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Fuel cell stack assembly and fuel cell device including the same

The present application relates to a fuel cell stack assembly for end portions of a fuel
cell stack and a corresponding fuel cell device comprising a fuel cell stack including

said assembly on both ends of the fuel cell stack.
Technical field of the invention

The fuel cell stack assembly, according to the invention, is suitable to be integrated in
the stack design of a compact fuel cell system; in particular, a compact fuel cell for
transportation applications having a proton exchange membrane (PEM-FC), where
each of the cells includes a membrane-electrode assembly alternatingly stacked be-
tween bipolar plates and accommodating ports and channels for operational fluids for

electrochemical reaction in the cells.
Background of the invention

Transportation applications require a continued development of power density of the
onboard power source. Further, in purpose of a power dense compact design, each
component and the whole functional fuel cell stack itself shall have as small as possible
outer dimensions. Also, in terms of economical manufacturing and assembling, the
design of a fuel cell stack strives for stackable parts as identically formed as possible

for repeated stacking of so-called unit cells comprising the fuel cell stack.

Several compact fuel cell stack designs exhibit electrical connectors for supplying an
output load as well as having other connections for the supply of reactants to fluid
channels of the fuel cells, thereby contributing to larger overall dimensions of the fuel

cell stack.

In a known stack design, the leads or current collectors of each cell are arranged in
plane of the cell reaching to an outside of the cross-section of the fuel cell stack to be
connected by a bus bar which is normally aligned in the stacking direction arranged on

the outside.
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However, when trying to maximize a modular packaging of several fuel cell stacks in
a restricted space, i.e. in a respective compartment of a vehicle, it becomes desirable
to design fuel cell stacks having a more or less rectangular contour of overall dimen-

sions including all electrical wiring of the fuel cell stack.
Summary of the Invention

The objectives of the invention described herein are (a) to allow the fuel cell to be
designed with reduced outer dimensions to allow for higher volumetric power densities;

and, (b) to simultaneously reduce manufacturing and assemby costs.

The invention achieves these objectives by means of design-optimized end-portions
of a fuel cell stack where these end-portions are comprised of features identified in

Claim 1, all related claims, specifications, and drawings.

According to the invention a fuel cell stack assembly for end portions of a fuel cell stack
having stacked individual unit cells, comprises: an output terminal for providing output
of electrical power of the fuel cell stack; an electrically conductive bus plate for
collecting a current flowing through the cells of the fuel cell stack, arranged in electrical
contact between the last individual stacked unit cell and the output terminal; a load
distribution plate for covering the isolator plate and protecting the end side of the fuel
cell stack; an electrically insulating isolator plate for electrical disconnection, arranged
between the bus plate and the load distribution plate; wherein the output terminal is
arranged within planar dimensions of the load distribution plate, and reaches to the
outside through an opening in the isolator plate and through an opening in the load

distribution plate in a stacking direction of the fuel cell stack.

For the purposes of this invention, the fuel cell stack assembly is comprised of three
portions: a middle portion — or simply the “fuel cell stack” - and two end-portions — the
subject of the invention described herein. Each end-portion of the fuel cell stack as-
sembly is comprised of an output terminal, a bus plate, an isolator plate, a load-distri-
bution plate, an output terminal cap, and other components. The output terminal pro-
vides a means of conducting electrical power from the fuel stack to an external con-
sumer. The bus plate provides a means of collecting full current generated by the fuel
cell stack and concentrating it into the output terminal. On one side, the bus plate is

galvanically bonded and mechanically affixed to the output terminal by means of
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fasteners, soldering, welding, or a combination of these means; on the opposite side,
the bus plate is placed in physical and galvanic contact with an end of the fuel cell
stack. The isolator plate is electrically insulating and provides a means of electrical
isolation between energized components of the fuel cell stack assembly and those that
belong to the touch-safe class - such as the load-distribution plate. The isolator plate
is arranged between the bus plate and the load-distribution plate. The output terminal
reaches to the outside through an opening in the isolator plate and through an opening
in the load-distribution plate in the stacking direction of the fuel cell stack. A feature of
this invention is a unique usage of o-ring seals to provide an electrical creepage barrier;
such o-rings are placed between the isolator plate and the output terminal cap to ex-
tend the creepage path between the output terminal and the load-distribution plate -

each of which belong to different electrical class of components.

Hence, for the first time, the invention permits industry-leading volumetric power den-
sities as a result of the fuel cell stack assembly having a purely prismatic, rectangular,

and optimally minimalistic outer contour.

Additionally, the reduced outer dimensions of the fuel cell stack assembly, along with
the aforementioned other benefits, enable a spatially-dense modular arrangement of
fuel cell stack assemblies in multi-stack architectures, as desired in transportation ap-

plications.

Yet another advantage of the invention is the simplification of the electrical power con-
nections. Traditionally, electrical power connections are made by way of cumbersome
bus bars and load cables. The invention described herein allows the electrical connec-
tions to be made using a “plug-and-play” philosophy where the fuel cell stack assembly
can be simply inserted or removed as a module and all mechanical, fluid, and electrical
connections can be made by one or more simple actions. This advantage is especially
important in modular system architectures where quick removal and insertion is nec-

essary.

Another advantage is the use of substantially similar parts that simplify the assembly
for the end portions of the fuel cell stack thereby resulting in significant cost reduction

through the use of common parts and processes.
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The invention has the output terminal arranged in the center of the fuel cell stack and
the end plate and terminal cap radially surround it. In this way all parts or components
can be assembled on a stack end in any orientation. When the fuel cell stacks are
modularly arranged, each output terminal is spaced equidistantly allowing for continual

electrical wiring on a vehicle system.

The isolator plate of the invention consists of a protruding insulated sleeve section that
reaches through the opening of the end plate and surrounds the outer perimeter of the
electrical output terminal. The end-portion assembly further consists of a terminal cap
that, together with the novel use of one or more elastic o-rings, provides an effective
means of protection against electrical creepage loss. The terminal cap is arranged on
the outer perimeter of the output terminal and surrounds the outer perimeter of the
sleeve section on the isolator plate. The isolator plate, along with the o-ring and the
terminal cap, provides electrical insulation between the energized components and the
touch-safe components of the fuel cell stack. The o-ring is compressed between the
outer surface of the isolator plate sleeve section and the inner surface of the terminal
cap sleeve section, thereby suppressing potential isolation breaches caused by sur-

face wetting.

More specific to this aspect of the invention, the terminal cap has a flat collar section
that extends radially away from the output terminal to increase the electrical creepage
distance and provide more operational safety of the fuel cell by guarding against po-

tential short-circuiting between the output terminal and the end plate.

In another aspect of the invention, the assembly further comprises a resilient circlip for
retaining the terminal cap to the output terminal - the circlip being arranged in a spring-
loaded, clamped engagement with the inner perimeter of the terminal cap and the outer
perimeter of the output terminal. In this arrangement, the circlip, along with the inner

bolts on the bus plate, secures the fuel cell end assembly.

In the design, the load distribution plate comprises of means to receive compression
by the use of fasteners on both ends of the fuel cell stack that compress the stacked
cells. This feature is another mechanical functionality of the load distribution plate in
addition to its functionality of covering and protecting the outer components of the fuel

cell stack.
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A further advantageous feature, the compression reception means make use of
through-holes for insertion of bolts aligned in the stacking direction. The through-holes
are strategically positioned around the planar dimensions of the end plate. This as-
sembly enables effective and precise compression of the stacked cells with minimal

assembly effort and manufacturing costs.

As a feature of the invention, the load distribution plates, the bus plates, the isolator
plates, the output terminals and terminal caps on both ends of the fuel cell stack have
substantially similar shapes and features for better assembly. This aspect provides a

significant advantage for assembly and cost reduction in part manufacturing.

Further objectives, advantages, features, and applications of the present invention are

outlined in the following descriptions with reference to the figures:

Fig. 1 is an exploded assembly drawing showing both ends with the relevant dis-

assembled components of a fuel cell stack assembly;

Fig. 2 is a perpendicular cross section showing one end of the assembled fuel cell

components; and

Fig. 3 shows an angled cross-section of the assembled components of the fuel

cell stack assembly as presented in Fig. 1.
Detailed description of the Invention

Fig. 1 shows relevant components of the fuel cell assembly in an exploded view. The
individual unit cells that are to be stacked and arranged in the middle of the fuel cell
stack are not depicted for a simplified and focussed representation. The fuel cell stack
assembly arranged from end to end comprises from inside to outside: a bus plate 10,
the output terminal 20, an isolator plate 40, a load distribution plate (not depicted in
Fig. 1), and the terminal cap 30 as the main components. In addition, each assembly
includes an elastic o-ring 50 and a retaining circlip 70. The bus plate 10 has a flat inner
side to provide a large surface area for electrical contact with the outermost unit cell
stacked in series with all the other individual cells. The bus plate 10 also has the output
terminal 20 attached on its outer side — a distinct feature of the invention that also

provides orientation for the assembly of the other parts.



WO 2024/036352 PCT/AT2023/060276

6

Fig. 2 shows the assembled and engaged state of all the components of the fuel cell
stack assembly on one end. The output terminal 20 is a bolt-like shaped element made
up of the same electrically conductive material as the bus plate 10. The output terminal
20 protrudes normal to the plane of the bus plate 10, wherein both parts are integrally
joined together to build up a connected component with electrical conductivity in the

junction between both parts.

As seen in comparison between Fig. 1 and Fig. 2, the isolator plate 40 is stacked upon
the outer side of the bus plate 10 to cover and electrically insulate the current-carrying
bus plate 10 from the next outer component, the load distribution plate 60. The load
distribution plate 60 provides an outer surface for the fuel stack and, alternatively, co-
vers as well as protects the end of the fuel cell stack in the stacking direction S. The
output terminal 20 is centrally arranged with respect to the load distribution plate 60.
The output terminal 20 reaches from the bus plate 10 through an opening 40a in the
isolator plate 40 and a congruently positioned opening 60a in the load distribution plate
60 to provide a connection to supply power to an external load like e.g. a traction motor
of an electrically propelled vehicle. The output terminal 20 comprises of a threaded
central bore through its outer face for fastening a major lead wire or bus bar that con-

nects to an external load.

In the cut-out where the output terminal 20 reaches through both the isolator plate 40
and the load distribution plate 60 in the stacking direction S, the fuel cell stack assem-
bly includes two elements to ensure electrical insulation properties between the output

terminal 20 and the load distribution plate 60: the o-ring 50 and the terminal cap 30.

On the outer side, the isolator plate 40 has a sleeve section 40b integrally formed
around the opening 40a protruding to the outside. The sleeve section 40b is made of
the same electrical insulating material as the isolator plate 40 which is e.g. a rubber or
resin based material. The sleeve section 40b surrounds the output terminal 20 for at
least the thickness of the load distribution plate 60. An elastic o-ring 50 is spanned
around the sleeve section 40b to tighten the sleeve section 40b onto the inner perim-
eter of the terminal cap 30. In this way, enhanced sealing is provided against potential
leakage of operational fluids from the outside of the fuel cell stack. The same protection
principle applies to potential electrical creepage that could be caused by a fluid leakage

or otherwise.
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Also on the outer side, the isolating terminal cap 30 which is a hollow ring-like or rota-
tionally symmetrical part that also surrounds the output terminal 20 through the thick-
ness of the load distribution plate 60 and beyond. The terminal cap 30 has an integrally
formed collar section 30b. The collar section 30b is made up of the same electrically
insulating material as the terminal cap 30 which is e.g. the same or a similar material
as the isolator plate 40. The collar section 30b covers and insulates or protects an area
of the outer face of the load distribution plate 60 surrounding the output terminal 20.
This design protects against a possible short circuiting of the energized components
from being in contact with the load distribution plate 60, e.g. during any manipulations
for electrically connecting the fuel cell stack during assembly or in operation of a re-
spective system integration or host vehicle. A circlip 70 is fixed between the terminal
cap 30 and the output terminal 20 to secure the terminal cap 30. The circlip 70 sits in
a circular groove recessed in the outer perimeter of the output terminal 20 and provides

a spring-loaded, axial locking to the terminal cap’s outer face.

Fig. 3 shows the outermost components of both sides of the fuel cell assembly includ-
ing from the inside to the outside: the bus plate 10, the isolator plate 40, the load dis-
tribution plate 60, the terminal cap 30 and, in the centre, the output terminal 20. The
bolts are received in through-holes 60b located the outer periphery of the load distri-
bution plate 60. The bolts are inserted into the through-holes 60b of the load distribu-
tion plates 60 on both sides of the fuel cell stack and are tightened nuts that apply an
external compression force on the stack that compresses and seals the stacked indi-
vidual unit cells against leakage, as well as ensuring electrical surface contact between
the cells, and providing structural integrity to the fuel cell stack. As can be seen in Fig
3, the load distribution plates 60 and the isolator plate 40 also comprise of three con-
gruently positioned fluid ports 80 on both shorter sides of the stack for the delivery and
return of oxidant fluid, fuel fluid, and coolant fluid that then branch off to each of the

stacked cells.
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List of reference characters

10 bus plate

20 output terminal

30 terminal cap

30a terminal cap sleeve section
30b terminal cap collar section

40 isolator plate

40a isolator plate opening

40b isolator plate sleeve section
50 o-ring

60 load distribution plate

60a load distribution plate opening
60b through-holes on load distribution plate
70 circlip

80 fluid ports

S stacking direction
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Claims

A fuel cell stack assembly having stacked individual unit cells, comprising of:

an output terminal (20) for providing output of electrical power of the fuel cell

stack;

an electrically conductive bus plate (10) for collecting a current flowing through
the cells of the fuel cell stack, arranged in electrical contact between the last

individual stacked unit cell and the output terminal (20);

a load distribution plate (60) for covering the isolator plate (40) and protecting

the end side of the fuel cell stack;

an electrically insulating isolator plate (40) for electrical disconnection, ar-

ranged between the bus plate (10) and the load distribution plate (60); wherein

the output terminal (20) is arranged within planar dimensions of the load distri-
bution plate (60), and reaches to the outside through an opening (40a) in the
isolator plate (40) and through an opening (60a) in the load distribution plate

(60) in a stacking direction (S) of the fuel cell stack.

The fuel cell stack assembly according to the preceding claim, wherein the out-
put terminal (20) is arranged in the centre of the planar dimensions of the load
distribution plate (60) and/or the centre of the outer dimensions of the end side

of the fuel cell stack covered by the load distribution plate (60).

The fuel cell stack assembly according to any of the preceding claims, wherein
the isolator plate (40) comprises a protruding sleeve section (40b) for insulative
protection of an outer perimeter of the output terminal (20) reaching through
the opening (60a) in the load distribution plate (60), wherein the isolator plate
sleeve section (40b) protrudes from the isolator plate (40) through the opening
in the load distribution plate (60a) towards the outer side of the load distribution
plate (60).
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The fuel cell stack assembly according to claim 3, further comprises an elastic
O-ring (50) for protection against electrical creepage, wherein the O-ring (50)
is arranged to go around the outer perimeter of the sleeve section (40b) of the

isolator plate (40).

The fuel cell stack assembly according to any of the preceding claims, further
comprises an isolating terminal cap (30) for insulative protection of the outer
end of the output terminal (20), wherein the terminal cap (30) is arranged be-
tween the outer perimeter of the output terminal (20) and/or the outer perimeter
of the sleeve section (40b) of the isolator plate (40) and an inner perimeter of

the opening (60a) in the load distribution plate (60).

The fuel cell stack assembly according to claim 5, wherein the isolating terminal
cap (30) comprises on one axial end a flat shaped collar section (30b) for elec-
trical insulative protection of the surrounding outer face of the load distribution
plate (60) from potential connection and/or short circuiting to the output termi-
nal (20), wherein the collar section (30b) has an extended outer perimeter ar-

ranged axially on the outer face of the load distribution plate (60).

The fuel cell stack assembly according to claim 5 or 6, further comprises a
circlip (70) for retaining the isolating terminal cap (30) onto the output terminal
(20). The circlip (70) being arranged in a spring-loaded clamped engagement
with the inner perimeter of the terminal cap (30) and/or the collar section (30b)

and the outer perimeter of the output terminal (20).

The fuel cell stack assembly according to any of the preceding claims, wherein
the load distribution plate (60) comprises of through-holes (60b) on the load
distribution plate (60) for receiving a compression force applied between both

ends of the fuel cell stack for compressing the stacked cells.

The fuel cell stack assembly according to claim 8, wherein the through-holes

(60b) allow for insertion of bolts aligned in the stacking direction (S), the
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through-holes (60b) being strategically positioned in the peripheral section

around the planar dimensions of the load distribution plate (60).

A fuel cell device comprising of a fuel cell stack which includes on both ends of
the fuel cell stack a complete fuel cell stack end assembly according to any of

the preceding claims.

The fuel cell device according to claim 10, wherein the load distribution plates
(60) on both ends of the fuel cell stack have a substantially similar shape con-

figured for easy use of the same parts.

The fuel cell device according to any of the claims 10 to 11, wherein the bus
plates (10) on both ends of the fuel cell stack have a substantially similar shape

configured for easy use of the same parts.

The fuel cell device according to any of the claims 10 to 12, wherein the isolator
plates (40) on both ends of the fuel cell stack have a substantially similar shape

configured for easy use of the same parts.

The fuel cell device according to any of claims 10 to 13, wherein the output
terminals (20) on both ends of the fuel cell stack have a substantially similar
shape configured for easy use of the same parts.

The fuel cell device according to any of claims 10 to 14, wherein the insulating
terminal cap (30) on both ends of the fuel cell stack have a substantially similar

shape configured for easy use of the same parts.

PCT/AT2023/060276
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