
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
1 

98
0 

73
6

B
9

TEPZZ_98Z7¥6B9T
(11) EP 1 980 736 B9

(12) CORRECTED EUROPEAN PATENT SPECIFICATION

(15) Correction information: 
Corrected version no   1     (W1 B1)
Corrections, see
Claims EN 1, 4

(48) Corrigendum issued on: 
20.02.2013 Bulletin 2013/08

(45) Date of publication and mention 
of the grant of the patent: 
24.10.2012 Bulletin 2012/43

(21) Application number: 08006963.6

(22) Date of filing: 08.04.2008

(51) Int Cl.:
F02D 41/02 (2006.01) F02D 41/14 (2006.01)

(54) Exhaust control system for an internal combustion engine

Abgassteuerungssystem für einen Verbrennungsmotor

Système de contrôle de l’échappement d’un moteur à combustion interne

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HR HU IE IS IT LI LT LU LV MC MT NL NO PL PT 
RO SE SI SK TR

(30) Priority: 13.04.2007 US 735110

(43) Date of publication of application: 
15.10.2008 Bulletin 2008/42

(73) Proprietors:  
• FEV GmbH

52078 Aachen (DE)
• AM General LLC

South Bend IN 46617 (US)

(72) Inventors:  
• Tomazic, Dean

Orion Township
MI 48359 (US)

• Tatur, Marek
Auburn Hills
MI 48326 (US)

• Laermann, Martin
Clarkston
MI 48346 (US)

• Holland, Taylor W.
Gross Points
MI 48236 (US)

• Dowell, Jeffrey T.
Windsor
Ontario N8Y 3H3 (CA)

(74) Representative: Maxton Langmaack & Partner
Postfach 51 08 06
50944 Köln (DE)

(56) References cited:  
EP-A2- 1 571 321 US-A1- 2005 228 573

• RUECKERT J ET AL: "SIMULTANE REGELUNG 
VON LADEDRUCK UND AGR-RATE BEIM PKW-
DIESELMOTOR" MTZ MOTORTECHNISCHE 
ZEITSCHRIFT, VIEWEG VERLAG, WIESBADEN, 
DE, vol. 62, no. 11, 1 November 2001 (2001-11-01), 
pages 956-965, XP001111787 ISSN: 0024-8525



EP 1 980 736 B9

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

I. FIELD OF THE INVENTION

[0001] The present invention relates generally to con-
trol systems and, more particularly, to a control system
for controlling the exhaust system of an internal combus-
tion engine.

II. DESCRIPTION OF RELATED ART

[0002] Modem internal combustion engines include
numerous actuators which vary the operation of the in-
ternal combustion engine. Such actuators include, for ex-
ample, exhaust gas recirculation actuators, boost valve
actuators and supplemental fuel injection actuators. The
exhaust gas recirculation (EGR) actuator controls the
amount of the exhaust gas recirculated to the intake of
the engine while the boost control actuator controls the
pressure from a turbine at the engine air intake. A throttle
control actuator controls the position of the throttle valve
while a supplemental fuel injection actuator controls the
injection of supplemental fuel either into the engine or
into the exhaust system. Such a system is known from
EP 1 571 321 A2.
[0003] The actuation of these various actuators con-
trols various engine operating conditions. Such engine
operating conditions include, for example, the exhaust
gas temperature and the air/fuel ratio or lambda of the
engine.
[0004] In order to control the actuation of these engine
actuators for optimal engine performance, the previously
known systems have associated a PID controller with
each of the actuators. These PID controllers, further-
more, operate independently of each other.
[0005] Since the variation of one of the actuators, e.g.
the exhaust gas recirculation, affects the other engine
operating conditions, these previously known control
systems have relied upon a microprocessor based en-
gine management unit to control the degree of actuation
of the actuators for optimal engine performance. In order
to determine the proper amount of actuation for each
actuator, the previously known engine management
units have relied upon extensive software mapping and
software lookup tables to determine the proper amount
of actuation for each controller. As such, these previously
known engine control systems were necessarily disad-
vantageously software intensive.

SUMMARY OF THE PRESENT INVENTION

[0006] The present invention provides a control system
for an internal combustion engine particularly well suited
for controlling the exhaust system which overcomes all
of the above-mentioned disadvantages of the previously
known devices.

[0007] In brief, like the previously known systems, the
system of the present invention is provided for use with
an internal combustion engine having a plurality of actu-
ators where each actuator controls a predetermined en-
gine parameter. These engine parameters may include,
for example, the exhaust gas recirculation, throttle valve
position, supplemental fuel injection and boost pressure.
[0008] A plurality of sensors are also associated with
the engine and each sensor provides an output signal
representative of an engine operating condition. For ex-
ample, a lambda sensor is typically associated with the
exhaust gas stream which provides an output signal rep-
resentative of the air/fuel ratio for the engine. Other sen-
sors may include the temperature of the exhaust gas
stream, the boost air pressure, throttle position sensor,
speed sensor, power sensor, ambient temperature, etc.
[0009] A PID controller is associated with each actua-
tor to control the degree of actuation of that actuator. In
the conventional fashion, each PID controller includes
an input, an output and a feedback from the output.
[0010] Unlike the previously known systems, however,
a distribution function circuit is operatively coupled in se-
ries with the inputs of the PID controllers. This distribution
function circuit also receives an error signal representa-
tive of the difference between a target value and an actual
value of one or more engine operating conditions.
[0011] The distribution function circuit also receives
the feedback from each PID controller as an input signal
as well as previously determined control factor values.
Such control factor values may be determined empirical-
ly, through computer modeling or otherwise.
[0012] In operation, the distribution function varies the
input to each PID controller as a function of the inputs to
the distribution function circuit. As such, the output from
each PID controller also forms an input variable for the
inputs of the other PID controllers.
[0013] In practice, the control factor inputs to the dis-
tribution function circuit provide a simple yet effective
mechanism for weighing the impact of the output from
each PID controller on the operation of the other PID
controllers. As such, the weight afforded to the output
from a particular PID controller is adjusted as required
to achieve the desired or target engine operating condi-
tion and thus optimal engine operation.

BRIEF DESCRIPTION OF THE DRAWING

[0014] A better understanding of the present invention
will be had upon reference to the following detailed de-
scription when read in conjunction with the accompany-
ing drawing, wherein like reference characters refer to
like parts throughout the several views, and in which:
[0015] FIG. 1 is a simplified block diagrammatic view
illustrating a preferred embodiment of the engine control
system;
[0016] FIG. 2 is a block diagrammatic view of the en-
gine control system;
[0017] FIG. 3 is a block diagrammatic view illustrating
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an exemplary distribution function circuit;
[0018] FIG. 4 is exemplary graphs illustrating the op-
eration of the present invention;
[0019] FIGS. 5A-5C graphically illustrate the operation
of the present invention for controlling the air/fuel ratio
for the engine; and
[0020] FIGS. 6A-6C graphically illustrate the operation
of the present invention for controlling the exhaust gas
temperature in an internal combustion engine.

DETAILED DESCRIPTION OF A PREFERRED EM-
BODIMENT OF THE PRESENT INVENTION

[0021] With reference first to FIG. 1, a simplified block
diagrammatic view of a control system 10 is illustrated.
The control system 10, furthermore, will be described for
use as an exhaust system control for an internal com-
bustion engine. However, no undue limitations should be
drawn therefrom since the control system may be utilized
to control other aspects of the internal combustion en-
gine.
[0022] The control system 10 receives an input 12 from
appropriate engine sensors representative of various en-
gine operating conditions. These engine operating con-
ditions can include, for example, the air/fuel ratio, the
exhaust gas temperature, the boost pressure from an
intake turbine, engine speed sensor, power sensor, am-
bient temperature, and the like.
[0023] The input 12 is provided to an initialization block
14 containing both a preinitialization subsystem 16 as
well as an initialization subsystem 18. The preinitializa-
tion system 16 is desirable where there is a long delay
between the access to the controller from a subcompo-
nent and the controller itself. Without the preinitialization
system 16, the controller could be in an undefined status
for a long time. Upon engine startup, the preinitialization
subsystem 16 together with the initialization subsystem
18 determines the initial desired values for the various
actuators associated with the engine. These actuators,
for example, may include a throttle valve actuator, an
exhaust gas recirculation actuator, a supplemental fuel
injection actuator and a waste gate or variable nozzle
boost actuator.
[0024] An output from the initialization block 14 is cou-
pled as an input to a PID controller block 20. The PID
controller block 20, as illustrated in FIG. 1, includes a PID
controller 22 for the throttle position, a PID controller 24
for the exhaust gas recirculation controller, a PID con-
troller 26 for the supplemental fuel injection actuator and
a PID controller 28 for the waste gate or variable nozzle
turbine boost actuator. The PID controller outputs 30 from
the PID block 20 are electrically coupled to these various
controllers.
[0025] The control system 10 also includes a distribu-
tion function circuit 32 having an output coupled as an
input to the controller block 20. This distribution function
circuit 32 includes, for example, a throttle valve distribu-
tion function circuit 34, an exhaust gas distribution func-

tion circuit 36, a supplemental fuel injection distribution
function circuit 38 and a waste gate or variable nozzle
turbine boost 40 distribution function circuit 40. The out-
put from the distribution function circuit 32 is coupled as
an input to the PID controller block 20 to control the ac-
tuation of the various individual PID controllers 22-28 in
a manner subsequently described.
[0026] With reference now to FIG. 2, the control system
10 is illustrated with an internal combustion engine 40
(illustrated only diagrammatically). The engine 40 in-
cludes one or more sensors 42 each of which provides
an output signal representative of an engine operating
condition. These engine operating conditions can in-
clude, for example, exhaust gas temperature, air/fuel ra-
tio, and the like. The outputs from the sensors 42, fur-
thermore, are coupled as an input signal to a converter
circuit 44 which converts the output signal from each sen-
sor 42 to an electrically usable form.
[0027] A plurality of actuators 46 are also associated
with the internal combustion engine 40. These actuators
include, for example, a throttle valve position actuator
48, an EGR actuator 50, a supplemental fuel injection
actuator 52 and a waste gate or variable nozzle turbine
54. Each actuator 48-54 thus controls a particular engine
parameter which, in turn, affects the exhaust stream from
the engine 40. The input signals necessary to operate or
actuate the actuators 48-54, furthermore, typically vary
from each other.
[0028] At least one PID controller 56-60 in the PID con-
troller block 20 is associated with each actuator 48-54.
An output 62-66 from each PID controller 56-60, respec-
tively, is electrically coupled through a calculation unit 68
to the various actuators 48-54. The calculation unit 68
converts the output from the PID controller 56-60 into the
proper electrical signal necessary to actuate the actuator
48-54 to the desired position.
[0029] For example, assuming that the throttle valve
position actuator 48 constitutes the first actuator, the first
PID controller 56 generates an output signal on its output
62 to the calculation unit 68. The calculation unit 68 will
then convert the output 62 from the PID controller 56 to
the appropriate signal for the throttle valve position ac-
tuator. For example, one actuator may require a pulse
width modulation (PWM) while another engine actuator
requires a change in voltage level to operate the actuator.
The calculation unit 68 converts the outputs from the PID
controllers 56-60 to the appropriate signal for its associ-
ated actuator 48-54.
[0030] Still referring to FIG. 2, an error calculation unit
70 receives the signals from each engine sensor 42 from
the converter circuit 44 as an input. The error calculation
unit 70 also receives an input 72 for a target value of
each engine operating condition and then generates out-
put signals error_1 ... error_m on output lines 74 repre-
sentative of the error or difference between the target
value and actual value for the engine operating condition
and where m = the number of variables or sensors.
[0031] The error signals on lines 74 from the error cal-
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culation unit 70 are coupled as input signals to the dis-
tribution function circuit 32. The function circuit 32 also
receives as input signals a feedback signal on lines 82-86
from the output of each PID controller 56-60. Lastly, the
distribution function circuit 32 receives one or more cal-
culated factors on inputs 88.
[0032] The calculated factors on input lines 88 to the
distribution function circuit 32 determine the weight or
importance of each of the actuators 48-54 in achieving
the desired target value of each engine operating condi-
tion. For example, the magnitude of the exhaust gas re-
circulation has a much greater impact on the exhaust gas
temperature than, for example, the position of the throttle.
Consequently, in order to achieve the desired target val-
ue for the exhaust gas recirculation, a much higher weight
is assigned through the calculated factors on input line
88 to the distribution function circuit to the exhaust gas
recirculation actuator than to the throttle valve actuator.
The calculated factors may be determined in any con-
ventional fashion such as empirically or through compu-
ter modeling.
[0033] The distribution function circuit 32 varies the in-
put signal to each of the PID controllers 56-60 as a func-
tion of all of its input signals. These input signals include
not only the error signals on line 74 and calculated factors
on line 88, but also the feedbacks from the PID controller
outputs on lines 82-86.
[0034] With reference now to FIG. 3, an exemplary dis-
tribution function circuit is there shown for three PID con-
trollers 56-60, although any number m of PID controllers
may be used.
[0035] As can be seen, the deviation output dev_1,
1..n ... dev_m, 1..n, which forms the input to the PID con-
troller, varies as a function not only of the error signal
error _1 ... error_m on line 74 and the calculated factors
1..n_facPID1 and 1..n_facError_1 on line 88, but also is
a function of the output cont_1, 1..n ... cont_m, 1..n on
the feedback from each of the other PID controllers
56-60. Consequently, the output signal from each PID
controller 56-60 impacts, in an amount determined by
the control factors on input line 88, the input signal to
each other PID controller.
[0036] With reference now to FIG. 4, an exemplary use
of the control system 10 of the present invention is illus-
trated for maintenance of the engine exhaust system of
a diesel engine. In this example, a Prerelease block 100
receives an input signal from a DeNOx state controller
102, a DPF (diesel particle filter) state controller 104 as
well as a DeSOx state controller 106 through an input/
output module 108. The input/output module 108, in turn,
communicates with the engine management unit to de-
termine the state of the controllers 102-106.
[0037] The prerelease block 100 also receives an input
signal from the catalyst protection circuit 110 also through
the input/output module 108.
[0038] The prerelease block 100 prioritizes any main-
tenance required from the catalyst protection circuit 110
or the controllers 102-106. Typically, the catalyst protec-

tion circuit 110 will receive the highest priority. Based
upon this prioritization, the prerelease block 100 gener-
ates an output signal to a Postrelease block 112 in an
intervention handler 114.
[0039] Utilizing the control system 10 of the present
invention, the air/fuel ratio for the engine is controlled via
a lambda controller 114. Similarly, the temperature con-
trol for the exhaust gas is also controlled through a tem-
perature controller 116. The temperature control as well
as the air/fuel ratio control is achieved by utilizing the
desired target values as the input 72 (FIG. 2) to the error
calculation and by the appropriate manipulation of the
actuators 48-54 to achieve the target values for the air/
fuel ratio as well as the exhaust gas temperature.
[0040] The outputs from the lambda controller 114 and
temperature controller 116 are then merged in a merge
block 118 and the intervention handler operation is ter-
minated at block 120.
[0041] With reference now to FIGS. 5A-5C, the oper-
ation of the present invention is there shown graphically.
The graph 5A represents the oxygen content in the ex-
haust gas stream which correlates with the air/fuel ratio
for the engine. Three controller set points are illustrated
as beginning at times t1, t2 and t3. FIG. 5C illustrates the
PID outputs to the four actuators, while FIG. 5B illustrates
the distribution error or deviation input dev_1, 1..n to each
of the PID controllers. As is clear from FIG. 5A, the actual
value for the oxygen content in the exhaust stream close-
ly approximates the controller set point.
[0042] FIGS. 6A-6C are analogous to FIGS. 5A-5C,
but illustrate the control system 10 of the present inven-
tion utilized to control the exhaust gas temperature. FIG.
6A illustrates the temperature set point, i.e. the target
temperature for the exhaust gas, while FIGS. 5B and 5C
represent the distribution error or deviation to each of the
PID controllers while FIG. 6C represents the PID output
to each actuator. As can be seen from FIG. 6A, the control
system enables the exhaust gas temperature to be close-
ly tracked to its target value.
[0043] From the foregoing it can be seen that the
present invention provides a simple engine control sys-
tem particularly useful for controlling the exhaust gas sys-
tem for an internal combustion engine. The present in-
vention, by utilizing the distribution function circuit which
varies the PID controller inputs as a function not only of
the error of the particular actuator, but also of the outputs
from the other PID controllers, without the previously
known requirement for extensive software mapping and
lookup tables.
[0044] Having described our invention, however, many
modifications thereto will become apparent to those
skilled in the art to which it pertains without deviation from
the invention as defined by the scope of the appended
claims.
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Claims

1. A control system for an internal combustion engine
having a plurality of actuators, each actuator control-
ling a predetermined engine parameter and a plural-
ity of sensors, each sensor providing an output rep-
resentative of an engine operating condition, said
control system comprising:

a PID controller associated with each actuator,
each PID controller having an input, an output
and a feedback between said input and said out-
put,
a distribution function circuit operatively con-
nected in series with the inputs of said PID con-
trollers, said distribution function circuit receiv-
ing error signal(s) representative of the differ-
ence between a target value and an actual value
of the engine operating condition(s), previously
determined control factor values and the feed-
back from said PID controllers as distribution
function input signals, said distribution function
circuit varying the input signal to each PID con-
troller as a function of all of the distribution func-
tion circuit input signals.

2. The system as defined in claim 1 wherein the feed-
back of each PID controller forms a variable in said
distribution function circuit for at least one other PID
controller.

3. The system as defined in claim 1 wherein the feed-
back of each PID controller forms a variable in said
distribution function circuit for each other PID con-
troller.

4. The system as defined in claim 1 wherein said control
factor values are determined empirically.

5. The system as defined in claim 1 wherein one PID
controller is associated with an exhaust gas recircu-
lation valve.

6. The system as defined in claim 1 wherein one PID
controller is associated with a supplemental fuel in-
jection device.

7. The system as defined in claim 1 wherein one PID
controller is associated with a turbine boost device.

8. The system as defined in claim 1 wherein one PID
controller is associated with a throttle valve.

9. The system as defined in claim 1 wherein one engine
condition comprises exhaust gas temperature.

10. The system as defined in claim 1 wherein one engine
condition comprises exhaust gas air/fuel ratio.

11. Use of an exhaust control system with an internal
combustion engine having a plurality of actuators,
each actuator controlling a predetermined engine
parameter and a plurality of sensors, each sensor
providing an output representative of an engine op-
erating condition, said control system comprising:

a PID controller associated with each actuator,
each PID controller having an input, an output
and a feedback between said input and said out-
put,
a distribution function circuit operatively con-
nected in series with the inputs of said PID con-
trollers, said distribution function circuit receiv-
ing error signal(s) representative of the differ-
ence between a target value and an actual value
of the engine operating condition(s), previously
determined control factor values and the feed-
back from said PID controllers as distribution
function input signals, said distribution function
circuit varying the input signal to each PID con-
troller as a function of all of the distribution func-
tion circuit input signals.

12. Use of the system as defined in claim 11 wherein
the feedback of each PID controller forms a variable
in said distribution function circuit for at least one
other PID controller.

13. Use of the system as defined in claim 11 wherein
the feedback of each PID controller forms a variable
in said distribution function circuit for each other PID
controller.

14. Use of the system as defined in claim 11 wherein
said control factor values are determined empirically.

15. A method for controlling an internal combustion en-
gine having a plurality of actuators, each actuator
controlling a predetermined engine parameter and
a plurality of sensors, each sensor providing an out-
put representative of an engine operating condition,
said method comprising the steps of:

associating a PID controller with each actuator,
each PID controller having an input, an output
and a feedback between said input and said out-
put,
operatively connecting a distribution function cir-
cuit in series with the inputs of said PID control-
lers, said distribution function circuit receiving
error signal(s) representative of the difference
between a target value and an actual value of
the engine operating condition(s), previously de-
termined control factor values and the feedback
from said PID controllers as distribution function
input signals, said distribution function circuit
varying the input signal to each PID controller
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as a function of all of the distribution function
circuit input signals.

16. The method as defined in claim 15 and further com-
prising the step of varying the input of at least one
PID controller as a function of the feedback from at
least one other PID controller in the distribution func-
tion circuit.

17. The method as defined in claim 15 and further com-
prising the step of varying the input of each PID con-
troller as a function of the feedback from each other
PID controller in the distribution function circuit.

Patentansprüche

1. Regelungssystem für eine Verbrennungskraftma-
schine mit innerer Verbrennung aufweisend eine
Vielzahl von Aktuatoren, wobei jeder Aktuator einen
vorbestimmten Parameter der Verbrennungskraft-
maschine und eine Vielzahl von Sensoren kontrol-
liert, wobei jeder Sensor eine Ausgabe zur Verfü-
gung stellt, welche repräsentativ für einen Betriebs-
zustand der Verbrennungskraftmaschine steht, wo-
bei das Regelungssystem aufweist:

einen PID-Regler, verbunden mit jedem Aktua-
tor, wobei jeder PID-Regler einen Eingang, ei-
nen Ausgang und eine Rückkopplung zwischen
dem Eingang und dem Ausgang hat,
eine Verteilungsfunktionsschaltung wirkend in
Reihe verbunden mit den Eingängen der PID-
Regler, wobei die Verteilungsfunktionsschal-
tung ein Fehlersignal oder Fehlersignale emp-
fängt, welches bzw. welche repräsentativ für die
Differenz aus einem Zielwert und einem aktuel-
lem Wert des Betriebszustandes bzw. der Be-
triebszustände der Verbrennungskraftmaschi-
ne, zuvor ermittelten Regelfaktorwerten und der
Rückkopplung der PID-Regler als Eingangssi-
gnale der Verteilungsfunktionsschaltung steht
bzw. stehen, wobei die Verteilungsfunktions-
schaltung das Eingangssignal zu jedem PID-
Regler als eine Funktion aller Eingangssignale
der Verteilungsfunktionsschaltung variiert.

2. Regelungssystem nach Anspruch 1, wobei die
Rückkopplung jedes PID-Reglers eine Variable für
zumindest einen anderen PID-Regler in der Vertei-
lungsfunktionsschaltung bildet.

3. Regelungssystem nach Anspruch 1, wobei die
Rückkopplung jedes PID-Reglers eine Variable für
jeden anderen PID-Regler in der Verteilungsfunkti-
onsschaltung bildet.

4. Regelungssystem nach Anspruch 1, wobei die Re-

gelfaktorwerte empirisch bestimmt sind.

5. Regelungssystem nach Anspruch 1, wobei ein PID-
Regler mit einem Abgasrückführungsventil verbun-
den ist.

6. Regelungssystem nach Anspruch 1, wobei ein PID-
Regler mit einer zusätzlichen Kraftstoffeinspritzvor-
richtung verbunden ist.

7. Regelungssystem nach Anspruch 1, wobei ein PID-
Regler mit einer Turbinenladedruckvorrichtung ver-
bunden ist.

8. Regelungssystem nach Anspruch 1, wobei ein PID-
Regler mit einem Drosselklappenventil verbunden
ist.

9. Regelungssystem nach Anspruch 1, wobei ein Be-
triebszustand der Verbrennungskraftmaschine eine
Abgastemperatur umfasst.

10. Regelungssystem nach Anspruch 1, wobei ein Be-
triebszustand der Verbrennungskraftmaschine ein
Abgasluft-Kraftstoffverhältnis umfasst.

11. Verwendung eines Abgasregelungssystems mit ei-
ner Verbrennungskraftmaschine mit innerer Ver-
brennung, welche eine Vielzahl von Aktuatoren hat,
wobei jeder Aktuator einen vorbestimmten Parame-
ter der Verbrennungskraftmaschine und eine Viel-
zahl von Sensoren kontrolliert, wobei jeder Sensor
eine Ausgabe zur Verfügung stellt, welche repräsen-
tativ für einen Betriebszustand der Verbrennungs-
kraftmaschine steht, das Regelungssystem aufwei-
send:

einen PID-Regler, verbunden mit jedem Aktua-
tor, wobei jeder PID-Regler einen Eingang, ei-
nen Ausgang und eine Rückkopplung zwischen
dem Eingang und dem Ausgang hat,
eine Verteilungsfunktionsschaltung wirkend in
Reihe verbunden mit den Eingängen der PID-
Regler, wobei die Verteilungsfunktionsschal-
tung ein Fehlersignal oder Fehlersignale emp-
fängt, welches bzw. welche repräsentativ für die
Differenz aus einem Zielwert und einem aktuel-
lem Wert des Betriebszustandes bzw. der Be-
triebszustände der Verbrennungskraftmaschi-
ne, zuvor ermittelten Regelfaktorwerten und der
Rückkopplung der PID-Regler als Eingangssi-
gnale der Verteilungsfunktionsschaltung ist
bzw. sind, wobei die Verteilungsfunktionsschal-
tung das Eingangssignal zu jedem PID-Regler
als eine Funktion aller Eingangssignale der Ver-
teilungsfunktionsschaltung variiert.

12. Verwendung eines Systems nach Anspruch 11, wo-

9 10 
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bei die Rückkopplung jedes PID-Reglers eine Varia-
ble für zumindest einen anderen PID-Regler in der
Verteilungsfunktionsschaltung bildet.

13. Verwendung eines Systems nach Anspruch 11, wo-
bei die Rückkopplung jedes PID-Reglers eine Varia-
ble für jeden anderen PID-Regler in der Verteilungs-
funktionsschaltung bildet.

14. Verwendung eines Systems nach Anspruch 11, wo-
bei die Regelfaktorwerte empirisch bestimmt sind.

15. Verfahren zur Regelung einer Verbrennungskraft-
maschine mit innerer Verbrennung aufweisend eine
Vielzahl von Aktuatoren, wobei jeder Aktuator einen
vorbestimmten Parameter der Verbrennungskraft-
maschine und eine Vielzahl von Sensoren kontrol-
liert, wobei jeder Sensor eine Ausgabe zur Verfü-
gung stellt, welche repräsentativ für einen Betriebs-
zustand der Verbrennungskraftmaschine steht, wo-
bei das Verfahren die folgenden Schritte aufweist:

Bezugnahme eines PID-Reglers mit jedem Ak-
tuator, wobei jeder PID-Regler einen Eingang,
einen Ausgang und eine Rückkopplung zwi-
schen dem Eingang und dem Ausgang aufweist,
wirkendes Verbinden einer Verteilungsfunkti-
onsschaltung in Reihe mit den Eingängen der
PID-Regler, wobei die Verteilungsfunktions-
schaltung ein Fehlersignal oder Fehlersignale
empfängt, welches bzw. welche repräsentativ
für die Differenz aus einem Zielwert und einem
aktuellem Wert des Betriebszustandes bzw. der
Betriebszustände der Verbrennungskraftma-
schine, zuvor ermittelten Regelfaktorwerten und
der Rückkopplung der PID-Regler als Eingangs-
signale der Verteilungsfunktionsschaltung ist
bzw. sind, wobei die Verteilungsfunktionsschal-
tung das Eingangssignal zu jedem PID-Regler
als eine Funktion aller Eingangssignale der Ver-
teilungsfunktionsschaltung variiert.

16. Verfahren nach Anspruch 15 und weiter umfassend
den Schritt eines Variierens des Einganges von zu-
mindest einem PID-Regler als Funktion der Rück-
kopplung von mindestens einem anderen PID-Reg-
ler innerhalb der Verteilungsfunktionsschaltung.

17. Verfahren nach Anspruch 15 und weiter umfassend
den Schritt eines Variierens des Einganges von zu-
mindest einem PID-Regler als Funktion der Rück-
kopplung von jedem anderen PID-Regler innerhalb
der Verteilungsfunktionsschaltung.

Revendications

1. Système de contrôle pour un moteur à combustion

interne ayant une pluralité d’actionneurs, chaque ac-
tionneur contrôlant un paramètre prédéterminé du
moteur, et une pluralité de capteurs, chaque capteur
délivrant un signal de sortie représentatif d’un état
de fonctionnement du moteur, ledit système de con-
trôle comprenant :

un contrôleur PID associé à chaque actionneur,
chaque contrôleur PID ayant une entrée, une
sortie et une rétroaction entre ladite entrée et
ladite sortie,
un circuit de fonction de distribution relié de ma-
nière opérante en série avec les entrées desdits
contrôleurs PID, ledit circuit de fonction de dis-
tribution recevant un ou plusieurs signaux d’er-
reur représentatifs de la différence entre une va-
leur cible et une valeur réelle du ou des états de
fonctionnement du moteur, des valeurs de fac-
teurs de contrôle préalablement déterminées et
la rétroaction desdits contrôleurs PID en tant
que signaux d’entrée de fonction de distribution,
ledit circuit de fonction de distribution faisant va-
rier le signal d’entrée appliqué à chaque contrô-
leur PID en fonction de l’ensemble des signaux
d’entrée du circuit de fonction de distribution.

2. Système selon la revendication 1, dans lequel la ré-
troaction de chaque contrôleur PID forme une varia-
ble dans ledit circuit de fonction de distribution pour
au moins un autre contrôleur PID.

3. Système selon la revendication 1, dans lequel la ré-
troaction de chaque contrôleur PID forme une varia-
ble dans ledit circuit de fonction de distribution pour
chaque autre contrôleur PID.

4. Système selon la revendication 1, dans lequel les-
dites valeurs de facteurs de contrôle sont détermi-
nées de manière empirique.

5. Système selon la revendication 1, dans lequel un
contrôleur PID est associé à une soupape de recir-
culation de gaz d’échappement.

6. Système selon la revendication 1, dans lequel un
contrôleur PID est associé à un dispositif d’injection
de carburant supplémentaire.

7. Système selon la revendication 1, dans lequel un
contrôleur PID est associé à un dispositif de surali-
mentation à turbine.

8. Système selon la revendication 1, dans lequel un
contrôleur PID est associé à une soupape d’étran-
glement.

9. Système selon la revendication 1, dans lequel un
état du moteur comprend la température des gaz
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d’échappement.

10. Système selon la revendication 1, dans lequel un
état du moteur comprend le ratio air/carburant des
gaz d’échappement.

11. Utilisation d’un système de contrôle de l’échappe-
ment avec un moteur à combustion interne ayant
une pluralité d’actionneurs, chaque actionneur con-
trôlant un paramètre prédéterminé du moteur, et une
pluralité de capteurs, chaque capteur délivrant un
signal de sortie représentatif d’un état de fonction-
nement du moteur, ledit système de contrôle
comprenant :

un contrôleur PID associé à chaque actionneur,
chaque contrôleur PID ayant une entrée, une
sortie et une rétroaction entre ladite entrée et
ladite sortie,
un circuit de fonction de distribution relié de ma-
nière opérante en série avec les entrées desdits
contrôleurs PID, ledit circuit de fonction de dis-
tribution recevant un ou plusieurs signaux d’er-
reur représentatifs de la différence entre une va-
leur cible et une valeur réelle du ou des états de
fonctionnement du moteur, des valeurs de fac-
teurs de contrôle préalablement déterminées et
la rétroaction desdits contrôleurs PID en tant
que signaux d’entrée de fonction de distribution,
ledit circuit de fonction de distribution faisant va-
rier le signal d’entrée appliqué à chaque contrô-
leur PID en fonction de l’ensemble des signaux
d’entrée du circuit de fonction de distribution.

12. Utilisation du système selon la revendication 11,
dans lequel la rétroaction de chaque contrôleur PID
forme une variable dans ledit circuit de fonction de
distribution pour au moins un autre contrôleur PID.

13. Utilisation du système selon la revendication 11,
dans lequel la rétroaction de chaque contrôleur PID
forme une variable dans ledit circuit de fonction de
distribution pour chaque autre contrôleur PID.

14. Utilisation du système selon la revendication 11,
dans lequel lesdites valeurs de facteurs de contrôle
sont déterminées de manière empirique.

15. Procédé de contrôle d’un moteur à combustion in-
terne ayant une pluralité d’actionneurs, chaque ac-
tionneur contrôlant un paramètre prédéterminé du
moteur, et une pluralité de capteurs, chaque capteur
délivrant un signal de sortie représentatif d’un état
de fonctionnement du moteur, ledit procédé compre-
nant les étapes consistant à :

associer un contrôleur PID à chaque actionneur,
chaque contrôleur PID ayant une entrée, une

sortie et une rétroaction entre ladite entrée et
ladite sortie,
relier de manière opérante un circuit de fonction
de distribution en série avec les entrées desdits
contrôleurs PID, ledit circuit de fonction de dis-
tribution recevant un ou plusieurs signaux d’er-
reur représentatifs de la différence entre une va-
leur cible et une valeur réelle du ou des états de
fonctionnement du moteur, des valeurs de fac-
teurs de contrôle préalablement déterminées et
la rétroaction desdits contrôleurs PID en tant
que signaux d’entrée de fonction de distribution,
ledit circuit de fonction de distribution faisant va-
rier le signal d’entrée appliqué à chaque contrô-
leur PID en fonction de l’ensemble des signaux
d’entrée du circuit de fonction de distribution.

16. Procédé selon la revendication 15, comprenant en
plus l’étape consistant à faire varier le signal d’entrée
d’au moins un contrôleur PID en fonction de la ré-
troaction d’au moins un autre contrôleur PID dans le
circuit de fonction de distribution.

17. Procédé selon la revendication 15, comprenant en
plus l’étape consistant à faire varier le signal d’entrée
de chaque contrôleur PID en fonction de la rétroac-
tion de chaque autre contrôleur PID dans le circuit
de fonction de distribution.
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