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Description
TECHNICAL FIELD:

[0001] The present invention relates to a system for
estimating a model of the operation of an oil system of a
vehicle engine, which system comprises control means
for determining values representing the operation of the
oil system.

[0002] The invention also relates to a method for esti-
mating a model of the operation of an oil system of a
vehicle engine, comprising the step of monitoring values
representing the operation of the oil system.

BACKGROUND ART:

[0003] Vehicle engines are normally equipped with an
oil distribution system which is used for lubricating and
cooling various parts of the engine. In modern vehicle
engines, there are also components which are controlled
by measured values which indicate the operation of the
oil system of the engine, e.g. arrangements for providing
variable cam timing (VCT) and cam profile shifting. Such
arrangements are controlled by an engine control sys-
tem, which in turn receives values which represent the
operation of the oil system.

[0004] During calibration of arrangements of the
above-mentioned type in the engine control system, the
influence from the existing oil pressure and the existing
oil temperature should be compensated for. In today’s
engine systems, this can be achieved by using the engine
coolant as a control parameter. in this regard, it can be
noted that today’s increasing demands on fuel mileage
and driveability, and also added complexity of the engine,
increase the requirements on the engine control system
and thus the level of control which is necessary for correct
operation of the systems involved.

[0005] During the above-mentioned calibration proc-
ess, parameters which represent the operation of the oil
distribution system are usually measured for one or more
test engines. The measurement data thus represents the
oil system performance for a particular engine of a certain
engine model, with a specific oil type at a certain pointin
the life span of the oil and the engine. As there are many
different oil qualities, and as there are manufacturing tol-
erances for the oil system and also for the rest of the
engine, a wide span in oil system performance can be
expected to occur for one and the same engine type.
These differences are controlled by having a robust cal-
ibration of all systems which are depending on the oil
system. Such a calibration will absorb all these differenc-
es. This affects for example the fuel consumption, the
engine performance and the driving performance.
[0006] Inordertoimprove the quality of this calibration,
it can be necessary to use a calibration model using val-
ues which indicate the oil pressure in the oil distribution
system. Such an oil pressure calibration model has to
take discrepancies between engines, vehicles and oil
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quality into account. Consequently, if the actual oil pres-
sure in the engine could be more accurately modelled, a
more accurate calibration of all the systems which are
depending on the oil system could be achieved. A prob-
lem with such an approach is due to factors such as var-
ying engine tolerances and different oil types, which
means that the oil pressure can be expected to vary a
lot between engines of the same type. Also, as the oll
temperature changes, the oil deteriorates as time pass-
es, the engine is subject to wear and tear as time passes
and due to the fact that different oil types are used be-
tween oil changes.

[0007] Increased demands on fuel consumption and
driving performance will in turn increase the demands for
the calibration system. As mentioned above, the engine
coolant temperature can be measured or estimated in
order to be used as a control parameter. Furthermore,
the patent document US 6561015 describes how the oil
pressure of an engine is estimated using the engine ve-
locity and the oil temperature as input parameters. Fur-
thermore, the patent document US 6536390 or DE-A-
4340614 teaches a variable valve-timing engine cooper-
ating with an oil pressure controlling unit which is ar-
ranged for controlling a phase angle adjusting unit.
[0008] However, a problem with previously known sys-
tems is that they cannot be used for a more accurate
estimation of the oil pressure in order to achieve an more
accurate calibration of all the systems which are depend-
ing on the oil system.

SUMMARY OF THE INVENTION:

[0009] Itis an object of the present invention to provide
a system and method by means of which the above-men-
tioned problem can be solved, in particular for providing
a highly accurate model of the operation of the oil system,
as compared with today’s systems, even though there
are substantial discrepancies for example between dif-
ferent engines, vehicles and the type of oil being used in
different engines.

[0010] This object is achieved by means of a system
as initially mentioned, in which said control means is
adapted for monitoring at least one component controlled
by the operation of said oil system and acquiring opera-
tional data for said component, wherein said control
means is adapted to acquire said operational data in or-
der to provide an adaptive estimation of the operation of
the oil system.

[0011] This object is achieved by mans of a method
as initially mentioned, which comprises monitoring at
least one component driven depending on the operation
of the oil system, acquiring operational data for said com-
ponent, and using the operational data and the estimated
performance of the oil system to in order to provide an
adaptive estimation of the operation of the oil system.
[0012] According to the present invention, any control
system driven by the oil system can be used to adapt the
oil pressure model. Any differences in the performance
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of the specific system will give information that can be
correlated to an oil pressure deviation from an estimated
value. This information is sent back to the model, thus
adapting it over the life of the engine. Consequently, the
actual oil pressure is modelled by the engine control sys-
tem depending on changes for example due to wear or
different oil type being used, and can be adapted to any
individual engine.

[0013] Examples of advantages that are obtained by
means of the present invention are:

- A more stable calibration is acquired, and thus the
efficiency of the engine isincreased as the calibrated
components are used at their full potential.

- Therobustnessisincreased, since an automatic ad-
justment of the calibration according to the specific
engine performance can be done.

- Anadditional advantage is to use the adaptation data
as a diagnostic tool for the engine. Engine problems
can be correlated to poor oil system performance.
The impact of different oil qualities can also be eval-
uated on the field.

[0014] Preferred embodiments are disclosed inthe de-
pendent claims.

BRIEF DESCRIPTION OF THE DRAWINGS:
[0015] The present invention will now be described

more in detail with reference to the appended drawings,
where

Figure 1  schematically shows an engine system for a
vehicle; and
Figure 2 shows a flow chart explaining the operation

of the present invention.
PREFERRED EMBODIMENT:

[0016] InFigure 1, a schematic view of a arrangement
comprising a combustion engine 1 of a vehicle is indicat-
ed. The invention may be applied to many kinds of com-
bustion engines. However, according to the preferred
embodiment, the invention will be explained with refer-
ence to a direct injection petrol engine. The engine 1 is
fed with incoming air via an air inlet 2. The engine 1 is
further provided with a number of cylinders 3 and a cor-
responding number of injecting devices in the form of
electrically controlled injectors 4 for injection of fuel into
each individual cylinder 3. Even though Figure 1 shows
an embodiment having four cylinders 3, the invention is
not limited to such a number of cylinders but can be im-
plemented with engine having another number of cylin-
der.

[0017] Eachinjector 4 is connected to a central engine
control unit 5 through an electrical connection 6. The con-
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trol unit 5 is preferably computer based and arranged to
control, in a known manner, the fuel supply to each indi-
vidual injector 4, using fuel from a fuel tank 7 so that, in
each instant, an appropriately adapted air/fuel mixture is
fed to the engine 1. The engine 1 is also provided with a
coolant system 8 for cooling the engine 1, which system
comprises a coolant fluid container 9 and a coolant pump
10. The coolant fluid is circulated in the coolant system
8 by means of the pump 10.

[0018] The engine 1 according to the embodiment is
designed with an oil distribution system 11 for lubricating
and cooling various parts of the engine 1 in a previously
known manner. To this end, the oil is kept in a container
12 and fed into the engine 1 by means of a oil pump 13.
The oil acquires a certain oil pressure due to the oil tem-
perature, the oil viscosity and the flow rate of the oil pump
13. In modern vehicle engines, there are also many com-
ponents which are controlled by the operation of the oil
system of the engine, e.g. arrangements for providing
variable cam timing (VCT) and cam profile shifting. Such
arrangements are previously known per se, and for this
reason they are not described in detail here. However, it
can be noted that the operation of such arrangements is
dependent on the oil pressure and/or the oil temperature.
In order to acquire an adequate operation, it is beneficial
to determine the state of operation of the oil system 11.
Inthis manner, the oil pressure and/or the oil temperature
can be determined as accurately as possible.

[0019] When oil system dependent components are
calibrated, the operational status of the oil system is
measured for one or more individual test engines of a
certain engine model. It is previously known that such
measurement data describe the operation of the oil sys-
tem for a certain engine of a certain engine model with
a particular oil type at a certain point in the life span of
the oil and the engine. In this manner, a first oil pressure
model can be said to be defined. Such a first, basic, oil
pressure model can be said to be nominal. This nominal
model can be regarded as a rough estimate which is
based on a specific test engine operated at certain con-
ditions. In particular, the test engine is used in an engine
test rig where the environment is closely controlled and
the specification of the engine in question is well known.
[0020] However, the presentinvention relies on the in-
sight that oil pressure between different engines can be
expected to vary. The invention consequently provides
a solution in which a value of the estimated oil pressure
infactcan be usedas aninputtoan engine control system
by adapting said value. In this manner, it can be used in
connection with any given engine and for controlling any
system which depends on the operation of the oil system.
[0021] According to the invention, this first nominal oil
pressure model uses the oil temperature, the oil viscosity
and the speed of the oil pump as measured parameters
for estimating a value representing the oil pressure. The
measured parameters are fed into a oil system control
unit 14 in order to calibrate the components which are
dependent of the oil system. The oil system control unit
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14 is equipped with a computer memory and calculation
functions in a known manner. In this regard, it can be
noted that the oil viscosity is a function of the oil temper-
ature, whereas the oil pump velocity is a function of the
engine speed. Also, the oil pressure is a function of the
oil viscosity and the oil pump velocity.

[0022] Furthermore, even though the oil system con-
trol unit 14 and the central engine control unit 5 have
been indicated as two separate units in Figure 1, it can
be noted that these two units can alternatively be imple-
mented as modules in one single control unit.

[0023] The oil temperature in the engine 1 can either
be measured with an oil temperature sensor (not shown)
or modelled using several engine parameters such as
engine speed, coolant temperature and engine load.
[0024] The oil viscosity depends on the oil quality that
is used in the test engine, and is therefore known.
[0025] The speed of the oil pump is 13 measured as
revolutions per minute and is measured with a suitable
sensor (not shown).

[0026] These data are used to acquire a first nominal
oil system model, from which an estimated oil pressure
value may be derived, as the oil system control unit 14
is fed with measurements or computations of estimates
of the oil temperature and measurements of the speed
of the oil pump 14. As there are many different oil qual-
ities, and as there are manufacturing tolerances for the
oil system 11 and also for the rest of an engine 1 of a
specific type, a wide span in the operation of the oil sys-
tem occurs for the engines that belong to this engine
type. For this reason, the first, nominal oil pressure model
is further improved and made more accurate by means
of a second oil system model, which is adaptive. By
means of this second model, the oil pressure may be
determined more accurately for each individual engine.
The present invention thus relies on the principle that the
nominal model is supplemented with a second adaptive
model.

[0027] The principle behind the invention will now be
described more in detail. One of the components which
is controlled by the oil system, in this example an ar-
rangement (not shown) for providing VCT (Variable Cam
Timing), is monitored during the test engine run, which
test engine run is basically described above. The oper-
ation of the VCT is monitored at the same time as the
parameters for the first nominal oil pressure model are
monitored. The VCT performance may be measured as
a function of the engine speed, oil pressure and oil tem-
perature. As the first oil pressure model is true for the
individual test engine used at the test, the monitored per-
formance parameters of the VCT is stored in the oil sys-
tem control unit 14.

[0028] Should, for another individual engine, the mon-
itored VCT arrangement performance differ from the
stored VCT performance parameters, which is most
probable, this difference is related to a certain discrep-
ancy in the first oil pressure model. The first oil pressure
model in combination with the monitoring of the VCT per-
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formance and the adaptive change of the first oil pressure
model in correlation with possible differences from the
stored VCT parameter value constitute a second adap-
tive oil pressure model. The second adaptive oil pressure
model thus comprises the first oil pressure model and
the adaptation that is made possible by the monitoring
of the VCT arrangement. The second adaptive model
can be used in the engine control unit 5 for controlling
for example the VCT arrangement.

[0029] Should a difference from the stored values rep-
resenting the VCT arrangement be detected, the second
adaptive oil pressure model provides a new value for the
oil pressure by adapting the first oil pressure model. The
oil pressure is not corrected, only identified. All the com-
ponents that are dependent on the oil pressure, e.g. the
arrangements for VCT or cam profile shifting, are com-
pensated for by means of the new oil pressure. As long
asthe VCT performance difference is constant, the same
adaptation is used on the first oil pressure model. Should
a new difference occur in the VCT performance, a new
adaptation is calculated.

[0030] Below, an example will be described with ref-
erence to the flow chart in Figure 2.

[0031] During the running of a test engine of a certain
engine model 15, values representing the oil system per-
formance or operation for the test engine is measured
and stored 16, being a base for a first oil pressure model.
The performance of the VCT arrangement of the test en-
gine is also measured and stored 17. A consumer engine
(i.e. an engine intended for mounting in a manufactured
vehicle, as opposed to a test engine) is installed in a
vehicle, and the oil system parameters and the VCT per-
formance parameters of the test engine are fed into the
oil system control unit 18 of the consumer engine. During
operation of the consumer engine, the VCT performance
ofthe consumer engine is monitored 19, and is compared
with the stored VCT performance 20. It will probably differ
from the stored VCT performance of the test engine. This
is due to manufacture tolerances between oil systems
and engines of the same kind, and may also be due to
the fact that another oil with another viscosity is used.
The second adaptive oil pressure model then compen-
sates for these differences 21, and provides the correct
oil pressure value 22.

[0032] All the components that are dependent on the
oil pressure, e.g. the VCT or cam profile shifting arrange-
ments, are then compensated for the calculated oil pres-
sure 23. Should the monitored VCT performance corre-
spond to the stored one 20, it also corresponds to the
VCT performance of the test engine. In that case, the
first oil pressure model that is valid for the test engine,
also is valid here, and no adaptation of the first model
has to be performed, and the oil pressure may be calcu-
lated directly without adaptation 22.

[0033] The VCT performance is repeatedly monitored
20. The present adaptation is valid as long as the mon-
itored VCT performance has the same correlation to the
stored VCT performance. Should the correlation change,
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the adaptation is changed 21.

[0034] As the oil in the new engine ages, its viscosity
changes and thus the oil pressure also changes. This is
detected, as the VCT performance changes 20, and thus
the second adaptive oil pressure model provides a new
oil pressure value 21, 22 that may be compensated for
23. The same thing happens when the oil system and
the engine age, and wear and tear changes their per-
formance and thus the oil pressure.

[0035] The second adaptive oil pressure model more
or less continuously monitors changes of the VCT oper-
ation, and thus of the oil pressure. Itis beneficial to isolate
a certain repeatable moment of the VCT operation which
is executed several times during a drive cycle, as the
VCT operation may change due to the way the driver
acts, and not due to the fact that the second adaptive oil
pressure model needsto adaptto achange. One possible
such moment is the cleaning cycle of the VCT, since it
then makes a sweep from the current position to an end
position and back.

[0036] Toacquire a more stable judgement, the meas-
urements resulting from the adaptation are preferably low
pass filtered.

[0037] The invention will not be limited to the embod-
iment discussed above, but can be varied within the
scope of the appended claims. For example, the inven-
tion is not limited to engines if the direct injected type,
but can also be used with other types of engines, such
as conventional petrol engines and diesel engines, that
is, various types of fuel-powered engines having an oil
system and components which are controlled by the oll
system and need to be calibrated depending on the oll
pressure.

[0038] Although the description above is focused on
the use of VCT arrangements, any system which is con-
trolled by the oil system may be used for identifying the
need for adaptation and the adaptation value.

[0039] Itisalso assumed thatthe adaptation according
to the invention is performed on the oil pressure model.
Itis of course possible to adapt an oil temperature model
instead. The invention may, in other words, also be ap-
plied on an oil temperature model and viscosity model.

Claims

1. System for estimating a model of the operation of an
oil system (11) of a vehicle engine, which system
(11) comprises control means (14) for determining
values representing the operation of the oil system,
said control means (14) being adapted for monitoring
at least one component controlled by the operation
of said oil system and acquiring operational data for
said component, wherein said control means (14) is
adapted to acquire said operational data in order to
provide an adaptive estimation of the operation of
the oil system (11) characterized in that said values
representing the operation of the oil system (11)
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comprises values representing the pressure of oil in
said oil system (11).

2. System according to claim 1 characterized in that
said values representing the operation of the oil sys-
tem (11) comprises values representing the temper-
ature of oil in said oil system (11).

3. System according to any of the preceding claims,
characterized in that the component that is con-
trolled by the operation of the oil system (11) is an
arrangement for variable cam timing.

4. System according to any of the preceding claims,

characterized in that the component that is con-
trolled by the operation of the oil system (11) is an
arrangement for cam profile shifting:

5. Method for estimating a model of the operation of an
oil system (11) of a vehicle engine (1), comprising
the steps of:

monitoring values representing the operation of
the oil system (11);

monitoring at least one component driven de-
pending on the operation of the oil system (11);
acquiring operational data for said component,
and

using the operational data and the estimated
performance of the oil system (11) to in order to
provide an adaptive estimation of the operation
of the oil system (11) characterized in that it
comprises measuring the oil pressure in said oll
system (11).

6. Method according to claim 5, characterized in that
it comprises measuring the oil temperature in said
oil system (11).

7. Method according to any of the claims 5 or 6, char-
acterized in that measured values during the adap-
tively estimated operation of the oil system (11) are
low-pass filtered.

8. Method according to any of the claims 5-7, charac-
terized in that the adaptively estimated operation
of the oil system (11) is used for calibration of at least
one component that is controlled by the oil system
(12).

Patentanspriiche

1. System zum Abschéatzen eines Modells des Betrieb
eines Olsystems (11) eines Fahrzeugmotors, wobei
das System (11) eine Steuereinrichtung (14) zum
Ermitteln von den Betrieb des Olsystems reprasen-
tierenden Werten aufweist, wobei die Steuereinrich-
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tung (14) fir die Uberwachung wenigstens einer
durch den Betrieb des Olsystems gesteuerten Kom-
ponente eingerichtet ist und Betriebsdaten fir die
Komponente erfasst, und wobei die Steuereinrich-
tung (14) dafiir eingerichtet ist, die Betriebsdaten zu
erfassen, um eine adaptive Abschatzung des Be-
triebs des Olsystems bereitzustellen,

dadurch gekennzeichnet, dass

die den Betrieb des Olsystems (11) reprasentieren-
den Werte den Druck des Ols in dem Olsystem (11)
représentierende Werte aufweisen.

System nach Anspruch 1, dadurch gekennzeich-
net, dass die den Betrieb des Olsystems (11) repréa-
sentierenden Werte die Temperatur des Ols in dem
Olsystem (11) reprasentierende Werte aufweisen.

System nach einem der vorstehenden Anspriiche,
dadurch gekennzeichnet, dass die Komponente,
die durch den Betrieb des Olsystems (11) gesteuert
wird, eine Anordnung fiir variable Nockenwellen-
steuerung ist.

System nach einem der vorstehenden Anspriiche,
dadurch gekennzeichnet, dass die Komponente,
die durch den Betrieb des Olsystems (11) gesteuert
wird, eine Anordnung fur Nockenwellenprofilver-
schiebung ist.

Verfahren zum Abschétzen eines Modells fur den
Betrieb eines Olsystems (11) eines Fahrzeugmotors
(1), mit den Schritten:

Uberwachen von den Betrieb des Olsystems
(11) reprasentierenden Werten;

Uberwachen wenigstens einer abhangig von
dem Betrieb des Olsystems (11) angetriebenen
Komponente;

Erfassen von Betriebsdaten fur die Komponen-
te, und

Verwenden der Betriebsdaten und des abge-
schatzten Verhaltens des Olsystems (11), um
eine adaptive Abschéatzung des Betriebs des Ol-
systems (11) zu erzeugen,

dadurch gekennzeichnet, dass

es die Messung des Oldrucks in dem Olsystem
(11) aufweist.

Verfahren nach Anspruch 5, dadurch gekenn-
zeichnet, dass es die Messung der Oltemperatur in
dem Olsystem (11) aufweist.

Verfahren nach einem der Anspriiche 5 oder 6, da-
durch gekennzeichnet, dass die wahrend des ad-
aptiv abgeschatzten Betriebs des Olsystems (11)
gemessenen Werte tiefpassgefiltert werden.

Verfahren nach einem der Anspriiche 5 bis 7, da-
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durch gekennzeichnet, dass der adaptiv abge-
schétzte Betrieb des Olsystems (11) zur Kalibrierung
wenigstens einer Komponente genutzt wird, die
durch das Olsystem 811) gesteuert wird.

Revendications

Systeme d’estimation d’'un modéle de fonctionne-
ment d'un systeme d’huile (11) d’'un moteur de vé-
hicule, ledit systeme (11) comprenant un moyen de
commande (14) destiné a déterminer des valeurs
représentant le fonctionnement du systéme d’huile,
ledit moyen de commande (14) étant adapté afin de
surveiller au moins un composant controlé par le
fonctionnement dudit systeme d’huile et d’acquérir
des données opérationnelles relatives audit compo-
sant, dans lequel ledit moyen de commande (14) est
adapté afin d’acquérir lesdites données opération-
nelles de fagon a fournir une estimation adaptative
du fonctionnement du systeme d’huile (11),
caractérisé enceque lesditesvaleurs représentant
le fonctionnement du systéme d’huile (11) compren-
nent des valeurs représentant la pression de I'huile
dans ledit systeme (11).

Systéme selon la revendication 1, caractérisé en
ce que lesdites valeurs représentant le fonctionne-
ment du systéme d’huile (11) comprennent des va-
leurs représentant la température de I'huile dans le-
dit systeme (11).

Systéme selon I'une quelconque des revendications
précédentes, caractérisé en ce que le composant
qui est contrélé par le fonctionnement du systeme
d’huile (11) est un ensemble destiné a une synchro-
nisation de cames variable.

Systéme selon I'une quelcongue des revendications
précédentes, caractérisé en ce que le composant
qui est contrélé par le fonctionnement du systeme
d’huile (11) est un ensemble destiné & un décalage
de profil de came.

Procédé d’estimation d’'un modele de fonctionne-
ment d’un systeme d’huile (11) d’'un moteur de vé-
hicule (1), comprenant les étapes consistant a :

surveiller des valeurs représentant le fonction-
nement du systeme d’huile (11) ;

surveiller au moins un composant entrainé se-
lon le fonctionnement du systéme d’huile (11) ;
acquérir des données opérationnelles pour ledit
composant, et

utiliser les données opérationnelles et les per-
formances estimées du systeme d’huile (11) afin
de fournir une estimation adaptative du fonction-
nementdu systéme d’huile (11), caractérisé en
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ce qu’il comprend la mesure de la pression
d’huile dans ledit systéeme d’huile (11).

Procédé selon la revendication 5, caractérisé en
ce gu’ il comprend la mesure de la température de
I'huile dans ledit systéeme d’huile (11).

Procédé selon I'une quelconque des revendications
5ou 6, caractérisé en ce que les valeurs mesurées
pendant le fonctionnement estimé de maniére adap-
tative du systéme d’huile (11) sont filtrées en passe-
bas.

Procédé selon I'une quelconque des revendications
5a7, caractérisé en ce que le fonctionnement es-
timé de maniére adaptative du systéme d’huile (11)
est utilisé pour le calibrage d’au moins un composant
qui est controlé par le systeme d’huile (11).
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