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1
FUEL CELL MOUNTING STRUCTURE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

INCORPORATION BY REFERENC.

L1l

The disclosure of Japanese Patent Application No. 2001 -
175510 filed onJun. 11, 2001, No. 2001-172121 filed on Jun.

7,2001 and No. 2001-171442 filed on Jun. 6, 2001 including

the specification, drawings and abstract are incorporated
herein by reference 1n their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention relates to a fuel cell and, more particularly, to
a housing case that forms an outside surface of a fuel cell.

2. Description of the Related Art

Research and development 1s now carried out on a vehicle
equipped with a fuel cell electricity generating system
capable of utilizing electricity generated during reaction
between hydrogen and oxygen. Normally, fuel cells incorpo-
rated 1n a fuel cell electric power generating system are pro-
vided in the form of a fuel cell stack having many stacked unit
cells. With regard to a fuel cell stack, a securing method has
been proposed 1n which a fuel cell stack 1s secured by a pair of
end plates that are disposed on both sides of the stack 1n the
direction of stacking unit cells.

If a fuel cell having a fuel cell stack as mentioned above 1s
installed 1n a vehicle, there arise dangers of positional devia-
tion and deformation of stacked unit cells being caused by a
torsional force applied to the fuel cell due to a torsion of a
body of the vehicle or vibrations that occur in the vehicle.
Such a slight deviation or deformation may cause leakage of
a cooling gas, a fuel gas or the like. Furthermore, such a
deviation or deformation will reduce the stability of the
mounting {ixture of the piping for supplying and discharging
a fuel gas, an oxidative gas and a coolant, and the electric
system wiring, etc. to the stack, and will reduce the mounting
precision thereof. Considering stable 1nstallation of the fuel
cell into a vehicle, the nstallation must be performed sepa-
rately for each fuel cell stack, so the installation man-hours
will increase.

SUMMARY OF THE INVENTION

It 1s an object of the mvention to provide a fuel cell that 1s
able to solve the aforementioned problems. More specifically,
a major object of the ivention 1s to prevent occurrence of
torsion of a fuel cell stack disposed 1n a fuel cell housing case.

In order to achieve the alorementioned object, a fuel cell in
accordance with an aspect of the mvention includes: a tuel
cell stack having a plurality of stacked unit cells and having a
first electrode and a second electrode in two end portions of
the fuel cell stack; a first end portion retaining member and a
second end portion retaining member disposed 1n the two end
portions of the fuel cell stack; and a fuel cell housing case that
houses the fuel cell stack sandwiched by the first end portion
retaining member and the second end portion retaining mem-
ber and that retains the fuel cell stack by using a first retaining,
portion that retains a first end portion of a lower surface of the
first end portion retaining member, a second retaining portion
that retains a second end portion of the lower surface of the
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2

first end portion retaining member, and a third retaining por-
tion that retains a central portion of a lower surface of the
second end portion retaining member.

And a plurality of fuel cell stacks are provided in parallel,
and the first end portion retaining member extends over the
one end portions of the fuel cell stacks, and the second end

portion retaining member extends over the other end portions
of the fuel cell stacks.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and further objects, features and advantages
of the mvention will become apparent from the following
description of preferred embodiments with reference to the
accompanying drawings, wherein like numerals are used to
represent like elements and wherein:

FIG. 1 1s a schematic perspective view of a housing case 10
that houses a fuel cell 20 1n accordance with a first embodi-
ment of the invention:

FIG. 2a 1s an elevation of the fuel cell 20.

FI1G. 2b 15 a sectional view of the fuel cell 20;

FIG. 3 1s a sectional view of a structure of a mount 86;

FIG. 4 1s a sectional view of the fuel cell 20;

FIG. § 15 a perspective view of a specific example of the
reinforcement member 300;

FIG. 6 1s a sectional view of an example of the structure of
a mount 82;

FIG. 7 1s a schematic plan view of a fuel cell 120 1n
accordance with a second embodiment of the invention;

FIG. 8 1s a sectional view of the fuel cell 120 shown 1 FIG.
7,

FIG. 9 1s an enlarged view of an end plate 126-side pres-
surizing mechanism 150 of a fuel cell stack 122a and 1ts
adjacent portions;

FIG. 10 1s an enlarged sectional view of end plate 124-
adjacent portions of the cooling water channels formed 1n the
fuel cell stack 122a;

FIG. 11 1s a circuit diagram that electrically illustrates a
short circuit;

FIG. 12 15 a diagram schematically 1llustrating a construc-
tion of a fuel cell 220 1n accordance with a third embodiment
of the invention;

FIG. 13 15 a diagram schematically 1llustrating a construc-
tion of a fuel cell 320 1 accordance with a fourth embodi-
ment;

FIG. 14a 1s a plan view of the fuel cell 320; and

FIG. 14b 15 an enlarged sectional view.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The mvention will be described hereinatter with reference
to preferred embodiments thereof.
(First Embodiment)

FIG. 1 1s a schematic perspective view of a fuel cell 20 1n
accordance with an embodiment of the mnvention. A housing
case 10 1s formed from a metal such as aluminum or the like,
and 1s fixed to a vehicle body 30 via frames 12, 14, 16 and 18.
The housing case 10 contains a fuel cell stack 52.

The fuel cell stack 52 1s formed by stacking a plurality of
unit cells 40 with separators 50 disposed therebetween. The
tuel cell stack 52 1s clamped from opposite sides by end plates
60, 62 that are formed from a metal, a resin or the like. Each
unmit cell 40 1s made up of a polyelectrolyte film (e.g., a
fluorocarbon based resin-formed 10n exchange film having a
thickness of 100 um to 200 um) and two electrodes (an anode
and a cathode) sandwiching the polyelectrolyte film.
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The end plate 60 1s provided with a pressurizing mecha-
nism 70 for pressurizing the fuel cell stack 52 from the two
sides. In this embodiment, a pressurizing member that forms
the pressurizing mechanism 70 1s a bolt that extends through
a through-hole of the end plate 60. By tightening the bolt, the
stacked unit cells 40 are pressed. The end plate 62 may also be
provided with a similar pressurizing mechanism.

Each unit cell 40 has a cooling water hole, a fuel gas hole,
and an oxidative gas hole (not shown). When a plurality of
unit cells 40 are stacked, these holes form passages for the
cooling water, the fuel gas and the oxidative gas which extend
through the stacked unit cells 40.

A reinforcement member 300 may be provided between
the frames 12 and 14 of the housing case 10 (FIG. 1 shows a
case provided with a reinforcement member 300). The rein-
forcement member 300 will be described later.

FIG. 2a 1s an elevation of the fuel cell 20. FIG. 2b 1s a
sectional view of the housing case 10 that contains the fuel
cell stack 52, the view being taken on line 2b-2b 1n FI1G. 2a. As
shown 1n FIG. 2b, the housing case 10 1s fixed to the vehicle
body 30 via the frames 16, 18. The end plate 62 of the fuel cell
stack 52 1s fixed, at opposite ends of a lower surface of the end
plate 62, to the housing case 10 via mounts 86, 88.

FI1G. 3 1s a sectional view of the housing case 10 showing an
example of the construction of the mounts 86, 88. A seat plate
123 1s fixed to the housing case 10 via abolt 100 and anut 110.
Similarly, a seat plate 123 1s fixed to the housing case 10 via
a bolt 102 and a nut 112. The end plate 62 1s fastened to the
seat plate 123 via a seat table 130 by tightening a bolt 104. An
clectrical insulator 125 1s provided between the bolt 104 and
the seatplate 123, so that the end plate 62 and the housing case
10 are electrically insulated from each other. An 1nner surface
of the housing case 10 1s coated with an 1nsulating material
(not shown). Thus, the msulation characteristic between the
end plate 62 and the fuel cell 20 improves.

FIG. 4 1s a sectional view of the housing case 10 that

contains the fuel cell stack 52, the view being taken on a line
4-4 1 FI1G. 2a. In FIG. 4, the housing case 10 1s fixed to the

vehicle body 30 via the frames 12, 14. The end plate 60 of the
tuel cell stack 52 i1s fixed, at a central portion of a lower
surface of the end plate 60, to the housing case 10 via a mount
82. An example of the structure of the mount 82 may be the
same as that of the mounts 86, 88.

As described above, the fuel cell stack 52 contained 1n the
housing case 10 1s fixed to the housing case 10 at the three
sites, that 1s, the mounts 82, 86, 88. Theretfore, a lower surface
of the fuel cell stack 52 1s determined over a triangular plane
defined by the three points of the mounts 82, 86, 88. Hence,
even 11 a torsion occurs in the vehicle body 30 or the housing
case 10, the effect of the torsion on the fuel cell stack 52 can
be avoided or reduced. Therefore, leakage of a gas caused by
deviation of a umt cell 40 1n the stack can be prevented.
Furthermore, it also becomes possible to prevent the stability
of the mounting fixture of the piping for supplying and dis-
charging a fuel gas, an oxidative gas and a coolant, and the
clectric system wiring, etc. to the tuel cell stack and the
mounting precision thereot from being reduced by a posi-
tional deviation of a stacked unit cell 40.

The fuel cell housing case 1n accordance with the invention
may also have a reinforcement that reinforces a bottom sur-
face portion which includes the position of the alforemen-
tioned third retaining portion and which extends in a direction
perpendicular to the stacking direction. More specifically, a
bottom surface portion of the housing case 10 where the
mount 82 1s positioned 1s preferably reinforced by, for
example, the reinforcement member 300 having a structure as
shown 1n FIG. 5. FIG. 6 shows a sectional view of the mount
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4

82 that 1s reinforced by the reinforcement member 300. Due
to the reinforcement employing the reinforcement member
300, the housing case 10 acquires a structure that withstands
the load of the fuel cell stack 52 that concentrates on the site
of the mount 82.

As can be understood from the above description, the
invention 1s able to prevent occurrence of a deviation of a unit
cell 40 1n the stack of the fuel cell 20 even 1f a deviation occurs
in the housing case 10 or the vehicle body 30.

(Second Embodiment)

Now, a second embodiment of the invention will be
described. FIG. 7 1s a schematic plan view of a fuel cell 120 1n
accordance with an embodiment of the invention. FIG. 8 1s a
sectional view taken on a line 8-8 in FIG. 7. The fuel cell 120
has two rows of fuel cell stacks 122a, 122b, two end plates
124, 126, four tension plates 128a, 128b, 129a, 129b, a fuel-
or-the-like supply/discharge piping 140, and a pressurizing
mechanism 150. Each of the fuel cell stacks 122a, 122b 1s
formed by stacking a plurality ofunit cells 121. The end plates
124, 126 are disposed on opposite sides of the fuel cell stacks
122a, 122b and astride the two stacks. The tension plates
128a, 128b, 129a, 129b extend between the two end plates
124, 126 and over upper and lower surfaces of the fuel cell
stacks 122a, 122b. The fuel-or-the-like supply/discharge pip-
ing 140 supplies and discharges hydrogen as a fuel, air as an
oxidizer, and cooling water with respect to the two fuel cell
stacks 122a, 122b. The pressurizing mechanism 150 applies
pressure to the two fuel cell stacks 122a, 122b 1n the stacking
direction.

The two fuel cell stacks 122a, 122b are electrically con-
nected 1n series by a terminal plate 132 that 1s disposed at a
side of the end plate 124. Sumilarly to the end plate 124, the
terminal plate 132 lies astride the two fuel cell stacks 122a,
122b.

Electric power can be extracted from the fuel cell stacks
122a, 122b, via a plus-side output terminal 138 and a minus-
side output terminal 139. The plus-side output terminal 138 1s
provided on an end plate 126-s1de end portion of the fuel cell
stack 122a. The minus-side output terminal 139 1s provided
on an end plate 126-side end portion of the fuel cell stack
122b.

An 1nsulator plate 134 formed from an electrically insulat-
ing material (e.g., a resin) 1s disposed between end plate 124
and the terminal plate 132. Thus, the end plate 124 and the
terminal plate 132 are insulated from each other. Each of the
end plate 124, the terminal plate 132 and the insulator plate
134 has s1x supply holes and si1x discharge holes. The supply
holes supply hydrogen, air and cooling water to the two fuel
cell stacks 122a, 122b. The discharge holes discharge hydro-
gen, air and cooling water from the two fuel cell stacks 122a,
122b.

Although not shown in the drawing, each of the fuel cell
stacks 122a, 122b has six channels that extend therethrough
in the stacking direction. The end plate 124-side channels are
connected to twelve holes (six supply holes and six discharge
holes) that are formed in the end plate 124, the terminal plate
132 and the insulator plate 134. Theretore, by connecting the
tuel-or-the-like supply/discharge piping 140 to the six supply
holes and the si1x discharge holes of the end plate 124, and by
supplying hydrogen, air and cooling water, the two fuel cell
stacks 122a, 122b generate electric power.

FIG. 9 1s an enlarged view of the end plate 126-side pres-
surizing mechanism 150 of the fuel cell stack 122a and 1ts
adjacent portions. As shown i FIG. 9, the pressurizing
mechanism 150 1s disposed between the end plate 126 and a
insulator plate 136 disposed at an end of the fuel cell stack
122a. The pressurizing mechanism 150 1s formed by a pres-
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sure exerting plate 151, a first dish spring 152, a force recerv-
ing upper member 153, a screw member 154, a stopper 155,
and a second dish spring 156. The pressure exerting plate 151
exerts pressure on the fuel cell stack 122a via the insulator 136
in the stacking direction. The first dish spring 152 exerts force
on the pressure exerting plate 151. The force receiving upper
member 133 recerves force opposite to the first dish spring
152. The screw member 154 receives force from the force
receiving upper member 153 and adjusts the pressure on the
tuel cell stack 122a. The stopper 155 receives force of the
screw member 154. The second dish spring 156 1s disposed
between the stopper 155 and the end plate 126. A similar
pressurizing mechanism 150 1s disposed on the tuel cell stack
122b as well. In this construction, the dish springs 152, 156
are pressure exerting members.

As shown 1n FIG. 8, a mounting metal piece 162 1s pro-
vided at a central site 1n a lower portion of the end plate 124,
and two mounting metal pieces 164, 166 are provided at two
sites on opposite end portion of a lower portion of the end
plate 126. (In FIG. 8, the mounting metal piece 164 1s hidden
behind the mounting metal piece 166.)

The fuel cell 120 1s mounted to the vehicle body at the three
sites of the mounting metal pieces 162,164, 166. Although 1n
the second embodiment, the fuel cell 120 1s mounted to the
vehicle body via the three mounting metal pieces 162, 164,
166, the fuel cell 120 may also be mounted to the vehicle body
via rubber mounts.

According to the above-described tuel cell 120 of the sec-
ond embodiment, the two fuel cell stacks 122a, 122b are
retained by disposing the two end plates 124, 126 on the
opposite ends of the fuel cell stacks 122a, 122b and astride the
two stacks. Theretfore, the two fuel cell stacks 122a,122b can
be handled as a single unit. As a result, the stability of the
mounting fixture of the fuel-or-the-like supply/discharge pip-
ing 140 and the mounting precision thereof can be improved.

Furthermore, 1n the second embodiment, the two fuel cell
stacks 122a, 122b can be handled as one unit. Theretfore, since
the fuel cell 120 can be mounted to the vehicle body via the
three fittings, that 1s, the mountmg piece 162 provided on the
end plate 124 and the mounting pieces 164, 166 provided on
the end plate 126, this embodiment can reduce the man-hours
for the mounting operation, 1n comparison with the case
where fuel cell stacks are individually mounted to a vehicle
body.

According to the fuel cell 120 of the second embodiment,
the terminal plate 132 1s disposed on the end plate 124 side so
as to connect the two fuel cell stacks 122a, 122b 1n series, and
the tuel-or-the-like supply/discharge piping 140 1s provided
on the end plate 124 side. Theretfore, hydrogen, air and cool-
ing water can be supplied and discharged at sites of equal
clectric potentials. As a result, it becomes possible to prevent
the hydrolysis of water that can be caused by supplying water
to sites of ditferent electric potentials and to reduce electric
loss. Due to the above-described arrangement, the output
terminals 138, 139 of the fuel cell 120 can be provided at the
end plate 126 side, which 1s opposite from the fuel-or-the-like
supply/discharge piping 140. Therefore, the degree of free-
dom 1n designing the wirings for electric power can be
increased. In the fuel cell 1n this aspect of the ivention,
positive and negative output terminals for supplying electric
power may be disposed at a side of one of the two end portion
retaining members.

According to the fuel cell 120 of the second embodiment,
the tuel-or-the-like supply/discharge piping 140 1s provided
atthe end plate 124 side, and the pressurizing mechanism 150
1s provided at the opposite side, that 1s, the end plate 126 side.
Therefore, 1t 1s no longer necessary to consider the displace-
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6

ment of the stack caused by, for example, adjustment of the
pressure exerted on the fuel cell stacks 122a, 122b with
respect to the mounting of the fuel-or-the-like supply/dis-
charge piping 140. As a result, the mounting characteristic of
the fuel-or-the-like supply/discharge piping 140 can be
improved, and the sealing characteristic regarding hydrogen,
air and cooling water can be secured without a need to adopt
a complicated construction.

FIG. 10 1s an enlarged sectional view of end plate 124-

adjacent portions of the cooling water channels formed in the
tuel cell stack 122a. As described above, the terminal plate
132 and the insulator plate 134 are disposed between the end
plate 124 and the adjacent unit cell 121 in an end plate 124-
side end portion of the fuel cell stack 122a. The msulator 134
has such a thickness a that the electric current that flows
through a signal line of a sensor provided in the fuel cell stack
122a (e.g., a signal line for detecting the voltage of a unit cell)
at the time of a formation of short circuit that includes, as
portions of the short circuit, the signal line and water present
in a channel 134a of the insulator 134 1s within a range of
clectric current that does not break the signal line.

FIG. 11 1s a circuit diagram that electrically illustrates a
short circuit. Normally, the fuel cell stack 122a 1s electrically
insulated by the msulator 136 disposed at the end plate 126
side. A case where the fuel cell stack 122a has a short circuit
formed by a signal line connected to the fuel cell stack, the
tension plate 128a, and the cooling water present 1n the chan-
nel 134a of the nsulator 134 will now be considered. The
clectric current through the signal line 1s determined by the
value of resistance of the cooling water 1n the channel 134a of
the insulator 134. The value of resistance 1s determined by the
length of the channel 134a, that 1s, the thickness o of the
insulator 134. In the fuel cell 120 of the embodiment, break-
age of the signal line caused by short-circuit current 1s pre-
vented by forming an insulator 134 having a thickness of at
least 3 mm based on experiments or the like. The thickness o
of the mnsulator 134 1s determined by the material and the
sectional area of the signal line used, the property of the
cooling water, etc.

In the fuel cell 120 of the second embodiment, the insulator
134 formed from an electrically insulating material as a plate
member having a certain thickness that 1s determined by a
signal line of a sensor or the like attached to the fuel cell stack
1s disposed at the side of the end plate 124 where the fuel-or-
the-like supply/discharge piping 140 1s connected. Therelore,
even 11 a short circuit that includes the signal line as a portion
thereol 1s formed, breakage of the signal line 1s prevented.

Although 1n the fuel cell 120 of the second embodiment,
the two end plates 124, 126 are disposed at the opposite ends
of the two fuel cell stacks 122a, 122b and astride the two
stacks, 1t 1s also possible to dispose two end plates at opposite
ends of more than two fuel cell stacks, for example, four
stacks, six stacks, etc. so that the end plates extend over the
ends of all the stacks.

Although the fuel cell 120 of the second embodiment 1s
described above on the assumption that the fuel cell 120 1s

installed 1n a vehicle, 1t 1s not necessary to install the fuel cell

120 1n a vehicle.
(Third Embodiment)

In the first and second embodiments, positional deviation
of a fuel cell stack 1s prevented by making 1t less likely that
vibration or deformation of a body of the vehicle where the
fuel cell 1s 1installed 1s transferred to the fuel cell stack. Thus,
gas leakage 1s prevented. Countermeasures to be taken 11 a
tuel gas leaks from a fuel cell stack due to a positional devia-

tion will be described below as third and fourth embodiments.
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A tuel cell stack for use 1n vehicles 1s normally sealed by a
seal member so that there 1s no leakage of hydrogen as a fuel
gas, air as an oxidizer, or cooling water from the fuel cell
stack, except for slight penetration of hydrogen, air or cooling
water via a seal member. The fuel cell stack 1s contained 1n a
tightly sealed case in order to prevent entrance of rainwater or
the like from outside and prevent the imparting of an electrical
shock to a person or the like.

No problem 1s caused by the slight penetration of air or
cooling water through the seal member caused by deviation or
deformation of a fuel cell stack caused by vibrations or tor-
s1on transmitted from the vehicle body to the fuel cell. How-
ever, as for the hydrogen passed through the seal member,
there 1s aneed for release from the housing case to the outside,
considering the flammability thereof.

The seal member for preventing leakage of hydrogen or air
normally undergoes aging during use. In some cases, hydro-
gen or air leaks from a fuel cell stack. IT this happens, 1t
becomes necessary to release hydrogen from the case to the
outside. Furthermore, 11 hydrogen leaks from a tuel cell stack,
there arises a need for a countermeasure against a rapid pres-
sure rise 1n the fuel cell stack-housing case caused by 1gnition
of hydrogen leak.

FI1G. 12 1s a diagram schematically illustrating a construc-
tion of a fuel cell 220 1n accordance with the third embodi-
ment of the invention. A housing case 210 1n this embodiment
has, 1n 1ts uppermost portion, a ventilation portion 228 that
has a ventilating opening 224 and a hydrogen-permeable
membrane 226 that seals the ventilating opening 224. The
entire housing case 210, except the ventilation portion 228, 1s
sealed so as to completely seal the enclosed fuel cell stack 222
from the outside.

The hydrogen-permeable membrane 226 1s formed from a
material that allows permeation of gases such as hydrogen,
atr, etc., but does not allow permeation of water, for example,
a porous material.

Assuming for illustration purposes that a small amount of
hydrogen as a fuel passes through a seal member from the fuel
cell stack 222 contained 1n the housing case 210 of the third
embodiment, or that hydrogen leaks due to deterioration of
the seal member, hydrogen from the fuel cell stack 222 dii-
fuses into the housing case 210, and gathers 1n the ventilation
portion 228 provided 1n an uppermost portion of the housing
case 210 because hydrogen 1s lighter than air. The hydrogen
gathering i1n the ventilation portion 228 permeates through
the hydrogen-permeable membrane 226, and 1s thus dis-
charged out of the housing case 210.

According to the fuel cell 220 of the third embodiment, the
small amount of hydrogen penetrating the seal member of the
tuel cell stack 222 and the amount of hydrogen leaking from
the fuel cell stack 222 1s discharged via the ventilation portion
228. Theretore, rise of hydrogen concentration 1n the housing
case 210 can be curbed. Furthermore, since the ventilation
portion 228 1s provided 1n an uppermost portion of the hous-
ing case 210, the hydrogen ventilation efficiency can be
improved.

In the fuel cell 220 of the third embodiment, the ventilation
portion 228 1s provided in an uppermost portion of the hous-
ing case 210. However, the ventilation portion 228 does not
need to be located 1n an uppermost portion as long as the
ventilation portion 228 1s provided 1n an upper portion of the
housing case 210 and allows ventilation of the housing case
210. Although 1n the fuel cell 220 of the third embodiment,
only one ventilation portion 228 is provided in the uppermost
portion of the housing case 210, 1t 1s also possible to provide
a plurality of ventilation portions.
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(Fourth Embodiment)
Next described will be a fuel cell 320 of a fourth embodi-

ment of the mvention. FIG. 13 1s a diagram schematically
illustrating a construction of the fuel cell 320 of the fourth
embodiment. FIG. 14a1s a plan view of the fuel cell 320. FIG.
14b 1s an enlarged sectional view taken on line 14b-14b 1n

FIG. 14a. In the fuel cell 320 of the fourth embodiment, a
pressure release portion 322 formed by sealing a pressure
release hole 324 with a pressure release 1id 326 via a double-
sided adhesive tape 328 having a predetermined adhesion
strength 1s provided 1n a case-side portion. At the site of the
pressure release portion 322 as well, sealing 1s accomplished
so that an enclosed fuel cell stack (not shown) 1s completely
sealed from outside.

The area of opening of the pressure release hole 324 1s
calculated so that when a predetermined pressure (e.g., 6
kPa() less than or equal to the breaking pressure of the case
occurs, the force that acts on the pressure release lid 326
overcomes the adhesion strength of the double-sided adhe-
stve tape 328. This predetermined pressure 1s set by the mate-
rial of the case or the like.

Next considered will be a case where hydrogen leaks from
the fuel cell stack provided 1n the fuel cell 320 of the fourth
embodiment constructed as described above, and 1s 1gnited
for a certain cause. Hydrogen, when 1gnited 1n the presence of
oxygen, burns in an explosive manner. At the time of such an
explosive combustion, pressure in the housing case 310
sharply increases. When the internal pressure of the housing
case 310 reaches a predetermined pressure, the force acting
on the pressure release lid 326 based on the internal pressure
of the housing case 310 overcomes the adhesion strength of
the double-sided adhesive tape 328. Therelore, the pressure
inside the housing case 310 1s kept below a predetermined
pressure. The predetermined pressure 1s set at or below the
breaking pressure of the housing case 310. Hence, it 1s pos-
sible to prevent breakage ol the housing case 310 caused by an
abnormal pressure rise even if hydrogen should explosively
burns. The pressure value (predetermined pressure) for
releasing pressure at the pressure release portion 322 may be
determined by the adhesion strength of the double-sided
adhesive tape 328 and the area of opening of the pressure
release hole 324.

According to the fuel cell 320 of the fourth embodiment,
provision of the pressure release portion 322 prevents the
internal pressure of the housing case 310 from becoming
abnormally high. As a result, it becomes possible to prevent
breakage of the housing case 310 due to abnormal pressure
rise.

Although 1n the tuel cell 320 of the fourth embodiment, the
pressure release lid 326 1s adhered via the double-sided adhe-
stve tape 328 so as to seal the pressure release hole 324, the
double-sided adhesive tape 328 may be replaced by a seal
member and the pressure release lid 326 may be attached to
the pressure release hole 324 by using bolts. In this case, 1t 1s
appropriate to adopt an arrangement 1n which when the force
based on a predetermined pressure acts on the pressure
release 1id 326, the internal gas 1s released overcoming the
bolt fastening strength.

Although 1n the tuel cell 320 of the fourth embodiment, the
pressure release portion 322 is provided 1n a side surface of
the housing case 310, the pressure release portion 322 may be
provided 1n an upper surface or a lower surface of the housing
case 310. Furthermore, although 1n the housing case 310 of
the fourth embodiment, only one pressure release portion 322
1s provided, 1t 1s also possible to provide a plurality of pres-
sure release portions.
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Although the fuel cell 220 of the third embodiment and the
tuel cell 320 of the fourth embodiment are separately
described, it 1s also appropriate to provide a fuel cell equipped
with a housing case that has a ventilation portion 228
described 1n conjunction with the fuel cell 220 of the third
embodiment and a pressure release portion 322 described 1n
conjunction with the fuel cell 320 of the fourth embodiment.

The fuel cell 220 of the third embodiment and the fuel cell
320 of the fourth embodiment have been separately
described. Technical ideas that can be grasped from the
embodiments will be mentioned below.

A Tuel cell including a housing case that has a gas-perme-
able portion that allows permeation of gas but does not allow
permeation of liquid.

In the fuel cells equipped with housing cases as described
above, the gas-permeable portion allows permeation of gas
but does not allow permeation of liquid. That 1s, the gas-
permeable portion allows permeation of gas while preventing,

entrance of a liquid such as rainwater or the like. Therefore,
the 1internal space of the housing case can be ventilated.

A housing case-equipped fuel cell wherein the aforemen-
tioned gas-permeable portion 1s a hydrogen-permeable por-
tion that does not allow permeation of water but allows per-
meation of at least hydrogen.

A housing case-equipped tuel cell wherein the aforemen-
tioned hydrogen-permeable portion has a through-hole
formed 1n the housing case and a hydrogen-permeable mem-
brane that seals the through-hole.

In the housing case-equipped fuel cells described above, at
least hydrogen can be released from the housing case to the
outside.

A housing case-equipped fuel cell wherein the gas-perme-
able portion 1s formed 1n an upper portion of the housing case.

In this housing case-equipped fuel cell, hydrogen, which 1s
lighter than air, can be passed in an increased amount to the
outside, so that the ventilation efficiency can be improved.

A tuel cell including a housing case that houses a fuel cell
stack and that has a pressure release portion that releases
pressure from the housing case when the pressure in the
housing case reaches a predetermined pressure.

In this housing case-equipped fuel cell, the pressure release
portion releases pressure when the pressure 1n the housing
case reaches the predetermined pressure. Therefore, 1t 15 pos-
sible to prevent abnormal pressure in the housing case.

A housing case-equipped fuel cell wherein the pressure
release portion has a through-hole that 1s formed 1n the hous-
ing case and that has a predetermined area, and a seal member
that seals the through-hole with a predetermined adhesion

strength.

A housing case-equipped fuel cell wherein the predeter-
mined area 1s an area that causes a force that overcomes the
predetermined adhesion strength when the predetermined
pressure acts thereon.

In this housing case-equipped fuel cell, 1f the air pressure in
the housing case reaches or exceeds a predetermined value,
gas can be discharged via the pressure release portion.

While the invention has been described with reference to
what are presently considered to be preferred embodiments
thereot, it 1s to be understood that the invention is not limited
to the disclosed embodiments or constructions. To the con-
trary, the invention can also be carried out in various other
manners without departing from the sprit of the invention.
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What 1s claimed 1s:

[1. A fuel cell assembly comprising:

a Tuel cell stack having a plurality of stacked unit cells and
having a first electrode 1n a first end portion of the fuel
cell stack and a second electrode 1n a second end portion
which 1s opposite side of the first end portion of the fuel
cell stack:

a {irst end portion retaining member having a first retaining,
portion 1n a first end portion of alower surface of the first
end portion retaimng member and having a second
retaining portion 1n a second end portion of the lower
surface of the first end portion retaining member, and
which 1s directly or indirectly fixed to one end portion of
the fuel cell stack;

a second end portion retaining member having a third
retaining portion 1n a central portion of a lower surface
of the second end portion retaining member, and which
1s directly or indirectly fixed to the other end portion of
the fuel cell stack; and

a fuel cell housing case that houses the fuel cell stack
sandwiched by the first end portion retaining member
and the second end portion retaining member, the fuel
cell stack being fixed to the fuel cell housing case via the
first retaining portion, the second retaining portion and
the third retaining portion.}

[2. The fuel cell assembly according to claim 1, further
comprising a reinforcing member that reinforces a bottom
surface portion which includes a position of the third retain-
ing portion and which extends perpendicularly to a stacking
direction of the unit cells.}

[3. The fuel cell assembly according to claim 1, wherein the
first end portion retaining member and the second end portion
retaining member are plate members.}

[4. The fuel cell assembly according to claim 1, wherein the
first end portion retaining member and the second end portion
retaining member have a mounting portion respectively for
installation in a vehicle body.]

[5. A fuel cell assembly comprising:

a plurality of fuel cell stacks having a plurality of stacked
unit cells and having a first electrode 1n a first end portion
of the fuel cell stack and a second electrode 1n a second
end portion which 1s opposite side of the first end portion
of the fuel cell stack, and which are provided 1n parallel
each other;

a {irst end portion retaining member having a first retaining,
portion in a first end portion of alower surface of the first
end portion retaimng member and having a second
retaining portion 1n a second end portion of the lower
surface of the first end portion retaining member, and
which 1s directly or indirectly fixed to one end portion of
the tuel cell stack and extends over the one end portions
of the fuel cell stacks,

a second end portion retaining member having a third
retaining portion 1n a central portion of a lower surface
of the second end portion retaining member, and which
1s directly or indirectly fixed to the other end portion of
the fuel cell stack and extends over the other end portions
of the fuel cell stacks; and

a fuel cell housing case that houses the fuel cell stack
sandwiched by the first end portion retaining member
and the second end portion retaining member, the fuel
cell stack being fixed to the fuel cell housing case via the
first retaining portion, the second retaining portion and
the third retaining portion.}

[6. The fuel cell assembly according to claim 5, further

comprising a tluid supply/discharge portion that supplies and
discharges a fluid with respect to the fuel cell stacks, and
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which 1s provided 1n one of the first end portion retaining,
member and the second end portion retaining member.}

[7. The fuel cell assembly according to claim 6, wherein the
fluid supply/discharge portion comprises:

a first fuel supply/discharge portion that supplies and dis-

charges a first fuel with respect to a first electrode side;

a second fuel supply/discharge portion that supplies and

discharges a second fuel with respect to a second elec-
trode side, and

a coolant supply/discharge portion that supplies and dis-

charges a coolant for cooling the fuel cell stacks.}

[8. The fuel cell assembly according to claim 6, further
comprising an insulating member that 1s formed with an
clectrically insulating material as a plate member having a
predetermined thickness, and that 1s disposed between one of
the first end portion retaining member and the second end
portion retaining member and the fuel cell stacks.}

[9. The fuel cell assembly according to claim 8, further
comprising a voltage detecting sensor,

wherein the fluid supply/discharge portion has a water

supply/discharge portion that supplies and discharges a
water, and

wherein the predetermined thickness 1s such a thickness

that, when the fuel cell has a short circuit that includes as
portions thereol a signal line of the sensor connected to
the fuel cell stacks and the water present 1n a water
supply/discharge passage provided in the insulating
member, the imnsulating member keeps an electric current
that flows through the signal line to within a range of
current such that the signal line is not broken.]

[10. The fuel cell assembly according to claim 8, wherein
the predetermined thickness is at least 3 mm.}

[11. The fuel cell assembly according to claim 6, further
comprising a pressure exerting member that 1s disposed
inwardly of the second end portion retaining member and that
exerts a pressure 1n the stacking direction on each of the fuel
cell stacks.]

[12. The fuel cell assembly according to claim 11, wherein
the pressure exerting member includes a plurality of coned
disc springs.]

[13. The fuel cell assembly according to claim 11, wherein
the pressure exerting member includes bolts that extend
through the fuel cell stacks.]

[14. The fuel cell assembly according to claim 5, further
comprising a series connecting member that 1s formed 1nto a
plate shape from an electrically conductive material and con-
nects electrically plurality of adjacent fuel cell stacks in
series. |

[15. The fuel cell assembly according to claim 14, wherein
the plurality of fuel cell stacks are two fuel cell stacks, and the
series connecting member 1s disposed imnwardly of the first
end portion retaining member and connects a first end portion
of a first fuel cell stack and a second end portion of a second
fuel cell stack adjacent to the first fuel cell stack.}

[16. The fuel cell assembly according to claim 15, further
comprising a positive output terminal and a negative output
terminal that are disposed on the second end portion retaining,
member.J

[17. The fuel cell assembly according to claim 14, wherein
the plurality of fuel cell stacks are more than three fuel cell
stacks, and a first series connecting member disposed
inwardly of the first end portion retaining member connects
the first end portion of one fuel cell stack and the second end
portion of one adjacent fuel cell stack, and a second series
connecting member disposed inwardly of the second end
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portion retaining member connects the second end portion of
the one fuel cell stack and the first end portion of the another
adjacent fuel cell stack.}

[18. A fuel cell assembly comprising:

a Tuel cell stack having a plurality of stacked unit cells and
having a first electrode 1n a first end portion of the fuel
cell stack and a second electrode 1n a second end portion
which 1s opposite side of the first end portion of the fuel
cell stack:

a first end portion retaining member having a first retaining,
portion in a first end portion of alower surface of the first
end portion retaiming member and having a second
retaining portion in a second end portion of the lower
surface of the first end portion retaining member, and
which 1s directly or indirectly fixed to one end portion of
the fuel cell stack;

a second end portion retaining member having a third
retaining portion in a central portion of a lower surface
of the second end portion retaining member, and which
1s directly or indirectly fixed to the other end portion of
the fuel cell stack; and

a supporting member fixed to the fuel cell stack via the first
retaining portion, the second retaining portion and the
third retaining portion, the fuel cell stack being sand-
wiched by the first end portion retaining member and the
second end portion retaining member.}

19. A fuel cell assembly comprising:

at least one fuel cell stack having a plurality of stacked unit
cells and a lower surface; and

end plates clamping the at least one fuel cell stack;

wherein one end plate of the end plates is supported at two
points by first and second mounts, while another end
plate of the end plates is supported at one single point by
a third mount, and

wherein each of the first, second, and thivd mounts extends
vertically downward from the lower surface of the fuel
cell stack

20. The fuel cell assembly according to claim 19, further
comprising a reinforcing member that veinforces a bottom
surface portion which includes a position of the one single
point and which extends perpendicularly to a stacking direc-
tion of the unit cells.

21. The fuel cell assembly according to claim 19, wherein
the end plates have a mounting portion respectively for instal-
lation in a vehicle body.

22. The fuel cell assembly according to claim 19, further
comprising a fluid supply/discharge portion that supplies and
discharges a fluid with vespect to the at least one fuel cell
stack, and which is provided in one of the end plates.

23. The fuel cell assembly according to claim 22, wherein
the fluid supply/discharge portion comprises. a first fuel sup-
plv/discharge portion that supplies and discharges a fivst fuel
with respect to a first electrode side; a second fuel supply/
discharge portion that supplies and discharges a second fuel
with respect to a second electrode side, and a coolant supply/
discharge portion that supplies and discharges a coolant for
cooling the at least one fuel cell stack.

24. The fuel cell assembly according to claim 22, further
comprising an insulating member that is formed with an
electrically insulating material as a plate member having a
predetermined thickness, and that is disposed between one of
the end plates and the at least one fuel cell stack.

25. The fuel cell assembly according to claim 24, further
comprising a voltage detecting sensor, whevein the fluid sup-
plv/discharge portion has a water supply/dischavge portion
that supplies and discharges a water, and whevrein the prede-
termined thickness is such a thickness that, when the fuel cell
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has a short circuit that includes as portions thereof a signal
line of the sensor connected to the fuel cell stacks and the
water present in a water supply/discharge passage provided
in the insulating member, the insulating member keeps an
electric current that flows through the signal line to within a
range of current such that the signal line is not broken.

26. The fuel cell assembly according to claim 24, wherein
the predetermined thickness is at least 3 mm.

27. The fuel cell assembly according to claim 22, further
comprising a pressure exerting member that is disposed at an
end plate and that exerts a pressure in the stacking divection
on the at least one fuel cell stack.

28. The fuel cell assembly according to claim 27, wherein
the pressurve exerting member includes a plurality of coned
disc springs.

29. The fuel cell assembly according to claim 27, wherein
the pressure exerting member includes a bolt.

30. The fuel cell assembly according to claim 27, wherein
the pressure exerting member is disposed at the end plate
supported at one single point.

31. The fuel cell assembly according to claim 27, wherein
the pressure exerting member is disposed at the end plate
supported at two points.

32. The fuel cell assembly according to claim 19, further
comprising a series connecting member that is formed into a
plate shape from an electrically conductive material and
electrically connects a plurality of adjacent fuel cell stacks in
series.

33. The fuel cell assembly according to claim 32, wherein
the plurality of fuel cell stacks are two fuel cell stacks, and the
series connecting member is disposed inwardly of an end
plate and connects a first end portion of a first fuel cell stack
and a second end portion of a second fuel cell stack adjacent
to the first fuel cell stack.

34. The fuel cell assembly according to claim 33, wherein
the series connecting member is disposed at the end plate
supported at one single point.

35. The fuel cell assembly according to claim 33, wherein
the series connecting member is disposed at the end plate
supported at two points.

36. The fuel cell assembly according to claim 33, further
comprising a positive output terminal and a negative output
terminal that ave disposed on the end plate supported at the
one single point.

37. The fuel cell assembly according to claim 32, wherein
the plurality of fuel cell stacks are more than three fuel cell
stacks, and a first series comnecting member disposed
inwardly of the end plate supported at two points connects a
first end portion of one fuel cell stack and the second end
portion of one adjacent fuel cell stack, and a second series
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connecting member disposed inwardly of the end plate sup-
ported at the one single point connects a second end portion
of the one fuel cell stack and the first end portion of the
another adjacent fuel cell stack.

38. A fuel cell assembly comprising:

a fuel cell stack having a lower surface;

end plates to vetain the fuel cell stack; and

a support system applied to the end plates at three points

and no morve than three points,

wherein the support system includes first, second, and third

mounts, and

wherein each of the first, second, and thivd mounts extends

vertically downward from the lower surface of the fuel
cell stack.

39. The fuel cell assembly of claim 38, wherein the support
system comprises a first mount associated with a first end
plate, and second and thivd mounts associated with a second
end plate.

40. The fuel cell assembly of claim 38, further comprising
a housing to contain the fuel cell stack.

41. A fuel cell assembly comprising:

a fuel cell stack having a lower surface;

a housing for the fuel cell stack; and

three mounts and no more than three mounts which extend

vertically downward from the lower surface of the fuel
cell stack.

42. The fuel cell assembly of claim 41, wherein a fivst mount
is arranged at a first end of the fuel cell stack, and second and
third mounts are arrvanged at a second end of the fuel cell
stack opposite the first end.

43. The fuel cell assembly of claim 19, wherein the plurality
of stacked unit cells are stacked horizontally and the end
plates clamp the plurality of stacked unit cells from either side
thereof.

44. The fuel cell assembly of claim 38, wherein the fuel cell

stack includes a plurality of stacked unit cells stacked hovi-
zontally and the end plates clamp the plurality of stacked unit
cells from either side thereof.

45. The fuel cell assembly of claim 41, wherein the fuel cell
stack includes a plurality of stacked unit cells stacked hovi-
zontally and end plates which clamp the plurality of stacked
unit cells from either side thereof.

46. The fuel cell assembly of claim 19, wherein the three
mounts arve arranged on a floor of a housing.

47. The fuel cell assembly of claim 38, wherein the three
mounts are arrvanged on a floor of a housing.

48. The fuel cell assembly of claim 41, wherein the three

mounts are arrvanged on a floor of the housing.
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