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Description

[TECHNICAL FIELD]

[0001] The present invention relates to a battery pack
exhibiting high cooling efficiency, and, more particularly,
to a battery pack including battery modules arranged in
two or more rows, each of the battery modules including
a plurality of battery cells or unit modules, each of which
has two or more battery cells mounted therein, stacked
in an upright or upside-down fashion, wherein the battery
modules are individually mounted in pack cases, the pack
cases are provided at upper parts and lower parts thereof
with coolant inlet ports and coolant outlet ports such that
a coolant to cool the battery cells flows to one side to the
other side of the battery modules in a direction perpen-
dicular to the stacked direction of the battery cells or the
unit modules, the pack cases are further provided with
flow spaces (’coolant introduction parts’) extending from
the coolant inlet ports to the battery modules, and flow
spaces (’coolant discharge parts’) extending from the
battery modules to the coolant outlet ports, and the cool-
ant inlet ports diverge from a coolant introduction duct
such that the coolant inlet ports are connected to the
respective pack cases while the coolant outlet ports ex-
tend from the respective pack cases such that the coolant
outlet ports are connected to a coolant discharge duct.

[BACKGROUND ART]

[0002] Recently, a secondary battery, which can be
charged and discharged, has been widely used as an
energy source for wireless mobile devices. Also, the sec-
ondary battery has attracted considerable attention as a
power source for electric vehicles (EV), hybrid electric
vehicles (HEV), and plug-in hybrid electric vehicles (Plug-
in HEV), which have been developed to solve problems,
such as air pollution, caused by existing gasoline and
diesel vehicles using fossil fuels.
[0003] Small-sized mobile devices use one or several
battery cells for each device. On the other hand, middle
or large-sized devices, such as vehicles, use a battery
pack having a plurality of battery cells electrically con-
nected to each other because high power and large ca-
pacity are necessary for the middle or large-sized devic-
es.
[0004] Preferably, a battery pack is manufactured so
as to have as small a size and weight as possible. For
this reason, a prismatic battery or a pouch-shaped bat-
tery, which can be stacked with high integration and has
a small weight to capacity ratio, is usually used as a bat-
tery cell of the battery pack. In particular, much interest
is currently focused on such a pouch-shaped battery,
which uses an aluminum laminate sheet as a sheathing
member, because the pouch-shaped battery is light-
weight, the manufacturing cost of the pouch-shaped bat-
tery is low, and it is easy to modify the shape of the pouch-
shaped battery.

[0005] In order for a battery pack to provide power and
capacity required by a specific apparatus or device, it is
necessary for the middle or large-sized battery module
to be configured to have a structure in which a plurality
of battery cells is electrically connected in series to each
other, and the battery cells are stable against external
force. In addition, it is necessary for the battery pack to
be configured to effectively use a space of a specific ap-
paratus or device such that a dead space of the apparatus
or device is minimized when the battery pack is mounted
in the apparatus or device.
[0006] Also, battery cells constituting a middle or large-
sized battery module are secondary batteries which can
be charged and discharged. Consequently, a large
amount of heat is generated from the high power, large
capacity secondary batteries during the charge and dis-
charge of the batteries. If the heat, generated from the
unit cells during the charge and discharge of the unit cells,
is not effectively removed, the heat accumulates in the
respective unit cells with the result that the deterioration
of the unit cells is accelerated. According to circumstanc-
es, the unit cells may catch fire or explode. For this rea-
son, a cooling system is needed in a battery pack for
vehicles, which is a high power, large capacity battery,
to cool battery cells mounted in the battery pack.
[0007] In a battery pack including a plurality of battery
cells, on the other hand, the deterioration in performance
of some battery cells leads to the deterioration in per-
formance of the entire battery pack. One of the main fac-
tors causing the non-uniformity in performance is the
non-uniformity of cooling between the battery cells. For
this reason, it is necessary to provide a structure to op-
timize the shape of a flow channel, thereby minimizing
temperature deviation between the battery cells during
the flow of a coolant.
[0008] Consequently, there is a high necessity for a
technology to fundamentally solve the above-mentioned
problems.
[0009] WO 2009/002096 A1 relates to a middle- or
large-sized battery pack including a module assembly
constructed in a structure in which a plurality of battery
modules, each of which includes a plurality of battery
cells or unit modules mounted in a module case while
the battery cells or unit modules are connected in series
to each other, are arranged such that the battery modules
are disposed in contact with each other in the lateral di-
rection, and a coolant flow channel is vertically formed,
a plurality of support members for supporting opposite
sides and the bottom of the module assembly and main-
taining the arrangement state of the module assembly,
and a pack housing for surrounding the module assembly
and the support members. The battery pack is construct-
ed in a cooling structure in which a coolant is introduced
through one side upper end (or lower end) of the module
assembly along a hermetically sealed space defined by
the support members, flows vertically through the module
assembly, and is discharged through the other side lower
end (or upper end) of the battery assembly.
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[0010] KR 2006 0036694 A describes a cooling system
for a battery pack that is usable as a power source of
electric vehicles and hybrid-electric vehicles. The cooling
system employs a single refrigerant guide member ar-
ranged at a side of the battery pack. In use, the cooling
system dissipates heat generated from battery cells by
supplying a refrigerant to the battery cells at a constant
flow rate.

[DISCLOSURE]

[TECHNICAL PROBLEM]

[0011] Therefore, the present invention has been
made to solve the above problems and other technical
problems that have yet to be resolved.
[0012] As a result of a variety of extensive and intensive
studies and experiments on a battery pack, the inventors
of the present application have developed a battery pack
having a specific structure and found that the battery pack
exhibits high cooling efficiency and high space efficiency.
The present invention has been completed based on
these findings.

[TECHNICAL SOLUTION]

[0013] In accordance with one aspect of the present
invention, the above and other objects can be accom-
plished by the provision of a battery pack as defined in
claim 1 below. The battery pack includes battery modules
arranged in two or more rows, each of the battery mod-
ules including a plurality of battery cells or unit modules,
each of which has two or more battery cells mounted
therein, stacked in an upright or upside-down fashion,
wherein the battery modules are individually mounted in
pack cases, the pack cases are provided at upper parts
and lower parts thereof with coolant inlet ports and cool-
ant outlet ports such that a coolant to cool the battery
cells flows to one side to the other side of the battery
modules in a direction perpendicular to the stacked di-
rection of the battery cells or the unit modules, the pack
cases are further provided with flow spaces (’coolant in-
troduction parts’) extending from the coolant inlet ports
to the battery modules, and flow spaces (’coolant dis-
charge parts’) extending from the battery modules to the
coolant outlet ports, and the coolant inlet ports diverge
from a coolant introduction duct such that the coolant
inlet ports are connected to the respective pack cases
while the coolant outlet ports extend from the respective
pack cases such that the coolant outlet ports are con-
nected to a coolant discharge duct.
[0014] Generally, deviation in cooling efficiency may
be generated in the battery pack due to the difference in
cooling efficiency between the battery cells or the unit
modules located at the coolant inlet ports and the battery
cells or the unit modules located at the battery pack op-
posite to the coolant inlet ports. The deviation in cooling
efficiency may be increased as the length of the battery

cells or the unit modules in the stacked direction thereof
is increased, i.e. the flow distance of the coolant in the
coolant introduction parts is increased.
[0015] Also, if one edge of the battery pack is exces-
sively lengthened within the same volume range of the
battery pack, space efficiency of a device, in which the
battery pack is mounted, may be lowered.
[0016] In the battery pack according to the present in-
vention, the battery modules are arranged in two or more
rows. Consequently, the battery pack has a more com-
pact structure than a battery pack having battery modules
arranged in one row, thereby reducing a dead space and
thus maximizing space efficiency. Also, temperature de-
viation between the battery modules is little.
[0017] Each of the unit modules may be configured to
have a structure including two or more battery cells, elec-
trode terminals of which are connected in series to each
other, and a pair of module housings coupled to cover
outsides of the battery cells excluding the electrode ter-
minals of the battery cells.
[0018] The module housings restrain the repetitive ex-
pansion and contraction change of the battery cells dur-
ing the charge and discharge of the battery cells, while
protecting the battery cells having low mechanical
strength, thereby preventing separation between sealed
regions of the battery cells.
[0019] The structure of the module housings is not par-
ticularly restricted so long as the battery cells are mount-
ed in the module housings. In an unlimited example, the
module housings may have an internal structure corre-
sponding to the external shape of the battery cell stack.
In particular, the module housings may be coupled to
each other in an assembly type fastening fashion without
using additional fastening members.
[0020] In a preferred example, each of the unit modules
may be configured to have a structure in which two bat-
tery cells are mounted in module housings made of a
metallic material.
[0021] The battery cells are secondary batteries hav-
ing a small thickness and a relatively large width and
length such that the total size of the secondary batteries
is minimized when the secondary batteries are stacked
to construct a battery module. In a preferred example,
each battery cell may be a secondary battery configured
to have a structure in which an electrode assembly is
mounted in a battery case made of a laminate sheet in-
cluding a resin layer and a metal layer, and electrode
terminals protrude from upper and lower ends of the bat-
tery case. Specifically, each battery cell may be config-
ured to have a structure in which an electrode assembly
is mounted in a pouch-shaped battery case made of an
aluminum laminate sheet. The secondary battery with
the above-stated construction may be referred to as a
pouch-shaped battery cell.
[0022] A cell case of the pouch-shaped battery cell may
be configured to have various structures. For example,
the case of the pouch-shaped battery cell may be con-
figured to have a structure in which an electrode assem-
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bly is received in a receiving part formed at an upper
inner surface and/or a lower inner surface of a two-unit
member, and the upper and lower contact regions are
sealed. A pouch-shaped battery cell with the above-de-
scribed construction is disclosed in PCT International Ap-
plication No. PCT/KR2004/003312, which has been filed
in the name of the applicant of the present patent appli-
cation, and to which the skilled reader may refer for fur-
ther details.
[0023] The electrode assembly includes cathodes and
anodes, by which the charge and the discharge of the
battery are possible. The electrode assembly may be
configured to have a structure in which cathodes and
anodes are stacked while separators are disposed re-
spectively between the cathodes and the anodes. For
example, the electrode assembly may be configured to
have a jelly-roll type structure, a stacked type structure,
or a stacked/folded type structure. The cathodes and the
anodes of the electrode assembly may be configured
such that electrode tabs of the cathodes and electrode
tabs of the anodes directly protrude outward from the
battery. Alternatively, the cathodes and the anodes of
the electrode assembly may be configured such that the
electrode tabs of the cathodes and the electrode tabs of
the anodes are connected to additional leads, and the
leads protrude outward from the battery.
[0024] The battery cells may be connected in series
and/or parallel to each other in one battery module, or
the battery cells of one battery module may be connected
in series and/or parallel to the battery cells of another
battery module. In a preferred example, a plurality of unit
modules may be manufactured by coupling electrode ter-
minals of the battery cells to each other in a state in which
the battery cells are arranged in series in the longitudinal
direction such that the electrode terminals of the battery
cells are successively adjacent to each other, bending
two or more battery cells such that the battery cells are
stacked, and covering a predetermined number of
stacked battery cells using module housings.
[0025] The coupling between the electrode terminals
may be achieved in various manners, such as welding,
soldering, and mechanical coupling. Preferably, the cou-
pling between the electrode terminals is achieved by
welding.
[0026] Of the outer edge sealed portion of the battery
cell, the side sealed portion may be bent so as to approx-
imately coincide with the inner shape of the module hous-
ings. As a result, space utilization is improved, and there-
fore, it is possible to manufacture a compact battery mod-
ule.
[0027] In the structure in which the electrode terminals
protrude outward from the upper and lower ends of the
battery cell as described above, if an odd number of bat-
tery cells are connected in series to each other, the elec-
trode terminals are located at the opposite ends of the
battery cells in each unit module with the result that the
subsequent process is not easily performed. For this rea-
son, it is preferable to connect an even number of battery

cells in series to each other. Also, in a case in which three
or more battery cells constitute a unit module, the other
battery cell(s) excluding the outermost battery cells is not
directly fixed to the module housings with the result that
the battery cell(s) may cause a problem due to vibration.
[0028] Also, the module housings may be provided at
the outer edges thereof with protrusions to provide flow
channels when the module housings are stacked. When
the unit modules are stacked, the protrusions come into
contact with each other to form flow channels, through
which a coolant flows, between the protrusions.
[0029] In another preferred example, portions of the
module housings corresponding to the portions of the
battery cells from which the electrodes protrude outward
may be lower than the remaining portions of the module
housings to fix the portions of the battery cells from which
the electrodes protrude outward.
[0030] The battery cells are not particularly restricted
so long as the battery cells are secondary batteries which
can be charged and discharged. Preferably, the battery
cells are lithium secondary batteries, each of which has
a large power or capacity to weight ratio.
[0031] The battery modules are arranged in two or
more rows in the stacked direction of the battery cells or
the unit modules.
[0032] Generally, a coolant is introduced in the stacked
direction of the battery cells or the unit modules, passes
through between the battery cells or the unit modules,
and is then discharged. When the battery modules are
arranged in two or more rows in the stacked direction of
the battery cells or the unit modules as described above,
therefore, the length of the coolant introduction parts is
decreased, thereby improving cooling efficiency and re-
ducing temperature deviation between the battery cells
or the unit modules of the same battery modules.
[0033] According to the present invention, the coolant
inlet ports diverge from the coolant introduction duct at
an angle of 60 to 120 degrees to a direction in which the
coolant flows in the coolant introduction duct.
[0034] When the coolant inlet ports are configured to
diverge from the coolant introduction duct within the
above angle range, it is possible to constitute a compact
battery pack. For this reason, the coolant inlet ports pref-
erably diverge from the coolant introduction duct at an
angle of 90 degrees to the direction in which the coolant
flows in the coolant introduction duct.
[0035] The coolant discharge duct is formed at a place
at which the coolant outlet ports are connected to each
other such that the coolant discharge duct extends up-
ward.
[0036] In a case in which the coolant discharge duct
extends upward, the coolant discharge duct may be
formed along the sides of the battery modules, thereby
improving overall space efficiency of the battery pack.
On the other hand, in a case in which the coolant dis-
charge duct extends downward, the battery pack pro-
trudes downward by the length of the coolant discharge
duct, which is not preferable. Even in a case in which the
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coolant discharge duct extends in the stacked direction
of the battery cells, the battery pack protrudes extends
in the stacked direction of the battery cells by the length
of the coolant discharge duct, which is also not prefera-
ble.
[0037] Suction fans to generate driving force, by which
the coolant, introduced through the coolant inlet ports,
passes the battery modules and is discharged through
the coolant outlet ports, may be mounted in the respective
coolant outlet ports.
[0038] If blow fans are mounted in the respective cool-
ant inlet ports, great driving noise of the fans may be
generated in a device in which the battery pack is in-
stalled. In a case in which the driving force is generated
by the suction fans as described above, on the other
hand, uniform flow rate of the coolant is supplied to the
respective battery modules even when the coolant inlet
ports diverge from the coolant introduction duct at a pre-
determined angle to a direction in which the coolant flows
in the coolant introduction duct.
[0039] In a preferred example, the suction fans may
be mounted at higher positions than upper ends of the
battery modules to minimize impact to the battery mod-
ules when external force is applied to the battery pack in
a lateral direction of the battery pack.
[0040] That is, the suction fans are mounted at higher
positions than the upper end of the battery module as-
sembly, and therefore, impact to the battery module as-
sembly is minimized when external force is applied to the
battery pack in the lateral direction of the battery pack,
thereby securing safety of battery pack.
[0041] Also, the suction fans are connected to the cool-
ant discharge ducts extending upward from the coolant
output ports along the side of the battery module assem-
bly. Consequently, the speed at which the coolant is in-
troduced into the coolant introduction parts, passes the
battery modules, and is discharged through the coolant
output ports is increased, thereby improving cooling ef-
ficiency of the battery cells or the unit modules.
[0042] The upper end insides of the coolant introduc-
tion parts may have inclined planes inclined with respect
to the top of the battery cell stack or the unit module stack
such that the coolant introduction parts are widened from
ends of the pack case opposite to the coolant inlet ports
to the coolant inlet ports.
[0043] In a case in which the upper end insides of the
coolant introduction parts are parallel to the top of the
battery cell stack or the unit module stack, flow rate of
the coolant at the flow channels adjacent to the coolant
inlet ports is greatly reduced with the result that temper-
ature deviation between the battery cells or the unit mod-
ules is increased.
[0044] On the other hand, in a case in which the upper
end insides of the coolant introduction parts have inclined
planes as described above, it is possible to reduce such
temperature deviation between the battery cells or the
unit modules, thereby preventing lowering in perform-
ance of the battery pack.

[0045] In a preferred example, each of the inclined
planes may have an inclination angle of 3 to 8 degrees.
[0046] If each of the inclined planes has an inclination
angle of less than 3 degrees, it is not possible to efficiently
reduce temperature deviation between the battery cells
or the unit modules. On the other hand, if each of the
inclined planes has an inclination angle of greater than
8 degrees, the height of each of the coolant inlet ports is
increased with the result that it is not possible to manu-
facture a compact battery pack. In addition, as the sec-
tional area of each of the coolant inlet ports is increased,
the velocity of the coolant may be decreased, which is
not preferable.
[0047] Also, in a case in which each of the coolant inlet
ports is inclined at an angle greater than that of the upper
end inside of each of the coolant introduction parts, it is
possible to further reduce the above temperature devia-
tion between the battery cells or the unit modules. Pref-
erably, the coolant inlet ports are inclined at an angle of
20 to 80 degrees.
[0048] The width of each of the coolant inlet ports great-
ly affects the temperature deviation between the unit cells
except in the case in which the upper end insides of the
coolant introduction parts are configured to have the spe-
cific inclined structure as previously described.
[0049] When each of the coolant inlet ports has a width
equivalent to 5 to 25% the length of the battery pack case
corresponding to the length of the unit cell stack, there-
fore, it is possible to more efficiently reduce temperature
deviation of the coolant caused depending upon device
installation conditions. Preferably, each of the coolant
inlet ports has a width equivalent to 10 to 20% the length
of the battery pack case corresponding to the length of
the unit cell stack.
[0050] The ends of the battery pack case opposite to
the coolant inlet ports may be spaced apart from the top
of the unit cell stack by a height equivalent to 10% or less
the height of the unit cell stack. This structure appropri-
ately restricts the amount of the coolant reaching the ends
of the battery pack case opposite to the coolant inlet
ports, thereby further improving uniform distribution of
the coolant to the unit cells.
[0051] In this case, the ends of the battery pack case
opposite to the coolant inlet ports may be spaced apart
from the top of the unit cell stack by a height of 1 to 10 mm.
[0052] The coolant discharge parts may have the same
height with respect to the bottom of the unit cell stack.
That is, the bottoms of the coolant discharge parts facing
the bottom of the unit cell stack may have the same height
as the bottom of the unit cell stack. Alternatively, the
structure of each of the coolant discharge parts may be
partially changed to improve coolant discharge efficien-
cy.
[0053] In accordance with another aspect of the
present invention, there is provided a vehicle using the
battery pack with the above-stated construction as a pow-
er source, having a limited installation space, and ex-
posed to frequent vibration and strong impact.
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[0054] In a preferred example, the vehicle may be an
electric vehicle, a hybrid electric vehicle, or a plug-in hy-
brid electric vehicle requiring high power and large ca-
pacity.
[0055] Of course, the battery pack used as the power
source of the vehicle may be combined and manufac-
tured based on desired power and capacity.
[0056] In this case, the vehicle may be an electric ve-
hicle, a hybrid electric vehicle, or a plug-in hybrid electric
vehicle wherein the battery pack is installed in the lower
end of a trunk of the vehicle or between a rear seat and
the trunk of the vehicle.
[0057] The electric vehicle, the hybrid electric vehicle,
or the plug-in hybrid electric vehicle using the battery
pack as the power source thereof are well known in the
art to which the present invention pertains, and therefore,
a detailed description thereof will be omitted.

[DESCRIPTION OF DRAWINGS]

[0058] The above and other objects, features and other
advantages of the present invention will be more clearly
understood from the following detailed description taken
in conjunction with the accompanying drawings, in which:

FIG. 1 is a perspective view showing a battery pack
according to an embodiment of the present inven-
tion;

FIG. 2 is a schematic view showing the structure of
the battery pack of FIG. 1;

FIG. 3 is a vertical sectional view typically showing
a structure in which battery modules of FIG. 1 are
mounted in a pack case;

FIG. 4 is a graph showing measurement results of
temperature deviation between unit modules of the
respective battery modules in the battery pack of
FIG. 1;

FIG. 5 is a perspective view showing module hous-
ings used in a unit module according to an embodi-
ment of the present invention;

FIG. 6 is a perspective view showing a coupling
structure of the module housings used in the unit
module according to the embodiment of the present
invention; and

FIG. 7 is a perspective view showing a unit module
according to an embodiment of the present inven-
tion.

[BEST MODE]

[0059] Now, preferred embodiments of the present in-
vention will be described in detail with reference to the

accompanying drawings. It should be noted, however,
that the scope of the present invention is not limited by
the illustrated embodiments.
[0060] FIG. 1 is a perspective view typically showing
a battery pack according to an embodiment of the present
invention, FIG. 2 is a schematic view typically showing
the structure of the battery pack of FIG. 1, and FIG. 3 is
a vertical side sectional view typically showing the battery
pack according to the embodiment of the present inven-
tion.
[0061] Referring to these drawings, a battery pack 100
includes a coolant introduction duct 180, coolant inlet
ports 110, battery modules 191 and 192, and coolant
outlet ports 120.
[0062] The coolant inlet ports 110 diverge from the
coolant introduction duct 180 so as to correspond to the
respective battery modules 191 and 192 such that the
coolant inlet ports 110 are connected to the respective
battery modules 191 and 192. Specifically, the respective
coolant inlet ports 111 and 112 diverge from the coolant
introduction duct 180 at an angle of about 90 degrees to
a direction in which a coolant flows in the coolant intro-
duction duct 180 such that the coolant inlet ports 110 are
connected to the respective battery modules 191 and
192.
[0063] Each of the battery modules 191 and 192 in-
cludes a plurality of unit modules 130 stacked in an up-
right or upside-down fashion. The battery modules 191
and 192 are arranged in two rows in the stacked direction
of the unit modules 130. The battery modules 191 and
192 are mounted in pack cases 171 and 172, respective-
ly. The coolant inlet ports 110 and the coolant outlet ports
120 are formed at the upper parts and the lower parts of
the pack cases 171 and 172 such that a coolant to cool
battery cells flows to one side to the other side of the
battery modules 191 and 192 in a direction perpendicular
to the stacked direction of the unit modules 130. Also,
coolant introduction parts 140, which are flow spaces ex-
tending from the coolant inlet ports 111 and 112 to the
battery modules 191 and 192, and coolant discharge
parts 150, which are flow spaces extending from the bat-
tery modules 191 and 192 to the coolant outlet ports 120,
are formed at the pack cases 171 and 172.
[0064] The coolant outlet ports 120 extend from the
respective pack cases such that the coolant outlet ports
120 are connected to a coolant discharge duct 121. In
the coolant outlet ports 120 are mounted suction fans
(not shown) to generate driving force, by which the cool-
ant, introduced through the coolant inlet ports 111 and
112, passes the battery modules and is discharged
through the coolant outlet ports 120.
[0065] The battery modules 191 and 192 will be de-
scribed in more detail. The coolant inlet ports 110 and
the coolant outlet ports 120 are formed at the upper parts
and the lower parts of the pack cases 170 of the battery
modules 191 and 192 in opposite directions such that a
coolant flows to one side to the other side of a battery
cell stack 132 in a direction perpendicular to the stacked
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direction L of the unit modules 130.
[0066] Between the respective unit modules 130 are
defined small flow channels 160, through which a coolant
flows. Consequently, a coolant, introduced through the
coolant inlet ports 110, flows through flow channels 160.
At this time, the coolant removes heat generated from
the unit modules 130. After that, the coolant is discharged
out of the pack cases through the coolant outlet ports 120.
[0067] An inclination angle B of the coolant inlet ports
110 to the respective pack cases 170 is greater than an
inclination angle A of inclined planes starting from ends
of the pack case 170 opposite to the respective coolant
inlet ports 110.
[0068] When a coolant, introduced through the coolant
inlet ports 110, flows along the coolant introduction parts
140 having the inclination angle B of the coolant inlet
ports 110 and the inclination angle A of the inclined
planes, the flow sectional area of the coolant is gradually
decreased by the inclination angle A of the inclined
planes according to the increase of the distance from the
ends of the coolant inlet ports 110. As a result, the flow
speed of the coolant is gradually increased but the flow
rate of the coolant is decreased, and therefore, the bat-
tery cells 130 adjacent to the coolant inlet ports 110 and
the battery cells 130 distant from the coolant inlet ports
110 are uniformly cooled while the coolant reaches the
battery cells 130 distant from the coolant inlet ports 110.
[0069] In order to improve uniformity of the coolant and
thus minimize temperature deviation, the inclination an-
gle A of the inclined planes and the inclination angle B
of the coolant inlet ports 110 are formed at upper end
insides 142 of the respective coolant introduction parts
140 such that the inclination angle A of the inclined planes
is about 4 degrees to the top of the battery cell stack 132,
and the inclination angle B of the coolant inlet ports 110
is about 20 degrees to the top of the battery cell stack
132. Also, each of the coolant inlet ports has a width d
equivalent to about 15% a length 1 of each of the battery
pack cases 170.
[0070] Also, the battery pack cases 170 have two in-
clined structures in which the inclination angle A of the
battery pack cases 170 opposite to the coolant inlet ports
110 is less than the inclination angle B of the coolant inlet
ports 110. Consequently, it is possible to prevent the oc-
currence of a phenomenon in which the coolant exces-
sively flows to the coolant outlet ports 120, thereby ef-
fectively preventing the increase in temperature of the
battery cells adjacent to the coolant inlet ports 110.
[0071] The ends of the battery pack cases opposite to
the coolant inlet ports is spaced apart from the top of the
battery cell stack 132 by a height h of about 1 mm. Con-
sequently, only a limited amount of the coolant, having
passed the inclination angle B of the coolant inlet ports
110 and the inclination angle A of the inclined planes,
reaches to the ends of battery pack cases opposite to
the coolant inlet ports 110, thereby preventing overcool-
ing of the battery cells 120 adjacent to the ends of battery
pack cases opposite to the coolant inlet ports 110.

[0072] In the above structure, the battery pack is con-
figured to have a compact structure in which the battery
pack slightly protrudes in a specific direction, thereby pro-
viding high space efficiency. Also, even in a case in which
the battery modules 191 and 192 diverge into two rows,
temperature deviation between the battery modules 191
and 192 is little.
[0073] FIG. 4 is a graph showing measurement results
of temperature deviation between the unit modules of the
respective battery modules, which are arranged in two
rows, in the battery pack of FIG. 1.
[0074] Referring to FIG. 4 together with FIG. 2, FIG. 4
shows the measurement results of the temperatures of
the battery cells stacked in the pack cases 171 and 172
of FIG. 2 from the battery cell adjacent to the coolant
outlet ports 120 to the battery cell adjacent to the coolant
inlet ports 110. That is, battery cell number 1 indicates a
battery cell in the pack case 171 adjacent to the corre-
sponding coolant outlet port 120, and battery cell number
12 indicates a battery cell in the pack case 171 adjacent
to the coolant inlet port 111. Also, battery cell number 13
indicates a battery cell in the pack case 172 adjacent to
the corresponding coolant outlet port 120, and battery
cell number 24 indicates a battery cell in the pack case
172 adjacent to the coolant inlet port 112.
[0075] The temperature measurement experiments
were carried out under conditions in which a predeter-
mined load was applied to the battery cells and external
temperature was maintained at room temperature. Also,
the temperature measurement experiments were carried
out under conditions in which the inclination angle B of
the coolant inlet ports 111 and 112 was set to 20 degrees
as a standard angle, and the inclination angle of the upper
end insides 142 of the respective coolant introduction
parts was set to 4 degrees as a standard angle. The
respective temperature measurement experiments were
carried out at an air flow of 80 cubic meter per hour (CMH,
cm3/h) under conditions in which the maximum heights
of the inlet ports and the outlet ports were 18 mm - 15
mm (i18o15), 18 mm - 20 mm (i18o20), and 20 mm - 25
mm (i20o25). The measurement results revealed that in
case of 80 CMH i18o15, the temperature deviation be-
tween the battery cells in each of the battery modules
was about 2.5 °C but the temperature deviation between
the battery modules was little. Also, in case of 80 CMH
i18o20 and 80 CMH i20o25, the temperature deviation
between the battery cells in each of the battery modules
was about 1.5 °C but the temperature deviation between
the battery modules was little.
[0076] In the above structure, the length of the battery
cells in the stacked direction is relatively short as com-
pared with a structure in which the battery cells are ar-
ranged in one row. Consequently, the difference between
coolant flow distances is reduced, and therefore, the tem-
perature deviation between the battery cells is reduced.
Also, the temperature deviation between the battery
modules is reduced, and therefore, the overall tempera-
ture deviation of the battery pack is reduced.
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[0077] FIG. 5 is a perspective view typically showing
module housings used in a unit module according to an
embodiment of the present invention.
[0078] Referring to FIG. 5, there is shown a pair of high
strength module housings 200 configured to fully cover
the outside of a battery cell stack 500. The module hous-
ings 200 restrain the repetitive expansion and contraction
change of the battery cells during the charge and dis-
charge of the battery cells, while protecting the battery
cells having low mechanical strength, thereby preventing
separation between sealed regions of the battery cells.
The module housings 200 include a left housing 211 and
a right housing 212. The left housing 211 and the right
housing 212 may be coupled to each other without ad-
ditional fastening members. At the middle of one side of
each of the module housings 200 is attached a thermistor
(not shown), which is connected to an external connector
(not shown) via a cable.
[0079] FIG. 6 is a partially enlarged view showing a
coupling structure of the module housings.
[0080] Referring to FIG. 6, the module housings 211
and 212 are configured to have bent structures 221a,
222a, 221b, and 222b corresponding to each other in
vertical section such that the module housings 211 and
212 are engaged with each other through elastic coupling
when the module housings 211 and 212 are pushed in
a state in which the module housings 211 and 212 are
in contact with each other such that the module housings
211 and 212 face each other. The bent structures may
be quadrangular or circular structures. Consequently,
strong mechanical coupling between the module hous-
ings 211 and 212 is achieved without the provision of
additional coupling members or performance of a
processing process. This simple and easy coupling struc-
ture is preferably applied to mass production.
[0081] FIG. 7 is a perspective view showing a unit mod-
ule according to an embodiment of the present invention.
[0082] Referring to FIG. 7, a pair of module housings
200 are mounted to the outside of the battery cell stack
100, which is folded in an overlap fashion, to complement
low mechanical characteristics of the battery cells 500.
One-side electrode terminals 520 of the battery cells are
coupled to each other by welding such that the electrode
terminals 520 of the battery cells are bent in a ’[’ shape,
and the other-side electrode terminals 520 of the battery
cells are bent outward such that the other-side electrode
terminals 520 of the battery cells are coupled to other
battery modules stacked at the opposite sides thereof.
[0083] The module housings 200 are made of a pair
of high strength metal sheets coupled to each other to
cover the entire outside of the battery cell stack excluding
the electrode terminals of the battery cell stack. At the
sides of the module housings 200 adjacent to the left and
right ends thereof are formed steps 240 to easily fix the
module. At the upper and lower end of the module hous-
ings 200 are formed steps 250 having the same function.
Also, longitudinal fixing parts 260 are formed at the upper
and lower end of the module housings 200 to easily fix

the module. At the outsides of the module housings 200
are formed linear protrusions, which are spaced apart
from each other in the lateral direction. At the middle pro-
trusions are formed depressions 233, in which thermis-
tors are mounted. At the upper and lower end linear pro-
trusions are formed protrusions 231 and 232, which are
configured to have opposite shapes.
[0084] Although the preferred embodiments of the
present invention have been disclosed for illustrative pur-
poses, those skilled in the art will appreciate that various
modifications, additions and substitutions are possible,
within the scope of the accompanying claims.

[INDUSTRIAL APPLICABILITY]

[0085] As is apparent from the above description, a
battery pack according to the present invention includes
battery modules arranged in two or more rows. Conse-
quently, it is possible to more efficiently utilize a space,
thereby minimizing a dead space in a vehicle in a case
in which the battery pack is installed in the vehicle.
[0086] Also, the temperature deviation between bat-
tery cells of each of the battery modules is kept little while
the battery pack according to the present invention has
a structure to independently cool the battery modules.

Claims

1. A battery pack (100) comprising battery modules
(191, 192) arranged in two or more rows, each of the
battery modules comprising a plurality of battery cells
or unit modules (130; 500), each of which has two
or more battery cells mounted therein, stacked in an
upright or upside-down fashion, wherein
the battery modules are individually mounted in pack
cases (170, 171, 172),
the pack cases are provided at upper parts (140) and
lower parts (150) thereof with coolant inlet ports
(110) and coolant outlet ports (120) such that a cool-
ant to cool the battery cells flows to one side to the
other side of the battery modules in a direction per-
pendicular to the stacked direction of the battery cells
or the unit modules,
the pack cases are further provided with flow spaces
’coolant introduction parts’ (140) extending from the
coolant inlet ports to the battery modules, and flow
spaces ’coolant discharge parts’ (150) extending
from the battery modules to the coolant outlet ports,
and
the coolant inlet ports diverge from a coolant intro-
duction duct (180) such that the coolant inlet ports
are connected to the respective pack cases while
the coolant outlet ports extend from the respective
pack cases such that the coolant outlet ports are
connected to a coolant discharge duct (121),
wherein the battery modules are arranged in two or
more rows in the stacked direction of the battery cells
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or the unit modules,
the coolant inlet ports diverge from the coolant intro-
duction duct at an angle of 60 to 120 degrees to a
direction in which the coolant flows in the coolant
introduction duct, and
the coolant discharge duct is formed at a place at
which the coolant outlet ports are connected to each
other such that the coolant discharge duct extends
upward.

2. The battery pack according to claim 1, wherein each
of the unit modules is configured to have a structure
comprising two or more battery cells, electrode ter-
minals (520, 521) of which are connected in series
to each other, and a pair of module housings (200)
coupled to cover outsides of the battery cells exclud-
ing the electrode terminals of the battery cells.

3. The battery pack according to claim 2, wherein each
of the unit modules is configured to have a structure
in which two battery cells are mounted in the module
housings made of a metallic material.

4. The battery pack according to claim 1, wherein the
coolant inlet ports diverge from the coolant introduc-
tion duct at an angle of 90 degrees to the direction
in which the coolant flows in the coolant introduction
duct.

5. The battery pack according to claim 1, wherein suc-
tion fans to generate driving force, by which the cool-
ant, introduced through the coolant inlet ports, pass-
es the battery modules and is discharged through
the coolant outlet ports, are mounted in the coolant
outlet ports.

6. The battery pack according to claim 5, wherein the
suction fans are mounted at higher positions than
upper ends of the battery modules to minimize im-
pact to the battery modules when external force is
applied to the battery pack in a lateral direction of
the battery pack.

7. The battery pack according to claim 1, wherein upper
end insides (142) of the coolant introduction parts
(140) have inclined planes inclined with respect to a
top of the battery cell stack or the unit module stack
such that the coolant introduction parts are widened
from ends of the pack case opposite to the coolant
inlet ports to the coolant inlet ports.

8. The battery pack according to claim 7, wherein each
of the inclined planes has an inclination angle of 3
to 8 degrees.

9. The battery pack according to claim 1, wherein each
of the coolant inlet ports has a width equivalent to 5
to 25% a length of the pack case corresponding to

a length of the battery cell stack or the unit module
stack.

10. The battery pack according to claim 7, wherein the
ends of the pack case opposite to the coolant inlet
ports are spaced apart from the top of the battery
cell stack or the unit module stack by a height equiv-
alent to 10% or less a height of the battery cell stack
or the unit module stack.

11. The battery pack according to claim 10, wherein the
ends of the pack case opposite to the coolant inlet
ports are spaced apart from the top of the battery
cell stack or the unit module stack by a height of 1
to 10 mm.

12. The battery pack according to claim 1, wherein the
coolant discharge parts (150) have the same height
with respect to a bottom of the battery cell stack or
the unit module stack.

13. A vehicle comprising a battery pack according to
claim 1 as a power source.

14. The vehicle according to claim 13, wherein the ve-
hicle is an electric vehicle, a hybrid electric vehicle,
or a plug-in hybrid electric vehicle.

Patentansprüche

1. Batteriepackung (100), die Batteriemodule (191,
192) umfasst, die in zwei oder mehr Reihen ange-
ordnet sind, wobei jedes der Batteriemodule eine
Mehrzahl von Batteriezellen oder Einheitsmodulen
(130, 500) umfasst, wobei jeweils zwei oder mehr
Batteriezellen darin montiert sind, gestapelt auf eine
aufrechte oder eine kopfstehende Weise, wobei
die Batteriemodule einzeln in Packungsgehäusen
(170, 171, 172) montiert sind,
die Packungsgehäuse an oberen Teilen (140) und
unteren Teilen (150) davon mit Kühlmittel-Einlass-
öffnungen (110) und Kühlmittel-Auslassöffnungen
(120) versehen sind, so dass ein Kühlmittel zum
Kühlen der Batteriezellen von einer Seite zu der an-
deren Seite der Batteriemodule in einer Richtung
senkrecht zu der Stapelrichtung der Batteriezellen
oder der Einheitsmodule strömt,
die Packungsgehäuse weiter mit Strömungsräume-
Kühlmittel-Einführungsteilen (140), die von den
Kühlmittel-Einlassöffnungen zu den Batteriemodu-
len verlaufen, und Strömungsräume-Kühlmittel-
Auslassteilen (150) versehen sind, die von den Bat-
teriemodulen zu den Kühlmittel-Auslassöffnungen
verlaufen, und
die Kühlmittel-Einlassöffnungen von einem Kühlmit-
tel-Einlasskanal (180) auseinanderlaufen, so dass
die Kühlmittel-Einlassöffnungen mit den jeweiligen
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Packungsgehäusen verbunden sind, während die
Kühlmittel-Auslassöffnungen von den jeweiligen Pa-
ckungsgehäusen so verlaufen, dass die Kühlmittel-
Auslassöffnungen mit einem Kühlmittel-Auslasska-
nal (121) verbunden sind,
wobei die Batteriemodule in zwei oder mehr Reihen
in der Stapelrichtung der Batteriezellen oder der Ein-
heitsmodule angeordnet sind,
die Kühlmittel-Einlassöffnungen von dem Kühlmit-
tel-Einlasskanal unter einem Winkel von 60 bis 120
Grad in eine Richtung auseinanderlaufen, in welcher
das Kühlmittel im Kühlmittel-Einlasskanal strömt,
und
der Kühlmittel-Auslasskanal an einem Ort ausgebil-
det ist, an welchem die Kühlmittel-Auslassöffnungen
miteinander verbunden sind, so dass der Kühlmittel-
Auslasskanal aufwärts verläuft.

2. Batteriepackung nach Anspruch 1, wobei jedes der
Einheitsmodule dazu konfiguriert ist, eine Struktur
zu haben, die zwei oder mehr Batteriezellen, deren
Elektrodenanschlüsse (520, 521) in Reihe miteinan-
der verbunden sind, und ein Paar an Modulgehäu-
sen (200) umfasst, das gekoppelt ist, um Außensei-
ten der Batteriezellen mit Ausnahme der Elektroden-
anschlüsse der Batteriezellen zu bedecken.

3. Batteriepackung nach Anspruch 2, wobei jedes der
Einheitsmodule dazu konfiguriert ist, eine Struktur
zu haben, in welcher zwei Batteriezellen in den Mo-
dulgehäusen montiert sind, die aus einem metalli-
schen Material gefertigt sind.

4. Batteriepackung nach Anspruch 1, wobei die Kühl-
mittel-Einlassöffnungen von dem Kühlmittel-Ein-
lasskanal in einem Winkel von 90 Grad in die Rich-
tung auseinanderlaufen, in welcher das Kühlmittel
im Kühlmittel-Einlasskanal strömt.

5. Batteriepackung nach Anspruch 1, wobei Saugge-
bläse zum Erzeugen einer Antriebskraft, mittels wel-
cher das Kühlmittel, das durch die Kühlmittel-Einlas-
söffnungen eingeführt ist, die Batteriemodule pas-
siert und durch die Kühlmittel-Auslassöffnungen
ausgelassen wird, in den Kühlmittel-Auslassöffnun-
gen montiert sind.

6. Batteriepackung nach Anspruch 5, wobei die Saug-
gebläse an höheren Positionen als an den oberen
Enden der Batteriemodule montiert sind, um Auswir-
kungen auf die Batteriemodule zu minimieren, wenn
eine externe Kraft auf die Batteriepackung in einer
Lateralrichtung der Batteriepackung ausgeübt wird.

7. Batteriepackung nach Anspruch 1, wobei obere
Endinnenseiten (142) der Kühlmittel-Einführungstei-
le (140) geneigte Ebenen haben, die bezüglich einer
Oberseite des Batteriezellenstapels oder des Ein-

heitsmodulstapels geneigt sind, so dass die Kühl-
mittel-Einführungsteile von den Enden des Pa-
ckungsgehäuses gegenüber den Kühlmittel-Einlas-
söffnungen zu den Kühlmittel-Einlassöffnungen auf-
geweitet sind.

8. Batteriepackung nach Anspruch 7, wobei jede der
geneigten Ebenen einen Neigungswinkel von 3 bis
8 Grad hat.

9. Batteriepackung nach Anspruch 1, wobei jede der
Kühlmittel-Einlassöffnungen eine Breite hat, die
äquivalent zu 5 bis 25 % einer Länge des Packungs-
gehäuses entsprechend einer Länge des Batterie-
zellenstapels oder des Einheitsmodulstapels ist.

10. Batteriepackung nach Anspruch 7, wobei die Enden
des Packungsgehäuses gegenüber den Kühlmittel-
Einlassöffnungen von der Oberseite des Batteriezel-
lenstapels oder Einheitsmodulstapels um eine Höhe
beabstandet sind, die äquivalent zu 10 % oder we-
niger einer Höhe des Batteriezellenstapels oder des
Einheitsmodulstapels ist.

11. Batteriepackung nach Anspruch 10, wobei die En-
den des Packungsgehäuses gegenüber den Kühl-
mittel-Einlassöffnungen von der Oberseite des Bat-
teriezellenstapels oder des Einheitsmodulstapels
um eine Höhe von 1 bis 10 mm beabstandet sind.

12. Batteriepackung nach Anspruch 1, wobei die Kühl-
mittel-Auslassteile (150) die gleiche Höhe bezüglich
einer Unterseite des Batteriezellenstapels oder des
Einheitsmodulstapels haben.

13. Fahrzeug, das eine Batteriepackung nach Anspruch
1 als eine Energiequelle umfasst.

14. Fahrzeug nach Anspruch 13, wobei das Fahrzeug
ein Elektrofahrzeug, ein Hybrid-Elektrofahrzeug
oder ein Plug-In-Hybrid-Elektrofahrzeug ist.

Revendications

1. Bloc-batterie (100) comprenant des modules de bat-
terie (191, 192) disposés en deux ou plusieurs ran-
gées, chacun des modules de batterie comprenant
une pluralité de cellules de batterie ou de modules
unitaires (130, 500), dont chacun comporte deux ou
plusieurs cellules de batterie qui y sont montées, em-
pilées de manière verticale ou en position renversée,
dans lequel

les modules de batterie sont montés individuel-
lement dans des boîtiers de bloc (170, 171, 172),
les boîtiers de bloc sont pourvus au niveau de
parties supérieures (140) et de parties inférieu-
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res (150) de ceux-ci d’orifices d’entrée de réfri-
gérant (110) et d’orifices de sortie de réfrigérant
(120) de sorte qu’un réfrigérant pour refroidir les
cellules de batterie s’écoule d’un côté à l’autre
côté des modules de batterie dans une direction
perpendiculaire à la direction d’empilement des
cellules de batterie ou des modules unitaires,
les boîtiers de bloc sont en outre pourvus de
parties d’introduction de réfrigérant formant des
espaces d’écoulement (140) s’étendant depuis
les orifices d’entrée de réfrigérant jusqu’aux mo-
dules de batterie, et de parties d’évacuation de
réfrigérant formant des espaces d’écoulement
(150) s’étendant depuis les modules de batterie
jusqu’aux orifices de sortie de réfrigérant, et
les orifices d’entrée de réfrigérant divergent à
partir d’un conduit d’introduction de réfrigérant
(180) de sorte que les orifices d’entrée de réfri-
gérant sont reliés aux boîtiers de bloc respectifs
tandis que les orifices de sortie de réfrigérant
s’étendent à partir des boîtiers de bloc respectifs
de sorte que les orifices de sortie de réfrigérant
sont reliés à un conduit d’évacuation de réfrigé-
rant (121),
dans lequel les modules de batterie sont dispo-
sés en deux ou plusieurs rangées dans la direc-
tion d’empilement des cellules de batterie ou des
modules unitaires,
les orifices d’entrée de réfrigérant divergent de-
puis le conduit d’introduction de réfrigérant d’un
angle de 60 à 120 degrés par rapport à une di-
rection dans laquelle le réfrigérant s’écoule dans
le conduit d’introduction de réfrigérant, et
le conduit d’évacuation du réfrigérant est formé
à un endroit où les orifices de sortie de réfrigé-
rant sont reliés les uns aux autres de sorte que
le conduit d’évacuation de réfrigérant s’étend
vers le haut.

2. Bloc-batterie selon la revendication 1, dans lequel
chacun des modules unitaires est configuré pour
avoir une structure comprenant deux ou plusieurs
cellules de batterie, dont les bornes d’électrode (520,
521) sont reliées en série l’une à l’autre, et une paire
de logements de modules (200) couplés pour recou-
vrir les façades des cellules de batterie à l’exclusion
des bornes d’électrode des cellules de batterie.

3. Bloc-batterie selon la revendication 2, dans lequel
chacun des modules unitaires est configuré pour
avoir une structure dans laquelle deux cellules de
batterie sont montées dans les logements de module
constitués d’un matériau métallique.

4. Bloc-batterie selon la revendication 1, dans lequel
les orifices d’entrée de réfrigérant divergent depuis
le conduit d’introduction de réfrigérant d’un angle de
90 degrés par rapport à la direction dans laquelle le

réfrigérant s’écoule dans le conduit d’introduction de
réfrigérant.

5. Bloc-batterie selon la revendication 1, dans lequel
des ventilateurs d’aspiration permettant de produire
une force motrice, grâce à laquelle le réfrigérant, in-
troduit par les orifices d’entrée de réfrigérant, passe
par les modules de batterie et est évacué par les
orifices de sortie de réfrigérant, sont montés dans
les orifices de sortie de réfrigérant.

6. Bloc-batterie selon la revendication 5, dans lequel
les ventilateurs d’aspiration sont montés au niveau
de positions plus hautes que les extrémités supé-
rieures des modules de batterie pour minimiser l’im-
pact sur les modules de batterie lorsqu’une force ex-
terne est appliquée au bloc-batterie dans une direc-
tion latérale du bloc-batterie.

7. Bloc-batterie selon la revendication 1, dans lequel
les intérieurs des extrémités supérieures (142) des
parties d’introduction de réfrigérant (140) ont des
plans inclinés qui sont inclinés par rapport à un som-
met de l’empilement de cellules de batterie ou de
l’empilement de modules unitaires de sorte que les
parties d’introduction de réfrigérant sont élargies à
partir des extrémités du boîtier de bloc opposées
aux orifices d’entrée de réfrigérant jusqu’aux orifices
d’entrée de réfrigérant.

8. Bloc-batterie selon la revendication 7, dans lequel
chacun des plans inclinés présente un angle d’incli-
naison de 3 à 8 degrés.

9. Bloc-batterie selon la revendication 1, dans lequel
chacun des orifices d’entrée de réfrigérant a une lar-
geur équivalente à 5 à 25 % d’une longueur du boîtier
de bloc correspondant à une longueur de l’empile-
ment de cellules de batterie ou de l’empilement de
modules unitaires.

10. Bloc-batterie selon la revendication 7, dans lequel
les extrémités du boîtier de bloc opposées aux ori-
fices d’entrée de réfrigérant sont espacées du som-
met de l’empilement de cellules de batterie ou de
l’empilement de modules unitaires d’une hauteur
équivalente à 10 % ou moins d’une hauteur de l’em-
pilement de cellules de batterie ou de l’empilement
de modules unitaires.

11. Bloc-batterie selon la revendication 10, dans lequel
les extrémités du boîtier de bloc opposées aux ori-
fices d’entrée de réfrigérant sont espacées du som-
met de l’empilement de cellules de batterie ou de
l’empilement de modules unitaires d’une hauteur de
1 à 10 mm.

12. Bloc-batterie selon la revendication 1, dans lequel
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les parties d’évacuation de réfrigérant (150) ont la
même hauteur par rapport au fond de l’empilement
de cellules de batterie ou de l’empilement de modu-
les unitaires.

13. Véhicule comprenant un bloc-batterie selon la re-
vendication 1 comme source d’énergie.

14. Véhicule selon la revendication 13, dans lequel le
véhicule est un véhicule électrique, un véhicule élec-
trique hybride ou un véhicule électrique hybride re-
chargeable.
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