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(57) Abstract: The object of the invention is a method for monitoring galvanic isolation (120) of a fuel cell device. In the method
is arranged at least one stack (103) of fuel cells and at least one load circuit (111) for fuel cells to an electrically freely floating
configuration towards at least one structure (122) near fuel cells, is performed a controlled switching via at least two switching
points (126, 128) to at least one measurement element (124) comprising known impedance in connection to said at least one struc-
ture (122), is performed measurements from the measurement element to form voltage information, is processed said formed volt-
age information and at least voltage information between switching points (126, 128) to check floatages of fuel cells in relation to
said at least one structure.
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Arrangement and method for monitoring galvanic isolation of fuel
cell device

The field of the invention

Fuel cell devices are becoming general in fulfilling different kind of electricity
production needs. Fuel cell devices are electrochemical devices supplied with
reactants for producing electrical energy.

The state of the art

Fuel cell devices are electrochemical devices, which enables production of
electricity with high duty ratio in an environmentally friendly process. Fuel
cell technology is considered as one of the most promising future energy
production methods.

Fuel cell, as presented in fig 1, comprises an anode side 100 and a cathode
side 102 and an electrolyte material 104 between them. The reactants fed to
the fuel cell devices undergo a process in which electrical energy and heat
are produced as a result of an exothermal reaction. For example in solid
oxide fuel cells (SOFCs) oxygen 106 is fed to the cathode side 102 and it is
reduced to a negative oxygen ion by receiving electrons from the cathode.
The negative oxygen ion goes through the electrolyte material 104 to the
anode side 100 where it reacts with the used fuel 108 producing water and
also typically carbondioxide (CO2). Between anode and cathode is an

- external electric circuit 111 as a load for fuel cell for transferring electrons e-

to the cathode. External electric circuit comprises a load 110.

In figure 2 is presented a SOFC device as an example of fuel cell device,
which can utilize as fuel for example natural gas, bio gas, methanol or other
compounds containing hydrocarbons. SOFC device in figure 2 comprises
planar-like fuel cells in stack formation 103 (SOFC stack). Each fuel cell
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comprises anode 100 and cathode 102 structure as presented in figure 1.
Part of the used fuel is recirculated in feedback arrangement through each
anode. SOFC device in fig 2 comprises a fuel heat exchanger 105 and a
reformer 107. Heat exchangers are used for controlling thermal conditions in
fuel cell process and there can be located more than one of them in different
locations of SOFC device. The extra thermal energy in circulating gas is
recovered in the heat exchanger 105 to be utilized in SOFC device or outside
in a heat recovering unit. The heat recovering heat exchanger can thus
locate in different locations as presented in figure 2. Reformer 107 is a
device that converts the fuel such as for example natural gas to a
composition suitable for fuel cells, for example to a composition containing
half hydrogen and other half methane, carbondioxide and inert gases. The
reformer is not, however, necessary in all fuel cell implementations, but
untreated fuel may also be fed directly to the fuel cells 103.

By using measurement means 115 (such as fuel flow meter, current meter
and temperature meter) is carried out necessary measurements for the
operation of the SOFC device from the through anode recirculating gas. Only
part of the fuel used at anodes 100 (figure 1) of the fuel cells 103 is
recirculated through anodes in feedback arrangement 109 and thus in figure
2 is presented diagrammatically also as the other part of thegasis
exhausted 114 from the anodes 100.

In fuel cell systems fuel cell stacks are most often grouped to serially and/or
parallel connected groups. Voltage levels arising among fuel stacks have to
isolated between fuel cell stacks to avoid unwanted current loops. Typically
voltage levels have to be isolated also from installation structure of the fuel
cell device, which comprises for example supporting structures, and piping,

-which includes for example fuel feed-in lines.

Adequate and stable electronic isolation is difficult to achieve in the case of
demanding and chemically aggressive environments such as is the case with
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for example high temperature fuel cell applications. In these contexts
corrosion, thermomechanical stress, material degradation or electrochemical
phenomenon, which may caused by and/or accelerated by voltage
differences of fuel cells, may each as individual phenomenon and together
affecting cause conductive routes through the isolation and/or cause isolation
breakdowns. Internally arising leakage currents among fuel cells degrade
load power and may cause irreversible degradation to fuel cells, and even
completely break the fuel cell stacks, which those leakage currents have had
a possibility to heavily influence. These unpleasant effects are partially or
totally avoided so that the galvanic isolation levels are continuously
monitored and the lack of isolation is found early enough to leave time for
necessary protective actions.

Deterioration of the isolation can not usually be easily detected in voltage
and/or current measurements outside of the fuel cell device. If the fuel cell
stacks are electrically unfloating, fault current measurement can be used to
monitor leakage currents. Said method is however not proper to identify
locations of leakage currents and said method is also not proper to observe
leakage currents inside the fuel cell device.

Short description of the invention

The object of the invention is to monitor galvanic isolation in the fuel cell
device so that deteriorations in isolation are detected so early that expensive
and harmful consequences caused by breakdowns of isolation are
successfully avoided. This is achieved by a measurement arrangement for
monitoring galvanic isolation of a fuel cell device, which fuel cell device
comprises at least one stack of fuel cells, at least one load circuit for fuel
cells, and at least one structure near at least one said stack. The fuel cell
device comprises as load circuit current processing means comprising power
electronics for processing direct current (dc-current) produced by fuel cells,
the fuel cell device comprises galvanic isolation for disposing said at least
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one stack of fuel cells and said at least one load circuit for fuel cells to an
electrically freely floating configuration towards at least one structure, the
measurement arrangement comprises at least one measurement element
comprising known impedance in connection to said at least one structure,
and means for performing measurements from the measurement element to
form voltage information of floatage of fuel cells towards said structure, the
fuel cell device comprises at least two switching points, and the
measurement arrangement comprises at least two switches for switching the
switching points to said measurement element, the measurement
arrangement comprises for monitoring galvanic isolation at least one signal
processor to control said switches in measurements, and to process said
formed voltage information and at least voltage information between
switching points to form resistance information and capacitance information
of galvanic isolation, and the forming of capacitance information is based on
the comparability between capacitance values and an exponential constant of
voltage information curve, and said at least one signal processor for
combining said resistance and capacitance information to form information
on condition of galvanic isolation and information on possible alteration of
said condition.

The focus of the invention is also a method for monitoring galvanic isolation
of a fuel cell device. In the method is used current processing means as load
circuit for fuel cells, said current processing means comprising power
electronics for processing direct current (dc-current) produced by fuel cells,
is arranged at least one stack of fuel cells and said at least one load circuit
for fuel cells to an electrically freely floating configuration towards at least
one structure near fuel cells, is performed a controlled switching via at least
two switching points to at least one measurement element comprising known
impedance in connection to said at least one structure, is performed
measurements from the measurement element to form voltage information,
is processed said formed voltage information and at least voltage information
between switching points to form resistance information and capacitance
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information of galvanic isolation, and the forming of capacitance information
is based on the comparability between capacitance values and an
exponential constant of voltage information curve, and is combined said
resistance and capacitance information to form information on condition of
galvanic isolation and information on possible alteration of said condition.

The invention is based on that fuel cells and at least one load circuit for fuel
cells are arranged to an electrically freely floating configuration towards at
least one structure in the vicinity of fuel cells. By using switches is performed
switchings to at least one measurement element, which has fixed
impedance, ie impedance, which remains substantially same during the
implementation of the invention. Said impedance is in galvanic connection to
at least one structure in the vicinity of the fuel cells. Measurement
information of floatage of fuel cells towards the structure is formed by
performing measurements from the measurement element in the moments
of different switchings during operation of the fuel cell device. Measurement
information can be processed by calculation in different ways for solving for
example locations and/or values of leakage currents transpiring in galvanic
isolation of the fuel cell device. Measurement information can also be
processed by calculation for forming information on capacitance values of
galvanic isolation. The capacitance values comprises information on possible
routes of spurious signals in galvanic isolation.

The invention has the advantage that information obtained from leakage
currents in isolation and their location and also from possible flow paths of
spurious signals can be utilized in preventing operation problems of fuel cell
device caused by isolation defects for example by starting early enough
preventive service works for the fuel cell device. Thanks to monitoring of
galvanic isolation according to the invention, new isolation defects are
detected immediately and is prevented said defects from getting worse, and
thus is enabled to increase the number of serial connected fuel cell stacks.
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An implementation of the invention can be utilized in any fuel cell device,
which comprises one or more of fuel cell stack(s) disposed in electrically
free-floating configuration. In addition, the method of the invention can be
implemented with inexpensive components with necessarily no need to make
5 additional connections to the fuel cells. It is also substantially useful, that the
implementation according to the invention allows measurements and hence

10

Short description of figures
Figure 1  shows an implementation of a single fuel cell.
15 Figure2  shows an implementation of a fuel cell device.
Figure 3 shows a measurement arrangement integrated to the fuel cell
device according to the preferred embodiment of the invention.
20 Figure4  shows monitoring of isolation resistance according to the
invention, in which positive and negative outputs of fuel cell
stacks are connected in turn to grounding potential and/or to
potential of a structure in vicinity of the fuel cell stacks via a
measuring resistor Rm.
25
Figure 5  shows an equivalent circuit for leakage currents, when the
switch S1 is closed and the load is very isolated.
Figure 6  shows applying of Thevenin's theorem in formation of an
30 equivalent circuit for two interfaces of outputs of voltage sources

the monitoring of galvanic isolation while fuel cells are loaded, without

disrupting the loading power electronics.

and resistors.
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Detailed description of the invention

In fuel cell systems are generally required galvanic isolation between fuel cell
stacks, and between the fuel cell stacks and at least one structure in the
vicinity of the fuel cells. Said structure means for example a installation
structure, which locates essentially around the fuel cell stacks. In other
words, the structure 122 (Figure 3) means one or more installation
structures in the vicinity of the fuel cell stacks, and other structure such as
pipelines, from which fuel cell stacks need to be galvanically isolated.
Adequate and stable electronic isolation is though difficult to achieve in the
case of demanding and chemically aggressive environments such as is the
case with for example high temperature fuel cell applications. Isolation
breakdowns or reducing of isolation cause leakage currents, which reduce
amount of electrical power available to the load, and can cause irreversible
weakening of power to the fuel cell device and even breakdowns of fuel cell
stacks, which have exposed to leakage currents. These negative effects are
entirely avoidable, or at least in part avoidable, when quality of galvanic
isolation is monitored during operation of the fuel cell device and decreased
amount of isolation is detected early enough to start necessary security
works.

In accordance to the invention is implemented a low cost implementation to
continuously monitor galvanic isolation characteristics during operation of the
fuel cell device. In the implementation according to the invention fuel cells
and their loads are electrically floating in relation to the surrounding
structures, such as grounding and/or installation structure, to which leakage
currents are conducted. As a load 110 of fuel cells is as a loading electrical
circuit 111 for fuel cells for example current processing means integrated in
context with the fuel cell device, said means comprising power electronics for
processing direct current (dc-current) produced by fuel cells.
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In figure 3 is presented a measurement arrangement 125 for monitoring
galvanic isolation 120 implemented in context with the fuel cell device
according to the preferred embodiment of the invention.

The fuel cell device usually comprises more than fuel cell stack 103, a
installation structure 122, which locates substantially around the fuel cell
stacks, and a loading electrical circuit 111 for fuel cells. The installation
structure and other possible structures attached to it are preferanbly
connected to protective potential. Galvanic isolation 120 is formed between
fuel cell stacks 103 and installation structure 122 and if desired also between
fuel cell stacks and piping 122 for disposing the fuel cell stacks and the
loading electrical circuit 111 for fuel cells to an electronically freely floating
configuration in relation to said installation structure and, if necessary, in
relation to said piping. The loading electrical circuit for fuel cells according to
the preferred embodiment of the invention comprises as the load 110 for
example a DC power converter (DC-DC converter) for processing electricity
produced by the fuel cells.

The measurement arrangement 125 implemented in context with the fuel cell
device comprises at least one measurement element 124, which has a known
impedance towards the installation structure 122. In the preferred
embodiment of the invention as the measurement element 124 is used at
least one measurement resistor, but the measurement element 124 can also
be implemented with one or more capacitor(s) or coil(s), or with some
combination of one or more resistor(s), capacitor(s) and/or coil(s). The
measurement arrangement in accordance with the invention may also
comprise measurement elements for forming different measurement areas,
which have different impedances between each other towards the installation
structure. '

The fuel cell device comprises at least two output poles, ie switching points
plus pole (+) 126 and minus pole (-) 128, to which connected the
measurement arrangement comprises switches S1 and S2 for performing
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switchings via the switching points 126, 128 to the measurement resistor
124, Said switches are each preferably controlled in turn to open or closed
conditions by using in the controlling a signal processor 130. The preferred
embodiment of the invention comprises means 127 for measuring voltage of
the measurement resistor for forming voltage information. Formed voltage
information is processed by the signal processor 130 preferably so that they
are compared to the reference voltage level for checking floatage of the fuel
cell stacks 103 and the loading circuit 111 for the fuel cell stacks in relation
to the installation structure. The implementation in accordance with the
invention also requires a voltage information of fuel cell voltage (Ufc, figure
4), obtained by voltage measurements of voltage between switching points
126, 128, if said voltage information is not otherwise known.

On the basis of voltage information from different locations of isolation can
be determined isolation resistance values in the processing of voltage
information, said values reporting that leakage currents exists in said
locations. In said voltage information processing can be used the same
common signal processor 130, which is also used in control of switches S1,
52, or signal processors may also be separate. The signal processors may be
by analogy, and/or digitally implemented micro controllers, signal processors,
microprocessors, or other suitable implementations for the purpose. In the
preferred embodiment of the invention as signal processing device 130 is

'used a digital device such as the signal processor.

In figure 4 is presented the isolation resistance monitoring in such a way that
the positive and negative outputs 126, 128 of fuel cell stacks 103 are
switched in turn to grounding potential and/or to potential of the installation
structure via the measurement resistor Rm 124 to measure voltage (Um)
over Rm. Switches S1 and S2 may be semi conductor components, such as
transistor switches, or switch to other switch implementations.In the
implementation according to the invention fuel cell stack voltage (Ufc) over
one or more fuel cell stack is measured by means for measuring fuel cell
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voltage from the switch points 126 (+) and 128 (-); (accordingly Figure 3). It
is also possible that the Ufc is a known voltage without measurements during
the implementation of the invention, such as is the case for examplé inan
embodiment in which the fuel cell device is connected to the battery, which
voltage between its poles is known.

In figure 5 is presented an equivalent circuit for leakage currents, when the
switch S1 is closed, provided that the load is very isolated, which is usually
easily implemented. Leakage currents to potential of the installation structure
surrounding the fuel cell stacks can occur from different voltage levels of fuel
cell stacks, presented by resistors, ie recistances Ry, in Figure 5. In this case,
fuel cell stacks and leakage resistances form a set of voltage sources and
resistances. Said voltage sources can be considered as ideal compared to
minor currents via the measurement resistor Rm 124, and leakage
resistances can be considered to be linear.

Thus, Thevenin's theorem can be applied in accordance to figure 6 in
formation of equivalent circuit to two interfaces of set of voltage sources and
resistors. According to Thevenin's theorem every correspbnding set, which
has two outputs can be represented by a single voltage source Uy, and with a
serial connected resistor Ry, in relation to Uy, . Thevenin's theorem applies
also when S1 is open and S2 closed, forming a corresponding equivalent
circuit where the voltage source Uy, is replaced by the voltage source Uy-Urc
when using the negative output of the set of fuel cell stacks 103 as zero
voltage reference.

Indicating measured voltages Um; ja Um,, measured when the switches S1
and S2 are in turn closed, the unknowns Uy, and Ry, of equation group can be
solved:
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Rth = Rm (UFC+Um1‘Um2) / (UmZ'Uml)

Uth= - Um1 (Urc) / (Umz-Um1)

U corresponds to open circuit Thevenin voltage, which means in this
embodiment according to the invention an inverted value of voltage of
negative output for the set of fuel cell stacks, when external load is not
exposed to the leakage circuit, ie switches S1 and S2 are open in figures 3
and 4, this meaning that measuring resistor Rm 124 have been removed. By
applying Thevenin's theorem resistance Ry, corresponds to leakage resistance
of parallel connected total resistance of all leakage resistances, ie Rth=R,; ||
Riz |l ... [l Rin. Thus, solved voltage Uy, gives an indication of location of
isolation defect in relation to zero voltage reference, while Ry, represents the
worst case internal leakage current among the fuel cells. Measurement
procedure, such as alternate closing and opening of switches S1 and S2, do
not affect operation of the isolated load, and thus measurement operation
can be carried out continuously during operation of the fuel cell device.
Because of configuration of floating stacks 103, a single connection to a
chassis do not affect the fuel cells, but it is nevertheless observed with the
measurement method according to the invention thus allowing, for example
to cut off the operation of the fule cell device, before a destructive internal
current loop arises among the fuel cell stacks. At such an early stage formed
indication information on changes in isolation properties of the fule cell
device can be utilized in preventive service works for fuel cell device at the
right time.

In the implementation according to the invention is formed an electrical
equivalent circuit to determine locations of leakage currents by grounding
performed by one or more measurement element. The exponential chape of
measurement curve is an indication of measured capacitance. The value of
dielectric constant is affected by moisture, temperature, etc. factors. By more
dense measuring of measurement values or by calculation the exponential
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shape of voltage information curve can be improved and the exponential
constant can be found to be proportional to the capacitance. From
measurement data can be observed that if the change in speed is slow at the
time of switching, it indicates that a significant amount of capacitance exists.
By the signal processor voltage information is calculated and can be
determined change dynamics of voltage values related to switch condition
changes, which can be utilized in forming of capacitance information.

Capacitance is a harmful phenomenon, because it indicates an alternation in
isolation. Capacitance and resistance information, formed together and also
separately, can be utilized in a complementary way in forming information on
galvanic isolation and its alternations. Effective capacitance reflects the fact
that from isolation can be found a path for spurious signals to move ahead.
Resistance reflects the fact that leak current is occurring in isolation.

Accordance to the invention can thus be implemented an active method,
which allows continuous monitoring of total isolation resistance and total
capacitance of floating fuel stacks in the fuel cell device. Isolation resistance
towards unfloating voltage of installation structure around the fuel cell
stacks, ie towards voltage of installation structure of fuel cell stacks, is
measured by means, which switches in sequences one of outputs of fuel cell
stacks to the installation via the measurement element which has known
impedance, by measuring voltage over said measurement element.
Necessarily impedance value of the measurement element need not be
exactly known, but important is that impedance remains substantially same
during implementation of the invention. According to circuit theory can be
determined total leakage resistance on the basis of measurements and
information, provided by said measurements, on amount of leakages in
different locations. Information obtained in this way can be utilized in
preventing failures of fuel cell stacks caused by isolation defects as well as in
preventive maintenance work for the fuel cell device.
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The set of fuel cell stacks in methods according to the invention can be a
single fuel cell stack or any size of set of fuel cell stacks. The fuel cell device
may comprise one or more set of fuel cell stacks, and monitoring of isolation
resistance and/or capacitance is arranged for one or more fuel cell stack(s)
individually or together for all fuel cell stacks. Method according to the
invention can be implemented so that the measurement arrangement is
disposed on a separate device and/or integrated to power electronics of the
fuel cell device, which can also be a load of the fuel cell device, thus allowing
to keep the number of component and manufacturing costs in a minimum.

Although above is presented together with the figures utilization of
implementations according to the invention in SOFC fuel cell devices, it
should be noted, that implementations aécording to the invention can be
utilized also in other kinds of fuel devices.

Although the invention has been presented in reference to the attached
figures and specification, the invention is by no means limited to those as the
invention is subject to variations within the scope allowed for by the claims.
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Claims

1. A measurement arrangement (125) for monitoring galvanic isolation (120)
of a fuel cell device, which fuel cell device comprises at least one stack (103)
of fuel cells, at least one load circuit (111) for fuel cells, and at least one
structure (122) near at least one said stack, characterized by, that

- the fuel cell device comprises as load circuit (111) current processing
means comprising power electronics for processing direct current (dc-
current) produced by fuel cells,

- the fuel cell device comprises galvanic isolation (120) for disposing said at
least one stack (103) of fuel cells and said at least one load circuit (111) for
fuel cells to an electrically freely floating configuration towards at least one
structure (122),

- the measurement arrangement comprises at least one measurement
element (124).comprising known impedance in connection to said at least
one structure (122), and means (127) for performing measurements from
the measurement element to form voltage information of floatage of fuel
cells towards said structure,

- the fuel cell device comprises at least two switching points (126, 128), and
the measurement arrangement (125) comprises at least two switches (S1,
S2) for switching the switching points (126, 128) to said measurement
element (124),

- the measurement arrangement (125) comprises for monitoring galvanic
isolation (120) at least one signal processor (130) to cbntrol said switches in
measurements, and to process said formed voltage information and at least
voltage information between switching points (126, 128) to form resistance
information and capacitance information of galvanic isolation (120), and the
forming of capacitance information is based on the comparability between
capacitance values and an exponential constant of voltage information curve,
and said at least one signal processor (130) for combining said resistance
and capacitance information to form information on condition of galvanic
isolation and information on possible alteration of said condition.
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2. A fuel cell device in accordance with claim 1, characterized by, that the
fuel cell device comprises the structure (122) as connected to protective
grounding.

3. A fuel cell device in accordance with claim 1, characterized by, that the
measurement arrangement (125) comprises measurement elements (124)
for forming different measurement areas, said measurement elements (124)
comprising different impedances between them (124).

4. A fuel cell device in accordance with claim 1, characterized by, that the
measurement arrangement (125) comprises the signal processor (130) for
processing voltage information by calculating estimations for change
dynamics of voltage information related to switch condition changes of
switches (S1, S2) in forming of capacitance information.

5. A fuel cell device in accordance with claim 1, characterized by, that the
fuel cell device comprises the measurement arrangement (125), which has
been integrated to control electronics of power electronics, which power
electronics performs current processing of the fuel cell device.

6. A fuel cell device in accordance with claim 1, characterized by, that the
fuel cell device comprises at least one DC-DC converter as load for the fuel
cells.

7. A method for monitoring galvanic isolation (120) of a fuel cell device,
characterized by, that in the method

- is used current processing means as load circuit (111) for fuel cells, said
current processing means comprising power electronics for processing direct
current (dc-current) produced by fuel cells,

- is arranged at least one stack (103) of fuel cells and said at least one load
circuit (111) for fuel cells to an electrically freely floating configuration
towards at least one structure (122) near fuel cells,
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- is performed a controlled switching via at least two switching points (126,
128) to at least one measurement element (124) comprising known
impedance in connection to said at least one structure (122),

- is performed measurements from the measurement element to form
voltage information,

- is processed said formed voltage information and at least voltage
information between switching points (126, 128) to form resistance
information and capacitance information of galvanic isolation (120), and the
forming of capacitance information is based on the comparability between
capacitance values and an exponential constant of voltage information curve,
and is combined said resistance and capacitance information to form
information on condition of galvanic isolation and information on possible
alteration of said condition.

8. A method in accordance with claim 7, characterized by, that the
structure (122) is connected to protective grounding.

9. A method in accordance with claim 7, characterized by, that for forming
different measurement areas is used measurement elements (124), said
measurement elements (124) comprising different impedances between
them (124).

10. A method in accordance with claim 7, characterized by, that

for forming capacitance information voltage information is processed by
calculating estimations for change dynamics of voltage information related to
switch condition changes of switches (S1, S2).

11. A method in accordance with claim 7, characterized by, that dc-current
produced by the fuel cells is processed by at least one DC-DC converter,
which is as load for the fuel cells.
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