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(57) ABSTRACT

A method for operating a converter for the energy conversion
of fuel from at least one main fuel supply, and from at least
one auxiliary fuel supply for operating the converter directly
and/or by operating an auxiliary unit, comprises: detecting
the amount of fuel 1n the main fuel supply; detecting the
amount of fuel in the auxiliary fuel supply, at least with
respect to a predetermined minimum amount; 1n response to
the minimum amount being reached, generating a signal that
blocks at least one of a) filling of the main fuel supply, and b)
startup of the converter via a control unit; and deactivating the

blocking in response to the auxiliary fuel supply being replen-
1shed.

22 Claims, No Drawings
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METHOD OF OPERATION OF A DEVICE
FOR ENERGY CONVERSION USING A MAIN
FUEL AND AT LEAST ONE AUXILIARY FUEL

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATION

This 1s a continuation of International Patent Application
No. PCT/EP02/12418 filed Nov. 7, 2002, designating the

United States and claiming priority of German Patent Appli-
cationNo. 101 61 449.7 filed Dec. 14, 2001, the disclosures of

both foregoing applications being incorporated herein by ref-
erence.

BACKGROUND OF THE INVENTION

In addition to the main fuel, energy-conversion devices, or
converters, such as internal combustion engines, also use
auxiliary fuels during operation, for example, o1l for lubrica-
tion and water for cooling. The use of lubricating o1l and
cooling water, however, 1s not tied directly to the fuel con-
sumption and 1s generally very low. As a result, triggering a
warning indicator 1s sufficient for refilling the fuel supply,
depending on the time and, with vehicles, also depending on
the distance.

Modern internal combustion engines, 1n particular, those
used 1 motor vehicles, have auxiliary units that require a
consumable auxiliary fuel supply for operation, wherein the
operation of the auxiliary units 1s tied directly to the operation
of the internal combustion engine. Auxiliary units of this type
include, for example, exhaust-gas treatment systems, which
are used to reduce mitrogen oxide emissions and to which
additives for the exhaust-gas after treatment must be added,
¢.g. so-called selective catalytic reduction (SCR) catalysts
supplemented with reducers. The auxiliary fuel amount to be
supplied depends on the exhaust gas amount to be treated and,
thus, for all practical purposes directly on the amount of the
main fuel that 1s consumed.

A tuel cell, for example, can be considered to be an auxil-
1ary unit for the autonomous energy supply for electric aux-
iliary units, wherein the fuel cell 1s supplied by an inserted
hydrogen cartridge as fuel. The main fuel 1s, thus, used only
tor the operation of the internal combustion engine, while at
least a portion of the electrical energy required for operating
the auxiliary units can be generated by the autonomous elec-
trical energy supply without stressing the environment. Such
auxiliary units, operated via an autonomous electrical energy
supply, advantageously include all auxiliary units that are not
directly connected to the operation of the internal combustion
engine, such as air-conditioning systems, window raising/
lowering devices, communication means, and servo-units,
¢.g. for supporting the steering or the braking functions.

The respective remaining main and auxiliary fuel supplies,
at least the reaching of a minimum fuel level, have so far been
detected with sensors, and a corresponding warning signal
generated.

For example, 11 the internal combustion engine comprises
an exhaust-gas after-treatment device which requires a con-
sumable fuel supply for an orderly operation, e.g. feeding a
reduction means for a SCR catalyst, the internal combustion
engine can still operate even if the fuel for the exhaust-gas
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alter-treatment device 1s used up. The disadvantage, however,
1s that the operation then generates an impermissibly high
amount of nitrogen oxide.

A tuel cell represents another application of an energy-
conversion device, or converter. In the fuel cell, electrical
current 1s generated through the electro-chemical conversion
of a hydrogen-containing combustion gas as the main oper-
ating fuel 1n a reaction with another gas, such as air. An
auxiliary fuel such as water, for example, 1s used for wetting
the reaction gas and 1s needed to adjust a defined water con-
tent 1n the reaction air.

I1 the fuel cell functions as a main drive or as an auxiliary
drive of a vehicle, a main fuel and an auxiliary fuel must
respectively be carried along in separate reservoirs, in the
same way as for the internal combustion engine.

Energy-conversion devices are hencetforth simply referred
to as converters, including the combustion engine mentioned

as an exemplary embodiment for an energy-conversion
device, and the fuel cell.

SUMMARY OF THE INVENTION

It 1s an object of this invention to create a method for
operating an energy-conversion device for at least one main
fuel that ensures an orderly operation 1f one or several of
auxiliary fuels are running out.

This object 1s achieved with a proposed method for oper-
ating an energy-conversion device (converter) by means of a
main fuel, wherein at least one tank containing at least one
supply of main fuel 1s provided for operation, as 1s at least one
auxiliary fuel supply that is required directly for the operation
of the converter and/or for the operation of an auxiliary unait.
This object 1s furthermore achieved in that the main fuel level
1s detected, that the auxiliary fuel level 1s detected at least with
respect to a specified minimum level, that, once the minimum
level for the auxiliary fuel has been reached, a signal 1s gen-
crated that blocks the filling of the main fuel supply and/or the
startup of the converter with the aid of a control unit, and that
this blocking 1s removed again once the auxihary fuel supply
has been replenished.

If during operation of the converter, enough auxiliary fuel
1s withdrawn from the supply via the auxiliary unit to reach a
predetermined minimum level, and 11 the converter 1s then
shut down, the restart of the converter 1s blocked via the
control unit as a result of the signal triggered by the auxiliary
tuel level sensor. This blocking 1s lifted only 1f the auxiliary
tuel supply has been replenished. A device for stopping the
refueling can be provided 1f the auxiliary fuel level sensor 1s
linked to the main fuel level sensor. This stopping 1s lifted
only if the auxiliary fuel supply has been replenished, so that
the main fuel reservoir can subsequently be filled as well.

DETAILED DESCRIPTION OF THE INVENTION

The method 1s advantageously realized by a signal activat-
ing a control program 1n an operational control that permits
only a capacity-limited and/or distance-limited and/or time-
limited minimum operation. As a result, 1t 1s ensured that, 1f
the level falls below the minimum auxihiary fuel level, the
converter 1s still operational to a limited degree. This 1s par-
ticularly important for the internal combustion engine of a
vehicle. The capacity limitation can be effected in an internal
combustion engine, for example, by changing internal engine
parameters, such as adjusting a fuel injection device with the
goal of minimizing nitrogen oxide emissions. A distance
limitation or a time limitation can respectively be preset via
the operational control. It 1s particularly advantageous 1f the
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mimmum operating level 1s limited by the existing residual
tuel amount. It 1s advantageous to have a mimmum operating
level for a vehicle, for example, for maneuvering operations.

The limitation to a minimum operation, triggered via the
operational control when a minimum auxiliary fuel level 1s
reached, 1s intended to maintain operational safety to a lim-
ited degree, wherein this should nevertheless result 1n an
orderly operation of the converter, supported by the respec-
tive auxiliary unit. If the predetermined minimum operational
limait 1s reached, it 1s possible to adjust the control 1n such a
way that the main fuel supply 1s shut down, which has the
same result as a complete consumption of the main fuel
supply, namely the shutdown of the converter.

Using the respective auxiliary fuel supply, e.g. a fuel cell,
for operating an autonomous electrical supply system 1n a
vehicle operated with an internal combustion engine only
results in the disadvantage of reducing comiort, depending on
the type of electrical auxiliary unit that 1s being supplied, for
example, an air-conditioning unit, but does not necessitate a
direct intervention in the internal combustion engine opera-
tion.

However, 11 the electrical auxiliary unit 1s used for operat-
ing the steering and/or brakes on a vehicle operated with an
internal combustion engine, the failure of the autonomous
electrical energy supply directly affects the operation of the
vehicle, thereby necessitating an intervention in the engine
operation via the control unit. This can be done by activating
a speed limitation, which permits only a maximum vehicle
speed that 1s matched to the more difficult operation of steer-
ing and/or brakes and ensures that the vehicle can be driven
safely.

It makes sense 1 an advance warning signal 1s sounded
betore the specified mimmum level 1s reached, which then
triggers a further warning signal.

A different embodiment of the method according to the
invention provides that the respective remaining amounts of
the main fuel and the auxiliary fuel are detected, and that the
resulting actual fuel amount ratio of the main fuel to the
auxiliary fuel 1s determined and 1s then compared to a speci-
fied permissible range for the fuel amount ratio.

Following this, the maximum permissible refill amount for
the main fuel and/or the auxiliary fuel 1s indicated and/or a
blocking signal triggered if the levels have fallen below a
specified fuel amount ratio. The specified fuel amount ratio
can be preset as an empirically determined, design-related
value 1n the auxiliary unit control unit and/or 1n the engine
control unit. Thus, the main fuel amount, the auxihiary fuel
amount and the related links can be computed with corre-
sponding calculations and indicated as an amount ratio via a
variance comparison. Thus, the user can also feed fuel in
limited amounts during the operation, depending on the pre-
vailing conditions.

While the auxiliary fuels for the auxihiary units, for
example, reduction means for the exhaust-gas after treatment
devices or hydrogen for a fuel cell, are supplied 1n the form of
ready-made units, e.g. cartridges which cannot be refilled
separately but contain predetermined amounts, this embodi-
ment provides the user with the option of refilling only a

limited amount of main fuel, depending on the indicated
level.

However, if the auxiliary fuel supply differs only mini-
mally from the predetermined minimum amount at the time
when the main fuel 1s refilled and 11 subsequently the main
tuel tank 1s refilled, then the main fuel supply will certainly
exceed the possible operating time based on the existing
auxiliary fuel amount. The blocking signal 1s then triggered
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and, following the main fuel tank refilling, the converter can
be started only if the auxiliary fuel tank 1s filled and/or a new
cartridge has been inserted.

The blocking of the starter can be triggered 1n different
ways. One option according to the invention is the activation
of an electronic vehicle immobilization device, meaning that
an orderly turning of the 1gnition key will not start the con-
verter and, thus, also not start the internal combustion engine
of the vehicle. However, an associated signal will light up.

According to a different embodiment, filling of the tank
can be blocked, for example, mechanically with a locking bolt
on the lid of the fuel-filling tube or by locking the fuel-tank
tflap on the automobile body.

With auxiliary fuels for which the use depends on the use of
the main fuel, e.g. reduction means for an exhaust-gas after
treatment device, the arrangement generally 1s configured
such that the maximum auxiliary fuel supply 1s matched to a
maximum main fuel supply, so that it can be assumed in
principle that the auxiliary fuel supply 1s used up at the same
time as the main fuel supply, which 1s predetermined by the
tank size, so that new auxiliary fuel must be supplied with
practically each filling of the main fuel tank. However, the
arrangement can also be modified such that a maximum
amount of auxiliary fuel 1s suificient for n-times the maxi-
mum amount of main fuel, so that the auxiliary fuel supply
must be replenished, for example, after two or three main fuel
tank fillings. The auxiliary unit supply in the same way can
also be configured such that a reserve 1s held 1n store and that,
instead of triggering a blocking signal once the auxihary fuel
level falls below the minimum amount, the supply 1s switched
to the reserve reservorr.

Fuels, meaming the main fuel as well as the auxiliary fuels,
can also be used 1n the form of a mixture of at least two
material components, wherein the material components can
be supplied individually and the mixture then created on site,
meaning inside the storage container. This 1s possible, for
example, with a urea-hydrogen solution as a reducing agent
for reducing NO_ levels. For realizing the method according
to the invention, the mixture ratio 1s advantageously detected
and the blocking signal triggered 11 this ratio deviates from the
predetermined mixture ratio, thus preventing a startup of the
internal combustion engine. One example for this 1s when
water only 1s used for adjusting the specified amount during
the replenishing of a urea-hydrogen supply as reduction
means while the predetermined mixture ratio 1s not observed.
The non-problematic operation of the exhaust-gas after treat-
ment unit 1s thus ensured, insofar as 1t depends on an orderly
auxiliary fuel admixture. The alorementioned treatment step,
however, 1s not limited to the application case presented as
example.

The above-described links for detecting the amounts are
not limited to one auxiliary fuel. Thus, with an imnternal com-
bustion engine used 1n a vehicle, the auxiliary fuel required
for the exhaust-gas after treatment unit, as well as the auxil-
1ary fuel needed for an autonomous electrical energy supply,
can be linked to the detection of the main fuel supply 1n such
a way that, once a specified minimum amount 1s reached for
one of the two fuels, corresponding signals are triggered and
the control unit and/or the engine control are actuated, which
then triggers corresponding control signals.

The respective amounts can be detected continuously or at
predetermined time intervals, wherein the respective amounts
should be detected simultaneously. The length of these inter-
vals can change. Starting with maximum amounts for the
main fuel and the respective auxiliary fuel (s), the levels can
be detected following long time-dependent or distance-de-
pendent intervals. These detection intervals become shorter
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as the minimum amounts of the fuels are approached, such
that the minimum amounts can be detected as precisely as
possible.

A tachograph 1s required for commercial-use vehicles, for
example trucks or buses, for which a tachograph recording
sheet must be replaced and controlled regularly. It makes
sense 1n that case if, at least as the minimum amount of one or
even several of the fuels 1s approached, the amount is
recorded on the tachograph page, so that the fuel supply can
be checked during the daily control of the tachograph.

The 1nvention has been described 1n detail with respect to
preferred embodiments, and 1t will now be apparent from the
foregoing to those skilled in the art, that changes and modi-
fications may be made without departing from the invention
in 1ts broader aspects, and the invention, therefore, as defined
in the appended claims, 1s intended to cover all such changes
and modifications that fall within the true spirit of the mven-
tion.

What 1s claimed 1s:

1. A method for operating a converter for the energy con-
version of fuel from at least one main fuel supply, and from at
least one auxihary fuel supply for operating the converter
directly and/or by operating an auxiliary unit, comprising;:

detecting the amount of fuel 1n the main fuel supply;

detecting the amount of fuel 1n the auxiliary fuel supply, at
least with respect to a predetermined minimum amount;

in response to the minimum amount being reached, gener-
ating a signal that blocks at least one of a) filling of the
main fuel supply, and b) startup of the converter via a
control unit; and

deactivating the blocking 1n response to the auxiliary fuel

supply being replenished.

2. The method according to claim 1, wherein the signal
activates a control program 1n a control unit, whereby only a
mimmum operation that 1s limited 1n at least one of capacity,
distance and time 1s permitted.

3. The method according to claim 2, wherein the minimum
operation 1s limited by the existing residual amount of fuel 1n
the auxiliary fuel supply.

4. The method according to claim 1, wherein, before the
mimmum amount 1s reached, an advance signal 1s generated
which then triggers a warning signal.

5. The method according to claim 1, further comprising

determining an actual amount fuel ratio of the amounts of

fuel 1in the main and auxiliary fuel supplies detected 1n
the detecting steps;

comparing the actual amount fuel ratio to a predetermined
permissible range for the fuel amount ratio; and

if the value for the actual amount fuel ratio 1s below the
predetermined ratio, performing at least one of the steps
of a) indicating the maximum permissible refill amount
for at least one of the main fuel and the auxiliary fuel,
and b) triggering the blocking signal.

6. The method according to claim 1, wherein the step of

generating a signal comprises blocking startup of the con-
verter by activation of an electronic immobilization device.
7. The method according to claim 1, wherein the converter
1s stalled 1n a vehicle, and the step of generating a signal
comprises activating a lock preventing filling of the main fuel

supply.
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8. The method according to claim 7, wherein the converter
1s an 1nternal combustion engine.

9. The method according to claim 1, wherein the auxiliary
tuel supply operates an exhaust-gas after treatment unat.

10. The method according to claim 1, wherein the auxiliary
tuel supply operates a fuel cell for the autonomous electrical
supply of auxiliary units.

11. The method according to claim 1, wherein the detected
amount of fuel 1n the auxiliary fuel supply is at least one of
indicated and recorded.

12. The method according to claim 1, wherein the respec-
tive amounts of fuel in the main fuel supply and the auxiliary
tuel supply are detected simultaneously at intervals.

13. The method according to claim 1, wherein the fuel in
the auxiliary fuel supply comprises at least two material com-
ponents that can be supplied individually to the auxiliary fuel
supply, the mixing ratio of the material components 1s
detected, and the blocking signal 1s generated in response to
deviations of the mixing ratio from a predetermined mixing
ratio.

14. A method for operating a converter for the energy
conversion of fuel from at least one main fuel supply, and from
at least one auxiliary fuel supply for operating the converter
dirvectly and/or for operating an auxiliary unit, comprising.
detecting the amount of fuel in the main fuel supply; detecting
the amount of fuel in the auxiliary fuel supply, at least with
respect to a predetermined minimum amount; in response to
the predetermined minimum amount being reached, generat-
ing a signal to activate a control program in a control unit to
permit only a minimum operation, which is limited in at least
one of capacity, distance, and time; and deactivating genera-
tion of the signal in vesponse to the auxiliary fuel supply being
replenished above the predetermined minimum amount.

15. The method according to claim 14, further comprising
[imiting the minimum operation based on the amount of fuel
in the auxiliary fuel supply.

16. The method according to claim 14, further comprising
generating an advance signal that triggers a warning signal
before the predetermined minimum amount is veached.

17. The method according to claim 14, wherein the con-
verter is an internal combustion engine.

18. The method according to claim 14, wherein the auxil-
iary fuel supply operates an exhaust-gas after treatment unit.

19. The method according to claim 14, wherein the auxil-
iary fuel supply operates a fuel cell for the autonomous elec-
trical supply of auxiliary units.

20. The method accorvding to claim 14, further comprising
indicating or recording the amount of fuel that is detected in
the auxiliary fuel supply.

21. The method accovding to claim 14, wherein the vespec-
tive amounts of fuel in the main fuel supply and the auxiliary
fuel supply are detected simultaneously at intervals.

22. The method according to claim 14, wherein the fuel in
the auxiliary fuel supply comprises at least two material
components that can be supplied individually to the auxiliary
fuel supply, the method further comprising: detecting a mix-
ing ratio of the material components, and genervating the
signal to activate the control program in response to devia-
tions of the mixing ratio from a predetermined mixing ratio.
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