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(54) Battery module having restrainer and method of fixing restrainer

(57) A battery module in which a plurality of batteries
(1) are connected in a battery unit (10) and a method of
fixing a restrainer (40), the battery module including a
pair of end plates (50) facing each other; a restrainer (40)
coupled to the pair of end plates (50), the restrainer (40)
being configured for restraining expansion of the battery
unit (10); and a coupling unit for coupling the end plates

(50) and the restrainer (40) to each other, wherein the
coupling unit includes a variable position coupling device
(B) configured to fix the restrainer (40) and the end plate
(50) while varying a coupling location between the re-
strainer (40) and the end plate (50).
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Description

BACKGROUND

1. Field

[0001] Embodiments relate to a battery module having
a restrainer and a method of fixing the restrainer.

2. Description of the Related Art

[0002] A battery module, which is fabricated by con-
necting a plurality of batteries, is an element of a large
capacity power supply unit. The battery module may be
used as a power source in, e.g., electric cars.
[0003] The battery module generally includes, e.g.,
lithium ion batteries. Performance of the lithium ion bat-
tery rarely degrades, even with repeated charging/dis-
charging operations. However, the lithium ion battery ex-
pands due to movement of lithium ions when the lithium
ion battery is charged. Since the battery module includes
a plurality of lithium ion batteries, the battery module may
expand about 5 to 10 % larger than its original size. Thus,
the battery module may be deformed. Accordingly, it may
be difficult to attach/detach the battery module to/from a
desired location; and an electric resistance of the lithium
ion battery may increase. Moreover, when the battery
module is used in an electric car, a battery pack including
about eight battery modules may be mounted in the elec-
tric car. Thus, the deformation may become severe.
Therefore, a battery module may include a restrainer for
restraining the expansion of secondary batteries. The re-
strainer may be fixed with an appropriate tensile force in
order to stably restrain the expansion of the batteries.

SUMMARY

[0004] Embodiments are directed to a battery module
having a restrainer and a method of fixing the restrainer,
which represents advances over the related art.
[0005] It is a feature of an embodiment to provide a
battery module including a restrainer having an improved
fixing structure in order to stably restrain battery expan-
sion.
[0006] At least one of the above and other features
and advantages may be realized by providing a battery
module in which a plurality of batteries in a battery unit
are connected, the battery module including a pair of end
plates facing each other; a restrainer coupled to the pair
of end plates, the restrainer being for restraining expan-
sion of the battery unit; and a coupling unit for coupling
the end plates and the restrainer to each other, wherein
the coupling unit includes a variable position coupling
device configured to fix the restrainer and the end plate
while varying a coupling location between the restrainer
and the end plate.
[0007] One of the end plates and the restrainer may
be coupled to each other by the variable position coupling

device, the coupling unit may further include a fixed po-
sition coupling device for fixing the restrainer and another
of the end plates at a predetermined coupling position,
and the other of the end plates and the restrainer may
be coupled to each other by the position fixed coupling
device. Preferably, the end plates are located on short
lateral portions of the battery unit, while the restrainer is
located on a long lateral portion of the battery unit. Pref-
erably, the battery module comprises two restrainers lo-
cated on both long lateral portions of the battery unit.
[0008] The fixed position coupling device may include
bolts penetrating through the restrainer and the end plate,
and nuts coupled to the bolts.
[0009] The variable position coupling device may in-
clude a wedge-shaped coupling portion, and the end
plate and the restrainer may be coupled to each other in
a wedge shape.
[0010] The wedge-shaped coupling portion may in-
clude a wedge-shaped recess in the end plate; and a
wedge bar configured to push and deform a part of the
restrainer so as to be matched with the wedge-shaped
recess.
[0011] The wedge-shaped coupling portion may fur-
ther include bolts penetrating through the wedge bar,
through the elongated recesses in the restrainer, and
through the end plate, and nuts coupled to end portions
of the bolts.
[0012] The wedge-shaped coupling portion may in-
clude a wedge bar configured to push and deform the
end plate and a part of the restrainer simultaneously so
as to form a wedge-shape recess.
[0013] The wedge-shaped coupling portion may fur-
ther include bolts penetrating through the wedge bar,
through the elongated recesses in the restrainer, and
through the end plate, and nuts coupled to end portions
of the bolts.
[0014] The variable position coupling device may in-
clude a jagged hole penetrating the restrainer and includ-
ing geared surfaces on inner walls thereof; and a jagged
pin extending through the restrainer and the end plate,
the jagged pin coupling the restrainer and the end plate
to each other, and having a surface corresponding to a
portion of the geared surfaces of the jagged hole.
[0015] The restrainer may have a height that is equal
to or less than a height of the end plate.
[0016] At least one of the above and other features
and advantages may also be realized by providing a
method of fixing a restrainer to a pair of end plates in-
stalled at both ends of a battery unit in a battery module,
the method including fixing an end portion of the restrain-
er to one of the end plates; applying a tensile force to the
restrainer by pulling another end portion of the restrainer
toward the other of the end plates; and coupling the other
end portion of the restrainer to the other end plate so as
to fix the restrainer in a state where the tensile force is
applied to the restrainer.
[0017] Fixing the end portion of the restrainer may in-
clude inserting bolts through the restrainer and the end
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plate; and coupling nuts to ends of the bolts.
[0018] Coupling the other end of the restrainer may
include pressing a part of the restrainer into a wedge-
shaped recess in the end plate with a wedge bar such
that the part of the restrainer is inserted in the wedge-
shaped recess.
[0019] Coupling the other end of the restrainer may
further include inserting bolts through the wedge bar,
through the elongated recesses in the restrainer, and
through the end plate; and coupling nuts to ends of the
bolts.
[0020] Coupling the other end of the restrainer may
include pressing the restrainer and the end plate together
with the wedge bar to couple the restrainer and the end
plate to each other.
[0021] Coupling the other end of the restrainer may
further include inserting bolts through the wedge bar,
through the elongated recesses in the restrainer, and
through the end plate; and coupling nuts to ends of the
bolts.
[0022] Coupling the other end of the restrainer may
further include forming a jagged hole in the restrainer
such that the jagged hole includes geared surfaces; and
inserting a jagged pin into the jagged hole, the jagged
pin having a shape corresponding to the geared surfaces
so that the jagged pin couples the restrainer and the end
plate to each other while penetrating the restrainer and
the end plate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The above and other features and advantages
will become more apparent to those of ordinary skill in
the art by describing in detail exemplary embodiments
with reference to the attached drawings, in which:
[0024] FIG. 1 illustrates a perspective view of a battery
module according to an embodiment;
[0025] FIG. 2 illustrates an exploded view of a part A
of FIG. 1;
[0026] FIGS. 3A and 3B illustrate diagrams showing a
part B of FIG. 1;
[0027] FIG. 4 illustrates a diagram showing a modified
example of a variable position coupling device shown in
FIGS. 3A and 3B; and
[0028] FIGS. 5A through 6B illustrate diagrams show-
ing modified examples of a coupling unit shown in FIGS.
3A and 3B.

DETAILED DESCRIPTION

[0029] Korean Patent Application No.
10-2009-0126925, filed on December 18, 2009, in the
Korean Intellectual Property Office, and entitled: "Battery
Module Having Restrainer with Improved Fixing Struc-
ture and Method of Fixing Restrainer," is incorporated
herein in its entirety.
[0030] Example embodiments will now be described
more fully hereinafter with reference to the accompany-

ing drawings; however, they may be embodied in differ-
ent forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thor-
ough and complete, and will fully convey the scope of
the invention to those skilled in the art.
[0031] In the drawing figures, the dimensions of layers
and regions may be exaggerated for clarity of illustration.
It will also be understood that when a layer or element is
referred to as being "on" another element, it can be di-
rectly on the other element, or intervening elements may
also be present. In addition, it will also be understood
that when an element is referred to as being "between"
two elements, it can be the only element between the
two elements, or one or more intervening elements may
also be present. Like reference numerals refer to like
elements throughout.
[0032] FIG. 1 illustrates a perspective view of a battery
module according to an embodiment. Referring to FIG.
1, the battery module of the present embodiment may
include a battery unit 10 including a plurality of batteries
1 connected in, e.g., series. The battery module may also
include a plurality of plates 20, 30, and 50. The plates
may include an upper plate 20 and an a lower plate 30,
which may be attached to upper and lower portions of
the battery unit 10. The plates may also include a pair of
end plates 50 facing each other and installed on both end
portions of the battery unit 10. Restrainers 40 may be
coupled to the pair of end plates 50. The restrainers 40
may fix the pair of end plates 50 in order to restrain ex-
pansion of the battery unit 10. That is, when the battery
unit 10 expands, a pushing force may be exerted by the
battery unit 10 on the end plates 50. In turn, the restrain-
ers 40 may hold the pair of end plates 50 so as to prevent
deformation of the end plates 50 and the battery unit 10.
[0033] In the battery module of the present embodi-
ment, a coupling unit for coupling the restrainer 40 to the
end plate 50, as illustrated in FIGS. 2 through 3B, may
be provided to prevent the deformation of the battery unit
10.
[0034] FIG. 2 illustrates an enlarged perspective view
of a coupling structure of a part A of FIG. 1, i.e., a coupling
structure at an end portion of the restrainer 40. In the part
A, the end plate 50 and the restrainer 40 may be coupled
to each other by bolts 111 and nuts 112 at a predeter-
mined position, i.e., by a fixed position coupling device.
In particular, the bolts 111 may be inserted through holes
41 and 51 respectively formed in the restrainer 40 and
the end plate 51. Then, the nut 112 may be coupled to
an end of the bolt 111 to be fixed. Thus, the restrainer
40 and the end plate 50 may be coupled to each other
by using the bolts 111 and the nuts 112 via the holes 41
and 51 at predetermined positions. The position may be-
come a reference position when a tensile force is applied
in a variable position coupling device that will be de-
scribed later.
[0035] FIGS. 3A and 3B illustrate an enlarged view of
a part B of FIG. 1, i.e., a coupling structure at another

3 4 



EP 2 337 113 A1

4

5

10

15

20

25

30

35

40

45

50

55

end of the restrainer 40. In particular, part B illustrates
coupling by the variable position coupling device. That
is, the restrainer 40 and the end plate 50 may not be fixed
at the predetermined position. In particular, the restrainer
40 may be pulled in a direction T to strengthen, i.e., in-
crease, the tensile force. Then, the restrainer 40 and the
end plate 50 may be fixed to each other while maintaining
the tensile force. In an implementation, a wedge-shaped
recess 52 may be disposed in the end plate 50; and a
wedge bar 120 may push and deform the restrainer 40
into the wedge-shaped recess 52 so as to press the re-
strainer 40 into the wedge-shaped recess 52. In other
words, the restrainer 40 may be pulled by a predeter-
mined jig (not shown) in the direction T to apply a large
tensile force thereto. Then, in this state, the restrainer 40
may be pushed into the wedge-shaped recess 52 by the
wedge bar 120 and be deformed. Thus, a wedge-shaped
coupling portion may be formed, as illustrated in FIG. 3B.
Although the coupling state of members, i.e., the restrain-
er 40, the end plates 50, and the wedge bar 120 may not
be easily released due to the wedge-shaped recess 52,
bolts 121 and nuts 122 may be coupled to the wedge-
shaped coupling portion in order to strengthen the cou-
pling state. Elongated holes 42 may be formed in the
restrainer 40 and extend in the tensile force direction in
order to increase a range of the holes in which the bots
121 may be inserted, because the coupling location be-
tween the restrainer 40 and the end plate 50 may be
variable due to the pulling of the restrainer 40.
[0036] Processes of fixing the restrainer 40 in the
above-described variable position coupling unit may be
as follows.
[0037] First, an end portion of the restrainer 40 may
be coupled to one of the pair of end plates 50 by using
the fixed position coupling device. That is, as illustrated
in FIG. 2, the end portion of the restrainer 40 may be
fixed by using the bolts 111 and the nuts 112.
[0038] The other end portion of the restrainer 40 may
be pulled toward the other end plate 50 (the direction T)
by using, e.g., a predetermined jig, and may be extended
in an elastic range of the restrainer 40.
[0039] In the above state, the wedge bar 120 may
press the other end of the restrainer 40 into the wedge-
shaped recess 52 of the end plate 50. Then, the wedge-
shaped coupling portion shown in FIG. 3B may be
formed. Then, the bolts 121 and the nuts 122 may be
coupled to the wedge-shaped coupling portion in order
to complete the stable coupling.
[0040] Then, an elastic force may be applied to the
extended restrainer 40. Thus, the battery expansion may
be effectively dealt with. Accordingly, the battery expan-
sion may be stably restrained.
[0041] In the above description, the restrainer 40 and
the end plate 50 may have the same height as each other.
However, the height of the restrainer 40a may be less
than the height of the end plate 50, as illustrated in FIG. 4.
[0042] In an implementation, the wedge-shaped re-
cess 52 may be formed in the end plate 50 in advance;

and the restrainer 40 may be pressed into the wedge-
shaped recess 52. However, if the end plate 50 is formed
of a thin plate similar to the restrainer 40, the restrainer
40 and the end plate 50 may be pressed together by the
wedge bar and deformed without previously forming the
wedge-shaped recess 52. That is, as illustrated in FIGS.
5A and 5B, the wedge bar 120 may press both of the flat
end plate 50 and the restrainer 40 in order to form the
wedge-shaped recess simultaneously in both the re-
strainer 40 and the end plate 50, when the end plate 50
is formed of a thin plate that is easily processed. After
that, the bolts 121 and the nuts 122 may be coupled to
the restrainer 40 and the end plate 50.
[0043] FIGS. 6A and 6B illustrate another modified ex-
ample of the variable position coupling device of the cou-
pling unit.
[0044] In the present embodiment, a jagged hole 43
and a jagged pin 130 may be used instead of the wedge-
shaped coupling portion described above. That is, the
restrainer 40 may include the jagged hole 43 having
geared surfaces 43a. The jagged pin 130 may extend
through the jagged hole 43 to the end plate 50 while
matching, i.e., corresponding to, the geared surfaces
43a. A width W1 of the jagged pin 130 may be less than
a width W2 of the jagged hole 43 so that a coupling lo-
cation between the jagged pin 130 and the jagged hole
43 may be adjusted.
[0045] Thus, when the jagged pin 130 is inserted into
the jagged hole 43 in a state where the other end of the
restrainer 40 is pulled and extended, the jagged pin 130
may match the jagged surfaces 43a to be fixed and, at
the same time, the jagged pin 130 may penetrate to the
end plate 50 so as to couple the restrainer 40 and the
end plate 50 to each other. Therefore, the battery expan-
sion may be effectively restrained by the elastic force of
the extended restrainer 40.
[0046] Therefore, according to the battery module hav-
ing the above-described structure, the restrainer may be
fixed while maintaining a strong restoring force against
battery expansion, and thus, the deformation of the bat-
tery module caused by the battery expansion may be
stably prevented.
[0047] Exemplary embodiments have been disclosed
herein, and although specific terms are employed, they
are used and are to be interpreted in a generic and de-
scriptive sense only and not for purpose of limitation. Ac-
cordingly, it will be understood by those of ordinary skill
in the art that various changes in form and details may
be made without departing from the scope of the present
invention as set forth in the following claims.

Claims

1. A battery module in which a plurality of batteries (1)
are connected in a battery unit (10), the battery mod-
ule comprising:
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a pair of end plates (50) facing each other;
at least one restrainer (40) coupled to the pair
of end plates (50), the restrainer (40) being
adapted for restraining expansion of the battery
unit (10); and
a coupling unit for coupling the end plates (50)
and the at least one restrainer (40) to each other,
wherein the coupling unit includes a variable po-
sition coupling device (B) configured to fix the
at least one restrainer (40) and one of the end
plates (50) while varying a coupling location be-
tween the restrainer (40) and the end plate (50).

2. The battery module as claimed in claim 1, wherein:

one of the end plates (50) and the restrainer (40)
are coupled to each other by the variable posi-
tion coupling device (B),
the coupling unit further includes a fixed position
coupling device (A) adapted for fixing the re-
strainer (40) and the other one of the end plates
(50) at a predetermined coupling position, and
the other one of the end plates (50) and the re-
strainer (40) are coupled to each other by the
position fixed coupling device (A).

3. The battery module as claimed in claim 2, wherein
the fixed position coupling device (A) includes:

bolts (111) penetrating through the restrainer
(40) and the end plate (50), and
nuts (112) coupled to the bolts (111).

4. The battery module as claimed in one of the preced-
ing claims, wherein:

the variable position coupling device (B) in-
cludes a wedge-shaped coupling portion, and
the end plate (50) and the restrainer (40) are
coupled to each other in a wedge shape.

5. The battery module as claimed in claim 4, wherein
the wedge-shaped coupling portion includes:

a wedge-shaped recess (52) in the end plate
(50); and
a wedge bar (120) configured to push and de-
form a part of the restrainer (40) so as to be
matched with the wedge-shaped recess (52).

6. The battery module as claimed in claim 4, wherein
the wedge-shaped coupling portion includes a
wedge bar (120) configured to push and deform the
end plate (50) and a part of the restrainer (40) simul-
taneously so as to form a wedge-shape recess (52).

7. The battery module as claimed in one of claims 5
and 6, wherein the wedge-shaped coupling portion

further includes:

bolts (121) penetrating through the wedge bar
(120), through elongated recesses (42) in the
restrainer (40), and through the end plate (50),
and
nuts (122) coupled to end portions of the bolts
(121).

8. The battery module as claimed in claim 2, wherein
the variable position coupling device (B) includes:

a jagged hole (43) penetrating the restrainer (40)
and including geared surfaces (43a) on inner
walls thereof; and
a jagged pin (130) extending through the re-
strainer (40) and the end plate (50), the jagged
pin (130) coupling the restrainer (40) and the
end plate (50) to each other, and having a sur-
face corresponding to a portion of the geared
surfaces (43a) of the jagged hole (43).

9. The battery module as claimed in one of the preced-
ing claims, wherein the restrainer (40) has a height
that is equal to or less than a height of the end plate
(50).

10. A method of fixing a restrainer (40) to a pair of end
plates (50) installed at both ends of a battery unit
(10) in a battery module, the method comprising:

fixing a first end portion of the restrainer (40) to
one of the end plates (50);
applying a tensile force to the restrainer (40) by
pulling a second end portion of the restrainer
(40) toward the other one of the end plates (50);
and
coupling the second end portion of the restrainer
(40) to the other one of the end plates so as to
fix the restrainer (40) in a state where the tensile
force is applied to the restrainer (40).

11. The method as claimed in claim 10, wherein fixing
the first end portion of the restrainer (40) to one of
the end plates (50) includes:

inserting bolts (111) through the restrainer (40)
and the end plate (50); and
coupling nuts (112) to ends of the bolts (111).

12. The method as claimed in one of claims 10 and 11,
wherein coupling the second end portion of the re-
strainer (40) to the other one of the end plates (50)
includes pressing a part of the restrainer (40) into a
wedge-shaped recess (52) in the end plate (50) with
a wedge bar (120) such that the part of the restrainer
(40) is inserted in the wedge-shaped recess (52).
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13. The method as claimed in one of claims 10 and 11,
wherein coupling the second end portion of the re-
strainer (40) to the other one of the end plates (50)
includes pressing the restrainer (40) and the end
plate (50) together with the wedge bar (120) to couple
the restrainer (40) and the end plate (50) to each
other.

14. The method as claimed in one of claims 12 and 13,
wherein coupling the second end portion of the re-
strainer (40) to the other one of the end plates (50)
further includes:

inserting bolts (121) through the wedge bar
(120), through elongated recesses (42) in the
restrainer (40), and through the end plate (50);
and
coupling nuts (122) to ends of the bolts (121).

15. The method as claimed in one of claims 10 and 11,
wherein coupling the second end portion of the re-
strainer (40) to the other one of the end plates (50)
further includes:

forming a jagged hole (43) in the restrainer (40)
such that the jagged hole (43) includes geared
surfaces (43a); and
inserting a jagged pin (130) into the jagged hole
(43), the jagged pin (130) having a shape cor-
responding to the geared surfaces (43a) so that
the jagged pin (130) couples the restrainer (40)
and the end plate (50) to each other while pen-
etrating the restrainer (40) and the end plate
(50).
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