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ABSTRACT OF THE DISCLOSURE

A fuel cell stack includes a box-shaped casing and a
stack body in the box-shaped césing. The stack body is
formed by stacking a plurality of unit cells. The casing
includes end plates, a plurality of side plates, angle
members, and coupling pins. The angle members couple
adjacent ends of the side plates. The coupling pins couple

the end plates and the side plates.
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FUEL CELL STACK

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a fuel cell stack
including a box-shaped casing and a stack body in the
casing. The stack body is formed by stacking a plurality of
unit cells. Each of the unit cells includes an electrolyte
electrode assembly and metal separators sandwiching the |
electrolyte electrode assembly. The electrolyte electrode

assembly includes a pair of electrodes, and an electrolyte

interposed between the electrodes.
Description of the Related Art:

For example, a solid polymer fuel cell employs a
membrane electrode assembly (electrolyte electrode assembly)
which includes an anode and a cathode, and an eiectrolyte-
membrane (electrolyte) interposed between the anode and the
cathode. The electrolyte membrane is a polymer ijion exchange
membrane. Each of the anode and the cathode is mede of
electrode catalyst layer of noble metal formed on a base

material‘chiefly containing carbon. The membrane electrode

assembly and separators sandwiching the membrane electrode

assembly make up a unit of a fuel cell for generafing
electricity.

In the fuel cell, a fuel gas such as a gas chiefly
containing hydrogen (hydrogen-containing gas) is supplied to

the anode. The catalyst of the anode induces a chemical
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reaction of the fuel gas to split the hydrogen moliecule into
hydrogen ions and electrons. The hydrogen ions move toward
the cathode through the electrolyte, and the electrons flow
through an external circuit to the cathode, creating a DC
electric current. A gas chiefly containing oxygen or air
(oxygen-containing gas) is supplied to the cathode. At the
cathode, the hydrogen ions from the anode combine with the
electrons and oxygen to produce water.

Generally, a predetermined number‘of, e.g., several
tens to several hundreds of fuel cells are stacked together
to form a fuel cell stack for achieving the desired level of
electricity in power generation. Components of the fuel
cell stack need to be tightened together so that the
internal resistance of the fuel cell does not increase, and
the sealing characteristics for preventing leakage of
reactant gases can be maintained.

In this regard, a fuel cell stack as disclosed in
Japanese laid-open patent publication No. 2001-135344 is
known. As shown in FIG. 5, the fuel cell stack includes a
stack body 2 formed by stacking a plurality of unit cellsil.
End plates 3 are provided at opposite ends of the stack body
2 in the stacking direction. Further, auxiliary plates 4a,
4b are provided outside the end plates 3.

A pair of tightening bands 5 are provided along both
sides of the stack body 2. Cylindrical coupling members 6
are provided such that holes of the coupling members 6 are

arranged in a line respectively at ends of the tightening
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bands 5, and the auxiliary plates 4a, 4b. Metal pins 7 are
inserted into the holes of the cylindrical members 6. Thus,
the tightening bands 5, and the auxilliary plates 4a, 4b are
coupled together.

According to the disclosure of Japanese laid-open
patent publication No. 2001-135344, a plurality of bolts 8
are scréwed into holes of the auxiliary plate 4a, and a
plurality of belleville springs 9 are arranged on the
auxiliary plate 4b. When the bolts 8 are screwed into the
auxiliary plate 4a, the end plate 3 is pressed downwardly,
and the belleville springs 9 on the duxiliary plate 4b are
compressed. Accordingly., the required tightening force is
applied to the stack body 2 between the pair of end plates
3.

However, in the convenfional technique disclosed iﬁ
Japanese laid-open patent publication No. 2001-135344, since
the tightening force is applied to thé stack body 2 using
the bolts 8 and the belleville springs 9, the préssure may
not be applied unifoirmly to the unit cells 1 due to the
thickness variation in the'surfaces of the unit cells 1. In
particular, when a thin corrugated metal plate is used as
the separator, the metal separator is likely to be deformed
undesirably due to the tightening force applied to the metal
separator. In this. case, the pressure 1s not applied to the
surfaces of the unit cells 1 uniformly. Consequently, power

generation performance and sealing characteristics are

lowered.
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Further, the pair of tightening bands 5 are provided
along both sides of the stack body 2, aﬁd the stack body 2
is tightened only by the tightening bands 5 and the
auxiliary plates 4a, 4b. Thus, the stack body 2 1is deformed
or twisted easily. Therefore, the dimensional variétion of
the fuel cell stabk is likely to be increased easily. In
practical use, the fuel cell stack is not suitablf mounted
in a vehicle.

Further, when an external force is applied to the fuel
cell stack, lateral positional displacement may occur in the
unit cells 1. Thus, the power generation-performance and
sealing characteristics may be lowered undesirably. In
particular, the tightening bands 5 are not suitable for
securely tightening the stack body 2. Whén vibrations or
shocks are applied to the stack body 2, positional

displacement may occur undesirably in the stack body 2.

SUMMARY OF THE INVENTION

A maln object of the present invention is to provide a
fuel cell stack using metal separators to achieve a compact
size and a lightweight in which the desired power generation
performance and sealing characteristics are maintained in
each of unit cells.

According to the present invention, a fuel cell stack
includes a box-shaped casing and a stack body provided in
the box-shaped casing. The stack body is formed by stacking

a plurality of unit cells in a stacking direction. Each of
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the unit cells includes an electrolyte electrode assembly
and metal separators sandwiching the electrolyte electrode
assembly. The casing includes end plates provided at
opposite ends of the stack body in the stacking direction, a
plurality of side plates provided on sides of the stack
body, coupling members for coupling adjacent ends of the
side plates, and a coupling pin for coupling the end plate
and the side plate.

For example, the side plates of the casing are coupled
together securely by the coupling member, e.g.. én angle
membef such as an L angle. The side plate and the end plate
are coupled by the coupling pin. Thus, the stack body is
housed in the casing, and the casing is assembled into the
box shape. Since the metal separator has the elasticity, no
belleville spring needs to be provided in the caéing. -

Preferably, terminal plates are provided at opposite
ends of the stack body in the stacking direction, and an
insulating spacer member is interposed at least one of the
terminal plates and the end plate.

Preferably, the end plate has a rectangular éhape, and
each side of the rectangular end plate is coupled to the
side plate by the coupling pin.

Further, preferably, the unit cells are stacked in a

horizontal direction.

According to the present invention, the stack body is
housed in the box-shaped casing. Therefore, although the

separators are thin corrugated plates, and do not have any



10

15

20

25

CA 02475396 2004-07-21

shape retaining characteristics, the pressure is uniformly
applied to surfaces of the unit cells. Thus, power
generation performance and sealing characteristics are
improved in each of the unit cells. Since the coupling pins
are used for coupling the end plates and the side plates,
operations such as tightening adjustment of bolts are not
required at the time of assembling the fuel cell stack.
Thus, the fuel cell stack can be assembled simply. Further,
since the coupling pins are used in the casing, the sides of
the stack body are kept in parallel, and are not likely to
be displaced undesirably. The positionalﬁdisplacement due
to vibrations or shocks can be prevented.

Further, since the elasticity of the metal separators
is advantageously utilized, it is not required to provide
any belleville spring in the casing. Thus, a compact and
light fuel cell stack as a whole can be produced easily.
Since no belleville spring is used, the stack body including
the metal separators is not deformed undesirably.

The stack body is not deformed or twisted undesirably.
Therefore, dimensional variation in the fuel cell stack 1s
reduced. In practical use, the fuel cell stack is suitably
mounted‘in a vehicle. Further, since the side plates are
securely coupled togéther by the angle members, even if an
external force is applied to the fuel cell stack, lateral
positional displacement is not likely to occur in each of
the unit cells. Even if shocks are applied to the unit

cells, the power generation performance and the sealing
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characteristics can be maintained.

The insulating spacer member 1s 1nterposed between
the terminal plate and the end plate. Therefore, even 1f

there 1s dimensional variliation of the stack body due to the

5 difference of dimensions depending on the unit cells, the

dimensional variation is absorbed simply by changing the

F

thickness of the spacer member. The fuel cell stack has a

small size and lightweight as a whole. The fuel cell stack

can be assembled easily and simply.

10 The sides of the rectangular end plates are
coupled to the side plates by the coupling pins,
respectively. Thus, the stack body 1s not tilted
undesirably unlike the case where only two sides of the
plates are coupled. The unit cells are stacked in the

15 horizontal direction. Therefore, the sides of the stack
body can be arranged easlily 1n parallel unlike the case
where the unit cells are stacked in the wvertical direction.
Accordingly, the undesirable deformation of the stack body

can be reduced.

20 In one broad aspect, there is provided a fuel cell
stack comprising: a box-shaped casing; and a stack body
provided 1n said box-shaped casing, said stack body being
formed by stacking a plurality of unit cells in a stacking
direction, said unit cells each including an electrolyte

25 electrode assembly and metal separators sandwiching said

electrolyte electrode assembly, said metal separators being
thin corrugated plates, said electrolyte electrode assembly
including a palir of electrodes each having a gas diffusion

layer and a catalyst layer, and an electrolyte interposed

30 Dbetween said electrodes, wherein said casing comprises: end
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plates provided at opposite ends of saild stack body in the

stacking direction; a plurality of side plates provided on

sides of said stack body; coupling members for coupling
adjacent ends of said side plates; and coupling pins for

coupling end plates to said side plates.

The above and other objects, features and
advantages of the present i1invention will become more
apparent from the following description when taken in
conjunction with the accompanying drawings in which
preferred embodiments of the present invention are shown by

way of 1llustrative example.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an exploded perspective view
schematically showing part of a fuel cell stack according to

an embodiment

7a
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of the present invention;

FIG. 2 is a cross sectional side view showing part of

the fuel cell stack;

FIG. 3 is an exploded perspective view showing a unit

cell of the fuel cell stack:

FIG. 4 is a perspective view showing the fuel cell

stack: and

FIG. 5 is a view schematically showing a fuel cell

stack disclosed 1n Japanese laid-open patent publication

2001-135344.

DESCRIPTION OF TﬁE PREFERRED EMBODIMENTS

FIG. 1 is an exploded perspective view schematically
showing part of a fuel cell stack 10 according to an
embodiment of the present invention. FIG. 2 is a cross
sectional side view showing part of the fuel cell stadk 10.

As shown in FIG. 1, the fuel cell stack 10 includes a
stack body 14 formed by stacking a plurality of unit cells
12 horizontally in a stacking direction indicated by an
arrow A. At an end of the stack body 14 in the stacking
direction indicated by the arrow A, a terminal plates l6a is
provided. An insulating plate'18 is provided outside the
terminal plate l6a. Further, an end plate 20a is provided
outside the insulating plate 18. At the other end of the
stack body l4 in the stacking direction, a terminal plate
16b is provided. An insulating spacer member 22 is

provided outside the fterminal plate 16b. Further, an end
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plate 20b is provided outside the 1lnsulating spacer member
22. Each of the end plates 20a, 20b has a rectangular
shape. The fuel cell stack 10 is assembled together such
that the stack body 14 formed by stacking the unit cells 12
is housed in a casing 24 including the end plates 20a, 20b.

As shown in FIGS. 2, 3, each of the unit cells 12
includes a membrane electrode assembly (electrolvte
eléctrode assembly) 30 and first and second metal separators
32, 34 sandwiching the membrane electtode_assembly 30. The
first and second metal separators 32, 34 are thin corrugated
plates.

At one end of the unit cell 12 in a longitudinal
direction indicated by an arrow B in FIG. 3, an bxygen~
containing gas supply passage 36a for supplying an oxygen-
containing gas, a coolant supply passage 38a for supplying a
coolant, and a fuel gas discharge passage 40b for
discharging a fuel gas such as a hydrogen-containing gas are
arranged vertically in a direction indicated by an arrow C.
The oxygen-containing gas supply passage 36a, the coolant
Supply passage 38a, and the fuel‘gas discharge passage 40Db
extend through the unit cell 12 in the direction indicated
by the arrow A.

At the other end of the unit cell 12, a fuel gas supply
passage 40a for supplying the fuel gas, a coolant discharge
passage 38b for discharging the coolant, and an oxygen-
containing gas discharge passage 36b for discharging the

oxydgen-containing gas are arranged vertically in the



10

15

20

25

CA 02475396 2004-07-21

direction indicated by the arrow C. The fuel gas supply
passage 40a, the coolant;discharge passage 38b, and the
oxygen-containing gas discharge passage 36b extend through
the unit cell 12 in the direction indicated by the arrow A.

The membrane electrode assembly 30 includes an anode
44, a cathode 46, and a solid polymer electrolyte membrane
42 interposed between the anode 44 and the cathode 46. The
solid polymer electrolyte membrane 42 is formed by

impregnating a thin membrane of perfluorosulfonic acid with

water, for example.

Each of the anéde 44 and the cathode 46 has a gas
diffusion layer such as a carbon paper, and an electrode
catalyst layexr of platinum alloy supported on potous carbon
particles. The carbon particles are deposited uniformly on
the surface of the gas diffusion layer. The electrode
catalyst layer of the anode 44 and the electfode catalyst
layer of the cathode 46 are fixed to both surfaces of the
solid polymer electrolyte membrane 42, respectively.

The first metal separator 32 has a fuel gas fldw field
48 on 1its surface 32a facing the membrane electrode assembly
30. The fuel gas flow field 48 is connected to the fuel gas
supply péssage 40a at end, and connected to thé fuel gas
discharge passage'40b at the other end. The fuel gas flow

field 48 includes a plurality of grooves extending in the

direction indicated by the arrow B, for example. Further,

the first metal separator 32 has a coolant flow field 50 on

the other surface 32b. The coolant flow field 50 is

- 10 -
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connected to the coolant supply passage 38a at one end, and
connected to the coolant discharge passage 38b at the other
end. The coolant flow field 50 includes a plurality of

grooves extending 1in therdirection indicated by the arrow B.

The second metal separator 34 has an oxygen-containing
gas flow field 52 on its surface 34a facing the membrane
electrode assembly 30. The oxygen-containing gas flow field
52 i1s connected to the oxygen-containing gas supply passage
36a at one end, and cohnected to the oxygen-containing gas
discharge passage 36b at the other end. The oxygen-\
containing gas flow field 52 includes a plurality of grooves
extending in the direction indicated by the arrow B. The
other surface 34b of the second metal separator 34 is
stacked on the surface\32b of the first metal separator 32.
When the first metal separafor 32 and the second metal
separator 34 are stacked together, the coolant flow field 50
is formed between the surface 32b of the first metal
separator 32 and the surface 34b of the second metal
separator 34.

A first seal member 54 is formed integrally on the
surfaces 32a, 32b of the first metal separator 32 to cover
(sandwich) the outei edge of the first metal separator 32.
The first seal member 54 is provided around the fuel gas
supply passage 40a, the fuel gas discharge passage 40b, and

the fuel gas flow field 48 on the surface 32a of the first

metal separator 32. The first seal member 54 is not

provided between the fuel gas supply passage 40a and the

- 11 -
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fuel gas flow field 48, and between the fuel gas discharge
passage 40b and the fuel gas flow field 48. Thus, the fuel
gas supply passage 40a and the fuel gas discharge passage
40b are connected to the fuel gas flow field 48.

A second seal member 56 is formed integrally on the
surfaces 34a, 34b of the second metal separator 34 to cover
(sandwich) the outer edge of the second metal separator 34.
The second seal member 56 is provided around the oxygen-
containing gas supply passage 36a, the oxygen-containing gas
discharge passage 36b, and the oxygen-containing gas flow
field 52 on the surface 34a of the second metal separator
34. The second seal member 56 is not provided between the
oxygen—coqtaining gas supply passage 36a and the oxygen-
containing gas flow field 52, and between the oxygen-
containing gas discharge passage 36b and the oxygen-
containing gas flow field 52. Thus, the oxygen-containing
gas supply passage 36a and the oxygen-containing gas
discharge passage 36b are connected to the oxygen-containing
gas flow field 52.

The first seal member 54 is provided around the coolant
supply passage 38a, the coolant discharge passage 38b, and
the coolant flow field 50 on the surface 32b‘of the first
metal separator 32. The second seal member 56 is provided
around the coolant supply passage 38a, the coolant discharge
passage 38b, and the coolant flow field 50 on the surface
34b of the second metal separator 32. The f£irst seal member

54 and the second seal member 56 are not provided between

- 12 =
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the coolant supply passage 38a and the coolant flow field
50, and between the coolant discharge passage 38b and the
coolant flow field 50. Thus, the coolant supply passage 38a
and the coolant discharge passage 38b are connected to the
coolant gas flow field 50.

As shown in FIG. 2, a seal 57 is interposed between the
first and second seal members 54, 56 so that the cuter edge
of the so0lid polymer electrolyte membrane 42 does not
directly contact the casing 24. A small clearance may be
formed between the outer edges of the first and second seal
members 54, 56, and an inner surface of the casing 24.
Alternatively, the outer edges of the first and second seal
members 54, 56 may be in contact with the inner surface of
the casing 24. In the structure, the first and second metal

separators 32, 34 are not deformed excessively beyond a

predetermined extent.

As shown in FIGS. 1 and 2, plate-shaped terminals 58a,
58b extend from the terminal plates 16a, 16b, respectively.
The terminals 58a, 58b are connected to a load such as a
motor of a vehicle.

As shown in FIG. 1, the casing 24 includes the end
plates 20a, 20b, a piurality of side plates‘GOa to 60&,‘
angle members (e.g., L angles) 62a to 624, and coupling pins
64a, 64Db. The éide plates 60a to 60d are-provided on sides
of the stack body 14. The angle members 62a to 62d are used
as coupling members for coupling adjacent ends of'the side

plates 60a to 60d. The coupling pins 64a, 64b are used for

- 13 -
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coupling the end plates 20a, 20b and the side plates 60a to
60d. The length of the coupling pins 64a is short in
comparison with the length of the coupling pins 64b. The
angle members 62a to 62d may be integral with at least one
of the side plates 60a to 604d.

Each of upper and lower ends of the end plate 20a has

two tabs 66a. Each of upper and lower ends of the end plate

20b has two tabs 66b. Each of left and right ends of the
end plate 20a has one tab 66a. Each of left and right ends
of the end plate 20b has one tab 66b. The end plate 20a has
mounting bosses 68a on its left and right ends at lower
positions. The end plate 20b has mounting bosses 68b on its
left and right ends at lower positions. The bosses 68a, 68Db
are fixed to mounting positions (not shown) using bolts or

the like for installing the fuel cell stack 10 in a wvehicle,

for example.

The side plates 60a,-600 are provided~on opposite sides
of the stack-body.14. Each of longitudinal ends of the side
plate 60a has two tabs 70a. Each of longitudinal ends of
the side plate 60b has two tabs 70b. The side plate 60b is
provided on the upper side of the stack body 14, and the
side plate 60d is provided on the lower side of the stack
body 14. Each of longitudinal ends of the side plate 60b
has three tabs 72a. Each of longitudinal ends of the side

plate 60d has three tabs 72b.

In assembling the end plates 20a, 20b and the side

plates 60a to 60d, the tab 66a of the end plate 20a is

- 14 -
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positioned between the tabs 70a of the side plate 60a, and
the tab 66b of the end plate 20b is positioned between the
tabs 70b of the side plate 60c. The short coupling pins 64a
are inserted to these tabs 66a, 66b, 70a, 70b for coupling
the side plates 60a, 60c, and the end plates 20a, 20b.

Likewlse, the tabs 72a of the side plate 60b and the
tabs 66a, 665 of the upper end of the end plates 20a, 20b
are positioned alternately, and the tabs 725 of the side
plate‘60d and the tabs 66a, 66b of the lower end of the end
plates 20a, 20b are positioned alternately. The long-
coupling pins 64b are inserted into these tabs 66a, 66D,
72a, 72b for coupling the side plates 60b, 60d and the end
plates 20a, 20Db.

A plurality of screw holes 74 are formed along opposite
edges of the‘side plates 60a to 60d. The screw holes 74 are
arranged in the direction indicated by the arrow A.

Further, screw holes 76 are provided along the lengths of .
the angle members 62a to 62d at positions corresponding to
the screw holes 74. Screws 78 are inserted into thé screw
hbles 76 and the screw holes 74 to fix the side plates 60a
to 60d together using the angle members 62a to 62d. In this
manner, the side plates 60a to 60d, and the end plates 20a,
20b are assembled into the casing 24 (see FIG. 4).

As shown in FIGS. 1 and 2, the spacer member 22 has a
rectangular shape having predetermined dimensions such that
the spacer member 22 is positioned inside the casing 24.

The thickness of the spacer member 22 is selected such that

- 15 -
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the dimensional variation in the stacking direction of the
stack body 14 is absorbed, and the desired tightening force
is applied to the stack body 14. For example, the spacer
member 22 is made of insulating material such as
polycarbonate (PC) resin or phenol resin. However, the use
of the spacer member 22 is not essential to carry out the
present invention. The spacer member 22 may not be used in
the case where the dimensional variation in the stacking
direction is absorbed by the elasticity of the first and
second metal separators 32, 34.

Next, operation of the fuel cell stack 10 will be
described below.

Firstly, as shown in FIGS. 1 and 4, an oxygen-
containing gas 1is supplied to the oxygen-containing gas
supply passage 36a from the end plate 20a of the fuel cell-
stack 10. A fuel gas such as a hydrogen-containing gas is
supplied to the fuel gas supply passage 40a. Further, a
coolant such as pure water, an ethylene glvcol or an oil is
supplied to the coolant supply passage 38a. Thus, the
oxygen~containing gas, the fuel gas, and the coolant are
supplied to each of the unit cells 12 étacked together in
the direction indicated by the arrow A to form the stack
body 14. The-oxygeh-contéining gas, the fuel gas, and the
coolant flow in the direction indicated by the arrow A.

As shown in FIG. 3, the bxygen~containing gas flows
from the oxygen-containing gas supply passage 36a into the

oxygen-containing gas flow field 52 of the second metal

- 16 -
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separator 34. The oxygen-containing gas flows along the
cathode 46 of the'membrane electrode assembly 30 for
inducing an electrochemical reaction at the cathode 46. The
fuel gas flows from the fuel gas supply passage 40a into the
fuel gas flow field 48 of the first metal separator 32 for
inducing an electrochemical reaction at the anode 44.

Thus, in each of the membrane electrode assemblies 30,
the oxygen-containing gas supplied to the cathode 46, and
the fuel gas supplied to the anode 44 are consumed in the
electrochemical reactions at catalyét layers of the cathode
46 and the anode 44 for generating electricity.

After the'oxygen in the oxygen-containing gas is
consumed at the cathode. 46, the oxygen-cdntaining gas flows
into the oxygen-containing gas discharge passage 36b, and is
disqhérged to the outside from the end plate 20a. Likewise,
after the fuel gas 1is coﬁsumed at the anode 44, the fuel gas
flows into the fuel gas discharge passage 40b, and is
discharged to the outside from the end plate 20a.

The coolant flows from the coolant flow field 50 ihto
the coolant fiow field 50 between the first and second metal

separators 32, 34, and flows in the direction indicated by

the arrow B. After the coolant is used for cooling the

membrane electrode assembly 30, the coolant flows into the

coolant discharge passage 38b, and is discharged to the

outside from the end plate 20a.

In the embodiment of the present invention, the stack

body 14 is housed in the box-shaped casing 24. The casing

- 17 -
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24 includes the end plates 20a, 20b provided at the opposite
ends 1in the.stacking direction of the stack body 14, and the
side plates 60a to 60d provided on the sides of the stack
body 14. Further, the casing 24 includes the angle members
62a to 62d, and the coupling pins 64a, 64b. The angle
members 62a to 624 couples the adjacent ends of thé side
plates 60a to 60d, respectively. The coupling pins 64a, 64b
couples the end plates 20a, 20b and the side plates 60a to
60d.

Since the coupling pins 64a, 64b are used for coupling
the end plates 20a, 20b and the side plates 60a to 60d,
operations such as tightening adjustment of bolts are not
iequired at the time of assembling the fuel cell stack 10.
Thus, the fuel cell stack 10 can be assembled simply.
Further, since the coupling pins 64a, 64b are used in the
casing 24, the sides of the stack body 14 are kept in
parallel, and are not likely to be displaced undesirably.
The positional displacement due to vibrations or shocks can
be prevented.

Each of the first and second metal separators 32, 34 of
the unit cells 12 is the thin corrugated plate having a
thickness ranging 0.1 mm to 0.3 mm, for example. Though the
first and second separators 32, 34 do not have any éhape
retaining characteristics, since the stack body 14 is housed
in the casing 24, the preséuregis uniformly applied to
surfaces of the unit cells 12. Thus, power generation

performance and sealing characteristics are improved in each

- 18 -
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of the unit cells 12. Since the elasticity of the first and
second metal separators 32, 34 1s advantageously utilized,
it is not required to proVide any belleville spring in the
casing 24. Thus, a compact and light fuel cell stack 10 as
a whole can be produced easily. Since no belleville spring
is used, the stack body 14 including the first and second
metal separators 32, 34 are not deformed undesirably.

The stack body 14 is not deformed or twisted
undésirably. Therefore, dimensional variation in the fuel
cell stack 10 is reduced. 1In practical use, the fuel cell
stack 10 is suitably mounted in a vehicle. Further, since
the side plates 60a to 60d are securely coupled together by
the'angle members 62a to 62d, even if an external force is
applied to the fuel cell stack 10, lateral positional
displacement is not likely to occur in each of the unit
cells 12. Even if shocks are applied to the unit cells 12,
the power generation performance and the sealing
characteristics can be maintained.

The spacer member 22 is interposed between the terminal
plate 16b and the end plate 20b. Therefore, even if there
is dimensionél variation of the stack body 14 due to the
difference of dimensions depending on the unit cells 12, the
dimensional variation 1is absorbed simply by changing the
thickness of the spacer member 22.

The sides of the rectangular end plates 20a, 20b are
cdupled to the side plates 60a to 60d by the coupling pins

64a, 64b, respectively. Thus, the stack body 14 is not

- 19 -
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tilted undesirably unlike the case Where only two sides of

the plates are coupled. The unit cells 12 are stacked in

the horizontal direction. Therefore, the sides of the stack
body 14 can be arrahged easily in paﬁallel unlike the case
where the unit cells are stacked in the vertical direction.
Accordingly, the undesirable deformation of the stack body
14 can be prevented. .

In the embodiment of the present invention, the angle
members 62a to 62d are used as the coupling members for
example. However, it is not essential to use the angle
members 62a to 62d. For example, the side plates 60a to 60d
may have flanges which can be bent such that the flanges can
be fixed by screws to couple the side plates 60a to 60d'with

each other. Alternatively, the side plates 60a to 604 may

be combined together by welding to function as the coupling

members.

While the invention has been particularly shown and
described with reference to preferred embodiments, it will
be understood that variations and modifications can be
effected thereto by those skilied in the art without
departing from the spirif and scope of the invention as

defined‘by the appended claims.

- 20 ~-
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CLAIMS:

1. A fuel cell stack comprising:

a box-shaped casing; and

a stack body provided in said box-shaped casing,

sald stack body being formed by stacking a plurality of unit
cells 1n a stacking direction, said unit cells each
including an electrolyte electrode assembly and metal
separators sandwiching said electrolyte electrode assembly,

sald metal separators being thin corrugated plates, said

electrolyte electrode assembly including a pair of
electrodes each having a gas diffusion layer and a catalyst
layer, and an electrolyte interposed between said

electrodes, wherein said casing comprises:

end plates provided at opposite ends of said stack

body 1n the stacking direction;

a plurality of side plates provided on sides of

sald stack body;

coupling members for coupling adjacent ends of

salid side plates; and

coupling pins for coupling end plates to said side

plates.

2. A fuel cell stack according to claim 1, wherein

sald coupling members are angle members.

3. A fuel cell stack according to claim 2, wherein

-

each of said angle members are fixed to adjacent ends o:

13

said side plates by screws.

21
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4 . A fuel cell stack according to claim 1, wherein a

r—
—

tab of one of said end plates and a tab of one of said side

plates are positioned alternately, and one of said coupling
pins 1s 1inserted 1nto said tab of said end plate and said

tab of said side plate.

5. A fuel cell stack according to claim 1, whereiln

terminal plates are provided at opposite end of said stack
body 1n the stacking direction, and an 1nsulating spacer
member 1s 1nterposed between at least one of said terminal

plates and said end plate.

6 . A fuel cell stack according to claim 1, wherein
sald end plates have a rectangular shape, and each side of
sald rectangular end plates 1s connected to each side of

sal1d side plates by said coupling pin.

7. A fuel cell stack according to claim 1, wherein

sald unit cells are stacked in a horizontal direction.

SMART & BIGGAR
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