5,282,449

15
at least upon one of said detected operating condi-
tions of the engine related to air flow, said actual
air flow status being different from said detected
intake manifold pressure;

16
manifold pressure and said target air mass flow rate
at the inlet port; and
means for controlling the engine throttle based upon
the calculated throttle angle.

. . . 5 28. An engine control method comprising:
mear;; for cat]::ulatm% 2 th:ﬁ“? -ang]edWhICh ta.ch1eves a step of detecting operating conditions of the engine,
said target torque from the detected operating con- including a condition related to air flow;
ditions and the estimated value of actual air flow a step of calculating a target torque, based upon the
status; and detected operating conditions of the engine;
means for controlling the engine throttle based upon 10  a step of estimating a value of actual air flow status
the calculated throttle angle. inside the intake manifold, through an air flow
27. An engine control system comprising: modt‘:]‘using at least (?ne Of the detepted gpcratin_g
means for detecting operating conditions of the en- ;:]ondmons of the engine in connection with an air
ine, including intake manifold pressure; ow; . . .
gine, g P ’ 15  a step of calculating a throttle angle which achieves
means for calculating a value of target torque based
. - . the calculated target torque, based on the calcu-
upon detected operating conditions of the engine; lated target torque and said estimated value of
means for calculating a target air mass flow rate at the actual air flow status; and _
inlet port from the target torque; a step of controlling the throttle based upon the cal-
means for calculating a throttle angle which achieves 20 culated throttle angle.
the target torque, based on the detected intake L
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METHOD AND ARRANGEMENT FOR
CONTROLLING THE QUIET RUNNING OF
AN INTERNAL COMBUSTION ENGINE

BACKGROUND OF THE INVENTION

The invention relates to the improvement of the quiet
running of an engine by equalizing the torque components of
the individual cylinders as to the total torque of an internal
combustion engine. Here, the engine can be a spark-ignition
engine or a diesel engine. A detection of the actual torque of
a cylinder takes place via an evaluation of the time-
dependent course of the rotation of the crankshaft or of the
camshaft. A torque correction takes place via an intervention
on at least one of the variables: injected fuel quantity, air
quantity or ignition time point in a spark-ignition engine,
exhaust-gas return rate, injection position or cylinder com-
pression. The term “injection position™ relates to the angular
position of an injection pulse to a reference point such as top
dead center of the piston of a cylinder in a combustion
stroke.

A method for cylinder equalization is disclosed in U.S.
Pat. No. 4,688,535. In this method, segment times are
detected to evaluate the time-dependent course of the rota-
tional movement of the crankshaft or camshaft. Segment
times are the times in which the crankshaft or camshaft
passes through a predetermined angular region assigned to a
specific cylinder. The more uniformly the engine runs, the
lesser are the differences between the segment times of the
individual cylinders. From the above-mentioned segment
times, an index for the rough running of the engine can
therefore be formed. In the known method, a controller is
assigned to each cylinder of the engine and a rough-running
actual value specific to a cylinder is supplied to the control-
ler as an input signal. The rough-running values of several
cylinders are averaged to form the desired control value. The
mean value serves as the desired value. At the output end,
the controller influences the cylinder-specific injection time
and therefore the cylinder-individual torque contribution
such that the cylinder-individual rough-running actual value
approaches the desired value.

Rough-running values, which are obtained from rpm
signals, are also used for detecting combustion misfires.
Quotients are formed as rough-running values LUT in the
method disclosed in U.S. Pat. No. 5,861,553. In the numera-
tor of these quotients, differences of sequential segment
times are present and the denominator of these quotients
contains the third power of one of the participating segment
times. This quotient can be weighted with additional factors
as well as be provided with a dynamic correction which
considers rpm changes of the entire engine. With respect to
the formation of rough-running values, U.S. Pat. No. 5,861,
553 is incorporated herein by reference. The sum of these
rough-running values, which is formed over one camshaft
rotation, is equal to zero for a constant engine rpm.

The detection of defects of the transducer wheel system as
well as the detection of the component of the rough running
which is based on torsion vibrations of the crank drive and
on different energy releases in different cylinders, is known
from U.S. Pat. No. 5,822,710.

The detected defects and the above-mentioned rough-
running component serve to provide a computed correction
of the rough-running values for the detection of combustion
misfires. For example, in overrun operation with a six-
cylinder engine, the segment times (t1, t2, t3) of the three
transducer wheel segments are detected. At each segment
time, a corrective value (K1, K2, K3) is formed and addi-
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2

tively or multiplicatively coupled to the segment time (Kt1=
t1¥K1 or t1*K1, . . . ). The corrective values are so
determined that the results Kti (wherein i=1 to 3) are equal
to each other. Such a correction considerably improves the
quality of the detection of combustion misfires which is
based on the evaluation of rpm fluctuations.

SUMMARY OF THE INVENTION

It is an object of the invention to minimize the real
cylinder-individual differences in the combustion between
the cylinders with a control concept. The torque components
of the cylinders are then of the same magnitude. The real
differences here characterize the rough-running component
which is based on different combustion but not on torsion
vibrations and/or transducer wheel defects.

The electronic control arrangement of the invention is for
equalizing torque contributions of different cylinders of an
internal combustion engine to the total torque of the engine
which can operate in an overrun mode and in a fired mode.
The electronic control arrangement includes: means for
providing first quantities (Ka) of a rough running of the
engine in the overrun mode and second quantities (Kvi) in
the fired mode; means for providing third quantities (Ksi) for
a rough-running component based on torsion vibrations;
means for forming cylinder-individual fourth quantities
(Kki) for the rough running from the first, second and third
quantities with the fourth quantities being independent of the
rough running in the overrun mode and independent of the
rough-running component based on the torsion vibrations;
and, means for equalizing the torque contributions on the
basis of the fourth quantity.

Especially advantageous effects occur during idle and in
the lower part-load range because these ranges exhibit
especially intense smooth running effects or rough-running
effects as a consequence of varying torque components of
different cylinders.

The combination of the above features permits a separa-
tion of the influences of different causes of rpm fluctuations.
These influences are described below as items (a) to (¢).

Item (a)

Disturbances, which are caused by defects of the rpm
detection system, occur synchronously with the rotation
movement of the transducer wheel and are synchronous to
the rotational movement thereof because of the coupling of
the transducer wheel to the crankshaft. These disturbances
are independent of load and can be learned during overrun
operation. For example, for an eight-cylinder engine, four
corrective values KA, KB, KC and KD can be formed.

Item (b)

Non-uniformities, which are based on torsion vibrations
of the crank drive are mostly synchronous to the rotation
movement of the camshaft and typically at specific reso-
nance rpms. The vibration components are independent of
deterioration and can be computed. The vibration compo-
nents can also be determined utilizing measurements as an
alternative to a computation. For an eight-cylinder engine,
there are eight corrective values KS1, . . . ,KS8, which can
be stored in a corrective characteristic field of the engine
control apparatus.

Item (c)

Differences because of the combustion process, for
example, because of varying cylinder charges, are synchro-
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nous to the rotation of the camshaft and are dependent upon
deterioration because of different wear of the cylinder/piston
pairing. In the following, these differences are assigned eight
corrective values (Kvl, . . . ,Kv8) in the example of an
eight-cylinder engine.

An essential element of the invention is to intervene in the
management of the engine based on the above-mentioned
corrective values so that the torque components of the
different cylinders are equalized.

In this context, the computed correction of the mechanical
faults of the segment time detection system (transducer
wheel tolerances) is especially important in the detection of
the segment times during overrun operation because these
would otherwise be controlled out by a controlled interven-
tion. The consequence would be a real physical rough
running which would generate a signal of perfect smooth
running in combination with the mechanical defects.

According to the invention, corrective values Kvi are
learned in fired operation; and, in overrun operation, cor-
rective values Ka, Kb, . . ., et cetera are learned and are
coupled to predetermined corrective values Ksi.

What is decisive in the computation of the corrective
values is that the different systematic disturbance compo-
nents are considered separately. What is essential in this
context is especially the use of predetermined values for the
torsion vibration effects because these effects cannot be
separated effectively in a simple manner from the other
effects neither in overrun operation nor in fired operation.

From the corrective value Kvi of a cylinder having index
I, the corresponding corrective values Ksi and Ka are
subtracted, that is, the corrective values Ksi, Ka, . . .
concerning the same cylinder or the same crankshaft angle
segment. Example: Kk1=Kv1-Ks1-Ka.

The result Kki of the subtraction corresponds to a differ-
ence between cylinder-individual rough-running values.
This difference is based only on different torque components
and is independent of transducer wheel inaccuracies as well
as torsion vibrations. Stated otherwise, the corrective values
Kki reflect torque differences based on varying energy
releases in the combustion processes individual to a cylin-
der. The differences are compensated by corresponding
control interventions of the engine management.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described with reference to the
drawings wherein:

FIG. 1 shows the technical background of the electronic
control arrangement for equalizing the torque components of
different cylinders of an internal combustion engine to the
total torque;

FIG. 2 is a flowchart showing an example of a determi-
nation of the corrective values for the detection of the engine
rpm; and,

FIG. 3 is a schematic of an embodiment of the electronic
control arrangement according to the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

Reference numeral 1 in FIG. 1 represents a spark-ignition
engine having direct injection which is exemplified by a
high pressure injection valve 2 which projects into the
combustion chamber 3 of the engine. FIG. 1 also shows a
transducer wheel 4, sensors 5 and 54 and an electronic
control apparatus 6. The control apparatus 6 receives signals
from the sensors 5 and 54 and, for example, outputs an
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injection pulsewidth as an actuating variable tik to a high
pressure injection valve of an individual cylinder. Additional
actuating variables outputted by the engine manager (that is,
the electronic control apparatus 6 for balancing torque) can
be the injection time point, the ignition time point, the
supplied air quantity and/or the returned exhaust-gas quan-
tity.

For the equalizing intervention, cylinder-individual
rough-running values are formed in the electronic control
apparatus 6 and are processed to corrective values which
influence the torque via a computation into the actuating
variables such as into the cylinder-individual injection times
and therefore influence the time-dependent sequence of the
rotation of the transducer wheel 4.

FIG. 2 shows an example of determining the corrective
values for the rpm detection.

For this purpose, ignition synchronous segment times are
detected in step S2.1 and processed to rough-running values
Lut in step S2.2. In step S2.3, a corrective value for
compensating the torque vibrations and similar effects is
read in from a load/rpm characteristic field K(L,n). In the
first runthrough of the method, it is only a plausible or
neutral value which successively assumes, via repeated
method runthroughs, a value which is characterized in that
the corrected rough-running values of different cylinders
become equal to each other. For this purpose, the rough-
running values Lut are coupled to the corrective value K in
step S2.4. Thereafter, the corrected rough-running value
KLut enters into the formation of a mean value KLut in step
S2.5. Step S2.6 follows for determining the deviation dK of
the actual value KLut from the mean value KLut. In step
S2.7, a new corrective value K(new) is formed by addition
of the deviation dK to old corrective value K(old) and is
written into the characteristic field K(n,L) of the cylinder via
step S2.8. The cylinder being that cylinder for which the
rough-running value was determined.

By repeated runthroughs of the described sequence of
steps, the characteristic field values K of the various cylin-
ders become such that no deviations of the corrected rough-
running values of the various cylinders occur any longer
amongst each other during misfire-free normal operation.
The characteristic field values K belong to an operating
point.

The cylinder-individual characteristic fields can contain
the corrective values Ka et cetera from the overrun operation
as well as the corrective values Kv from the fired operation.
The corrective values from the overrun operation are stored
with the load value zero.

The described method for the corrective values Ka et
cetera and Kv can be carried out repeatedly during the
operation of the engine.

The corrective values Ks are, in contrast, predetermined
and stored via computation or via a measuring detection
ahead of or during the first time that the engine is taken into
service. These corrective values Ks are not changed again
during operation of the engine and can be called up in
dependence upon the operating point.

FIG. 3 discloses an embodiment of the invention. A sensor
3.2 detects operating parameters of the engine 3.1. Examples
of operating parameters are: load, rpm, engine temperature,
cylinder identification signal, segment times or the pulse
sequences which form the basis of the segment times. The
pulse sequences are from the rpm detection system made up
of transducer wheel 4 and inductive pickup § shown in FIG.
1.

These values are supplied to a computation block 3.3.
Block 3.3 as well as components 3.4 to 3.7 belong to the
control apparatus 6.
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The corrective values are formed in block 3.3. This can
take place, for example, in correspondence to the illustration
shown in FIG. 2. In addition, block 3.3 contains the prede-
termined corrective values Ks for the torsion vibration
effects.

Downstream of block 3.3, the corrective values Ks, Ka, et
cetera and Kv are coupled in logic elements 3.4 and 3.5 to
a corrective value Kk=Kv-Ks-Ka for each cylinder. This
corrective value Kk is compared to a reference value in logic
element 3.6.

As a reference value, the corrective value of one indi-
vidual cylinder (for example, the corrective value of the first
cylinder) can be applied, for example, in a first alternative.
Stated otherwise, in this alternative, the corrective values of
the individual cylinders are only corrected relative to each
other, namely, referred to the reference value of the first
cylinder which is assumed to be correct. In the sequence, the
cylinders are equalized relative to each other. The absolute
level of the idle rpm is then adjusted via a higher-ranking
control, that is, via an intervention which is the same for all
cylinders.

As an alternative, all cylinders, that is, their segment
times, can be referred to a mean rpm region. Per cylinder, a
correct value then results which is also correct with respect
to its absolute value.

The signal resulting from the logic coupling in logic
element 3.6 is supplied to the cylinder-individual controllers
3.7, which form drive signals for actuators 3.8 therefrom, for
example: for interventions into the fuel metering, into the
quantity of supplied fresh air or recirculated exhaust gas or
the ignition.

The following actuating interventions (1) to (5) can be
carried out on the engine in dependence upon the occurring
deviations:

1. Extending the injection time of the cylinders which supply
less torque while simultaneously shortening the injection
time of the cylinders which output more torque. In this
way, the lengthening or shortening is so computed that the
total fuel quantity is not affected; that is, the lambda value
of the mixture with which the engine is driven is not
changed. This concept serves, for example, for lean
control at the pregiven lambda value and maximum
smooth running or minimal rough running.

2. At the lean misfire limit, the difference of the actual Lut
value to the Lut mean value becomes significantly larger.
For a lean misfire limit, that rough running is taken for

which there are just still stable combustions, for example, in

homogeneous lean operation. The lean misfire limit is
detectable with the above-mentioned method and can be
controllable as required. In this concept, the lambda sum
changes and therefore this is not a lean control; instead, it is

a cylinder individual running boundary control. Block 2.1

can be omitted in this realization.

3. The ignition angles of an engine are stored in character-
istic fields in present day systems and these characteristic
fields are applicable for all cylinders. The control can
therefore be so designed that, at first, an attempt is made
to compensate a torque which is too low by an advanced
ignition angle. Example: A coking or carbonization in the
direct injector causes a torque of a cylinder which is too
low. This cylinder runs lean. The optimal ignition angle
for this lean mixture is more advanced and can be
correspondingly adjusted. Likewise, a cylinder, which
causes a high torque, can be influenced by a retarded
ignition angle.

4. In systems with exhaust-gas recirculation, the possibility
is present to reduce the exhaust-gas rate of recirculation in
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the event that the measured values fluctuate greatly. Here

too, a lean misfire limit control is possible with the

objective of maximizing the rate of exhaust-gas recircu-
lation.

5. For a direct-injection engine, the outputted torque can be
additionally changed in stratified operation by varying the
injection time point.

It is understood that the foregoing description is that of the
preferred embodiments of the invention and that various
changes and modifications may be made thereto without
departing from the spirit and scope of the invention as
defined in the appended claims.

What is claimed is:

1. An electronic control arrangement for equalizing torque
contributions of different cylinders of an internal combus-
tion engine to the total torque of the engine which can
operate in an overrun mode and in a fired mode, the
electronic control arrangement comprising:

means for providing first quantities (Ka) of a rough
running of said engine in said overrun mode and second
quantities (Kvi) in said fired mode;

means for providing third quantities (Ksi) for a rough-
running component based on torsion vibrations;

means for forming cylinder-individual fourth quantities
(Kki) for said rough running from said first, second and
third quantities with said fourth quantities being inde-
pendent of the rough running in said overrun mode and
independent of the rough-running component based on
said torsion vibrations; and,

means for equalizing said torque contributions on the

basis of said fourth quantity.

2. The electronic control arrangement of claim 1, wherein
said engine includes actuator means for operating on at least
one of the following functions thereof: fuel metering to said
engine, air supplied to said engine, the ignition, cylinder
compression, drive of camshaft valves and drive of a swirl
flap; the electronic control arrangement further comprising:

a plurality of controllers corresponding individually to

respective ones of said cylinders; and,

means for conducting said fourth quantities to said con-

trollers wherein drive signals are formed for said actua-
tor means to thereby intervene in at least one of said
functions.

3. The electronic control arrangement of claim 2, wherein
said arrangement functions to intervene individually or in
combination as follows in dependence upon the deviations
which occur on said engine:

extending the injection time of those ones of said cylin-

ders which output less torque while simultaneously
shortening the injection time of those ones of said
cylinders which output more torque with the extending
and shortening being so computed that the total quan-
tity of fuel is unaffected and the lambda value of the
mixture with which said engine is driven is not
changed,;

first compensating a torque which is too low by an

advanced ignition angle;

with a system having exhaust-gas recirculation, reducing

the rate of recirculating of the exhaust gas in the event
that measured values fluctuate greatly;

with a system having variable control of the gas exchange

valves, the control lines and/or the valve stroke is
changed,;

with a system having a charge movement flap, the posi-

tion of the charge movement flap is changed;
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with a system having a variable compression, the cylinder
compression is changed;

with a system having a variable camshaft adjustment, the
position and elevation of the inlet valve is changed;
and,

with a system having a swirl flap, the position of the swirl

flap is changed.

4. The electronic control arrangement of claim 1, wherein
said engine is a direct-injection spark-ignition engine or a
diesel engine in stratified operation; and, the outputted
torque is changed by varying the time point of injection.

5. The electronic control arrangement of claim 1, wherein
said means for providing said first quantities (Ka) and said
second quantities (Kvi) are adapted to detect the torque of
said engine.

6. A method for equalizing torque contributions of dif-
ferent cylinders of an internal combustion engine to the total
torque of the engine which can operate in an overrun mode
and in a fired mode, the method comprising the steps of:

providing first quantities (Ka) of a rough running of said
engine in said overrun mode and second quantities
(Kvi) in said fired mode;

providing third quantities (Ksi) for a rough-running com-
ponent based on torsion vibrations;

forming cylinder-individual fourth quantities (Kki) for
said rough running from said first, second and third
quantities with said fourth quantities being independent
of the rough running in said overrun mode and inde-
pendent of the rough-running component based on said
torsion vibrations; and,

equalizing said torque contributions on the basis of said

fourth quantity.

7. The method of claim 6, wherein said engine includes
actuator means for operating on at least one of the following
functions thereof: fuel metering to said engine, air supplied
to said engine, the ignition, cylinder compression, drive of
camshaft valves and drive of a swirl flap; and, wherein the
method comprises the further steps of:
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providing a plurality of controllers corresponding indi-
vidually to respective ones of said cylinders; and,
conducting said fourth quantities to said controllers
wherein drive signals are formed for said actuator
means to thereby intervene in at least one of said
functions.

8. The method of claim 7, wherein the method provides
for intervening individually or in combination as follows in
dependence upon the deviations which occur on said engine:

extending the injection time of those ones of said cylin-

ders which output less torque while simultaneously
shortening the injection time of those ones of said
cylinders which output more torque with the extending
and shortening being so computed that the total quan-
tity of fuel is unaffected and the lambda value of the
mixture with which said engine is driven is not
changed,;

first compensating a torque which is too low by an

advanced ignition angle;

with a system having exhaust-gas recirculation, reducing

the rate of recirculating of the exhaust gas in the event
that measured values fluctuate greatly;

with a system having variable control of the gas exchange

valves, changing the control lines and/or the valve
stroke;

with a system having a charge movement flap, changing

the position of the charge movement flap;

with a system having a variable compression, changing

the cylinder compression;

with a system having a variable camshaft adjustment,

changing the position and elevation of the inlet valve;
and, with a system having a swirl flap, changing the
position of the swirl flap.

9. The method of claim 6, wherein said engine is a
direct-injection spark-ignition engine or a diesel engine in
stratified operation; and, the outputted torque is changed by
varying the time point of injection.
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power of a vehicle are suggested wherein. on the basis of a
desired value for the torque to be outputted by the drive unit,
the following are influenced in the sense of preparing the
desired value: the ratio of the air supplied to the drive unit
and of the fuel supplied as well as the ignition angle and/or
the metering of fuel to the individual cylinders. The inter-
ventions into the air/fuel ratio as well as the ignition angle
and/or the metering of fuel are synchronized with each other
so that the torque-changing effects of the individual inter-
ventions occur essentially at the same time point especially
at the same inducting cylinder.
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1 2
METHOD AND ARRANGEMENT FOR FIG. 3 shows time-dependent traces of exemplary signals
CONTROLLING A YEHICLE with respect to which the operation of the procedure of the

BACKGROUND OF THE INVENTION

Such a method and such an arrangement are known from
U.S. Pat. No. 5,103.928. There. to control the drive slip of
a vehicle, it is suggested to determine the maximum drive
torque, which can be transferred from the driven wheels, on
the basis of operating variables of the vehicle and/or its drive
unit and to transfer this drive torque to a central control
arrangement of the internal combustion engine for adjust-
ment. Suitable measures for processing the supplied maxi-
mum transferrable drive torque and for adjusting the torque
of the drive motor in the central control arrangement are not
described.

SUMMARY OF THE INVENTION

In view of the above, it is an object of the invention to
provide measures for adjusting the torque of a drive motor
of a vehicle by influencing power parameters of the drive
motor via fuel metering, mixture composition, ignition angle
and/or air supply.

The conversion of a torque desired value for a drive motor
of a drive unit in an internal combustion engine is known
from U.S. Pat. No. 5,558,178. This is achieved by influenc-
ing the ignition angle, by interrupting or resuming the
metering of fuel to individual cylinders and/or by influenc-
ing the air supplied to the engine. A variation of the fuel/air
ratio to realize a rapid torque change is not described.

According to a further aspect of the invention, measures
are therefore suggested which, supplementary to other types
of intervention, permit a variation of the air/fuel ratio for a
spark-ignition engine to realize a rapid torque change in
dependence upon a desired torque of the drive unit.

The procedure of the invention permits the realization of
a torque change by changing the air/fuel ratio. The change
of the air/fuel ratio for adjusting torque is used in an
advantageous manner as supplement for adjusting torque via
ignition angle adjustment and/or via interrupting and resum-
ing the metering of fuel to individual cylinders (cylinder
suppression).

A decisive advantage of the procedure of the invention is
that the driving comfort is considerably improved by finer
and more precise adjustment of the enmgine torque.
Furthermore, an improvement of the exhaust gas emission is
obtained by the change of the air/fuel ratio for fuel-injection
engines compared to the exclusive use of measures for
cutting off the metering of fuel. In an advantageous manner,
the protection of the outlet valve, elbow and catalytic
converter against overtemperature is guaranteed as a con-
sequence of the partial avoidance of the fuel shutoff or
ignition angle retard adjustment.

A continuous comfortable adjustment of the engine torque
is made possible by the synchronization of the ignition
intervention and/or the injection intervention with the inter-
vention into the air/fuel ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be more closely explained with
respect to the embodiments shown in the drawing.

FIG. 1 shows an overview block diagram of a control
arrangement for a vehicle; whereas,

FIG. 2 shows a flowchart of a preferred embodiment of
the procedure of the invention; and,
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invention is explained in greater detail.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

In FIG. 1. an overview block diagram of an arrangement
for controlling a vehicle is shown. The arrangement includes
a drive unit 10 in the form of an internal combustion engine
which has an air intake system 12 having a throttle flap 14
actuable by the driver. Furthermore, two cylinders 16 and 18
of the multi-cylinder internal combustion engine 10 (spark-
ignition engine) are shown in FIG. 1. The lines 22 to 24 from
measuring devices 26 to 28, respectively, are connected to a
first control unit 20. The control unit 20 includes an output
line 30 which leads to a second control unit 32. In addition.
input lines 34 to 36 from respective measuring devices 38 to
40 are connected to the second control unit 32. A line 42
from a measuring device 44 for detecting the air input to the
engine 10 is connected to the control unit 32 as is a line 46
from a measuring device 48 for detecting the rpm of the
engine. A line 50 from a measuring device 52 for detecting
the exhaust gas composition (A) of the engine 10 is likewise
connected to the control unit 32. Qutput lines 54 to 56 lead
to respective injection valves 58 to 60 with an injection
valve being assigned to each cylinder. Devices 66 to 68 are
assigned to each cylinder and output lines 62 to 64 lead to
devices 66 to 68. respectively, for controlling the ignition
time point.

The operation of the arrangement shown in FIG. 1 is
described with respect to the example of the function of
drive-slip control. The control unit 20 defines a drive-slip
control system to which signals with respect to the rotational
speed of the vehicle wheels are supplied via lines 22 to 24.
On the basis of these signal values, the control unit 20
determines a desired value for the torque of the drive motor
10 which is to be adjusted by the control unit 32. This
desired value is outputted by the control unit 20 via the line
30 to the control unit 32. This desired value is made
available by the control unit 32 while utilizing the operating
variables (which are supplied to the control unit 32) by
influencing the metered fuel to individual cylinders and/or
by influencing the ignition angle as well as by changing the
composition of the air/fuel mixture in the sense of approxi-
mating the torque outputied by the engine 10.

In addition to the described function of the control unit 20,
the control unit 20 can. in other advantageous embodiments,
be a transmission control unit which determines the output
torque to be outputted by the drive train and outputs an
adjusting desired value for the torque of the drive motor via
the line 30 to the control unit 32. In another embodiment. the
control unit 20 can be a higher-order control unit for the
common control of at least the transmission unit and the
drive motor or an arrangement for limiting the maximum
torque, the road speed or engine speed in one or several
operating states.

The following basic interrelationships and realizations
form the basis for the conversion of the desired torque value
by the control unit 32. The torque, which is generated by the
combustion operations in the individual cylinders, (the indi-
cated torque Mi) is essentially dependent upon the engine
speed Nmot, the engine load Tl (adjusted by the cylinder
charge), the adjusted injection time Ti as well as the ignition
angle oz. The torque desired value is prepared by influenc-
ing the air/fuel ratio, the fuel metered to individual cylinders
and by adjusting the ignition angle. In this way. the injection
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time is defined by the A-value adjusted in each case for the
exhaust gas composition and the so-called reduction stage
XZ7. This reduction stage X7 defines the number of sup-
pressed cylinders per complete work cycle of the engine,
that is, the number of cylinders to which the fuel is inter-
rupted. The indicated engine torque can therefore be defined
by the following dependency:

i=f(Nmot, T1, oz, A, XZ) L)

wherein:
FA0)=1 for A0=1 and #AQ)=1

The intervention into the air/fuel ratio is necessary for
adjusting the desired torque Mides and shows the priority.
This intervention results while considering equation (4) by
solving equation (3) as follows:

Ades=f3"{ Mides™3(AO)Y Miact} ()

The indicated engine torque is thereby pregiven by the 10
control unit 20 as the desired value. Accordingly, the task is If the desired value for the torque of the engine then
then to compute the actual variables oz, A and XZ. The basic deviates from the estimated value without intervention, a
consideration here is the breakdown of the dependencies desired value for the adjustment of the air/fuel ratio is
according to equation (1) into individual functions according determined in accordance with the above equation. This
to physical viewpoints: 15 desired value at least reduces the difference between the

. . T desired value and the actual value without intervention. The
Mi=fi(Nmoz, TI*f2 (Az)*f3(A)'f (X2) @ desired value Ades is not permitted to depart from its
wherein: permissible range which is determined via a reliable firing of
the cylinders. If the desired value lies outside of this

Aaz=ozopiNmot, T, Aoz and P(XZ)=1-XZ/ZZ (3) 20 permissible range, then the desired value is limited to the

In equation (3), ozopt is then the optimal ignition angle minimum or maximum value. . .
determined for a maximum torque on the basis of engine From the value A, which is adjusted in accordance with
1pm, engine load and exhaust gas composition and oz is the ~ the desired value for the air/fuel ratio, the torque contribu-
actual ignition angle adjusted on the basis of a known tion of this adjustment is determined with the aid of the
rpm-load characteristic field. ZZ is the maximum possible function f3 and equation (2) is solved to determine the
stage number for the cylinder suppression (for example, in number of cylinders XZ to be suppressed:
the simplest case, for a four-cylinder engine 4). g .

The components of the equation (2) have physical sig- Kzdes={1-Midesi(Miact*f3 (30N HZZ -®
nificance. f1 corresponds to the indicated e:ngim? torque for _ I the number of reduction stages is fixed, then the
optimal jgnition angle, A=1 (stoichiometric ratio and fuel ™ pogsibly remaining torque difference can be compensated by
B o o o . s a2 e g e n b o o ) T

: ! ¢ ton influence of the shift of the air/fuel ratio on the opti
adjustment to the engine torque, that is, the contribution of  jonition angle should then be considered (g(A)). The ignition
the deviation of the adjusted ignition angle from the optimal . apgle azdes, which is to be adjusted, then results as a
ignition angle. 3 identifies the torque contribution for a ™ fynction of the adjusted reduction stage and of the torque
changed air/fuel ratio and the function f3 for A=1 is one. f4 desired value while considering the influence of the adjusted
identifies the torque contributions via suppression of indi- air/fuel ratio on the optimal ignition angle:
vidual cylinders. This function is 1 when no cylinder is
suppressed, that is, fuel is supplied to all cylinders. The 0 ozdes=azopt(Nmot, T1)*g(A)~f2*{ Mides!(fl (Nmot,
functions f1 to f4 define experimentally determined charac- TH*3(A)*fAXZ))} ™
teristic fields or characteristic lines in which the absolute . . . .
torque value (f1) or the relative torque change (f2 to 4 is B.»y sequential computation of the a ctuatmg vanablc?s. the
included in dependence upon the identified variables. de§1red torque can be adzlusfed by influencing the air/fuel

The load signal Tl is determined from the signal of a ratio, the fuel metered to individual cylinders as well as the
hot-wire aif mass sensor or from the signal of a hot-film air ** 80ition angle fo be adjusted. e ang
mass sensor or from the signal of an intake pipe pressure opex ;Il:lin (glgit;lts (su cﬁnasoil;:u:v :ﬁc:mcn:inp:g%oﬂz ears:;;ze
zll:-or or an air quantity sensor while considering the engine reduction or limiting maximum speed), no interruption of

The desired torque is made available by adjusting the the fuel.mctered to individqal cylinders s permitted (that is,
variables Ades, ozdes and XZdes. These variables can be > XZfies is always 0) ther}. in the SAme manner and. on_the
computed in accordance to various strategies. In the bams.of the ab.ove eq!mtlons, a cf)l.nbmed mt.ervent'lon into
following, two of these strategies are explained in greater the airffuei ratio ?.nd 1nto th? ignition angle is ?arned out.
detail and have been shown to be especially suitable in the . The actual engine torque is computed according to equa-
embodiments. A first strategy imparts a higher priority to the !'w'! (.2) from the rneasure:d or computed ?ctual values for th.e
intervention into the air/fuel ratio than to the intervention > i-gglutil:;l i;%féss?:. cylinder suppression and A and, if
;‘:;’lg‘igi g l(jg;"sd"; S‘;gf;iff‘;’;l;"g‘;”‘;;ggﬁ The adjustment of the desired value for the airffuel ratio
higher priority to the cylinder suppression compared to the 1 .caci?edﬁ(_);t l,;.a preferred embodiment by correcting the
intervention into the air/fuel ratio and the ignition angle ipjection tme “1. . . . .
intervention. In other embodiments, any other possible pri- 60 In addition to the above-described basic relationships. the
ority distribation can be selected. ' time-dependent performance is to be considered to realize

For this purpose, the adjusted torque Miact must be first the corresp oqding func:tifm. In _fuel i.njecfion systems, tt.xe
determined in normal operation without intervention for ﬁuel, :’chmh 18 tolbed mjgcted 19tom;%eqﬁiﬂc;};)l:nd;rs. in

_ L - ; ependence upon load and rpm, is e av. e, that is,
A=A0. characteristic field ignition angle oz and reduction 65 the fuel is injected at a specific crankshaft angle in advance

stage XZ 0 (no cylinder suppression) via an estimate:

Miact=f1(Nmos, TIY*f2(czopi-0z)*f3(A0)*f4(0) @)

of the induction stroke of the particular cylinder forward of
the intake valve. The computation of the fuel quantity to be

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,581,565
Page 537



5,692,471

5

injected is therefore carried out a certain time in advance of
the induction of this quantity. This quantity then represents
the operating state, which is present during the intake
operation, no longer precisely. In contrast thereto, the com-
putation of the ignition angle is carried out so that it is very
current and completed directly in advance of the mixture
ignition. To improve the torque performance, the interven-
tions into ignition and fuel quantity must therefore be
synchronized in such a manner that a change of the ignition

6

126 as to whether a change was determined in the air/fuel
ratio. In this case, and in accordance with step 128, the
desired value Ades is outputted and a determination is made
in the next the step 130 as to which cylinder is first to be
ignited with the changed air/fuel ratio. The early injection of
the fuel is primarily dependent upon engine rpm and engine
load so that the time point can be determined on the basis of
this operating data. The output of the desired value for the
ignition angle adjustment takes place in accordance with

angle takes place only for that cylinder wherein a change of 10 step 132 for this cylinder. Thereafter, the subprogram is
fuel quantity takes place (in the sense of a change of the ended.
air/fuel ratio or in the sense of an interruption or resumption If it was detected in step 126 that no change in the air/fuel
of the metering of fuel). A realization for such a synchro- ratio was determined, then, in step 134, the desired ignition
nization is shown in the flowchart of FIG. 2 with respect to angle is immediately outputted and the subprogram is ended.
the embodiment having prioritized air/fuel ratio interven- 15 In summary. it can be stated that the torque intervention
tion. of each actuating variable is synchronized with the other
After the start of the subprogram, which takes place in variable or other variables. This leads to the situation that the
synchronism with the crankshaft or is time synchronized, the torque change, overall, takes place essentially at the same
desired value for the engine torque Mides, the engine rpm time point and therefore no unsatisfactory performance of
Nmot. the engine load Tl as well as the exhaust gas com- 20 the engine torque takes place. This would follow when each
position AQ are read in in the first step 100. Thereafter, in actuating variable became effective immediately and there-
step 102, the ignition angle difference Az between the fore the torque change, which is caused by each actnating
optimal ignition angle (which is determined in dependence variable, takes place at different time points.
upon engine rpm, engine load and A from a characteristic In the embodiment of FIG. 2, the intervention into the
field) and the actual adjusted ignition angle oz is computed. 25 air/fuel ratio is provided with the highest priority. In other
Also in step 102, the actual outputted engine torque without embodiments or in other operating phases such as in oper-
intervention Miact is estimated from a characteristic field in ating phases having high power requirements on the engine,
dependence upon engine rpm, engine load, exhaust gas it can be advantageous to assign the highest priority to the
composition AQ and the ignition angle deviation (equation switchoff and resumption of individual cylinders. In this
4). In the next step 104, the ratio between the pregiven 30 case (in lieu of step 106), the desired reduction stage XZdes
desired torque and the estimated torque without intervention is determined on the basis of the ratio of the desired torque
is computed and in the next step 106, the desired value Ades to the torque without intervention. Then, in the two next
for the adjustment of the air/fuel ratio is determined steps, Ades is determined on the basis of the following:
(equation 5). Thereafter, Ades is limited in step 108, if desired torque, estimated torque without intervention and
required, to a minimum value or a maximum value. In the 35 the reduction stage which is to be adjusted. Ades is then
next step 110, the reduction stage (XZdes), which is to be limited according to step 108. The further program sequence
adjusted, is determined (equation 6) on the basis of the with step 112 and the other steps is to be correspondingly
following: torque value without intervention, value A for the applied.
air/fuel ratio to be adjusted and the desired torque value as As mentioned above, the functions f2(Aaz), f3(A) and
shown above. In the next step 112, the ignition angle oizdes, 40 g(A) are experimentally determined characteristic fields or
which is to be adjusted, is determined as a function of the characteristic lines in a preferred embodiment. In another
following: desired torque value, torque for optimal ignition mathematical description and in another advantageous
angle, value A and the adjusted reduction stage in accor- embodiment, there are polynomes of the first and/or second
dance with the above (equation 7). In the next inquiry step order and/or higher orders with the constants of the poly-
114, a check is made as to whether a change of the reduction 45 nome being dependent upon engine rpm and engine load.
stage compared to the previous state was computed in step In addition to the preferred description of the equations
110. (2) and (7) as multiplication, a breakdown into functions in
If this is the case, then, in step 116, the desired value for the form of an addition is likewise advantageous.
the reduction stage change is outputted and, in the next step Typical time-dependent traces are shown in FIG. 3 to
118, that cylinder is determined which is next to change its 50 show the operative effects of the procedure of the invention.
activity, that is, which changes its state from the switched-off In FIG. 3a, the cylinders of a four-cylinder engine are
into the resumed state or from the fired state into the shown and, in FIG. 3b. the activities of these cylinders are
switched-off state. Thereafter, in step 120, the output time shown. Here, the numeral 1 shows a fired cylinder and 0
point for the desired value of the air/fuel ratio is determined shows a switched-off cylinder. FIG. 3¢ shows the time-
and this is outputted at the given time point in accordance 55 dependent trace of the ignition angle and FIG. 3d shows the
with step 122, that is, the injection pulse, which is formed at time-dependent trace of the air/fuel ratio. FIG. 3e shows the
this time point for a cylinder, is correspondingly corrected. time-dependent trace of the engine desired torque and FIG.
The time point is so determined that, as a consequence of the 3f shows the time-dependent trace of the engine torque itself.
early injection of the fuel, a change in the composition of the The illustration in FIG. 3 proceeds from an exemplary
supplied mixture only takes place for that cylinder which, 60 operating state wherein the fuel metered to one cylinder is
according to step 118, changes its activity or that cylinder already injected during the intake stroke of the previous
which follows such a cylinder. Correspondingly, in step 124, cylinder. Stated otherwise, in the exemplary operating state,
the ignition angle desired value for the cylinder having the early injection of the fuel takes place in advance by a half
activity change or for the next cylinder is outputted and the revolution of the camshaft or one revolution of the crank-
subprogram is ended. 65 shaft.

I it is detected in step 114, that no change of the reduction
stage was computed, then a check is made in inquiry step

Up to a time point T1, the value Mides] is established as
the desired value for the engine torque. This value is realized
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by the reduction stage 1 (in which the cylinder 2 is sup-
pressed and the other cylinders are fired) by the desired
ignition angle cizdes1 and the air/fuel ratio A1 . At time point
T1, the desired engine torque value changes to the value
Mides2. For realizing this desired torque Mides2, the fol-
lowing is computed: the reduction stage 2 (in which addi-
tionally the cylinder 4 is suppressed), the ignition angle
ozdes2 and A2 at time point T1. As a consequence of the
early introduction of the fuel, the change in reduction stage
is realized only at time point T3 (at which the newly
suppressed cylinder 4 intakes). If the ignition angle change
as well as the change of the air/fuel ratio would be carried
out at time point T1, this would have a torque increasing
effect as a consequence in the embodiment shown at time
point T1 and at time point T2 because the change in the
ignition angle and in the air/fuel ratio compensate the torque
reduction which is too great by changing the reduction stage.
A torque increase starting at time point T1 is unwanted so
that the realization of the A change and the ignition angle
change is delayed. At time point T2, when the fuel for the
newly suppressed cylinder 4 would be injected, the com-
puted injection pulse is corrected by Ades. This has the
consequence that, starting with cylinder 4 after the time
point T3, an air/fuel ratio A2 is adjusted. Ignition angle
changes become immediately effective so that the change of
the ignition angle to the value atzdes2 is carried out at time
point T3 (at which time the newly suppressed cylinder 4
intakes). As a result, starting with time point T3, a reduction
of the engine torque to the value Mi2 results in accordance
with the pregiven desired value without an unwanted
increase in the engine torque in advance of the time point T3.
The interventions into the following are therefore synchro-
nized: fuel metering, ignition angle and air/fuel ratio.

A further example shows a change of the engine torque
without a change of the reduction range being necessary. At
time point T4, the desired torque is increased from the value
Mides2 to the value Mides3. Therefore, at this time point
and to realize the engine torque, an ignition angle change to
the value oizdes3 and the change of the air/fuel ratio to the
value A3 with torque reducing effect are computed. Since the
torque change is so small that a change of the reduction stage
is not necessary, the A change can become effective at time
point T4. The actual computed injection pulse is corrected.
In the embodiment shown, Ades is changed at time point T4
during the intake stroke of the cylinder 1. This change
becomes effective for cylinder 3. For this reason, the change
of the ignition angle is delayed up to time point TS at which
the cylinder 3 inducts. The result is an increase of the engine
torque at time point T5 to the value Mi3 without a torque
change operating against the increase having taken place
before the time point T5. The intervention into the air/fuel
ratio and the ignition angle intervention are therefore syn-
chronized.

At time point T6, a further increase of the engine desired
torque value to the value Mides4 is pregiven. As with respect
to time point T1, this change leads to a change of the
reduction stage wherein the deactivated cylinder 4 is again
activated. The effect of the reduction stage change on the
engine torque takes place only at time point T8 during the
induction stroke of the cylinder 4. For this reason, the
changes in the air/fuel ratio and in the ignition angle are
correspondingly delayed. The change in the air/fuel ratio
takes place at time point T7 when the fuel provided for
cylinder 4 is injected; whereas, the immediate effective
ignition angle change is carried out only at time point TS.
The result is a change of the torque at time point T8 to the
value Mid. Here too, the three position interventions are
synchronized with each other.
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In FIG. 3. the effects of the intervention into the air/fuel
ratio and into the ignition angle are each shown in the same
direction. In other advantageous embodiments, these work
in opposite directions in that, for example, the extent of the
change in the air/fuel ratio is so selected because of reasons
related to the exhaust gas (for example, a jump over of
regions with toxic exhaust gas components), that the engine
torque is reduced too far and is compensated by correspond-
ing torque increasing interventions into the ignition angle or
vice versa. In addition to the above interventions via injec-
tion suppression, air/fuel ratio and injection angle. the
realization of the desired torque is carried out by influencing
the air supply, for example, via a throttle flap or a bypass
valve.

I claim:

1. A method of controlling a torque of an internal com-
bustion engine to a changeable pregiven desired value
(Mides), the method comprising the steps of:

controlling at least one of the following parameters which

influence said torque of said engine:
(a air/fuel ratio (X);
(b) ignition angle (0z); and,
(c) number of deactivated cylinders (XZ);
so that said torque approaches said desired value (Mides)
thereof by performing the following additional steps:
forming a desired value (Ades, azdes, XZdes) for said at
least one of said parameters (A, oz, XZ) in dependence
upon said desired value (Mides) of said torque, the
engine load (tl) and the respective settings of said
air/fuel ratio (A)., said ignition angle (0z) and said
number of deactivated cylinders (XZ); and,
controlling said at least one of said parameters (A, oz, XZ)
to said at least one of said desired values (Ades, azdes,
XZdes) thereby causing the torque of said engine to
approach said desired value (Mides).

2. The method of claim 1, wherein, based on said desired
value (Mides) of said torque, a corresponding input value is
computed for controlling at least one of the following: air
supply, metering of fuel and ignition.

3. The method of claim 1, wherein influencing the ignition
angle, metering of fuel and air/fuel ratio are so synchronized
with each other that their effects on the torque of the drive
unit become effective each time for the same inducting
cylinder.

4. The method of claim 1, wherein the intervention into
the metering of fuel is realized by suppressing the metering
of fuel to individual predetermined cylinders and by adjust-
ing the air/fuel ratio.

5. The method of claim 1, wherein: starting from the
desired value for the torque, the engine rpm and the engine
load, the adjusted ignition angle as well as the adjusted
air/fuel ratio, first a desired value for the air/fuel ratio and
then the number of deactivated cylinders and then the
change of the ignition angle is determined in such a manner
that the desired value for the torque is adjusted.

6. The method of claim 1, wherein: starting from the
desired value for the following: the torque, the engine rpm
and the engine load of the adjusted ignition angle as well as
of the adjusted air/fuel ratio, first the number of deactivated
cylinders and then a desired value for the air/fuel ratio and
then the ignition angle change is determined in such a
manner that the desired value for the torque is adjusted.

7. The method of claim 1, wherein the desired value
(Ades) for the airffuel ratio is adjusted for a spark-ignition
engine by comecting the fuel quantity to be injected.

8. The method of claim 1. wherein the desired value
(Mides) of said torque is outputted by a control apparatus for
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controlling drive slip in the case of an impermissibly high
slip at least at one of the drive wheels, or is outputted by a
transmission control unit or an arrangement for limiting the
torque, rpm or road speed when a limit value is exceeded.

9. The method of claim 1, wherein the intervention into
the air/fuel ratio (A) and the ignition angle (o) is undertaken
when the intervention into the metering of fuel to individual
cylinders (cylinder deactivation) is forbidden.

10. An arrangement for controlling a toque of an internal
combustion engine to a changeable pregiven desired value
(Mides), the arrangement comprising:

means for controlling at one of the following parameters

which influence said torque of said engine:
(a) air/fuel ratio (A);

10

10

(b) ignition angle (oz); and
(c) number of deactivated cylinders (XZ);

means for forming a desired value (Ades. azdes, XZdes)
for said at least one of said parameters (A, oz, XZ) in
dependence upon said desired value (Mides) of said
torque, the engine load (t) and respective settings of
said air/fuel ratio (A), said ignition angle (0z) and said
number of deactivated cylinders (XZ); and.,

means for controlling said at least one of said parameters
(A 0z, XZ) to said at least one of said desired values
(Ades. ozdes, XZdes) thereby causing the torque of said
engine to approach said desired value (Mides).

x * * x *
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