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(57) Abstract: An apparatus and method provide for automated converting of a web of a thin patterned catalyst-coated membrane
to separate membrane sheets for fuel cell assembly. The membrane typically has a thickness of about 2.5 thousandth of a centimeter.
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the movable vacuum, the end portion of the membrane web is releasably secured at the first and second locations. The membrane
web is cut within a gap defined between a single catalyst pattern of the membrane web end portion and an adjacent catalyst pattern to
produce a membrane sheet. The membrane sheet is precisely positioned to a desired orientation to facilitate subsequent processing
of the membrane sheet.

/085759 Al



WO 03/085759 A1 |/ INAIH 0 AHRO 00 O Y O

Declarations under Rule 4.17: For two-letter codes and other abbreviations, refer to the "Guid-
— as to applicant’s entitlement to apply for and be granted a  ance Notes on Codes and Abbreviations” appearing at the begin-
patent (Rule 4.17(ii)) for all designations ning of each regular issue of the PCT Gazette.

— astothe applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii)) for all designations

Published:
—  with international search report



5

10

15

20

25

30

WO 03/085759 PCT/US03/04264

APPARATUS AND METHOD FOR CONVERTING A FUEL CELL
MEMBRANE WEB TO PRECISELY POSITIONED MEMBRANE SHEETS

FIELD OF THE INVENTION
The present invention relates generally to automated fuel cell fabrication
and, more particularly, to an apparatus and method for converting a web of a fuel
cell membrane to separate membrane sheets and accurately positioning the

separated membrane sheets for subsequent processing.

BACKGROUND OF THE INVENTION

Various apparatuses have been developed to convert a web of a given
material to individual sheets. Converting extremely thin web structures on the
order of a thousandth of an inch thick renders conventional converting processes
generally unworkable for such applications. One particular structure of interest in
the construction of fuel cells is the thin membrane of the fuel cell. An apparatus
for converting a membrane web must be capable of handling and cutting very
thin, two-sided membrane structures of the web and, once cut, properly aligning
the membrane sheets for downstream processing. Disrupting the positioning of
the membrane sheets at a particular process station can result in damage to the
membrane sheets or the fuel cell structures that incorporate such membrane
sheets. Disturbing membrane sheet orientation is also likely to result in reduced
product throughput, which negatively affects the productivity of the automated fuel
cell assembly line. '

It is often desirable to automate, either partially or completely, a number of
web converting processes. Many conventional web converting apparatuses and
methods are not well suited for a high degree of automation, particularly
converting processes which have tight positional tolerance requirements.

There is a need for improved web converting apparatuses and
methodologies. There is a further need for such apparatuses and methodologies

that can safely and precisely convert a web of very thin web structures to
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individual sheets in an automated assembly environment, such as in an
automated fuel cell assembly plant. The present' invention fulfills these and other

needs.

SUMMARY OF THE INVENTION

The present invention is directed to an apparatus and method for
automatically converting a web of a thin patterned catalyst-coated membrane to
separate membrane sheets for fuel cell assembly. A first side of the membrane
web is coated with an anode catalyst and a second side of the membrane web is
coated with a cathode catalyst. The membrane is typically less than about two
thousandths of an inch in thickness, and typically has a thickness of about one
thousandths of an inch.

An automated web converting method involves transporting, with use of a
movable vacuum, an end portion of the membrane web from a first location to a
second location. With use of respective first and second vacuums at the first and
second locations, and after removal of the movable vacuum, the end portion of
the membrane web is releasably secured at the first and second locations. The
membrane web is cut within a gap defined between a single catalyst pattern of
the membrane web end portion and an adjacent catalyst pattern to produce a
membrane sheet. The membrane sheet is precisely positioned to a desired
orientation to facilitate subsequent processing of the membrane sheet.

An apparatus for automatically converting .a web of a thin patterned
catalyst-coated membrane to separate membrane sheets for fuel cell assembly
includes a staging station comprising a first vacuum and a gap detector. The gap
detector detects a gap between catalyst patterns of the membrane web. The
staging station receives the end portion of the membrane web. A positioning
station includes a positioning table and a second vacuum. The positioning table
is controllable to move axially and rotationally. A vision system is provided at the
positioning station. The vision system detects an orientation of a membrane
sheet cut from the membrane web with use of a cutter. A robot, comprising a
vacuum chuck, is moveable between at least the staging station and the

positioning station.
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A controller is programmed to cause the robot to transport, with use of a
vacuum at the vacuum chuck, the end portion of the membrane web from the
staging station to the positioning table, to selectively actuate and deactivate the
first and second vacuums and the vacuum chuck vacuum when causing the cutter
to cut the membrane web within the gap between catalyst patterns, and to control
movement of the positioning table so that the membrane sheet is moved to a
desired orientation to facilitate subsequent processing of the membrane sheet.

The above summary of the present invention is not intended to describe
each embodiment or every implementation of the present invention. Advantages
and attainments, together with a more complete understanding of the invention,
will become apparent and appreciated by referring to the following detailed
description and claims taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an illustration of a fuel cell and its constituent layers;

Figure 2 is a depiction of an apparatus for converting a web of a fuel cell
membrane to individual membrane sheets in accordance with an embodiment of
the present invention;

Figure 3 is an embodiment of an apparatus for converting a web of a fuel
cell membrane to individual membrane sheets in accordance with the present
invention;

Figure 4 illustrates a section of the apparatus in Fig. 3 that transports a
web of a fuel cell membrane to a staging station in accordance with an
embodiment of the present invention;

Figure 5 illustrates a section of the apparatus in Fig. 3 that produces fuel
cell membrane sheets from a web of a fuel cell membrane in accordance with an
embodiment of the present invention; and

Figure 6 illustrates a section of the apparatus in Fig. 3 that precisely
positions individual fuel cell membrane sheets for subsequent processing in
accordance with an embodiment of the present invention.

While the invention is amenable to various modifications and alternative

forms, specifics thereof have been shown by way of example in the drawings and
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will be described in detail. It is to be understood, however, that the intention is not
to limit the invention to the particular embodiments described. On the contrary,
the intention is to cover all modifications, equivalents, and alternatives falling

within the scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS

In the following description of the illustrated embodiments, reference is
made to the accompanying drawings which form a part hereof, and in which is
shown by way of illustration, various embodiments in which the invention may be
practiced. It is to be understood that the embodiments may be utilized and
structural changes may be made without departing from the scope of the present
invention.

An apparatus for converting a web of a fuel cell membrane to separate
membrane sheets according to the present invention represents an important
apparatus used to automate a fuel cell assembly process. A web converting
apparatus and method of the present invention provides for the continuous
converting of a thin fuel cell membrane web to individual membrane sheets, and
precise positioning of individual membrane sheets as needed by downstream
process stations. A web converting apparatus and method of the present
invention is particularly useful for converting webs having very thin patterned
regions (e.g., fuel cell membranes), where the patterned regions are typically less
than about three thousandths of an inch in thickness, and typically about one
thousandth of an inch in thickness.

Those skilled in the art will readily appreciate the difficulty of converting
web structures on the order of a thousandth of an inch thick to separate sheets of
such structures. One particular structure of interest in the construction of fuel
cells is the membrane of the fuel cell. As will be described in greater detail below,
the membrane of a fuel cell, according to certain technologies, is typically a three
layered structure. A typical fuel cell membrane includes a proton exchange
membrane. An anode catalyst is coated on one side of the proton exchange

membrane, and a cathode catalyst is coated on the other side of the proton
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exchange membrane. The three layered structure is typically about one
thousandth of an inch in thickness.

In order to facilitate automated assembly of fuel cells, the membrane web
converting process must be able to handle and cut the thin, two-sided membrane
structures of the web and, once cut, precisely position the membrane sheets so
that the sheets are in proper alignment when transported for subsequent
processing at a downstream process station. It can be appreciated that
maintaining a predetermined orientation of the membrane sheets at each process
station of an automated fuel cell assembly line is essential if processing of the
membrane sheets and fuel cell structures incorporating such membrane sheets is
to be achieved with high efficiency and accuracy. Disrupting the positioning of the
membrane sheets at a particular process station can result in damage to the
membrane sheets or the fuel cell structures that incorporate such membrane
sheets. Also, throughput at a particular downstream process station will likely be
reduced, which negatively affects the productivity of the automated fuel cell
assembly line.

A catalyst-coated membranes (CCM) web is a thin, delicate continuous
polymer sheet. The catalyst is applied in a specific pattern at a repeating pitch.
One skilled in the art will appreciate that very thin fuel cell membrane structures,
such as CCMs, have very little structural integrity. This lack of structural integrity
significantly complicates the web handling and processing considerations for
automated fuel cell assembly. For example, traditional methods of locating rigid
edges of the subject structures are not workable. Conventional approaches
involving the use of registration holes, by way of further example, are also not
workable. A web converting apparatus and method of the present invention
provides for safe handling, cutting, and positioning of fuel cell membrane sheets
converted from a continuous membrane web.

A web converting apparatus and method of the present invention may be
used to process membrane webs for a variety of fuel cell technologies. A typical
fuel cell is depicted in Fig. 1. The fuel cell 10 shown in Fig. 1 includes a first fluid
transport layer 12 adjacent an anode 14. Adjacent the anode 14 is an electrolyte

membrane 16. A cathode 18 is situated adjacent the electrolyte membrane 16,
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and a second fluid transport layer 19 is situated adjacent the cathode 18. In
operation, hydrogen fuel is introduced into the anode portion of the fuel cell 10,
passing through the first fluid transport layer 12 and over the anode 14. Atthe
anode 14, the hydrogen fuel is separated into hydrogen ions (H") and electrons
(e).

The electrolyte membrane 16 permits only the hydrogen ions or protons to
pass through the electrolyte membrane 16 to the cathode portion of the fuel cell
10. The electrons cannot pass through the electrolyte membrane 16 and,
instead, flow through an external electrical circuit in the form of electric current.
This current can power an electric load 17, such as an electric motor, or be
directed to an energy storage device, such as a rechargeable battery.

Oxygen flows into the cathode side of the fuel cell 10 via the second fluid
transport layer 19. As the oxygen passes over the cathode 18, oxygen, protons,
and electrons combine to produce water and heat.

Individual fuel cells, such as that shown in Fig. 1, can be combined with a
number of other fuel cells to form a fuel cell stack. The number of fuel cells within
the stack determines the total voltage of the stack, and the surface area of each
of the cells determines the total current. The total electrical power generated by a
given fuel cell stack can be determined by multiplying the total stack voltage by
total current.

A web converting apparatus of the present invention can be employed to
facilitate automated converting of membrane webs for fuel cells of varying
technologies. Proton exchange membrane (PEM) fuel cells, for example, operate
at relatively low temperatures (about 175 degrees F), have high power density,
can vary their output quickly to meet shifts in power demand, and are well suited
for applications where quick startup is required, such as in automobiles for
example.

The proton exchange membrane used in a PEM fuel cell is a thin plastic
sheet that allows hydrogen ions to pass through it. The membrane is coated on
both sides with highly dispersed metal or metal alloy particles (e.g., platinum or

platinum/ruthenium) that are active catalysts. The electrolyte used is typically a
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solid organic polymer poly-perfluorosulfonic acid. Use of a solid electrolyte is
advantageous because it reduces corrosion and managem'ent problems.

Hydrogen is fed to the anode side of the fuel cell where the catalyst
encourages the hydrogen ions to release electrons and become hydrogen ions
(protons). The electrons travel in the form of an electric current that can be
utilized before it returns to the cathode side of the fuel cell where oxygen has
been introduced. At the same time, the protons diffuse through the membrane to
the cathode, where the hydrogen ions are recombined and reacted with oxygen to
produce water.

According to one PEM fuel cell construction, a PEM layer is sandwiched
between a pair of fluid transport layers (FTLs), such as diffuse current collectors
or gas diffusion layers for example. An anode is situated between a first FTL and
the membrane, and a cathode is situated between the membrane and a second
FTL. In one configuration, a PEM layer is fabricated to include an anode catalyst
coating on one surface and a cathode catalyst coating on the other surface.
According to another configuration, the first and second FTLs are fabricated to
include an anode and cathode catalyst coating, respectively. In yet another
configuration, an anode catalyst coating can be disposed partially on the first FTL
and partially on one surface of the PEM, and a cathode catalyst coating can be
disposed partially on the second FTL and partially on the other surface of the
PEM. The five layer construct defined by the first FTL/anode/PEM/cathode/
second FTL is referred to as a membrane electrode assembly (MEA).

The FTLs are typically fabricated from a carbon fiber paper or non-woven
material. Depending on the product construction, the FTLs can have carbon
particle coatings on one side. The FTLs, as discussed above, can be fabricated
to include or exclude a catalyst coating. The FTLs, according to this product
construction, are both porous and brittle. ‘

Direct methanol fuel cells (DMFC) are similar to PEM cells in that they both
use a polymer membrane as the electrolyte. In a DMFC, however, the anode
catalyst itself draws the hydrogen from liquid methanol fuel, eliminating the need
for a fuel reformer. DMFCs typically operate at a temperature between 120-190

degrees F.
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Molten carbonate fuel cells (MCFC) use a liquid solution of lithium, sodium
and/or potassium carbonates, soaked in a matrix for an electrolyte. MCFCs
operate at about 1,200 degrees F. The high operating temperature is needed to
achieve sufficient conductivity of the electrolyte. Because of this high
temperature, noble metal catalysts are not required for the cell's electrochemical
oxidation and reduction processes. MCFCs are typically operated on hydrogen,
carbon monoxide, natural gas, propane, landfill gas, marine diesel, and simulated
coal gasification products.

A solid oxide fuel cell (SOFC) typically employs a hard ceramic material of
solid zirconium oxide and a smalil amount of ytrria, instead of a liquid electrolyte,
allowing operating temperatures to reach 1,800 degrees F.

In regenerative fuel cells, water is separated into hydrogen and oxygen by
a solar-powered electrolyser. The hydrogen and oxygen are fed into the
regenerative fuel cell which generates electricity, heat, and water. The water is
then recirculated back to the solar-powered electrolyser and the process is
repeated.

A protonic ceramic fuel cell (PCFC) employs a ceramic electrolyte material
that exhibits high protonic conductivity at elevated temperatures. PCFCs operate
at about 1,300 degrees F. PCFCs can operate at high temperatures and
electrochemically oxidize fossil fuels directly to the anode. Gaseous molecules of
the hydrocarbon fuel are absorbed on the surface of the anode in the presence of
water vapor, and hydrogen ions are efficiently stripped off to be absorbed into the
electrolyte, with carbon dioxide as the primary reaction product. These and other
fuel cell technologies can be fabricated with use of a web converting apparatus of
the present invention.

Turning now to Fig. 2, there is depicted an embodiment of a web
converting apparatus 30 for converting a web of a fuel cell membrane to individual
fuel cell membrane sheets and positioning such membrane sheets to a
predetermined orientation for processing at a subsequent process station. The
web converting apparatus 30 is particularly well suited for converting a web 32 of
a patterned catalyst-coated membrane 33 to separate membrane sheets during

automated fuel cell assembly. According to this non-limiting usage, a first side of
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the membrane web 32 is coated with an anode catalyst and a second side of the
membrane web 32 is coated with a cathode catalyst. A web handling module (not
shown in Fig. 2, but shown in Fig. 3) presents an end portion of the membrane
web 32 to the web converting apparatus 30.

The web converting apparatus 30 shown in Fig. 2 includes a staging
station 50 which includes a first vacuum assembly (not shown) fluidly coupled to a
vacuum distribution plate 52 of the staging station 50. The top surface of the
staging station 50 is preferably perforated horizontally (i.e., along the x-axis in Fig.
2) to define the vacuum distribution plate 52. The vacuum assembly is selectively
actuated during web processing by a controller 90. Controller 90 is a
programmable device, such as a processor, that executes program instructions to
coordinate the activities of various elements of the web converting apparatus 30.
The controller 90 is shown as an on-board device, but may be located remotely of
the web converting apparatus 30. If located remotely, the controller 90 is coupled
to the web converting apparatus 30 using an appropriate hardwired or wireless
connection.

Proximate a staging station 50 is a gap detector 74. The gap detector 74
can be mounted on or above the staging station 50. The gap detector 74 is
situated in such as way as to be capable of detecting the gap 34 provided
between adjacent membrane patterns 33 of the web 32. According to one
configuration, the gap detector 74 comprises an optical detector that optically
detects advancement of a single catalyst pattern 33 of the membrane web 32
across the staging station 50. In one particular configuration, the gap detector 34
comprises a photo-eye that detects advancement of a single catalyst pattern 33 of
the membrane web 32 across the staging station 50.

A cutter 73 is situated proximate the staging station 50, and typically above
the staging station 50. The cutter 73 is preferably situated parallel to a space
provided between the staging station 50 and the positioning station 60. The
cutter 73 is preferably mounted for movement transverse of the movement of web
32. The cutter 73 is displaceable axially along the y-axis depicted in Fig. 2. In

this configuration, the cutter 73 moves transversely to cut through the web 32
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within the gap 34 provided between adjacent membrane patterns 33. Movement
of the cutter 73 is controlled by the controller 90.

The positioning station 60, which is shown located adjacent to the staging
station 50, includes a positioning table 61 and a second vacuum assembly (not
shown) fluidly coupled to a vacuum distribution plate 62 of the positioning station
60. The top surface of the positioning station 60 is preferably perforated
horizontally to define the vacuum distribution plate 62. The vacuum assembly of
the positioning station 60 is selectively actuated during web processing by the
controller 90.

The positioning table 61 is mounted for movement with multiple degrees of
freedom. In particular, the positioning table 61 can be moved axially with respect
to an x-axis and a y-axis, and rotationally about a z-axis. Movement of the
positioning table 61 is precisely controlled by the controller 90. In one
configuration, a servomotor drive system 64 is employed for moving the
positioning table 61 axially with respect to the x-axis and y-axis, and rotationally
about a z-axis.

The positioning table 61, under control of the controller 90, cooperates with
a vision system 70 situated above the positioning table 61 to modify the position
of an individual membrane sheet after the membrane sheet has been cut from the
membrane web 32. In one configuration, the vision system 70 includes one or
more cameras to detect the orientation of a membrane sheet cut from the
membrane web 32. In a preferred embodiment, two such cameras are employed
in the vision system 70. '

According to another configuration, the vision system 70 comprises a
vision processor that determines the orientation of a cut membrane sheet with
respect to x-, y-, and z-axes using image data produced by one or more cameras.
The vision processor is communicatively coupled to the controller 90 of the web
converting apparatus 30. In this configuration, the camera(s) of the vision system
70, vision processor, and controller 90 of the web converting apparatus 30
cooperate to control movement of the positioning table 61 so that a membrane
sheet cut from the membrane web 32 is moved precisely to the desired

orientation.
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The web converting apparatus 30 further includes a robot 40. The robot 40
is controllably moveable between at least the staging station 50 and the
positioning station 60 via transport frame 44, and is preferably capable of moving
on the transport frame 44 to processing locations beyond the positioning station
60. The robot 40, according to one configuration, is a three axis (x, y, z) servo
and pneumatic driven mechanism that is controlled to pull the membrane web 32
to the staging station 50 and positioning station 60, and transfer individual
membrane sheets from the positioning station 60 to a downstream process
location. The precise orientation of the individual membrane sheet moved into
proper position by the positioning table 60 is maintained as the robot 40
transports individual membrane sheets from the positioning station 60 to the
downstream process location.

The robot 40 is mounted for movement with multiple degrees of freedom,
and includes a pickup head which comprises a vacuum chuck 42. The vacuum
chuck 42 of the robot 40 can be moved axially with respect to an x-axis and a y-
axis, and a z-axis. Movement of the robot 40 is controlled by the controller 90. In
one configuration, a servomotor drive system is employed for moving the vacuum
chuck 42 of the robot 40 axially with respect to x-, y-, and z-axes. In accordance
with another configuration, a pneumatic motor or motivator of the robot’s drive
system is employed to move the vacuum chuck 42 of the robot 40 axially with
respect to the y-axis. A first servomotor of the robot’s drive system is employed to
move the vacuum chuck 42 of the robot 40 axially with respect to the x-axis. A
second servomotor of the robot’s drive system is employed to move the vacuum
chuck 42 of the robot 40 axially with respect to the z-axis.

The web converting apparatus 30 can further include an inspection device
72 for inspecting the membrane web 32 in order to detect defects in the
membrane patterns 33. The inspection device 72 is preferably an optical
inspection device. In one configuration, an inspection camera 72 is employed for
inspecting the membrane web 32 to detect completeness of the catalyst patterns
33 of the web 32.

An inspection device 72 of the web converting apparatus 30 can also

include a device for inspecting one or both of a size and a quality of the catalyst
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patterns 33 of the web 32. For example, an inspection camera can be employed
for inspecting one or both of a size and a quality of the catalyst patterns 33 of the
web 32.

With continued reference to Fig. 2, and with reference to Figs. 3-6,
additional features of web converting according to an embodiment of the present
invention will now be described. As was discussed above, and in accordance
with one processing embodiment, the controller 90 is programmed to coordinate
control of various web converting apparatuses as part of an automated fuel cell
assembly operation. The controller 90 is programmed to cause the robot 40 to
transport, with use of a vacuum produced at the vacuum chuck 42, an end portion
of the membrane web 32 from the staging station 50 to the positioning table 61.
The controller 90 selectively actuates and deactivates the first and second
vacuums 52, 62 and the vacuum chuck vacuum when causing the cutter 73 to cut
the membrane web 32 within the gap 34 between catalyst patterns 33. The
controller 90 also controls movement of the positioning table 61 so that the
membrane sheet cut from the membrane web 32 is moved to a desired
orientation to facilitate subsequent processing of the membrane sheet. The
controller 90 is programmed to automatically convert the membrane web 32 to
separate membrane sheets on a repetitive basis.

According to another process embodiment, the controller 90 is
programmed to coordinate a number of automated processes for converting a
web of a fuel cell membrane to individual membrane sheets, including the
following processes. With use of the vacuum chuck 42 of the robot 40, the end
portion of the membrane web 32 is pulled to the staging station 50. With use of
the first vacuum 52, the end portion of the membrane web 32 is secured at the
staging station 50. When moving the membrane web 32 from the staging station
50 to the second station 60, the vacuum chuck 42 is activated to hold the
membrane web 32 and the first vacuum 52 is deactivated. With use of the
vacuum chuck 42, an end portion of the membrane web 32 is transported from
the staging station 50 to the positioning station 60, such that at least one

membrane pattern 33 resides on the positioning table 61. -
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As best seen in Figs. 4-6, with use of respective first and second vacuums
52, 62 at the staging station 50 and positioning station 60, and after removal of
vacuum at the vacuum chuck 42, the end portion of the membrane web 32 is
secured at the staging and positional stations 50, 60. While so secured, the
membrane web 32 is cut by use of the cutter 73 within a gap 34 defined between
a single catalyst pattern 33A of the membrane web end portion and an adjacent
catalyst pattern 33B to produce a membrane sheet 33A. The membrane sheet
33A is positioned to a desired orientation to facilitate subsequent processing of
the membrane sheet 33A.

As the catalyst pattern 33 passes under a photo-eye 74, the position of the
catalyst pattern 33 is determined by the controller 90, which controls the x-axial
movement of the robot 40 to continue until one complete catalyst pattern 33 has
been fed to a position above the positioning table 61. The robot 40 then moves
downward, such that the membrane web 32 is in close proximity, if not in contact,
with the positioning table 61. The vacuum at the vacuum chuck 42 is deactivated
while the first and second vacuums 52, 62, are activated, thus securing the
membrane web 32 to the staging and positioning stations 50, 60. The robot 40
then retracts, leaving the leading catalyst pattern 33A on the positioning table 61.

With the membrane web 32 secured to the staging and positioning stations
50, 60, the controller 90 causes the cutter 73 to cut the membrane web 32 within
the gap 34 between the leading catalyst pattern 33A and the adjacent catalyst
pattern 33B. After completion of the cutting cycle, a single separated catalyst
pattern 33A is secured via vacuum to the positioning table 61. The remaining
portion of the membrane web 32 is left with the new leading catalyst pattern 33B
in the “ready position” held under vacuum at the staging station 50.

The controller 90, vision system 70, and positioning table drive system 64
cooperate to move the positioning table 61 to a predetermined position, as is best
seen in Fig. 5. At this stage, the separate catalyst sheet 33A is accurately
positioned for processing at a subsequent processing station. The robot 40
moves into position above the separate catalyst sheet 33A (now repositioned to
its predetermined orientation), grasps the separate catalyst sheet 33A via the

vacuum chuck 42, and moves the separate catalyst sheet 33A to a subsequent
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processing station, all the while maintaining the predetermined orientation of the
separate catalyst sheet 33A.

It is possible that the membrane web 32 may include flawed areas where
the catalyst is not properly applied or where there exists some other defect on the
membrane web 32. Photo-eye 74, preferably mounted above the staging station
50, may be used to detect defects within its field of view. The reject material is
cut from the membrane web 32 and fed downstream to a waste receptacle. lItis
noted that a third inspection device 72, such as an optical device such as a
camera, can be properly positioned to inspect the catalyst patterns 33 for size and
quality. The controller or separate processing device executes image inspection
algorithms to determine if the catalyst patterns 33 satisfy predetermined size and
quality requirements. Rejects from this inspection can be discarded as discussed
above.

The foregoing description of the various embodiments of the invention has
been presented for the purposes of illustration and description. It is not intended
to be exhaustive or to limit the invention to the precise form disclosed. Many
modifications and variations are possible in light of the above teaching. Itis
intended that the scope of the invention be limited not by this detailed description,

but rather by the claims appended hereto.
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CLAIMS

What is claimed is:

1. A method of automatically converting a web of a thin patterned
catalyst-coated membrane to separate membrane sheets for fuel cell assembly, a
first side of the membrane web coated with an anode catalyst and a second side
of the membrane web coated with a cathode catalyst, the method comprising:

transporting, with use of a movable vacuum, an end portion of the
membrane web from a first location to a second location;

securing, with use of respective first and second vacuums at the first
and second locations and after removal of the movable vacuum, the end portion
of the membrane web at the first and second locations;

cutting the membrane web within a gap defined between a single
catalyst pattern of the membrane web end portion and an adjacent catalyst
pattern to produce a membrane sheet; and |

positioning the membrane sheet to a desired orientation to facilitate

subsequent processing of the membrane sheet. -

2. The method of claim 1, wherein the membrane is less than about

two thousandths of an inch in thickness.

3. The method of claim 1, further comprising:
securing, with use of the first vacuum, the end portion of the
membrane web at the first location;
moving the movable vacuum to the first location; and
activating the movable vacuum and removing the first vacuum to
facilitate transport of the end portion of the membrane web by use of the movable

vacuum.

4. The method of claim 1, further comprising detecting advancement of

the single catalyst pattern to the second location.
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5. The method of claim 4, wherein advancement of the single catalyst
pattern is detected optically.

6. The method of claim 4, wherein advancement of the single catalyst
pattern is detected by detecting the gap defined between the single catalyst
pattern and the adjacent catalyst pattern.

7. The method of claim 1, wherein positioning the membrane sheet
comprises optically detecting that the membrane sheet is positioned to the

desired orientation.

8. The method of claim 1, wherein positioning the membrane sheet
comprises detecting, via camera detection, that the membrane sheet is positioned

to the desired orientation.

9. The method of claim 1, wherein positioning the membrane sheet
comprises moving the membrane sheet axially with respect to an x-axis and a y-
axis, and rotationally about a z-axis to position the membrane sheet to the desired

orientation.

10.  The method of claim 9, further comprising optically detecting that
the membrane sheet is positioned to the desired x-axis, y-axis, and rotational

orientation.
11.  The method of claim 9, further comprising detecting, via camera
detection, that the membrane sheet is positioned to the desired x-axis, y-axis, and

rotational orientation.

12.  The method of claim 1, further comprising automatically inspecting

the membrane web to detect completeness of membrane patterns.
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13.  The method of claim 12, wherein automatically inspecting the

membrane web comprises optically inspecting the membrane web.

14.  The method of claim 12, wherein automatically inspecting the

membrane web comprises inspecting the membrane web via camera inspection.

15.  The method of claim 1, further comprising automatically inspecting

one or both of a size and a quality of membrane patterns.

16.  The method of claim 15, wherein automatically inspecting the

membrane patterns comprises optically inspecting the membrane patterns.

17.  The method of claim 15, wherein automatically inspecting the
membrane patterns comprises inspecting the membrane patterns via camera

inspection.

18.  An apparatus for automatically converting a web of a thin patterned
catalyst-coated membrane to separate membrane sheets for fuel cell assembly, a
first side of the membrane web coated with an anode catalyst and a second side
of the membrane web coated with a cathode catalyst, a web handling module
presenting an end portion of the membrane web, the apparatus comprising:

a staging station comprising a first vacuum and a gap detector, the
gap detector detecting a gap between catalyst patterns of the membrane web, the
staging station receiving the end portion of the membrane web;

a positioning station comprising a positioning table and a second
vacuum, the positioning table controllable to move axially and rotationally;

a cutter;

a vision system provided at the positioning station, the vision system
detecting an orientation of a membrane sheet cut from the membrane web;

a robot comprising a vacuum chuck, the robot moveable between at

least the staging station and the positioning station; and
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a controller, the controller programmed to cause the robot to
transport, with use of a vacuum at the vacuum chuck, the end portion of the
membrane web from the staging station to the positioning table, to selectively
actuate and deactivate the first and second vacuums and the vacuum chuck
vacuum when causing the cutter to cut the membrane web within the gap
between catalyst patterns, and to control movement of the positioning table so
that the membrane sheet is moved to a desired orientation to facilitate

subsequent processing of the membrane sheet.

19.  The apparatus of claim 18, wherein the membrane is less than

about two thousandths of an inch in thickness.

20. The apparatus of claim 18, wherein the controller is programmed to
automatically convert the membrane web to a plurality of the separate membrane

sheets.

21.  The apparatus of claim 18, wherein the controller actuates the first
vacuum to secure the end portion of the membrane web at the staging station,
causes the robot to move to the staging station, and actuates the vacuum chuck
and deactivates the first vacuum to facilitate transport of the end portion of the
membrane web from the staging station to the positioning table by use the

vacuum chuck.

22. The apparatus of claim 18, wherein the controller, in response to the
gap detector detecting advancement of a single catalyst pattern of the membrane
web to the positioning table, actuating the first and second vacuums and
deactivating the vacuum chuck vacuum to stabilize the membrane web and
causing the cutter to cut the membrane web within the gap between the single

catalyst pattern and an adjacent catalyst pattern to produce a membrane sheet.
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23. The apparatus of claim 18, wherein the gap detector comprises an
optical detector that optically detects advancement of a single catalyst pattern of

the membrane web to the second location.

24.  The apparatus of claim 18, wherein the gap detector comprises a
photo-eye that detects advancement of a single catalyst pattern of the membrane
web to the second location.

25.  The apparatus of claim 18, wherein the vision system comprises

one or more cameras.

26. The apparatus of claim 18, wherein the vision system comprises a
processor that determines axial orientation of the membrane sheet with respect to
an x-axis, y-axis, and z-axis, the processor communicatively coupled to the
controller to control movement of the positioning table so that the membrane

sheet is moved to the desired orientation.

27. The apparatus of claim 18, wherein the robot comprises a
servomotor drive system for moving the robot axially with respect to an x-axis, y-

axis, and z-axis.

28. The apparatus of claim 18, wherein the robot comprises at least one
pneumatic motivator for moving the robot axially with respect to one of an x-axis,

y-axis, and z-axis.

29. The apparatus of claim 18, wherein the robot_comprises:

a first servomotor for moving the robot axially with respect to an x-

axis;

a second servomotor for moving the robot axially with respect to a z-
axis; and

a pneumatic motivator for moving the robot axially with respect to a
y-axis.
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30. The apparatus of claim 18, wherein the staging station is stationary.
31.  The apparatus of claim 18, wherein the positioning system
comprises a servomotor drive system for moving the positioning table axially with

respect to an x-axis and y-axis, and rotationally about a z-axis.

32. The apparatus of claim 18, further comprising an optical detector for

inspecting the membrane web to detect completeness of the catalyst patterns.

33. The apparatus of claim 18, further comprising an inspection camera

for inspecting the membrane web to detect completeness of the catalyst patterns.

34. The apparatus of claim 18, further comprising an optical detector for

inspecting one or both of a size and a quality of the catalyst patterns.

35. The apparatus of claim 18, further comprising an inspection camera

for inspecting one or both of a size and a quality of the catalyst patterns.
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