wo 2015/092381 A1 [N I 00RO QO 0O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

25 June 2015 (25.06.2015)

WIPOIPCT

(10) International Publication Number

WO 2015/092381 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
HOIM 8/24 (2006.01) HOIM 8/02 (2006.01)
HOIM 8/00 (2006.01) HOIR 11/01 (2006.01)

International Application Number:
PCT/GB2014/053716

International Filing Date:
16 December 2014 (16.12.2014)

Filing Language: English
Publication Language: English
Priority Data:

1322428.2 18 December 2013 (18.12.2013) GB

Applicant: INTELLIGENT ENERGY LIMITED
[GB/GB]; Charnwood Building, Holywell Park, Ashby
Road, Loughborough LE11 3GB (GB).

Inventor: ADCOCK, Paul Leonard; Intelligent Energy
Limited, Charnwood Building, Holywell Park, Ashby
Road, Loughborough LE11 3GB (GB).

Agent: CHARIG, Raymond Julian; Potter Clarkson LLP,
The Belgrave Centre, Talbot Street, Nottingham NG1 5GG
(GB).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: CONNECTOR SYSTEM FOR A FUEL CELL STACK ASSEMBLY

323

1
34b

FIG. 3

(57) Abstract: A fuel cell stack assembly comprises fuel cells disposed in a stacked configuration, each cell substantially parallel to
an x-y plane and including a tab extending laterally from an edge of a plate in the cell in the x-direction to form an array of tabs ex-
tending along a side face of the fuel cell stack in a z-direction orthogonal to the x-y plane. A connector engages with the tabs of the
fuel cell stack. The connector comprises a support region and engagement regions, each engagement region bounded by the support
region and configured to receive one of the array of tabs by engagement in the x-direction. The connector has flexible conductors,
each of the flexible conductors laterally extending from the support region over at least a portion of one of the engagement regions
and configured to be deflected away from the support region by a received tab.
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CONNECTOR SYSTEM FOR A FUEL CELL STACK ASSEMBLY

The present invention relates to electrical connector systems used in fuel cell stacks to

make electrical connections to a plurality of individual cells within the fuel cell stack.

Conventional electrochemical fuel cells convert fuel and oxidant into electrical energy
and a reaction product. A typical fuel cell comprises a membrane-electrode assembly
(MEA) sandwiched between an anode flow field plate and a cathode flow field plate. The
flow field plates typically include one or more channels extending over the surface of the
plate adjacent to the MEA for delivery of fluid fuel or oxidant to the active surface of the
MEA. The flow field plates also perform the function of providing an electrical contact to
the MEA across the surface thereof.

In a conventional fuel cell stack, a plurality of cells are stacked together, so that the
anode flow field plate of one cell is adjacent to the cathode flow field plate of the next cell
in the stack, and so on. In some arrangements, bipolar flow plates are used so that a
single flow field plate has fluid flow channels in both sides of the plate. One side of the
bipolar plate serves as an anode flow plate for a first cell and the other side of the flow
plate serves as a cathode flow plate for the adjacent cell. Power can be extracted from
the stack by electrical connections made to the first and last flow plate in the stack. A

typical stack may comprise many tens or even hundreds of cells.

In many fuel cell stacks, it is important to be able to monitor the voltage of individual cells
in the stack. Thus, it is necessary to provide electrical connector tabs to many of the flow
plates in the stack. These cell voltage monitoring tabs extend, in the planes of the
plates, laterally outward from the stack thereby forming an array of tabs along an edge

face of the stack, so that individual electrical connectors may be coupled to each tab.

In an effort to reduce the size and weight of fuel cell stacks, and thus increase the power
density of a fuel cell stack, there has been a trend towards ever thinner flow plates,
which may be formed from thin sheets of electrically conductive metal or foil that are
corrugated to form the requisite channels in each face of the flow plate. This can
substantially reduce the size and weight of the fuel cell stack, but creates a potential
difficulty in the formation of cell voltage monitoring tabs extending laterally from edges of
the flow plates. A typical thickness of flow plates has hitherto been reduced to
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approximately 0.6 mm, which causes few problems and individual cell voltage monitoring
connectors have been used. However, proposals for further reductions in flow plate
thickness, for example down to 0.1 mm, can cause significant difficulties for conventional
electrical connectors. Similarly, very large numbers of cell voltage monitoring tabs (e.g.
in excess of several hundred) on a single fuel cell stack makes connection thereto a

labour intensive and difficult operation.

The decreasing thickness of the flow plates means that the individual tabs extending
therefrom may no longer have the requisite stiffness or structural integrity to resist the
necessary compressive force asserted by a conventional push-fit spring-loaded or
friction-fit female connector which is applied to each tab from the ends of the tabs distal
to the fuel cell stack. It may therefore be beneficial to provide a connector with a low
insertion force for the tabs of the array.

Another problem is that the tabs generally do not form a perfect array in which every tab
is fully aligned with, and equally spaced from, the adjacent tabs. This is due to normal
manufacturing and assembly tolerances when assembling the fuel cell stack and this can
provide an additional difficulty in aligning the tabs if it is desired to use a multi-tab

connector.

According to one aspect, the present invention provides a fuel cell stack assembly
comprising:

fuel cells disposed in a stacked configuration, each cell substantially parallel to an
x-y plane and including a tab extending laterally from an edge of a plate in the cell in the
x-direction to form an array of tabs extending along a side face of the fuel cell stack in a
z-direction orthogonal to the x-y plane; and

a connector for engaging with tabs of the fuel cell stack, the connector
comprising:

a support region;

engagement regions, each engagement region bounded by the support region
and configured to receive one of the array of tabs by engagement in the x-direction; and

flexible conductors, each of the flexible conductors laterally extending from the
support region over at least a portion of one of the engagement regions and configured

to be deflected away from the support region by a received tab.
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The flexible conductors may be configured to be deflected in the x-direction away from
the support region by the received tab. Each engagement region may be provided by a
separate aperture in the support region. Each engagement region may be configured to
receive one of the array of tabs through the aperture in the x-direction. Each flexible
conductor may be configured to make electrical contact with the received tab when
deflected by the tab. The support region may extend in a y-z plane. The support region
may comprise a conductive layer in electrical contact with the flexible conductors. The
conductive layer of the support region and the flexible conductors may comprise a single
layer. The fuel cell stack assembly may comprise an electrical socket or plug on the
connector that is electrically coupled to the flexible conductors. The fuel cell stack
assembly may further comprise resistors each electrically coupled between the socket or
plug and at least one of the flexible conductors. Each of the engagement regions may
be associated with a different resistor. The support region may be stiffer than the flexible
conductor. The support region may surround each of the engagement regions. The fuel
cell stack assembly may further comprise rigid conductors on the support region that are
each associated with one of the engagement regions. The tabs may each comprise a
latch configured to engage with a respective rigid conductor in order to inhibit
disengagement of the tab from the connector.

According to a further aspect, the present invention provides a connector for engaging
with an array of tabs of a fuel cell stack, the connector comprising:

a planar substrate defining a plurality of apertures therein each configured to
receive one of the array of tabs;

flexible conductors each extending into one of the apertures in the plane of the
substrate and configured to be deflected out of the plane of the substrate by, and engage
with, a tab that is received into the aperture.

The connector may be used in a fuel cell system or any other system in order to provide
electrical connections to the tabs. The planar substrate may comprise a printed circuit
board and the flexible conductors may each comprise an electrically conductive layer
coupled to the printed circuit board, the flexible conductors each being more flexible than
the printed circuit board.

Embodiments of the invention will now be described by way of example and with

reference to the accompanying drawings in which:
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Figure 1 is a perspective view of a portion of a side face of a fuel cell stack with
an array of cell voltage monitoring electrical connection tabs extending out of the side
face from each cell;

Figure 2a is a schematic face view of a portion of a connector for engaging with
tabs of a fuel cell stack;

Figure 2b is a cross-sectional view on line A-A of the connector of figure 2a
shown partially engaging with a tab of the fuel cell stack of figure 1;

Figure 3 is a schematic face view of the connector of figure 2a showing a plurality
of engagement regions;

Figure 4 is a schematic face view of another connector that comprises a plurality
of engagement regions, each engagement region comprising a plurality of flexible
conductors;

Figure 5 illustrates a schematic face view of another connector that comprises a
plurality of engagement regions, each engagement region comprising a plurality of
flexible conductors and having a common connection point;

Figure 6a illustrates a cross-sectional view of the connector of figure 5; and

Figure 6b illustrates an orthogonal cross-sectional view of the connector of figure
Ba.

Throughout the present specification, the descriptors relating to relative orientation and
position, such as “top”, “bottom”, “left’, “right”, “up”, “down”, “front”, “back”, as well as any
adjective and adverb derivatives thereof, are used in the sense of the orientation of fuel
cell stack as presented in the drawings. However, such descriptors are not intended to

be in any way limiting to an intended use of the described or claimed invention.

With reference to figure 1, a fuel cell stack includes a number of cells 1 in a stacked
configuration. Only a relevant edge of the cells in the stack is shown. Each cell 1
includes a number of components such as a membrane-electrode assembly, electrode
diffuser materials and sealing gaskets sandwiched between fluid flow plates as well
known in the art and not described further here. Each cell 1 is a generally planar
structure occupying an x-y plane. As shown in figure 1, the x-axis extends into / out of
the plane of the paper, while the y-axis extends in the vertical direction. The z-axis
extends left to right. However, no limitation on the stack is implied by any particular

choice of orientation of orthogonal x-y-z axes.
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Each bipolar flow plate in the stack includes a cell voltage monitoring electrical
connection tab 2 extending in the x-direction from a side face 3 of the fuel cell stack. The
expression ‘tab’ is intended to encompass any suitable electrical conductor extending
outward from the side face 3 of the fuel cell stack and providing electrical conduction to
an electrode of a cell 1 in the fuel cell stack. Each tab 2 emerges from an edge 4 of a
respective cell 1, e.g. through a pair of gasket seals (not shown). The plurality of tabs 2
form an array, and in the embodiment shown the array is a two-dimensional array in
which a first row 5 of tabs 2 is separated in the y-direction from a second row 6 of tabs 2.
The second row 6 of tabs 2 is also offset from the first row 5 of tabs 2 in the z-direction.
This enables alternating ones of the bipolar plates in the stack to be connected via cell
voltage monitoring tabs 2 in each row 5, 6 of the array, such that the density of tabs in

the z-direction can be substantially reduced, in this case by half.

It will be understood that the number of rows 5, 6 in the array of tabs 2 can be one, two
or more. The tabs 2 can be provided for every cell in the stack or for less than every cell
in the stack. The tabs 2 may correspond to each bipolar plate as described in this
example or, if separate cathode flow plates and anode flow plates are used in the stack,
the tabs 2 may be provided for one or both of each of the cathode and anode flow plates.

Each tab 2 is preferably formed as an integral part of the plate, for example pressed or
stamped out of a sheet at the same time as the plate. The tabs 2 may be crimped, e.g.
curved around the x-axis to provide additional stiffness against bending in the z-direction.

Tabs 2 may be formed in multiple places on one or more edges of the plates.

As shown in figure 1, each tab 2 may be formed with a hook 8, 9 at the distal end 7 of the
tab 2 (the distal end being the end remote from the body of the plate). The hooks 8, 9
each extend in the y-direction, i.e. parallel with the side face 3 of the stack. The hooks 8
in the first row 5 may extend in the positive y-direction while the hooks 9 in the second
row 6 may extend in the opposite, i.e. negative, y-direction such that the hooks all face
outwardly. Because of manufacturing tolerances, each plate in the stack, and therefore
each tab 2 in the array, may be shifted slightly from a precisely regular array position, as
shown exaggerated in the drawing. A typical scatter of components may arise from
positional tolerances of £ 0.2 mm. The thickness of the tabs 2 may be as low as 0.1 mm

or thinner.
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Figures 2a and 2b illustrate a portion of a connector system (which may be referred to
simply as a connector 20) for engaging with tabs of a fuel cell stack. The connector 20
extends in the y-z plane normal to the x-direction as defined in relation to the fuel cell
stack of figure 1.

Figure 2a illustrates a front face view of the y-z plane of a portion of the connector 20.
The connector 20 comprises a support region 21 (which may also be referred to as a
substrate), an engagement region 22 (which may take the form of an aperture in the
substrate), a flexible conductor 24 extending into the aperture, and a gap 23 between the
flexible conductor and the substrate. Only a single engagement region 22 and flexible
conductor 24 are shown in the portion of the connector 20 illustrated in figure 2a but

there may be others as discussed in connection with figures 3 to 5.

The support region 21 extends in a y-z plane. The support region 21 can be provided by
a printed circuit board (PCB). The support region 21 is preferably rigid.

The engagement region 22 is configured to receive a tab 2 of a fuel cell. The
engagement region 22 is provided by an aperture in the support region 21 and so is
bounded by the support region 21. In the example shown in figure 2a, the support region
21 entirely surrounds the aperture of the engagement region 22 but in another example,
the engagement region 22 could be bounded on fewer sides (e.g. three) by the support
region 21.

Figure 2b illustrates a schematic cross-sectional view in the x-z plane of a portion of the
connector 20 as it is about to engage with a tab 25 of a fuel cell stack. The aperture of
the engagement region 22 is configured to receive the tab 25 of the fuel cell by
engagement in the x-direction, normal to the y-z plane. That is, the tab 25 may be
inserted into, or through, the aperture of the engagement region 22 in a simple push-fit
arrangement. To do this, the connector 20 is pressed, in the x-direction, towards the face
3 of the fuel cell stack. The connector 20 may be retained in position against the face 3
of the fuel cell stack using any appropriate retaining mechanism.

The aperture can be formed by any suitable process, such as water, laser or die cutting.
A width, w, of the aperture of the engagement region 22 may be substantially wider (in
the y or z direction) than a corresponding thickness, t, of the tab 25. Providing an

6



10

15

20

25

30

35

WO 2015/092381 PCT/GB2014/053716

engagement region 22 that is a factor of two or three times wider than the tab 25 can
reduce the tolerance of fit requirements in the y-z plane for the connector 20. This can
avoid the possibility of damage to the tab 25 by contact with the support region 21 due to
tolerance errors in an array of tabs on the fuel cell stack. In such examples, tabs of the
fuel cell may not need to be crimped for extra strength, so reducing manufacturing
complexity.

The flexible conductor 24 extends laterally in the y-z plane from the support region 21.
The flexible conductor 24 extends over at least a portion of the engagement region 22
when the connector 20 is not engaged with tabs 25 of the fuel cell stack. Where the
flexible conductor 24 only extends over a portion of the engagement region 22, a gap 23
is present between the flexible conductor 24 and one or more edges of the engagement
region 22.

The flexible conductor 24 is configured to be deflected from the support region by the
received tab 25. For example, the flexible conductor 24 is deflected out of the plane of
the substrate or support region 21. A force exerted on the flexible conductor 24 by the
tab 25 may cause deformation of the flexible conductor 24. In the example shown, this
deformation is manifested as a bending of the flexible conductor 24 adjacent to where
the flexible conductor 24 borders the support region 21. The flexible conductor 24 may
comprise a material that is resiliently flexible so that it resiliently returns to the plane of
the support region 21 when the tab 25 is disengaged from the flexible conductor 24.
Alternatively, the deformation of the flexible conductor 24 caused by the engagement of
the tab 25 may be plastic.

The provision of a flexible conductor 24 to engage with the tab 25 ensures that any
mechanical deformation of the tab 25 by engagement with the connector 20 is
minimised, or at least reduced thereby avoiding damage to the tab. This allows repeated
attachment and detachment of the tab 25 and the engagement region 22. However, the
tab 25 may be configured to distort or flex when in contact with the flexible conductor in
order to ensure a good electrical connection. The distortion is preferably an elastic

deformation so that operation of the connector is reversible and re-engageable.

The support region 21 comprises a conductive layer 26 affixed to a support layer 27.
There may be multiple support layers 27 as shown in figure 2b. The conductive layer 26

7
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is in electrical contact with the flexible conductor 24 and enables connection between the
flexible conductor 24 and external components. The support layer 27 provides rigidity to
the support region 26.

The conductive layer 26 and the flexible conductor 24 may be unitary, e.g. provided by
the same layer or layered structure comprising one or more layers of material which lie in
the y-z plane when the tab 25 is not engaged. Thus, the conductive layer 26 of the
support region 21 and the flexible conductor 24 may be integrally formed so that the
flexible conductor 24 is an extension of the same material layer or layers of the

conductive layer 26 into the engagement region 22.

The conductive layer 26 can form electrically conductive tracks, such as the tracks on a
printed circuit board (PCB) or flexi-PCB, for example. The flexible conductor 24 may be
provided as a conductive region on a flexi-PCB. Other suitable materials for the
conductive layer 26 and/or flexible conductor 24 include metal films and carbon sheets or
polyamide with a suitable conductive film thereon, such as copper, nickel or gold.
Alternatively, the flexible conductor 24 can be provided by a more rigid material or
structure, such as a metal sheet, rather than a metal film. In this case, the flexibility of
the flexible conductor 24 may be provided by the manner of its mechanical engagement
with the conductive layer 26. For example, a hinge or region of relative weakness or
higher flexibility may be provided between the flexible conductor 24 and the conductive
layer 26.

The support layer 27 may be provided by a material that is stiffer than the flexible
conductor 24 or conductive layer 26. The support layer 27 may be provided by a
dielectric layer of a PCB. The support layer 27 may be provided by materials such as
Teflon, FR-4, FR-1, CEM-1 or CEM-3, which are commonly used in PCB manufacture.
The support layer 27 may be provided on either side of the conductive layer 26, or both
in the sandwich arrangement illustrated in figure 2b. In general, the combined structure
of the support region 21 and the engagement region 22 of connector 20 may be formed
using recently developed rigid-flex / flexi-rigid PCB techniques, where flexible and rigid
substrates are laminated together to form printed circuit boards having regions of
flexibility and stiffer regions of rigid regions.
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Similar features illustrated in figures 2 to 6 will be represented with corresponding
reference numerals and will not necessarily be described in detail with regard to

subsequent figures.

Figure 3 illustrates a front face view of the y-z plane of a connector 30 showing a plurality
of engagement regions 32a, 32b, 32¢ each similar to the engagement region illustrated
in figure 2a. In this example, each engagement region 32a, 32b, 32c provides a single
flexible conductor 34a, 34b, 34c.

The support region 31 is a continuous support region bounding each of the engagement
regions 32a, 32b, 32c. Each engagement region provides for connection to a respective
tab 2, 25.

The engagement regions 32a, 32b, 32c are provided as an array that extends in the z-
direction in which each aligns with a tab 2 of a fuel cell stack. Although only three
engagement regions are shown, the array may contain many engagement regions
corresponding to a number of tabs 2. The connector 30 may be configured to engage
with the tabs of the fuel cell stack in figure 1 by providing two rows that each extend in
the z-direction and are mutually spaced apart in the y-direction. Each array would need
to comprise 18 engagement regions in order to engage each of the tabs of the fuel cell of
figure 1.

By using a connector 30 that couples to many tabs at once, assembly costs can be
significantly reduced, as can assembly errors. Risks of shorting between adjacent tabs
may also be reduced by the provision of such a connector 30 as insulation may be

provided by the support region 31 between each tab.

The low insertion force required for engagement of tabs with the connector 30 makes the
connector 30 suitable for easy removal and reconnection without damage to the tabs.
The connector 30 can readily be made modular in nature. The use of a PCB planar
support region 31 enables a connector 30 to be made at a low cost whilst being easily
integratable with other components of a fuel cell system. The connector assembly 30

can be used for both etched and pressed fuel cell field plates and separator plates.
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Figure 4 illustrates a front face view of the y-z plane of another connector 40 which
comprises a plurality of engagement regions 42a, 42b, 42¢. Each engagement region
42a, 42b, 42¢ comprises a plurality of flexible conductors 44a, 44b, 44c, 44d each
separately deflectable by a tab 2, 25. Each of the plurality of flexible conductors 44a,
44b, 44c, 44d associated with the first engagement region 42a is separated from the
other flexible conductors 44a, 44b, 44c, 44d of the first engagement region 42a by a gap
43 (an uncovered portion of the aperture of the engagement region 42a).

The engagement regions 42a, 42b, 42¢ in this example are rectangular. Each of the
flexible conductors 44a, 44b, 44c, 44d of the first engagement region 42a extends from a
different side of the first engagement regions 42a. In this way, a tab that is inserted into
the engagement region 42a in the x-direction will deflect at least some, and preferably
all, of the flexible conductors 44a, 44b, 44c, 44d away from the y-z plane of the support

region.

Figure 5 illustrates a front face view of the y-z plane of another connector 50 that
comprises a plurality of engagement regions 52a, 52b. The outline of a tab 55 below the
engagement regions 52a, 52b is illustrated in figure 5. Each engagement region 52a,
52b comprises a plurality of flexible conductors 54a-54d that have a common connection
point. These features will be discussed in further detail below with reference to a first of

the engagement regions 52a by way of example.

The first engagement region 52a is broadly rectangular and has a first side 59a, an
opposing second side 59b, a third side 59c¢ that extends between the first and second
side 59a, 59b and a fourth side 59d that opposes the third side 59c. The first
engagement region 52a comprises a first flexible conductor 54a, a second flexible
conductor 54b, a third flexible conductor 54c and a fourth flexible conductor 54d. The
flexible conductors 54a, 54b, 54c, 54d can be considered to define a plurality of flaps that

each extend into the engagement region 52a.

The flexible conductors 54a, 54b, 54c, 54d are connected to one another by peripheral
flexible material that extends around a periphery of the first engagement region 52a. The
flexible conductors are also broadly rectangular and each has a side that extends from
one of the sides 59a, 59b, 59c, 59d of the first engagement region 52a. A gap 53
extends between each of the adjacent flexible conductors 54a, 54b, 54¢, 54d.

10
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The first and third flexible conductors 54a, 54c both extend from the first side 59a of the
first engagement region 52a towards the opposing second side 59b and are connected
by a portion of the peripheral flexible material.

The second flexible conductor 54b is interleaved between the first and third flexible
conductors 54a, 54¢ and extends from the second side 59b towards the first side 59a of
the first engagement region 52a. The second flexible conductor 54b is connected to the
first flexible conductor 54a by a portion of the peripheral flexible material.

The fourth flexible conductor 54d extends from the third side 59¢ towards the fourth side
59d of the first engagement region 52a. The fourth flexible conductor 54d is connected
to the second and third flexible conductors 54b, 54c by respective portions of peripheral

flexible material.

An electrical socket, pin, blade, receptacle or plug 56 can be mounted on the support
region 51 to form an external connection point. The socket, pin, blade or plug may be
electrically coupled to each of the flexible conductors 54a, 54b, 54¢, 54d. The connector
50 may include current-limiting resistors 58 that are each electrically coupled between
the socket or plug and the flexible conductors of the engagement regions 52a, 52b.
Each of the engagement regions 52a, 52b may be associated with a separate resistor
58. Each resistor 58 may be of the same resistance value or different resistance value,
according to protection requirements. The resistors 58 may be configured to prevent
current overload and/or reduce the risk of electrostatic discharge between the fuel cell
connector and the connector 50 when establishing a connection, but still allow monitoring
of the voltage of a cell. Cell voltage monitoring circuits may also be provided in-situ on
the support region 51 of the connector 50, e.g. situated on the circuit board electrically

between the resistors and the external connection points 56.

Figure 6 illustrates two orthogonal cross sectional views of a portion of the connector of
figure 5 and a tab 65. The tab 65 is an edge connector of a bipolar plate, such as the
tabs 2 of the fuel cells in figure 1. Figure 6a illustrates a side view through the x-z plane
of the tab 65 and connector 60. Figure 6b illustrates a side view through the x-y plane of
the tab 65 and the connector 60.

1"
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The connector 60 comprises a support region 61 and an engagement region 62. The
engagement region 62 is defined by an aperture in the support region 61. First, second
and fourth flexible conductors 64a, 64b, 64d of the connector 60 are also visible in
figures 6a and 6b. The third flexible conductor 64c and the first flexible conductor 64a
have a common profile in figure 6a. All of the flexible conductors 64a, 64b, 64d extend
from the support region 61 over at least a portion of the engagement region 62.

In figure 6a, the first and second flexible conductors 64a, 64b can be seen in a deflected
condition. The first and second flexible conductors 64a, 64b extend in the z-direction
from opposing edges of the support region 61.

In figure 6b, the fourth flexible conductor 64d can be seen in a deflected condition. The
fourth flexible conductor 64d extends in the y-direction from an edge of the support
region 61 over a portion of the engagement region 62. A top surface (in the y-z plane) of
the support region 61 adjacent to an opposing edge of the support region 61 provides a
latching region 70 that can bear against the tab 65. The latching region 70 may be a
rigid conductor that is configured to make electrical as well as mechanical contact with
the tab 65.

The tab 65 has a flat edge 72a opposite a latching edge 72b. The latching edge 72b
provides a latching face 76 that can bear against the latching region 70 of the support
region 61. The tab 65 has a proximal portion 74a and a distal portion 74b with respect to
the fuel cell stack. The distal portion 74b of the tab 65 has a greater width w2 in the y-
direction than a width w1 of the proximal portion 74a thereby providing a step change in
the width of the tab 65 to define the latching edge 72b.

The following steps take place during the engagement of the tab 65 and connector 60.

The tab 65 is inserted in the x-direction through the aperture in the support region 61 that
defines the engagement region 62. The tab 65 is inserted such that the flat edge 72a
lies adjacent to the third flexible conductor 64d and the latching edge 72b lies adjacent to
the rigid conductor 70 side of the engagement region 62. The inserted tab 65 displaces
and deflects the flexible conductors 64a, 84b, 64c, 64d in the x-direction away from the
support region 61.

12
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The connector 60 is then pushed in the y-direction with respect to the tab 65 so that the
latching face 76 of the tab 65 faces the latching region 70. The fourth flexible conductors
64d may be configured to bias the tab 65 towards the latching region 70 in the y-
direction. Once the latching face 76 is aligned with the latching region 70, the latching
region 70 prevents removal of the tab 65 in the negative x-direction.

It will be appreciated that features described in relation to one example may be provided
in addition to the features illustrated in any other example, unless an intention to the

contrary is apparent.

Forming the connectors 20, 30, 40, 50, 60 as described with, on or incorporated within a
printed circuit board provides easy integration of other components into the connector or
connection to other components, and well as enabling use of existing convenient PCB
manufacturing techniques. The use of deflectable flexible conductors extending into an
array of apertures in the PCB in the plane of the PCB allows easy, low force insertion of
all of the tabs of a fuel cell stack into the array of apertures for quick connection of all
tabs. This can be particularly advantageous where a very large number of tab
connectors (e.g. in excess of 300) on a fuel cell stack must be connected quickly and
easily.

Other embodiments are intentionally within the scope of the accompanying claims.

13
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CLAIMS

1. A fuel cell stack assembly comprising:

fuel cells disposed in a stacked configuration, each cell substantially parallel to an
x-y plane and including a tab extending laterally from an edge of a plate in the cell in the
x-direction to form an array of tabs extending along a side face of the fuel cell stack in a
z-direction orthogonal to the x-y plane; and

a connector for engaging with tabs of the fuel cell stack, the connector
comprising:

a support region;

engagement regions, each engagement region bounded by the support region
and configured to receive one of the array of tabs by engagement in the x-direction; and

flexible conductors, each of the flexible conductors laterally extending from the
support region over at least a portion of one of the engagement regions and configured

to be deflected away from the support region by a received tab.

2. The fuel cell stack assembly of claim 1, wherein the flexible conductors are
configured to be deflected in the x-direction away from the support region by the received
tab.

3. The fuel cell stack assembly of claim 1 or claim 2, wherein each engagement
region is provided by a separate aperture in the support region and wherein each
engagement region is configured to receive one of the array of tabs through the aperture

in the x-direction.
4, The fuel cell stack assembly of any preceding claim wherein each flexible
conductor is configured to make electrical contact with the received tab when deflected

by the tab.

5. The fuel cell stack assembly of any preceding claim wherein the support region
extends in a y-z plane.

6. The fuel cell stack assembly of any preceding claim wherein the support region
comprises a conductive layer in electrical contact with the flexible conductors.

14
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7. The fuel cell stack assembly of claim 6 wherein the conductive layer of the

support region and the flexible conductors are integrally formed.

8. The fuel cell stack assembly of any preceding claim further comprising an
electrical socket or plug on the connector that is electrically coupled to the flexible

conductors.

9. The fuel cell stack assembly of claim 8 further comprising resistors each
electrically coupled between the socket or plug and at least one of the flexible

conductors.

10. The fuel cell stack assembly of claim 9 wherein each of the engagement regions

is associated with a different resistor.

1. The fuel cell stack assembly of any preceding claim wherein the support region is
stiffer than the flexible conductor.

12. The fuel cell stack assembly of claim 1 wherein the support region surrounds

each of the engagement regions.

13. The fuel cell stack assembly of any preceding claim further comprising rigid
conductors on the support region that are each associated with one of the engagement

regions.

14. The fuel cell stack assembly of claim 13 wherein the tabs each comprise a latch
configured to engage with a respective rigid conductor in order to inhibit disengagement

of the tab from the connector.

15. A connector for engaging with an array of tabs of a fuel cell stack, the connector
comprising:

a planar substrate defining a plurality of apertures therein each configured to
receive one of the array of tabs;

flexible conductors each extending into one of the apertures in the plane of the
substrate and configured to be deflected out of the plane of the substrate by, and engage
with, a tab that is received into the aperture.

15
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16. The connector of claim 15 in which the planar substrate comprises a printed
circuit board and the flexible conductors each comprise an electrically conductive layer
coupled to the printed circuit board, the flexible conductors each being more flexible than

the printed circuit board.

17. The connector of claim 16 formed using a flexi-rigid PCB material.

18.  Afuel cell stack assembly substantially as described herein with reference to the

accompanying figures 2 to 6.
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