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Description

[0001] This invention relates to the control of the
amount of fuel delivered to a fuel injected internal com-
bustion engine, and in particular, an internal combustion
engine that is subject to a sudden variation in torque
demand, such as may occur during driving conditions in
an automobile or other vehicle.
[0002] A fuel injection control apparatus is known
from EP 0433671 for controlling the fuel injection quan-
tity delivered to an air led engine which corrects a ref-
erence fuel injection quantity that is set based on the
quantity of intake air sucked into the engine by using a
transient correction value set in relation to the transient
condition of the engine. In this way, the system compen-
sates for the deviation in the air/fuel ratio that is com-
monly experienced due to variations in atmosphere air
pressure, for example at high altitude there is a de-
crease in air density, so that the reference fuel injection
quantity that is required at low altitude is excessive at
such high altitudes.
[0003] According to the formulas of EP-A-433 671 a
filtering of the fuel amount (demand) value is performed
during changes of load.
This filtering is performed as follows:
with

t = fuel demand value
NT = (inverse of the) filter constant 1/NT
TN = filtered value

the filter function of formula 1 in col. 6 of said EP-docu-
ment reads:

with the filter constant 1/NT, which is a function of engine
load, rpm, temperature.
[0004] Occasions may occur during the driving or op-
eration of a vehicle, where the engine speed is caused
to rapidly increase or decrease. This may be due to the
driver demand or may result from the engine's control
system as may occur, for example, during automatic
gear changing. The acceleration or deceleration may
have the effect of increasing or decreasing the fuel re-
quirement of the engine in a manner which may contrib-
ute to under-fuelling or over-fuelling of the engine during
several engine cycles. This under-fuelling or over-fuel-
ling may lead to less than optimum engine performance.
[0005] Also, due to the conventional practice of iso-
lating the engine from the support structure of the vehi-
cle by relatively compliant isolation mounts, commonly
referred to as engine mounts, the acceleration or decel-
eration, especially if sudden, may cause a large move-
ment of the engine relative to the vehicle chassis due to
the torque reaction thereof which is typically followed by
an impact at the engine mount(s) when the full compli-

TN = {TN-1*(NT-1)+t} /NT

ance of the mount(s) is taken up. Such large movement
and impact at the engine mount(s) is undesirable from
the point of view of driver and/or passenger comfort and
places stresses on the engine mount(s) that are better
avoided. This phenomenon is commonly referred to as
"tip-in" or "tip-out".
[0006] The effects of tip-in/tip-out are normally more
pronounced in vehicles in which the engine, gearbox
and final drive are supported on common mounts, such
as is the practice in conventional front wheel drive ap-
plications. By mounting the engine/gearbox assembly
on common mounts, the torque reaction to be taken up
by the mounts consists of the torque produced at the
gearbox output shaft. The torque that is produced at the
gearbox output shaft when such engine/gearbox as-
semblies are mounted via common mounts may typical-
ly be of the order of 3 to 4 times greater than the torque
generated at the engine flywheel. required per cycle
(FPCDemand) in accordance with the change in load de-
mand, determining the rate of change of the fuel re-
quired per cycle with time (dFPC/dt) based on the de-
termined value of the fuel required per cycle (EPCDe-

mand), and applying a filter constant, dependent upon the
determined rate of change of fuel required per cycle with
time (dFPC/dt), to the determined value of the fuel re-
quired per cycle (FPCDemand) to maintain the rate of
change of the fuel per cycle delivered to the engine with
time at no greater than a predetermined threshold value.
[0007] Further, the effects of tip-in/tip-out will gener-
ally be more pronounced in engines which are able to
provide a quick response to changes in driver demand.
For instance, the applicant's stratified-charge, air-as-
sisted, direct fuel injected two-stroke engines are par-
ticularly responsive to rapid changes in load demand,
such as may be required by the driver. These engines
differ from conventional homogeneous charge engines
in that the driver demand controls the engine's fuelling
rate rather than the airflow to the engine as would nor-
mally be the case. Thus the inherent inertia and other
lags associated with air-flow controlled engines essen-
tially do not have the same effect on the applicant's en-
gine. Accordingly, it may be desirable, in some instanc-
es, to apply a damping function to this response while
under other situations allowing the driver the full benefit
of the brisk response of the engine.
[0008] Whatever the mode of operation of the engine,
the above mentioned problems are particularly preva-
lent in the low speed range of engine and vehicle oper-
ation, for example, during city driving wherein the nature
of the engine load demand change is likely to be sudden
and of short duration typically followed shortly thereafter
by a return to low speed operation. Particularly in these
circumstances, mis-fuelling of the engine can have un-
desirable consequences. In contrast, if a sudden
change occurs during higher speed operation, the ef-
fects are likely to be less detrimental because the higher
speed operating condition is likely to be maintained for
a longer period of time with any mis-fuelling having an
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effect that is compensated over a period of many cycles
of engine operation.
[0009] The present invention is aimed at providing a
method of controlling fuel delivery to an engine during
the above-described conditions wherein the above
problems are overcome or substantially reduced.
[0010] With this object in view, the present invention
provides a method of controlling the mass of fuel deliv-
ered to a fuel led engine subject to a change in engine
load demand comprising the steps of determining a val-
ue of the fuel
[0011] Conveniently, the method may be implement-
ed in a fuel based control system in which the operator
does not directly control the fuelling to the engine but
merely generates a signal ("demand" signal) which in-
dicates the operator's requirements (e.g. increase or de-
crease in power output from the engine). This demand
signal may then be processed by an Electronic Control
Unit (ECU) which determines the fuel and air flow re-
quirements of the engine. Hence, the operator "de-
mand" signal, conveniently determined as a function of
accelerator pedal position, is input to the ECU which out-
puts the required fuel per cycle demand of the engine
and controls fuel delivery accordingly. The rate of
change of fuel per cycle with time may be measured in
accordance with the invention and then filtered, that is,
multiplied by a filter constant to reduce the rate of
change of fuel per cycle with time to no greater than a
predetermined threshold level that causes a degree of
engine movement that is uncomfortable to a typical driv-
er or operator of the engine and/or is adverse to the life
of the engine mounts. The threshold level may be time
variant and may be determined statistically or may take
account of mechanical features such as the life or dura-
bility of the engine mounts or otherwise.
[0012] Conveniently, the ECU may be configured to
change the engine load demand independently of driver
action, such as is desirable during gear ratio changes
in an automatic transmission gearbox. In this way, the
invention is also applicable to non-driver initiated load
demand changes.
[0013] Conveniently, the filter or damping constant re-
quired will be stored within a look-up table provided with
preset values for particular rates of change of fuel per
cycle with time under particular engine speed and load
conditions. In this manner, the ECU provides the appro-
priate filter constant in accordance with engine operat-
ing conditions. Further, the look-up table which stores
the filter or damping constants or intermediate look-up
tables which may be required to generate inputs for this
filter constant look-up table may advantageously be
made dependent on the sensed road speed of the ve-
hicle. The sensed road speed of the vehicle is itself de-
pendent on, and may be calculated, if required, together
with other engine operating parameters, from engine
speed and load. Further, it is known to calculate the par-
ticular gear a vehicle is in by way of the engine speed
and the road speed of the vehicle. Therefore, as with

the road speed of the vehicle, the look-up table may be
made dependent on the gear that the vehicle is in.
[0014] Conveniently, the look-up table which stores
the required filter or damping constant may be arranged
to be adaptive with respect to time. Accordingly, if a par-
ticular selected filter constant results in, for example, an
unsatisfactory engine operating condition, each of sev-
eral times that the filter constant is applied to a required
fuel per cycle demand of the engine, the filter constant
may be incremented upwardly or downwardly as is ap-
propriate and substituted for the filter constant value
previously stored within the look-up table.
[0015] Similarly, the determined rate of change of fuel
required per cycle with time may be constant (a linear
function of fuelling with time) or may be time variant .
Where time variant, the ECU may calculate a function
representative of the variation in the rate of change of
fuel per cycle with time for the engine.
[0016] Conveniently, the filtering or damping of the
rate of change of fuelling rate of the engine as demand-
ed by the driver or ECU is instantaneous. This is partic-
ularly advantageous in a fuel based control system
where, as previously mentioned, there is typically less
inertia and lag than in a typical air based homogeneous
charge control system. In other words, a fast filtering or
damping response is necessary in a fuel based control
system to obtain the desired effect of smoothing chang-
es in the rate of fuelling and/or varying a value of the
rate of change of fuel delivered per cycle of the engine
to no greater than a predetermined threshold level.
[0017] However, the degree of filtering, as with the de-
termined rate of change of fuel required per cycle with
time, may be time variant to take account of features
such as the behaviour of the engine mounts. It is appar-
ent that the movement of the engine will be most severe
at onset of tip-in/tip-out where the engine mounts are
typically at their most compliant. As the movement of
the engine becomes more pronounced the compliance
of the mounts generally decreases. Thus the degree of
filtering may be varied to take account of this and the
filter constant can be initially calculated to ensure a
smaller rate of change of fuelling for the engine when
the mounts are at their most compliant. Thereafter, re-
calculation of the filter constant can occur to increase
the rate of change of fuelling and enable a more rapid
approach to the demand fuel per cycle with time be-
cause the increasing stiffness or decreasing compliance
of the engine mounts will tend to offset the likelihood of
occurrence of undesirable levels of tip-in/tip-out behav-
iour. Such recalculation of the filter constant may occur
stepwise or more gradually.
[0018] The method of the invention is conveniently im-
plemented in tandem with those inventions disclosed in
the applicant's co-pending patent applications nos. AU
34862/93 and PCT/AU94/00360, the contents of which
are incorporated herein by reference.
[0019] In a further aspect, the invention provides a fu-
el control system for a fuel led engine subject to a
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change in engine load demand comprising a control unit
provided with means for determining a change in engine
load demand, means for determining a value of the fuel
required per cycle (FPCDemand) in accordance with the
change in load demand, means for determining the rate
of change of the fuel required per cycle with time (dFPC/
dt) based on the determined value of the fuel required
per cycle (FPCDemand), means for determining a filter
constant dependent upon the determined rate of change
of fuel required per cycle with time, and means for ap-
plying said filter constant to the determined value of the
fuel required per cycle (FPCDemand) to maintain the rate
of change of fuel per cycle delivered to the engine with
time at no greater than a predetermined threshold value.
[0020] The means to determine the filter constant may
provide an appropriate filter constant in accordance with
sensed engine operating conditions. For example, the
filter constant may be determined in response to sensed
engine speed, sensed engine load, the sensed road
speed of a vehicle within which the engine is mounted
and/or a sensed change in gear of the vehicle. In this
way, the filter constant is a function of parameters which
may affect the operation of the engine and hence the
"drivability" of the vehicle within which the engine is
mounted and thereby provide better compensation for
any tip-in/tip-out behaviour of the engine.
[0021] Notwithstanding the above, the filter constant
may be made dependent upon other sensed engine op-
erating parameters. For example, as the filter constant
may require to be compensated for particular air/fuel ra-
tio requirements of the engine, air intake flow and fuel
flow sensors may also be incorporated within the system
for example, as part of the means for determining the
filter constant. The means for determining the filter con-
stant forms part of a, generally electronic, control unit
which constitutes a key component of the system. Ap-
propriately programmed control units and desired sen-
sors may be supplied or arranged for installation in ve-
hicle or on the engine.
[0022] The invention will be more clearly understood
from the following description made with reference to
the drawings in which:

Figure 1 is a schematic diagram of an engine man-
agement system according to a first embodiment of
the invention;
Figure 2 is a schematic diagram of an engine man-
agement system according to a second embodi-
ment of the invention;
Figure 3 is a schematic diagram of an engine man-
agement system according to the prior art; and
Figure 4 is a schematic diagram of an engine man-
agement system incorporated in a "fuel based con-
trol" system according to a third embodiment of the
invention.

[0023] Referring now to Figure 1 of the drawings,
there is depicted diagrammatically the method of oper-

ation of an engine management system to control fuel-
ling to a vehicle engine in accordance with the method
above discussed. The portion of the diagram within the
dotted outline consists of part of an electronic control
unit (ECU) 9 forming a key component of an engine
management system, ECU controlled engine manage-
ment systems per se being known in the art. The ECU
9 receives signals indicating the engine speed from the
engine speed sensor 10 and engine load demand from
the load demand sensor 11, the latter typically being in-
dicated by the position of a potentiometer attached to
the driver operated throttle pedal. Both input signals are
advantageously filtered to remove noise and avoid hunt-
ing. It should also be noted that the ECU 9 may be ar-
ranged to alter the engine load demand independently
of the driver operated throttle pedal and hence the load
demand sensor 11 may be configured to equally sense
such non-driver initiated signals.
[0024] The ECU 9 is capable of determining the rate
of change of engine speed with respect to time and the
rate of change of engine load demand with respect to
time from the aforementioned signals. Also, as previ-
ously mentioned, the ECU 9 may be adapted to receive
signals indicating the vehicle road speed from an appro-
priate road speed sensor, if desired, or may in fact gen-
erate such signals from other sensed or inputted engine
operating parameters. Alternatively, or additionally, a
signal indicating the gear in which the engine is engaged
may be input to the ECU 9. The "gear signal" may indi-
cate whether enablement of the filtering routine is actu-
ally required. As with the vehicle road speed, the gear
signal may be calculated as a function of engine oper-
ating parameters, such as for example, road speed and
engine speed. Then, for example and by analogy, at low
gear and low engine speed conditions, filtering of the
rate of change of fuelling (ie: dFPC/dt) is more likely to be
required.
[0025] It should be noted that it is desirable to employ
road speed as an input variable to the ECU 9 or a vari-
able generated by the ECU 9 such that the method of
operation of the engine management system is less
compromised. That is, depending upon vehicle road
speed, filtering of the rate of change of fuelling of the
engine may be too aggressive or insufficient due to the
fact that, depending upon what gear the vehicle is in, it
is possible to have the same fuelling rate for a number
of different vehicle speeds. For example, at low road
speed and low engine speed, a sudden increase in the
engine load demand followed by a sudden decrease in
the engine load demand would typically result in unde-
sirable tip-in/tip-out behaviour. Such a situation may typ-
ically correspond, for example, to a brief acceleration in
low gear such as may be likely when manoeuvring in a
car parking area. Accordingly, this situation is one in
which it is highly desirable to adopt heavy filtering of the
rate of change of fuelling to avoid tip in/tip out.
[0026] In contrast, at high vehicle road speeds and
low engine speeds, such as would be experienced when
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cruising at relatively high speed, a large amount of fil-
tering may not be desirable or required as the "tipping-
in" or "tipping -out" behaviour of the engine may not in
fact be that noticeable to the driver due to other factors
such as the vehicle inertia. Other situations which may
occur include the situation where a vehicle is being driv-
en aggressively corresponding to high engine speeds.
In such situations, it may be undesirable to filter the rate
of change of fuelling of the engine as this may compro-
mise the performance of the engine to the dissatisfac-
tion of the driver.
[0027] It is also important to note that, typically, a large
amount of filtering is not desirable during gear changes
and, in some circumstances, no filtering is desirable dur-
ing gear changes. For instance, during a normal gear
change event, the driver of a vehicle depresses the
clutch whilst "backing-off" on the fuelling such that the
engine speed drops until another gear ratio is selected
and the clutch is disengaged together with load demand
being applied. If a filtering routine to vary the rate of
change of the fuelling rate for the engine with time was
enabled, when the driver depressed the clutch or
"backed-off" the accelerator pedal during a gear change
event, the engine ECU might detect this as a possible
tip-in condition and hence filter the rate of change of
fuelling. If this occurred, rather than the engine speed
dropping, the engine would "hang" in speed. In fact, the
engine speed might increase due to the fact that the load
from the gearbox had been removed therefrom. This is
undesirable as the driver may try to compensate for
such an engine reaction by gear changing action. Any
wastage in fuel that results from such unnecessary in-
crease in fuelling is also undesirable.
[0028] Accordingly, it may be appropriate for the filter-
ing routine to be made dependent upon a signal from a
clutch switch such that no, or a reduced level of filtering
can take place during a driver gear change event. Ob-
viously, if no clutch signal was received, the ECU would
treat any other reduction as a possible tip-in or tip-out
situation and apply the filtering accordingly. It should be
noted that similar compensation would be equally appli-
cable no matter whether a clutch signal is received
whilst commencing or completing a gear change event.
[0029] Referring again to Figure 1, based on the en-
gine speed 10 and the operator demand or engine load
demand as indicated by the pedal potentiometer posi-
tion 11, a fuel per cycle or FPC demand look-up table or
map 12 produces a signal indicating the demand fuelling
rate per cycle (FPC demand) 13 of the engine 20. From
this FPC demand map 12, the ECU 9 is also able to cal-
culate the rate of change in fuel demand per cycle of the
engine with time (dFPC/dt) 14. Conveniently, this value is
determined by taking two FPC demand readings over a
predetermined time interval where the time interval is
the time between the recordal of the two FPC demand
values. Conveniently, the two FPC demand values men-
tioned will be the demand FPC as determined as a func-
tion of a new pedal position and the preceding demand

FPC.
[0030] The signal 13 indicating the demand fuelling
rate (FPC demand) of the engine 20 is input to a second
look-up table or map 15 together with a road speed sig-
nal 16 from which a base filter constant (B) 17 is calcu-
lated. The road speed signal 16 is calculated by the ECU
9 from sensed or known engine operating parameters.
The base filter constant 17 and the actual rate of change
of fuelling rate (dFPC/dt)14 are then input to a third look-
up table or map 18 which provides, if necessary, a true
filter constant value 19. This true filter constant 19 is
then applied to the original demand FPC value 13 such
that a filtered or damped FPC value 30 is generated and
can be input as an operation control parameter for the
engine 20. This "true" filter constant value 19 is appro-
priate for the particular value of dFPC/dt, such that the
rate of change of fuelling to the new value for demand
FPC is reduced to a desired level (i.e: a level which is
below a predetermined threshold level of dFPC/dt and
which avoids undesirable tip-in/tip-out behaviour).
[0031] This controlled rate of change of the demand
FPC will not result in misfuelling of the engine 20, yet
provides satisfactory fuelling for an acceptable level of
acceleration or deceleration as the case may require.
To this end, the map 18 which calculates the true filter
constants is provided with predetermined filter con-
stants found satisfactory for the particular dFPC/dt de-
manded by the driver or operator or the ECU 9. This
improves the driveability of the vehicle as the movement
of the engine 20 and any resultant impact at the engine
mount(s) is controlled to an acceptable or more desira-
ble level. The filtering of the demand FPC signal 13 is
instantaneous and continues until the acceleration or
deceleration is complete.
[0032] In an alternative embodiment, there may be
provided a system in which road speed is not taken into
account, and/or which is only initiated in response to cer-
tain engine operating conditions as established by or
programmed into the ECU 9. Such a system is shown
in Figure 2. Its operation may be briefly described as
being in accordance with that described with reference
to Figure 1, without a correction for road speed. In such
an arrangement, the second map 15 is not required. In
this case, a base filter constant 24 is produced by a look-
up table or map 23 as a function of the rate of change
of fuelling (dFPC/dt) 14 and fuel demand 13 alone. The
base filter constant 24 is then applied to the original fuel
demand or demand FPC 13 such that the filtered or
damped FPC value 30 is generated and can be input as
an operation control parameter for the engine 20.
[0033] In the applicant's co-pending Australian Patent
Application No. AU 34862/93 is described a method for
controlling the mass of air and fuel delivered to an inter-
nal combustion engine per cylinder per cycle. In that dis-
closure, the control system is as shown in Figure 3
thereof. Referring now to Figure 3 hereof, which is sim-
ilar to Figure 3 of the above identified patent application,
during normal operation of the engine 20, the FPC de-
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mand map 12 produces a signal 13 indicating the fuel
per cycle demand of the engine 20. The signal 13 indi-
cating the fuel per cycle demand of the engine 20 is input
to the air demand map 23 which determines the air per
cycle demand 27 for that particular fuel per cycle de-
mand 13 (having regard to the engine speed). An air
mass sensor 22 then measures the actual air per cycle
21 being delivered to the engine 20 for the current po-
sition of the throttle valve 28 and bypass valve 29. If the
air per cycle demand 27 as indicated from the air de-
mand map 23 does not correspond with the actual air
per cycle 21 being delivered to the engine 20, the air
bypass valve 29 is activated to effect the necessary cor-
rection. This is typically achieved by way of a PID con-
troller 31.
[0034] The fuel per cycle 13 and actual air per cycle
21 signals are also provided as inputs to an air/fuel ratio
comparator 25, wherein the actual air/fuel ratio based
on these inputs is compared with a censored air/fuel ra-
tio which is preset on the basis of engine load demand
or pedal position and engine speed. The censored air/
fuel ratios are stored in a map and will normally be a
range between maximum or minimum predetermined
limits. The demanded air/fuel ratio is not to exceed the
censored air/fuel ratio limits, so that, for example, the
rich misfire limit of the engine is not exceeded. If the air/
fuel ratio, as determined by the demand fuel per cycle
13 and the actual air per cycle 21, differs from the cen-
sored air/fuel ratio by more than the permissible amount,
then a correction module 26 is enabled such that cor-
rection will be made to the fuel per cycle delivered to the
engine 20, so that the air/fuel ratio will be within the per-
missible variation from the censored air/fuel ratio.
[0035] Hence, in consideration of the present inven-
tion, where there is a sudden change in pedal position
at low road speed, for example, the rate of change of
the censored fuel demand per cycle (dFPC/dt censored)
can be input to the base filter constant map 15 which
provides a base filter constant 17 appropriate for the
particular value of dFPC/dtcensored such that the rate of
change of fuelling dFPC/dt 14 is reduced to a manage-
able level as discussed above with reference to Figure
1. This is shown in Figure 4. However, the system may
also be configured such that, if the rate of change of fuel
per cycle dFPC/dt 14 exceeds a certain threshold value
even at high road speed, the filtering routine can still be
enabled. In this regard, it is cogent that the object of the
filtering routine is improved driver comfort and the sys-
tem is to be configured to achieve that end.
[0036] The values of the filter constants may be adap-
tive with time such that if, for instance, a selected filter
constant 19, 24 results in rich misfire of the engine 20,
as sensed, for example, by a combustion chamber pres-
sure transducer, each of several times that the filter con-
stant 19, 24 is applied to a specific FPC demand value
13, the filter constant 19, 24 may be incremented down-
wardly as required and substituted for the filter constant
value previously held in the filter constant map 18, 23.

In this way, the desired filtering and thus fuelling condi-
tion of the engine 20 is maintained.
[0037] Alternatively, the filter constants 19, 24 or the
filter constant map 18, 23 may be made adaptive to al-
low for changes or differences in the engine mounts.
Thus, for example, as time progresses, wear or ageing
of the engine mounts increases and the need for filtering
of the rate of change of fuel per cycle (dFPC/dt) 14 con-
sequently changes as a result of such engine mount de-
terioration. The ECU 9 can be programmed to take ac-
count of such factors. Further, the ECU 9 could be con-
figured such that it is capable of adapting the filter con-
stant map 18, 23 in respect of different engine mounts
such as would be the case if the vehicle engine mounts
were replaced. To this end, the ECU 9 may receive or
generate signals from suitably located accelerometers
or sensed crankshaft fluctuations.
[0038] Mention may be made of a system in which the
described method is applied to filter changes in fuelling
rate dictated by, for example, the ECU 9 independently
of the actions of the driver. Referring to an automatic
gearbox engine application, it will be the ECU 9 that will
rapidly reduce the load demand and then re-apply the
load demand so that there is a smooth transition during
gear changes. Therefore, the method may be applied to
control the rate of fuelling during return of the engine to
a higher load demand whereas no filtering may be nec-
essary to the reduction in fuelling of the engine 20 on
the gear change.
[0039] Reference is now made to a further embodi-
ment in which the filter constant is made a function of
time, with the degree of filtering being varied to take into
account the variable behaviour of the engine mounts in
response to engine movement caused by a change in
engine load demand.
[0040] Engine mounts are typically initially compliant
to impacts or shocks exerted thereon and then become
stiffer or less compliant as the mounts take up the force
applied thereto by the engine. Therefore the degree of
filtering of the rate of change of fuel per cycle with time
can be varied to take this phenomenon into account.
This is accomplished in the following manner.
[0041] Initially, when tip-in or tip-out occurs in re-
sponse to a change in engine load demand, a first heavy
level of filtering or reduction of the rate of change of fuel-
ling is required to restrain or control the initial responsive
movement of the engine onto its mounts; the mounts in
question being the mounts that will receive the resultant
force caused by the movement of the engine, whether
in response to tip-in or tip-out.
[0042] In this manner, the engine is prevented from
gaining sufficient momentum that would cause a result-
ant shock being transmitted to the vehicle via the engine
mounts. Then, as the mounts commence to take up the
resultant force generated by the movement of the en-
gine - in other words, the mounts begin becoming less
compliant - a greater rate of change of fuelling to the
engine can be tolerated as, the initial and, typically, more
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substantial movement of the engine has been control-
led. It follows that, after the first "compliant" phase is
complete, the engine mounts have taken up a substan-
tial proportion of the resultant force generated by this
engine movement. Therefore, the filter constant can be
recalculated and the degree of filtering may be reduced
without the consequential increase in the rate of change
of fuelling producing a significant impact or shock at the
engine mounts because the stiffness of the mounts has
increased to a level wherein the degree of movement of
the engine does not impinge on driver comfort.
[0043] The variation in filtering achieved by recalcu-
lation of the filter constant may be stepwise or may be
gradual, possibly being a function of the degree of en-
gine movement that has occurred as determined with
reference to time or monitored engine mount stiffness.
Such variation in filtering can lead to better response as
the filtered rate of change of fuelling can be made to
more closely match that demanded by the driver or may
enable achievement of the final demanded FPC at sub-
stantially the same rate or the time that the final demand
FPC would have been achieved if the demanded rate of
change of fuelling had been delivered without filtering.
[0044] In one method of implementation, an injection
event or perhaps a time counter may be employed which
is enabled when, for example, the operator demand in-
creases suddenly, that is, from idle to wide open throttle
at low engine speed which would typically result in an
unacceptable level of tip-in. The ECU 9 may then pro-
vide a filter constant that causes a lower rate of change
of fuelling to be obtained during the early injection
events following counter enablement. The filter constant
may be calculated in response to engine speed, gear
anc road speed or other parameters as above described
such that the initial rate of change of fuelling of the en-
gine remains below the threshold level that would cause
excessive engine movement.
[0045] Then, as the engine mounts become stiffer or
less compliant, the fuelling rate can be increased with
reduced prospect of excessive engine movement and,
consequently, the filter constant value may be varied so
that the rate of change of fuelling enables a quicker ap-
proach to the final demand value as the counter incre-
ments steadily upwards.
[0046] When the final demand fuel per cycle with time
is reached, the counter may be set to zero and disabled
until the next tip-in/tip-out event.

Claims

1. A method of controlling the mass of fuel delivered
to a fuel led engine subject to a change in engine
load demand comprising the steps of determining a
value of the fuel required per cycle (FPCDemand) in
accordance with the change in load demand, deter-
mining the rate of change of the fuel required per
cycle with time (dFPC/dt) based on the determined

value of the fuel required per cycle (FPCDemand),
and applying a filter constant, dependent upon the
determined rate of change of fuel required per cycle
with time (dFPC/dt), to the determined value of the
fuel required per cycle (FPCDemand) to maintain the
rate of change of the fuel per cycle delivered to the
engine with time at no greater than a predetermined
threshold value.

2. A method as claimed in claim 1, wherein said filter
constant is provided by a look-up table in a control
unit, said look-up table being provided with preset
values of filter constants corresponding to particular
rates of change of fuel required per cycle with time
under particular engine operating conditions.

3. A method as claimed in claim 1 or 2, wherein appli-
cation of said filter constant is dependent upon en-
gine operating conditions.

4. A method as claimed in any one of claims 1 to 3,
wherein application of said filter constant is depend-
ent upon at least one parameter selected from the
group consisting of engine gear, clutch position, ve-
hicle road speed, engine load and engine speed.

5. A method as claimed in any one of claims 1 to 4,
wherein a value of said filter constant is dependent
upon engine load and/or engine speed.

6. A method as claimed in any one of claims 1 to 5
being implemented in a vehicle wherein a value of
said filter constant is dependent upon the sensed
road speed of the vehicle.

7. A method as claimed in any one of claims 1 to 6
wherein a value of said filter constant is dependent
upon a signal generated by a change in gear of the
engine.

8. A method as claimed in any one of claims 1 to 7
wherein said filter constant is adaptive with time, be-
ing incremented upwardly or downwardly to gener-
ate a desired filter constant for a given engine op-
erating condition.

9. A method as claimed in any one of claims 1 to 8
wherein said filter constant is compensated for
changes in the wear of engine mounts.

10. A method as claimed in any one of claims 2 to 9
wherein the control unit determines a required air/
fuel ratio in accordance with engine operating con-
ditions and in accordance with which said filter con-
stant is varied to maintain said rate of change of fuel
per cycle below said predetermined threshold value
while also maintaining the required air/fuel ratio.
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11. A method as claimed in any one of claims 1 to 10
wherein said change in engine load demand is ini-
tiated by an operator of the engine.

12. A method as claimed in any one of claims 1 to 10
wherein said change in engine load demand is in-
dependent of operator action.

13. A method as claimed in claim 11 wherein the
change in engine load demand is determined as a
function of throttle pedal position.

14. A method as claimed in any one of claims 1 to 13
wherein the change in engine load demand is de-
termined as a function of engine operating condi-
tions.

15. A method as claimed in any one of claims 1 to 14
wherein the application of the filter constant to said
determined rate of change of fuel required per cycle
with time is instantaneous.

16. A method as claimed in any one of claims 1 to 15
wherein a value of said filter constant is varied in
accordance with changes in compliance of mounts
for said engine.

17. A method as claimed in claim 16 wherein, upon ap-
plication of said filter constant and commencement
of movement of said engine on its mounts, said filter
constant is calculated to produce an initial threshold
value of rate of change of fuel per cycle of the en-
gine with time, the filter constant being recalculated,
as a rate of movement of said engine becomes
smaller in response to decreasing compliance of
said engine mounts, such that subsequent values
of rate of change of fuel per cycle of the engine with
time are greater than said initial value enabling a
more rapid approach to the fuel per cycle of the en-
gine demanded by an operator of said engine.

18. A method as claimed in any one of claims 1 to 17
wherein the rate of change of fuel required per cycle
with time is determined directly from said engine
load demand.

19. A method as claimed in any one of claims 1 to 18
wherein the method is implemented in a fuel based
control system.

20. A method as claimed in any one of claims 1 to 19
wherein said filter constant is applied when said de-
termined rate of change of fuel required per cycle
of the engine with time exceeds a predetermined
threshold level.

21. A method as claimed in any one of claims 1 to 20
wherein said determined rate of change of fuel re-

quired per cycle with time is time variant.

22. A method as claimed in any one of claims 1 to 20
wherein said determined rate of change of fuel re-
quired per cycle with time is constant.

23. A method as claimed in any one of claims 1 to 22,
wherein said predetermined threshold level is time
variant.

24. A method as claimed in any one of claims 1 to 23,
wherein said engine is a direct injected engine.

25. A method as claimed in any one of claims 1 to 24,
wherein said engine is an air-assisted engine.

26. A fuel control system for a fuel led engine subject
to a change in engine load demand comprising a
control unit provided with means for determining a
change in engine load demand, means for deter-
mining a value of the fuel required per cycle (FPC-

Demand) in accordance with the change in load de-
mand, means for determining the rate of change of
the fuel required per cycle with time (dFPC/dt)
based on the determined value of the fuel required
per cycle (FPCDemand), means for determining a fil-
ter constant dependent upon the determined rate of
change of fuel required per cycle with time, and
means for applying said filter constant to the deter-
mined value of the fuel required per cycle (FPCDe-

mand) to maintain the rate of change of fuel per cycle
delivered to the engine with time at no greater than
a predetermined threshold value.

27. A system as claimed in claim 26 including sensors
to determine values of engine operating conditions
upon which the filter constant is dependent, such
that the filter constant is determined in accordance
with the sensed values.

28. A system as claimed in claim 26 or 27, wherein said
sensors include engine load and/or engine speed
sensors.

29. A system as claimed in any one of claims 26 to 28,
wherein said sensors include road speed sensors.

30. System as claimed in any one of claims 26 to 29
wherein said sensors include change in gear sen-
sors.

31. System as claimed in any one of claims 26 to 30
wherein said sensors include means to determine
wear of engine mountings.

32. System as claimed in any one of claims 26 to 31
including air intake flow and fuel flow sensors.
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33. System as claimed in any one of claims 26 to 32
including a sensor to sense clutch position.

34. System as claimed in any one of claims 26 to 33
wherein said engine is a direct injected engine.

35. System as claimed in any one of claims 26 to 34
wherein said engine is an air-assisted engine.

Patentansprüche

1. Verfahren zum Steuern der Menge von zu einer
kraftstoffgeführten Maschine geliefertem Kraftstoff,
welche einer Änderung der Maschinenlastanforde-
rung unterworfen ist, umfassend die Schritte des
Bestimmens eines Wertes des pro Zyklus erforder-
lichen Kraftstoffs (FPCDemand) in Übereinstimmung
mit der Änderung der Lastanforderung, des Bestim-
mens der Änderungsgeschwindigkeit des pro Zy-
klus erforderlichen Kraftstoffs mit der Zeit (dFPC/dt)
auf der Grundlage des bestimmten Wertes für den
pro Zyklus erforderlichen Kraftstoff (FPCDemand),
und des Anwendens einer Filterkonstanten, abhän-
gig von der bestimmten Änderungsgeschwindigkeit
von pro Zyklus erforderlichem Kraftstoff mit der Zeit
(dFPC/dt), auf den bestimmten Wert des pro Zyklus
erforderlichen Kraftstoffs (FPCDemand), um die Än-
derungsgeschwindigkeit des pro Zyklus zu der Ma-
schine gelieferten Kraftstoffs mit der Zeit nicht auf
einem größeren als auf einem vorbestimmten
Schwellenwert aufrecht zu erhalten.

2. Verfahren nach Anspruch 1, worin die Filterkon-
stante durch eine Tabelle in einer Steuereinheit ge-
liefert wird, wobei die Tabelle mit voreingestellten
Werten von Filterkonstanten versehen ist, die be-
sonderen Änderungsgeschwindigkeiten des pro
Zyklus erforderlichen Kraftstoffs mit der Zeit unter
besonderen Maschinenbetriebsbedingungen ent-
sprechen.

3. Verfahren nach Anspruch 1 oder 2, worin die An-
wendung der Filterkonstante von Maschinenbe-
triebsbedingungen abhängig ist.

4. Verfahren nach einem der Ansprüche 1 bis 3, worin
die Anwendung der Filterkonstante abhängig ist
von wenigstens einem Parameter, der aus der
Gruppe bestehend aus dem Maschinengetriebe,
der Kupplungsposition, der Fahrzeugstraßenge-
schwindigkeit, der Maschinenlast und der Maschi-
nengeschwindigkeit ausgewählt ist.

5. Verfahren nach einem der Ansprüche 1 bis 4, worin
ein Wert der Filterkonstante von der Maschinenlast
und/oder Maschinengeschwindigkeit abhängig ist.

6. Verfahren nach einem der Ansprüche 1 bis 5, das
in einem Fahrzeug angewendet wird, worin ein Wert
der Filterkonstante von der gemessenen Straßen-
geschwindigkeit des Fahrzeugs abhängt.

7. Verfahren nach einem der Ansprüche 1 bis 6, worin
ein Wert der Filterkonstante abhängig ist von einem
Signal, das durch eine Änderung im Getriebe der
Maschine erzeugt wurde.

8. Verfahren nach einem der Ansprüche 1 bis 7, worin
die Filterkonstante an die Zeit anpaßbar ist, wobei
sie zu- oder abnimmt, um eine gewünschte Filter-
konstante für eine gegebene Maschinenbetriebs-
bedingung zu erzeugen.

9. Verfahren nach einem der Ansprüche 1 bis 8, worin
die Filterkonstante für Änderungen in der Abnut-
zung von Maschinenträgern kompensiert wird.

10. Verfahren nach einem der Ansprüche 2 bis 9, worin
die Steuereinheit ein erforderlich
Luft/Kraftstoff-Verhältnis gemäß den Maschinenbe-
triebsbedingungen bestimmt und gemäß welchem
die Filterkonstante variiert wird, um die Änderungs-
geschwindigkeit von Kraftstoff pro Zyklus unterhalb
des vorbestimmten Schwellenwertes aufrecht zu
erhalten, während auch das erforderliche Luft/
Kraftstoff-Verhältnis aufrecht erhalten wird.

11. Verfahren nach einem der Ansprüche 1 bis 10, wor-
in die Änderung der Maschinenlastanforderung
durch eine Bedienungsperson der Maschine initiiert
wird.

12. Verfahren nach einem der Ansprüche 1 bis 10, wor-
in die Änderung der Maschinenlastanforderung un-
abhängig von der Tätigkeit der Bedienungsperson
ist.

13. Verfahren nach Anspruch 11, worin die Änderung
der Maschinenlastanforderung als eine Funktion
der Gaspedalstellung bestimmt wird.

14. Verfahren nach einem der Ansprüche 1 bis 13, wor-
in die Änderung der Maschinenlastanforderung als
eine Funktion von Maschinenbetriebsbedingungen
bestimmt wird.

15. Verfahren nach einem der Ansprüche 1 bis 14, wor-
in die Anwendung der Filterkonstanten auf die be-
stimmte Änderungsgeschwindigkeit des pro Zyklus
erforderlichen Kraftstoffs mit der Zeit augenblicklich
erfolgt.

16. Verfahren nach einem der Ansprüche 1 bis 15, wor-
in ein Wert der Filterkonstanten in Übereinstim-
mung mit Änderungen der Nachgiebigkeit von Trä-
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gern für die Maschine variiert wird.

17. Verfahren nach Anspruch 16, worin bei Anwendung
der Filterkonstanten und Beginn der Bewegung der
Maschine auf ihren Trägern die Filterkonstante be-
rechnet wird, um einen anfänglichen Schwellenwert
für die Änderungsgeschwindigkeit des Kraftstoffs
pro Zyklus der Maschine mit der Zeit zu erzeugen,
die Filterkonstante wieder berechnet wird, wenn die
Geschwindigkeit der Bewegung der Maschine klei-
ner wird in Abhängigkeit von der abnehmenden
Nachgiebigkeit der Maschinenträger, derart, daß
nachfolgende Werte für die Änderungsgeschwin-
digkeit des Kraftstoffs pro Zyklus der Maschine mit
der Zeit größer als der anfängliche Wert sind, wo-
durch eine schnellere Annäherung an den Kraftstoff
pro Zyklus der Maschine ermöglicht wird, der durch
eine Bedienungsperson für die Maschine angefor-
dert wird.

18. Verfahren nach einem der Ansprüche 1 bis 17, wor-
in die Änderungsgeschwindigkeit des pro Zyklus er-
forderlichen Kraftstoffs mit der Zeit direkt aus der
Maschinenlastanforderung bestimmt wird.

19. Verfahren nach einem der Ansprüche 1 bis 18, wor-
in das Verfahren bei einem auf Kraftstoff basieren-
den Steuersystem angewendet wird.

20. Verfahren nach einem der Ansprüche 1 bis 19, wor-
in die Filterkonstante angewendet wird, wenn die
bestimmte Änderungsgeschwindigkeit für den pro
Zyklus der Maschine erforderlichen Kraftstoff mit
der Zeit einen vorbestimmten Schwellenpegel
überschreitet.

21. Verfahren nach einem der Ansprüche 1 bis 20, wor-
in die vorbestimmte Änderungsgeschwindigkeit des
pro Zyklus erforderlichen Kraftstoffs mit der Zeit
zeitvariabel ist.

22. Verfahren nach einem der Ansprüche 1 bis 20, wor-
in die bestimmte Änderungsgeschwindigkeit für
den pro Zyklus erforderlichen Kraftstoff mit der Zeit
konstant ist.

23. Verfahren nach einem der Ansprüche 1 bis 22, wor-
in der vorbestimmte Schwellenpegel zeitvariabel
ist.

24. Verfahren nach einem der Ansprüche 1 bis 23, wor-
in die Maschine eine Direkteinspritzmaschine ist.

25. Verfahren nach einem der Ansprüche 1 bis 24, wor-
in die Maschine eine luftunterstützte Maschine ist.

26. Kraftstoffsteuersystem für eine kraftstoffgeführte
Maschine, die einer Änderung der Maschinenlast-

anforderung unterworfen ist, mit einer Steuerein-
heit, die mit Mitteln zum Bestimmen einer Änderung
der Maschinenlastanforderung, Mitteln zum Be-
stimmen eines Wertes des pro Zyklus erforderli-
chen Kraftstoffs (FPCDemand) in Übereinstimmung
mit der Änderung der Lastanforderung, Mitteln zum
Bestimmen der Änderungsgeschwindigkeit des pro
Zyklus erforderlichen Kraftstoffs mit der Zeit (dFPC/
dt) auf der Grundlage des bestimmten Wertes für
den pro Zyklus erforderlichen Kraftstoff (FPCDe-

mand), Mitteln zum Bestimmen einer Filterkonstan-
ten in Abhängigkeit von der bestimmten Ände-
rungsgeschwindigkeit des pro Zyklus erforderli-
chen Kraftstoffs mit der Zeit, und Mitteln zum An-
wenden der Filterkonstanten auf den vorbestimm-
ten Wert des pro Zyklus erforderlichen Kraftstoffs
(EPCDemand), um die Änderungsgeschwindigkeit
des pro Zyklus zu der Maschine gelieferten Kraft-
stoffs mit der Zeit nicht auf einem höheren als einem
vorbestimmten Schwellenwert aufrecht zu erhalten,
versehen ist.

27. System nach Anspruch 26, enthaltend Sensoren
zum Bestimmten von Werten von Maschinenbe-
triebsbedingungen, von welchen die Filterkonstan-
te abhängig ist, derart, daß die Filterkonstante ge-
mäß den erfaßten Werten bestimmt wird.

28. System nach Anspruch 26 oder 27, worin die Sen-
soren Maschinenlast- und/oder Maschinenge-
schwindigkeits-Sensoren enthalten.

29. System nach einem der Ansprüche 26 bis 28, worin
die Sensoren Straßengeschwindigkeitssensoren
enthalten.

30. System nach einem der Ansprüche 26 bis 29, worin
die Sensoren Änderungen im Getriebe erfassende
Sensoren enthalten.

31. System nach einem der Ansprüche 26 bis 30, worin
die Sensoren Mittel zum Bestimmen der Abnutzung
von Maschinenträgern enthalten.

32. System nach einem der Ansprüche 26 bis 31, ent-
haltend Lufteinlaßströmungs- und Kraftstoffströ-
mungs-Sensoren.

33. System nach einem der Ansprüche 26 bis 32, ent-
haltend einen Sensor zum Erfassen der Kupplungs-
stellung.

34. System nach einem der Ansprüche 26 bis 33, worin
die Maschine eine Direkteinspritzmaschine ist.

35. System nach einem der Ansprüche 26 bis 34, worin
die Maschine eine luftunterstützte Maschine ist.
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Revendications

1. Procédé de commande de la masse de carburant
délivrée à un moteur commandé par carburant sou-
mis à un changement de demande de charge du
moteur comportant les étapes de détermination
d'une valeur du carburant exigé par cycle (FPCDe-

mand) en fonction du changement de demande de
charge, de détermination du taux de variation du
carburant exigé par cycle avec le temps (dFPC/dt)
sur la base de la valeur déterminée du carburant
exigé par cycle (FPCDemand), et d'application d'une
constante de filtre, en fonction du taux déterminé
de changement de carburant exigé par cycle avec
le temps (dFPC/dt), sur la valeur déterminée du car-
burant exigé par cycle (FPCDemand) de façon à
maintenir le taux de variation du carburant par cycle
délivré au moteur avec le temps à pas plus d'une
valeur de seuil prédéterminée.

2. Procédé selon la revendication 1, dans lequel ladite
constante de filtre est procurée par une table de
consultation dans une unité de commande, ladite
table de consultation étant pourvue de valeurs pré-
déterminées de constantes de filtre correspondant
à des taux particuliers de variation de carburant exi-
gé par cycle avec le temps dans des conditions de
fonctionnement de moteur particulières.

3. Procédé selon la revendication 1 ou 2, dans lequel
l'application de ladite constante de filtre dépend de
conditions de fonctionnement du moteur.

4. Procédé selon l'une quelconque des revendications
1 à 3, dans lequel l'application de ladite constante
de filtre dépend d'au moins un paramètre choisi
dans le groupe composé du rapport du moteur, de
la position d'embrayage, de la vitesse de route du
véhicule, de la charge du moteur et de la vitesse du
moteur.

5. Procédé selon l'une quelconque des revendications
1 à 4, dans lequel une valeur de ladite constante de
filtre dépend de la charge du moteur et/ou de la vi-
tesse du moteur.

6. Procédé selon l'une quelconque des revendications
1 à 5 qui est mis en oeuvre dans un véhicule dans
lequel une valeur de ladite constante de filtre dé-
pend de la vitesse de route détectée du véhicule.

7. Procédé selon l'une quelconque des revendications
1 à 6. dans lequel une valeur de ladite constante de
filtre dépend d'un signal généré par un changement
de rapport du moteur.

8. Procédé selon l'une quelconque des revendications
1 à 7, dans lequel ladite constante de filtre est adap-

tative avec le temps, en étant incrémentée ou dé-
crémentée afin de générer une constante de filtre
souhaitée pour une condition de fonctionnement de
moteur donnée.

9. Procédé selon l'une quelconque des revendications
1 à 8, dans lequel ladite constante de filtre est com-
pensée pour des changements dans l'usure des
supports de moteur.

10. Procédé selon l'une quelconque des revendications
2 à 9, dans lequel l'unité de commande détermine
un rapport air/carburant exigé en fonction des con-
ditions de fonctionnement du moteur et en fonction
desquelles ladite constante de filtre est modifiée de
façon à maintenir ledit taux de variation de carbu-
rant par cycle en dessous de ladite valeur de seuil
prédéterminée tout en maintenant également le
rapport air/carburant exigé.

11. Procédé selon l'une quelconque des revendications
1 à 10, dans lequel ledit changement de demande
de charge de moteur est à l'initiative d'un opérateur
du moteur.

12. Procédé selon l'une quelconque des revendications
1 à 10, dans lequel ledit changement de demande
de charge de moteur est indépendant de l'action de
l'opérateur.

13. Procédé selon la revendication 11, dans lequel le
changement de demande de charge de moteur est
déterminé en fonction de la position de pédale d'ac-
célérateur.

14. Procédé selon l'une quelconque des revendications
1 à 13, dans lequel le chargement de demande de
charge de moteur est déterminé en fonction de con-
ditions de fonctionnement du moteur.

15. Procédé selon l'une quelconque des revendications
1 à 14, dans lequel l'application de la constante de
filtre sur ledit taux de variation déterminé de carbu-
rant exigé par cycle avec le temps est instantanée.

16. Procédé selon l'une quelconque des revendications
1 à 15, dans lequel une valeur de ladite constante
de filtre est modifiée en fonction de changements
d'élasticité de supports pour ledit moteur.

17. Procédé selon la revendication 16, dans lequel, lors
de l'application de ladite constante de filtre et du
commencement du déplacement dudit moteur sur
ses supports, ladite constante de filtre est calculée
afin de produire une valeur de seuil initiale de taux
de variation de carburant par cycle du moteur avec
le temps, la constante de filtre étant calculée à nou-
veau, lorsque la vitesse de déplacement dudit mo-
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teur devient plus faible en réponse à la diminution
de l'élasticité desdits supports de moteur, de telle
sorte que les valeurs consécutives de taux de va-
riation de carburant par cycle du moteur avec le
temps sont plus grandes que ladite valeur initiale
permettant une approche plus rapide pour le carbu-
rant par cycle du moteur demandé par un opérateur
dudit moteur.

18. Procédé selon l'une quelconque des revendications
1 à 17, dans lequel le taux de variation de carburant
exigé par cycle avec le temps est déterminé direc-
tement à partir de ladite demande de charge de mo-
teur.

19. Procédé selon l'une quelconque des revendications
1 à 18, dans lequel le procédé est mis en oeuvre
dans un système de commande à base de carbu-
rant.

20. Procédé selon l'une quelconque des revendications
1 à 19, dans lequel ladite constante de filtre est ap-
pliquée lorsque ledit taux de variation déterminée
de carburant exigé par cycle du moteur avec le
temps dépasse un niveau de seuil prédéterminé.

21. Procédé selon l'une quelconque des revendications
1 à 20, dans lequel ledit taux déterminé de variation
de carburant exigé par cycle avec le temps est va-
riable avec le temps.

22. Procédé selon l'une quelconque des revendications
1 à 20, dans lequel ledit taux déterminé de variation
de carburant exigé par cycle avec le temps est
constant.

23. Procédé selon l'une quelconque des revendications
1 à 22, dans lequel ledit niveau de seuil prédéter-
miné est variable avec le temps.

24. Procédé selon l'une quelconque des revendications
1 à 23, dans lequel ledit moteur est un moteur à
injection directe.

25. Procédé selon l'une quelconque des revendications
1 à 24, dans lequel ledit moteur est un moteur as-
sisté par air.

26. Système de commande de carburant pour un mo-
teur commandé par carburant soumis à un change-
ment de demande de charge de moteur comportant
une unité de commande pourvue de moyens desti-
nés à déterminer un changement dans la demande
de charge de moteur, des moyens destinés à déter-
miner une valeur du carburant exigé par cycle
(FPCDemand) en fonction du changement de de-
mande de charge, des moyens destinés à détermi-
ner le taux de variation du carburant exigé par cycle

avec le temps (dFPC/dt) sur la base de la valeur
déterminée du carburant exigé par cycle (FPCDe-

mand), des moyens destinés à déterminer une cons-
tante de filtre qui dépend du taux déterminé de
changement de carburant exigé par cycle avec le
temps, et des moyens destinés à appliquer ladite
constante de filtre sur la valeur déterminée du car-
burant exigé par cycle (FPCDemand) de façon à
maintenir le taux de variation de carburant par cycle
délivré au moteur avec le temps à pas plus d'une
valeur de seuil prédéterminée.

27. Système selon la revendication 26, incluant des
capteurs destinés à déterminer des valeurs de con-
ditions de fonctionnement du moteur dont dépend
la constante de filtre, de telle sorte que la constante
de filtre est déterminée en fonction des valeurs dé-
tectées.

28. Système selon la revendication 26 ou 27, dans le-
quel lesdits capteurs comprennent des capteurs de
charge de moteur et/ou de vitesse de moteur.

29. Système selon l'une quelconque des revendica-
tions 26 à 28, dans lequel lesdits capteurs compren-
nent des capteurs de vitesse de route.

30. Système selon l'une quelconque des revendica-
tions 26 à 29, dans lequel lesdits capteurs compren-
nent des capteurs de changement de rapport.

31. Système selon l'une quelconque des revendica-
tions 26 à 30, dans lequel lesdits capteurs compren-
nent des moyens destinés à déterminer l'usure de
supports de moteur.

32. Système selon l'une quelconque des revendica-
tions 26 à 31, comprenant des capteurs d'écoule-
ment d'entrée d'air et d'écoulement de carburant.

33. Système selon l'une quelconque des revendica-
tions 26 à 32, comprenant un capteur destiné à dé-
tecter une position d'embrayage.

34. Système selon l'une quelconque des revendica-
tions 26 à 33, dans lequel ledit moteur est un moteur
à injection directe.

35. Système selon l'une quelconque des revendica-
tions 26 à 34, dans lequel ledit moteur est un moteur
assisté par air.
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