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Description
BATTERY MODULE OF EXCELLENT HEAT DISSIPATION

PROPERTY AND HEAT EXCHANGE MEMBER

Technical Field
[1] The present invention relates to a battery module of excellent heat dissipation

property and a heat exchange member, and, more particularly, to a battery module

including two or more plate-shaped battery cells sequentially stacked, wherein each of

the plate-shaped battery cells is constructed in a structure in which an electrode

assembly of a cathode/separator/anode structure is mounted in a battery case formed of

a laminate sheet including a resin layer and a metal layer, and a heat exchange

member, including a plurality of heat exchange plates and a frame to which the heat

exchange plates are connected, is mounted at one side of a stack of the battery cells for

removing heat generated from the battery cells during the charge and discharge of the

battery cells.

Background Art
[2] As mobile devices have been increasingly developed, and the demand of such mobile

devices has increased, the demand of secondary batteries has also sharply increased.

Among them is a lithium secondary battery having high energy density and operating

voltage and excellent preservation and service-life characteristics, which has been

widely used as an energy source for various electronic products as well as for the

mobile devices.

[3] Based on their external and internal structures, secondary batteries are generally

classified into a cylindrical battery, a prismatic battery, and a pouch-shaped battery.

Especially, the prismatic battery and the pouch-shaped battery, which can be stacked

with high integration and have a small width to length ratio, have attracted con

siderable attention.

[4] Also, the secondary batteries have attracted considerable attention as an energy

source for electric vehicles and hybrid electric vehicles, which have been developed to

solve problems, such as air pollution, caused by existing gasoline and diesel vehicles

using fossil fuel. As a result, kinds of applications using the secondary batteries are

being increased owing to advantages of the secondary batteries, and hereafter the

secondary batteries are expected to be applied to more applications and products than

now.

[5] As kinds of applications and products, to which the secondary batteries are ap

plicable, are increased, kinds of batteries are also increased such that the batteries can

provide powers and capacities corresponding to the various applications and products.



Furthermore, there is a strong need to reduce the sizes and weights of the batteries

applied to the corresponding applications and products.

[6] For example, small-sized mobile devices, such as mobile phones, personal digital a s

sistants (PDA), digital cameras, and laptop computers, use one or several small-sized,

light- weighted battery cells for each device according to the reduction in size and

weight of the corresponding products. On the other hand, middle- or large-sized

devices, such as electric vehicles and hybrid electric vehicles, use a middle- or large-

sized battery module (which may be referred to as a "battery pack") having a plurality

of battery cells electrically connected with each other because high power and large

capacity is necessary for the middle- or large-sized devices. The size and weight of the

battery module is directly related to the receiving space and power of the cor

responding middle- or large-sized device. For this reason, manufacturers are trying to

manufacture small-sized, light-weighted battery modules.

[7] Meanwhile, as battery cells are connected to one another, while the battery cells are

stacked, to increase the capacities of battery modules, the dissipation of heat from the

battery cells becomes serious. Heat is generated from lithium secondary batteries

during the charge and discharge of the lithium secondary batteries. If the heat is not e f

fectively removed, the heat accumulates in the respective lithium secondary batteries,

with the result that the deterioration of the secondary batteries is caused, and the safety

of the secondary batteries is greatly lowered. In particular, for a battery requiring high

speed charging and discharging characteristics as in a power source for electric

vehicles and hybrid electric vehicles, a large amount of heat is generated from the

battery at the time when the battery instantaneously provides high power.

[8] Also, a laminate type battery case of a pouch-shaped battery cell widely used in the

battery module is coated with a polymer material exhibiting low heat conductivity,

with the result that it is difficult to effectively lower the overall temperature of the

battery.

[9] In connection with this matter, for example, Japanese Patent Application Publication

No. 2001-297741 discloses a battery pack constructed in a structure in which metal

heat collection plates exhibiting high heat conductivity are interposed between re

spective batteries, and heat pipes attached to the respective heat collection plates are

connected to a heat dissipation member mounted at the outside of a battery pack case,

thereby discharging heat out of the battery pack. However, the disclosed battery pack

has problems in that the sectional area of a connection region between the heat pipes

and the heat dissipation member is small, and therefore, it is not possible to effectively

transmit heat in the battery pack case to the heat dissipation member.

[10] Therefore, there is a high necessity for a technology that is capable of fundamentally

solving the above-mentioned problems.



Disclosure of Invention

Technical Problem
[11] Therefore, the present invention has been made to solve the above problems, and

other technical problems that have yet to be resolved.

[12] As a result of a variety of extensive and intensive studies and experiments on a

cutting frame, the inventors of the present invention have found that, when a heat

exchange member including a plurality of interconnected heat exchange plates is

located at one side of a stack of battery cells constituting a battery module, it is

possible to effectively control the temperature of the battery cells while not increasing

the thickness of the battery module or minimizing the increase of the thickness of the

battery module. The present invention has been completed based on these findings.

Technical Solution
[13] In accordance with one aspect of the present invention, the above and other objects

can be accomplished by the provision of a battery module including two or more plate-

shaped battery cells sequentially stacked, wherein each of the plate-shaped battery cells

is constructed in a structure in which an electrode assembly of a cathode/

separator/anode structure is mounted in a battery case formed of a laminate sheet

including a resin layer and a metal layer, and a heat exchange member, including a

plurality of heat exchange plates and a frame to which the heat exchange plates are

connected, is mounted at one side of a stack of the battery cells for removing heat

generated from the battery cells during the charge and discharge of the battery cells.

[14] Generally, a conventional battery module is constructed in a structure in which a

plurality of battery cells are stacked, such that the battery cells are spaced at prede

termined spacing intervals, to form heat exchange medium channels. Air flows through

the heat exchange medium channels to prevent the overheating of the battery cells ('an

air cooling type structure'); however, it is not possible to achieve a sufficient heat dis

sipation effect. On the other hand, the battery module according to the present

invention is constructed in a structure in which the heat exchange member, including

the plurality of heat exchange plates and the frame, is mounted at one side of the

battery cell stack, with the result that it is possible to cool the battery cell stack with

higher efficiency than the above-described air cooling type structure without the need

of spaces defined between the respective battery cells or even with very small spaces

defined between the respective battery cells, thereby maximizing the heat dissipation

efficiency of the battery module.

[15] That is, the battery module according to the present invention is constructed in a

structure in which the heat exchange member is mounted at one side of the battery cell

stack, with the result that heat generated from the battery cells due to ion occlusion/



deocclusion reaction between a cathode active material and an anode active material

during the charge and discharge of the battery cells is absorbed by the heat exchange

member, and then the absorbed heat is effectively discharged out of the battery module

by the heat exchange member.

[16] According to the present invention, each battery cell constituting the battery module

is not particularly restricted so long as the battery cell is a secondary battery that can be

charged and discharged. For example, a lithium secondary battery, a nickel-metal

hydride (Ni-MH) secondary battery, or a nickel-cadmium (Ni-Cd) secondary battery

may be used as the battery cell. Preferably, the lithium secondary battery is used as the

battery cell, since the lithium secondary battery provides a high power to weight ratio.

[17] Based on its shape, the lithium secondary battery may be classified as a cylindrical

battery, a prismatic battery, or a pouch-shaped battery. The battery cell according to

the present invention is applied to a battery having a sealing part thermally welded at

an outer circumference end region thereof. In a preferred embodiment, the battery cell

according to the present invention is a light-weighted pouch-shaped battery constructed

in a structure in which an electrode assembly is mounted in a battery case formed of a

laminate sheet including an inner resin layer, which is thermally weldable, an isolation

metal layer, and an outer resin layer exhibiting excellent durability.

[18] In a preferred embodiment, the heat exchange plates are at least partially interposed

respectively between the stacked battery cells. That is, the heat exchange plates are at

least partially interposed respectively between the stacked battery cells while the heat

exchange plates are in tight contact with the corresponding battery cells. Consequently,

heat generated from the battery cells is absorbed by the heat exchange plates, and then

the absorbed heat is effectively discharged out of the battery module by the heat

exchange member.

[19] When the size of each of the heat exchange plates is too large, the weight or volume

of the battery module increases. On the other hand, when the size of each of the heat

exchange plates is too small, the heat dissipation effect decreases. Preferably,

therefore, each of the heat exchange plates has a size to effectively absorb and

discharge heat generated from the corresponding battery cell. For example, in a

structure in which the heat exchange plates are at least partially interposed respectively

between the stacked battery cells, each of the heat exchange plates has a width

equivalent to 50 to 100 % of a width of each of the battery cells, whereby it is possible

to achieve desired cooling while not increasing the size of the battery module.

[20] Preferably, the frame is provided with one or more heat exchange medium channels

through which a heat exchange medium flows. For example, the frame may be

provided with heat exchange medium channels through which a liquid heat exchange

medium, such as water, flows, thereby it is possible to achieve an excellent cooling



effect with higher reliability than the previously-described air-cooling type structure.

[21] According to circumstances, at least some of a sealing part formed at the battery case

of each of the battery cells where no electrode terminals are formed may extend such

that the at least some of the sealing part is longer than the remaining sealing part, and

the heat exchange member may be located on the extending sealing part.

[22] When the battery cells are stacked in a structure in which the battery cells are in tight

contact with each other, or in a structure in which the battery cells are adjacent to each

other, to construct a battery module, it is difficult to dissipate heat generated from main

bodies of the battery cells to the outside due to the structure in which the battery cells

are close to each other. Even in the stacked structure, however, the sealing parts of the

respective battery cells are not close to each other. In the structure having the

extending sealing parts or in the structure in which the heat exchange member is

coupled to the sealing parts, as described above, therefore, it is possible to effectively

dissipate the heat generated from the main bodies of the battery cells to the outside

through the sealing parts of the respective battery cells and the heat exchange member.

[23] In order to achieve the above-described structure, it is preferred that the frame of the

heat exchange member be further provided with slits through which the extending

sealing parts of the respective battery cells are inserted. In this structure, the heat

exchange plates of the heat exchange member may be interposed between the re

spective battery cells or located in a direction opposite to the battery cell stack as

needed.

[24] That is, in a preferred embodiment, the extending sealing parts of the respective

battery cells are inserted through the corresponding slits of the heat exchange member,

and the heat exchange plates of the heat exchange member are interposed between the

respective battery cells, thereby easily absorbing heat generated from the stacked

battery cells.

[25] In another preferred embodiment, the extending sealing parts of the respective

battery cells are inserted through the corresponding slits of the heat exchange member,

and the heat exchange plates of the heat exchange member are located in a direction

opposite to the battery cell stack.

[26] In the above-described structure, the heat exchange plates may be in contact with the

respective extending sealing parts to further accelerate the heat dissipation of the

battery cells. That is, since the heat exchange plates are in contact with the respective

extending sealing parts, heat transmitted to the extending sealing parts from the main

bodies of the battery cells is conducted to the heat exchange plates, and the heat

conducted to the heat exchange plates is easily discharged out of the battery module.

[27] The heat exchange member is not particularly restricted so long as the heat exchange

member is made of a material exhibiting excellent heat conductivity. Preferably, the



heat exchange member is made of a metal or carbon material exhibiting higher heat

conductivity and mechanical strength than other materials.

[28] In accordance with another aspect of the present invention, there is provided a heat

exchange member for heat dissipation of a battery module including a plurality of

plate-shaped battery cells, including (a) two or more heat exchange plates and (b) a

frame to which one side of each of the heat exchange plates is connected, the frame

having slits through which sealing parts of the respective battery cells are inserted, the

slits being located between the respective heat exchange plate connection regions, the

frame having one or more heat exchange medium channels through which a heat

exchange medium flows.

[29] The heat exchange member is a novel member which has not been known in the art

to which the present invention pertains. As previously described, the heat exchange

member may be mounted to the module in various manners, thereby providing high

cooling efficiency while not increasing the thickness of the battery module or

minimizing the increase of the thickness of the battery module.

[30] Meanwhile, a middle- or large-sized battery pack is constructed in a structure in

which a plurality of battery modules are stacked to provide high power and large

capacity. The battery modules constituting the battery pack are required to exhibit

higher heat dissipation efficiency, which is necessary to secure the safety of the re

spective battery modules.

[31] In accordance with a yet another aspect of the present invention, therefore, there is

provided a middle- or large-sized battery pack manufactured by combining the battery

modules according to a desired power and capacity. The middle- or large-sized battery

pack may be used as a power source for devices which require high-power and large-

capacity electricity and can be reliably used for a long period of time and to which

external forces, such as vibration and impact, are applied. Preferably, the middle- or

large-sized battery pack is used as a power source for electric vehicles or hybrid

electric vehicles.

[32] The structure of the middle- or large-sized battery pack and a method of manu

facturing the middle- or large-sized battery pack are well known in the art to which the

present invention pertains, and therefore, a detailed description thereof will not be

given.

Brief Description of the Drawings
[33] 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 con

junction with the accompanying drawings, in which:

[34] FIG. 1 is a typical view illustrating a plate-shaped battery cell;



[35] FIG. 2 is a typical view illustrating a plate-shaped battery cell of which one side

sealing part extends;

[36] FIG. 3 is a typical view illustrating a structure in which a heat exchange member

mounted at one side of a battery module according to a preferred embodiment of the

present invention;

[37] FIG. 4 is a typical plan view of FIG. 3;

[38] FIG. 5 is a typical view illustrating a structure in which a heat exchange member

mounted at one side of a battery module according to another preferred embodiment of

the present invention;

[39] FIG. 6 is a typical plan view of FIG. 5;

[40] FIG. 7 is a typical plan view illustrating a modification of FIG. 6; and

[41] FIG. 8 is a typical enlarged view of the heat exchange member of FIG. 5.

Mode for the Invention
[42] Now, preferred embodiments of the present invention 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.

[43] FIG. 1 is a typical view illustrating a plate-shaped battery cell.

[44] Referring to FIG. 1, the plate-shaped battery cell 100 includes an electrode assembly

(not shown) of a cathode/separator/anode structure, mounted in a battery case 110

formed of a laminate sheet including a resin layer and a metal layer, and a cathode

terminal 120 and an anode terminal 130 electrically connected to the upper end and the

lower end of the battery case 110, respectively, while the cathode terminal 120 and the

anode terminal 130 extrude out of the battery case 110.

[45] FIG. 2 is a typical view illustrating a plate-shaped battery cell of which one side

sealing part extends.

[46] Referring to FIG. 2, one side sealing part 140 of the plate-shaped battery cell 200

where electrode terminals 120 and 130 are not formed, among sealing parts of the

plate-shaped battery cell 200, extends outward from a battery case 110 such that the

one side sealing part 140 is longer than the other side sealing part (not shown for

simplicity of the drawing). The extending sealing part 140 is inserted and fixed in a slit

422 of a frame 420 as shown in FIG. 3.

[47] FIG. 3 is a typical view illustrating a structure in which a heat exchange member

mounted at one side of a battery module according to a preferred embodiment of the

present invention, and FIG. 4 is a typical plan view of FIG. 3.

[48] Referring to these drawings, the battery module 500 is constructed in a structure in

which the heat exchange member 400 is mounted at one side of a battery cell stack 300

including a plurality of battery cells 200 sequentially stacked.



[49] The heat exchange member 400 includes a plurality of heat exchange plates 410 and

a frame 420 to which one side of each heat exchange plate 410 is connected. The

extending sealing parts 140 of the respective battery cells 200 extrude outward through

slits 422 formed in the frame 420.

[50] The heat exchange plates 410 are interposed between the respective battery cells 200

while each heat exchange plate 410 has a width w less than the width W of each

battery cell 200. However, the heat exchange plates 410 are in tight contact with main

bodies of the respective battery cells 200, and therefore, heat generated from the main

bodies of the respective battery cells 200 is conducted to the heat exchange plates 410,

thereby achieving a high heat dissipation effect. Spaces 310 defined between the re

spective battery cells 200 excluding regions where the heat exchange plates 410 are

located may be used as air flow channels, although the spaces 310 are very small.

[51] Also, the frame 420 is provided with heat exchange medium channels 424 through

which a liquid heat exchange medium, such as water, flows. The heat exchange

medium channels 424 are disposed between the respective slits 422 of the frame 420,

whereby it is possible to remove heat transmitted from the heat exchange plates 410

with high reliability and excellent cooling efficiency.

[52] FIG. 5 is a typical view illustrating a structure in which a heat exchange member

mounted at one side of a battery module according to another preferred embodiment of

the present invention, and FIG. 6 is a typical plan view of FIG. 5.

[53] Referring to these drawings, the extending sealing parts 140 of the respective battery

cells 200 extrude outward through the corresponding slits 422 of the frame 420, and

the heat exchange plates 410 of the heat exchange member 400 are located in the

direction opposite to the battery cell stack 300 from the frame 420 (i.e., in the outward

direction). In this structure, the battery cells 200 constituting the battery module 502

are stacked while the battery cells 200 are spaced at predetermined spacing intervals D

such that air can flow between the respective battery cells 200.

[54] In FIG. 7, which is a typical plan view illustrating a modification of FIG. 6, there is

illustrated a battery module 503 constructed in a structure in which the heat exchange

plates 410 of the heat exchange member 400 are in contact with the respective

extending sealing parts 140 of the battery cells 200.

[55] Since the extending sealing parts 140 are in contact with the corresponding heat

exchange plates 410, heat transmitted to the extending sealing parts 140 from the main

bodies of the battery cells 200 is directly conducted to the heat exchange plates 410,

and therefore, it is possible to more easily discharge the heat to the outside with high

heat conductivity.

[56] FIG. 8 is a typical enlarged view of the heat exchange member of FIG. 5.

[57] Referring to FIG. 8, the heat exchange member 400 includes the plurality of heat



exchange plates 410 and the frame 420 to which one side of each heat exchange plate

410 is connected. Also, the slits 422, through which the extending sealing parts 140 of

FIG. 5 are inserted, of the frame 420 are formed in the shape of a rectangular paral

lelepiped such that the slits 422 have the same height H as the frame 420. The heat

exchange medium channels 424, through which water flows, are formed between the

respective slits 422 in the longitudinal direction L of the frame 420.

[58] Although the preferred embodiments of the present invention have been disclosed for

illustrative purposes, those skilled in the art will appreciate that various modifications,

additions and substitutions are possible, without departing from the scope and spirit of

the invention as disclosed in the accompanying claims.

Industrial Applicability
[59] As apparent from the above description, the battery module according to the present

invention is constructed in a structure in which the heat exchange member to accelerate

the dissipation of heat from the battery cells is mounted at one side of the battery cell

stack, and the extending sealing parts of the battery cells are connected to the heat

exchange member. Consequently, it is possible to effectively discharge heat generated

from the battery cells to the outside.

[60] Furthermore, the heat exchange medium channels are formed in the frame such that

the heat is further removed by a water cooling method, thereby further accelerate the

heat dissipation of the battery cells. Owing to the improved heat dissipation efficiency,

it is possible to uniformly control the internal temperature of the battery cells, thereby

greatly improving the life span and safety of the battery cells.



Claims
[1] A battery module including two or more plate-shaped battery cells sequentially

stacked, wherein each of the plate-shaped battery cells is constructed in a

structure in which an electrode assembly of a cathode/separator/anode structure

is mounted in a battery case formed of a laminate sheet including a resin layer

and a metal layer, and a heat exchange member, including a plurality of heat

exchange plates and a frame to which the heat exchange plates are connected, is

mounted at one side of a stack of the battery cells for removing heat generated

from the battery cells during the charge and discharge of the battery cells.

[2] The battery module according to claim 1, wherein the laminate sheet includes an

inner resin layer, which is thermally weldable, an isolation metal layer, and an

outer resin layer exhibiting excellent durability.

[3] The battery module according to claim 1, wherein the heat exchange plates are at

least partially interposed respectively between the stacked battery cells.

[4] The battery module according to claim 1, wherein each of the heat exchange

plates has a width equivalent to 50 to 100 % of a width of each of the battery

cells.

[5] The battery module according to claim 1, wherein the frame is provided with one

or more heat exchange medium channels through which a heat exchange medium

flows.

[6] The battery module according to claim 1, wherein at least some of a sealing part

formed at the battery case of each of the battery cells where no electrode

terminals are formed extends such that the at least some of the sealing part is

longer than the remaining sealing part, and the heat exchange member is located

on the extending sealing part.

[7] The battery module according to claim 6, wherein the frame of the heat exchange

member is provided with slits through which the extending sealing parts of the

respective battery cells are inserted.

[8] The battery module according to claim 7, wherein the extending sealing parts of

the respective battery cells are inserted through the corresponding slits of the

heat exchange member, and the heat exchange plates of the heat exchange

member are interposed between the respective battery cells.

[9] The battery module according to claim 7, wherein the extending sealing parts of

the respective battery cells are inserted through the corresponding slits of the

heat exchange member, and the heat exchange plates of the heat exchange

member are located in a direction opposite to the battery cell stack.

[10] The battery module according to claim 9, wherein the heat exchange plates are in



contact with the respective extending sealing parts.

[11] The battery module according to claim 1, wherein the heat exchange member is

made of a metal material or a carbon material.

[12] A heat exchange member for heat dissipation of a battery module including a

plurality of plate-shaped battery cells, comprising:

(a) two or more heat exchange plates; and

(b) a frame to which one side of each of the heat exchange plates is connected,

the frame having slits through which sealing parts of the respective battery cells

are inserted, the slits being located between the respective heat exchange plate

connection regions, the frame having one or more heat exchange medium

channels through which a heat exchange medium flows.

[13] A middle- or large-sized battery pack manufactured by combining battery

modules according to any one of claims 1 to 11 based on a desired power and

capacity, wherein the battery pack is used as a power source for electric vehicles

or hybrid electric vehicles.
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