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(57) Abrégée/Abstract:

Embodiments of the Invention relate to apparatus, systems and methods for testing for short-circuited cells within an
electrochemical cell stack. In order to test for a short-circuit, each cell in the stack is supplied with a non-fuel gas at both the anode
and cathode sides of the cell. A voltage Is supplied across the whole electrochemical cell stack and the individual electrical
potentials (le. voltages) between the anode and cathode of each cell iIs measured. If the voltage measured across the anode and
cathode of a cell is below a certain amount, the cell is determined to be short-circuited.
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ABSTRACT OF THE DISCLOSURE

Embodiments of the invention relate to apparatus, systems and
methods for testing for short-circuited cells within an electrochemical cell
stack. In order to test for a shori-circuit, each cell in the stack is supplied with
a non-fuel gas at both the anode and cathode sides of the cell. A voltage is
supplied across the whole electrochemical cell stack and the individual
electrical potentials (ie. voltages) between the anode and cathode of each cell
Is measured. If the voltage measured across the anode and cathode of a cell

IS below a certain amount, the cell is determined to be short-circuited.
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ELECTROCHEMICAL CELLS
Field of the invention
10001] The present invention relates to a method, system and
apparatus for testing for a short circuit of an electrochemical cell. In

particular, the invention relates to detecting a short circuit of an

electrochemical cell within a plurality of electrochemical cells.

[0002] Fuel celis and electrolyzer cells are usually collectively referred
to as electrochemical cells. Fuel cells have been proposed as a clean,
efficient and environmentally friendly power source that has various
applications. A conventional proton exchange membrane (PEM) fuel cell is
typically comprised of an anode, a cathode, and a selective electrolytic
membrane disposed between the two electrodes. A fuel cell generates
electricity by bringing a fuel gas (typically hydrogen) and an oxidant gas
(typically oxygen) respectively to the anode and the cathode. In reaction. a
fuel such as hydrogen is oxidized at the anode to form cations (protons) and
electrons by the reaction: H, = 2H™ + 2¢".

10003] The proton exchange membrane facilitates the migration of
protons from the anode to the cathode while preventing the electrons from
passing through the membrane. As a resuit, the electrons are forced to flow
through an external circuit thus providing an electrical current. At the cathode,
oxygen reacts with electrons returned from the electrical circuit to form anions.
The anions formed at the cathode react with the protons that have crossed

the membrane to form liquid water as the by-product following the reaction:
1/2 Oy + 2H" + 2e” = H,0.

10004] An electrolyzer cell uses electricity to electrolyze water to
generate oxygen from its anode and hydrogen from its cathode. Similar to a
fuel cell, a typical sclid polymer water electrolyzer (SPWE) or proton

exchange membrane (PEM) electrolyzer is alsc comprised of an anode, a
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cathode and a proton exchange membrane disposed between the two
electrodes. Water is intrcduced to, for example, the anode of the electrolyzer
which Is connected to the positive pole of a suitable direct current voltage.

Oxygen is produced at the anode by the reaction: HO = 1/2 O, + 2H" + 2¢".

[0005] The protons then migrate from the anode to the cathode through
the membrane. On the cathode which is connected to the negative pole of
the direct current voltage, the protons conducted through the membrane are

reduced to hydrogen following the reaction: 2H" + 2e™ = H..

[0006] In practice, electrochemical cells are not operated as single
units. Rather, electrochemical cells are connected in series, either stacked
one on top of the other or placed side by side. The series of cells is usually

referred to as a stack.

100077 A common probiem in electrochemical cell stacks is electrical
shorting of individual cells within the stack. A cell may become shorted in a
number of different ways. For exampie, if the membrane electrode assembly
Is damaged or punctured, the anode and cathode may be in direct contact
with each other, resulting in a short circuit across the membrane. In another
example, if the seal is imperfect and does not completely separate the anode

and cathode plates from each other, this will also result in a short circuit of the

cell.

(0008] A short circuit of one or more cells in a fuel cell stack reduces
the efficiency of the stack because it reduces the number of cells available for
power generation. For electrolyzer cell stacks, the shorting problems render

some cells unavailable for electrolysis reaction. Shorting may also lead to
damage of cells and hence is highly undesirable.

(00097 The present invention aims to provide a way of testing for a

short circuit of one or more cells within an electrochemical celi stack.

100107 In accordance with a first aspect of the present invention. there

Is provided an apparatus for testing for a short circuit in at least one
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electrochemical cell. The apparatus comprises a gas supply for supplying a
non-fuel gas to an anode side and a cathode sicde of the at least one
electrochemical cell, a voltage supply for supplying a test voltage across the
at least one electrochemical cell and a voltage monitor for measuring a cell

voltage of each at least one electrochemical cell.

10011] In accordance with a further aspect of the present invention,
there is provided a method for testing for a short circuit in at least one
electrochemical cell. The method comprises supplying a non-fuel gas to an
anode side and a cathode side of the at least one electrochemical cell,
supplying a test voltage across the at least one electrochemical cell and

measuring a cell voltage of the at least one electrochemical cell.

[0012] In accordance with a still further aspect of the invention, there is
provided a system for testing a plurality of electrochemical cells connected in
series. The system comprises a gas supply for supplying a non-fuel gas to an
anode side and a cathode side of each electrochemical cell of the plurality of
electrochemical cells, a voltage supply for supplying a first voltage across the
plurality of electrochemical cells and a voltage monitor for measuring a

second voltage between respective electrodes at the anode side and cathode
side for each electrochemical cell.

[0013] Advantageously, the measured cell voltage (or second voltage)
can be used to determine whether the cell is short-circuited.

Brief description of the drawings

[0014] FFor a better understanding of the present invention and to show
more clearly how it may be carried into effect, reference will now be made, by

way of example, to the accompanying drawings which show a preferred
embodiment of the present invention and in which:

[0015] Figure 1 Is a schematic diagram of an apparatus for testing for a
short circuit of one or more cells within an electrochemical cell stack, in
accordance with one embodiment of the present invention;
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[0016] Figure 2 is a graph of an example display output of
measurement results obtained in the testing; and

[0017] Figure 3 is a schematic diagram of a system for testing for a
short circuit of one or more cells within an electrochemical cell stack, in
accordance with another embodiment of the invention.

Detailed description of the invention

[0018] Preferred embodiments are described hereinafter, with
reference to the drawings. Like reference numerals are used to indicate like

features or functions as between the drawings and/or embodiments.

[0019] It shouid be understood by persons skilled in the art that, while
the following description refers mainly o fuel celis which consume hydrogen
gas and generate water, embodiments of the invention are equally applicable
to other electrochemical cells, such as electrolyzer cells, which consume
water and generate hydrogen gas. In particular, embodiments of the
invention are applicable to electrochemical cells having opposed electrodes

separated by a thin membrane or seal, where the cells are arranged in a
stack.

[0020] Embodiments of the invention generally relate to an apparatus
and a system for testing the fuel cells within a fuel cell stack for determining
whether one or more of those fuel cells is short-circuited. Embodiments also

relate to methods for testing for a short-circuit using the apparatus and

system.

[0021] Embodiments of the invention are particularly applicable for
testing a fuel cell stack after assembly of the stack has been mostly or fully
completed, as part of a quality assurance procedure performed prior to sale or
use of the fuel cell stack. The fuel cell stack may be assembled either as part
of a fuel cell power generation module or on its own. This testing is
performed after assembly because manufacturing errors are one possible

source of defects in the cells or components thereof, which may lead to short-
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circuiting of a cell, which in turn degenerates the overall performance of the

fuel cell stack.

106022} In another scenario, embodiments of the inventions may be
empioyed to test a stack that has been in use for some time, for example to
perform one of several diagnostic tests on the fuel cell stack to determine the

cause of sub-optimal performance of the stack.

[0023] Testing of a newly manufactured fuel cell stack is performed
similarly to that of a used fuel cell stack, except that a fuel cell stack that has

been In operation will need to be purged of any fuel gas prior to testing.

[0024] Referring now to Figure 1, there is shown a short-circuit testing
apparatus 5. Short-circuit testing apparatus 5 includes a gas supply system
101, voltage supply system 102 and voltage monitoring system 103, each

interacting with a fuel cell stack 10.

[0025] The fuel cell stack 10 includes a number of fuel cells 60. The
number of fuel cells 60 in the fuel cell stack 10 may vary from a small number,

such as 1 or 2, to a large number, such as 100 or more. A common number

of fuel cells in a stack is 60.

(0026} Each fuel cell 60 in fuel cell stack 10 has an anode side (not
shown) having a flow field for receiving a fuel gas such as hydrogen gas and
an anode plate (not shown) acting as one of the fuel cell electrodes. Each
fuel cell 60 also as a cathode side (not shown) having a flow field for receiving
a reactant gas such as air or oxygen and has a cathode plate (not shown)
acting as an electrode of opposite polarity to that of the anode plate. A
membrane, such as a PEM, and a seal separate the anode and cathode sides
so as to prevent the electrode plates from contacﬁhg each other and hence
short-circuiting the cell. While preferred embodiments are described herein
with reference to Hydrogen fuel cells having a proton exchange membrane, it
should be understood that the invention is applicable to any form of

electrochemical cell having opposed, separated electrodes. Specifically, the
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invention is applicable to cells using a solid polymer electrolyte, including

either cation and anion exchange membranes.

10027] Fuel cell stack 10 has an anocde iniet 11 for receiving gas and
distributing it to the anode side of each fuel cell 60. Sémiiarly, a cathode iniet
12 on fuel cell stack 10 receives gas for distribution to the cathode side of
each fuel cell 60. A coolant inlet 13 is provided on fuel cell stack 10 for
receiving coolant during normal operation of the stack 10, although no coolant
IS required for short-circuit testing according to embodiments of the present
inventions. Anode outlet 14, cathode outlet 15 and coolant outlet 16 are also
provided on fuel cell siack 10. Whiie coolant outlet 16 is not required for
short-circuit testing, anode outlet 14 and cathode outlet 15 may be used for
venting of non-fuel test gases used during short-circuit testing, or may be

coupled to respective gas return lines (not shown) feeding back to gas supply
50.

[0028] Alternatively, anode and cathode outlets 14, 15 may be blocked
during testing and the non-fuel gas can be suppliéd to the fuel cell stack in a
"dead-end" manner, such that the non-fuel gas does not flow out of the stack.
However, anode and cathode outiets 14, 15 shouid not be blocked when the

stack is being purged of fuel gas.

[0029] Gas supply system 101 includes gas supply 50 and gas supply
lines 55, 56. Gas supply line 56 feeds into anode inlet 11 and gas supply line
55 supplies gas to cathode inlet 12. Gas supply 50 includes at least one gas
storage tank (not shown) for storing and supplying an inert or relatively inert
gas (ie. a non-fuel gas) to anode and cathode inlets 11 and 12 of fuel cell
stack 10. The gas storage tank keeps the supply gas under pressure but the
gas supply 50 may also include a compressor, blower or fan for assisting In
delivery of the supply gas to the fuel cell stack 10.

[0030] Gas supply 50 supplies inert gas or air, which is sufficiently inert
for the purpose of short-circuit testing. If air is supplied as the non-fuel gas to
fuel cell stack 10 during testing, any fuel gas, such as hydrogen, should be
purged, using an inert gas from the fuel cell stack 10 prior to supply of the air.
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If Hydrogen remains in the anode side of the cell when air is supplied thereto,
Oxygen in the air is likely to combust with the Hydrogen. Also, if Hydrogen
remains at the anode side when air is supplied to the cathode side, the fuel
cell may begin to operate in a current generation mode, which will disrupt the
testing and create anomalous voltage measurements. Purging will also serve
to flush water or other contaminants from the anode and cathode sides of the

stack.

[0031] During purging of the anode and cathode sides, a relatively
forceful flush of inert gas is applied from gas supply 50. Once the purge is
complete and the stack is ready for short-circuit testing, the non-fuel gas is
applied at a relatively low pressure. Although it is possible to purge the stack
with a short, forceful burst of air, this runs the risk of combustion within the cell

or stack and is therefore not preferred.

[C032] Reference herein to “non-fuel gas” is intended 1o indicate a gas
which will not be consumed as part of a normal operation of the cell. For
example, for a Hydrogen fuel cell, any gas other than one which comprises
Hydrogen may be used, providing it is suitable for use in a fuel cell, including
being sufficiently clean, inert and non-toxic to the fuei cell materials. For an
electrolyzer cell, which consumes water during normal operation, a non-fuel
gas will be any suitable gas which does not comprise Hydrogen, providing it is
suitable for use in an electrolyzer cell, including being sufficiently ciean, inert

and non-toxic to the electrolyzer cell materiais.

[0033] in one embodiment, gas supply 50 includes a storage tank for
inert gas and a separate storage tank for air. Alternatively, air may be drawn
from the operating environment through gas supply 50, without use of a
dedicated storage tank.

10034] A preferred inert gas for supply to fuel cell stack 10 during short-
circuit testing is nitrogen, although other inert gases, such as argon or helium,
may be used. If air is used as the non-fuel gas during testing, it is preferably
filtered through a suitable filter (not shown) in gas supply system 101.
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[0035] Voltage supply system 102 includes a voltage supply 20, an
ammeter 30 (or other current sensing device) and a discharge circuit 75.
Voltage supply system 102 further includes an active supply conductor 25 and
a passive supply conductor 26, forming a circuit interconnecting voltage
supply 20 and fuel cell stack 10 so as to supply a direct current (DC) voltage
thereto.

[0036] Voltage supply 20 is preferably a 24 volt DC supply where fuel
cell stack 10 has about 60 fuel cells 60. In another example, for 100 fuel cells

60 in fuel cell stack 10, a 48 volt DC supply may be used as voitage supply
20.

(00371 Under normal operation of a fuel cell during power generation,
each fuel cell is effectively, in electrical circuit terms, a resistance coupled in
parallel with a capacitance. The resistance is due to the effective current flow
across the PEM, while the capacitance is due to the large anode and cathode
plates separated from each other by a small distance. If the cell is not
supplied with reactant gasses, the effective current flow across the PEM
which would occur in a power generation mode is not present and the
electrical circuit equivalent of the cell becomes a capacitance alone, with an
open circuit in place of the resistance. The celis are electrically connected in
series. When the cells are aggregated in a stack, the electrical circuit

equivalent of the stack resembles a number of capacitors connected in series.

[0038] When voltage is supplied from voltage supply 20 to end
terminals (not specifically shown) of fuel cell stack 10 (when not receiving any

reactant gases), the plates of each cell act as a capacitor, which charges up.

100397 Ammeter 30 is connected in series along active supply
conductor 25 and is used to detect current flowing through the circuit formed
by conductors 25, 26 and fuel cell stack 10 during testing. When voltage
supply 20 is initially turned on, the anode and cathode plates of cells 60 in
stack 10 will act as large capacitors (because there will be no current flow
between the fuel cell plates in the test mode) and thus ammeter 30 will sense
and dispiay a transient current during this initial period. Once the effective
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charge of the fuel cells 60 reaches a relatively steady state, this will be

reflected in a substantially stable (zero) current indication by ammeter 30.

10040] Preferably, once a stable current is determined from ammeter
30, and the non-fuel test gas is being supplied from gas supply system 101,
voltage monitoring system 103 is engaged to begin measuring the differences
in electrical potential, which is effectively a voltage difference, between the
anode and cathode plates of each fuel cell 60. If the current is not stable
when the voltage monitor 40 is engaged, the measured cell voltage may
fluctuate.

[0041] The voltage monitoring system 103 comprises a voltage monitor
40, a cable or wire harness 47 connecting the voltage monitor 40 to the stack
and a plurality of cell contacts 45 for sensing the potentials of a respective
plurality of fuel cells. A preferred voltage monitor is disclosed in commonly
owned co-pending US Patent Application Serial No. 09/865,562, filed May 29,
2001, which is hereby incorporated by reference. US Patent Application
Serial No. 09/865,562 is published under US Publication No. 2002-0180447-
A1. Other forms of voltage monitor 40 may be employed, providing that they
have the presently described features and perform the presently described
functions.

[0042] The voltage monitor 40 comprises a piurality of differential
amplifiers (not shown), a multiplexer (not shown), an analog to digital
converter (not shown), a controller (not shown), and a display (not shown).
Each of the differential amplifiers reads the voltages at two terminals of each
fuel cell. The analog to digital converter reads the output of the differential
amplifiers via the multiplexer, which provides access to one of these
differential amplifiers at any given time. The digital output of the analog to
digital converter is then provided to the controlier for processing. The
controller controls the operation of the analog to digital converter and the
multiplexer processes the digital output and executes.software instructions for

displaying the processed digital output on a display such as an LCD or CRT
display.
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10043] The cell contacts 45 may be prefabricated on the anode or
cathode plates so as to protrude therefrom and allow for easy connection to
corresponding wires (not shown) of a cable or wiring harness 47.
Alternatively, cathode and/or anode tapping points for each cell may be
electricaily connected to an array of spring-loaded contact pins within a wiring
harness connector socket or plug to enable easy connection fto a
corresponding plug or socket connector at the end of cable or wiring harness
47. Other suitable contact means may be employed so as to connect the

cells of fuel stack 10 to voltage monitor 40 via cable or wiring harness 47.

10044] If the fue!l cell stack 10 has a large number of cells 60, for
example in the order of 100 celis, voltage monitor 40 and cable or wiring
harness 47 may be used to test groups of the cells one at a time for short-
circuits within each group of cells. For example, if voltage monitor 40 and
wiring harness 47 are only set up to test 30 cells at a time, a fuel cell stack 10
having 100 cells can be divided into four groups of cells for sequential testing
(ie. three groups of 30 cells and one group of 10 cells). Further, the
multiplexer of voltage monitor 40 may be configured to select only a subset of
the cells for which it is connected to receive input, depending on the desired

testing arrangement.

[0045] Voltage monitor 40 is configured to sample the cell voltages of
fuel cell stack 10, or groups of cells thereof, in rapid succession, and to
process the measured voltages for display so as to appear to an cbserver as
if all of the cells were being monitored at the same time. Further, the cell
voltage measurements must be sufficiently rapid to report brief transient
conditions affecting the cells. It is preferred to perform a cell voltage

measurement about every 10 milliseconds for each cell.

[0046] As a routine step or only for stacks previously in operation, the
anode and cathode of the fuel cell stack 10 may be purged with an inert gas,
for example, nitrogen, prior to testing to fiush out residual reactants on the
anode and cathode and remove any water from flooded cells. This ensures

that the reading of cell voltages is not compromised by the presence of
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reactants and water. This purge operation is achieved by supplying inert gas
from the gas storage tank to the fuel cell stack 10 and forces the nitrogen {o
flow through the anode and cathode sides of each celi 60 in the stack 10.

10047] While the inert gas or air is continuously flowing through the
anode and cathode sides of each fuel cell, thé voltage supply 20 supplies a
DC voltage to opposed end terminals of the fuel cell stack such that the
cathode of the cell at one end of the stack is at a higher potential than the
anode of the cell at the other end of the stack. The voltage monitor 40
measures the individual cell potentials (voltages) of each fuel cell 60. If a cell
is not short-circuited, it is possible to detect a potential difference across each
cell up to about the typical voltage of a fuel cell, for example, between 0.3 and
1.0 volt. However, if a cell is short-circuited for any reason, the detected
notential difference across the cell will be considerably lower than that range,

for example only a few millivolts.

10048] Preferably, during the test, the DC voltage supplied by voltage
supply 20 is gradually increased from zero to a maximum level (eg. 24 volts
for a 60 cell stack). It i1s preferable that the DC voltage is applied such that
the highest cell voltage detected by the voltage monitor 40 does not exceed a
maximum cell voltage of the cells being tested. in normal operation, individual
fuel cells usually generate a voltage below 1.0V. Accordingly the maximum

cell voltage is preferably lower than 1.0V, for example, 0.5V. Beyond about
1.2V, the cell may be damaged.

10049] The maximum cell voltage is determined according to the
design, configuration and materials of the cells to be tested and may vary
accordingly. The output of voltage supply 20 is limited to ensure that no cells
are damaged during the short circuit test. As the DC voltage increases, the
measurea current in ammeter 30 changes. It is preferable to wait until the
reading of the ammeter 30 is stable for a certain period of time, for example,

30 seconds up to a few minutes, to record the cell voltages measured by the
voltage monitor 40.
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[0050] Figure 2 shows an example display of a graph of measured cell
voltages generated by voltage monitor 40. In the example, normal cells have
cell voltages in the range of 0.25 to 0.45 volts. Cell # 8 Is short-circuited and

hence has a cell voitage much lower (eg. about 20 millivolts) than those of the

normal cells.

[10051] in the graph in Figure 2, an average cell voltage line is indicated
at about 0.38V. This average cell voltage is calculated as the average of all of
the voltages of cells 1 to 15. Alternatively, the average may be calculated as
the average cell voitages of all cells except that which is determined to be the
minimum cell voltage, in this case cell number 8. The calculated average cell
voltage is used to determine, for each cell, whether the cell voltage of that cell
is low enough such that the cell is likely to be short-circuited. For example, if
the voltage of a cell is less than a threshold voltage, defined with respect to
the average, this may be considered to indicate a short-circuit in that cell. The
threshold may be, for example, a fraction of the average, such as one third or
one half. As a further alternative, the threshold may be defined without

reference to the average of the cell voltages, being instead a set voltage level,
such as 0.05V.

10052] As a further alternative to using the average of the cell voltages
to determine a threshold, the threshold voltage may be determined as a
fraction of the maximum cell voitage measured among ail of the cells. Such a

threshold may be, for example, one fifth of the highest measured cell voltage.

10053} If the cell voltages are seen to fluctuate somewhat over time,
this may make it difficuit to determine a reliably fixed average over all of the
cells. In such a case, each cell voltage displayed in the graph may be a time
averaged amount of the measured cell voltages over a certain period of time,
such as several seconds. The calculations for generating a graph display
such as that illustrated in Figure 2 are performed by the controller of voltage
monitor 40 or alternatively, may be performed by an additional computer
processor with which the controller is in communication, such as is described
in US Patent Application Serial No. 09/865,562.
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10054] After the fuel cell stack 10 is tested for short circuits, the
apparatus 5 may be disconnected from the stack and applied to the next stack

to be tested.

10055] Preferably, after being tested but prior to disconnection the fuel
cell stack 10 Is discharged by connecting resistor 70 across the cells.
Referring again to Figure 1, discharge circuit 75 is used to discharge any
residual charge in the stack through discharge resister 70. Discharge resister
70 is preferably a power resister having a rating for 60 watts of power and 60
chms.

10056] Discharge circuit 75 also includes a discharge switch 72 which,
during short-circuit testing of fuel cell stack 10, is positioned so as to complete
the circuit between voltage supply 20 and fuel cell stack 10. Once the short-
circuit testing is completed, discharge switch 72 is switched so as to create an
open circuit in conductor 26 and close a circuit between discharge resister 70
and fuel celi stack 10. Optionally, a further ammeter (not shown) may be
connected In series with discharge resister 70 so as to enable an operator of

the apparatus to determine when the fuel cell stack has sufficiently discharged
through discharge resister 70.

10057] Discharge switch 72 may be manual or may be indirectly
actuated through another device, for example such as a voltage supply 20 or
a relay (not shown) included within the voltage supply system 102.

10058] Discharge circuit 75 may be arranged in an alternative
configuration as appropriate, for example as a separate circuit from the
voltage supply circuit.

[0059] Preferably, short-circuit testing apparatus 5 includes a cabinet or
portable housing for enclosing gas supply system 101, voltage supply system
102 and voltage monitoring system 103 together. This cabinet preferably has
at least some basic input and output. For example, discharge switch 72 may
be actuated by a manual switch on the cabinet, ammeter 30 may have an

analogue display mounted on the cabinet, gas supply 50 from gas supply
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subsystem 101 may be activated by one or more switches on the cabinet and
a display controlled by voltage monitor 40 may also be mounted on the

cabinet.

[0060] Referring now to Figure 3, there is shown a short-circuit testing
system 105 substantially similar in function to short-circuit testing apparatus 5,
except with added functionality in the form of a computer processing unit 80
and a dedicated LCD or CRT display 90. Like reference numerals in Figure 3
refer to like features or functions as described in relation to Figure 1 and will

therefore not be repeated in relation to Figure 3.

[0061] Short-circuit testing system 105 includes a system enclosure
100 for housing voltage supply 20, ammeter 30, voltage monitor 40, gas
supply 50, discharge circuit 75, computer 80 and display 90. In order to
conduct the short-circuit testing on fuel cell stack 10, cable or wiring harness
47 extends from the system enclosure 100, as do conductors 25, 26 and gas
supply lines 55, 56.

[0062] Computer 80 includes appropriate input and output devices,
such as a keyboard and mouse and other devices which would normally be
associated with a personal computer, and a central processing unit for
executing software to control the gas supply system 101, the voitage supply
system 102, the voltage monitoring system 103 and display 90. Computer 80
enables a user of the short-circuit testing system 105 to provide control

commands through a keyboard and mouse, for example, while viewing
display 90.

[0063] Preferably, computer 80 includes a programmable controiler for
controlling actuation of any vaives, biowers, etc. in gas supply system 101, as
well as operating a switching relay so as to provide power to voltage supply
system 102 from mains power through a transformer (for example).
Preferably, short-circuit testing system 105 (and short-circuit apparatus 5)
runs on mains power, whicn feeds each of the system components, as

necessary, either directly or thrcugh an appropriate transformer and/or
rectifier.
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j0064] The programmable controller of computer 80 is further adapted
to monitor the voltage supply, current and discharge characteristics of voltage
supply system 102 and inform the user of these characteristics through
display 90 via the appropriate software on computer 80. Similarly, the
programmable controller communicates with the controller of voltage monitor
40 for initiating the monitoring procedure and receiving digital voltage outputs
for display on display 90. The programmable controller may also receive
status signals from the valves, blowers, pressure indicators, efc. of gas supply
system 101.

[0065] In short-circuit testing system 1095, instead of voltage monitor 40
performing the caiculations for generating a dispiay such as that illustrated In

Figure 2, this is preferably performed by computer 80 in communication with
the controller of voltage monitor 40.

[0066] As mentioned above, the present invention is also applicable for
electrolyzer cells. It will be appreciated by those skilled in the art that when
electrolyzer cells are tested, the voltage supply 20 should be connected to the
stack such that the anode of each electrolyzer cell is at a higher potential than
the cathode of that cell. Other aspects of the method for conducting the test

are same as those for fuel cells and hence wiil not be repeated herein for
simplicity.

[0067] The present invention is also applicable to testing for a short
circuit in a single fuel cell. In this case, the stack effectively consists of only
one cell. The voltage supply 20 is connected to the single fuel cell such that
the cathode of the cell is at a higher potential than the anode.

10068] It should be further understood that various modifications can be
made by those skilled in the art to the preferred embodiments described and

Hlustrated herein, without departing from the spirit and scope of the present
invention.
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Claims:

1. An apparatus for testing for a short circuit in at least one electrochemical

cell, comprising:

a gas supply for supplying a non-fuel gas to an anode side and a
cathode side of the at least one electrochemical cell;

a voltage supply for supplying a test voltage across the at least one

electrochemical cell: and

a volitage monitor for measuring a cell voltage of each at least one
electrochemical cell.

2. The apparatus of claim 1, further comprising a voltage supply system
which comprises the voitage supply and a current measuring device for

measuring current flowing through the at least one electrochemicai cell.
3. The apparatus of ciaim 2, wherein the test voltage is a DC voltage.

4. The apparatus of claim 3, wherein the voltage supply system is
arranged to increase the DC voltage from zero and the voltage monitor is
arranged to measure the cell voltage of each at least one electrochemical cell

once the current measured by the current measuring device is determined to
be stable.

5. The apparatus of claim 1, wherein the voltage supply to the at least

one electrochemical cell is supplied such that the highest cell voltage does not
exceed a maximum voltage.

6. The apparatus of claim 5, wherein the maximum voltage is in the range
of 0.5 - 1.2 voit.
7. The apparatus of claim 1, wherein each at least one electrochemical

cell is a fuel cell and wherein the test voltage is supplied to the at least one
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fuel cell such that a cathode of each at least one fuel cell is at a higher voltage

than an anode of the same cell.

8. The apparatus of claim 1, wherein each at least one electrochemical
cell is an electrolyzer cell and wherein the test voltage is supplied to the at
least one electrolyzer cell such that an anode of each at least one electrolyzer

cell is at a higher voltage than a cathode of the same ceill.

0. The apparatus of claim 1, further comprising a discharge circuit for

discharging the at least one electrochemical cell after the cell voltage has
been measured.

10. The apparatus of claim 9, wherein said discharge circuit comprises a

discharge resistor connectable across the at least one electrochemical cell.

11.  The apparatus of claim 10, wherein said discharge circuit comprises a
switch for connecting the discharge resistor across the at least one
electrochemical cell.

12. The apparatus of claim 1, wherein the non-fuel gas consists

substantially of inert gas or air.

13. The apparatus of claim 1, wherein the gas supply further comprises a

gas storage tank for storing and supplying said non-fuel gas to the anode side

and cathode side of the at least one electrochemical cell.

14.  The apparatus of claim 1, wherein the at least one electrochemical cell

comprises part of an electrochemical cell stack having a plurality of
electrochemical cells.

15.  The apparatus of claim 1, wherein the voltage monitor comprises a

multiplexer for selecting each at least one electrochemical cell for measuring
a cell voitage thereof.

16.  The apparatus of claim 15, wherein the multiplexer is adapted to select
each at least one electrochemical cell in a rapidly repeating sequence.
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17. The apparatus of claim 1, wherein the voltage monitor comprises a
display for displaying the measured cell voltage of each at least one
electrochemicai cell.

18. The apparatus of claim 15, wherein the voltage monitor Is arranged to
determine that the at least one electrochemical cell is short-circuited if the
measured cell voltage of the respective electrochemical cell is less than a

threshold voitage.

19. The apparatus of claim 18, wherein the threshold voltage is a
predetermined voltage.

20. The apparatus of claim 18, wherein the threshold voltage is based on

the measured cell voltages of the electrochemical cells.

21.  The apparatus of claim 20, wherein the threshold voltage is based on a

fraction of the average of the measured voitages.

22. A method for testing for a short circuit in at least one electrochemical
cell, comprising:
supplying a non-fuel gas to an anode side and a cathode side of the at

least one electrochemical cell;

supplying a test voltage across the at least one electrochemical cell;
and

measuring a cell voltage of the at least one electrochemical cell.

23. The method of claim 22, further comprising measuring a current flowing
to the at least one electrochemical cell.

24. The method of claim 23, wherein the test voltage is a DC voltage.

29. The method of claim 24, further comprising increasing the test voltage
from zero and the step of measuring comprises measuring the cell voltage of
each at least one electrochemical cell once the measured current is
determined to be substantially stable.
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26. The method of claim 22, wherein the step of supplying a test voltage is
performed such that the highest celi voitage does not exceed a maximum celi

voltage.

27. The method of claim 26, wherein the maximum cell voltage is in the
range of 0.5 — 1.2 volts. |

28. The method of claim 22, wherein each at least one electrochemical cell
IS a fuel cell and the test voltage is applied to the at ieast one fuel cell such
that a cathode of each at least one fuel cell is at a higher voltage than an

anode of the same ceili.

29. The method of claim 22, wherein each at least one electrochemical cell
Is an electrolyzer cell and the test voltage is applied to the at least one
electrolyzer cell such that an anode of each at least one electrolyzer celi is at
a higher voltage than a cathode of the same caeli.

30. The method of claim 22, further comprising discharging the at least one
electrochemical cell through a discharge circuit after said step of measuring.

31. The method of claim 22, wherein the non-fuel testing gas consists
substantially of inert gas or air.

32. The method of claim 22, further comprising purging the anode side and
cathode side of each at least one electrochemical cell before supplying the
non-fuel gas.

33. The method of claim 22, wherein the at least one electrochemical cell

comprises part of an electrochemical stack having a piurality of
electrochemical celis.

34. The method of claim 22, wherein the step of measuring comprises
selecting each at least one electrochemical cell in a rapidly repeating

sequence and measuring each selected electrochemical cell in said
sequence.
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35. The method of cilaim 22, further comprising the step of displaying the

measured cell voltage of each at least one electrochemical cell.

36. The method of claim 22, further comprising, for each at least one
electrochemical cell, the step of determining that the electrochemical cell is
short-circuited if the measured cell voltage of the electrochemical cell is less

than a threshold voitage.

37. A system for testing a plurality of electrochemical celis connected in

series, the system comprising:

a gas supply for suppiying a non-fuel gas to an anode side and a
cathode side of each at least one electrochemical cell of the plurality of

electrocnemicail cells:

a voltage supply for supplying a first voitage across the plurality of
electrochemical cells; and

a voltage monitor for measuring a second voltage between respective

electrodes at the anode side and cathode side of each electrochemical ceill.

38. The system of claim 37, further comprising a voltage supply system

which comprises the voltage supply and a current measuring device for
measuring current flowing to the electrochemicai cells.

39. The system of claim 38, wherein the voltage supply system is arranged
to Increase the first voltage from zero and the voltage monitor is arranged to
measure the second voltage of each electrochemical cell once the current

measured by the current measuring device is determined to be stable.

40. The system of claim 37, wherein the voltage supply to the

electrochemical cells is supplied such that the highest cell voltage does not
exceed a maximum cell voltage.

41.  The system of claim 40, wherein the maximum cell voltage is in the
range of 0.5 — 1.2 voit.
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42. The system of claim 37, wherein each electrochemical cell is a fuel cell.

43. The system of claim 37, wherein each electrochemical cell is an
electrolyzer cell.

44. The system of claim 37, further comprising a discharge circuit for
discharging the piurality of electrochemical celis after the respective second

voltages have been measured.

45. The system of claim 44, wherein said discharge circuit comprises a

discharge resistor connectable across the plurality of electrochemical cells.

46. The system of claim 45, wherein said discharge circuit comprises a
switch for connecting the discharge resister across the plurality of
electrochemical cells.

47. The system of claim 37, wherein the non-fuel gas consists substantially
of inert gas or air.

48. The system of claim 37, wherein the gas supply further comprises a

gas storage tank for storing and supplying said non-fuel gas to the plurality of
electrochemical cell.

49. The system of claim 37, wherein the voltage monitor comprises a

multiplexer for selecting each electrochemical cell for measuring the second
respective voitage thereof.

50. The system of claim 49, wherein the muitiplexer selects each

electrochemical cell in a rapidly repeating sequence.

51.  The system of claim 37, wherein the voltage monitor comprises a

display for displaying the measured cell voltage of each electrochemical cell.

52. The system of claim 37, wherein, for each electrochemical cell, the

voltage monitor indicates that the electrochemical cell is short-circuited if the
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measured second voltage of the electrochemical cell is less than a threshold

voltage.

53. The system of claim 52, wherein the threshold voltage is a
predetermined voltage.

54.  The system of claim 52, wherein the threshold voltage is based on the

measured second voltages of the plurality of electrochemical cells.

55.  The system of claim 54, wherein the threshold voltage is based on a

fraction of the average of the measured second voltages.
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Figure 1
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