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ELECTRICITY STORAGE DEVICE AND VEHICLE

BACKGROUND OF THE INVENTION
1. Ficid of the Invention
[0001]  The invention relates to an electricity storage device including a plurality |
of battery stacks, each including a plurality of cells, and to a vehicle including the same.
2. Description of Related Art |
[0002] A plurality of battery stacks are mounted on a vehicle or the like in some
cases. The battery stack is formed by aligning a plurality of unit cells in one direction
and outputs energy that is used to drive the vehicle. Moreover, a plurality of bﬁttery .'

stacks are aligned in a case ‘(scc Japanese Patent Application Publication No.

2009-181896 (JP-A-2009-181896), for example).

[0003] When the plurality of battery stacks are aligned, there is a case where

heat remains between two adjacent battery stacks. The remaining heat can adversely

affect the input/output characteristics of the unit cells.

SUMMARY OF THE INVENTION
[0004] An electricity storage deyice according to an aspect of the invention
includes a first battery stack, a second battefy stack, and a case that accommodates the
first battery stack and the second héttery stack. Each of the first battery stack and the
second battery stéck includes a plurality of cells that are aligned, and the second battery
stack is placed under the first Eattcry stack. A supportihg member that supports the first

battery stack is placed between the first battery stack and the second battery stack and is

~ fixed to the case.

[0005] The case may include an inner wall formed of electrically insulating
material and a reinforcement frame formed of metal. The supporting member may be
formed of metal, may penetrate the inner wall, and may be in contact with the

reinforcement frame. A resin may be used as the electrically insulating material, for

CONFIRMATION COPY
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example. When the inner wall of the case is formed of a resin, the heat in the case is-

difficult to escape from the case. Thus, the supporting member formed of metal
penctrates the inner wall of the case and is in contact with the metallic reinforcement
frame, so that it is possible to cause the heat in the case to be transferred from the
supporting member to the reinforcement member, whereby the heat is dissipated to the
outside of the case.

[0006] When a wire harness including a shielded wire is used, the shielded wire
may be. connected to the supporting member at a portion different from a portion, at
which the supporting member is in contact with the reinforcement frame. With this
configuration, the shielded wire is éounded via the metallic supporting member and the
metallic reinforcement member. In addition, by utilizing the supporting member and the
reinforcement member, it is possible to make the shielded wire short. - The wire harness 4
may be used as the cable for charging and dischargiﬁg the first battery stack and the
second battery stack.

[0007]. A plurality of the second battery stacks may be aligned along the first
battery stack. The reinforcement frame may be positioned between two of the second
battery stacks that are adjacent to each other. With this conﬁguratioﬁ, the portion, at
which the reinforcement frame and the supporting member are in contact with each other,
is positioned between two of the second battery stacks that aré adjacent to each other.
There is a tendency that heat remains in the space created between two adjacent second
béttery stacks and therefore, when the portion, at which the réinforcemcnt frame and the
supporting member are in contact with each other, is positioned in this space, it is made
possible to efficiently transfer the heat to the reinforcement frame. |

[0008]  The first battery stack and the second battery stack may be arranged so
as to be perpendicular to each other when viewed from above the first battery stack and
the second battery stack.

[0009] The electricity storage device according to the aspect of the invention
may be mounted on a vehicle. When the electric power from the electricity storage

device is supplied to a motor/generator, the kinetic energy for driving the vehicle is
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generated. In addition, the motor/generator can convert the kinetic energy generated
during regenerative braking of the vehicle into electric energy and the electricity storage
device can store this clectric energy. »

[0010] In the invention, thé supporting member that supports the first battery
stack is placed between the first battery stack and t.hc second battery stack and is fixed to
the case. If the heat remains in the space created between the first battery stack and the
second battery stack, the heat is transferred to the case via the supporting member. Thus,
it is possible to prevent heat from remaining between the first battery stack and the
second battery stack and‘ therefore, it is possible to suppress the increase in temperature

of the first battery stack and the second battery stack.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Features, advantages, and technical_ and industrial significance of

_exemplary embodiments of the invention will be described below with reference to the

accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a side view of a vehicle equipped with a battery unit;

FIG. 2 is an external view of the battery unit; .

FIG. 3 is a schematic view of the battery unit and a floor panel when viewed from
the front of the vehicle;

FIG. 4 is an exploded view of the battery unit;

FIG Sisan explodéd view of a lower case;

FIG. 6 is an exploded view of a battery stack;

FIG 7 is an external view of a fixation struéture of the battery stack;

FIG. 8 is an external view of an internal structure of the battery unit;

FIG. 9 is an external view for explaining the internal structure of the battery unit;

FIG. 10 is an external view of the internal structure of the battery unit;

FIG 11 is a plan view showing a structure for fixing a base;

FIG. 12 is a diagram showing a circuit configuration of the battery uhit;

FIG. 13 is a side view showing the internal structure of the battery unit;
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FIG 14 is a diagram for explaining the flow path of the air in the battery stack; and

FIG. 15 is a diagram for explaining the flow path of the air in the battery stack.

DETAILED DESCRIPTION OF EMBODIMENTS
[0012] An embodiment of the invention will be described below.
[0013] A battery unit, serving as an electricity storage device, that is an

embodiment of the invention will be described. A vehicle equipped with the battery unit

of this embodiment will be described with reference to FIG 1. FIG. 1 is a side view of

the vehicle, mainly showihg the battery umit and a mechanism for regulating the
temperature of the battery unit. In FIG 1, the arrow UP means the upward direction
with respect to the vehicle and the arrow FR means the forward direction with respect to

the vehicle.
[0014] The vehicle 100 of this embodiment includes a floor panel 101, on the

underside of which the battery unit 1 is installed. The upper side of the floor panel 101

forms part of the cabin and therefore, the battery unit 1 is positioned outside the cabin.
The cabin is a space for an occupant or occupants. The floor panel 101 is part of the
body of the vehicle 100. ,.

[0015] Examples of the vehicle 100, on which the battery unit 1 is mounted;
include hybrid vehicles and pure electric vehicles. The hybrid vehicle is a vehicle

equipped with an internal combustion engine or a fuel cell in addition to the battery unit 1

. as the motive power source for driving the vehicle 100. The pure electric vehicle is a

vehicle equipped with the battery unit 1 alone as the motive power source of the vehicle
100.
[0016]  The battery unit 1 is connected to a motor/generator (not shown), which

receives the output from the battery unit 1 to ggneraté the kinetic energy for driving the

~ vehicle 100. The torque output from the motor/generator is transmitted to wheels via a

power transmission mechanism.

[0017] A step-up circuit and an inverter inay be placed between the battery unit

1 and the motor/generator. When the step-up circuit is placed, it is possible to step up,
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or boost, the output voltage of the battery unit 1. When the inverter is used, it is

possible to convert the direct-current (DC) power output from the battery unit 1 to the
alternating-current (AC) power, so that it is possible to use a three phase AC motor as the
motor/generator. The motor/generator converts the kinetic energy produced during
braking of the vehicle 100 info electric energy and outputs tﬁc electric energy to the
battery unit 1. The battery unit 1 stores the electric power supplied from the
motor/generator. " ,

[0018]  An intake duct 102 is connected to the battcry unit 1 and is disposed in
front of the battery unit 1 in the vehicle 100. An intake port 102a is provided at one end
of the intake duct 102 and air is taken in through the intake port 102a. The other end
102b of the intake duct 102 is connected to the battery unit 1.

[0019]1 A blower 103 is provided for the intake duct 102 and air is moved from
the intake port 102a of the intake duct .102 toward the battery unit 1 by driving the blower

. 103. Although the blower 103 is provided for the intake duct 102 in this embodiment,

16

20

25

the invention is not limited to this. It suffices that air flows from the intake port 102a of
the intake duct 102 toward the battery unit 1 For example, the blower 103 may be
provided for an exhaust duct 106 to be described later.

[0020]  An air cleaner 104 is provided for the intake duct 102 and cleans the air
taken in through the intake port 102a of the intake duct 102. Specifically, the air cleaner
104 removes the foreign matter contained in the air with the use of a filter. The blower
103 and the air cleaner 104 are disposed in the space provided in front of a dashboard 105
in the vehicle 100. Tﬁis space corresponds to the engine compartment when the vehicle
100 is an automobile equipped with an engine.

[0021]  The air introduced from the intake duct 102 into the battery unit 1 passes
through the inside of the battery unit 1 and enters the exhaust duct 106. The air passes
through the inside of the battery unit 1, so that it is possible to regulate the temperature of
tﬁe battery unit 1. For exaniple, air takes heat away from the battery unit 1, so that the
battery unit 1 is cooled. The flow of air in the battery unit 1 will be described later.

| [0022]  One end 106a of the exhaust duct 106 is connected to the battery unit 1.
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An exhaust port 106b is formed at the other end of the exhaust duct 106. The other end
of the exhaust duct 106 is positioned inside a rear bumper case 107. The air discharged
through the exhaust port 106b moves into a space cl;eated in the rear bumper case 107.

[0023]  Next, a configuration of the battery unit 1 will be described. FIG. 2 is
an external view of the battery unit 1. FIG 3 is a schematic view of the battery unit 1
and the floor panel 101 when viewed from the front of the vehicle 100. FIG. 4 is an
exploded view of the battery unit 1. In FIG. 2, the arrow RH means the right when one
faces the forward direction FR of the vehicle 100. In FIG. 4, the arrow LH means the
left when one faces the forward direction of the vehicle 100.

[0024] | The battery unit 1 includes five battefy stacks 11 to 15, each of which
serves as a battery stack, and a pack case 20 that accommodates the battery stacks 11 to
15. A plurality of fastening portions 20a are provided at the periphery of the pack case
20 and are used to fix the battery unit 1 to the floor panel 101.

[0025] A protruding portion 20b is formed on the upper side of the pack case 20.

The protruding portion 20b protrudes upward and extends in the longitudinal direction of |

the vehicle 100. As shown in FIG. 3, the upper side of the pack case 20 is placed along
the floor panel 101. The floor panel 101 has a center tunnel 101a.

[0026] The center tunnel 101a protrudes upward and extends in the longitudinal
direction of the vehicle 100. The center tunnel 101a is provided between the driverfs
seat and the passenger seat in the lateral direction of the vehicle 100. The protruding
portion 20b of the pack case 20 is positioned in the center tunnel 101a. An opening 20c,
which is provided to pass a circuit breaker to be described later therethrough, is formed in.
the upper side of the pack case 20.

[0027]  As shown in FIG. 4, the battery unit 1 has five battery stacks 11 to 15,
which are covered by an upper case 21 and a lower case 22. The upper case 21 is fixed
to the lower case 22 via a plurality of bolts 23. The upper case 21 may be formed of a
resin containing glass fibers, for example.

[0028]  The battery stacks 11 to 14 extend in the lateral direction of the vehicle
100 and the four battery stacks 11 to 14 are aligned in the longitudinal direction of the.
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vehicle 100. The battery stack 15, wh_iéh serves as a first battery stack, is positioned

above the four battery stacks 11 to 14, each of which serves as a second battery stack, and
the battery stack 15 extends in the longitudinal direction of the vehicle 100. The battery
staqk 15 is placed at a position corresponding to the protruding portion 20b of the pack
case 20. Speciﬁdllly, the battery stack 15 is positioned in the center tunnel 101a.

[0029] ‘The lowef case 22 has a lower carrier 221 and a frame 222, which serves
as a reinforcement frame, as shown in FIG 5. The battery stacks 11 to 15 are fixed to
the lower carrier 221. The lower carrier 221 is fixed to the frame 222 via a f;lurality of

bolts 24, ‘The lower carrier 221 may be formed of a resin cbntaining glass fibers, for

example. The frame 222 is exposed to the outside of the lower case 22 and may be
made of a metal, such as iron. The frame 222 is used to'secure the strength of the lower
case 22 and has reinforcements 222a and 222b that extend in the lateral direction of the
vehicle 100. The frame 222 is fixed to the floor panel 101.

[0030]  Next, the mnﬂguration of each of the battery stacks 11 to 15 will be
described. FIG 6 is an exploded view of the battery stack 11. The battery -stack 11 has
a plurality of unit cells 111, each of which serves as a cell, that are aligned in one
direction. A rectangular unit cell is used as the unit cell 111. In this embodiment, the
number of unit cells constituting each of the battery stacks 11 to 15 differs from each

other.

[0031]  The number of unit cells constituting each of the battery stacks 11 to 15

may be suitably set. In this embodiment, the number of unit cells constituting each of

the battery stacks 11 to 15 is set according to the shape of the lower case 22. In addition,

‘a separator plate is placed between two adjacent unit cells 111. The separator plate is

formed of an electrically insulating material, such as a resin, and is used to create a space
on each of the surfaces of the unit cells 111.
[0032] 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 a plurality of unit cells are

aligned in one direction in each of the battery stacks 11 to 15 of this embodiment, the -
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invention is not limited to this. Specifically, a configuration may be employed, in which
a plurality of unit cells are used to form a battery module and a plurality of the battery

~modules are aligned in one direction.

[0033] An eclectricity generating element is housed in the umit cell 111. The
electricity generating element is an element that can perform charging and discharging.
The electricity generating element may include a cathode element, an anode element, and
a separator including the electrolytic solution placed between the cathode element and the
anode element, for example. The cathode element 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 on the surface of a current collector. |

[0034] 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 clectrically connected to each other via a bus bar.

[0035] 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 stack 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 an électrically insulating materiai, such as a
resin. - Each bus bar may be covered by an electrically insulating cover, such as a resin
cover, and t:he covef may be attached to the holder. |

[0036] A pair of end plates 112 are placed at two ends of the battery stack 11.
A restraining band 113 extends in the direction of alignment of the plurality of unit cells
111 and two end portions of the restraining band 113 aré fixed to the pair of end plates
112. Two of the restraining bands 113 are placed on the upper side of the battery stack
11 and two of the restraining bands 113 are placed on the lower side of the battery stack
11.

[0037] When the restraining band 113 is fixed to the end platés 112, the pair of

end plates 112 are displaced in the directions such that the pair of end plates 112 are
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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. A spacer is
placed between the two adjacent unit cells 111 and air can enter between two adjacent
unit cells 111. |

[0038]  An intake chamber 114 and an exhaust chamber 115 are disposed at two
sides of the battery stack 11. Specifically, the intake chamber 114 and the exhaust
chamber 115 are disposed at positions such that the intake chamber 114 and the exhaust
chamber 115 sandwich the plurality of unit cells 111 in the direction perpendicular to the
direétion of alignment of the plurality of unit cells 111. The intake chamber 114 has a
connection port 114a, through which air from the intake duct 102 enters. The air thAt
moves into the intake chamber 114 enters the space created between two adjacent unit
cells 111.  Air moves from the intake chamber 114 toward the exhaust chamber 115.

[0039])  Heat is exchanged between air and the unit celis 111, so that it is possible
to regulate the temperature of the unit cells 111. When the unit cells 111 are charged or
diécharging and are therefore generating heat, air takes heat away from the unit cells 111,
so that it is possible to suppress the increase in temperature of the unit cells 111. The air
that has passed through the space between two unit cells 111 moves into the exhaust

chamber 115. Exhaust ports 115a are provided at two ends of the exhaust chamber 115

and air after heat exchange is discharged through the exhaust ports 115a. The air

discharged through the exhauét‘ports 115a moves into the space created between the
upper case 21 and the lower case 22,

[0040]  The configuration of the battery stacks 12 to 15 is basically similar to
that of the battery stack 11. The number of unit cells constituting each of the battery
stacks 11 to 15 differs from each other. The plurality of unit cells constituting each of
the battery stacks 11 to 14 are aligned in the lateral direction of the vehicle 100 and the
plurality of unit cells constituting the battery stack 15 are aligned in the longitudinal
direction of the vehicle 100, '

[0041] " As shown in FIG. 7, a bracket 116 is fixed tq the end plates 112 of the
battery stack 11 via bolts 117.  As shown in FIG. 8, the bracket 116 is fixed to the lower
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case 22 via bolts 118. In this way, the battery stack 11 is fixed to the lower case 22.

[0042) A bracket 120 is used to fix the battery stack 12 to the lower case 22.
Specifically, the bracket 120 is fixed to the pair of end plates of the battery stack 12 and
to the lower case 22. A bracket 130 is used to fix the battery stack 13 to the lower case
22

[0043] S'pccifically, the bracket 130 is fixed to the pair of end plates of the
battery stack 13 and to the lower case 22. A bracket 140 is used to fix the battery stack
14 to the lower case 22. Specifically, the bracket 140 is fixed to the pair of end plates of
the battery stack 14 and to the lower case 22.  The battery stacks 11 to 14 are fixed to
the lower case 22 via not only the brackets 116, 120, 130, and 140 but also the brackets
30 (see FIG. 10). '

[0044]  The lower case .22 has two 1ibs 22a and 22b. The ribs 22a and 22b
prbtrudc upward and extend in the lateral direction of the vehicle 100. Part of the frame
222 shown in FIG. 5 (reinforcements 222a and 222b) forms the ribs 22a and 22b. The
battery stack 12 is mounted in a first region S1 positioned further forward than the rib 22a
with respect to the vehicle 100. The battery stack 11 is mounted in a second region $2

positioned between the rib 22a and the rib 22b. The battery stacks 13 and 14 are

mounted in a third region S3 positiéned further rearward than the rib 22b with Tespect to

the vehicle 100.
[0045] As shown in FIG 9, four branch ducts 51 to 54 are connected to the

intake duct 102. FIG. 9 is a diagram showing the arrangement of the branch ducts 51 to
54. The air from the intake duct 102 moves into the four branch ducts 51 to 54.

[0046] A connection port of the branch duct 51 is connected to a connection port -
114a of the intake chamber 114 provided for the battery stack 11. The branch duct 51 is
connected on the front side of the battery stack 11 with respect to the vehicle 100, The
air in the branch duct 51 is supplied to the unit cell 111 of the battery stack 11. A
connection port 52a of the branch duct 52 is connected to the intake chamber provided
for the At':attcry stack 12 and the air in the branch duct 52 is supplied to the unit cell of the -

battery stack 12. The branch duct 52 is connected on the front side of the battery stack
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12 with respect to the vehicle 100.

[0047] A connection port 53a of the branch duct 53 is connected to the intake
chamber provided for the battery stack 13 and the air in the branch duct 53 is supplied to
the unit cell of the battery stack 13. The branch duct 53 is connected on the front side of
the battery stack 13 with respect to the vehicle 100. A connection port 54a of the branch
duct 54 is connected to the intake chamber provided for the battery stack 14 and the air in
the branch duct 54 is supplied to the unit cell of the battery stack 14.. The branch duct
54 is connected on the rear side of the battery stack 14 with respect to the vehicle 100.

[0048] As shown in FIG. 9, electronic equipment 60 is placed under the intake
duct 102. The electronic equipment 60 is fixed to the lower case 22. The electronic
equipment 60 fs used to control charging and dischaiging of the battery' stacks 11 to 15.

- System main relays and a resistor are examples of the electronic equipment 60. The

system main relays allow and inhibit the charging and discharging of the battery stacks 11
to 15. The system main relays and the resistor are attached to a junction box. ’
[0049]  As shown in FIG 10, a base 80, sei'ving as part of a supporting member,

that is formed of a metal, such as iron, is placed over the branch ducts 51 to 54. The

- base 80 is also present over part of the intake duct 102. The base 80 and the branch

ducts 51 to 54 overlap each other when viewed from above. The base 80 is fixed to the

-lower case 22 via a bracket (not shown). With this leg, it is possible to position the base

80 over the branch ducts 51 to 54.
[0050]  The structure for fixing the base 80 to the lower case 22 may be suitably

selected. Specifically, it suffices that the base 80 is fixed over the branch ducts 51 to 54,
Although the baée 80 and the bracket are separate from each‘other in this embodiment,
the base 80 and the bracket may be an integral member.

[0051] A plurality of stud bolts 81 are provided on the upper side of the base 80.
The battery stack 15 is placed on the upper side of the base 80. The battery stack 15 has
a plurality of unit cells 151, which are aligned in one direction (longitudinal direction of
the vehiélc 100). '

[0052] A pair of end plates 152 are placed at two ends of the battery stack 15.
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A restraining band 153 extends in the longitudinal direction of the vehicle 100 and two

end portions of the restraining band 153 are fixed to the pair of end plates 152. Two of
the restraining bands 153 are placed on the upper side of the battery stack 15 and two of
the restraining bands 153 are placed on the lower side of the battery stack 15. With the
use of the restraining bands 153 and the end plates 152, a restraining force is exerted on
the plurality of unit cells 151.

[0053] Two brackets 156 and 158 are fixed to the end plates 152 via bolts 15%a.
The stud bolts 81 of the base 80 are passed through the brackets 156 and 158 and engage

with the nuts 159b. '

[0054] An intake chamber 154 and an exhaust chamber 155 are disposed at two
sides vof the battery stack 15. The intake chamber 154 extends in the direction of
aﬁgnment of the plurality of umit cells 151 and one end of the intake chamber 154 is

~provided with a connection port 154a. The other end of the intake chamber 154 is

closed. The exhaust chamber 155 extends in the direction of alignment of the plurality
of unit cells 151 and one end of the exhaust chamber 155 is provided with an exhaust port
155a. The other end of the exhaust chamber 155 is closed. The connection port 154a
is provided at one end of the battery stack 15 in the longitudinal direction of the vehicle
100 and the exhaust port 155a is provided at the other end of the battery stack 15 in the
longitudinal direction of the vehicle 100. The connection port 154a is connected to the
intake duct 102 and the air from the intake duct 102 enters the intake chamber 154.

[0055] Meanwhile, as shoWn in FIG. 11, the base 80 is fixed to the lower case 22
via a plurality of brackets 82a to 82c, which serve as part of the supporting member.
The brackets 82a to 82c are formed of a metal, such as jron. The brackets 82a are in
contact with the lower carrier 221 of the 1ower case 22 and a shielded wire 61 (shielded
wire of a wire harness 70) included in the electronic equipment 60 is connected to oﬁe of
the two brackets 82a.

[0056]  The wire hamess 70 is used to charge and discharge the Dattery stacks 11
to 15 and includes the shielded wire 61 for blocking noise. The shielded wire 61 and the

bracket 82a are fixed to the lower case 22 via the same fastening member. The brackets
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82b are fixed to the rib 22a of the lower case 22 (see FIG. 8) and the brackets 82c are

fixed to the rib 22b of the lower case 22 (see FIG: 8).

[0057] The brackets 82b penetrate the lower carrier 221 of the lower case 22
and are in contact with the reinforcement 222a of the frame 222 (see FIG. 5). The
brackets 82c penetrate the lower carrier 221 of the lower case 22 and are in contact with
the reinforcement 222b of the frame 222 (see FIG. 5).

[0058] A bracket 157 extends in the direction of alignment of the plurality of
unit cells 151 and is fixed to the battery stack 15 on the LH side. The stud bolts 81 of
the base 80 are passed through the bracket 157 and engage with the nuts 159b.

Although not shown in FIG 10, a bracket 157 is also fixed to the battery stack 15 on the

RH side.. The battery stack 15 is fixed to the base 80 with the use of three types of
brackets 156 to 158. The bus bar module is placed on the upper side of the battery stack
15 as described with reference to FIG. 6.

[0059] The battcr& stacks 12 to 14 are pressed against the lower case 22 by the
brackets 30. The shapes of the brackets 30 for the battery stacks 12 to 14 differ from

each other. The five battery stacks 11 to 15'are electrically connected via the wire

" harness 70. An opening 22c is formed in a side wall of the lower case 22 to pass the

cable for connecting between the battery stacks 11 to 15 and the load through the opening
22c. ‘ |

[0060] A circuit breaker 71 is ﬁxcd to one of two battery monitoring units 40.
The circuit breaker 71 is used to break the line of the battery stacks 11 to 15. The.circuit
breaker71 includes a plug and a sécket, into which the plug is inserted, and it is possible
to break the line by removing the plug from the socket. -

[0061]  The circuit breaker 71 is passed through the opening 20c (see FIG. 2) of
the pack case 20 and is passed through the opening formed in the floor panel 101. Thus,
the circuit breaker 71 protrudes into the cabin and an operator can operate the circuit

breaker 71 in the cabin. The circuit breaker 71 may be positioned in the space created

- under a seat cushion. In addition, a seal member may be used to secure the hermeticity

between the opening 20c of the pack case 20 and the floor panel 101.
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[0062]  Next, the circuit configuration of the battery unit 1 will be described with

reference to FIG. 12.

[0063] In this embodiment, two battery packs 91 and 92 are formed by the five
battery stacks 11 to 15 and are electrically connected in parallel. The number-of unit
cells constituting the battery pack 91 and the number of unit cells constituting the battery

pack 92 are equal to each other. The battery packs 91 and 92 are connected to the load.

.Examples of the load include a motor generator, a step-up circuit, and an inverter.

[0064] One of the two battery monitoring units 40 shown in FIG 10 is used to
monitor the state of the battery pack 91 and the other battery monitoring unit 40 is used to
monitor the state of the battery pack 92. The parameters of the state of the battery packs
91 and 92 include electric currents, voitagcs, and temperatures. The voltages include:

the voltage of each of the battery packs 91 and 92, the voltage of each unit cell, the

'voltages of a plurality of blocks, into which the plurality of unit cells constituting the

battery packs 91 and 92 are divided. Each block includes two or more unit cells. The

temperatures include those obtained by measuring one or more points of each of the

‘battery packs 91 and 92.

[0065] The electric currents, the voltages, and the temperatures monitored by

the battery monitoring units 40 are used to control the charging and discharging of the

~ battery stacks 11 to 15, The electric currents, for example, are used to estimate the state

of charge (SOC) of the battery stacks 11 to 15 and to estimate the deterioration conditions
of the battery stacks 11 to 15. The voltages, 'for example, are used to prevent the
overchérge and the overdischarge of the battery stacks 11 to 135.

[0066] Thc battery pack 91 is constituted of the two battery stacks 11 and 15‘and
part of the battery stack 13, in which the unit cells of the battery stacks 11, 15, and 13 are
electrically connected in series. The battefy pack 92 is constituted of the two battery
stacks 12 and 14 and part of the battery stack 13, in which the unit cells of the battery
stacks 12, 14, and 13 are electﬁcally connected in series.

[0067] Each of the béttery stacks 11 to 15 has a fusc 72. The circuit breaker 71

is provided between the battery stacks 11 and 15 and the circuit breaker 71 is also 7
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provided between the battery stacks 12 and 14. The two circuit breakers 71 are

integrated into one unit, so that it is possible to simultaneously break the lines of both of
the battery packs 91 and 92 by removing the plug of the circuit breaker 71.

{0068] A system main relay SMR_BI is connected to a positive terminal of the
battery pack 91 and a system main relay SMR_B2 is connected to a positive terminal of
the battery pack 92. A system main relay SMR_G is connected to negative terminals of

the battery packs 91 and 92. A System main relay SMR_P and a resistor 73 are

connected in parallel with the system main relay SMR_G The system main relays
SMR_B1, B2, G, and P are included in the electronic equipment 60.

[0069] In order to electrically connect the battery packs 91 and 92 and the load,
first, the system main relays SMR_B1 and B2, and the system main relay SMR_P are
switched from off to on. Next, after switching the system main relay SMR_G from off
to on, the system main relay SMR_P is switched from on to off. - In this way, it is
possible to charge and discharge the battery packs 91 and 92. By connecting the battery
packs 91 and 92 to a DC power source or an AC power source, it is made possible to
charge the battery packs 91 and 92.

' [0070] Next, the flow of air that is supplied to the battery unit 1 will be
described with refelrence to FIGS. 13 to 15. .

[0071]  As shown in FIG. 13, the air from the intake duct 102 is introduced into
the battery stack 15 and is introduced into the battery stacks 11 to 14 through the branch
ducts 51 to 54. 'When air movés into the battery stack 15, as shown by the arrows in FIG
14, the air moves along the intake chamber 154 and enters the space created between two
adjacent unit cells 151. Heat is exchanged between the air and the unit cells 151, so that
the temperature of the unit cells 151 is regulated.

[0072] The air introduced binto the battery stack 15 moves from the intake
chamber 154 toward the exhaust chamber 155. The air after heat exchange moves into

the exhaust chamber 155 and is discharged through the exhaust port 155a of the exhaust

-chamber 155. The air discharged through the exhaust port 155a moves into the space

(the space in which the battery stacks 11 to 15 are accommodatéd) surrounded by the
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upper case 21 and the lower case 22.

[0073]  The air that passes through the branch duct 51 is introduced into the
battery stack 11. The air introduced into the battery stack 11 moves along the intake
chamber 114. The air moves toward the two ends of the battery stack 11. The air
moves along the direction qf alignment of the battery stack 11 and enters the space
created between two adjacent unit cells 111.  Heat is exchanged beﬁveen air and the unit

cells 111, so that the temperature of the .um't cells 111 is regulated. . The air after heat

~exchange moves into the exhaust chamber 115 and is discharged through the exhaust

ports 115a that are provided at the two ends of the battery stack 11. The air discharged

- through the exhaust ports 115a moves into the space surrounded by the upper case 21 and

the lower case 22. '

[0074] The air introduced from the branch duct 52 into the battery stack 12
moves toward the two ends of the battery stack 12 in the intake chamber and moves into
the space created between two adjacent unit cells. The air after the heat exchange with
the unit cells moves into the exhaust chamber and is discharged through the exhaust ports
provided at the two ends of the battery stack 12. The air discharged through the exhaust
ports of the battery stack 12 moves into thel space surrounded by the upper case 21 and
the lower case 22. . |

[0075] The air introduced from the branch duct 53 into the battery stack 13
moves toward the two ends of the battery stack 13 in the intake chamber and moves into

the space created between two adjacent unit cells. The air after the heat exchange with

 the unit cells moves into the exhaust chamber and is discharged through the exhaust ports

provided at the two ends of the battery stack 13. The air discharged through the exhaust
ports of the battery stack 13 moves into the space surrounded by the upper case 21 and

the lower case 22.

[0076]  The air introduced from the branch duct 54 into the battery stack 14

moves toward the two ends of the battery stack 14 in the intake chamber and moves into

the space created between two adjacent unit cells. The air after the heat exchange with

the unit cells moves into the exhaust chamber and is discharged through the exhaust ports
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provided at the two ends of the battery stack 14. The air discharged through the exhaust

ports of the battery stack 14 moves into the space surrounded by the upper case 21 and
the lower case 22. The exhaust chamber of the battery stack 13 and the exhaust
chamber of the battery stack 14 face each other in the longitudinal direction of the vehicle

100.
[0077]  The air in the pack case 20 (air after heat exchange) is introduced into

~ the exhaust duct 106 and moves to the outside of the pack case 20. The air that enters

the exhaust duct 106 moves along the exhaust duct 106 and is discharged into the outside
of the vehicle 100 through the exhaust port 106b (see FIG. 1).
[0078]  As described with reference to FIG 11, according to this embodiment, it

'is possible to ground the shielded wire 61 via the brackets 82a, the base 80, and the

brackets 82b and 82c. Although it is also possible to extend the shielded wire 61 to the
reinforcements 222a and 222b, wiring of the shielded wire 61 becomes complex in this
case. In this embodiment, the gounding path of the shielded wire 61 is formed via the

brackets 82a to 82c and the base 80, so that it is possible to make the shielded wire 61

" short.

[6079] The base 80 tends to be heated because the base 80 is placed between the
battery stack 15 and the battery stacks 11 to 14, The space, in whicﬁ the base 80 is
placed, is sandwiéhed between the battery stack 15 and the battery stacks 11 to 14 and
therefore, there is a tendency that heat remains in this space. For example, there is a
case where heat generated by the battery stacks 11 to 14 rises and reaches the base 80 and
heat remains in the base 80. Moreover, because the electronic equipment 60 is placed
under the base 80, the heat generated by the electronic equipment 60 can rise and reach
the base 80. If the heat continues to remain in the base 80, there is a fear that the battery
stacks 11 to 15 are adversely affected by the heat of the base 80.

[0080] In thxs embodiment, the base 80 is connected to the frame 222
(reinforcements 222a and 222b) of the lower case 22 via the brackets 82b and 82c, so that
the heat of the base 80 is dissipated to the frame 222. The heat transferred to the frame

222 is dissipated to the atmosphere. In this way, it is possible to prevent heat from
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remaining in the base 80. In this embodiment, the base 80, the brackets 82b and 82c,

and the frame 222 form the heat dissipation path, so that it is possible to release the heat
in the pack case 20 to the outside of the pack case 20.

[0081] As shown in FIG 11, the brackets 82b and 82c are placed in a central
region in the longitudinal direction (FR direction) of the base 80 and are placed in a
central region in the longjtudinal direction (RH direction) of the battery stacks 11 to 13,
The region, in which the brackets are placed, corresponds to the center of the space in the
pack case 20 and is therefore the region, from which it is the most difficult for heat to
escape. The brackets 82b and 82¢ are placed in such regions, so that it is possible to

efficiently dissipate the heat in the pack case 20 to the outside of the pack case 20 via the

brackets 82b and 82c.

- [0082] In addition, although the battery monitoring units 40 are disposed over
the battery stack 11 as shown in FIG. 10, it is possible to dissipate the heat around the

battery monitoring units 40 to the outside of the pack case 20 via the brackets 82b and

" 82c because the brackets 82b and 82c are disposed at positions that sandwich the battery

-stack 11. In this way, it is possible to suppress the increase in temperature of the battery

monitoring units 40.

[0083]  Although the base 80 is fixed to the lower case 22 via the brackets 82a to

~ 82c in this embodiment, the inventioh is not limited to this. The base 80 may be fixed to

the upper case 21, for example. In this case, it is required to provide the upper case 21
with a member corresponding to the frame 222.

[0084] Meanwhile, by placing the battery stack 15 in the center tunnel 101a as
in this embodiment, it i3 made possible to use a larger number of battery stacks 11 to 15
to form the battery unit 1. Since the center tunnel 101a is positioned between the
driver's seat and the passenger seat, no adverse effect is caused in terms of the comfort in
the cabin even when the center tunnel 101a is provided.

[0085} In addition, it is possible to arrange the battery unit 1 along the floor
panel 101 by placing the battery stack 15 in the center tunnel 101a and placing the

electronic equipment 60 and the battery stacks 11 to 14 in one plane. In other words, the



WO 2012/028929 PCT/IB2011/001988

10

16

20

25

19
battery unit 1 is efficiently disposed along the outer surface of the vehicle 100 and it is

made possible to suppress the increase in size of the battery unit 1 in the vertical direction
of the vehicle 100.

[0086]  Although one battery stack 15 _is placed in the center tunnel 101a 6f the
floor panel 101 in this embodiment, the invention is not limited to this. For example, a
plurality of battery stacks may be placed in the center tunnel 101a. The plurality 6f
battery stacks placed in the center tunnel 101a may Bc aligned either in the longitudinal
direction of the vehicle 100 or in the lateral direction of the vehicle 100. It is not
necessary that the entire battery stack 15 is placed in the center tunnel 101a.  Part of the
Baﬂery stack 15 may be placed in the center tunnel 101a. |

[0087]  Although, in this embodiment, as described with reference to FIG. 12,

two battery packs 91 and 92 are electrically connected in parallel, the invention is not

. limited to this. For example, the battery packs 91 and 92 may be connected in series.

Alternatively, a configuration may be employed, in which three or more battery packs are
formed with the use of the battery stacks 11 to 15 and these battery packs are electrically
connected in parallel. Meanwhile, although the air present outside the vehicle 10Q is
supplied to the battery unit 1 in this embodiment, the air in the cabin may be supplied to
the battery unit 1. Instead of air, another coolant (gas) may be used.

[0088]  Although the four battery stacks 11 to 14 are disposed under the battery
stack 15 in this embodiment, the invention is_ not limited to this. Specifically, the

number of battery stacks that are disposed under the battery stack 15 may be one or

_ greater.  Although the battery stack 15 and the battery stacks 11 to-14 are disposed so as

to be perpendicular to each other when viewed from above (see FIG. 14) in this
embodiment, the invention is not Iimith to this. The battery stack 15 and the battery
stacks 11 to 14 may be disposed so as to intersect each other. The battery stacks that are
disposed under the battery stack 15 may be aiigncd s0 as to be oriented in the direction
the same as that of the battery stack 135,

[0089] In a case where at least two battery stacks are stacked in the vertical

direction as described above, the base 80 and the brackets 82b and 82c described in the
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With this configuration, the upper battery stack is supported by the base 80 and heat
dissipation path is formed by the base 80 etc.

f0090] The invention has been described with reference 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. The scope of the invention
embraces various modifications and equivalent arrangements that may be conceived by

one skilled in the art.
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CLAIMS:

1 An clectricity storage device comprising:
a first battery stack including a plurality of cells that are aligned;
a second battery stack, including a plurality of cells that are aligned, that is placed
under the first baﬁery stack;
a case that accommodates the first battery stack and the second battery stack; and
a supporting member that is fixed to the cage and supports the first battery stack, the

supporting member being placed between the first battery stack and the sccond battery

stack.

2.The electricity storage device according to claim 1, wherein

the case includes an inner wall formed of electrically insulating material and a
reinforcement frame that is exposed to an outside of the case and is formed of metal, and

the supporting member is formed of metal, penetrates the inner wall, and is in

contact with the reinforcement frame.

3. The electricity storage device according to claim 2, further comprising a wire
harness, including a shielded wire, that is used to charge and discharge the ﬁrét battery
stack and the second battery stack,

wherein the shielded wire is connected to the supporting member at a portion

different from a portion, at which the supporting member is in contact with the

reinforcement frame,

4. The electricity storage device according to claim 2 or 3, wherein
a plurality of the second battery stacks are aligned along the first battery stack, and

the reinforcement frame is positioned between adjacent two of the second battery

stacks.
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5. The electricity storage device according to any one of claims 1 to 4, wherein the
first battery stack and the second battery stack are arranged so as to be perpendicular to
each other when viewed from above the first battery stack and the second battery stack.

6. A vehicle comprising:
the electricity storage device according to any one of claims 1 to 5; and
a motor/generator that receives electric power from the electricity storage device to

generate kinetic energy for driving the vehicle.



PCT/IB2011/001988

WO 2012/028929

UpP

-

-
-
-— -
- —
—

-
— -
-—
-
-
Py
-

 — D

-
w.rli

o




WO 2012/028929 PCT/IB2011/001988

20b 101

upP




PCT/IB2011/001988

WO 2012/028929

3/13

FIG.4




PCT/IB2011/001988

WO 2012/028929

4/13

FIG.S




WO 2012/028929 PCT/IB2011/001988

5/13

FIG.6




WO 2012/028929 PCT/IB2011/001988

6/13

FR RH

FIG.7




7/13

FIG.8




PCT/IB201

WO 2012

8/13

FIG.9




PCT/IB2011/001988

WO 2012/028929

9/13

FIG.10

LH

FR



WO 2012/028929 PCT/IB2011/001988

10/13

Sf
I
r‘f\J 4
i....; oo
22b i  go¢ 82¢  #—~—13
AN é%é g f{\\,22b
WA 7 7
82b %2b 11
C— 24 %7 \ )
j’ i 22a
22a 12
i, ....... f."‘\_‘ 60
sza\/fégig,m”"maZ%ﬂ
82a RH

FR



WO 2012/028929 PCT/IB2011/001988

11/13

LOAD
(MOTOR*
GENERATOR)

)
\
N

TR
:

~~13
...... —’: i d
SMR_G
e et
O O ! LOAD
' (MOTOR-
— GENERATOR)
—0



WO 2012/028929 PCT/IB2011/001988
12/13
FIG.13
15
102
) 54
— 2
= 91 \]1 q
52 N s\
60 ;\2 L 13 14 UP}
FR
FIG. 14
12 1J 13
b))
o i S G
{
154a
154 15
INTAKLE_:) v Y ; o
N U
/ el : > EXHAUST
102 ( ( y i
e 1911 1191 {155 §155a
RH]

FR



WO 2012/028929 PCT/IB2011/001988

13/13

FIG.19

EXHAUST (1192
EXHAUST 114 \ﬂ 115 EXHAUST

{7 ExHAUST
INTAIf:E:D 54
I
102
60 52 i
53 |

14 RH
EXHAUST

i >
/‘ 4 EXHAUST
EXHAUST 13
12 111

11 exnaust 1152

FR



INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2011/001988
A. CLASSIFICATION OF SUBJECT MATTER
INV. HO1M2/10 HO1IM10/50 HO1G9/155 B6OK1/04
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

HOIM HO1G B6OK

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2008/053716 AL (SCHEUCHER KARL F [US] 1,6
SCHEUCHER KARL FREDERICK [US])
6 March 2008 (2008-03-06)

Y paragraphs [0214], [0224] - [0228], 5

A [0231], [0237], [0350] - [0356]; figures 2-4
1A-2L

X JP 2005 019231 A (TOYOTA MOTOR CORP) 1,6
20 January 2005 (2005-01-20)

Y paragraphs [0002], [0003], [0006], 5

A [0041] - [0043], [0053] - [0055]; figures 2-4
3-8

X US 5 639 571 A (WATERS JOHN EUGENE [US] ET 1,5,6
AL) 17 June 1997 (1997-06-17)

A column 1, line 45 - Tine 50 2-4
column 3, Tine 8 - column 6, line 29;
figures 1-7

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of ancther
citation or other special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
m%r.llts, rs{uch combination being obvious to a person skilled
in the art.

"&" document member of the same patent family

Date of the actual completion of the international search

20 December 2011

Date of mailing of the international search report

28/12/2011

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Schwake, Andree

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2011/001988

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

19 July 1995 (1995-07-19)
figures 1, 2

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2002/102454 Al (ZHOU SHIJIAN [US] ET 1,5,6
AL) 1 August 2002 (2002-08-01)

A the whole document 2-4

\ US 2010/112424 Al (HAYASHI TSUYOSHI [JP]) 1,5,6
6 May 2010 (2010-05-06)

A paragraph [0033]; figures 2, 3, 4 2-4

\ EP 0 663 701 Al (GEN MOTORS CORP [US]) 5

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2011/001988
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2008053716 Al 06-03-2008 US 2008053716 Al 06-03-2008
US 2010250043 Al 30-09-2010
US 2011221384 Al 15-09-2011

JP 2005019231 A 20-01-2005 JP 4374925 B2 02-12-2009
JP 2005019231 A 20-01-2005

US 5639571 A 17-06-1997  EP 0817288 Al 07-01-1998
US 5639571 A 17-06-1997

US 2002102454 Al 01-08-2002  NONE

US 2010112424 Al 06-05-2010  CN 101606251 A 16-12-2009
DE 112008000148 T5 19-11-2009
JP 2008192551 A 21-08-2008
US 2010112424 Al 06-05-2010
WO 2008096803 Al 14-08-2008

EP 0663701 Al 19-07-1995 DE 69414234 D1 03-12-1998
DE 69414234 T2 25-03-1999
EP 0663701 Al 19-07-1995
us 5378555 A 03-01-1995

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - wo-search-report
	Page 39 - wo-search-report
	Page 40 - wo-search-report

