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APPARATUS AND METHOD FOR
COMPRESSING A STACK OF
ELECTROCHEMICAL CELLS

This invention was made with U.S. Government support
under contract N0O0014-95-C-0023 awarded by the Depart-
ment of Defense under DARPA. The U.S. Government has
certain rights in this invention.

FIELD OF THE INVENTION

The present invention relates to devices and techniques
for assembling components. The invention particularly
relates to devices for the assembly and compression of
electrolyzer cells and cell stacks.

BACKGROUND OF THE INVENTION

Conventional construction of fuel cell and electrolyzer
stacks, especially proton exchange membrane (PEM) stacks,
require a large number of flat components (including bipolar
plates, membrane and electrode assemblies, and, optionally,
cooling plates) to be assembled between a pair of heavy
metal endplates. The entire assembly is placed in compres-
sion through the use of a series of long threaded metal rods
(tie rods) extending from one endplate of the assembly to the
other endplate with nuts or other fasteners on either end.

FIG. 1 is a side view of an electrochemical stack 10 built
using a conventional stack design. A cell stack 12 is disposed
between two endplates 14. The cell stack and endplates are
compressed by extending metal rods 16 from one endplate
to the other endplate and fastening the ends of the rods, such
as with bolts 18. The type of design depicted in FIG. 1 is
often referred to as a “filter press” design.

While conventional “filter press” designs may be straight-
forward, and effective, they are also bulky and heavy. In
conventional “filter press” designs the entire load is applied
by the bolts along the edges of the stack. In order to
compress the stack as evenly as possible over the cross-
sectional area of the stack without bending the end plates,
the endplates are made very thick. While increasing the
thickness of the end plates may help make them rigid,
increasing endplate thickness results in an increased total
weight of the electrolyzer stack. Another contributing factor
to the increased weight in the “filter press” design is the
necessity to place the tie rods around the perimeter of the
active portion of the stack, thereby requiring endplates that
are even larger in area than the stack.

The size of the end plates can be marginally reduced by
placing the tie rods inside of gas passages, and therefore,
inside the area of the bipolar plates. While this type of design
allows reduction in electrolyzer stack-weight, the reduction
is limited by the continuing need for heavy rods and rigid
endplates in this type of design.

FIG. 2 is a cross sectional view of a “filter press” type
stack 20, similar to the design of FIG. 1, with a “spider” 22
added to improve the distribution of the closing force. The
tie rods 24 pass freely through the endplates 26 and around
or through the stack 28. In this design, tightening the nuts 25
on the ends of the rods 24 pulls down on the lever arms 27
of the spider 22 and transfers the force to the center of the
stack. The design of FIG. 2 allows for leveling and distrib-
uting the load away from the edges by including a floating
load distribution feature in the endplate design.

There are two separate sets of tie rods in the “filter press”
design of FIG. 2. One set of rods (not shown, but similar to
those in FIG. 1) secure the endplates against the stack, with
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all of the force applied at the corners. The other set of rods
24, pass freely through the endplates and the stack. When the
nuts on the tie rods are tightened, the totality of the force is
applied to the endplates at locations imposed by the design
(e.g. the center of the endplate as shown in FIG. 2). While
this approach does improve the distribution of the closing
force over the area of the stack, and may assist in keeping
the center of the stack in compression, it also leads to an
increase in unproductive stack volume, and in the weight of
the endplate assemblies. The weight reductions offered by
improvements such as those described in relation to the
“filter press” design of FIG. 2 are significantly limited.

Therefore, there is a need for an assembling device or
system that compresses stacks without adding much weight
and volume. Further, it would be desirable if the assembling
devices provided more flexibility and control in adjusting
the degree and distribution of compression.

SUMMARY OF THE INVENTION

The present invention provides an apparatus for securing
an electrochemical cell stack comprising a banding member.
The banding member may form a continuous circle or may
have first and second ends joined by a fastener. The fastener
may be a metal link, a clamp, a bolt, a rivet and the like or
a combination thereof. The banding member may comprise
one or more straps.

The invention also provides a component assembling
device comprising a banding member and a fastener. In one
aspect of the invention the banding member has first and
second ends surrounding edges of the assembled compo-
nents and providing compression force to keep the compo-
nents assembled and under compression; and wherein the
fastener secures the first and second ends of the banding
member to sustain the compression force for a period of
time. The fastener may comprise a metal link, clamp, bolt,
rivet and the like. The banding member may comprise one
or more straps, cords, ropes, cables, belts or the like. In one
aspect of the invention, the banding member comprises a
polymeric component and/or a fibrous component.

The component assembling device provided by the inven-
tion may further comprise a tension adjusting system. The
tension adjusting system may be part of the fastener, for
example, a screw closure clamp joining the first and second
ends of the banding member. The screw closure clamp may
comprise a first crimped closure and locking pin fastening
the first end of the banding member adjacent the screw
closure clamp, and a second crimped closure and locking pin
fastening the second end of the banding member adjacent
the screw closure clamp

The component assembling device of the present inven-
tion may also comprise one or several load distributing
elements placed between the banding member and the
assembled components. The load distributing elements may
or may not be integral to the assembled components’ sur-
rounded edges, preferably the endplates in a fuel cell stack
and endplate assembly. The load distributing elements may
also be held, secured or removably lodged within or to the
assembled components.

Furthermore, the load distributing elements may comprise
one or more ridges, that may be placed between the banding
members and the assembled components surrounded edges.
The ridges may have various heights for avoiding interfer-
ence between the banding members. Finally, the load dis-
tributing elements may comprise one or more set SCrews.

A preferred component assembling device may comprise
first and second sets of straps and ridges wherein the second
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set of straps run cross-wise to the first set of straps. The
ridges in the first set of straps may have greater height than
the ridges in the second set of straps.

The invention also encompasses an assembly, such as one
or more electrochemical cells, comprising a plurality of
components, such as plates and membranes, and a compo-
nent assembling device, comprising one ore more banding
members. Preferably, the plurality of components have
rounded corners for greater control over the tension of the
banding member. The component assembling device may
further comprise one or more set of screws providing
additional compression force for greater flexibility in adjust-
ing and distributing the compression force.

The component assembling device of the present inven-
tion may be used to assemble one or more electrochemical
cells arranged in the form of a stack placed between two
endplates. Electrochemical cells used in conjunction with
the present invention may comprise fuel cells for generation
of electricity, PEM electrolytic cells and the like.

The present invention also encompasses a method of
assembling and compressing a plurality of electrochemical
cells arranged in the form of a stack placed between two
endplates. The method comprises: surrounding the endplates
with a banding member and fastening the banding member
with a fastener; wherein the banding member has first and
second ends and provides a compression force to keep the
stack and endplates assembled and under compression; and
wherein the fastener joins the banding member first and
second ends.

The method of this invention may further comprise
adjusting the compression on the stack. Adjusting the com-
pression force may be achieved by placing a screw-type
device at the first end of the banding member and a threaded
receiver at the second end; the screw provides control of the
tension on the banding member.

The method of the present invention also provides for
placing one or more ridges between the endplates and the
banding member for greater control of the distribution of the
compressive force. The ridges may or may not be integral to
the endplates. The ridges used in the present invention may
have various shapes and forms, but, when using ridges that
not integral to the end plates, cylindrical ridges are pre-
ferred. When removable ridges are used, the endplates may
have depressions for lodging the removable ridges.

The method of the invention also encompasses placing a
plurality of threaded holes in the endplate, wherein the
threaded holes are oriented out of the plane of the endplates;
and placing a plurality of threaded components in the
threaded holes; wherein the threaded components provide a
mechanism of controlling the distribution of the compres-
sive force exerted over the cell stack by varying the exten-
sion of the threaded component from the side of the end-
plates facing the stack.

The method of this invention also comprises placing an
insulating barrier between the threaded components and the
electrochemical stack. The method may further comprises
coupling each threaded component to a load cell or other
force reporting device for individual monitoring of the
compressive load exerted by each threaded component. The
force reporting devices used in conjunction with this inven-
tion may or may not be integral to the threaded components.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the above recited features and advantages of the
present invention can be understood in detail, a more par-
ticular description of the invention, briefly summarized
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above, may be had by reference to the embodiments thereof
which are illustrated in the appended drawings. It is to be
noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not
to be considered limiting of its scope, for the invention may
admit to other equally effective embodiments.

FIG. 1 is a side view of an electrochemical stack of
conventional design.

FIG. 2 is a cross sectional view of a “filter press” type
stack with a “spider”.

FIG. 3 is a face view of a rectangular metal link closure
system.

FIG. 4 is a side view of a double crimped metal link
closure system.

FIG. § is a schematic diagram depicting a stack with a
strap and closure system.

FIG. 6 is a schematic diagram depicting a stack with a
tightened band and second crimped closure.

FIG. 7 is a drawing of an electrochemical stack with a
tensioned strap closure system.

FIG. 8 is an enlarged side view of a tensioned strap
closure system.

FIGS. 9(a—c) are schematic diagrams of strap type closure
systems with no load distributing element, with one load
distributing element, and two load distributing elements,
respectively.

FIG. 10 is an enlarged cross sectional view of an endplate
with a strap closure system.

FIG. 11 is a face-on view of an endplate of a stack with
a strap-type closure system.

FIG. 12 is a cross sectional view of an endplate with
dynamic adjustment.

FIG. 13 is an end-on view of the endplate shown in FIG.
12.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present invention provides a device and method for
assembling an electrochemical cell stack, or an assembly of
components which need to be clamped together, especially
where minimizing the size and weight of the clamping
mechanism is advantageous. The invention may comprise a
band or strap to transmit load to a plurality of components.
The invention may also comprise a fastener to apply greater
tension to the band than could normally be achieved with the
band alone. The invention also provides a band having a
spiral screw clamp wherein the screw portion is used to
apply and control tension in the band and the band is used
to transmit compression to a plurality of components.

The invention also provides systems that improve the
distribution of the force over a portion of the assembly,
preferably the entire area of at least one face of the assembly.

The present invention encompasses a system of straps
surrounding a cell stack placed between two end plates, with
raised ridges placed under the strapping system to concen-
trate the compressive force at selected points on the end-
plates. The invention may also provide a device comprising
an array of adjustable elements that control the distribution
of the compressive load.

One aspect of the present invention provides a strap and
a fastener to secure a group of flat components and maintain
them in compression. The invention also provides a fastener
to secure the assembly and a series of load distributing
elements that permit precise control of the distribution of the
closing force over the area of the assembly.
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The invention provides a compact strapping system com-
prising a strap that may be passed through a rectangular link,
folded back onto itself, and attached such that the strap may
be fastened around one side of the metal link. The attach-
ment can be made in a number of ways, with the exact
choice depending on the composition of the strap and the
equipment available. Particularly, the invention may com-
prise a hybrid strap, made of a polymeric component and
another component, such as a fibrous material, is used. It can
be easily appreciated that the use of other types of closures
is clearly within the scope of the present invention. The
present invention also encompasses the use of other tech-
niques of fastening the straps, for example, each strap may
be bonded to itself with adhesive, or, where the straps
comprise a thermoplastic, fastening may be achieved by
welding the strap.

The invention provides several techniques and tools that
may be used to apply tension on the strap. For example, after
placing a strap around the components being assembled, a
first end of the strap may be attached to a link and a
tightening winch may be used to pull a second end of the
strap until it is adequately tight. While keeping the tension
on the strap, the second end may then be attached onto the
strap to prevent loosening. In attaching the second end of the
strap to the link, any of the methods listed for attaching the
first end of the strap to the rectangular link can also be used
to make the final closure. However, high temperature weld-
ing should generally be avoided, since the portion of the
strap that is heated may deform and result in relieving the
tension.

The stack assemblies of the present invention present
significant improvements compared to the design of FIG. 1
which uses rods for assembling the stack components. A
major improvement provided by the strapping system of the
present invention is that the height and width of the end-
plates relative to the active portion of the stack may be
substantially reduced, resulting in a significant decrease in
the overall size and weight of the stack. Also, the endplates
in the stack assembled using the strapping system may be
significantly thinner, thereby allowing further reduction in
weight and volume of the stack.

Frequently, when an electrochemical stack is thermally
cycled, the difference in the coefficients of expansion for the
different components produces deformations in some of the
components. The most frequently observed deformations are
stretching of tensile members or irreversible compression of
the gaskets or other soft sealing components in the stack.
Either of these deformations can cause a loss in
compression, and possibly gas leakage. The present inven-
tion addresses deformation problems by providing strapping
systems with a tension adjusting member to help maintain
the assembly at a desired compression level. This aspect of
the invention avoids fluid leakage and other system failures
related to changes in the level of compression.

Another aspect of the invention provides locking pins that
may help prevent a strap from pulling out of a crimped
closure. This system permits the use of strappings in a
system with a tension adjusting member, such as a screw
closure clamp. Alternatively, the screw closure clamp may
be formed integrally with the strap so that crimped closures
and locking pins may be omitted.

In another aspect of the invention, addition of a few small
elements, placed between the straps and the assembled
components may greatly improve the load distribution for a
strap-type closure system.

While the strapping system of this invention presents
significant improvements over the tie-rod closure system of
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FIG. 1, such as but not limited to enhanced application of the
load to the active portion of the stack, the use of load
distributing elements in conjunction with the present inven-
tion presents even greater improvements. The load distrib-
uting elements may be arranged in a variety of ways. For
example, adding a single element, such as a rod or ridgeline,
at the center of the stack, adds a central force component,
and adding two load distributing elements may produce an
even more uniform load distribution. It is to be noted that the
present invention encompasses load distributing systems
with various degrees of complexity comprising, but not
limited to, appropriately configured ridgelines with properly
selected heights so that in any particular system, the load is
spread over as much of the area as is desired. It can also be
appreciated by those skilled in the art, that the invention
encompasses the use of any number of rods having various
shapes, lengths and heights. Compared to using a “spider” as
illustrated in FIG. 2, the addition of ridgelines to the
endplates adds very little to the volume and the mass of the
stack.

A further aspect of the invention provides for securing the
load distributing elements placed between the straps and the
stack. Unsecured load distributing elements may shift, either
releasing the stack from compression, or changing the load
distribution. Adding a depression or a shallow groove to the
endplates may add a significant improvement in keeping the
load shifting elements in place. For example, the use of a
groove may prevent a rod, used as a load redistributing
element, from shifting and enhances the reliability of the
load shifting mechanism described above. Securing the load
distributing elements may also be achieved by fabricating
the load distributing element as part of the assembled
components. For example, in the case of a cell stack and
endplate assembly, ridges may be fabricated as part of the
endplate itself to provide a unitized structure design. It
should be noted that although the use of a separate element
with a positioning depression is preferred, fabricating a load
distributing element, such as a ridge, as part of the endplate
is within the scope of the present invention.

Another aspect of the invention relates to the shape of the
endplate edges. Particularly, the use of rounded edges, as
described in this invention, is beneficial in several respects.
One advantage is that rounded edges permit the straps to
slide over the edges more easily. A further advantage is
greater control of the load distribution achieved with proper
selection of the curve used for the edge. Further, the inven-
tion encompasses the production of a catenary curve that
matches the shape of the edge to the specific size, span, and
load of the stack and the shape of the curve at the edge used
to distribute the load over a wider margin at the edge of the
endplate. Yet another advantage is the elimination of sharp
corners that could cut or deform the strap.

Another aspect of the invention provides for significant
reduction in the clearance between the straps used for the
closure and the edges of the stack. Minimal clearance
between the straps and the stack is important to minimize the
volume associated with the use of the strap type closure
system of this invention. The invention also encompasses
the building of a stack with no actual clearance between the
straps and the perimeter edges of the components of the
stack. In this arrangement provided by the invention, the
straps are prevented from interacting with the edges of the
membrane and electrode assemblies by either using a narrow
air gap, or a thin protective separator, between the side of the
stack and the straps. When a thin protective separator is
used, the smallest endplates can be used for a stack of a
given size. Also, it is important that the metallic fasteners do
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