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ABSTRACT

The present invention provides a method for enabling quali-
fication of at least a portion of a fuel cell system. The method
includes electronically obtaining at least one result of a test
of the at least a portion of a fuel cell system and electroni-
cally comparing the at least one result to at least one

10/879,551 qualifying criteria.
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METHOD OF QUALIFYING AT LEAST A
PORTION OF A FUEL CELL SYSTEM AND AN
APPARATUS EMPLOYING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of U.S. patent
application Ser. No. 09/726,839, filed Nov. 30, 2000, which
is incorporated herein by reference.

TECHNICAL FIELD

[0002] This invention relates generally to fuel cells and
more particularly to methods and apparatus for qualifying at
least a portion of a fuel cell system.

BACKGROUND OF THE INVENTION

[0003] Fuel cells electrochemically convert fuels and oxi-
dants to electricity and they can be categorized according to
the type of electrolyte (e.g., solid oxide, molten carbonate,
alkaline, phosphoric acid, or solid polymer) used to accom-
modate ion transfer during operation. Moreover, fuel cell
assemblies can be employed in many (e.g., automotive to
aerospace to industrial to residential) environments, for
multiple applications.

[0004] A Proton Exchange Membrane (hereinafter
“PEM”) fuel cell converts the chemical energy of fuels such
as hydrogen and oxidants such as air/oxygen directly into
electrical energy. The PEM is a solid polymer electrolyte
that permits the passage of protons (i.e., H+ions) from the
“anode” side of a fuel cell to the “cathode” side of the fuel
cell while preventing passage therethrough of reactant fluids
(e.g., hydrogen and air/oxygen gases).

[0005] Usually, an individual PEM-type fuel cell assembly
or stack has multiple, generally transversely extending lay-
ers assembled in a longitudinal direction. In the typical fuel
cell assembly or stack, all layers which extend to the
periphery of the fuel cells have holes therethrough for
alignment and formation of fluid manifolds that generally
service fluids for the stack. As is known in the art, some of
the fluid manifolds distribute fuel (e.g., hydrogen) and
oxidant (e.g., airfoxygen) to, and remove unused fuel and
oxidant as well as product water from, fluid flow plates
having fluid flow channels.

[0006] Before a fuel cell stack is qualified for use in a
system to provide electrical power, it must be incubated or
prepared for use, as is known by those of ordinary skill in the
art. This process uses hydrogen, oxygen, carbon monoxide,
carbon dioxide and/or nitrogen as a substitute or surrogate
for reformate in the fuel cell stack. These gases are expen-
sive to purify, store, and use in the amounts that this process
requires.

[0007] Thus, there is a need for an efficient method and
apparatus for qualifying fuel cell systems and portions
thereof.

SUMMARY OF THE INVENTION

[0008] The present invention provides, in a first aspect, a
method for enabling qualification of a fuel cell system. The
method includes electronically obtaining at least one result
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of a test of at least a portion of the fuel cell system and
electronically comparing the at least one result to at least one
qualifying criteria.

[0009] The present invention provides, in a second aspect,
an apparatus for enabling qualification of a fuel cell system.
The apparatus includes a testing mechanism couplable to a
computing unit and couplable to the fuel cell system. The
testing mechanism is adapted to perform a test on at least a
portion of the fuel cell system and the computing unit is
adapted to control a testing mechanism, obtain a result of a
test, and compare the result to a qualification criteria.

[0010] The present invention provides, in a third aspect, an
apparatus for enabling qualification of a fuel cell system.
The apparatus includes means for electronically obtaining at
least one result of a test on at least a portion of the fuel cell
system and means for electronically comparing the at least
one result to at least one qualifying criteria.

[0011] The present invention provides, in a fourth aspect,
an apparatus for enabling qualification of a fuel cell system.
The apparatus includes a computing unit adapted to obtain
at least one result of a test on at least a portion of the fuel
cell system and a computing unit adapted to compare the at
least one result to at least one qualifying criteria.

[0012] The present invention provides, in a fifth aspect, an
article of manufacture including at least one computer
usable medium having computer readable program code
means embodied therein for enabling qualification of a fuel
cell system. The computer readable program code means in
the article of manufacture includes computer readable pro-
gram code means for causing a first computing unit to obtain
at least one result of a test on at least a portion of the fuel
cell system and computer readable program code means for
comparing the at least one result to at least one qualifying
criteria.

[0013] The present invention provides, in a sixth aspect, at
least one program storage device readable by a machine,
tangibly embodying at least one program of instructions
executable by the machine to perform a method of qualify-
ing a fuel cell system. The method includes electronically
obtaining at least one result of a test on at least a portion of
the fuel cell system and electronically comparing the at least
one result to at least one qualifying criteria.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The subject matter which is regarded as the inven-
tion is particularly pointed out and distinctly claimed in the
claims at the conclusion of the specification. The foregoing
and other features, and advantages of the invention will be
readily understood from the following detailed description
of preferred embodiments taken in conjunction with the
accompanying drawings in which:

[0015] FIG. 1 is a block diagram of an apparatus for
enabling qualification of a fuel cell system in accordance
with the present invention;

[0016] FIG. 2 is a depiction of a fluid flow plate having
dive through holes; and

[0017] FIGS. 3-5 illustrate a flowchart of a method in
accordance with the present invention for qualifying at least
a portion of a fuel cell system of FIG. 1.
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DETAILED DESCRIPTION

[0018] In accordance with the principles of the present
invention, a method for qualifying a fuel cell system or
portion thereof and an apparatus for performing the method
are provided.

[0019] In an exemplary embodiment depicted in FIG. 1,
an apparatus 9 for qualifying a fuel cell system 30, or
portions thereof, includes a computing unit 10 coupled to a
testing mechanism 20 or a test station which is coupled to
fuel cell system 30 or portions thereof. Fuel cell system 30
may comprise an entire fuel cell system, including a fuel cell
stack 32, fuel processor or reformer 34, an inverter 36, and
various other components. Alternatively, a fuel cell system
may include only a subset of the components of the fuel cell
system, either individually or assembled into a subsystem.
After the manufacture of various fuel cell system compo-
nents, the testing mechanism is utilized to test the fuel cell
system, or portions thereof, for various parameters to qualify
it, or verify that it is functioning properly, such that it is
suitable for use in a system for generating electrical power.

[0020] Prior to the initiation of the testing process, per-
formance or qualification criteria are set for comparison to
the results of various tests. These criteria might include
various measurements of the performance of the fuel cell
system and portions thereof. For example, regarding fuel
cell stack 32, the criteria might include average fuel cell
voltage drops for the stack, variations between voltage drops
for individual cells, stack temperature, gas temperature or
coolant temperature. Computing unit 10 may control testing
mechanism 20 to conduct a test on fuel cell system 30 or a
portion thereof, e.g., fuel cell stack 32. At the conclusion of
the test, computing unit 10 electronically and desirably
automatically obtains a result of the test, e.g., from various
sensors (e.g., voltage readings, etc.), electronically and
desirably automatically compares the result to the preset
performance qualifying criteria for the particular test. Com-
puting unit 10 might be a personal computer, such as a
personal computer running Microsoft WINDOWS as the
operating system, and based on Intel PC architecture. Com-
puting unit 10 might also be a portion of a computer of this
type, such as a microprocessor or other computing compo-
nent capable of performing the requirements of the present
invention.

[0021] After the comparison, the computing unit may
output a message to an output device 40, such as a display
screen for an operator to view. Such message may include
indicating that the system or portion thereof has passed or
failed a particular test. Alternate means of informing an
operator could include lights or sound identifying a particu-
lar outcome or the printing of a report. If the test is passed,
computing unit 10 may cause testing mechanism 20 to
conduct a further test on fuel cell system 30 or a portion
thereof. This process may be repeated until fuel cell system
30 has passed a series of tests resulting in it being qualified
for use. Alternatively, fuel cell system 30 may fail to be
qualified after one of the particular tests.

[0022] The above-described process is desirably used to
qualify newly manufactured fuel cell components or fuel
cell systems, but also could be used to ascertain the quali-
fication of fuel cell systems or components already in
service. For example, this process might be performed by
coupling computing unit 10 via a communications network
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to testing mechanism 20, which might be at a location
remote from computing unit 10. Computing unit 10 might
then compare a result of a test on fuel cell system 30 or a
portion thereof to predetermined criteria and determine
whether fuel cell system 30 or a component thereof is still
qualified. An indication regarding the comparison might be
provided by computing unit 10 by coupling it to an output
device at the remote location. This setup would allow a
single computing unit at a central location to qualify a
plurality of fuel cell systems or components thereof at
various remote locations.

[0023] FIGS. 3-5 depict a flowchart which outlines one
exemplary embodiment of a qualifying process of the
present invention under which a fuel cell stack 32 (FIG. 1)
of the fuel cell system 30 (FIG. 1) may be qualified or
disqualified for use. It is desirable to disqualify a defective
fuel cell stack as early as possible in the qualification process
due to the expenses associated with the progressive tests
involved in the process. This is particularly true of the
expenses associated with purification, provision, and use of
the reactant gases, i.e., hydrogen, oxygen, and carbon mon-
oxide. Also, it is particularly desirable to avoid the expense
of incubating a defective fuel cell stack by determining early
in the process of its defective nature.

[0024] At Step 110, characteristics of the fuel cell stack to
be tested are input into a computing unit such as computing
unit 10 (FIG. 1) which may comprise a display screen with
entry fields. The characteristics to be input could include the
type of stack, e.g., a model number, qualification criteria,
location of a database stored on or connected to computing
unit 10 where qualification criteria might be found, flow
rates of reactant gases, a desired temperature of reactant
gases, or a desired temperature of coolant, among others. At
Step 115, rates of data acquisition, or logging, to be per-
formed by the testing mechanism are set. In Step 120, a
mixture of hydrogen, nitrogen, and optionally carbon diox-
ide, serving as a surrogate for reformate produced by a
reformer in full scale operation, and coolant are preheated
and introduced into fuel cell stack 32 (FIG. 1). This mixture
of gases may be referred to as surrogate reformate or
reactant gases. The reformate and coolant might be pre-
heated, for example, by a steam injection system.

[0025] The fuel cell stack is held at a temperature for a
period of time in Step 125. An open circuit voltage test is
then performed on fuel cell stack 32 (FIG. 1) to determine
if the input or reactant gases are reaching all the fuel cells of
fuel cell stack 32 (FIG. 1) in Step 130. An open circuit
voltage test may comprise measuring voltage drops of the
fuel cell plates in the stack, for example at a pin on each
plate, when no load is being applied to fuel cell stack 32
(FIG. 1). Alternatively, voltage drops might be measured
using a voltage monitoring system for a full cell stack, as
described in U.S. patent application Ser. No. 09/629,548,
entitled “VOLTAGE MONITORING SYSTEM FOR A
FULL CELL STACK?”. The results of this test are compared
by computing unit 10 (FIG. 1) to the predetermined criteria,
input at Step 110, for example. The criteria might require
that the difference between fuel cell voltage drops falls
within a range (e.g., 0.85-1.0 volts) or a percentage, for
example. If a fuel cell or multiple fuel cells in fuel cell stack
32 (FIG. 1) do not meet this criteria, the cells would be
considered “dropped out” as is known in the art. Since such
cells would not be producing sufficient electricity relative to
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other cells, the stack would fail the test. A failing result
causes a report to be printed, or a message to be commu-
nicated by computing unit 10 (FIG. 1) to the operator via
display 40 (FIG. 1), or otherwise, regarding the test result
and further testing to be avoided as in Step 132.

[0026] If the open circuit voltage test is acceptable, the
process proceeds to Step 135 in which a load or electrical
demand is applied to the fuel cell stack. This test allows
determining whether dive through holes were properly
formed in the fluid flow plates. For example, as shown in
FIG. 2, dive through holes, 4 and 7, are used to fluidly
connect fluid flow manifolds 2 with their respective flow
channels 3. Fluid flow plate 1 has a plurality of fluid flow
manifolds 2, and a plurality of active area flow channels 3
located on each side of the fluid flow plate. In this example,
the active area flow channels on the opposite side of fluid
flow plate 1 (now shown in FIG. 2), are connected to fluid
flow manifolds 2, by use of dive through holes 4 and inlet
channels 6. Similarly, flow channels 3 are connected to fluid
flow manifolds 2 by the use of dive through holes 7 and inlet
channels located on the opposite side of fluid flow plate 1
(not shown in FIG. 2). The dive through holes extend
through fluid flow plate 1 thereby allowing fluid from the
fluid flow manifolds to enter the flow channels. The use of
dive through holes, creates a smooth surface 8 on the fluid
face plate thereby allowing a gasket 5 to aid in the sealing
of one plate to another. Gasket 5 also aids in sealing the
respective fluid manifolds, thereby preventing leaking of
fluid.

[0027] With reference again to FIG. 3, the system is held
for a period of time at a constant temperature in Step 140 and
in Step 145 voltage drops across at least two fuel cells are
measured. The drops are compared to predetermined criteria
to determine whether the fluid flow plates of fuel cell stack
32 (FIG. 1) have been correctly formed such that dive
through holes 4 and 7 (FIG. 2), satisfactorily allow the gases
to pass from a fluid flow manifold 2 (FIG. 2) to active arca
fluid flow channels 3 (FIG. 2). For example, the criteria
might limit the allowed variation in fuel cell drop such that
no fuel cells “drop out.” If the test fails, a report is printed
in Step 147, or an operator is informed in other ways, e.g. via
a display, sounds, lights, etc., and testing is stopped. Alter-
natively, if the result of the test is favorable, testing contin-
ues with the load being reduced in Step 150.

[0028] 1In Step 155, carbon monoxide is added to the
reactant gases and in Step 160 the load is again increased.
The system is held at the same flow rates and temperature for
a period of time in Step 170 and in Step 175 a voltage drop
test is performed. The membranes utilized in the fuel cells
may be platinum on one side and a platinum- ruthenium
alloy on the opposite side. Alternatively, membranes and
catalysts may be formed of different materials, as is known
by those skilled in the art. The introduction of carbon
monoxide allows this test to determine if any of the mem-
branes have been installed backwards. Correct installation
calls for the membranes to be installed such that the plati-
num-ruthenium portion faces the reformate portion of a flow
channel of a fuel cell. Platinum is not tolerant of carbon
monoxide and thus if a membrane was installed backwards
the interaction of the carbon monoxide and platinum would
cause a voltage drop that would indicate that a membrane
has been installed incorrectly. Carbon monoxide attaches
itself to the platinum catalyst and prevents an electricity
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producing reaction from occurring thus causing a particular
fuel cell to “drop out.” Such a test may be performed in Step
175 and the result may be compared to predefined criteria.
A failed test results in a report being created and the testing
being stopped in Step 165.

[0029] If the fluid flow plates are determined to be
installed correctly, e.g., if there are no membranes which are
reversed, then the flow of carbon monoxide is stopped and
the reactant gases provided are altered to include hydrogen,
nitrogen, and perhaps carbon dioxide in Step 180. A new
data logging rate may be set in Step 185 and the flow rate of
reactant gases and desired temperatures of the gases and
coolant are set in Step 190. The flow rate of the gases is set
at a level which mimics minimum power output for fuel cell
stack 32 (FIG. 1) and thus a low current density. A second
load is applied in Step 195 also to mimic low electrical
demand and the system is run at constant parameters for a
period of time in Step 200. A voltage drop test is performed
in Step 205 to insure that all the fuel cells are producing
electricity at the new load and flow rates of the reactant
gases. Results of the test are compared by computing unit 10
to predetermined criteria and a report is created or the
operator is otherwise informed if fuel cell stack 32 (FIG. 1)
fails the test at Step 210.

[0030] If fuel cell stack 32 (FIG. 1) passes this test, then
in Step 250 the flow rate is changed and the reactant gas
mixture is changed to consist of substantially pure hydrogen
and incubation is performed in Step 299, as is known by
those skilled in the art. Incubation can be performed in
several ways and an exemplary incubation process is
described in co-pending U.S. patent application Ser. No.
09/694,768, entitled “METHOD OF PRE-CONDITION-
ING OF FUEL CELL STACKS FOR SHORT INCUBA-
TION”, and filed Oct. 23, 2000; now U.S. Pat. No. 6,576,
356, the entire contents of this application is incorporated
herein by reference.

[0031] Following incubation, the reactant gas mixture is
changed, regulated, or altered to include hydrogen, nitrogen,
carbon monoxide and optionally carbon dioxide, in Step
300. The flow rate is changed in Step 310 and the load is
changed in Step 320 to mimic actual full scale operating
conditions. The system is run at these parameters for a
period of time to equilibrate the system in Step 330 and in
Step 340 a voltage drop test is performed. Computing unit
10 (FIG. 1) compares the result of this test to predetermined
criteria to determine if the voltage drops of the individual
fuel cells are satisfactory, for example, to determine if they
are within an accepted range. Also, the average fuel cell
voltage drop is determined and it is compared by computing
unit 10 (FIG. 1) to a predetermined criteria, for example a
power output requirement or, to determine if overall perfor-
mance of fuel cell stack 32 (FIG. 1) is satisfactory. If the
results compare favorably then computing unit 10 (FIG. 1)
may communicate a message to the operator via display 40
(FIG. 1) or print a report which indicates that fuel cell stack
32 (FIG. 1) has been qualified for use. In the alternative, if
this test is failed, computing unit 10 (FIG. 1) may commu-
nicate a message to the operator, or print a report which
indicates that fuel cell stack 32 (FIG. 1) has failed the test
and is not qualified for use at Step 350.

[0032] An additional benefit of the present invention is
that during the first several qualification tests described, fuel
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cell stack 32 (FIG. 1) is concurrently being warmed through
the heating of the reactant gases and coolant prior to
incubation. Testing mechanism 20 (FIG. 1) warms these
gases and coolant, for example through a steam injection
system. This permits immediate incubation of fuel cell stack
32 (FIG. 1) on completion of these initial tests if fuel cell
stack 32 (FIG. 1) has passed all the pre- incubation tests.
Since fuel cell stack 32 (FIG. 1) is already at the required
temperature, it is not necessary to warm the gases and
coolant prior to incubation which can require, e.g., up to
thirty minutes to perform.

[0033] It will be appreciated by those skilled in the art that
the present invention is applicable to testing the inverter, fuel
processor, or other components or subsystems of the fuel cell
system.

[0034] Although preferred embodiments have been
depicted and described in detail herein, it will be apparent to
those skilled in the relevant art that various modifications,
additions, substitutions and the like can be made without
departing from the spirit of the invention and these are
therefore considered to be within the scope of the invention
as defined in the following claims.

1. A method for enabling qualification of a fuel cell
system, the method comprising:

performing a first test on a first portion of the fuel cell
system,

electronically obtaining a first result of the first test;

electronically comparing the first result to a first qualify-
ing criteria; and

performing a second test on a second portion of the fuel
cell system in response to the first result comparing
favorably relative to the first qualifying criteria.
2. The method of claim 1 wherein the first test is different
from the second test.
3. The method of claim 2 further comprising:

electronically obtaining a second result of the second test;

electronically comparing the second result to a second
qualifying criteria; and

providing an indication that the fuel cell is functioning
properly to produce electrical energy in response to the
electronically comparing the first result and the elec-
tronically comparing the second result.
4. The method of claim 1 wherein the first test comprises
a first measurement of performance of the fuel cell system
and the second test comprises a second measurement of
performance of the fuel cell system, the first test being
different from the second test.

5. The method of claim 1 wherein the first test comprises
a first electrical demand, a first reactant gas composition,
and a first temperature of reactant gas, wherein the second
test comprises a second electrical demand, a second reactant
gas composition, and a second temperature of reactant gas,
and wherein at least one of the first electrical demand differs
from the second electrical demand, the first temperature
differs from the second temperature, and the first reactant
gas composition differs from the second reactant gas com-
position.
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6. The method of claim 1 wherein the performing the first
test and the performing the second test comprise warming
the fuel cell system prior to incubation of the fuel cell
system.

7. Amethod for enabling qualification of a fuel cell stack,
the method comprising:

providing a flow rate of reactant gases to the fuel cell
stack to mimic full scale operating conditions;

applying a load to the fuel cell stack to mimic the full
scale operating conditions;

electronically obtaining at least one measurement of volt-
age drop from a voltage drop test across a plurality of
fuel cells of the fuel cell stack;

electronically comparing the at least one measurement of
voltage drop of the voltage drop test to a qualifying
criteria; and

providing at least one of an indication that each fuel cell
of the fuel cell stack is functioning properly to produce
electrical energy and an indication that each fuel cell is
not functioning properly in response to the comparison
of the at least one measurement of voltage drop of the
voltage drop test to the qualifying criteria.

8. The method of claim 7 further comprising:

determining an average of fuel cell voltage drop from the
at least one measurement of voltage drop of the voltage
drop test;

electronically comparing the average to a second quali-
fying criteria; and

providing an indication regarding an electrical output
capability of the fuel cell stack based on the compari-
son of the average to the second qualifying criteria.
9. An apparatus for enabling qualification of at least a
portion of a fuel cell system comprising:

a testing mechanism couplable to the at least a portion of
a fuel cell system;

a computing unit couplable to said testing mechanism;
and

wherein said testing mechanism is configured to perform
a first test on the at least a portion of a fuel cell system;

wherein the computing unit is configured to control the
testing mechanism to obtain a first result of the first test
on the at least a portion of a fuel cell system and to
compare the first result to a first qualification criteria;
and

wherein the computing unit is configured to provide an
indication: that the fuel cell system is disqualified in
response to the first result comparing negatively rela-
tive to the first qualification criteria, that the system is
qualified in response to the first result comparing
favorably relative to the first qualification criteria and
the first test being a last test of a plurality of tests, and
that the fuel cell system requires further testing in
response to the first result comparing favorably relative

to the first qualification criteria.
10. The apparatus of claim 9 wherein the computing unit
is configured to control the testing mechanism to obtain a
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second result of a second test in response to the first result
comparing favorably relative to the first qualification crite-
ria.

11. The apparatus of claim 9 wherein the computing unit
is configured to cause the testing mechanism to perform a
second test on the at least a portion of the fuel cell system,
in response to the first result comparing favorably to the first
qualification criteria.

12. The apparatus of claim 11 wherein the first test
comprises a first electrical demand, a first reactant gas
composition, and a first temperature of reactant gas, wherein
the second test comprises a second electrical demand, a
second reactant gas composition, and a second temperature
of reactant gas, and wherein at least one of the first electrical
demand differs from the second electrical demand, the first
temperature differs from the second temperature, and the
first reactant gas composition differs from the second reac-
tant gas composition.

13. The apparatus of claim 11 wherein the performing the
first test and the performing the second test comprise warm-
ing the fuel cell system prior to incubation of the fuel cell
system.

14. The apparatus of claim 9 wherein the computing unit
is configured to control the testing mechanism to obtain the
first result before incubation of the at least a portion of the
fuel cell system.

15. An apparatus for enabling qualification of a fuel cell
system comprising:

means for electronically obtaining a result of a test on the
fuel cell system;

means for electronically comparing the result to at least
one qualifying criteria; and

means for indicating: that the fuel cell system is qualified
in response to the result comparing favorably relative to
the at least one qualifying criteria and the first test being
a last test of a plurality of tests, that the system is
disqualified in response to the result comparing nega-
tively relative to the at least one qualifying criteria, and
that the fuel cell system requires further testing in
response to the result comparing favorably relative to
the at least one qualifying criteria.

16. The apparatus of claim 15 wherein the means for
electronically obtaining is configured to obtain a second
result of a second test in response to the result comparing
favorably relative to the at least one qualifying criteria.

17. The apparatus of claim 16 wherein the test comprises
a first electrical demand, a first reactant gas composition,
and a first temperature of reactant gas, wherein the second
test comprises a second electrical demand, a second reactant
gas composition, and a second temperature of reactant gas,
and wherein at least one of the first electrical demand differs
from the second electrical demand, the first temperature
differs from the second temperature, and the first reactant
gas composition differs from the second reactant gas com-
position.

18. The apparatus of claim 16 wherein performing the test
and performing the second test comprise warming the fuel
cell system prior to incubation of the fuel cell system.

19. An apparatus for enabling qualification of at least a
portion of a fuel cell system comprising:

a first computing unit adapted to obtain a first result of a
first test on the at least a portion of a fuel cell system;
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a second computing unit adapted to compare the first
result to at least one qualifying criteria;

and a third computing unit adapted to provide an indica-
tion: that the fuel cell system is disqualified in response
to the first result comparing negatively relative to the
first qualification criteria, that the system is qualified in
response to the first result comparing favorably relative
to the first qualification criteria and the first test being
a last test of a plurality of tests, and that the fuel cell
system requires further testing in response to the first
result comparing favorably relative to the first qualifi-
cation criteria.

20. The apparatus of claim 19 wherein the first computing
unit is adapted to control a testing mechanism to obtain a
second result of a second test in response to the first result
comparing favorably relative to the first qualification crite-
ria.

21. The apparatus of claim 20 wherein the first test
comprises a first electrical demand, a first reactant gas
composition, and a first temperature of reactant gas, wherein
the second test comprises a second electrical demand, a
second reactant gas composition, and a second temperature
of reactant gas, and wherein at least one of the first electrical
demand differs from the second electrical demand, the first
temperature differs from the second temperature, and the
first reactant gas composition differs from the second reac-
tant gas composition.

22. The apparatus of claim 20 wherein performing the first
test and performing the second test comprise warming the
fuel cell system prior to incubation of the fuel cell system.

23. The apparatus of claim 19 wherein the first computing
unit, the second computing unit, and the third computing
unit comprise a same computing unit.

24. An article of manufacture comprising:

at least one computer usable medium having computer
readable program code means embodied therein for
enabling qualification of at least a portion of a fuel cell
system, the computer readable program code means in
said article of manufacture comprising:

computer readable program code means for causing a
computing unit to obtain a first result of a first test on
the at least a portion of a fuel cell system;

computer readable program code means for electroni-
cally comparing the first result to at least one quali-
fying criteria; and

computer readable program code means for providing

an indication: that the fuel cell system is disqualified

in response to the first result comparing negatively

relative to the first qualification criteria, that the

system is qualified in response to the first result

comparing favorably relative to the first qualification

criteria and the first test being a last test of a plurality

of tests, and that the fuel cell system requires further

testing in response to the first result comparing
favorably relative to the first qualification criteria.

25. The article of manufacture of claim 24 further com-

prising computer readable program code for causing the

computing unit to obtain a second result of a second test in

response to the first result comparing favorably relative to

the first qualification criteria.



US 2004/0253488 Al

26. The article of manufacture of claim 24 wherein the
first test comprises a first electrical demand, a first reactant
gas composition, and a first temperature of reactant gas,
wherein the second test comprises a second electrical
demand, a second reactant gas composition, and a second
temperature of reactant gas, and wherein at least one of the
first electrical demand differs from the second electrical
demand, the first temperature differs from the second tem-
perature, and the first reactant gas composition differs from
the second reactant gas composition.

Dec. 16, 2004

27. The article of manufacture of claim 25 wherein
performing the first test and performing the second test
comprise warming the fuel cell system prior to incubation of
the fuel cell system.

28. The article of manufacture of claim 24 wherein the
obtaining the first result comprises obtaining the first result
of the first test before incubation of the at least a portion of
the fuel cell system.



