77102672 A1 I T 00O 00O A

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization | ‘1”1‘

) IO O T T OO

International Bureau

(43) International Publication Date
13 September 2007 (13.09.2007)

(10) International Publication Number

WO 2007/102672 Al

(51) International Patent Classification:
HOIM 2/10 (2006.01)

(21) International Application Number:
PCT/KR2007/001022

(22) International Filing Date:
28 February 2007 (28.02.2007)

(25) Filing Language: Korean

(26) Publication Language: English

(30) Priority Data:
10-2006-0020772
10-2006-0045444

6 March 2006 (06.03.2006)
22 May 2006 (22.05.2006)

KR
KR

(71) Applicant (for all designated States except US): LG
CHEM, LTD. [KR/KR]; 20, Yoido-dong, Young-
dungpo-gu, Seoul 150-721 (KR).

(72) Inventors; and

(75) Inventors/Applicants (for US only): YANG, Heekook
[KR/KR]; 3-108, LG Chem Sawon Apt., Doryong-dong,
Yuseong-gu, Daejeon 305-340 (KR). YANG, JAE HUN
[KR/KR]; 306-204, Yeolmaemaeul 3-danji Apt., IJi-
jok-dong, Yuseong-gu, Daejeon 305-769 (KR). LEE, Jin
Kyu [KR/KR]; 703, Geumgang Apt., 93-13, Oncheon
1-dong, Dongnae-gu, Busan 607-832 (KR).

(74) Agent: SOHN, Chang Kyu; 1403, Seongji Heights
2-cha Bldg., 642-16, Yoksam 1-dong, Kangnam-gu, Seoul
135-910 (KR).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KZ, LA, LC, LK, LR, LS, LT,
LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY, MZ,
NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU,
SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(81)

(34)

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: BATTERY MODULE

(57) Abstract: Disclosed herein is a battery module including two or more plate-shaped battery cells, as unit cells, constructed in a
stacked structure in which electrode terminals of the battery cells are connected in series with each other and the electrode terminal
connections are bent such that the battery cells are stacked, and a pair of high-strength cell covers for surrounding the outer surfaces
of the battery cells when the cell covers are coupled with each other. The present invention has the effect of easily mounting a sensing
unit that is capable of minimizing the weight and size of battery cells while effectively reinforcing the low mechanical strength of the
& battery cells and sensing the operation state of the battery cells to a battery module. In addition, the present invention has the effect
& of manufacturing the battery module by a simple assembly process without using a plurality of members for mechanical coupling
and electrical connection, thereby decreasing the manufacturing costs of the battery module, and effectively preventing the battery
module from being short-circuited or damaged during the manufacture or the operation of the battery module. Furthermore, the
present invention has the effect of manufacturing a middle- or large-sized battery system having desired output and capacity using

the battery module as a unit body.
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BATTERY MODULE

FIELD OF THE INVENTION

The present invention relates to a battery module including plate-shaped
battery cells having electrode terminals formed at the upper and lower ends thereof,
and, more particularly, to a battery module including two or more battery cells
constructed in a stacked structure in which electrode terminals of the battery cells are
connected in series with each other and the electrode terminal connections are bent
such that the battery cells are stacked, and a pair of high-strength cell covers for
surrounding the outer surfaces of the battery cells excluding the electrode terminals of

the battery cells when the cell covers are coupled with each other.

BACKGROUND OF THE INVENTION

Recently, a secondary battery, which can be charged and discharged, has been
widely used as an energy source for wireless mobile devices. Also, the secondary
battery has attracted considerable attention as an energy source for electric vehicles
(EV) and hybrid electric vehicles (HEV), which have been developed to solve problems,

such as air pollution, caused by existing gasoline and diesel vehicles using fossil fuel.

Small-sized mobile devices use one or several small-sized battery cells for each
device. On the other hand, middle- or large-sized devices, such as vehicles, use a

middle- or large-sized battery module having a plurality of battery cells electrically
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connected with each other because high output and large capacity are necessary for the

middle- or large-sized devices.

Preferably, the middle- or large-sized battery module is manufactured with
small size and small weight if possible. For this reason, a prismatic battery or a pouch-
shaped battery, which can be stacked with high integration and has a small weight to
capacity ratio, is usually used as a battery cell of the middle- or large-sized battery
module. Especially, much interest is currently generated in the pouch-shaped battery,
which uses an aluminum laminate sheet as a sheathing member, because the weight of
the pouch-shaped battery is small and the manufacturing costs of the pouch-shaped

battery are low.

FIG. 1 is a perspective view typically illustrating a conventional
representative pouch-shaped battery. The pouch-shaped battery 100 shown in FIG. 1
is constructed in a structure in which two electrode leads 110 and 120 protrude from
the upper and lower ends of a battery body 130, respectively, while the electrode leads
110 and 120 are opposite to each other. A sheathing member 140 comprises upper and
lower sheathing parts. That is, the sheathing member 140 is a two-unit member. An
electrode assembly (not shown) is received in a receiving part which is defined
between the upper and lower sheathing parts of the sheathing member 140. The
opposite sides 140a and the upper and lower ends 140b and 140c, which are contact
regions of the upper and lower sheathing parts of the sheathing member 140, are
bonded to each other, whereby the pouch-shaped battery 100 is manufactured. The
sheathing member 140 is constructed in a laminate structure of a resin layet/a metal
film layer/a resin layer. Consequently, it is possible to bond the opposite sides 140a
and the upper and lower ends 140b and 140c of the upper and lower sheathing parts of

the sheathing member 140, which are in contact with each other, to each other by
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applying heat and pressure to the opposite sides 140a and the upper and lower ends
140b and 140c of the upper and lower sheathing parts of the sheathing member 140 so
as to weld the resin layers thereof to each other. According to circumstances, the
opposite sides 140a and the upper and lower ends 140b and 140c of the upper and
lower sheathing parts of the sheathing member 140 may be bonded to each other using
a bonding agent. For the opposite sides 140a of the sheathing member 140, the same
resin layers of the upper and lower sheathing parts of the sheathing member 140 are in
direct contact with each other, whereby uniform sealing at the opposite sides 140a of
the sheathing member 140 is accomplished by welding. For the upper and lower ends
140b and 140c of the sheathing member 140, on the other hand, the electrode leads
110 and 120 protrude from the upper and lower ends 140b and 140c of the sheathing
member 140, respectively. For this reason, the upper and lower ends 140b and 140c of
the upper and lower sheathing parts of the sheathing member 140 are thermally
welded to each other, while a film-shaped sealing member 160 is interposed between
the electrode leads 110 and 120 and the sheathing member 140, in consideration of the
thickness of the electrode leads 110 and 120 and the difference in material between
the electrode leads 110 and 120 and the sheathing member 140, so as to increase

sealability of the sheathing member 140.

However, the mechanical strength of the sheathing member 140 is low. In
order to solve this problem, there has been proposed a method of mounting battery cells
(unit cells) in a pack case, such as a cartridge, so as to manufacture a battery module
having a stable structure. However, a device or a vehicle, in which a middle- or large-
sized battery module is installed, has a limited installation space. Consequently, when
the size of the battery module is increased due to the use of the pack case, such as the

cartridge, the spatial utilization is lowered. Also, due to the low mechanical strength, the
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battery cells repeatedly expand and contract during the charge and the discharge of the
battery cells. As a result, the thermally welded regions of the sheathing member may be

easily separated from each other.

There have been proposed some technologies for covering the outer surfaces of
the pouch-shaped battery cells using a cell cover so as to secure the safety of the battery

cells.

For example, Japanese Patent Application Publication No. 2005-108693
discloses a cell cover including a pair of elastic parts, having the same elasticity, for

supporting opposite major surfaces of a plate-shaped laminate battery cell.

The disclosure proposes a structure to elastically press the opposite major
surfaces of the battery cell using the cell cover which is bent in a concave shape.
However, the overall size of the battery cell is inevitably increased due to the additional
attachment of the cell cover to the outer surface of the battery cell. Also, it is required
that the battery cell be inserted into the cell cover with the above-stated construction. As
a result, the assembly process is not easily performed, and therefore, mass production is
difficult. That is, when the battery cell is forcibly inserted into the cell cover, excessive

load is applied to the battery cell with the result that the battery cell may be damaged.

Meanwhile, since a battery module is a structural body including a plurality of
battery cells which are combined with each other, the safety and the operating efficiency
of the battery module are lowered when overvoltage, overcurrent, and overheat occurs
in some of the battery cells. Consequently, a sensing unit for sensing the overvoltage,
overcurrent, and overheat are needed. Specifically, voltage and temperature sensors are
connected to the battery cells so as to sense and control the operation of the battery cells

in real time or at predetermined time intervals. However, the attachment or the
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connection of the sensing unit complicates the assembly process of the battery module.
In addition, short circuits may occur due to the provision of a plurality of wires

necessary for the attachment or the connection of the sensing unit.

In addition, when a middle- or large-sized battery module is constructed using
a plurality of battery cells or a plurality of unit modules each of which includes a
predetermined number of battery cells, a plurality of members for mechanical coupling
and electrical connection between the battery cells or the unit modules are needed, and a
process for assembling the mechanical coupling and electrical connection members is
very complicated. Furthermore, there is needed a space for coupling, welding, or
soldering the mechanical coupling and electrical connection members with the result
that the total size of the system is increased. The increase in size of the system is not
preferred in the above-described aspect. Consequently, there is high necessity for a

battery module that is compact and structurally stable.

SUMMARY OF THE INVENTION

Therefore, the present invention has been made to solve the above problems,

and other technical problems that have yet to be resolved.

Specifically, it is an object of the present invention to provide a cell cover that
minimizes the weight and size of battery cells while effectively reinforcing the low
mechanical strength of the battery cells and that is easily coupled to a battery module

without using an additional coupling member.

It is another object of the present invention to provide a battery module that is
manufactured by a simple assembly process without using a plurality of members for

mechanical coupling and electrical connection, whereby the manufacturing costs of the
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battery module are lowered, and that is effectively prevented from being short-circuited

or damaged during the manufacture or the operation of the battery module.

It is a further object of the present invention to provide a middle- or large-
sized battery system that is manufactured using the battery module as a unit body such

that the middle- or large-sized battery system has desired output and capacity.

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 plate-
shaped battery cells having electrode terminals formed at the upper and lower ends
thereof, wherein the battery module comprises: two or more battery cells constructed
in a stacked structure in which electrode terminals of the battery cells are connected in
series with each other and the electrode terminal connections are bent such that the
battery cells are stacked; and a pair of high-strength cell covers for surrounding the
outer surfaces of the battery cells excluding the electrode terminals of the battery cells

when the cell covers are coupled with each other.

In the battery module according to the present invention, the high-strength
cell covers restrain the repetitive expansion and contraction change of the battery cells
during the charge and discharge of the battery cells while protecting the battery cells
having low mechanical strength, thereby preventing separation between sealing regions

of the battery cells.

In a preferred embodiment, the cell covers have an inside structure
corresponding to the outer shape of the battery cell stack, and the cell covers are
coupled with each other in an assembly coupling fashion without using an additional
coupling member. For example, the cell covers may have coupling parts constructed

in a symmetrically bent structure formed approximately symmetrically in vertical
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section thereof such that the cell covers can be engaged with each other by elastic
coupling when the cell covers are pressed while the cell covers are in contact with

each other such that the cell covers face each other.

The plate-shaped battery cells are secondary batteries having 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 embodiment, each plate-shaped battery cell is a secondary battery
constructed in a structure in which an electrode assembly is mounted in a battery case
made of a laminate sheet including a resin layer and a metal layer, and electrode
terminals protrude from upper and lower ends of the battery case. Specifically, each
battery cell is constructed in a structure in which the electrode assembly is mounted in a
pouch-shaped battery case made of an aluminum laminate sheet. Hereinafter, the
secondary battery with the above-stated construction will be referred to as a pouch-

shaped battery cell.

The case of the pouch-shaped battery cell may be constructed in various
structures. For example, the sheathing member of the pouch-shaped battery may be
constructed in a structure in which the electrode assembly is received in a receiving part
formed at the upper inner surface and/or the 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-described construction is disclosed in PCT International Application No.
PCT/KR2004/003312, which has been filed in the name of the applicant of the present
patent application. The disclosure of the above-mentioned patent application is hereby

incorporated by reference as if fully set forth herein.
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The electrode assembly comprises cathodes and anodes, by which the charge
and the discharge of the battery are possible. The electrode assembly may be
constructed in a structure in which the cathodes and the anodes are stacked while
separators are disposed respectively between the cathodes and the anodes. For
example, the electrode assembly may be constructed in a jelly-roll type structure or a
stacking type structure. The cathodes and the anodes of the electrode assembly may be
constructed such that electrode taps of the cathodes and electrode taps of the anodes
directly protrude outward from the battery. Alternatively, the cathodes and the anodes
of the electrode assembly may be constructed such that the electrode taps of the
cathodes and the electrode taps of the anodes are connected to additional leads, and

the leads protrude outward from the battery.

The battery cells are connected in series and/or parallel with each other in one
battery module, or the battery cells of one battery module are connected in series
and/or parallel with the battery cells of another battery module. In a preferred
embodiment, a plurality of battery modules are manufactured by coupling electrode
terminals of the battery cells to each other, while arranging the battery cells in series
in the longitudinal direction, such that the electrode terminals of the battery cells are
successively adjacent to each other, bending the battery cells by twos or more such
that the battery cells are stacked while being in tight contact with each other, and

surrounding the stacked battery cells by predetermined numbers with the cell covers.

The coupling between the electrode terminals is accomplished in various
manners, such as welding, soldering, and mechanical coupling. Preferably, the

coupling between the electrode terminals is accomplished by welding.
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The side sealing parts among the edge sealing parts of the battery cell are
bent such that the side sealing parts approximately coincide with the inner shape of the
case. As a result, the spatial utilization is improved, and therefore, it is possible to

manufacture a battery module having a compact structure.

Since heat is generated from a secondary battery during the charge and
discharge of the secondary battery, the effective dissipation of the generated heat to
the outside is critical to extend the life of the battery. Consequently, the cell covers
may be made of a metal sheet having high thermal conductivity such that heat

generated from the unit cells in the cell covers is easily discharged to the outside.

In a preferred embodiment, each cell cover is provided at the outer surface
thereof with a plurality of linear protrusions which are spaced apart from each other in
the lateral direction (the width direction). Preferably, at least one of the linear
protrusions has a depression in which a thermistor is mounted. Especially, the
depression may be formed in the middle region of the linear protrusion located at the
middle region of each cell cover for very sensitively measuring the temperature of the

corresponding battery cell.

Also, the upper-end and lower-end protrusions among the linear protrusions
may have projection parts preferably formed in opposite shapes. The projection parts
are formed in a shape corresponding to those of neighboring battery modules when
battery modules are stacked, thereby preventing the battery modules from being

reversely stacked or deviated from each other.

Preferably, the protrusions having the projection parts are arranged in a
noncontinuous structure about the projection parts. In this case, a coolant (for

example, air) flows in the longitudinal direction as well as in the lateral direction of
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the cell covers while the battery modules are stacked, whereby the cooling efficiency

is further improved.

According to circumstances, most of the protrusions may be constructed such
that the length between opposite ends of the protrusions is less than the width of the
cell covers. In this case, the flow of the coolant in the longitudinal direction of the cell

covers is further accelerated.

The cell covers may be provided at the side edges thereof with steps of a
predeterminéd size for easily fixing the battery module when the cell covers are
coupled with a frame member. Preferably, the cell covers are provided at the outer
surfaces adjacent to the upper and lower ends thereof with steps of a predetermined
size for easily fixing the battery module. According to circumstances, the cell covers
may be provided at the outer surfaces adjacent to the opposite sides thereof with steps
of a predetermined size for easily fixing the battery module. More preferably, the steps
are formed at the outer surfaces adjacent to the upper and lower ends and the opposite

sides of the cell covers for more securely fixing the battery module.

In accordance with another aspect of the present invention, there is provided a

middle- or large-sized battery pack manufactured using the battery module as a unit

body.

The middle- or large-sized battery pack is manufactured by electrically and
mechanically connecting a plurality of secondary batteries to supply high-output,
large-capacity electric energy. For example, the middle- or large-sized battery pack
may be manufactured by mounting a stack of two or more battery modules to a pack

frame such that the stack is erected in the lateral direction.
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In a preferred embodiment, the pack frame includes a lower frame to which
the battery module stack is mounted while being erected in the lateral direction and an

upper frame coupled with the lower frame.

Preferably, the upper and lower frame members are constructed in a structure
to surround the edges of the battery modules and expose the outer surfaces of the battery
modules to the outside so as to accomplish easy heat dissipation of the battery modules
when the upper and lower frame members are coupled with each other after the battery
modules are mounted in the upper and lower frame members. Specifically, the upper
and lower frame members are open in the lateral direction such that the edges of the

battery modules are fixed to the upper and lower frame members.

In a preferred embodiment, the upper and lower frame members are provided
at the insides thereof with pluralities of partitions for guiding the vertical mounting
operation of the respective unit modules. The partitions may include grooves formed
in the inside of the upper and lower frame members such that the edges of the unit
modules are inserted into the grooves and/or partition walls for assisting the edges of

the unit modules to be stably mounted in the grooves.

The upper and lower frame members are coupled with each other by
mounting the unit modules to one of the upper and lower frame members (for
example, the lower frame member) and coupling the other frame member (for
example, the upper frame member) to the frame member in which the unit modules
are mounted. The coupling between the upper and lower frame members may be
accomplished in various manners. For example, a hook may be formed at one of the

frame members, and a coupling hole corresponding to the hook may be formed in the
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other frame member, whereby the coupling between the upper and lower frame

members is accomplished without using an additional coupling member.

In a battery pack including a plurality of battery cells, it is necessary to
measure and control the voltage and temperature of the battery cells in consideration
of the safety and operational efficiency of the battery module. For this reason, the
attachment of a sensing member for measuring the voltage or temperature of the
battery cells is one of the principal factors further complicating the construction of the

battery pack.

The above-mentioned problem may be solved by the provision of a sensing
unit mounted along one of the frame members for sensing the voltage and/or

temperature of the battery cells in accordance with the present invention.

The electrode terminals of the outermost battery modules among the battery
modules mounted in the upper and lower frame members are electrically connected to
external circuits or electrode terminals of neighboring battery modules. To this end,
input and output terminal bus bars are connected to the electrode terminals of the
outermost battery modules. In a preferred embodiment, the bus bars are provided with
coupling holes, and at least one of the frame members is provided at the outside
thereof with coupling protrusions corresponding to the coupling holes, whereby the bus

bars are easily and stably mounted to the electrode terminals.

The middle- or large-sized battery pack according to the present invention
further comprises a device (a so-called battery management system) for controlling the
operation of the battery module. Preferably, the battery management system (BMS) is
mounted at the opposite side (the rear of the battery module) to the side where the

input and output terminal bus bars are located. When a plurality of battery packs are
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used to construct a middle- or large-sized battery system, as will be described below,

BMSs mounted to the respective battery packs may be said to be ‘slave BMSs.’

The middle- or large-sized battery pack according to the present invention is
constructed in a compact structure, and the mechanical coupling and electrical
connection of the middle- or large-sized battery pack are stably accomplished without
using a plurality of members. Also, it is possible to construct a battery pack using a
predetermined number of battery cells, for example, four, six, eight, or ten battery
cells, thereby effectively mounting a necessary number of battery packs in a limited

space.

In accordance with a further aspect of the present invention, there is provided
a middle- or large-sized battery system having high output and large capacity, the

battery system being constructed by connecting a plurality of battery packs.

The middle- or large-sized battery system according to the present invention
may be manufactured by combining battery packs based on desired output and
capacity. The battery system according to the present invention is preferably used in
electric vehicles, hybrid electric vehicles, electric motorcycles, or electric bicycles that
have a limit installation space and are exposed to frequent vibration and strong impact
in consideration of the installation efficiency and structural stability of the battery

system.

BRIEF DESCRIPTION OF THE DRAWINGS

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:
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FIG. 1 is a perspective view illustrating a conventional representative pouch-
shaped battery;

FIGS. 2 to 10 are typical views illustrating a process for assembling a battery

module according to a preferred embodiment of the present invention;

FIG. 11 is an exploded perspective view illustrating a middle- or large-sized

battery pack according to a preferred embodiment of the present invention; and

FIGS. 12 and 13 are perspective views illustrating a middle- or large-sized

battery pack manufactured by stacking a plurality of battery modules.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

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.

FIGS. 2 to 10 are views typically illustrating a process for assembling a
battery module according to a preferred embodiment of the present invention, and
FIGS. 11 to 13 are perspective views illustrating a process for assembling a middle- or

large-sized battery pack using the battery module.

Referring first to FIG. 2, two pouch-shaped battery cells 100a and 100b are
arranged in series in the longitudinal direction such that electrode terminals 120 of the
battery cells 100a and 100b are successively adjacent to each other, the electrode
terminals 120 of the battery cells 100a and 100b are coupled with each other by
welding, and the battery cells 100a and 110b are folded such that the battery cells

100a and 110b overlap with each other. It can be seen from FIG. 3 that the welded
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electrode terminals 120 of the overlapped battery cells 100a and 100b are bent in the
shape of a ‘[’ to construct a battery cell stack 100* including the overlapped battery

cells 100a and 110b.

FIGS. 4 and 5 are perspective views illustrating a cell cover 200, specifically
a left cover part 211 of the cell cover 200. The left cover part 211 has an inside
structure corresponding to the outer shape of the battery cell stack 100’ (see FIG. 3).
To the middle region of the left cover part 211 is attached a thermistor 560 for sensing
the temperature of the battery cells 100. The thermistor 560 is connected to an external
battery management system (BMS) 562 via a cable 561. The thermistor 560 is
mounted to the left cover part 211 in a structure in which the thermistor 560 is

attached to the outside or inside of the left cover part 211.

Preferably, the attachment of the thermistor is performed after the assembly
of the battery module. According to circumstances, however, the attachment of the
thermistor is performed during the assembly of the battery module. A right cover part
(not shown), which is coupled with the left cover part 211, may be constructed in the

same shape as the left cover part 211.

FIG. 6 is a view illustrating a high-strength cell cover 200 constructed in a
structure to surround the entire outer surface of the battery cell stack 100°. The high-
strength cell cover 200 restrains the repetitive expansion and contraction change of the
battery cells during the charge and discharge of the battery cells while protecting the
battery cells having low mechanical strength, thereby preventing separation between
sealing regions of the battery cells. The cell cover 200 includes a pair of left cover part
211 and a right cover part 212. The left cover part 211 and the right cover part 212

may be coupled with each other without using an additional coupling member. The
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thermistor 560 (see FIG. 4) is attached to the middle region of each cover part
constituting the cell cover 200. The thermistor 560 is connected to an external

connector (not shown) via a cable.

The coupling structure of the cell cover 200 is illustrated in detail in FIG. 7.
FIG. 7 illustrates a sectional view and a partially enlarged view of the cell cover 200.
Referring to FIG. 7, the cell cover parts 211 and 212 have coupling parts constructed
in symmetrically bent structures 221 and 222 formed approximately symmetrically in
vertical section thereof such that the cell cover parts 211 and 212 can be engaged with
each other by elastic coupling when the cell cover parts 211 and 212 are pressed while
the cell cover parts 211 and 212 are in contact with each other such that the cell cover
parts 211 and 212 face each other. Consequently, it is possible to accomplish strong
mechanical coupling between the cell cover parts 211 | and 212 without using an
additional coupling member. This simple coupling fashion is more suitably used for

mass production.

FIG. 8 is a perspective view illustrating a unit battery module according to
the present invention. The cell cover 200 is mounted on the outer surface of the
battery cell stack 100 for reinforcing the weak mechanical characteristics of the
overlapped battery cells 100. One-side electrode terminals of the battery cells are
coupled with each other by welding such that the one-side electrode terminals 120 of
the battery cells 100 are bent in the shape of a ‘[,> and the other-side electrode
terminals 121 of the battery cells 100 are bent outward such that the other-side
electrode terminals 121 of the battery cells 100 are coupled to electrode terminals of

neighboring unit battery modules.
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The cell cover 200 is made of a pair of high-strength metal sheets coupled
with each other to surround the entire outer surface of the battery cell stack excluding

the electrode terminals regions of the battery cells.

At the opposite sides of the cell cover 200 are formed steps 240, by which the
battery module is easily fixed. At the upper and lower ends of the cell cover 200 are
also formed steps 250 having the same function as the steps 240. In addition,
longitudinal fixing parts 260 are formed at the upper and lower ends of the cell cover
200 such that the battery module is easily fixed by the longitudinal fixing parts 260.
The cell cover 200 is provided at the outer surface thereof with a plurality of linear
protrusions which are spaced apart from each other in the lateral direction. The
protrusion formed at the middle region of the cell cover has a depression 233, in
which a thermistor (not shown) is mounted. Among the linear protrusions, the upper-
end and lower-end protrusions have projection parts 231 and 232 formed in opposite

shapes.

FIG. 9 is a perspective view illustrating a middle- or large-sized battery
module 400 including a plurality of unit battery modules 300 which are stacked.
According to the present invention, four unit battery modules 300 constitutes one
middle- or large-sized battery module 400. Consequently, a total of eight battery cells
are included in the middle- or large-sized battery module 400. Upper-end electrode
terminals 121 of the outermost unit battery modules 300 are bent inward in the
sectional shape of a ‘9’ such that the electrode terminals 121 protrude slightly more

than the remaining electrode terminals.

FIG. 10 typically illustrates a process for assembling a middle- or large-sized

battery module according to the present invention. First, two pouch-shaped battery
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cells are arranged in series in the longitudinal direction such that electrode terminals
of the battery cells are successively adjacent to each other, and the electrode terminals
of the battery cells are coupled with each other by welding [1]. The battery cells, the
electrode terminals of which are coupled with each other, are folded, such that the
battery cells overlap with each other, to construct a battery cell stack. At this time, the
welded electrode terminals of the overlapped battery cells are bent in the shape of a ‘[’
[2]. Subsequently, a cell cover made of two left and right metal sheets is mounted to
the battery cell stack to manufacture a unit battery module [3]. A plurality of unit
battery modules manufactured as described above are stacked and electrode terminals
of the unit battery modules are connected with each other to manufacture a middle- or

large-sized battery module [4].

FIG. 11 is an exploded perspective view typically illustrating a process for
mounting the middle- or large-sized battery module to a battery pack frame. A middle-
or large-sized battery pack 500 includes a plurality of unit battery modules 400 which
are stacked while the unit battery modules 400 are in tight contact with each other.
Bus bars 540 are located at the front part of the battery pack 500, and a BMS 550 are
located at the rear part of the battery pack 500. The bus bars 540 may be electrically
connected via connecting members (not shown), such as wires, metal plates, printed
circuit boards (PCBs), or flexible PCBs. At the outside of the bus bars 540 are

mounted a front cover 530 for attachment and protection of the connecting members.

FIG. 12 is a right-side perspective view of the assembled battery pack 500,

and FIG. 13 is a left-side perspective view of the assembled battery pack 500.

Referring first to FIG. 12, an assembled battery pack 500a is shown in a one-

side perspective view. In the top of an upper frame 520 of the battery pack 500a are
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formed concavo-convex parts 521 for fixing the position of the battery pack 500a,
such that the battery pack 500a is installed in position, and insertion parts 522 in
which fixing screws are inserted. It is required that electrode terminals of the
outermost unit modules among the unit modules mounted to upper and lower frame
members 520 and 510 be electrically connected to an external circuit or neighboring
battery modules. For this reason, the external input and output terminal bus bars 540
are connected to the electrode terminals of the outermost unit modules. In order that
the bus bars 540 are mounted to the respective electrode terminals, bus bars are
provided with coupling holes, through which coupling protrusions 531 formed at the
outside of the upper frame 520 are inserted. Consequéntly, the bus bars 540 are stably
mounted to the respective electrode terminals when vibration or impact is applied to

the battery pack.

At the lower end of the lower frame 510 are formed protrusions 511 for
fixing the front cover 530 (see FIG. 11). In the front cover 530 are formed fixing holes
532 (see FIG. 11) for fixing the power cable, which was previously described. Also,
the steps 240 are formed at the end of the battery module, and therefore, the battery
module is fixed to the pack frame while the battery module is inserted by 3 mm in the

pack frame.

Referring to FIG. 13, an assembled battery pack 500b is shown in an other-
side perspective view. At one side of the battery pack 500b are mounted two
connectors. One of the connectors is a thermistor connector 562 to which a cable
connected to a thermistor (not shown) mounted at the inside of the cell cover and
extending through a thermistor hole 561 is connected. The other connector is a cable
connector 570 to which a cable for controlling the operation of the battery module is

connected. The cable connector 570 is located adjacent to the thermistor connector
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562. The lower frame 510 is provided at opposite sides of the lower end thereof with

coupling holes 512 for fixing the battery pack 500b.

A plurality of battery packs 500a may be connected with each other to
manufacture a middle- or large-sized battery system having higher output and larger

capacity.

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

As apparent from the above description, the present invention has the effect of
easily mounting a sensing unit that is capable of minimizing the weight and size of
battery cells while effectively reinforcing the low mechanical strength of the battery
cells and sensing the operation state of the battery cells to a battery module. In addition,
the present invention has the effect of manufacturing the battery module by a simple
assembly process without using a plurality of members for mechanical coupling and
electrical connection, thereby decreasing the manufacturing costs of the battery module,
and effectively preventing the battery module from being short-circuited or damaged
during the manufacture or the operation of the battery module. Furthermore, the present
invention has the effect of manufacturing a middle- or large-sized battery system

having desired output and capacity using the battery module as a unit body.
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WHAT IS CLAIMED IS:

1. A battery module including plate-shaped battery cells having electrode
terminals formed at the upper and lower ends thereof, wherein the battery module

comprises:

two or more battery cells constructed in a stacked structure in which electrode
terminals of the battery cells are connected in series with each other and the electrode

terminal connections are bent such that the battery cells are stacked; and

a pair of high-strength cell covers for surrounding the outer surfaces of the
battery cells excluding the electrode terminals of the battery cells when the cell covers

are coupled with each other.

2. The battery module according to claim 1, wherein the cell covers have an
inside structure corresponding to the outer shape of the battery cell stack, and the cell

covers are coupled with each other in an assembly coupling fashion.

3. The battery module according to claim 2, wherein the cell covers have
coupling parts constructed in a symmetrically bent structure formed approximately
symmetrically in vertical section thereof such that the cell covers can be engaged with
each other by elastic coupling when the cell covers are pressed while the cell covers

are in contact with each other such that the cell covers face each other.

4. The battery module according to claim 1, wherein the electrode terminals are

coupled with each other by welding.

5. The battery module according to claim 1, wherein each plate-shaped battery

cell is constructed in a structure in which an electrode assembly is mounted in a case
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made of a laminate sheet including a metal layer and a resin layer, and the edge of the

case is sealed.

6. The battery module according to claim 5, wherein the case is a pouch-shaped

case made of an aluminum laminate sheet.

7. The battery module according to claim 5, wherein the side sealing parts
among the edge sealing parts of the battery cell are bent such that the side sealing

parts approximately coincide with the inner shape of the case.

8. The battery module according to claim 1, wherein the cell covers are made of

a metal sheet having high thermal conductivity.

9. The battery module according to claim 1, wherein each cell cover is provided
at the outer surface thereof with a plurality of linear protrusions which are spaced

apart from each other in the lateral direction (the width direction).

10. The battery module according to claim 9, wherein at least one of the linear

protrusions has a depression in which a thermistor is mounted.

11. The battery module according to claim 9, wherein the upper-end and lower-
end protrusions among the linear protrusions have projection parts formed in opposite

shapes.

12, The battery module according to claim 11, wherein the protrusions having the

projection parts are arranged in a noncontinuous structure about the projection parts.

13. The battery module according to claim 9, wherein most of the protrusions are
constructed such that the length between opposite ends of the protrusions is less than

the width of the cell covers.
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14. The battery module according to claim 1, wherein the cell covers are provided
at the outer surfaces adjacent to the upper and lower ends thereof with steps of a

predetermined size for easily fixing the battery module.

15. The battery module according to claim 1, wherein the cell covers are provided
at the outer surfaces adjacent to the opposite sides thereof with steps of a

predetermined size for easily fixing the battery module.

16. A middle- or large-sized battery pack manufactured using a battery module

according to any one of claims 1 to 15 as a unit body.

17. The battery pack according to claim 16, wherein the battery pack is
manufactured by mounting a stack of two or more battery modules to a pack frame

such that the stack is erected in the lateral direction.

18. The battery pack according to claim 16, wherein the battery pack is used as a

power source for electric vehicles or hybrid electric vehicles.
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