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(54) BATTERY MODULE

(57) The present disclosure relates to a battery mod-
ule having stable strength and rigidity, high sealability
and assemblability, and improved productivity. The bat-
tery module of the present disclosure includes: a cell as-
sembly; a cooling plate; a front cover having a lower por-
tion welded to the cooling plate; a rear cover having a
lower portion welded to the cooling plate; a left side cover
having a lower end portion welded to the cooling plate
and a rear end portion welded to the rear cover; a right
side cover having a lower end portion welded to the cool-
ing plate, a front end portion welded to the front cover,
and a rear end portion welded to the rear cover; and an
upper plate having a left end portion welded to the left
side cover and a right end portion welded to the right side
cover.
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Description

TECHNICAL FIELD

[0001] The present application claims priority to Kore-
an Patent Application No. 10-2015-0135686 filed on Sep-
tember 24, 2015 in the Republic of Korea, the disclosure
of which is incorporated herein by reference.
[0002] The present disclosure relates to a battery in-
cluding at least one secondary cell, and more particularly,
to a battery module having high processability, high seal-
ability, and fewer components, and a battery pack includ-
ing the battery module, and an automobile including the
battery module.

BACKGROUND ART

[0003] Examples of currently commercialized second-
ary cells include nickel-cadmium cells, nickel-metal hy-
dride cells, nickel-zinc cells, and lithium secondary cells.
Among such various secondary cells, lithium secondary
cells are freely rechargeable because of having substan-
tially no memory effect compared with nickel-based sec-
ondary cells, and have a very low self-discharge rate and
high energy density. Owing to these merits, there has
been high interest in lithium secondary cells.
[0004] In general, lithium secondary cells use a lithium-
based oxide as a positive electrode active material and
a carbonaceous material as a negative electrode active
material. A lithium secondary cell may include: an elec-
trode assembly in which a positive electrode plate coated
with such a positive electrode active material and a neg-
ative electrode plate coated with such a negative elec-
trode active material are disposed with a separator ther-
ebetween; and a case in which the electrode assembly
and an electrolytic solution are sealed.
[0005] In general, according to case types, lithium sec-
ondary cells may be classified into a can type in which
an electrode assembly is accommodated in a metal can,
and a pouch type in which an electrode assembly is ac-
commodated in a pouch formed of an aluminum laminate
sheet.
[0006] In recent years, secondary cells have been
widely used not only in small-sized devices such as port-
able electronic devices, but also in medium to large-sized
devices such as automobiles or power storage devices.
For use in such medium to large-sized devices, a large
number of secondary cells may be electrically connected
to increase capacity and output power. In particular, since
it is easy to stack pouch-type secondary cells, pouch-
type cells are widely used in such middle to large-sized
devices.
[0007] The mechanical strength, that is, rigidity of a
battery module including a plurality of pouch-type sec-
ondary cells as described above should be equal to or
greater than a certain value so that the battery module
may not be broken by external impacts, vibrations, or the
like. In addition, it is necessary to securely seal battery

modules to prevent permeation of foreign substances
such as moisture. Moreover, battery modules having high
assemblability and fewer components are preferable to
increasing productivity.

DISCLOSURE

Technical Problem

[0008] 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 hav-
ing stable strength and rigidity, high sealability and as-
semblability, and improved productivity, and an automo-
bile including the battery module.
[0009] These and other objects and advantages of the
present disclosure may be understood from the following
detailed description and will become more fully apparent
from the exemplary embodiments of the present disclo-
sure. Also, it will be easily understood that the objects
and advantages of the present disclosure may be real-
ized by the means shown in the appended claims and
combinations thereof.

Technical Solution

[0010] To achieve the objectives, the present disclo-
sure provides a battery module including: a cell assembly
including a plurality of secondary cells stacked in at least
one direction; a cooling plate having a plate shape and
placed below the cell assembly to receive the cell as-
sembly thereon; a front cover covering a front end portion
of the cell assembly and including a lower portion welded
to the cooling plate; a rear cover covering a rear end
portion of the cell assembly and including a lower portion
welded to the cooling plate; a left side cover covering a
left side of the cell assembly, the left side cover including
a lower end portion welded to the cooling plate, a front
end portion welded to the front cover, and a rear end
portion welded to the rear cover; a right side cover cov-
ering a right side of the cell assembly, the right side cover
including a lower end portion welded to the cooling plate,
a front end portion welded to the front cover, and a rear
end portion welded to the rear cover; and an upper plate
covering an upper portion of the cell assembly, the upper
plate including a left end portion welded to the left side
cover and a right end portion welded to the right side
cover.
[0011] Here, at least two of the cooling plate, the front
cover, the rear cover, the left side cover, the right side
cover, and the upper plate may be welded together by a
friction stir welding method.
[0012] Furthermore, the cooling plate may include an
aluminum-containing material, and the front cover, the
rear cover, the left side cover, the right side cover, and
the upper plate may each include a steel-containing ma-
terial.
[0013] Furthermore, an insulative coating layer includ-
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ing an electrically insulative material or an insulative
sheet including an electrically insulative material may be
formed or provided on at least a portion of an inner sur-
face of at least one of the front cover, the rear cover, the
left side cover, the right side cover, and the upper plate.
[0014] Furthermore, a thermal interface material may
be provided between the cooling plate and the cell as-
sembly.
[0015] Furthermore, the left side cover and the right
side cover may be each welded to at least one of the
front cover, the rear cover, the cooling plate, and the up-
per plate by continuously bringing edges thereof into con-
tact with each other and welding the edges together.
[0016] Here, zones of the left side cover and the right
side cover welded to at least one of the front cover, the
rear cover, the cooling plate, and the upper plate may
each have a straight line shape continuously extending
from an end to the other end thereof.
[0017] Furthermore, each of zones of the left side cover
and the right side cover welded to at least one of the front
cover, the rear cover, the cooling plate, and the upper
plate may be discontinuous from an end to the other end
thereof.
[0018] Furthermore, front, rear, upper, and lower end
weld lines of the left side cover and the right side cover
may be formed in a ring shape.
[0019] Furthermore, at least one of the front cover and
the rear cover may include a stepped portion such that
an end portion of at least one of the left side cover and
the right side cover may be placed on the stepped portion
by an outside-to-inside insertion motion.
[0020] Furthermore, at least one of the cooling plate
and the upper plate may include a stepped portion such
that an end portion of at least one of the left side cover
and the right side may be placed on the stepped portion
by an outside-to-inside insertion motion.
[0021] Furthermore, all joining portions of the left side
cover and the right side cover to be jointed to the front
cover, the rear cover, the cooling plate, and the upper
plate may be exposed at lateral sides of the battery mod-
ule.
[0022] A heat shield may be provided between the cell
assembly and a weld zone of at least one of the cooling
plate, the front cover, the rear cover, the left side cover,
the right side cover, and the upper plate so as to prevent
heat transfer in an outside-to-inside direction.
[0023] Furthermore, to achieve the objectives, the
present disclosure provides a battery pack including the
battery module.
[0024] Furthermore, to achieve the objectives, the
present disclosure provides an automobile including the
battery module.

Advantageous Effects

[0025] According to an aspect of the present disclo-
sure, the battery module may have high sealability. In
particular, according to the aspect of the present disclo-

sure, the sealability of the battery module may be stably
maintained even at a high pressure.
[0026] Therefore, according to these aspects of the
present disclosure, foreign substances such as moisture
or dust may not easily penetrate into the battery module,
thereby preventing the battery module from breaking
down or being damaged.
[0027] In addition, according to an aspect of the
present disclosure, the rigidity of the battery module may
be stably guaranteed.
[0028] In addition, according to an aspect of the
present disclosure, the battery module may be easily as-
sembled and high processability.
[0029] In addition, according to an aspect of the
present disclosure, the battery module may not include
sealing parts such as O-rings, cooling parts such as cool-
ing fins, and reinforcement or fixing components such as
end plates or cartridges. Therefore, the number of com-
ponents of the battery module may be reduced.
[0030] Therefore, according to these aspects of the
present disclosure, the manufacturing costs and time and
the weight of the battery module may be reduced, and
thus the productivity of the battery module may be im-
proved.

DESCRIPTION OF DRAWINGS

[0031] The accompanying drawings illustrate pre-
ferred embodiments of the present disclosure and togeth-
er with the foregoing disclosure, serve to provide further
understanding of the technical features of the present
disclosure, and thus, the present disclosure is not con-
strued as being limited to the drawings.

FIG. 1 is a perspective view schematically illustrating
a battery module according to an embodiment of the
present disclosure.
FIG. 2 is an exploded perspective view illustrating
the configuration shown in FIG. 1.
FIG. 3 is a cross-sectional view taken along line A1-
A1’ of FIG. 1.
FIG. 4 is a perspective view schematically illustrating
a state in which a cell assembly and a cooling plate
are separated from the battery module according to
an embodiment of the present disclosure.
FIG. 5 is a view schematically illustrating a welded
state of a front cover of the battery module, according
to an embodiment of the present disclosure.
FIG. 6 is a view schematically illustrating a coupling
structure of side covers in the battery module ac-
cording to an embodiment of the present disclosure.
FIG. 7 is a view schematically illustrating a coupling
structure of the side covers in the battery module
according to an embodiment of the present disclo-
sure.
FIG. 8 is a view schematically illustrating weld zones
of the battery module according to an embodiment
of the present disclosure.
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FIG. 9 is a partial cross-sectional view taken along
line A2-A2’ of FIG. 1.
FIG. 10 is an enlarged view illustrating a portion B1
of FIG. 3.
FIG. 11 is an enlarged view illustrating a portion B3
of FIG. 3.
FIG. 12 is an exploded perspective view schemati-
cally illustrating a welding configuration of the battery
module according to another embodiment of the
present disclosure.
FIG. 13 is a cross-sectional view illustrating a portion
of the battery module according to another embod-
iment of the present disclosure.

BEST MODE

[0032] Hereinafter, preferred embodiments of the
present disclosure will be described in detail with refer-
ence to the accompanying drawings. Prior to the descrip-
tion, it should be understood that the terms used in the
specification and the appended claims should not be con-
strued as limited to general and dictionary meanings, but
interpreted based on the meanings and concepts corre-
sponding 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.
[0033] Therefore, the description proposed herein is
just a preferable example for the purpose of illustrations
only, not intended to limit the scope of the disclosure, so
it should be understood that other equivalents and mod-
ifications could be made thereto without departing from
the scope of the disclosure.
[0034] FIG. 1 is a perspective view schematically illus-
trating a configuration of a battery module according to
an embodiment of the present disclosure, and FIG. 2 is
an exploded perspective view illustrating the configura-
tion shown in FIG. 1. In addition, FIG. 3 is a cross-sec-
tional view taken along line A1-A1’ of FIG. 1. That is, FIG.
3 is a vertical cross-sectional view illustrating the battery
module according to the embodiment of the present dis-
closure.
[0035] Referring to FIGS. 1 to 3, the battery module of
the present disclosure may include a cell assembly 100,
a cooling plate 200, a front cover 300, a rear cover 400,
a left side cover 500, a right side cover 600, and an upper
plate 700.
[0036] The cell assembly 100 may include secondary
cells 110. In particular, the secondary cells 110 may be
pouch-type secondary cells. Each of the pouch-type sec-
ondary cells 110 may include an electrode assembly, an
electrolyte, and a pouch-type case.
[0037] The electrode assembly is an assembly of elec-
trodes and a separator. For example, the electrode as-
sembly may be formed by arranging at least one positive
electrode plate and at least one negative electrode plate
with a separator therebetween. In addition, the electrode
plates of the electrode assembly may be provided with
electrode tabs, respectively, and at least one of the elec-

trode tabs may be connected to an electrode lead. In
addition, the electrode lead may be placed between por-
tions of the pouch-type case, and an end of the electrode
lead may be exposed to the outside. The exposed portion
of the electrode lead may function as an electrode termi-
nal of the secondary cell 110.
[0038] The pouch-type case may accommodate the
electrode assembly together with the electrolyte in an
inner space thereof. In addition, edge portions of the
pouch-type case may be sealed by a method such as a
thermal fusion method. The pouch-type case may include
a left pouch and a right pouch. Each of the pouches may
include an external insulative layer, a metal layer, and
an internal adhesive layer, and the internal adhesive lay-
ers of the pouches may be fused to each other.
[0039] This structure of the secondary cells 110 would
be obvious to those skilled in the art to which the present
disclosure pertains, and thus a detailed description there-
of will not be presented. In addition, the battery module
of the present disclosure may include various secondary
cells known at the time of filing the present disclosure.
[0040] The secondary cells 110 included in the battery
module may be stacked in at least one direction. For ex-
ample, as shown in FIGS. 2 and 3, a plurality of pouch-
type secondary cells 110 may be placed in a standing
position in a direction perpendicular to the ground such
that two large surfaces of each pouch-type secondary
cell 110 may be placed at left and right sides, and sealing
portions of each pouch-type secondary cell 110 may be
placed at upper, lower, front, and rear sides. In addition,
the secondary cells 110 placed in a standing position as
described above may be arranged in parallel to each oth-
er in a left-to-right direction such that large surfaces there-
of may face each other.
[0041] The cooling plate 200 may be placed below the
cell assembly 100. Therefore, the cooling plate 200 may
protect the cell assembly 100 from physical or chemical
factors such as vibration or moisture applied to the cell
assembly 100 from the lower outside of the battery mod-
ule.
[0042] The cooling plate 200 may include a thermally
conductive material. Therefore, when heat is generated
from the cell assembly 100, the heat may be transferred
to the outside of the battery module through the cooling
plate 200. For example, the cooling plate 200 may include
a metallic material.
[0043] In particular, the cell assembly 100 may be hor-
izontally placed on an upper portion of the cooling plate
200. In this case, each of the secondary cells 110 may
stand on the upper portion of the cooling plate 200 such
that lower portions of all the secondary cells 110 may
adjoin the cooling plate 200. Therefore, heat may be di-
rectly transferred from each of secondary cells 110 to the
cooling plate 200.
[0044] The cooling plate 200 may have a plate-like
shape. In addition, the cell assembly 100 may be placed
on the upper portion of the cooling plate 200. That is, as
shown in FIG. 3, the cell assembly 100 may be in direct
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contact with the upper portion of the cooling plate 200.
In this case, the cooling plate 200 may support the cell
assembly 100 in an upward direction.
[0045] In the battery module of the present disclosure,
the cell assembly 100 does not need cartridges. In gen-
eral, cartridges having a tetragonal ring shape may sur-
round edges of pouch-type secondary cells. The pouch-
type secondary cells may be accommodated in inner
spaces of the cartridges and may be stacked such that
the pouch-type secondary cells may be arranged side by
side. However, according to the above-described aspect
of the present disclosure, the pouch-type secondary cells
110 may be directly placed on the upper portion of the
cooling plate 200 in the battery module. Therefore, the
battery module does not need cartridges.
[0046] According to this configuration, since cartridges
are not used, the battery module may be easily manu-
factured, and the volume, weight, and manufacturing
costs of the battery module may be reduced. In addition,
since heat generated from each of the pouch-type sec-
ondary cells 110 is directly conducted to the cooling plate
200, cooling performance may be improved.
[0047] In addition, according to this configuration of the
present disclosure, plate-shaped cooling members such
as cooling fins may not be provided between the second-
ary cells 110 and between the cooling plate 200 and the
secondary cells 110. In this case, the volume, weight,
and manufacturing costs of the battery module may be
further reduced, and the assemblability of the battery
module may be further improved.
[0048] In addition, the cooling plate 200 may have a
concave-convex structure on an upper surface thereof.
That is, concave and convex portions may be formed on
the upper portion of the cooling plate 200 as shown in
FIGS. 2 and 3. According to this configuration of the
present disclosure, each of the pouch-type secondary
cells 110 may be easily placed in a standing position and
stably maintained in the standing position. In addition,
the secondary cells 110 and the cooling plate 200 may
be more closely placed in contact with each other, and
owing to an increased contact area, heat exchange effi-
ciency may be increased between the secondary cells
110 and the cooling plate 200.
[0049] In particular, the concave and convex portions
of the cooling plate 200 may correspond to a lower-side
shape of the secondary cells 110. For example, referring
to FIG. 3, concave portions of the cooling plate 200 may
have inclined surfaces corresponding to a folded shape
of the sealing portions of the secondary cells 110. In ad-
dition, the convex portions of the cooling plate 200 may
have inclined surfaces that are not parallel to the ground
at top portions thereof and have a slope corresponding
to accommodation parts of the secondary cells 110.
[0050] FIG. 4 is a perspective view schematically illus-
trating a state in which the cell assembly 100 and the
cooling plate 200 are separated from the battery module
according to an embodiment of the present disclosure.
[0051] Referring to FIG. 4, a thermal interface material

(TIM) may be placed between the cooling plate 200 and
the cell assembly 100. In particular, the concave and con-
vex portions may be formed on an upper surface of the
cooling plate 200, and the thermal interface material may
be provided on upper surfaces of the concave and convex
portions as indicated by "I" in FIG. 4. Then, the cell as-
sembly 100 may be placed on top of the cooling plate
200, and thus the thermal interface material may be
placed between the cooling plate 200 and the cell as-
sembly 100.
[0052] According to this configuration of the present
disclosure, heat transfer between the secondary cells
110 and the cooling plate 200 may be increased owing
to the thermal interface material. In particular, an air layer
between the secondary cells 110 and the cooling plate
200 may be removed or reduced owing to the thermal
interface material, and thus a larger amount of heat may
be more rapidly transferred from the secondary cells 110
to the cooling plate 200. Moreover, the thermal interface
material may be prepared in the form of gel and applied
to the upper surface of the cooling plate 200 before the
cell assembly 100 is placed on the cooling plate 200. In
this case, an air layer between the secondary cells 110
and the cooling plate 200 may be more reliably removed.
[0053] In particular, the thermal interface material may
include a thermal bond. According to this configuration
of the present disclosure, owing to the thermal bond, heat
transfer efficiency may be increased, and the coupling
between the cooling plate 200 and the cell assembly 100
may be enhanced. Furthermore, when the battery mod-
ule is assembled, the secondary cells 110 may be stably
maintained in the standing position owing to the thermal
bond, and thus the assemblability of the battery module
may be further improved.
[0054] The front cover 300 may be placed in front of
the cell assembly 100 to cover a front end portion of the
cell assembly 100. In particular, electrode leads of the
secondary cells 110 may protrude from a front side of
the cell assembly 100, and thus the front cover 300 may
be concave toward the front side of the cell assembly
100 to accommodate the electrode leads. For example,
the front cover 300 may have a plate-like shape, and both
left and right ends of the front cover 300 may be bent at
approximately right angles.
[0055] The front cover 300 may protect the front side
of the cell assembly 100 from external physical or chem-
ical factors. Furthermore, the front cover 300 may include
a metallic material such as steel having high rigidity. Steel
is inexpensive and high mechanical strength.
[0056] In particular, a lower portion of the front cover
300 may be welded to the cooling plate 200. This will be
described in more detail with reference to FIG. 5.
[0057] FIG. 5 is a view schematically illustrating a weld-
ed state of the front cover 300 of the battery module,
according to an embodiment of the present disclosure.
[0058] Referring to FIG. 5, the front cover 300 may be
placed on the front side of the cell assembly 100, and a
lower end of the front cover 300 may be welded to the
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cooling plate 200. In particular, the front cover 300 may
include bent portions at both left and right ends thereof,
and welding may be performed not only on a center por-
tion but also on both the bent portions of the front cover
300. That is, the lower end of the front cover 300 may be
entirely welded to the cooling plate 200 from the left end
to the right end thereof as indicated by W3 in FIG. 5. In
this case, a weld line between the front cover 300 and
the cooling plate 200 may have an approximate C-shape
extending from the left end to the right end of the front
cover 300.
[0059] According to this configuration of the present
disclosure, the front cover 300 may be securely coupled
to the cooling plate 200, and sealing between the front
cover 300 and the cooling plate 200 may be securely
guaranteed. Thus, the battery module may not need fas-
tening members for coupling the front cover 300 to the
cooling plate 200 or sealing members for sealing the in-
terface between the front cover 300 and the cooling plate
200.
[0060] The rear cover 400 may be placed on a rear
side of the cell assembly 100 to cover a rear end portion
of the cell assembly 100. In particular, electrode leads of
the secondary cells 110 may protrude from the rear side
of the cell assembly 100. For example, as shown in FIGS.
2 and 4, the secondary cells 110 may include electrode
leads having different polarities on both the front and rear
sides thereof. In this case, the inner side of the rear cover
400 may be concave toward the rear side of the rear
cover 400 to accommodate the electrode leads. For ex-
ample, the rear cover 400 may have a plate-like shape,
and both left and right ends of the rear cover 400 may
be bent at about right angles.
[0061] The rear cover 400 may protect the rear side of
the cell assembly 100 from external physical or chemical
factors. In particular, the rear cover 400 may include a
metallic material such as steel having high rigidity.
[0062] In particular, a lower portion of the rear cover
400 may be welded to the cooling plate 200. For example,
as shown in FIG. 5, the rear cover 400 may be placed
on a rear end portion of the cooling plate 200 in a state
in which the cell assembly 100 is placed on the cooling
plate 200. In this case, like the front cover 300, the rear
cover 400 may have bent portions at both left and right
ends thereof, and welding may be performed on both a
central portion and the bent portions of the rear cover
400. That is, a lower end of the rear cover 400 may be
entirely welded to the cooling plate 200 from the left end
to the right end thereof as indicated by W4 in FIG. 5. In
this case, as in the front cover 300, a weld line between
the rear cover 400 and the cooling plate 200 may have
an approximate C-shape extending from the left end to
the right end of the rear cover 400.
[0063] According to this configuration of the present
disclosure, the rear cover 400 may be securely coupled
to the cooling plate 200, and sealing between the rear
cover 400 and the cooling plate 200 may be securely
guaranteed. Thus, the battery module may not need fas-

tening members for coupling the rear cover 400 to the
cooling plate 200 or sealing members for sealing the in-
terface between the rear cover 400 and the cooling plate
200.
[0064] The left side cover 500 may be placed on a left
side of the cell assembly 100 to cover the left side of the
cell assembly 100. In particular, a flat surface of an out-
ermost secondary cell 110 of the cell assembly 100 may
be located on the left side of the cell assembly 100, and
thus the left side cover 500 may have a plate-like shape.
For example, the left side cover 500 may have an ap-
proximately rectangular shape as shown in FIG. 2.
[0065] In particular, the left side cover 500 may be
welded to the cooling plate 200, the front cover 300, and
the rear cover 400. This will be described in more detail
with reference to FIG. 6.
[0066] FIG. 6 is a view schematically illustrating a cou-
pling structure of the side covers 500 and 600 in the bat-
tery module according to an embodiment of the present
disclosure.
[0067] Referring to FIG. 6, in a state in which the cell
assembly 100 is placed on the cooling plate 200 and the
front cover 300 and the rear cover 400 are welded to the
cooling plate 200, the left side cover 500 may be placed
toward the left side of the cell assembly 100 as indicated
by an arrow. Thereafter, a lower end portion of the left
side cover 500 may be placed on the upper portion of
the cooling plate 200, and front and rear end portions of
the left side cover 500 may be respectively brought into
contact with the front cover 300 and the rear cover 400.
Then, the left side cover 500 may be welded to the cooling
plate 200, the front cover 300, and the rear cover 400
along contact portions therebetween. That is, as indicat-
ed by W5 in FIG. 6, the lower end portion of the left side
cover 500 may be welded to a left side portion of the
cooling plate 200, the front end portion of the left side
cover 500 may be welded to a left side portion of the front
cover 300, and the rear end portion of the left side cover
500 may be welded to a left side portion of the rear cover
400.
[0068] According to this configuration of the present
disclosure, the left side cover 500 may be stably fixedly
coupled to the cooling plate 200, the front cover 300, and
the rear cover 400, and sealing may be guaranteed ther-
ebetween. Therefore, the battery module may not need
fastening members for fixing the left side cover 500 or
fixing a lateral side of the battery module, and sealing
members for sealing edge portions of the left side cover
500.
[0069] The right side cover 600 may be placed on a
right side of the cell assembly 100 to cover the right side
of the cell assembly 100. In particular, as in the case of
the left side of the cell assembly 100, a flat surface of a
secondary cell 110 may be located on the right side of
the cell assembly 100, and thus the right side cover 600
may also have a plate-like shape. For example, as shown
in FIG. 6, the right side cover 600 may have an approx-
imately rectangular plate shape.
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[0070] In particular, the right side cover 600 may be
welded to the cooling plate 200, the front cover 300, and
the rear cover 400. That is, a lower end portion of the
right side cover 600 may be placed on the upper portion
of the cooling plate 200, and front and rear end portions
of the right side cover 600 may be respectively brought
into contact with the front cover 300 and the rear cover
400. Then, as indicated by W6 in FIG. 6, the right side
cover 600 may be welded along the contact portions.
That is, the lower end portion of the right side cover 600
may be welded to a right side portion of the cooling plate
200, the front end portion of the right side cover 600 may
be welded to a right side portion of the front cover 300,
and the rear end portion of the right side cover 600 may
be welded to a right side portion of the rear cover 400.
[0071] According to this configuration of the present
disclosure, the right side cover 600 may be stably coupled
to the cooling plate 200, the front cover 300, and the rear
cover 400 with stably sealing therebetween, and sepa-
rate fastening members or sealing members may not be
used.
[0072] The side covers 500 and 600 may protect lateral
sides of the cell assembly 100 from external physical or
chemical factors. That is, the left side cover 500 may
protect the left side of the cell assembly 100, and the
right side cover 600 may protect the right side of the cell
assembly 100. In particular, the left side cover 500 and
the right side cover 600 may include a metallic material
such as steel having rigidity.
[0073] The upper plate 700 may be placed on an upper
portion of the cell assembly 100 to cover the upper portion
of the cell assembly 100. In particular, the upper plate
700 may have a plate-like shape. For example, as shown
in FIG. 2, the upper plate 700 may have an approximately
rectangular shape.
[0074] The upper plate 700 may protect the upper por-
tion of the cell assembly 100 from external physical or
chemical factors. In particular, the upper plate 700 may
include a metallic material such as steel having high ri-
gidity.
[0075] In particular, the upper plate 700 may be welded
to the left side cover 500 and the right side cover 600.
This will be described in more detail with reference to
FIG. 7.
[0076] FIG. 7 is a view schematically illustrating a cou-
pling structure of the upper plate 700 in the battery mod-
ule according to an embodiment of the present disclo-
sure.
[0077] Referring to FIG. 7, as indicated by an arrow,
the upper plate 700 may be moved downward toward the
cell assembly 100 and placed on the upper portion of the
cell assembly 100. In particular, left and right sides of the
upper plate 700 may be respectively brought into contact
with and welded to the left side cover 500 and the right
side cover 600. That is, as indicated by W7 in FIG. 7, a
left end portion of the upper plate 700 may be welded to
the left side cover 500, and a right end portion of the
upper plate 700 may be welded to the right side cover

600.
[0078] Therefore, the upper plate 700 may be stably
fixed to the battery module, and an upper portion of the
battery module may be securely sealed. In the present
embodiment, it is described that the upper plate 700 is
welded to only the left side cover 500 and the right side
cover 600. However, the upper plate 700 may be welded
to the front cover 300 and/or the rear cover 400.
[0079] The upper plate 700 may have a concave-con-
vex structure on a lower surface thereof. That is, like the
concave and convex portions formed on the upper por-
tion of the cooling plate 200, concave and convex por-
tions may be formed on a lower portion of the upper plate
700 as shown in FIG. 3. In this case, the standing position
of the pouch-type secondary cells 110 provided in the
cell assembly 100 may be more stably maintained, and
even when the battery module is impacted or moved,
relative movement of the secondary cells 110 may be
limited, thereby effectively preventing the secondary
cells 110 and connection parts between the secondary
cells 110 from being damaged. In particular, the concave
and convex portions of the upper plate 700 may corre-
spond to an upper-side shape of the secondary cells 110.
For example, as shown in FIG. 3, the concave portions
of the upper plate 700 may have inclined surfaces cor-
responding to the folded shape of the sealing portions of
the secondary cells 110. In addition, the convex portions
of the upper plate 700 may have inclined surfaces having
a slope corresponding to the accommodation parts of the
secondary cells 110.
[0080] Preferably, at least some of the cooling plate
200, the front cover 300, the rear cover 400, the left side
cover 500, the right side cover 600, and the upper plate
700 may be welded to each other by a friction stir welding
method.
[0081] In particular, according to an aspect of the
present disclosure, weld zones of all the listed parts of
the battery module may be formed by the friction stir weld-
ing method. For example, as indicated by W3 and W4 in
FIG. 5, friction stir welding may be performed on coupling
portions between the front cover 300 and the cooling
plate 200 and coupling portions between the rear cover
400 and the cooling plate 200. In addition, as indicated
by W5 in FIG. 6, friction stir welding may be performed
between the left side cover 500 and the cooling plate
200, between the left side cover 500 and the front cover
300, and between the left side cover 500 and the rear
cover 400. In addition, as indicated by W6 in FIG. 6, fric-
tion stir welding may be performed between the right side
cover 600 and the cooling plate 200, between the right
side cover 600 and the front cover 300, and between the
right side cover 600 and the rear cover 400. In addition,
as indicated by W7 in FIG. 7, friction stir welding may be
performed between the upper plate 700 and the left side
cover 500 and between the upper plate 700 and the right
side cover 600.
[0082] According to this configuration of the present
disclosure, inner components of the battery module may
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not be damaged or broken by heat or deformation during
a welding process. That is, if the amount of heat applied
to the pouch-type secondary cells 110 of the cell assem-
bly 100 is equal to or greater than a certain value, parts
such as the pouch-type cases, electrode plates, or sep-
arators of the pouch-type secondary cells 110 may be
damaged. However, since the friction stir welding method
uses a relatively small amount of heat compared to other
welding methods, the secondary cells 110 may not be
damaged.
[0083] In addition, compared to fusion welding meth-
ods, the friction stir welding method results in less resid-
ual stress and thermal deformation, and thus mechanical
characteristics of weld zones may be improved. For ex-
ample, the friction stir welding method guarantees about
90% of the original strength of base metals. Therefore,
according to this aspect of the present disclosure, the
coupling strength between the cooling plate 200, the front
cover 300, the rear cover 400, the left side cover 500,
the right side cover 600, and the upper plate 700, which
form a case of the battery module, may be stably guar-
anteed.
[0084] Furthermore, according to this configuration of
the present disclosure, the battery module may be more
efficiently sealed. That is, in a friction stir welding process,
two base metals may be mixed and welded together,
thereby guaranteeing high hermeticity and high sealing
performance. Therefore, in this case, sealing perform-
ance may be stably guaranteed even though sealing
parts such as O-rings or rubber pads are not placed be-
tween the components forming the case of the battery
module.
[0085] Furthermore, according to this configuration of
the present disclosure, although the components forming
the case of the battery module include different metallic
materials, welding strength may be stably maintained. In
particular, the cooling plate 200 may include an alumi-
num-containing material having high thermal conductiv-
ity, and the left side cover 500, the right side cover 600,
the front cover 300, and the rear cover 400 may include
a steel-containing material to increase the rigidity of the
battery module. In this case, a dissimilar welding process
may be performed between the cooling plate 200 and
other components, and the friction stir welding method
may guarantee high weldability even in the dissimilar
welding process. For example, when a fusion welding
method such as laser welding method is applied to alu-
minum-steel welding, compounds such as inter metallic
compound (IMC) may be formed, and thus welding
strength may be decreased. However, if the friction stir
welding method is used, since two base metals are bond-
ed together using friction without melting the two base
metals, the welding strength between the cooling plate
200 and other components may not be substantially de-
creased but may be stably maintained.
[0086] Furthermore, this configuration of the present
disclosure allows for a butt welding method in which two
plates are welded together without having to overlapping

the two plates. For example, sections of a side cover and
the cooling plate 200 or the upper plate 700 may be weld-
ed to each other using the friction stir welding method by
bringing edges thereof in contact with each other instead
of overlapping end portions thereof. In addition, a side
cover and the front cover 300 or the rear cover 400 may
also be welded to each other in a state in which edges
thereof are in contact with each other instead of end por-
tions thereof overlapping each other. In this case, the
friction stir welding method may also be suitable. Accord-
ing to this configuration of the present disclosure, the
volume of the battery module may be reduced, and the
energy density of the battery module may be increased.
[0087] In addition, preferably, the left side cover 500
and/or the right side cover 600 may be welded to at least
one of the front cover 300, the rear cover 400, the cooling
plate 200, and the upper plate 700 by continuously bring-
ing edges thereof into contact with each other and weld-
ing the edges together.
[0088] For example, referring to the configuration
shown FIG. 6, a front edge of the left side cover 500 may
be brought into contact with a left edge of the front cover
300, and the contact edges may be welded to each other.
In this case, the front edge of the left side cover 500 and
the left edge of the front cover 300 may be continuously
in contact with each other in a form extending from an
upper end to a lower end thereof. That is, among weld
zones of the left side cover 500 indicated by W5, a front
end weld zone of the left side cover 500 may be welded
to the front cover 300, and the front end weld zone of the
left side cover 500 may have a shape continuously ex-
tending from an upper end to a lower end of the left side
cover 500.
[0089] Furthermore, in a similar manner, a lower edge
of the left side cover 500 may be continuously brought
into contact with a left edge of the cooling plate 200 and
welded thereto. In this case, a lower end weld zone of
the left side cover 500 may be continuously formed in a
shape extending from a front end to a rear end of the left
side cover 500.
[0090] In addition, similarly, a rear edge of the left side
cover 500 may be continuously brought into contact with
a left edge of the rear cover 400 and welded thereto. In
this case, a rear end weld zone of the left side cover 500
may be continuously formed in a shape extending from
the upper end to the lower end of the left side cover 500.
[0091] In addition, similarly, an upper edge of the left
side cover 500 may be continuously brought into contact
with a left edge of the upper plate 700 and welded thereto.
In this case, an upper end weld zone of the left side cover
500 may be continuously formed in a shape extending
from the front end to the rear end of the left side cover 500.
[0092] In addition, like the left side cover 500, the right
side cover 600 may be welded to at least one of the front
cover 300, the rear cover 400, the cooling plate 200, and
the upper plate 700 by continuously bringing edges there-
of into contact with each other and welding the edges
together.
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[0093] For example, a front edge, a lower edge and/or
a rear edge of the right side cover 600 may be continu-
ously brought into contact with right edges of the front
cover 300, the cooling plate 200, and/or the rear cover
400, and may be welded thereto. In this case, a front end
weld zone, a lower end weld zone, and/or a rear end weld
zone of the right side cover 600 may be continuously
formed in a shape extending from an upper end to a lower
end of the right side cover 600 or from a front end to a
rear end of the right side cover 600.
[0094] According to this configuration of the present
disclosure, since weld zones are formed in an elongated
shape, the hermeticity of the battery module may be im-
proved, and the coupling strength between the compo-
nents of the case of the battery module may be increased.
Furthermore, in this case, continuity may be guaranteed
in a welding process, and the welding process may be
easily performed.
[0095] More preferably, weld zones of the left side cov-
er 500 and/or the right side cover 600 with at least one
of the front cover 300, the rear cover 400, the cooling
plate 200, and the upper plate 700 may be formed in a
continuous straight line shape from one end to the other
end.
[0096] For example, referring to FIG. 6, the front end
weld zone of the left side cover 500 formed between the
left side cover 500 and the front cover 300 may have a
straight line shape continuously extending from the upper
end to the lower end of the left side cover 500.
[0097] In addition, the lower end weld zone of the left
side cover 500 formed between the left side cover 500
and the cooling plate 200 may have a straight line shape
continuously extending from the front end to the rear end
of the left side cover 500.
[0098] In addition, the rear end weld zone of the left
side cover 500 formed between the left side cover 500
and the rear cover 400 may have a straight line shape
continuously extending from the upper end to the lower
end of the left side cover 500.
[0099] In addition, the upper end weld zone of the left
side cover 500 formed between the left side cover 500
and the upper plate 700 may have a straight line shape
continuously extending from the front end to the rear end
of the left side cover 500.
[0100] In addition, like the left side cover 500, the front
end weld zone, the lower end weld zone, the upper end
weld zone, and/or the rear end weld zone of the right side
cover 600 may have a straight line shape continuously
extending from the upper end to the lower end of the right
side cover 600 or from the front end to the rear end of
the right side cover 600.
[0101] According to this configuration of the present
disclosure, each weld zone for welding two components
of the case of the battery module to each other may be
formed in a straight line shape, and thus a welding proc-
ess may be smoothly performed. In particular, when com-
ponents are welded together by the friction stir welding
method, a probe of a welding unit may be inserted and

moved between bonding surfaces between the compo-
nents. In this case, if a weld zone is formed in a straight
line shape as described above, the probe may move lin-
early, and thus the welding process may be effectively
performed.
[0102] Alternatively, each of the weld zones of the left
side cover 500 and the right side cover 600 formed with
at least one of the front cover 300, the rear cover 400,
the cooling plate 200, and the upper plate 700 may be
discontinuous from one end to the other end thereof.
[0103] For example, the front end weld zone, the lower
end weld zone, and/or the rear end weld zone of the left
side cover 500, and/or the front end weld zone, the lower
end weld zone, and/or the rear end weld zone of the right
side cover 600 that are formed with the front cover 300,
the cooling plate 200, and the rear cover 400 may have
a discontinuous shape formed by a plurality of weld
points. According to this configuration of the present dis-
closure, weld zones may have small sizes, and thus the
process time of welding may be reduced.
[0104] In addition, preferably, front end weld lines, rear
end weld lines, upper end weld lines, and lower end weld
lines of the left side cover 500 and the right side cover
600 may be formed in a ring shape. This will be described
in more detail with reference to FIG. 8.
[0105] FIG. 8 is a view schematically illustrating weld
zones of the battery module according to an embodiment
of the present disclosure. In FIG. 8, for clarity of descrip-
tion, visible weld zones are indicated with one-dot chain
lines, and invisible weld zones are indicated with broken
lines (hidden lines).
[0106] Referring to FIG. 8, a front end line of the right
side cover 600 may be entirely welded to the front cover
300, and a rear end line of the right side cover 600 may
be entirely welded to the rear cover 400. In addition, an
upper end line of the right side cover 600 may be entirely
welded to the upper plate 700, and a lower end line of
the right side cover 600 may be entirely welded to the
cooling plate 200. In addition, the four weld lines may be
connected at both ends thereof, and thus a ring shape
may be formed. That is, the weld lines of the right side
cover 600 may be formed in a substantially tetragonal
ring shape along edges of the right side cover 600 as
indicated by C1 in FIG. 8.
[0107] In addition, like the right side cover 600, weld
lines of the left side cover 500 may be formed in a sub-
stantially tetragonal ring shape along edges of the left
side cover 500. That is, upper and lower end lines of the
left side cover 500 may be entirely welded to the upper
plate 700 and the cooling plate 200, and front and rear
end lines of the left side cover 500 may be entirely welded
to the front cover 300 and the rear cover 400.
[0108] According to this configuration of the present
disclosure, no gap is formed in joint portions between the
side covers 500 and 600 and other components, thereby
guaranteeing sealing along the side covers 500 and 600
of the battery module. Therefore, permeation of moisture
or foreign substances through peripheral regions of the

15 16 



EP 3 343 691 A1

10

5

10

15

20

25

30

35

40

45

50

55

side covers 500 and 600 may be effectively prevented,
and gas generated inside the battery module may not be
easily discharged. In addition, the battery module may
be easily cooled.
[0109] In addition, as indicated by C2 in FIG. 8, a lower
end line of the front cover 300 may be entirely welded to
the cooling plate 200. In addition, as indicated by C3 in
FIG. 3, a lower end line of the rear cover 400 may also
be entirely welded to the cooling plate 200. In this case,
an end of a lower end line of the left side cover 500 may
be connected to a line C2, and the other end of the lower
end line of the left side cover 500 may be connected to
a line C3. In addition, the lower end line of the right side
cover 600 may also be connected to the line C2 and the
line C3. In this case, a lower side of the battery module
may be entirely welded along edges of the cooling plate
200. For example, if the cooling plate 200 has an approx-
imately tetragonal plate shape, weld zones of the cooling
plate 200 welded to other components may form an ap-
proximately tetragonal ring shape.
[0110] According to this configuration of the present
disclosure, bonding and sealing properties of a lower por-
tion of the battery module may be improved. In particular,
when the battery module is mounted on a vehicle or the
like, the lower portion of the battery module may be ex-
posed to the outside. In this case, since lower lines of
the battery module are entirely sealed as described
above, permeation of moisture or foreign substances
through the lower side of the battery module may be ef-
fectively prevented.
[0111] In this configuration, welding between the cool-
ing plate 200 and the front cover 300 and between the
cooling plate 200 and the rear cover 400 may be per-
formed from the lower side of the battery module. How-
ever, the present disclosure is not limited to this embod-
iment.
[0112] In addition, all the cooling plate 200, the front
cover 300, the rear cover 400, the left side cover 500,
the right side cover 600, and the upper plate 700 may
include metallic materials. In particular, the cooling plate
200 may include a material having relatively high thermal
conductivity compared to the other components. Howev-
er, except for the cooling plate 200, the other compo-
nents, that is, the front cover 300, the rear cover 400, the
left side cover 500, the right side cover 600, and the upper
plate 700 may include a material having high rigidity. Pref-
erably, the cooling plate 200 may include an aluminum-
containing material, and the front cover 300, the rear cov-
er 400, the left side cover 500, the right side cover 600,
and the upper plate 700 may include a steel-containing
material.
[0113] According to this configuration of the present
disclosure, the rigidity of the battery module may be equal
to or higher than a certain degree, and the cooling effi-
ciency of the battery module may also be high. In partic-
ular, the battery module of the present disclosure may
be mounted on a lower portion of a vehicle with the upper
plate 700 facing the inside of the vehicle and the cooling

plate 200 facing the outside of the vehicle. In this case,
since the cooling plate 200 includes a material having
higher thermal conductivity than the other components
of the case, heat may be effectively dissipated through
the cooling plate 200. In addition, if a cooling fluid such
as air or water flows along the lower portion of the battery
module, heat may be discharged from the inside of the
battery module to the cooling fluid through the cooling
plate 200 located on the lower portion of the battery mod-
ule.
[0114] In addition, an insulative coating layer including
an electrically insulative material may be formed on at
least a portion of an inner surface of at least one of the
front cover 300, the rear cover 400, the left side cover
500, the right side cover 600, and the upper plate 700.
Alternatively, an insulative sheet including an electrically
insulative material may be provided on at least a portion
of the inner surface of at least one of the front cover 300,
the rear cover 400, the left side cover 500, the right side
cover 600, and the upper plate 700.
[0115] According to this configuration of the present
disclosure, although the front cover 300, the rear cover
400, the left side cover 500, the right side cover 600
and/or the upper plate 700 include a metallic material,
the cell assembly 100 may be stably insulated.
[0116] Particularly, in the configuration in which the in-
sulative coating layer or the insulative sheet is provided,
the front cover 300, the rear cover 400, the left side cover
500, the right side cover 600, and the upper plate 700
may be welded by the above-described friction stir weld-
ing method. In the friction stir welding method, a large
amount of heat is not generated, and thus the insulative
coating layer or the insulative sheet may not be broken.
Therefore, in this case, the insulation of the battery mod-
ule may be stably maintained.
[0117] In addition, preferably, at least one of the front
cover 300 and the rear cover 400 may include a stepped
portion. This will be described in more detail with refer-
ence to FIG. 9.
[0118] FIG. 9 is a partial cross-sectional view taken
along line A2-A2’ of FIG. 1. That is, FIG. 9 illustrates a
portion of a horizontal cross-section of the battery module
viewed from above, particularly, a left corner portion of
the front cover 300 on an enlarged scale, according to
an embodiment of the present disclosure.
[0119] Referring to FIG. 9, a stepped portion having
an inwardly recessed shape may be formed on a left end
portion, particularly, a left bent portion of the front cover
300 as indicated by D1. In addition, the front end portion
of the left side cover 500 may be placed on a recessed
portion formed by the stepped portion. That is, the front
end portion of the left side cover 500 having a plate shape
may be placed on the recessed portion by inwardly in-
serting the front end portion of the left side cover 500
from the outside of the battery module. In this case, the
step portion of the front cover 300 may have a size equal
to or similar to the thickness of the left side cover 500. In
this case, an outer surface of the front cover 300 and an
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outer surface of the left side cover 500 may form a single
flat surface.
[0120] Similarly, a stepped portion having an inwardly
recessed shape may be formed on a right end portion of
the front cover 300, and the front end portion of the right
side cover 600 may be inserted into the stepped portion
in an outside-to-inside direction.
[0121] According to this configuration of the present
disclosure, the side covers 500 and 600 may be easily
assembled to the front cover 300. In particular, assem-
bling positions of the side covers 500 and 600 may be
guided by the stepped portions of the front cover 300,
and thus the front cover 300 and the side covers 500 and
600 may be more easily assembled.
[0122] In addition, according to this configuration of the
present disclosure, the rigidity of the battery module may
be enhanced. That is, since the front cover 300 is placed
on inner sides of the front end portions of the side covers
500 and 600, although force is applied to the side covers
500 and 600 from the outside, the front cover 300 may
support the side covers 500 and 600 in an outward di-
rection.
[0123] Furthermore, according to this configuration of
the present disclosure, friction stir welding may be more
easily performed. Particularly, referring to a region indi-
cated by an arrow T1, in a friction stir welding process,
a probe of a welding unit may be brought into contact
with and inserted between bonding surfaces of the front
cover 300 and the left side cover 500 while the probe is
rotated, and during this process, force may be applied to
the vicinity of the bonding surfaces of the front cover 300
and the left side cover 500 in an inward direction as in-
dicated by the arrow T1. At this time, according to the
configuration of the present disclosure, a portion D1
formed by the stepped portion of the front cover 300 may
support pressure applied in the direction indicated by the
arrow T1. Therefore, the configuration of the present dis-
closure in which stepped portions are formed may be
more preferably applied to the case in which a friction stir
welding process is performed between the front cover
300 and the left side cover 500.
[0124] In addition, although FIG. 9 illustrates only the
front cover 300, stepped portions may also be formed on
the rear cover 400 in a similar manner such that the rear
end portion of the left side cover 500 and the rear end
portion of the right side cover 600 may be placed on the
stepped portions of the rear cover 400 by outside-to-in-
side insertion motions. For example, a stepped portion
may be formed on a left end portion of the rear cover 400
in a shape symmetrical to the stepped portion of the front
cover 300 shown in FIG. 9 in a front-to-rear direction (in
FIG. 9, in a left-to-right direction). In addition, a stepped
portion may be formed on a right end portion of the rear
cover 400 such that the rear end portion of the right side
cover 600 may be inserted into and placed on the stepped
portion.
[0125] In addition, preferably, at least one of the cool-
ing plate 200 and the upper plate 700 may include a

stepped portion. This will be described in more detail with
reference to FIGS. 10 and 11.
[0126] FIGS. 10 and 11 are enlarged views illustrating
portions B1 and B2 of FIG. 3, respectively.
[0127] First, referring to FIG. 10, a stepped portion hav-
ing an inwardly recessed shape may be formed on a right
end portion of the cooling plate 200 as indicated by D2.
In addition, the lower end portion of the right side cover
600 may be placed on a recessed portion formed by the
stepped portion by inwardly inserting the lower end por-
tion of the right side cover 600 from the outside. At this
time, the stepped portion formed on the cooling plate 200
may have a size corresponding to the thickness of the
right side cover 600.
[0128] Similarly, a stepped portion having an inwardly
recessed shape may be formed on a left end portion of
the cooling plate 200 so as to receive the lower end por-
tion of the left side cover 500.
[0129] According to this configuration of the present
disclosure, the cooling plate 200 and the side covers 500
and 600 may be easily assembled. That is, since assem-
bling positions of the side covers 500 and 600 are guided
by the stepped portions of the cooling plate 200, the cool-
ing plate 200 and the side covers 500 and 600 may be
more easily assembled.
[0130] In addition, according to this configuration of the
present disclosure, the rigidity of the battery module may
be enhanced. That is, since the cooling plate 200 is
placed between the lower end portions of the side covers
500 and 600, although horizontal force is applied from
the outside of the side covers 500 and 600, the cooling
plate 200 may support the side covers 500 and 600 in
outward directions. In addition, the stepped portions of
the cooling plate 200 may also support the side covers
500 and 600 in an upward direction.
[0131] Furthermore, according to this configuration of
the present disclosure, a friction stir welding process may
be more easily performed. Particularly, referring to a re-
gion indicated by an arrow T2, in a friction stir welding
process, a probe of a welding unit may be brought into
contact with and inserted between bonding surfaces of
the cooling plate 200 and the right side cover 600, and
during this process, force may be applied in an inward
direction as indicated by the arrow T2. However, accord-
ing to the configuration of the present disclosure, a por-
tion D2 formed by the stepped portion of the cooling plate
200 may support pressure applied in the direction indi-
cated by the arrow T2.
[0132] Next, referring to FIG. 11, as indicated by D3,
a stepped portion having an inwardly recessed shape
may be formed on the right end portion of the upper plate
700. In addition, an upper end portion of the right side
cover 600 may be brought into contact with the stepped
portion of the upper plate 700 by inwardly inserting the
upper end portion of the right side cover 600 from the
outside. In addition, similarly, a stepped portion having
an inwardly recessed shape may be formed on the left
end portion of the upper plate 700, and an upper end
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portion of the left side cover 500 may be inserted into the
stepped portion of the upper plate 700.
[0133] This configuration of the present disclosure may
be advantageous like the configuration in which stepped
portions are formed on the cooling plate 200. That is,
according to this configuration, the upper plate 700 and
the side covers 500 and 600 may be easily assembled,
and the rigidity of the battery module may be enhanced.
In addition, according to this configuration, a friction stir
welding process may be easily performed between the
upper plate 700 and the side covers 500 and 600.
[0134] In addition, preferably, all joining portions
(bonding surfaces) of the left side cover 500 and/or the
right side cover 600 to be jointed to (bonded to) the front
cover 300, the rear cover 400, the cooling plate 200, and
the upper plate 700 may be exposed at lateral sides of
the battery module.
[0135] For example, referring to the configuration
shown in FIG. 9, bonding surfaces of the left side cover
500 and the front cover 300 may be approximately per-
pendicular to the outer surfaces of the left side cover 500
and the front cover 300. In this case, open sides (indi-
cated by T1) of the bonding surfaces of the left side cover
500 and the front cover 300 may face a right side of the
battery module (on an upper side in FIG. 9).
[0136] In addition, referring to the configuration shown
in FIG. 10, bonding surfaces of the right side cover 600
and the cooling plate 200 may be approximately perpen-
dicular to an outer surface of the right side cover 600,
that is, the outer surface of the battery module. In this
case, open sides (indicated by T2) of the bonding sur-
faces of the right side cover 600 and the cooling plate
200 may face a right side of the battery module (on a
right side in FIG. 9).
[0137] In addition, referring to the configuration shown
in FIG. 11, bonding surfaces of the right side cover 600
and the upper plate 700 may be approximately perpen-
dicular to the outer surface of the right side cover 600.
In this case, open sides (indicated by T3) of the bonding
surfaces of the right side cover 600 and the upper plate
700 may face the right side of the battery module.
[0138] According to the present embodiment, all open
sides of joining portions (bonding surfaces) of the left
side cover 500 and the right side cover 600 to be jointed
to (bonded to) other components are exposed at lateral
sides of the battery module, and thus a welding process,
particularly, a friction stir welding process may be
smoothly performed . For example, according to this con-
figuration, while a probe of a welding unit is horizontally
moved forward from the left or right side of the battery
module, the probe may be inserted into the open sides
of the joint portions as indicated by arrows T1 to T3 in
FIGS. 9 to 11. In addition, after a welding process is per-
formed as described above, the probe of the welding unit
may be moved away from the battery module in a hori-
zontal direction. Therefore, there is no structure that in-
terferes with the process of inserting and moving the
probe of the welding unit between the bonding surfaces,

and thus the welding process may be efficiently per-
formed.
[0139] However, if the open sides of the bonding sur-
faces, that is, welding portions, are exposed at the upper
side or lower side of the battery module, insertion and
movement of the welding unit occur in a vertical direction.
In this case, however, it may be difficult to smoothly per-
form processes because of other structures.
[0140] Furthermore, the open sides of the bonding sur-
faces that will be welded together may be exposed to the
right side or left side of the battery module rather than
the front side or rear side of the battery module. Electrode
leads may be located on the front end or rear end of the
battery module, and according to this configuration, such
electrode leads may not be damages or may not interfere
with other structures or parts.
[0141] Meanwhile, the left side cover 500 and/or the
right side cover 600 may have chamfered corners (edg-
es). That is, each of the side covers 500 and 600 may
have a tetragonal plate shape having four sides, and all
four corners of the tetragonal plate shape at which two
sides meet each other may be rounded. For example,
corners of the side covers 500 and 600 may be curved
with a radius equal to or greater than 10 mm.
[0142] According to this configuration of the present
disclosure, a friction stir welding process may be per-
formed with improved processability. That is, if corners
are rounded with a radius equal to or greater than a cer-
tain value, edges of the side covers 500 and 600 may be
continuously welded, and thus weld lines may be formed
in a ring shape.
[0143] According to the present disclosure, the case
(module case) of the battery module may include the
cooling plate 200, the front cover 300, the rear cover 400,
the left side cover 500, the right side cover 600, and the
upper plate 700. In this case, the components of the mod-
ule case may be coupled to each other by welding as
described above. In this case, the sequence of welding
may be variously implemented.
[0144] For example, when the cell assembly 100 is
placed on an upper end of the cooling plate 200 as shown
in FIG. 4, the front cover 300 and the rear cover 400 may
be brought into contact with the cooling plate 200 respec-
tively from the front end portion and the rear end portion
of the cell assembly 100 as shown in FIG. 5 and may
then be welded to the cooling plate 200. Next, as shown
in FIG. 6, the left side cover 500 and the right side cover
600 may be placed on the lateral sides of the cell assem-
bly 100 and may then be welded to the cooling plate 200,
the front cover 300, and the rear cover 400. Thereafter,
as shown in FIG. 7, the upper plate 700 may be placed
on the upper portion of the cell assembly 100 and may
then be welded to the left side cover 500 and the right
side cover 600.
[0145] FIG. 12 is an exploded perspective view sche-
matically illustrating a welding configuration of the battery
module according to another embodiment of the present
disclosure.
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[0146] Referring to FIG. 12, the cell assembly 100 may
be placed on the upper portion of the cooling plate 200
as indicated by an arrow S1. Next, an assembly of the
upper plate 700, the left side cover 500, and the rear
cover 400 may be coupled to the cell assembly 100 in a
downward direction as indicated by an arrow S2. In this
case, the assembly of the upper plate 700, the left side
cover 500, and the rear cover 400 may be previously
prepared by welding the upper plate 700, the left side
cover 500, and the rear cover 400 to each other. In par-
ticular, the assembly may be prepared by the friction stir
welding method.
[0147] Next, the front cover 300 may be placed on the
front end portion of the cell assembly 100 as indicated
by an arrow S3 and may then be welded to the cooling
plate 200 and the left side cover 500. Thereafter, the right
side cover 600 may be placed on the right side of the cell
assembly 100 as indicated by an arrow S4 and may then
be welded to the cooling plate 200, the front cover 300,
the rear cover 400, and the upper plate 700.
[0148] According to the present disclosure, the battery
module may further include a heat shield between the
cell assembly 100 and a weld zone of at least one of the
cooling plate 200, the front cover 300, the rear cover 400,
the left side cover 500, the right side cover 600, and the
upper plate 700. This will be described in more detail with
reference to FIG. 13.
[0149] FIG. 13 is a cross-sectional view illustrating a
portion of the battery module according to another em-
bodiment of the present disclosure. In particular, FIG. 13
may illustrate another embodiment of the configuration
shown in FIG. 9.
[0150] Referring to FIG. 13, a heat shield F may be
provided on an inner side of a left bent portion of the front
cover 300. The heat shield F may be placed between the
cell assembly 100 and a weld zone of a component such
as the front cover 300 and may prevent inward heat trans-
fer. For example, a welding process may be formed on
bonding surfaces of the front cover 300 and the left side
cover 500 as indicated by T1, and in this case, the heat
shield F may block welding heat flowing inward along the
bonding surfaces.
[0151] According to this configuration of the present
disclosure, inner components of the battery module such
as pouch-type cases, electrode leads, or bus bars of the
secondary cells may not be deformed or damaged. In
addition, although the friction stir welding method gener-
ate a small amount of heat compared to other welding
methods, the above-described configuration may funda-
mentally prevent even such a small amount of heat from
flowing into the battery module.
[0152] The heat shielding part F may include a material
having a heat transfer coefficient lower than that of com-
ponents of the case of the battery module such as the
front cover 300. For example, the heat shield F may in-
clude a heat insulating material containing a heat-resist-
ant resin such as polyimide, a fiber such as glass wool
or rock wool, and/or a ceramic material.

[0153] In addition, as shown in FIG. 13, the heat shield
F may be provided on the inner surface of the front cover
300. In particular, electrode leads may be placed at a
side of the front cover 300, and according to the config-
uration, the heat shield F may reduce or prevent transfer
of welding heat to the electrode leads.
[0154] The heat shield F may be provided on an inner
surface of a component of the case of the battery module
such as the front cover 300, the side covers 500 and 600,
or the rear cover 400 by a coating method, or may be
provided on an inner surface of a component such as the
front cover 300 in the form of a separate sheet. Alterna-
tively, the heat shield F may protrude in a convex shape
from an inner surface of a component of the case of the
battery module such as the front cover 300, the side cov-
ers 500 and 600, or the rear cover 400.
[0155] In the configuration shown in FIG. 13, the heat
shield F is provided on the front cover 300. However, the
heat shield F may be provided on inner surfaces of other
components of the case of the battery module, that is,
on inner surfaces of the left side cover 500, the right side
cover 600, the rear cover 400, the cooling plate 200,
and/or the upper plate 700.
[0156] According to the present disclosure, a battery
pack may include the battery module. In addition to the
battery module, the battery pack of the present disclosure
may further include a pack case for accommodating the
battery module and devices for controlling charge and
discharge operations of the battery module such as a
battery management system (BMS), a current sensor, or
a fuse.
[0157] The battery module of the present disclosure
may be applied automobiles such as electric vehicles or
hybrid vehicles. That is, according to the present disclo-
sure, an automobile may include the battery module. Par-
ticular, automobiles may be exposed to various vibrations
and large impact and are thus required to have high ri-
gidity. In addition, since automobiles are usually placed
outdoor, it is necessary to seal automobiles so as to pre-
vent permeation of moisture or foreign substances. When
the battery module of the present disclosure is applied
to such automobiles, the battery module may be config-
ured to have high strength, rigidity, and sealing perform-
ance, and improve productivity.
[0158] In the present disclosure, terms indicating di-
rections such as upward, downward, leftward, rightward,
forward, and backward are used, but these terms are for
ease of description. It will be apparent to those skilled in
the art that these terms can vary depending on the posi-
tion of an object or an observer.
[0159] While embodiments of the present disclosure
has been described with reference to the accompanying
drawings, it should be understood that the embodiments
are given by way of illustration only, and various changes
and modifications within the scope of the disclosure as
defined by the appended claims will become apparent to
those skilled in the art.
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Claims

1. A battery module comprising:

a cell assembly comprising a plurality of second-
ary cells stacked in at least one direction;
a cooling plate having a plate shape and placed
below the cell assembly to receive the cell as-
sembly thereon;
a front cover covering a front end portion of the
cell assembly and comprising a lower portion
welded to the cooling plate;
a rear cover covering a rear end portion of the
cell assembly and comprising a lower portion
welded to the cooling plate;
a left side cover covering a left side of the cell
assembly, the left side cover comprising a lower
end portion welded to the cooling plate, a front
end portion welded to the front cover, and a rear
end portion welded to the rear cover;
a right side cover covering a right side of the cell
assembly, the right side cover comprising a low-
er end portion welded to the cooling plate, a front
end portion welded to the front cover, and a rear
end portion welded to the rear cover; and
an upper plate covering an upper portion of the
cell assembly, the upper plate comprising a left
end portion welded to the left side cover and a
right end portion welded to the right side cover.

2. The battery module of claim 1, wherein at least two
of the cooling plate, the front cover, the rear cover,
the left side cover, the right side cover, and the upper
plate are welded together by a friction stir welding
method.

3. The battery module of claim 1, wherein the cooling
plate comprises an aluminum-containing material,
and the front cover, the rear cover, the left side cover,
the right side cover, and the upper plate each com-
prise a steel-containing material.

4. The battery module of claim 3, wherein an insulative
coating layer comprising an electrically insulative
material or an insulative sheet comprising an elec-
trically insulative material is formed or provided on
at least a portion of an inner surface of at least one
of the front cover, the rear cover, the left side cover,
the right side cover, and the upper plate.

5. The battery module of claim 1, wherein a thermal
interface material is provided between the cooling
plate and the cell assembly.

6. The battery pack of claim 1, wherein the left side
cover and the right side cover are each welded to at
least one of the front cover, the rear cover, the cool-
ing plate, and the upper plate by continuously bring-

ing edges thereof into contact with each other and
welding the edges together.

7. The battery module of claim 6, wherein zones of the
left side cover and the right side cover welded to at
least one of the front cover, the rear cover, the cool-
ing plate, and the upper plate each have a straight
line shape continuously extending from an end to
the other end thereof.

8. The battery module of claim 6, wherein each of zones
of the left side cover and the right side cover welded
to at least one of the front cover, the rear cover, the
cooling plate, and the upper plate is discontinuous
from an end to the other end thereof.

9. The battery module of claim 1, wherein front, rear,
upper, and lower end weld lines of the left side cover
and the right side cover are formed in a ring shape.

10. The battery module of claim 1, wherein at least one
of the front cover and the rear cover comprises a
stepped portion such that an end portion of at least
one of the left side cover and the right side cover is
placed on the stepped portion by an outside-to-inside
insertion motion.

11. The battery module of claim 1, wherein at least one
of the cooling plate and the upper plate comprises a
stepped portion such that an end portion of at least
one of the left side cover and the right side is placed
on the stepped portion by an outside-to-inside inser-
tion motion.

12. The battery module of claim 1, wherein all joining
portions of the left side cover and the right side cover
to be jointed to the front cover, the rear cover, the
cooling plate, and the upper plate are exposed at
lateral sides of the battery module.

13. The battery module of claim 1, wherein a heat shield
is provided between the cell assembly and a weld
zone of at least one of the cooling plate, the front
cover, the rear cover, the left side cover, the right
side cover, and the upper plate so as to prevent heat
transfer in an outside-to-inside direction.

14. A battery pack comprising the battery module of any
one of claims 1 to 13.

15. An automobile comprising the battery module of any
one of claims 1 to 13.
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