2 may be connected to each other at a vertex portion E2.

According to this embodiment of the present disclosure, venting gas may be
concentrated on a specific portion. For example, in a configuration of FIG. 7, venting gas
discharged from the venting hole H1 to the venting channel V may flow along the upper
inclined portion S1 and the lower inclined portion S2, as marked by an arrow. The venting
gas flowing along the inclined portions may be concentrated on the vertex portion E2 where
the upper inclined portion S1 and the lower inclined portion S2 meet each other.
Accordingly, in an entire section of the cooling pipe, the vertex portion E2 may be more
easily ruptured than other portions.

Also, referring to the configuration of FIG. 7, the cooling pipe, that is, the cooling
unit 400, may include protrusions F1 and F2 protruding in a direction perpendicular to the
flow direction of venting gas. Furthermore, the protrusions F1 and F2 may be implemented
by bending the cooling pipe.

According to this embodiment of the present disclosure, because the protrusions F1
and F2 extend long in the direction (vertical direction) perpendicular to the flow direction
(horizontal direction) of venting gas, cooling efficiency of venting gas may be improved.
In addition, in this case, a flame or particles included in the venting gas may be prevented

from being discharged to the outside.
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In particular, the protrusions F1 and F2 may be located at a rear portion more than
the inclined portion E1, furthermore, the vertex portion E2 that is a ruptured position, in the
flow direction of venting gas. In this case, a cooling fluid sprayed from the ruptured
position E2 may be prevented from being directed toward the discharge outlet of the venting
unit 300. In particular, in the configuration of FIG. 7, due to a shape of the cooling pipe
and the ruptured position E2, the cooling fluid may be directed in the -Y axis direction. In
this case, because the protrusions F1 and F2 suppress the cooling fluid from moving in the -
Y axis direction, the cooling fluid may not be easily discharged to the discharge outlet O1
but may remain in the venting channel V as much as possible. Hence, in this case, an effect
of cooling and blocking a flame by the cooling fluid may be further improved.

FIG. 8 is a cross-sectional view schematically illustrating elements of a battery
module, according to still another embodiment of the present disclosure. For example, FIG.
8 illustrates a cross-sectional view taken along line A5-AS', in a state where the venting unit
300 is mounted, in a configuration of the battery module of FIG. 7.

Referring to FIG. 8, when the cooling unit 400 is located in a space between an outer
surface of the module case 200 and an inner surface of the venting unit 300, a part may be
located close to the outer surface of the module case 200 and another part may be located
close to the inner surface of the venting unit 300. For example, in FIG. 8, as different
portions of the same cooling pipe, a portion F1 may contact the outer surface of the module
case 200 and a portion F2 may contact the inner surface of the venting unit 300.

According to this configuration of the present disclosure, because a size (diameter)
of the cooling pipe is less than a width of the venting channel V, the cooling pipe may be

prevented from completely blocking a flow of venting gas and an effect of cooling and
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blocking a flame or the like by the cooling pipe may be further improved. For example, in
a configuration of FIG. 8, the cooling pipe may be alternately formed in left and right
directions. In this case, venting gas may generally flow in a front-back direction (Y axis
direction) in the venting channel V, but may be partially bent and flow in a left-right direction
(X axis direction) due to the cooling pipe. Accordingly, in this case, cooling efficiency of
venting gas may be improved, and an effect of suppressing movement of a spark or flame
included in the venting gas may be further improved.

FIG. 9 is a perspective view schematically illustrating elements of a battery module,
according to another embodiment of the present disclosure. FIG. 10 is a cross-sectional
view taken along line A6-A6' of FIG. 9, according to an example. When the present
embodiment is described, a difference from the above embodiments will be mainly described.

Referring to FIGS. 9 and 10, the venting unit 300 may be coupled to an upper portion
of the module case 200. In this case, at least a part of the cooling unit 400 may be provided
in an inner space of the venting unit 300. In particular, when the venting hole H1 is located
in a top surface of the module case 200, the venting unit 300 may be attached to the upper
portion of the module case 200 to correspond to the venting hole H1. The cooling unit 400
may also be located on the upper portion of the module case 200. For example, at least a
portion of the cooling unit 400 may be located in a space between an outer surface of the
upper portion of the module case 200 and an inner surface of the venting unit 300.

Furthermore, when the venting hole H1 is formed on left and right sides of the top
surface of the module case 200, the venting unit 300 may be attached to left and right sides
of the upper portion of the module case 200 as shown in FIG. 9. In this case, when venting

gas is discharged from the venting hole H1, the venting gas may move forward (-Y axis
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direction) in FIG. 9 and may be discharged to the outside.

According to this embodiment of the present disclosure, because the venting hole
H1 is formed in the upper portion of the module case 200, high-temperature venting gas may
be more rapidly discharged. Also, in this case, when a cooling fluid such as water is
discharged from the cooling unit 400, the discharged cooling fluid may be easily introduced
into the module case 200 as marked by an arrow in FIG. 10. Accordingly, a fire in the
module case 200 may be more reliably suppressed.

FIG. 11 is a view schematically illustrating some elements of a battery module,
according to still another embodiment of the present disclosure. In particular, FIG. 11 may
be a cross-sectional view taken along line A6-A6' of FIG. 9, according to another example.

Referring to FIG. 11, a case inclined portion CS may be formed outside the module
case 200. In particular, the case inclined portion CS may be formed outside the module
case so that a height gradually decreases along the venting hole H1. Furthermore, the
venting hole H1 may be located at a lowermost portion on an upper outer surface of the
module case 200.

According to this embodiment of the present disclosure, a cooling fluid discharged
from the cooling unit 400 may be more smoothly and rapidly introduced into the module
case 200 via the venting hole H1, as marked by an arrow in FIG. 11. Hence, in this
embodiment, a fire in the module case 200 may be more effectively suppressed.

FIG. 12 is a perspective view schematically illustrating elements of a battery module,
according to still another embodiment of the present disclosure. When the present
embodiment is described, a difference from the above embodiments will be mainly described.

Referring to FIG. 12, two venting units 300 may be respectively coupled to a left
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side and a right side on a top surface of the module case 200, and venting directions of the
venting units 300 may be opposite to each other. That is, a venting direction of the venting
unit 300 provided on the left side of the top surface of the module case 200 may be a rearward
direction (+Y axis direction), and a venting direction of the venting unit 300 provided on the
right side of the top surface of the module case 200 may be a forward direction (-Y axis
direction). In this embodiment, portions where an end of the cooling unit 400 protrudes
may be opposite to each other in the venting unit 300 on the left side of the top surface and
the venting unit 300 on the right side of the top surface.

According to this embodiment of the present disclosure, because venting directions
of multiple venting units 300 are different from each other, venting gas may be distributed
and may not be concentrated on a specific portion. Accordingly, in this case, overheating
of a specific portion due to concentration of venting gas may be prevented.

Also, at least a portion of the cooling unit 400 may be located in an inner space of
the module case 200. For example, a portion of the cooling unit 400 may be inserted into
the inner space of the module case 200 through the venting hole H1. In particular, a rupture
portion of the cooling unit 400 may be located in the inner space of the module case 200.

According to this embodiment, a fire of the battery module may be more easily
suppressed. In particular, when the cooling unit 400 is ruptured in the inner space of the
module case 200, a cooling fluid may be directly injected into the inner space of the module
case 200. Accordingly, fire extinguishing through the cooling fluid may be more
effectively and rapidly performed.

FIG. 13 is a view schematically illustrating a battery pack, viewed from above,

according to an embodiment of the present disclosure. Even in the present embodiment,
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for parts to which descriptions of the above embodiments are equally or similarly applicable,
descriptions thereof are omitted.

Referring to FIG. 13, a battery pack according to the present disclosure may include
one or more battery modules M according to the present disclosure. In particular, to
increase capacity and/or output, the battery pack according to the present disclosure may
include a plurality of battery modules M according to the present disclosure. In this case,
the above-described configurations may be applied to each battery module M. For example,
each battery module M may include the cell assembly 100, the module case 200, the venting
unit 300, and the cooling unit 400. The plurality of battery modules M may be
accommodated in a pack housing PH.

In the battery pack according to the present disclosure, even when a thermal event
occurs in a specific battery module, safety above a certain level may be ensured. In
particular, the battery modules M included in the battery pack according to the present
disclosure may include the venting unit 300 through which venting gas may be discharged
as marked by an arrow. In particular, the cooling unit 400 may be located in a discharge
path of venting gas. Accordingly, a temperature of venting gas discharged to the outside
may be lowered, and factors that may cause firing such as a spark, electrode discharged
material, and carbide may not be included in the venting gas as much as possible. Hence,
firing or propagation of thermal runway may be prevented from occurring in other battery
modules M as well as around the corresponding battery module M.

In addition, in the battery pack according to the present disclosure, because a venting
direction may be controlled through the venting unit 300 included in each battery module,

venting gas may not be directly sprayed toward other battery modules. For example, as
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shown in FIG. 13, when a plurality of battery modules M are arranged in two columns, that
is, a left column and a right column, in the pack housing, for the battery modules M of the
left column, a spray direction of the venting unit 300 may be a leftward direction, and for
the battery modules M of the right column, a spray direction of the venting unit 300 may be
arightward direction. In this case, when venting gas is discharged from a specific battery
module, for example, M4, the venting gas may not be directed toward other battery modules,
and thus, a thermal event may be more effectively prevented from spreading to other battery
modules due to the venting gas.

Also, although not shown, the battery pack according to the present disclosure may
further include, in an inner space of the pack housing PH, various elements of a battery pack
well known at the time of filing the present application such as a battery management system
(BMS), a bus bar, a relay, and a current sensor, in addition to the battery module M or the
pack housing PH.

Also, in the above various embodiments, the venting unit 300 and the cooling unit
400 applied to the battery module may also be applied to the battery pack, which will be
further described with reference to FIG. 14.

FIG. 14 is a view illustrating a battery pack, viewed from above, according to
another embodiment of the present disclosure. For example, FIG. 14 may show elements
of a battery pack in a state where an upper side of the pack housing PH is removed, like in
FIG. 13. Even in the present embodiment, a difference from the above embodiments will
be mainly described.

Referring to FIG. 14, a pack hole H2 may be formed in at least a side of the pack

housing PH in which a plurality of battery modules M are accommodated. The pack hole
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H2 may be formed so that an inner space and an outer space of the pack housing PH
communicate with each other. In particular, the pack hole H2 may function as a path
through which gas or the like in the inner space of the pack housing PH is discharged to the
outside.

In this configuration, the venting unit 300 and the cooling unit 400 according to the
present disclosure may be mounted on the pack housing PH. In particular, as shown in FIG.
14, when the pack hole H2 is formed in the pack housing PH, the venting unit 300 may be
attached to a portion where the pack hole H2 is formed, outside the pack housing PH. The
cooling unit 400 may be provided in an inner space of the venting unit 300, that is, between
an outer surface of the pack housing PH and an inner surface of the venting unit 300.

That is, the battery pack according to the embodiment may include one or more
battery modules M, the pack housing PH, the venting unit 300, and the cooling unit 400,
wherein the pack housing PH has an inner space in which the one or more battery modules
M are accommodated and includes the pack hole H2, the venting unit 300 is mounted on the
pack housing PH and configured to allow venting gas discharged from the pack hole H2 to
be introduced and discharged to the outside, and the cooling unit 400 has at least a portion
provided in a path through which venting gas flows and the cooling unit 400 is configured
to absorb heat and release the heat to the outside.

In this case, venting gas or the like generated from an arbitrary battery module M
may pass through the pack hole H2 as marked by an arrow of FIG. 14, and may be introduced
into the venting unit 300 located outside the pack housing PH. As described above, due to
the cooling unit 400, the venting gas may be cooled and a spark, electrode discharged

material, and carbide included in the venting gas may be prevented from being discharged
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to the outside.

As in this embodiment, various embodiments of the venting unit 300 and the cooling
unit 400 mounted on the module case 200 may be equally or similarly applied to the venting
unit 300 and the cooling unit 400 mounted on the pack housing PH.

As shown in FIG. 14, the venting unit 300 and the cooling unit 400 may not be
included in each battery module M. However, as shown in FIG. 13, the venting unit 300
and the cooling unit 400 may be separately attached to each battery module M.

Also, in an embodiment of FIG. 14, the cell assembly 100 is accommodated in the
module case 200 and provided in a modular form in the pack housing PH. However, in the
battery pack according to another embodiment of the present disclosure, the cell assembly
100 may not be accommodated in the module case 200, but may be directly mounted on the
pack housing PH in a cell to pack manner. In this case, the battery module M may include
only the cell assembly 100, without including the module case 200. A control device such
as a battery management system (BMS) and electronic components such as a relay and a
current sensor may be accommodated together in the inner space of the pack housing PH.

The battery module according to the present disclosure or the battery pack according
to the present disclosure may be applied to a vehicle such as an electric vehicle or a hybrid
vehicle. That is, a vehicle according to the present disclosure may include the battery
module according to the present disclosure or the battery pack according to the present
disclosure. Also, the vehicle according to the present disclosure may include various other
elements included in a vehicle in addition to the battery module or the battery pack. For
example, the vehicle according to the present disclosure may further include a vehicle body,

a motor, or a control device such as an electronic control unit (ECU) in addition to the battery
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module according to the present disclosure.

Also, the battery module according to the present disclosure may be applied to an
energy storage system (ESS). That is, an ESS according to the present disclosure may
include the battery module according to the present disclosure or the battery pack according
to the present disclosure.

It will be understood by one of ordinary skill in the art that when terms indicating
directions such as upper, lower, left, right, front, and rear are used, these terms are only for
convenience of explanation and may vary according to a position of a target object, a position
of an observer, etc.

While one or more embodiments of the present disclosure have been described with
reference to the embodiments and figures, the present disclosure is not limited thereto, and
it will be understood by one of ordinary skill in the art that various changes in form and
details may be made therein without departing from the scope of the present disclosure as

defined by the following claims.

[Description of Reference Numerals]
100: cell assembly

200: module case

300: venting unit

310: main body, 320: bent portion
400: cooling unit

H1: venting hole

O1: discharge outlet
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V: venting channel

12: inlet, O2: outlet

D1: rupture portion

S1: upper inclined portion, S2: lower inclined portion
5 CS: case inclined portion

M: battery module

PH: pack housing

H2: pack hole
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WHAT IS CLAIMED 1IS:

1. A battery module comprising:

a cell assembly comprising one or more battery cells;

a module case having an inner space in which the cell assembly is accommodated,
the module case comprising a venting hole through which venting gas generated from the
cell assembly is discharged;

a venting unit provided outside the module case, and configured to allow venting
gas discharged from the venting hole to be introduced and discharged to an outside; and

a cooling unit comprising at least a portion provided in a path through which the
venting gas flows, the cooling unit being configured to absorb heat and release the heat to

an outside.

2. The battery module according to claim 1, wherein at least a portion of the

cooling unit is provided in the venting unit.

3. The battery module according to claim 1, wherein the venting unit has a
plate shape in which at least an end is bent, and the bent end of the venting unit is attached

to an outer surface of the module case.

4. The battery module according to claim 1, wherein at least a portion of the
cooling unit is located between an outer surface of the module case and an inner surface of

the venting unit.
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5. The battery module according to claim 1, wherein at least a portion of the

cooling unit contacts an outer surface of the module case.

6. The battery module according to claim 1, wherein the cooling unit

comprises a cooling pipe comprising a hollow through which a cooling fluid flows.

7. The battery module according to claim 6, wherein at least a portion of the

cooling pipe is bent in an inner space of the venting unit.

8. The battery module according to claim 1, wherein the cooling unit is

configured to be ruptured by the venting gas.

9. The battery module according to claim 1, wherein a rupture portion
configured to be ruptured by a pre-set temperature or pressure is pre-formed at a certain

position in the cooling unit.

10. The battery module according to claim 9, wherein the venting unit is located
on a side surface of the module case,
wherein the rupture portion is located at an upper portion in an inner space of the

venting unit.

11. A battery pack comprising the battery module according to any one of
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claims 1 through 10.

12. A battery pack comprising:

one or more battery modules;

a pack housing having an inner space in which the one or more battery modules are
accommodated, the pack housing comprising a pack hole;

a venting unit mounted on the pack housing and configured to allow venting gas
discharged from the pack hole to be introduced and discharged to an outside; and

a cooling unit comprising at least a portion provided in a path through which the
venting gas flows, the cooling unit being configured to absorb heat and release the heat to

an outside.

13. A vehicle comprising the battery module according to any one of claims 1

through 10.
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