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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to an electricity storage
device that exerts a restraining force on a plurality of cells
with the use of end plates.

2. Description of Related Art

[0002] In some cases, a plurality of unit cells are
aligned in a direction when the plurality of unit cells are
used to form a battery pack. A pair of end plates are
placed at two ends in the direction of alignment of the
unit cells and the end plates are used to exert a restraining
force on the plurality of unit cells (see Japanese Patent
Application Publication No. 2006-253149 (JP-A-
2006-253149) and JP 2007 115718, for example).
[0003] In the case of a structure, in which the end plates
are in contact with the unit cells, however, there is a fear
that the temperature of the unit cells that are in contact
with the end plates becomes lower than the temperature
of the other unit cells that are not in contact with the end
plates because the heat of the unit cells is transferred to
the end plates. In this case, the temperature varies de-
pending on the plurality of unit cells that constitute the
battery pack.

SUMMARY OF THE INVENTION

[0004] An electricity storage device according to an as-
pect of the invention includes: a plurality of cells that are
aligned in a predetermined direction; a pair of end plates
that sandwich the plurality of cells in the predetermined
direction; and a restraining member that extends in the
predetermined direction, is fixed to the pair of end plates,
and exerts a restraining force on the plurality of cells in
the predetermined direction via the end plates. Each of
the end plates includes a first plate and a second plate.
The first plate has a plurality of ribs on a surface that
faces the adjacent cell and is formed of insulating mate-
rial. The second plate is fixed to the first plate on a side
opposite to the surface that faces the adjacent cell and
is formed of material stronger than the insulating material
for the first plate, so as to ensure that the second plate
has a high strength.
[0005] The first plate has a fastening portion, formed
in part of the plurality of ribs that are formed in the first
plate, for fastening the restraining member. With this con-
figuration, the external force exerted when the restraining
member is fastened to the fastening portion is received
by the ribs, so that it is possible to suppress deformation
of the first plate.
[0006] A closed space is formed on a surface of the
cell that is adjacent to the first plate with the use of the
ribs of the first plate. When the closed space is formed,

flow of air between the closed space and the outside
space is prevented. By keeping air in the closed space,
it is possible to suppress the flow of heat of the cell to
the first plate.
[0007] The first plate may be formed of resin and the
second plate may be formed of metal. The plurality of
ribs may include at least a first rib that extends in a first
direction in a plane orthogonal to the predetermined di-
rection and a second rib that extends in a second direc-
tion different from the first direction in the plane, for ex-
ample. When the ribs that extend in different directions
are used, it is possible to suppress reduction in strength
of the first plate even when the ribs are formed.
[0008] A surface of the first plate that is in contact with
the second plate may be substantially flat. This makes it
easy to attach the second plate to the first plate.
[0009] A separator plate may be placed between two
of the cells that are adjacent to each other in the prede-
termined direction. The separator plate can be used to
form a space, through which a heat exchange medium
flows, on surfaces of the two of the cells. With this con-
figuration, the heat exchange medium is brought into con-
tact with the surfaces of the cells, so that it is possible to
regulate the temperature of the cells.
[0010] According to the invention, it is possible to form
an air layer on a surface of the cell by the ribs formed on
the first plate, so that it is possible to inhibit the heat of
the unit cell from being transferred to the first plate. Spe-
cifically, it is possible to reduce the area of the contact
surface between the first plate and the cell to suppress
the heat transfer through the contact surface.
[0011] In addition, the second plate is attached to the
first plate, on which the ribs are formed, so that it is en-
sured that the end plate has a high strength. When the
first plate alone is used as the end plate, the strength of
the end plate is relatively low; conversely, with the
present invention, since the second plate is formed of
material stronger than the material for the first plate, it is
ensured that the end plate has a high strength.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Features, advantages, and technical and indus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
panying drawings, in which like numerals denote like el-
ements, and wherein:

FIG. 1 is an external view of a battery pack;
FIG. 2 is a front view of a separator plate;
FIG. 3 shows an end plate that is viewed from the
outer side;
FIG. 4 shows the end plate that is viewed from the
inner side;
FIG. 5 is the cross section taken along the line V-V
in FIG. 3; and
FIG. 6 is the cross section taken along the line VI-VI
in FIG. 3.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0013] An embodiment of the invention will be de-
scribed below.
[0014] A battery pack, serving as an electricity storage
device, that is an embodiment of the invention will be
described with reference to FIG. 1. FIG. 1 is an external
view of the battery pack and the X, Y, and Z axes shown
in FIG. 1 are orthogonal to each other.
[0015] The battery pack 11 of this embodiment can be
mounted on a vehicle and examples of the vehicle include
hybrid vehicles and pure electric vehicles. The hybrid ve-
hicle is a vehicle equipped with an internal combustion
engine or a fuel cell in addition to the battery pack 11 as
the motive power source for driving the vehicle. The pure
electric vehicle is a vehicle equipped with the battery pack
11 alone as the motive power source of the vehicle.
[0016] The battery pack 11 may be connected to a mo-
tor/generator (not shown), which receives the output from
the battery pack 11 to generate the kinetic energy for
driving the vehicle. The torque output from the motor/gen-
erator is transmitted to wheels via a power transmission
mechanism.
[0017] A step-up circuit and an inverter may be placed
between the battery pack 11 and the motor/generator.
When the step-up circuit is placed, it is possible to step
up, or boost, the output voltage of the battery pack 11.
When the inverter is used, it is possible to convert the
direct-current (DC) power output from the battery pack
11 to the alternating-current (AC) power, so that it is pos-
sible to use a three phase AC motor as the motor/gen-
erator. The motor/generator converts the kinetic energy
produced during braking of the vehicle into electric en-
ergy and outputs the electric energy to the battery pack
11. The battery pack 11 stores the electric power supplied
from the motor/generator.
[0018] The battery pack 11 has a plurality of unit cells
111, each of which serves as a cell, that are aligned in
the X direction. A rectangular unit cell is used as the unit
cell 111. The number of unit cells 111 constituting the
battery pack 11 may be suitably set. For example, the
number of unit cells 111 may be set based on the power
required of the battery pack 11 and the power of each
unit cell 111.
[0019] A secondary battery, such as a nickel-hydrogen
battery or a lithium-ion battery, may be used as the unit
cell 111. Instead of the secondary battery, an electric
double layer capacitor (capacitor) may be used. While
the plurality of unit cells 111 are aligned in the X direction
in the battery pack 11 of this embodiment, the invention
is not limited to this. Specifically, a configuration may be
employed, in which a plurality of unit cells 111 are used
to form a battery module and a plurality of the battery
modules are aligned in the X direction.
[0020] An electricity generating element is housed in
the unit cell 111. The electricity generating element is an
element that can perform charging and discharging. The
electricity generating element may include a cathode el-

ement, an anode element, and a separator including the
electrolytic solution placed between the cathode element
and the anode element, for example. The cathode ele-
ment is obtained by forming a cathode active material
layer on the surface of a current collector. The anode
element is obtained by forming an anode active material
layer on the surface of a current collector.
[0021] A cathode terminal 111a and an anode terminal
111b are provided on the upper side of the unit cell 111.
The cathode terminal 111a is electrically connected to
the cathode element of the electricity generating element.
The anode terminal 111b is electrically connected to the
anode element of the electricity generating element. Two
adjacent unit cells 111 are electrically connected to each
other via a bus bar. In this embodiment, all of the unit
cells 111 are electrically connected in series. The battery
pack 11 may include a unit cell 111 that is electrically
connected in parallel.
[0022] In this embodiment, a bus bar module 110, into
which a plurality of bus bars are integrated, is used. The
bus bar module 110 is placed on the upper side of the
battery pack 11. The bus bar module 110 has a plurality
of bus bars and a holder that holds the bus bars. The
holder is formed of insulating material, such as a resin.
[0023] A separator plate 114 shown in FIG. 2 is placed
between two unit cells 111 that are adj acent to each
other in the X direction. The separator plate 114 is formed
of insulating material, such as a resin, and is used to form
a space on each of the surfaces of the unit cells 111. This
space serves as a space, through which a heat exchange
medium for regulating the temperature of the unit cells
111 flows. The separator plate 114 has a plurality of pro-
trusions 114a, the tips of which contact the unit cell 111,
so that the space, through which the heat exchange me-
dium flows, is formed on each of the surfaces of the unit
cells 111.
[0024] In this embodiment, the protrusions 114a ex-
tend in the Y direction and the plurality of protrusions
114a are arranged side by side in the Z direction. Thus,
the heat exchange medium flows along the protrusions
114a in the Y direction. The shape of the protrusion 114a
is not limited to the shape shown in FIG 2. Specifically,
it suffices that a space, through which the heat exchange
medium flows, is formed on each of the surfaces of the
unit cells 111.
[0025] By causing the heat exchange medium to flow
through the space formed by the protrusions 114a, the
heat exchange medium is brought into contact with the
unit cells 111, so that it is possible to regulate the tem-
perature of the unit cells 111. When the unit cells 111 are
generating heat, for example, by bringing a cooling heat-
exchange medium into contact with the unit cells 111,
the increase in temperature of the unit cells 111 is sup-
pressed. On the other hand, when the unit cells 111 are
overcooled, by bringing a heating heat-exchange medi-
um into contact with the unit cells 111, it is possible to
warm up the unit cells 111.
[0026] A pair of end plates 112 are placed at two ends
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of the battery pack 11. A restraining band 113, which
serves as a restraining member, extends in the direction
of alignment of the plurality of unit cells 111 and two end
portions of the restraining band 113 are fixed to the pair
of end plates 112. Two of the restraining bands 113 are
placed on the upper side of the battery pack 11 and two
of the restraining bands 113 are placed on the lower side
of the battery pack 11.
[0027] When the restraining band 113 is fixed to the
end plates 112, the pair of end plates 112 are displaced
in the directions such that the pair of end plates 112 are
brought closer to each other. In this way, a restraining
force is exerted on the plurality of unit cells 111 that are
sandwiched between the pair of end plates 112. The re-
straining force means the force, by which the unit cells
111 are vised in the X direction.
[0028] While the restraining band 113 of this embodi-
ment is formed in a plate-like shape, the invention is not
limited to this. Specifically, it suffices that the restraining
band 113 is fixed to the pair of end plates 112 and can
exert the restraining force on the unit cells 111. For ex-
ample, instead of the restraining band 113, a restraining
member that is formed in a cylindrical shape may be
used.
[0029] The structure of the end plate 112 will be spe-
cifically described with reference to FIGS. 3 to 6. FIG 3
shows the end plate 112 that is viewed from the outer
side. FIG 4 shows the end plate 112 that is viewed from
the inner side (unit cell 111 side). FIGS. 5 and 6 are the
cross section taken along the line V-V and the cross sec-
tion taken along the line VI-VI, respectively, in FIG 3.
[0030] The end plate 112 has a resin plate 1121, which
serves as a first plate, and a metal plate 1122, which
serves as a second plate. Guide portions 1121a, at each
of which the restraining band 113 is fixed, are provided
on the upper side of the resin plate 1121. Guide portions
1121b, at each of which the restraining band 113 is fixed,
are provided on the lower side of the resin plate 1121.
[0031] As shown in FIG. 4, the resin plate 1121 has
first ribs 1121c, second ribs 1121d, and third ribs 1121e
on the surface (Y-Z plane) on the side, on which the resin
plate 1121 contacts a unit cell 111. The first ribs 1121c
extend in the Y direction and the plurality of first ribs 1121c
are arranged side by side in the Z direction.
[0032] The tips of the first ribs 1121c are in contact with
the unit cell 111. Thus, as shown in FIGS. 5 and 6, a
plurality of air layers M are formed on the surface of the
unit cell 111. The air layers M are spaces, each of which
is surrounded by the resin plate 1121 and the unit cell
111. By forming the air layers M on the surface of the
unit cell 111, it is possible to inhibit the heat of the unit
cell 111 from being transferred to the end plate 112 (resin
plate 1121).
[0033] The thermal conductivity of air is lower than the
thermal conductivity of the resin plate 1121 and therefore,
it is made difficult for the heat of the unit cell 111 to be
transferred to the resin plate 1121. By making it less easy
for the heat of the unit cell 111 to be transferred to the

end plate 112, it is possible to suppress the reduction in
temperature of the unit cell 111.
[0034] The air layer M may be a closed space. With
this configuration, the flow of air between the air layer M
and the outside of the end plate 112 is suppressed. If the
air is kept in the air layer M, even when the heat of the
unit cell 111 reaches the air layer M, escape of the heat
from the air layer M is suppressed. The closed space
herein does not necessarily mean the perfectly closed
space and it suffices that the flow of air between the air
layer M and the outside of the end plate 112 is sup-
pressed.
[0035] The second ribs 1121d extend in the Z direction
and intersect the first ribs 1121c. The plurality of second
ribs 1121d are arranged side by side in the Y direction.
The third ribs 1121e extend in directions (oblique direc-
tions) such that the third ribs 1121e intersect the first ribs
1121c and the second ribs 1121d. A fastening portion F
for fastening the restraining band 113 is positioned at
each of four end portions of the third ribs 1121e.
[0036] The second ribs 1121d and the third ribs 1121e
that extend in the different directions are provided, so
that it is possible to increase the strength of the resin
plate 1121. In addition, because the third ribs 1121e are
provided, it is possible to suppress deformation of the
resin plate 1121 when the restraining band 113 is fas-
tened to the resin plate 1121.
[0037] Meanwhile, as shown in FIG 5, the resin plate
1121 has a protrusion 1121f that is in contact with the
bottom of the unit cell 111. The protrusion 1121f pro-
trudes more in the X direction than the rib 1121c does.
As shown in FIG. 6, the resin plate 1121 has protrusions
1121g that are in contact with the sides of the unit battery
111. The protrusion 1121g protrudes more in the X di-
rection than the rib 1121c does. The protrusions 1121f
and 1121g are continuous with each other and are formed
so as to extend along the periphery of the unit cell 111
when viewed along the X direction.
[0038] The metal plate 1122 is fixed to the resin plate
1121. One side of the resin plate 1121 is in contact with
the unit cell 111 and the other side of the resin plate 1121
is in contact with the metal plate 1122. The side of the
resin plate 1121 that is in contact with the metal plate
1122 is substantially flat. Thus, it is possible to easily
attach the metal plate 1122 to the resin plate 1121.
[0039] The metal plate 1122 has holes 1122a and
1122b. The hole 1122a is for inserting a bolt therethrough
and the bolt is used to fix the restraining band 113 to the
end plate 112, the restraining band 113 being fixed at
the guide portion 1121a. The hole 1122b is for inserting
a bolt therethrough and the bolt is used to fix the restrain-
ing band 113 to the end plate 112, the restraining band
113 being fixed at the guide portion 1121b.
[0040] Forming the plurality of ribs 1121c in the resin
plate 1121 can reduce the strength of the resin plate
1121. Thus, in this embodiment, the strength of the end
plate 112 is secured by fixing the metal plate 1122 to the
resin plate 1121. In addition, the metal plate 1122 has a
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flat surface, so that the restraining band 113 is easily
attached thereto.
[0041] While the end plate 112 includes the resin plate
1121 and the metal plate 1122 in this embodiment, the
invention is not limited to this. The end plate 112 may
include a plate, corresponding to the resin plate 1121,
that is formed of insulating material, and a plate, corre-
sponding to the metal plate 1122, that is formed of ma-
terial stronger than that for the former plate.
[0042] The invention has been described with refer-
ence to example embodiments for illustrative purposes
only. It should be understood that the description is not
intended to be exhaustive or to limit form of the invention
and that the invention may be adapted for use in other
systems and applications.

Claims

1. An electricity storage device (11) comprising:

a plurality of cells (111) that are aligned in a pre-
determined direction;
a pair of end plates (112) that sandwich the plu-
rality of cells (111) in the predetermined direc-
tion; and
a restraining member (113) that extends in the
predetermined direction, is fixed to the pair of
end plates (112), and exerts a restraining force
on the plurality of cells (111) in the predeter-
mined direction via the end plates (112),
wherein each of the end plates (112) includes a
first plate (1121) and a second plate (1122), the
first plate (1121) having a plurality of ribs (1121c,
1121d, 1121e) on a surface that faces the adja-
cent cell (111) and being formed of insulating
material, the second plate (1122) being fixed to
the first plate (1121) on a side opposite to the
surface that faces the adjacent cell (111), and
being formed of material stronger than the insu-
lating material for the first plate (1121) so as to
ensure that the second plate has a high strength;
the electricity storage device being character-
ized in that the ribs (1121c, 1121d, 1121e) form
a closed space (M) on a surface of the cell (111)
that is adjacent to the first plate (1121), and in
that
the first plate (1121) has a fastening portion (F),
formed in part of the plurality of ribs (1121c,
1121d, 1121e), for fastening the restraining
member (113).

2. The electricity storage device according to claim 1,
wherein the first plate (1121) is formed of resin and
the second plate (1122) is formed of metal.

3. The electricity storage device according to claim 1
or 2, wherein the plurality of ribs (1121c, 1121d,

1121e) include at least a first rib that extends in a
first direction in a plane orthogonal to the predeter-
mined direction and a second rib that extends in a
second direction different from the first direction in
the plane.

4. The electricity storage device according to any one
of claims 1 to 3, wherein a surface of the first plate
(1121) that is in contact with the second plate (1122)
is substantially flat.

5. The electricity storage device according to any one
of claims 1 to 4, further comprising a separator plate
(114) placed between two of the cells (111) that are
adjacent to each other in the predetermined direction
and forming a space, through which a heat exchange
medium flows, on surfaces of the two of the cells
(111).

Patentansprüche

1. Vorrichtung zum Speichern von Elektrizität (11), um-
fassend:

mehrere Zellen (111), die in einer vorgegebenen
Richtung ausgerichtet sind,
ein Paar von Endplatten (112), die die mehreren
Zellen (111) in der vorgegebenen Richtung zwi-
schen sich einschließen, und
ein einspannendes Element (113), das sich in
der vorgegebenen Richtung erstreckt, am Paar
von Endplatten (112) befestigt ist und eine Ein-
spannkraft auf die mehreren Zellen (111) in der
vorgegebenen Richtung über die Endplatten
(112) ausübt,
wobei jede der Endplatten (112) eine erste Plat-
te (1121) und eine zweite Platte (1122) umfasst,
die erste Platte (1121) mehrere Rippen (1121 c,
1121 d, 1121 e) auf einer Fläche hat, die der
benachbarten Zelle (111) zugewandt ist und aus
isolierendem Material gebildet ist, die zweite
Platte (1122) an der ersten Platte (1121) auf ei-
ner Seite gegenüber der Fläche befestigt ist, die
der benachbarten Zelle (111) zugewandt ist,
und aus Material gebildet ist, das stärker als das
Isoliermaterial für die erste Platte (1121) ist, um
so sicherzustellen, dass die zweite Platte eine
hohe Festigkeit hat,
die Vorrichtung zur Elektrizitätsspeicherung, die
dadurch gekennzeichnet ist, dass die Rippen
(1121 c, 1121 d, 1121 e) einen geschlossenen
Raum (M) auf einer Fläche der Zelle (111) bil-
den, die der ersten Platte (1121) benachbart ist,
und dadurch, dass
die erste Platte (1121) einen Befestigungsteil
(F), der teilweise aus den mehreren Rippen
(1121 c, 1121 d, 1121 e) gebildet ist, zum Be-
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festigen des Einspannelementes (113) hat.

2. Elektrizitätsspeichervorrichtung nach Anspruch 1,
wobei die erste Platte (1121) aus Harz gebildet ist
und die zweite Platte (1122) aus Metall gebildet ist.

3. Elektrizitätsspeichervorrichtung nach Anspruch 1
oder 2, wobei die mehreren Rippen (1121 c, 1121
d, 1121 e) mindestens eine erste Rippe umfassen,
die sich in einer ersten Richtung in einer Ebene senk-
recht zur vorgegebenen Richtung erstreckt, und eine
zweite Rippe, die sich in einer zweiten Richtung er-
streckt, welche sich von der ersten Richtung in der
Ebene unterscheidet.

4. Elektrizitätsspeichervorrichtung nach einem der An-
sprüche 1 bis 3, wobei eine Fläche der ersten Platte
(1121), die in Kontakt mit der zweiten Platte (1122)
ist, im Wesentlichen eben ist.

5. Elektrizitätsspeichervorrichtung nach einem der An-
sprüche 1 bis 4, die ferner eine Separatorplatte (114)
umfasst, die zwischen zwei der Zellen (111) platziert
ist, welche in der vorgegebenen Richtung aneinan-
dergrenzen und einen Raum, durch den ein Wärme-
austauschmedium strömt, auf Flächen von den zwei
der Zellen (111) bilden.

Revendications

1. Dispositif de stockage d’électricité (11) comportant :

une pluralité d’éléments (111) qui sont alignés
dans une direction prédéterminée ;
une paire de plaques d’extrémité (112) qui en-
serrent la pluralité d’éléments (111) dans la di-
rection prédéterminée ; et
un élément de retenue (113) qui s’étend dans
la direction prédéterminée, est fixé sur la paire
de plaques d’extrémité (112), et exerce une for-
ce de retenue sur la pluralité d’éléments (111)
dans la direction prédéterminée par l’intermé-
diaire des plaques d’extrémité (112),
dans lequel chacune des plaques d’extrémité
(112) comprend une première plaque (1121) et
une deuxième plaque (1122), la première pla-
que (1121) ayant une pluralité de nervures
(1121c, 1121d, 1121e) sur une surface qui fait
face à l’élément adjacent (111) et étant consti-
tuée d’une matière isolante, la deuxième plaque
(1122) étant fixée sur la première plaque (1121)
sur un côté opposé à la surface qui fait face à
l’élément adjacent (111), et étant constituée
d’une matière plus résistante que la matière iso-
lante pour la première plaque (1121) de façon
à assurer que la deuxième plaque a une résis-
tance élevée ;

le dispositif de stockage de l’électricité étant ca-
ractérisé en ce que les nervures (1121c,
1121d, 1121e) forment un espace fermé (M) sur
une surface de l’élément (111) qui est adjacente
à la première plaque (1121), et en ce que
la première plaque (1121) a une partie de fixa-
tion (F), formée par une partie de la pluralité de
nervures (1121c, 1121d, 1121e), et destinée à
fixer l’élément de retenue (113).

2. Dispositif de stockage d’électricité selon la revendi-
cation 1, dans lequel la première plaque (1121) est
formée de résine et la deuxième plaque (1122) est
formée de métal.

3. Dispositif de stockage d’électricité selon la revendi-
cation 1 ou 2, dans lequel la pluralité de nervures
(1121c, 1121d, 1121e) comprend au moins une pre-
mière nervure qui s’étend dans une première direc-
tion dans un plan perpendiculaire à la direction pré-
déterminée et une deuxième nervure qui s’étend
dans une deuxième direction différente de la premiè-
re direction dans le plan.

4. Dispositif de stockage d’électricité selon l’une quel-
conque des revendications 1 à 3, dans lequel une
surface de la première plaque (1121) qui est en con-
tact avec la deuxième plaque (1122) est essentiel-
lement plate.

5. Dispositif de stockage d’électricité selon l’une quel-
conque des revendications 1 à 4, comportant en
outre une plaque de séparateur (114) placée entre
deux des éléments (111) qui sont adjacents l’un à
l’autre dans la direction prédéterminée et formant un
espace, à travers lequel s’écoule un fluide d’échange
de chaleur, sur des surfaces des deux éléments
(111).
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