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(57) Afin de premettre 1’alimentation d une installation
de combustion telle qu'un moteur a combustion nterne
(1) avec un deuxieme type de carburant, en particulier le
G.P.L., outre un premier type de carburant tel que
’essence, un deuxieme organe de commande (12) est
accouple au premier organe de commande €lectronique
ou d’origine (8) du moteur. En réponse a des premieres
valeurs de commande envoyees par le premier organe de
commande (&), ledit deuxieme organe de commande (12)
éemet, en mode de fonctionnement au G.P.L.., des
deuxiemes valeurs de signal de commande de maniere a
permettre la régulation de 1’alimentation en G.P.L. Avec
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(57) In order to supply a combustion installation, such as
an mternal combustion engine (1), with a second type of
fuel, in particular L PG, 1 addition to a first type of fuel,
such as petrol, a second control unit (12) 1s coupled to the
first or original electronic control unit (8) of the engine.
In response to first control signal values emitted by the
first control unit (8), said second control unit (12), during
operation on LPG, emits second control signal values for
metering the LPG supply. With this arrangement the first
control signal values received from the first control unit
(8) are compared with the values recorded by the second
control unit (12) during operation on petrol. The second
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ce systeme, les premieres valeurs de signal de commande
envoyees par le premier organe de commande (8) sont
comparces aux valeurs enregistrées par le deuxieme
organe de commande (12) en mode de fonctionnement a
I’essence. Les deuxiemes valeurs de signal de commande
e¢mises par le deuxieme organe de commande (12) sont
ensuite ajustees de sorte que, en mode de fonctionnement
au G.P.L, les premieres valeurs de signal de commande
soient toujours maintenues dans une plage predéterminee
(plage de fonctionnement) des premicres valeurs de
signal de commande enregistrées au cours du
fonctionnement a 1’essence.
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control signal values emitted by the second control unit
(12) are now so adjusted that, during operation on LPG,
the first control signal values are still kept within a
predetermined range (operating range) of the first control
signal values recorded during operation on petrol.
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(87) Abstract

In order to supply a combustion installation, such as an internal combustion engine (1), with a second type of fuel, in particular LPG,
in addition to a first type of fuel, such as petrol, a second control unit (12) is coupled to the first or original electronic control unit (8) of
the engine. In response to first control signal values emitted by the first control unit (8), said second control unit (12), during operation on
LPG, emits second control signal values for metering the LPG supply. With this arrangement the first control signal values received from
the first control unit (8) are compared with the values recorded by the second control unit (12) during operation on petrol. The second
control signal values emitted by the second control unit (12) are now so adjusted that, during operation on LPG, the first control signal
values are still kept within a predetermined range (operating range) of the first control signal values recorded during operation on petrol.
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Re: International Patent Application No. PCT/NL 94/00229
GENTEC b.v. et al.

--------------------------------------------------------------- Ldb/An

5 Introductory part to the specification.
Svstem and method for metering the fuel supply to a combustion
installation operating on more than one type of fuel

10 The invention relates to a system and method for the metered

supply of at least a first and a second type of fuel, in particular
petrol and LPG (Liquid Petroleum Gas), to a combustion installation,
such as an internal combustion engine.

Combustion installations, which operate on more than one type of

15 fuel, such as internal combustion engines, whereby the fuel supply is
controlled by means of an electrical/electronic control unit are known
per se 1n practice. The differences in energy ~Lc:ontent of the fuels
concerned, which necessitate adapted metering, constitute a problem to
be solved with such installations.

20 Netherlands Patent Application 82.00993 describes a system for
the metered supply of petrol and/or LPG to an internal combustion
engine with the aid of time-controlled fuel injectors. A mutually
correct mechanical calibration of the petrol and LPG injectors used
enables both types of injectors to be controlled by the same

25 electronic.control unit, which controls the duration and frequency of
opening of the injectors, over the entire power and speed range of the
engine.

International Patent Application WO-A-9, 208,888 likewise
describes a system for electronically controlled metering of the

30 supply of petrol and LPG to an internal combustion engine, with which
system the differences in energy content of the different types of
fuel are compensated for with the aid of an additional electronic unit
instead of by mechanical calibration of the injectors concerned. With
this system the original electronic control unit for the petrol

35 1injectors is then used to determine the fregquency of opening of the
LPG 1injectors, whilst the additional electronic unit converts the
duration of opening of the petrol injectors into a corresponding value

for LPG. This system can essentially be regarded as the electronic

~ . AMENDED SHEET



L.
A
L I

2172290
-7+

equivalent of the mechanically calibrated fuel supply system disclosed

in the said Netherlands Patent Application 82.00993.
Both systems have a facility for adapting the duration of opening

of the injectors to a changing composition of the fuel, in which

5 context consideration can be given to, for example, winter and summer

composition of LPG, as a consequence of which the calorific value and
the required amount of air per unit volume of fuel injected are not
constant.

It has been found that this method of metering of the types of

10 fuel is not optimum, which can be appreciated as follows.

Present day control units used for internal combustion engines
have adaptive control characteristics. That is to-say, the control
unit 1s configured in such a way that it adjusts automatically to a
change in the demand for fuel owing to, for example, wear, play or

15 other causes in the engine, so as to be able to deliver performances
comparable to those obtained when the engine is without defect. If an
engine 1s run for a prolonged period on a first type of fuel, for
example petrol, the control strategy of the control unit will have
been optimally adjusted for petrol metering.

20 In particular because of the differences in calorific value of
the types of fuel used, it will be clear that when there is a change-
over from petrol to, for example, LPG the control unit will, as =
consequence of its adaptive mode of operation, in the course of time
adjust its control strategy to the optimum for LPG. In order to

25 compensate - for the metering variations which occur in the engine as a
consequence of wear, play and the like, these two control strategies
will, 1n general, not be the same.

On switching back from LPG to petrol a situation can then also
arise in which, as a consequence of the use of LPG, the control unit

30 has been adjusted into a region completely outside the operating range
for petrol. Consequently, before optimum metering for petrol is
achieved again, the internal combustion engine is not adequately
controlled, which gives rise to temporarily reduced performance, but
also to 1incorrect combustion with emissions causing additional

35 environmental pollution and, possibly, a higher fuel consumption as
the major adverse characteristics. Damage to system components, such
as, for example, a catalytic converter, can also occur.

Another problem can arise because the adjustment which the
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control unit has to make on switching fuels is such that it 1is

-
¥

interpreted as being caused by a fault in the system. The control unit
will then start to operate on its preset (default) wvalues, which, of
course, are not adjusted to the current condition of the engine (wear,
play and the 1like) or fuel characteristics (calorific wvalue, etc.).
This likewise leads to a reduction in performance or efficiency, a
possibly higher fuel consumption and increased environmental

pollution.
European Patent Application EP-A-0557530 discloses an alternative

-

fuel system that can be used in conjunction with the existing primary

fuel system in a combustion installation. The known system uses the
output signals of the first control unit associaterd. with the primary
system and adapts these signals by means of a second control unit
which controls the fuel supply of the alternative fuel system. In case
said first electronic control unit has adaptive control
characteristics, this known system obviously ‘has the disadvantage
mentioned above; namely that in time, when switching regularly from
the first fuel to the éecond, alternative fuel, the control strategy
developed by the first control unit will be adjusted into & region
completely outside the operating range of for the first fuel.

The objective on which the invention is based is, therefore,
firstly to indicate a system and method for a combustion installation,
operating on an original or first type of fuel, for the metered supply
of an alternative or second type of fuel in such a way that the
original or first electronic control unit used for metering the first
fuel can be used to control the metering of the alternative or second
fuel, without, however, the control strategy developed by said first

control unit being adjusted outside the operating range for the f{irst
fuel.

According to the invention, to this end a system 1is provided
which comprises a first electronic control unit for metering, via fuel
supply means, the supply of the first and second fuel, and detection
means for the detection of process and operating parameter values of
the combustion installation, a second electronic control unit, coupled
to the first control unit and the fuel supply means, for metering the
supply of the second fuel under the control of the first control unit,
characterized in that said first electronic control unit has adaptive

control characteristics and said second control unit comprises recor-
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ding means for, during operation on the first fuel, recording, as a
function of respective detected process and operating parameter
values, first control signal values emitted by the first control unit
and controi and comparison means for, during operation on the second
fuel, comparing, in dependence of the process and operating parameters
concerned, the momentorily emitted first control signal wvalues with
the first control signal wvalues recorded by the recording means, in
order so to adjust second control signal values emitted by the second
control unit that the momentarily emitted first control signal values
are kept within a predetermined range with respect to the recorded
first control signal values.

The invention 1is based on the concept of .also making the
conversion of the metering by means of the second electronic control
unit adaptive and specifically of doing so in such a way that, during
operation on the second fuel, deviations in the control strategy of
the first control unit which fall outside a predetermined range are
detected and brought back within said range by adjusting the metering
of the second fuel.

In the system according to the invention this is achieved in that
the control strategy developed by the adaptive control characteristics
of the first control unit during operation on the first fuel is stored
in suitable recording means of the second control unit. By now, during
operation on the second fuel, under the same process and operating
parameter values, comparing the control signals momentarily eiitted by
the first or original control unit with the control signals stored in
accordance with the control strategy developed during operation on the
first or original fuel, any deviation herein as a consequence of the
adaptive behaviour of the first control unit during use of the second
fuel can be corrected immediately by suitable adjustment of the mete-
ring of the second fuel. In this way a situation in which the first
control unit develops a control strategy during operation on the se-
cond fuel which differs from that developed for operation on the ori-
ginal first fuel can be effectively prevented. The control strategy of
the first control unit can consequently be held at the correct opera-
ting point for metering of the first fuel, so that on switching to the
first or original fuel a default program will not be started and no
losses of performance or additional environmental pollution worthy of

note will occur and damage to system components is prevented.
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The system according to the invention is therefore particularly

suitable for use in combusticon installations which have to be operated

on other types of fuel as an alternative for some period, for example
in the intefnal combustion engine described above for the purposes of

5 illustration. Although in this example it is assumed that the first or
original fuel is petrol and the alternative or second fuel is LPG, it
will be clear that the reverse can also be the case and that several
types of second fuel can be used.

The range within which a correction is made to the metering of

10 the second fuel can, instead of being very narrow as 1ndicated above,
also be set so wide that some degree of adjustment in the control
strategy is possible during operation on the seconc- fuel. An average
of the operating ranges of the first and second fuels can be
considered in this context. Although a disruption to the optimum

15 control strategy for, for example, petrol then occurs, it 1is
nevertheless possible effectively to prevent the control strategy
falling completely outside the operating range. This type of control
is, for example, advantageous if one or the other fuel is used for a
prolonged period, because with this procedure a certain degree of

20 optimisation in metering control can be achieved for both fuels.

A further important advantage of the system according to the
invention is that it can be used irrespective of the type of control
unit, that is to say the control algorithm incorporated herein. After
all, a control strategy which has been developed 1is adopted

25 dynamically by the second electronic control unit by means of

recording of the relevant control signals.

In a further embodiment of the system according tc the invention,
the second control unit comprises authorisation means f{or authorising
the recording of first control signal values during operation on the

30 first fuel depending on the detection of predetermined wvalues of
respective process and operating parameters.

In yet a further embodiment of the .system according to the
invention, the authorisation means are arranged for authorising
comparison, during operation on the second fuel, of the first control

25 signal values momentarily emitted with the first control signal wvalues
recorded by the recording means, depending on the detection of the
relevant predetermined wvalues of respective process and operating

parameters.
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The purpose of this further embodiment is to prevent undesired

adjustments to the metering in response to control signal wvalues

during the initiation or start-up stage of a combustion process.

In order to prevent undesired adjustment of the metering during
relatively severe and rapid changes in operating conditions, in yet a
further embodiment of the system according to the invention, the
authorisation means are arranged to authorise the recording and/or
comparison of the first control signal values during operation on the
first and/or second fuel depending on a quasi-steady state of ope-
ration for the combustion installation determined from the respective
process and operating parameters.

In one embodiment of a system according to the invention, effi-
cient storage of control signal values is achieved in that the second
control unit comprises further comparison means, which are coupled to
the recording means, for recording, during operation on the first
fuel, only first control signal wvalues which differ from the first
control signal values already stored.

The system according to the invention can be used either in com-
bustion installations in which the various types of fuel are supplied
via the same metering means and the second control unit then has to be
provided with switching means which can be actuated to interrupt the
control of the fuel supply means by the first control unit or in a
system 1n which the wvarious types of fuel are supplied to the combus-
tion installation via individual fuel supply means, as is customary,
for example, in internal combustion engines.

The system according to the invention is suitable for use of
various types of fuel supply means, in particular time-controlled fuel
injectors. In addition to the -detection of the process and operating
parameter values of a combustion installation which are regarded as
important for fuel metering, which process and operating parameters of
course differ depending on the type of combustion installation, it is
also preferable to be able to base the metering of the second fuel by
the second control unit on the characteristics of the second fuel
which determine the combustion. Data relating to the composition of
the fuel and, for example, the pressure under which the latter is
supplied can be considered in this context.

Although the system according to the invention is particularly

suitable for rendering an existing combustion installation operating
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on an original or first fuel suitable for use with an alternative and

second type of fuel, or for rendering combustion installations which

have already been modified in this way suitable for application of the
me thod accofding to the invention, the first and second control units
can, according to yet a further embodiment, be produced as a single
integral unit. This is of interest in particular for newly manufac-
tured combustion installations or for existing combustion installa-
tions which are provided with a new control system. °

The invention relates in particular to use in an internal combus-
tion engine, the means for detecting process and operating parameter
values at 1least comprising temperature, load and revolution count
detectors as well as means for analysing the combustion emissions.
Detectors suitable for this purpose are known per se in practice and
nowadays form part of the normal known eqguipment for four-stroke Otto
engines provided with petrol injection systems.

The present invention also relates to a method for the metered
supply of at least a first and a second type of fuel, in particular
petrol and LPG (Liquid Petroleum Gas), to a combustion installation,
such as an internal combustion engine, comprising a first electronic
control unit for metering, via fuel supply means, the supply of the
first and second fuel, and detection means for the detection of pro-
cess and operating parameter values of the combustion installation,
and a second electronic control unit, coupled to the first control
unit and the fuel supply means, for metering the supply of the second
fuel under the control of the first control unit, characterized by the
following steps of:

- recording, by the second control unit, during operation on the
first fuel, in dependence of respective detected process and operating
parameter values, first control signal wvalues emitted by the first
control unit, said first control unit having adaptive control charac-
teristics,

- comparing, by the second control unit, during operation on the
second fuel, 1in dependence of the respective detected process and
operating parameter values, the momentarily emitted first control
signal values with the recorded first control signal values, and,

- in case of a difference between the momentarily emitted and the

recorded first control signal values outside a predetermined range,

adjusting the second control signal values emitted by the second con-
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trol unit so as to keep the difference within the range concerned.

In yet a further embodiment the invention also provides a system
wherein the second electronic control unit comprises a digital pro-
cessor unit provided with several inputs for supplying control signal
values originating f{rom an electronic control unit for metering the
first fuel and detected process and operating parameter values from
the combustion installation, and several outputs, for transmitting to
the fuel supply means control signal wvalues for metering the fuel
supply, and recording means, coupled to the processor unit, for recor-
ding supplied control signal values 1in dependence of respective ope-
rating and process parameters, the processor unit being arranged to
compare, 1in dependence of the process and operating parameters con-
cerned, the control signal wvalues momentarily supplied to the pro-
cessor unit with the control signal values recorded by the recording
means, 1n order so to adjust the control signal .values emitted by the
processor unit that the control signal wvalues momentarily SUppliéd are
kept within a predetermined range with respect to the recorded control
signal values.

In a preferred embodiment the processor unit 1is arranged to
authorise the recording and/or comparison of the supplied control
signal values depending on predetermined values of respective process
and operating parameters and/or a quasi-steady state of Operation. of
the combustion installation determined from the respective process and
operating parameters. Suitable recording means comprise a so-called
EEPROM (Electrically Erasable/Programmable Read Only Memory).

The inventive concept is explained in more detail below with
reference to an application in an internal combustion engine, which
application is illustrated by a drawing.

Figure 1 shows, diagrammatically, the system according to the
invention used in an internal combustion engine, and

Figure 2 shows a block diagram of an electronic control unit for
use in the system according to the invention.

In Figure 1 a combustion installation in the form of an internal
combustion engine, for example a four-stroke {four-cylinder Otto
engine, is shown in its entirety by reference numeral 1 and is pro-

vided with a combustion mixture inlet pipe 2 and an
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exhaust gas pipc 3.

The internal combustion engine 1 has first or original fuel supply means 4,
for example for the supplyv of petrol, and first fuel injectors 5, which are connected to
said fuel supply means and by means of which the first fuel can be made up, together
with air drawn 1n, 1n the inlet pipe 2 into a combustion mixture for the internal
combustion engine 1.

In addition to the first fuel supply means 4, second fuel supply means 6, for
cxample for the supply of LPG (Liquid Petroleum Gas), with associated second fuel
injectors 7, are provided, by means of which, as an alternative to the first fuel, a second
type of fuel can be mixed with air in the inlet pipe 2 to form a combustion mixture for
the internal combustion engine 1.

A first or original electronic control unit 8 is provided for determination of
the metering of the first fuel, which first control unit transmits first control signals to
the fuel injectors 5 via a signal line 9. In the case of time-controlled fuel injectors S,
which are known per se, said first control signals comprise electrical pulses of a specific
duration and repeat frequency, depending on detected process and operating parameter
values for the internal combustion engine 1. For this purpose, detection means 10, in the
form of temperature, load and revolution count detectors, are provided, as well as means
11 with which the composition of the exhaust gas can be analysed, for example a so-
called lambda probe, which means are accommodated in the exhaust gas pipe 3. The
data obtained from the detection means 10 and the feedback signal emitted by the
means 11 are supplied to the first control unit 8, which, on the basis of these data,
optionally 1n conjunction with data relating to the composition of the first fuel, develops
a control strategy for optimum control of the combustion process in the internal
combustion engine 1 within a particular operating range.

For metering the second fuel, a second electronic control unit 12 is

connected via an input connection point 14 to the first control unit 8. Second control

signals are transmitted to the second fuel injectors 7 by the second control unit 12 via
one Or more output connection points 13. One or more input connection points 15,
which, as is shown in Figure 1, are connected to the detection means 10, are provided
for supplying process and operating parameter values to the second control unit 12, and

an 1put connection point 16 is provided for supplying a fuel selection signal to the

second control unit 12.
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Furthermore, switching means 18 are accommodated in the signal line 9

from the tirst control unit 8 to the first fuel injectors S, which switching means can be

actuated from an output connection point 17 by the second control unit 12. Mechanical

switching means 18 are shown here merely by way of example so that the invention can
be understood. Of course, semiconductor switching means can also be used for this
purposc.

For the sake of simplicity valves, fuel pumps, pressure regulators, ignition
means and the like needed to operate the internal combustion engine 1 are not included
in the diagram 1n Figure 1. However, for a person skilled in the art these are obvious
components of an internal combustion engine, which require no further explanation. The
first or onginal electronic control unit 8 is likewise a standard component in present dayv
internal combustion engines operating with fuel injection. In order to understand the
Invention it is only important to know that said control units have adaptive
characterstics, that is to say that the metering strategy is adapted automatically to a
changed demand for fuel as a consequence of changes which arise in the internal
combustion engine 1 as a result of wear, play and the like and, if desired, also the
combustion charactenistics of the fuel supplied.

Figure 2 shows a block diagram of an embodiment of the second electronic
control unit 12 according to the invention.

In the embodiment shown, the second control unit 12 contains a processor
unit 19, which comprises a microprocessor and associated control components, an
electrical power unit 23 for producing the necessary operating voltage(s) and recording
or memory means 20 in the form of an EEPROM (Electrically Erasable/Programmable
Read Only Memory).

The processor unit 19 is provided with a number of input connection points
15 for supplying process and operating parameter values, an input connection point 14
for supplying the control signals from the first control unit 8 and an input connection
point 16 for supplving a fuel selection signal. The processor unit 19 also has a number
of output connection points 13 for transmitting control signals to the fuel supply means,
such as the second fuel injectors 7, and an output connection point 17 for controlling
switching means 18. Depending on the embodiment and application of the electronic
control unit 12, it can be necessary to incorporate amplifiers and/or analogue/digital or

digital/analoguc converters, which are designated in general by the reference numerals
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21, 22, in the connection from the diverse input and output connection points,
respectively, to the processor unit 19. The means designated by reference numeral 21
render the received signals suitable for processing by the processor unit 19, whilst the
means 22 render the signals emitted by the processor unit 19 suitable for supplying to
the various fuel injectors and the like.

The memory unit 20 is configured in such a way that, on the basis of
parameter values supplied to the input connection points 15, the associated first control
signals, emitted by the first control unit 8, can be stored here digitally in table or matrix
form. The processor unit 19 is, furthermore, so programmed that said unit is able to
compare supplied first control signal values with stored first signal values, if desired on
condition that predetermined parameter values apply, and suitably adjust the received
first control signal values to produce second control signal values transmitted to the
output connection points 13 for metering the supply of second fuel. The various features
are organised such that, during operation on the second fuel, the first control signals
momentarily received are kept within a prcdetcnﬁincd range of the first control signal
values stored in the memory means 20.

The functioning of the system according to the invention can now be
appreciated as follows.

Starting from operation on the original or first type of fuel, for example
petrol, the control unit 8 will, as a consequence of its adaptive mode of operation,
develop a control strategy with which the internal combustion engine 1 will be operated
in the optimum manner within its operating range. To this end, a first closed control
circuit in the form of the first control unit 8, the first fuel injectors 5, the internal
combustion engine 1 and the lambda probe 11 can be identified.

During operation on the first fuel, the second control unit 12 operates to
store the transmitted first control signal values in the recording or memory means 20 in
dependence of the detected process and operating parameter values. In this context it 1s
possible, for example, to use air mass and speed of revolutions as two operating
parameter values along the axes of a two-dimensional table in the recording means 20
of the second control unit 12. During operation on the first fuel it is then possible to
store the first control signals emitted by the first control unit 8 in the two-dimensional

table, for example in a (quasi)-steady operating state (for which, depending on the

application, a possible criterion could be: no changes greater than 10 % in process and
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operating parameter values over a period of 10 seconds), which state is determined by
authorisation means. Specific control signal values can already be stored beforehand in
the memory means. After a first initialisation stage, it is preferable to program the
processor unit 19 in such a way that the only values still recorded are those with differ
from the control signals already stored. In this way the memory means 20 always
contain the most up—-to—date control strategy of the first control unit 8.

On switching to operation on the second type of fuel, by actuating the input
connection point 16, the second control unit 12 activates the switching means 18 and,
via the output connection points 13, transmits suitable second control signal values to
the second fuel injectors 7, for example second control signal values which are suitable
for the metering of LPG. All of this is under the contro] of the first control unit 8,
which, via the detection means 10 and the lambda probe 11, determines the frequency
and duration of the second control signal values emitted on the basis of the detected
process and operating parameter values. In this case as well a closed control circuit can
again be identified, namely the first control unit 8, the second control unit 12, the
second fuel injectors 7, the internal combustion engine 1 and the lambda probe 11.

The processor unit 19 is now operating in such a way that first control
signals momentarily from the first control unit 8 are compared with the first control

signal values stored under the same operating conditions in the memory means 20. By
way of example, the second control unit 12 can check, in a state of operation
determined by authorisation means (such as, for example, the abovementioned (quasi)-
steady state of operation), whether the first control signal values momentarily produced
by the first control unit 8 correspond to the values recorded in the two-dimensional
table under the said conditions (speed of revolutions and air mass). This check is carried
out in order, in the event of a discrepancy falling outside a predetermined range, to
adjust the metering of the sccond fuel, via the second control signals emitted, such that
the first control signal values at the particular instant again agree with the corresponding
stored first control signal values, at least to within the predetermined range.

The rcsult of this adaptive behaviour of the second control unit 12 is to
prevent the control strategy of the first control unit 8 being so disturbed by the use of
the second fuel that it is brought outside the operating range for the first fuel.

On switching from the second fuel to the first fuel bv suitable actuation of

the input connection 16, the control signals to the second fuel injectors 7 are switched
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off and the switching means 18 are switched over again so that the control signals from
the first control unit 8 are again transmitted to the first fuel injectors 5.

Because, as a consequence of the method according to the invention, the
control strategy of the first control unit 8 has not been brought outside the operating
range for running the internal combustion engine 1 on the first fuel, there will be
virtually no or a negligible loss of performance and fuel and virtually no or negligible
additional environmental pollution as a result of an incorrect combustion process, which
would be the case if the first control unit 8 were "disrupted” at the time of the switch-
over.

It is advisable to carry out the recording, comparison and adjustment of the
conversion only when the internal combustion engine 1 is warm and the operating
parameters load, speed of revolutions and the like are stable and preferably when the
operating conditions are quasi-steady state. To this end, the processor unit 19 can be
provided with a suitable authorisation procedure.

It will be clear to a person skilled 1n the art that, from the standpoint of
switching technology, the functions of comparison of control signal values and
authorisation of said comparison and adjustment of the control signal values transmitted
bv the second control unit 12, which have been described above, can also be realised
using individual components instead of in a programmed manner using a processor. '

Although the invention has been illustrated with reference to an application
in an internal combustion engine, it is, of course, not restricted to this application and
can also be employed for use in, for example, a gas—powered turbine, combustion
furnaces and the like. Depending on the application, the first fuel can be LPG and the

second fuel petrol. A single set of fuel injectors, which then have to be controlled in a

suitable manner, can, for example, also suffice.
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1. System for the metered supply of at least a first and second type of
fuel, in particular petrol and LPG (Liquid Petroleum Gas), to a combustion
Installation, such as an internal combustion engine (1), comprising a first
electronic control unit (8) for metering, via fuel supply means (4, 6), the
supply of the first and second fuel, and detection means (10) for the
detection of process and operating parameter values of the combustion
Installation, and a second electronic control unit (12), coupled to the first
control unit (8) and the fuel supply means (4, 6), for metering the supply of
the second fuel under the control of the first control unit (8), characterized
in that said first electronic control unit (8) has adaptive control
characteristics and said second electronic control unit (12) is provided with
recording means (20) for, during operation on the first fuel, recording, in
dependence of respective detected process and operating parameter values,
first control signal values emitted by the first control unit (8) and with
control and comparison means (19) for, during operation on the second fuel,
comparing, in dependence of the process and operating parameters
concerned, the momentarily emitted first control signal values with the first
control signal values recorded by the recording means (20), in order so to
adjust second control signal values emitted by the second control unit (12)
that the momentarily emitted first control signal values are kept within a

predetermined range with respect to the recorded first control signal values.

2. System according to claim 1, wherein the second control unit
comprises authorisation means for authorising the recording of first control
signal values during operation on the first fuel in dependence of the
detection of predetermined values of respective process and operating

parameters.

3. System according to claim 2, wherein the authorisation means are
arranged for authorising the comparison, during operation on the second

fuel, of the momentarily emitted first control signal values with the first
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control signal values recorded by the recording means, in dependence of the
detection of the relevant predetermined values of respective process and

operating parameters.

4. System according to claim 2, wherein the authorisation means are
arranged to authorise the recording and/or comparison of the first control
signal values during operation on the first and/or second fuel in dependence
of a quasi-steady state of operation of the combustion installation determined

from the respective process and operating parameters.

5. System according to claim 1, wherein the second control unit
comprises further comparison means, which are coupled to the recording

means, for recording, during operation on the first fuel, only first control

signal values which differ from the first control signal values already stored.

6. System according to claim 1, provided with switching means which
can be activated by the second control unit to interrupt the control of the

fuel supply means by the first control unit.

7. System according to claim 1, wherein the fuel supply means comprise
individual first and second fuel supply means for individually controlling the
metering of the first and the second fuel respectively by the first and the

second control unit.

8. System according to claim 7, wherein the fuel supply means comprise

time-controlled fuel injectors.

9. System according to claim 1, wherein the first and second control

means form a single integral control unit.
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10.  System according to claim 1, wherein the detection means further
comprise means for detecting the combustion-determining characteristics of

the first and/or second fuel.

11.  System according to claim 1, wherein the second electronic control
unit comprises a digital processor unit provided with several inputs for
supplying control signal values originating from an electronic control unit
for metering the first fuel and detected process and operating parameter
values from the combustion installation, and several outputs for transmitting
to the fuel supply means control signal values for metering the fuel supply,
and recording means, coupled to the processor unit, for recording supplied
control signal values in dependence of respective operating and process
parameters, the processor unit being arranged to compare, in dependence of
the process and operating parameters concerned, the control signal values
momentarily supplied to the processor unit with the control signal values
recorded by the recording means, in order so to adjust the control signal
values emitted by the processor unit that the control signal values
momentarily supplied are kept within a pre-determined range with respect

to the recorded control signal values.

12.  System according to claim 11, wherein the processor unit is arranged
to authorise the recording and/or comparison of the supplied control signal
values In dependence of predetermined values of respective process and
operating parameters and/or a quasi-steady state of operation of the
combustion installation determined from the respective process and operating

parameters.

13.  System according to claim 11, wherein the recording means comprise
a so-called EEPROM (Electrically Erasable/Programmable Read Only
Memory).
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14.  System according to claim 1, in which the second electronic control

unit is interposed between the first control unit and the fuel supply means.

15. System according to claim 14, wherein the means for detecting
5 process and operating parameter values at least comprise temperature, load
and revolution count detectors as well as means for analysing the combustion

emissions.

16. Method for the metered supply of at least a first and a second type
10 of fuel, in particular petrol and LPG (Liquid Petroleum Gas), to a
combustion installation, such as an internal combustion engine (1),
comprising a first electronic control unit (8) for motoring, via fuel supply
means (4, 6), the supply of the first and second fuel, and detection means
(10) for the detection of process and operating parameter values of the
15 combustion installation, and a second electronic control unit (12), coupled
to the first control unit (8) and the fuel supply means (4, 6), for metering
the supply of the second fuel under the control of the first control unit (8),
characterized by the steps:
recording, by the second control unit (12), during operation on the
20 first fuel, in dependence of respective detected process and operating
parameter values, first control signal values emitted by the first control unit
(8), said first control unit having adaptive control characteristics,
comparing, by the second control unit (12), during operation on the
second fuel, in dependence of the respective detected process and operating
25 parameter values, the momentarily emitted first control signal values with
the recorded first control signal values, and,
in case of a difterence between the momentarily emitted and the
recorded first control signal values outside a predetermined range, adjusting
the second control signal values emitted by the second control unit (12) so

30 as to keep the difference within the range concerned.
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17.  Method according to claim 16, further comprising the step of
authorisating the recording of the first control signal values in dependence

of the detection of predetermined values of respective process and operating

parameters.

3
18.  Method according to claim 16, further comprising the step of
authorisating of the comparison of the momentary and recording first control
signal values in dependence of the detection of predetermined values of
respective process and operating parameters.

10

19. Method according to claim 17, further comprising the step of
determining a quasi-steady state of operation of the combustion installation
from the respective process and operating parameters for authorisating the

recording and/or comparison of the first control signal values.
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