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1

FUEL CELL WITH VOLTAGE DETECTION TERMINAL

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] This invention relates to fuel cells, and more particularly to fuel
cells capable of favorably measuring partial voltages within a stack of the fuel

cells.

2. Description of the Related Art

[0002] A fuel cell is generally known in which a membrane electrode
assembly formed by integrating an electrolyte membrane with electrode
catalyst- layers, or the like, and separators are laminated or stacked together.
In this type of fuel cell, a set of separators may be composed of two or more
separator components (which will be hereinafter called “plates”). For example,
a membrane electrode assembly is sandwiched between tWO plates, 1.e., a
cathode-side plate and an anode-side plate, to form a unit cell, and a plurality
of unit cells are stacked together to provide a fuel cell stack, as disclosed in
Japanese Patent Application Publication No. 2001-256992 (JP-A-2001-256992).
In this fuel cell structure, two plates are present between the adjacent

membrane electrode assemblies, and these two plates provide a set of
separators. In the following description, the set of separators composed of two
or more plates may be regarded as “separator assembly”. As another example,
Japanese Patent Application Publication No. 4-267062 (JP-A-04-267062)
discloses a separator assembly composed bf three metal plates. _
[0003] In the fuel cell stack, terminals for detecting voltage may be
provided on the separators, so as to monitor the power generation status in

each of the membrane electrode assemblies. For example, 1t 1s disclosed in

JP-A-2001-256992 that a terminal for measuring voltage is attached to the
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corresponding separator assembly such that two plates of the separator
assembly are gripped by the terminal.

. [0004] In the separator assembly' consisting of two or more plates,

- however, external force or vibrations majr cause the pl_ates to be displaced

~relative to éach other. Therefore, if a terminal for measuring voltage is

connected to the separator assembly, force may be applied to the terminal due

.to-displacement of the plate(s)_, and the termiﬁal may deform or fall off. In this

case, voltage may not be measured with accuracy.

SUMMARY OF THE INVENTION
' [0005] This invention provides a fuel cell that prevents external force
- ‘ from being applied to terminals for measuring voltage. |
' " [0006] A fuel cell according to one aspect of the invention includes: a
sep érator assembly in which a piura.lity of plates are laminated on each other
and adjacent ones of the plates are secured to each other such that external
force does not cause displacement of the plates relative to each other, a
terminal connecting portion provided in the separator assembly, and g-terminal
used for detecting voltage, which is connected to the tefmjnal connecting
portion. | .
[0007] In the fuel cell according to the above aspect of the invention,
the entire areas of major surfaces of the- plates may be secured to each other, to
provide the separator assembly.
[0008] In the fuel cell according to the above aspect of the; invention,.
the terminal connecting portion may protrude outwards from a side face of the
| éep arator assembly. |
[0009] In the fuei cell according to the above aspect of the invention,
each of the plates may include a protrusion that protrudes outwards from a side

face of the plate, and the protrusions of the plates may be laminated together to
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form the terminal connecting portion, while the adjacént ones of the plates may
be secured to each other in the terminal congecting portion.

[0010] In the fuel cell according to the above aspect of the inventionf
the separator assembly may consist of three plates that are laminated on each
other, aﬁd a middle one of the three plates may have a larger thickness than
the other plates.

‘ [0011] In the fuel cell according to the above aspect of the invention,
the terminal may be attached to the terminal connecting portion such that the
. terminal extends continuously over a top face and opposite side faces of the
: .terminal connecting portion.
‘ [0012] In the fuel cell according to the above aspect of the irivention, ..
- the terminal may be detachably engagéd with the terminal conﬁecting portion.
- [0013] In the fuel cell according to the above aspect of the invention,
the terminal connecting portion may include an engaging portion that engages
with the terminal so-as to prevent slipping of the terminal. |

[0014] In the fuel cell according to the above aspect of the invention,
‘the ehéaging portion m#y be in the form of at least one opening formed in at
leaét one of the plates, and the terminal may include a folded portion adapted

‘to be engaged with the at least one opening. '

[0015] In the fuel cell according to the abgve’ aspect of the invention,
the separator assembly may consist of three plai:es that are laminated on each
other, and each of the three plates may have an opening, while the opening of a
middle one of the three plates may be larger in size than those of the other
plates.

[0016] In the fuel cell according to the above aspect of the inyention,
the engaging portion may be in the form of an opening thati extends through the _
laminated plates, and the terminal may be inserted through the opening for.

engagement with the teminal connecting portion.
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[0017] In the fuel cell according to the above aspect of the invention, at
least a part of the terminal connecting portion may be subjected to a surface
treatment for reducing contact resistance between the terminal and the
terminal connecting portion.

[0018] In the fuel cell according to the above aspect of the invention, at
least a part of the terminal connecting portion may be subjected to a surface
treatment for increésing frictional resistance between the terminal and the
terminal connecting portion. |

[0019] In the fuel cell according to the above aspect of the invention, a

securing member may be abplied by coating to an interface between adjacent

ones of the plates so as to secure the plates to each other. -

[0020] In the fuel cell according to the above aspect of the invention,
the plates and the securing member may be made of metal, and the adjacent

ﬁlates may be secured to each other through metal-to-metal bonding with the

securing member.

[0021] In the fuel cell according to the above aspect of the invention,
the plates may be made of metal, and the adjacent plates may be secured to
eacﬁ ofhe‘r by brazing. ‘

[0022] In the fuel cell according to the above aspect of the invention,

‘the plates may be made of metal, and the adjacent plates may be secured to

each other by welding.

[0023] In the fuel cell according to the above aspect of the invention,

the adjacent plates may be fitted on each other to be secured to each other.
[0024] With the fuel cell constructed according to the above aspect of
' the invention, the plates that constitute the separator assembly are léss. likely
“to be disphced or prevented from being displaced relative to each other.
Accordingiy, external force is less likely to be applied' or prevgnted from beipg -
applied to the terminal due to displacement of the plates. = .
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BRIEF DESCRIPTION OF THE DRAWINGS
[0025] The foregoing and/or further objects, features and advantages of
the invention will become more apparent from the following description of
preferred embodiments with reference to the accompanying drawings, in which
~ like numerals are used to represent like elements and wherein:

FIG. 1 is a schematic view showing the construction of a system

according to a first embodime‘nt of the invention:;

FIG. 2 is a view showing the stacked structure of the first embodiment

of the invention;

FIG. 3 is an exploded view. of a separator assembly of the first
embodiment of the invention; ' .

FIG. 4A is a view showing a 'laminated assembly including terminal
connecting portions according to the first embodiment of the invention; |

FIG. 4B is a cross-sectional view taken along line A-A in FIG. 4A, which
shows the laminated assembly including the terminal connecting portions
according to the first embodiment of the invention; |

FIG. 5A is an enlarged, perspective view of a terminal connecting

- portion of the first embodiment of the invention;
" FIG. 5B is an enlarged, perspective view of the terminal connecting

porti;n of the first embodiment of the invention, which view focuses on a
terminal 50; |

FIG. 6 is an enlarged, perspective view of a tenmna.l donnecting portion
according to a modified ekample of the first embodiment of the invention;
. FIG. 7A is an enlarged, perspective view of a terminal connecting
portion according to ﬁ second embodiment of the invention;

FIG. 7B is a cross-sectional view of the terminal connecting portion of

the second embodiment of the invention;
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FIG. 8A is a cross-sectional view of a terminal connecting portien
'aecord.ing to a modified example of the second embodiment of the invention;

FIG. 8B is a cross-sectional view of a terminal co‘nneeting portion
acco rding to another modiﬁed example of the second embodiment of the
invention;

FIG. 8C 18 a croswsectioﬁal view of a terminal connecting portion
| according. to another modified example of the second embodiment of the
invention:

FIG. 8D is a cross-séctional view of a terminal connecting portion
according to another modified example of the second embodiment of the
1invention;

} FIG. 8E is a cross-sectional view of a terminal connecting portion
: according to another modified exarhple of the second embodiment of the |
inventions;

FIG. 9 is an enlarged, perspective view of a terminal connecting portion
ecoordjng to a third embodiment of the invention; |

FIG. 10 is a view showing a separator assembly ofg fourth embodiment

of the invention; and

FIG. 11 is a view showing a separator assembly of a modified example of

the fourth embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS
[0026] FIG. 1 is a schematic view useful for explaining a system
according to a first embodiment of the invention. The system shown in FIG. 1
includes a fuel cell stack 10. To provide the fuel cell stack '10 a plurahty of
- separator assembhee 12, seal- mtegrated MEGAs (Membrane Electrode & Gas
‘Dlﬁusmn Layer Assembly), and other components are stacked together Inthe
gystem of the first embodiment, terminals ef a voltmeter 70 are connected to
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selected ones of the separator assemblies 12 so as to monitor the power .
generation status. It is thus possible to check the power genération status
- between the separator assemblies connected to the terminals of the voltmeter
' 70, by méasu.ring potential differences between these terminals. The

h information obtained from the voltmeter 70 is transmitted to an ECU 72 where
the information 18 used for various controls, for example, for changing the
-supply pressures of reaction gases. '

[0027] FIG. 2 is a view useful for exphining the stacked structure of
the fuel cell stack 10. -As shown in FIG. 2, the fuel cell stack 10 used in the
sjrstem of the first embodiment includes separator assemblies 12, porous bodies
14 and seal-integrated MEGA 20. The seal-iﬁtegrated MEGA 20 gomm of a
MEGA 16 and a seal gasket 18. The MEGA 16 consists of an electrolyte

- membrane, electrode catalyst layers and gas diffusion layers. In thig
embodiment, the MEGA 16 and the seal éasket 18 are integrated with each |
other, to provide the seal-integrated MEGA 20. The porous body 14 functions

~ as In-plane channéls for reaction gas, through v;'hich the reaction gas supplied
 to the porous body 14 is distributed to the MEGA 16. The fuel cell stack of this
embodimenf is formed by stacking a plurality of assemblies each (i.e., one unit)

of which consists of the above-described separator assembly 12, porous body 14,

Seél'intégrated MEGA 20, and the porous body 14. .

[0028] In this embodiment, the MEGA 16 is generally rectangular in
shape, and the seal gasket 18 is provided around the MEGA 16, as shown in
FIG. 2. The porous body 14 has substantially the same shape as the MEGA 16,
and is positioned to be opposed to the MEGA 16. The outside shape of the
separator assembly 12 1s generally rectangular, and has substantially the same

“size as the seal'integfatéd MEGA 20. The separator assembly 12 has a
terminal connecting portion 22 that protrudes from a side face of the assembly

12. One terminal of the above-mentioned vqltmeter 70 is connected to the
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terminal connecting portion 22.
[0029] FIG. 3 is an exploded view of the separator assembly 12. As

‘shown in FIG. 3, the separator assembly 12 of the first embodiment consists of

three plates, i.e., a first plate 31, a second plate 32 and a third plate 33. These

-. ‘ plates are formed from sheets made of titanium. The three plates 31, 32, 33
are secured to each other by brazing, to provide the separator assembly 12.

‘ [0030] Each of the plates 31, 32, 33 includes openings 24 corresponding

" to manifolds through which reaction gas and coolant are supplied and
discharged, and the second plate 32 further includes long holes 26 that provide

coolant channels extending along the pléne of the plate 32. The plates 31, 32,
33 have. respective protrusions 41, 42, 43 that protrude outwards from side

faces of the corresponding plé.tes. The protrusions 41, 42, 43 are laminated on
~ each other to provide the above-mentidnéd terminal connecting portion 22, .
‘ [0031] The brazing process includes the steps of* applying by cdating a

brazing filler metal to the entire area of a surface of the first plate 31 that is

opposed to the second plate 32 and the entire area of a surface of the third plate

33 that ié opposed to the second plate 32, laminating the three plates 31, 32, 33

on each other, and then heating the resulting assembly at a temperature that

| exceeds the fusing point of the brazing filler metal. In the coating step . the

protrusions 41, 43 of the first and third plates 31, 33 are also coated with the

- brazing filler metal. As a result, adjacent ones of the protrusions are also
. 's.ecured to each other. _

[0032] FIG. 4A illuét:fates the stacked structure of the components
| .shown in FIG. 2, and FIG. 4B is'a cross-sectional view taken along line A-A 1n
" FIG. 4A. In this embodiment, the‘ terminal connecting portions 22 protrude

from the side faces of the separator assemblies 12. Thus, the terminal
connecting portions 22 are located outside the seal-integrated MEGA 20. The
seal gasket portibn_ 18 of the seal-integrated MEGA 20 has projections 27,
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which provide seal lines 28 for preventing fluid from leaking from the interior
of the fuel cell stack. In this embodiment, the second plate 32 located at the
‘middle of the assembly of three plates has a larger thickness than the first
plate 31 and the third plate 33, as shown in FIG. 4B.
o [0033] FIG. 5A and FIG. 5B are enlarged, perspective views of the
~ terrnlnal connecting portion 22. As shown in FIG. 5B, the terminal 50 18
formed by bending a flat, metal sheet at about right angles generally at two
locations. After joining the three plates into the separator assembly 12, the
terminal 50 is attached to the terminal connecting portion 22 to extend |
continuously over the top and side faces of the terminal connecting porfion 22.
In other words, the terminal connecting portion 22 1s sandwiched by and
| between the orthogonally bent portions of the terminal 50. To facﬂltate
mounting and removal of the terminal 50, the interface between the termmal

50 and the terminal connecting portion 22 is not subjected to brazing or welding.

In this embodiment, the terminal 50 is connected to the terminal connecting

portion 22 such that all of the three plates 31, 32, 33 are placed in or embraced
by the terminal 50, as shown In FIG. 5A. In FIGS. 5A and 5B, a line

connecting the terminal 50 with the voltmeter 1s not illustrated.
‘ [0034] In the first embodiment, the plates 31, 32, 33 are secured to
each other by brazing. On the other hand, it may be considered to form a
' separator assembly from two or more plates without securing the plates to each
~ other. However, if the plates are not secured to each other, a displacement or
| sbiﬂ: may occur between the plates. If such a displacement oocurs, force may
be applied to the terminal, and the terminal may bend or fall off In this
respect, the plates 31, 32, 33 of this embodiment are secured together, and no
displacement occurs between the plates. Therefore the terminal 50 1s

‘prevented ﬁ'om being' deformed or falling off.
[0035] Also, in this embodiment, the terminal connecting portion 22
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~protrudes from a side face of the corresponding separator assembly 12.
- Therefore, the terminal 50 is easily connected to the terminal connectmg |
portion 22. Also, the terminal connecting portion 22 may be located outside
the seal line 28 that is provided by the rectangular seal gasket 18
corresponding to the rectangular MEGA 16. In this connection, it is to be |

\ noted that the MEGA 16 is preferably rectangular in shape, in terms of ‘

productivaty or productlon efficiency:.

[0036] The second plate 32 having a larger thickness than the first and
third plates 31, 33 is highly resistant to bending stress, and 1s unlikely to be
&eformed. Therefore, even when force large enough to bend a separator 18

~ applied to the separator assembly 22, the second plate 32 resists this force, and
prevents the other plates 31, 33 from bending. Thus, the separator assembly
‘ 12 as a whole provides a structure that is highly resistant to bending stress.
Accordingly, external force is less likely to be applied or 18 prevented from being
applied to the terminal 50 due to deformation of the separator assembly 12 as a
whole or the terminal connecting portion 22. .In this embodiment in which the
second plate 32 also forms the in-plane coolant channels, a pressure loss of the .
coolant may be reduced By forming the second plate 32 with a sufficiently large
thickness
[0037] Also, all of the three plates 31, 32, 33 are provided with the
. protrusions 41, 42, 43, and the terminal connecting portion 22 is constituted by
the three plates 31, 32, 33 laminated together. Thus, the laminated three
- plates are placed in the protruding terminal connecting portion 22, and the
terminal 50 is arranged to extend over all of the three plates or embrace all of
the three plates. With this arrangement, the terminal connecting portion 22 ig
éiven a sufficiently large thickness, and the terminal 50 ié easily connected to

the terminal connecting portion 22. |
[0038] Since the plates are secured to each other by brazmg in the
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terminal conhecting portion 22, any one of the pmtrusione' 41, 42, 43 of the
| plates 31, 32, 33 may not be deformed alone. Even if certain force is applied to
i:he protruding terminal connecting portion, this portion may resist the force
with the combined rigidity of the three plates, which makes the terminal
connecting portion 22 highly resistant to stress. Thus, external force is
further prevented from being applied to the terminal 50 due to deformation of
the terminal connecting portion 22. |
[0039] Also, the plates are secured to each other by bfazing in this
embodiment. Therefore, the plates are unlikely to be deformed when joined to
each other. Accordingly, the shape and dimensions of the terminal connecting
| portion are less likely or unlikely to deviate from those as designed, and
| ﬁnexpected falling-off of the terminal may be reduced or prevented. In the
case of brazing, the plates are secured to each other through‘ metal-to-metal
bonding, thus assuring conductivity in the direction in which the plates are
laminated, and voltage may be detected with high accuracy.
[0040] In the first embodiment, the three plates in the form of metal
plates are secured to each other to provide the separator assembly However
' the number of the plates is not limited to three, but may be, for example, two,
provided that the separator aseembly is composed of two or more plates. Ifthe
 two or more plates are secured to each othe'r, no displacement ‘occurs between
the platee, which is advantageous in that substantially no force is applied to the
terminal. | '
[0041] While the plates are made of titanium in the first embodiment,
’th‘e plates may be made of any other material provided that the plates may act
asv separators. More specifically, the plates may be forrﬁed of a matenal
'having electrical conductivitjr and gas impermeability. For example, the
plates may be made of another metal, such as "stainlese steel, or may be made of

carbon. When the plates made of a material other than metal are used, these
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plates may not be secured to each other by brazing: therefore, the plates are
‘secured to each other by another method. Examples of methods other than
 brazing will be described later.

{00 42] In the first embodiment, the thickness of the second plate 32 1s |
made larger than those of the first plate 31 and third plate 33. While it is
preferable to form the second plate 32 with a relatively large thickness as
described above, the thickness of the other plates may be increased. It is also

. -possible to form the three plates with the sa'nie thickness. |

[0043] In the first embodiment, the plates are secured to each other by
brazing. While it is preferable to secure the plates to each other by brazing,

" the plates may be secured to each other by other methods. -For example, the
plates may be secured to each other by welding, or bonding with an adhesive, or ‘

- the plates may be fitted on or engaged with. each other to provide a fit structure.

" Where the plates are secured to each other by bonding with an adhesive or
fitting, a metal-to-metal bond is not formed between the adjacent plates, and it
is thus preferable to perform a treatment so as to ensure electrical conductivity
between the plates. In the case where the plates are made of a material other
than metal, the plates may not be secured to each other by welding or brazing,
but may be secured to each other by bonding with an adhesive or fitting.

[0044] In the first embodiment, the brazing filler metal is applied to

~ the entire areas of the major surfaces of the plates 31, 33 including the
protrusions 41, 43 in the brazing step. As described above, 1t 18 preferable to
coat the entire major surfaces of the plates with the brazing ﬁller metal.
However, if the plates are secured to each other at any location or locations,
namely, if the plates‘aré' at least partially secured to each other, displacements
between the plates: may‘ be reduced or preventéd. For example, only the
protrusions may be subjected to 'bra_zing, or thé surfaces of the plates excluding

the protrusions may be subjected to brazing. These modifications may be |
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similarly applied to other embodiments which will be described below.

. . [0045] FIG. 6 is an enlarged, perspet:tive view of a terminal connecting
portion 22 accofding to another modified example of the first embodiment. In |
the first embodiment, all of the plates have protrusions, and the terminal

. connecting portion is cbnstructed of the protrusions of the three plates that are
‘laminated on each other. While it is preferable that all of the plates have the
_protrusions, as described above, the invention is not limited to this

arrangement. In the modified example as shown in FIG. 6, only the first plate
31 has a p'rotru'sion. In this case, the terminal 50 is connected to the terminal
‘connecting portion 22 to extend over the top and side faces of the protrusion of

~ the first plate 31. |
[0046] In the above arrangement in which the terminal is attached to
the protrusion of only one plate, force may be applied to the terminal 50 if the -
second plate 32 undefgoes displacément and hits against the terminal 50, for
example. In this modified example, th_é plates 31, 32, 33 are secured to each
other, and therefore, fhe terminal is prevented from being' deformed or falling

: off due to displacement of the plates. - .

. [0047] FIG. 7A is an enlarged, perspective view of a terminal
connecting portion according to a second embodiment of the invention, and FIG.
7B is a cross-sectional view thereof. In the separator assembly 12 of this

. embodiment, the terminal connecting portion 22 has an engaging portion 60"
that engages with the terminal 50 so as to restrict or prevent slipping or
detachment of the terminal. As shown 1n FIG. 7B, the engaging portion 60
takes the form of a through-hole that extends through the terminal connecting
portion 22. More specifically, openings having substantially the same shape
are formed in the protrusions 41, 42, 43 of the plates 31, 32, 33 that constitute
the separator assembljr' 12. Also, the terminal 50 includes a folded portion 51 .-
that is arranged to engage with the through-hole. The other features of the
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second embodiment are similar to those of the first embodiment. .

- [0048] The engaging ﬁortion 60 of the terminal connecting portion 22
and the folded portion 51 of the terminal 50 engage with each other so that the
terminal 50 is further prevented from falling off. If oné or more plates
undergo displacement while the terminal connecting portion 22 and the .
terminal 50 are engaged with each other, stress is likely to be applied to-the
terminal 50 at a location where the terminal 50 1s engaged with the termil}a_l
connecting portion 22. In this embodiment, however, the plates, which are
secured to each other, are not displaced relative to each other. Thus, owing to
a synergistic effect of securing of the plates and engagement at the engaging

~portion 60, falling-off (or detachment) and deformation of the terminal 50 are
- effectively restricted or prevented. -

[0049] While the engaging portion 60 may be formed by forming
recesses in the surfaces of the plates, the plates need to have a thickness large
enough to allow formation of the recesses in the surfaces of the plates. On the
other hand, 1t is'desired to make the separator assembly as thin as possible S0
as to achieve reduction in the size of the fuel cell stack. In view of the balance
between the reduction in the size of the separator assembly and functioning as
the separator, it is preferable to use metal sheets having a thickness of about
0.1 to 0.5 millimeters for forming the plates. If the metal sheets of this
thickness range are used as the plates, it is difficult to form recesses in the
surfaces of the plates, beca\ise of the small thickness and hardness thereof. In
this respéct, fhe engaging portion 60 of this embodiment is formed by forming

‘ thé openings in the protrusions 41, 42, 43 of the plates.  Thus, the engaging
portion may be readily formed even when the plates are formed from thin metal
sheets as described above. '

[0050] FIG. 8A through FIG. 8E are cross-sectional views of terminal
connecting portions according to modified examples of the second embodiment. '
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" While the engaging portion 60 of the second embodiment is in the form of a
through-hole tﬁat extends through all of the three plates, and the terminal is
arranged to partially surround the plates, the invention is not limited to these

" features of the second embodiment, but various modified examples as shown 1n
FIG. 8A through FIG. 8E may be considered. ‘

[0051] For example, the openings formed in the respective plates may
be different in size. For exaniple, only the opening formed in the second plate
32 may be made larger in size than the openings of the other plates 31, 33, as
shown in FIG. 8A. With this arrangement, the folded portion 51 of the

~ terminal 50 may be folded up once again, and slipping or falling-off of the

 terminal 50 may be prevented with improved reliability. . '

[0052] AlSo, as shown in FIG. 8C, the openings may be formed 1n the
first plate 31 and the third plate 33. In this case, the protrusion 42 of the
second plate 32 has no opening, and therefore the strength of the protrusion 42
of the second plate 32 may not be impaired. Since the protrusions of the other

- plates are secured to the protrusion of the second plate, the terminal connectiné

“portion 22 as a whole exhibits high strength, and is highly resistant to bénding
si;resé. Namely, the engaging portion 60 may be formed while assuring
sufficient strength of the terminal connecting portion 22 and thereby
preventing deformation of the terminal connecting portion 22.

. [0053] Also, as shown in FIG. 8D, the openings may be formed in the
first plate 31 and the second plate 32. . ‘

- [0054] The engaging portion may also be formed even in the case where

~ one or more of the plates, rather than all of the plates, have no pmtruéion. qu
example, when the third plate 33 has no pi'otrusidn, as shown in FIG. 8E, the
protrusion 42 of the second plate 32, out of the protrusions 41, 42 of the first ‘ '

' blate 31 and second plate 32, may be provided with an opening. While the

opening is formed In the second plate in the example of FIG. 8E, an opening _



CA 02675739 2009-07-15
WO 2009/001207 PCT/IB2008/001687

16

. may be formed in the first plate, or openings may be formed in the first and
second plates.
[0055] Even in the case where only one of the plates has a protrusion,
" an opening may be formed in the protrusion to provide an engaging portion
_gimilar to those as described above. These modifications may also be similarly
applhied when the separator assembly consists of two plates, rather than three
" plates. In any case, the engaging portion may be formed by providing at least
- one of the plates that constitute the terminal connecting portion with an
opening Or openings.
[0056] If it is possible to form recesses in the surfaces of the plates, the
engaging portion may be formed by. providing the plates with the recesses,
rather than the openings. Also, the terminal may take any form provided that
it may engage with the engaging portion. For example, the terminal may be
configured to be inserted through a through-hole, as shown in FIG. 8B.
[0057] FIG. 9 is a schematic view showing a terminal connecting
“portion according to a third embodiment of the invention. In this embodiment,
a side' face of the terminal connecting portion 22, which is a part of a major
surfac.:e' of the first plate 31, is subjected to a surface treatment for reducing
contact resistance due to 'contact with the terminal 50,' to thus provide a surface
treatment region 62. More specifically, the surface treatment re gion 62 18 a
. region that is plated with gold. The other features of this embod.iment are
| substantially the same as those of the first embodiment. ‘
B [0058] When the plates are made of metal, oxide films are formed on
the surfaces of the plates, resultmg in an increase in the contact resistance
between the termmal 50 and the terminal connecting portlon 22. If at least a
part of the terminal connecting portion 22 1s plated with gold, the contact
',resistance is reduced, thus assuring accurate measurements of voltage.

[0059] In the third embodiment, only the terminal connecting portion
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22 of the separator assembly 12 is subjected to the surface treatment.
. ‘However, pdrtions or surfaces of the separator assembly 12 which are 1n contact
' with the porous bodies 14 (or which are opposed to the MEGA 16) may be

subjected to the surface treatment. iIn this case, it is preferable to carry out
these surface treatments in the same process step in terms of productivity or
production efficiency. |

. _[0060] Also, the terminal connecting portion 22 may be subjected to a

treatment or process for increasing the friction resistance so as to prevent
slipping of the terminal, as well as the_ above-mentioned treatment for reducing
the contact resistance. For 'example, one or more surfaces of the terminal
connecting portion 22 may be roughened.

[0061] While the side face of the terminal connecting portion 22, which
is a part of the major surface of the first plate 31, is subjected to the surface
treatment in the third embodiment, the sﬁrface treatment may be performed on
the opposite side face of the terminal connecting portion 22 which is a part of a

" major surface of the third plate 33, or on the top face of the terminal connecting
portion 22. Also, any combination of the top and side faces of the terminal
connecting portion 22 may be subjected to the surface treatment. In sum, the
surface treatment may be performed on a region including at least a pért of the
surfaces of the terminal connecting portion 22 that are in contact with the

 terminal 50.

‘ [0062] FIG. 10 is a view showing a separator assembly 12 according to

a fourth embodiment of thé invention. Ih this embodiment, the terminal
‘connecting portion does not protrude from the separator assembly 12. In other

ﬁrords, the respective plates that constitutg the separator assembly have no
protrusions. In 'this embodiment, too, the plates‘ are secured to each other, and
therefore the terminal 50 is prevented from slipping or falling off due to
displacement of thé plates. In this embodiment, a portion of the separator

J
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assembly 12 to which the terminal 50 is connected provides the terminal
connectmg portlon
[0063] While the terminal 50 is eonnected to the separator assembly 12
so as to extend over all of the three plates in the fourth embodJment,. the
present invention is not limited to this arrangement. Namely, even in the case
where the terminal wmecﬁng portion does not protrude from the separator
assembly 12, the terminal 50 may be arranged to extend over all of the plates,
or extend over only part of the plates. Even where the terminal 50 extends
over only part of the plates, slipping or falling-off of the terfninal 50 may be
prevented since the plates are secured to each other, as described above with

respect to the modified examples of the first embodiment.
. [0064] FIG. 11 is a schematic view showing a separator assembly 12

according to a modified example of the fourth emmbodiment. In this modified
example a recess is formed in the first plate 31, so that the terminal 50 extends

over the two plates, out of the three plates of the separator assembly 12.
[0065] It is to be understood that the modlﬁed examples of the other

embodiments as described above may also be apphed’to the fourth embodiment.
For example, the terminal connecting portion may be subjected to a suitable

surface treatment, or an engaging portion may be formed in the terminal

connecting portion.
' [0066] In the fuel cell accordmg to the present invention, the terminal

may be easﬂy attached to the correspondmg terminal connecting portion of the
separator assembly. |

[0067] In the fuel cell according to the invention, the plates are secured

to each other in the terminal connecting portion. Therefore, any one of the

protrusions that constitute the terminal connecting portion is not deformed

.' aloae, and the three‘ plates of the terminal connectiag portion cooperate to

resist stress applied thereto. Thus, the terminal coim_ecting ,portion has
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increased strength, and is less likely to be deformed or prévented from being
deformed. Consequently, force is prevented from being applied to the
terminal. '

.[0068] Also, in the fuel cell according to the invention, the middle plate
having a relatively large thickness may resist stréss; therefore, the separator
assembly has increased étrength, and is less likely to be defo;med or prevented

from being deformed. Consequently, external force 1s prevented from being
applied to the terminal due to deformation of the separator assembly.

[0069] In the fuel cell according to the invention, the engaging portion
and the terminal are engaged with each other, so that the terminal 1s fu;ther
brev‘ented from slipping or falling off.

[0070] In the fuel cell according to the invention, the contact re;istan'ce

between the terminal and the terminal connecting portion is reduced, and

therefore, voltage may be measured with improved accuracy.

[0071] In the fuel cell according to the invention, the plates are not
de.formed when they are secured to each other. Accordingly, the shapes and
dimensions of the separator assembly and terminal connecting portion do not
deviate from those as désigned, and the terminal 1s prevented from

unexpectedly falling off from the corresponding terminal connecting portion.
[0072] While the invention has been described with reference to

example embodiments thereof, it should be understood that the invention 18 not
‘ limited to the example embodiments or constructions. To the contrary, the
invention .' is intended to cover various modifications and equivalent
arrahgements. In addition, while the. various -elements of the example
embodiments are shown in various combinations and configurations, which are
exemplary, other combinations and configurations, including more, less or only

" a single element, are also within the spirit and scope of the invention. |
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WHAT IS CLAIMED I5:

1. A fuel cell, comprising:

a separator assembly including a plurality of plates laminated on each other, wherein
adjacent ones of the plates are secured to each other;

a terminal connecting portion provided in the separator assembly; and

a terminal used for detecting voltage, said terminal being connected to the terminal
connecting portion,

wherein the terminal connecting portion includes an engaging portion that engages
with the terminal so as to prevent slipping of the terminal,

the engaging portion includes at least one opening that extends through at least one ot
the plates, and

the terminal is inserted through the opening for engagement with the terminal

connecting portion.

2. The fuel cell according to claim 1, wherein the entire areas of major surfaces ot

the plates are secured to each other, to provide the separator assembly.

3. The fuel cell according to claim 1 or 2, wherein the terminal connecting portion

protrudes outwards from a side face of the separator assembly.

4. The fuel cell according to any one of claims 1 to 3, wherein:

each of the plates includes a protrusion that protrudes outwards from a side face ot

said each plate; and

the protrusions of the plates are laminated together to form the terminal connecting

portion, and the adjacent ones of the plates are secured to each other in the terminal

connecting portion.
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5. The fuel cell according to any one of claims 1 to 4, wherein:

the separator assembly includes three plates as said plates which are laminated on

each other; and

a middle one of the three plates has a larger thickness than the other plates.

6. The fuel cell according to any one of claims 1 to 5, wherein the terminal is

attached to the terminal connecting portion such that the terminal extends continuously over

a top face and opposite side faces of the terminal connecting portion.

7. The fuel cell according to any one of claims 1 to 6, wherein the terminal 1s

detachably engaged with the terminal connecting portion.

8. The fuel cell according to claim 1, wherein:

the terminal includes a folded portion adapted to be engaged with the at least one

opening.

9. The fuel cell according to claim 8, wherein:

the separator assembly includes three plates as said plates which are laminated on
each other:;

each of the three plates has an opening as said at least one opening; and

the opening of a middle one of the three plates is larger in size than those of the other

plates.

10. The fuel cell according to any one of claims 1 to 9, wherein at least a part of the
terminal connecting portion is subjected to a surface treatment for reducing contact resistance

between the terminal and the terminal connecting portion.

11. The fuel cell according to any one of claims 1 to 10, wherein at least a part of the

terminal connecting portion is subjected to a surface treatment for increasing frictional

resistance between the terminal and the terminal connecting portion.
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12. The fuel cell according to any one of claims 1 to 11, wherein a securing member
is applied by coating to an interface between adjacent ones of the plates so as to secure the

plates to each other.

13. The fuel cell according to claim 12, wherein:
the plates and the securing member are made of metal; and

the adjacent plates are secured to each other through metal-to-metal bonding with the

securing member.

14. The fuel cell according to any one of claims 1 to 13, wherein:

the plates are made of metal; and

the adjacent plates are secured to each other by brazing.

15. The fuel cell according to any one of claims 1 to 11, wherein:
the plates are made of metal; and

the adjacent plates are secured to each other by welding.

16. The fuel cell according to any one of claims 1 to 11, wherein the adjacent plates

are fitted on each other to be secured to each other.
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