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(57)  An oil dilution inhibiting apparatus (100) is
mounted on a vehicle provided with an engine (1) in which
alcohol fuel can be used, the oil dilution inhibiting appa-
ratus provided with: an intake amount integrating device
(31) for integrating amount of an air sucked into the en-
gine while the engine is in operation, thereby calculating
anintegrated intake amount; a temperature detecting de-
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Description
Technical Field

[0001] The present invention relates to an oil dilution
inhibiting apparatus and method for inhibiting the dilution
of engine oil by alcohol fuel, in a vehicle provided with
an engine in which the alcohol fuel can be used.

Background Art

[0002] If fuel is mixed into engine oil and thus the en-
gine oil is diluted, for example, the lubricating ability of
the engine oil is reduced.

[0003] As this type of apparatus, for example, there
has been suggested an internal combustion engine for
increasing the temperature of lubricating oil by operating
an oil heater if sub injection such as pilot injection and
post injection is performed in tandem with main injection
(refer to a patent document 1). Alternatively, there has
been suggested an apparatus for setting the injection
timing of the fuel in accordance with the counter value of
a dilution counter associated with the oil dilution at the
start of a diesel engine (refer to a patent document 2).
Alternatively, there has been suggested an apparatus for
forbidding the purge of evaporated fuel by an evaporated
fuel processing mechanism provided with a canister, un-
der the condition that a fuel dilution degree about a lu-
bricant is estimated and that the estimated fuel dilution
degree is large (refer to a patent document 3).

[0004] Alternatively, there has been suggested an ap-
paratus for heating the engine oil within a fuel evaporating
apparatus connected to an oil pan by a lubricant supply
channel and return channel, by using a heater, on the
basis of a result of comparison between a predetermined
threshold value and the value of a detected parameter
about the dilution ratio of the engine oil (refer to a patent
document 4). Alternatively, there has been suggested an
apparatus for increasing the temperature of the engine
oil if the dilution ratio of the engine oil at least by water
which constitutes alcohol fuel is estimated and if it is
judged that the estimated dilution ratio of the engine oil
is greater than a first threshold value, in a vehicle in which
the alcohol fuel can be used (refer to a patent document
5).

[0005] Incidentally, the "lubricating oil" and the "lubri-
cant" are one example of the "engine oil" of the present
invention.

[0006]

Patent document 1: Japanese Patent Application
Laid Open No. 2004-190513

Patent document 2: Japanese Patent Application
Laid Open No. 2008-38779

Patent document 3: Japanese Patent Application
Laid Open No. 2003-322052

Patent document 4: Japanese Patent Application
Laid Open No. 2004-293394
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Patent document 5: Japanese Patent Application
Laid Open No. 2008-121592

Disclosure of Invention
Subject to be Solved by the Invention

[0007] However, according to the aforementioned
background art, for example, such a vehicle is not con-
sidered that is provided with an engine automatic stop /
startapparatus (i.e. an economy run system or idling stop
system) orthe like and that the start and stop of the engine
are repeated relatively frequently. Then, the temperature
of the engine becomes relatively low, the fuel that does
not volatize increases, and the oil dilution by unburnt fuel
likely occurs more than expected, which are technically
problematic.

[0008] In view of the aforementioned problems, it is
therefore an object of the present invention to provide an
oil dilution inhibiting apparatus and method capable of
appropriately inhibiting the dilution of engine oil, in a ve-
hicle in which the start and stop of an engine are repeated
relatively frequently.

Means for Solving the Subject

[0009] The above object of the present invention can
be achieved by an oil dilution inhibiting apparatus mount-
ed on a vehicle comprising an engine in which alcohol
fuel can be used, the oil dilution inhibiting apparatus pro-
vided with: an intake amount integrating device for inte-
grating amount of an air sucked into the engine while the
engine is in operation, thereby calculating an integrated
intake amount; a temperature detecting device for de-
tecting oil temperature of engine oil of the engine; and a
controlling device for controlling the vehicle to move into
an oil heating mode in which the oil temperature is in-
creased in such conditions that the calculated integrated
intake amount is greater than an integrated intake
amount threshold value and that the detected oil temper-
ature is less than a first temperature threshold value.
[0010] According to the oil dilution inhibiting apparatus
of the present invention, the oil dilution inhibiting appa-
ratus is mounted on the vehicle provided with the engine
in which the alcohol fuel can be used. Here, the "alcohol
fuel" indicates fuel in which alcohol and another fuel, such
as gasoline, are mixed (i.e. so-called alcohol blended
fuel), or fuel including only alcohol.

[0011] The intake amount integrating device, which is
provided with, for example, a memory, a processor, and
the like, integrates the amount of the air sucked into the
engine in the operation of the engine, thereby calculating
the integrated intake amount. Specifically, for example,
the intake amount integrating device obtains the amount
of the air sucked into the engine via an airflow meter
disposed in the intake passage of the engine and inte-
grates the obtained air amount, thereby calculating the
integrated intake amount.
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[0012] Here, "in the operation of the engine" typically
means a period from the start of the engine to the stop
of the engine (i.e. 1 trip). Therefore, typically, the inte-
grated intake amount is calculated in each trip, and it is
stored in the memory or the like.

[0013] The temperature detecting device, such as a
temperature sensor, detects the oil temperature of the
engine oil of the engine. The temperature detecting de-
vice may directly detect the oil temperature, or predict
(i.e. indirectly detect) the oil temperature, for example,
on the basis of the temperature of cooling water for cool-
ing the engine.

[0014] The controlling device, which is provided with,
for example, a memory, a processor, and the like, con-
trols the vehicle to move into the oil heating mode in which
the oil temperature is increased, in such conditions that
the calculated integrated intake amount is greater than
the integrated intake amount threshold value and that
the detected oil temperature is less than the first temper-
ature threshold value. Here, the "oil heating mode" of the
present invention indicates a mode in which the oil tem-
perature of the engine oil is increased to evaporate the
fuel mixed into the engine oil or the like (specifically, for
example, unburnt fuel, water generated in the combus-
tion of the fuel, or the like).

[0015] Specifically, for example, the heating by a heat-
ing device, such as a heater, is performed such that the
oil temperature is 80 degrees C in consideration of the
boiling point of ethanol mainly used for the alcohol fuel.
Alternatively, if the vehicle on which the oil dilution inhib-
iting apparatus is mounted is provided with a motor for
driving the vehicle, in addition to the engine, as in a hybrid
vehicle or a plug-in hybrid vehicle, the engine is contin-
uously operated (i.e. intermittent operation is forbidden),
oranengine loadis increased. Alternatively, if the vehicle
on which the oil dilution inhibiting apparatus is mounted
is provided with a so-called economy run system, the
operation of the economy run system is forbidden.
[0016] The "integrated intake amount threshold value"
of the present invention is one of the values for determin-
ing whether or not to move the vehicle into the oil heating
mode, and it is a value set as a fixed value or a variable
value according to physical quantity or some parameter
in advance. The integrated intake amount threshold val-
ue may be set as an integrated intake amount corre-
sponding to the gross heating value of the engine, which
can inhibit the fuel or the like from being mixed into the
engine oil and which can maintain the appropriate state
of the engine oil, or as a value which is higher than the
integrated intake amount threshold value by a predeter-
mined value, on the basis of a relation between the inte-
grated intake amount and the gross heating value of the
engine corresponding to the integrated intake amount,
wherein the relation is obtained experimentally, or expe-
rientially, or by simulations.

[0017] Incidentally, "inhibit the fuel or the like from be-
ing mixed into" means to evaporate the fuel or the like
mixed into the engine oil, and to evaporate the fuel or the
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like to be mixed into the engine oil, for example, through
the cylinder wall surface of the engine.

[0018] The "first temperature threshold value" of the
present invention is one of the values for determining
whether or not to move the vehicle into the oil heating
mode, and it is a value set as a fixed value or a variable
value according to physical quantity or some parameter
in advance. The first temperature threshold value may
be set as an oil temperature which can maintain the ap-
propriate state of the engine oil, or as a value which is
higher than the oil temperature by a predetermined value,
on the basis of a relation among the oil temperature, the
saturated vapor pressure of the fuel or the like, and the
amount of the fuel or the like mixed into the engine oil,
wherein the relation is obtained experimentally, or expe-
rientially, or by simulations.

[0019] Incidentally, for the amount of the fuel or the
like mixed into the engine oil, an existing estimation meth-
od may be used, such as estimating on the basis of the
amount of fuel injected from the fuel injection valve of the
engine, the temperature of the engine (or the temperature
of cooling water), the engine load, or the like.

[0020] According to the study of the present inventors,
even if the calculated integrated intake amount is greater
than the integrated intake amount threshold value, the
temperature of the engine decreases during the stop of
the engine in a vehicle in which the start and stop of the
engine are repeated relatively frequently. As aresult, the
fuel or the like, which is in a gas state within the engine,
is condensed and mixed into the engine oil. In other
words, the amount of the fuel or the like mixed into the
engine oil become larger than a predicted amount. In
particular, if an air heating function is used, the rate of
decrease in engine temperature is relatively high. Thus,
the amount of the fuel or the like mixed into the engine
oil is likely significantly increased, in comparison with the
predicted amount.

[0021] Incidentally, the so-called economy run system
or the like allows the engine to be stopped, for example,
if the temperature of cooling water of the engine is higher
than a temperature at which the air heating function can
be ensured (e.g. 60 degrees C). Thus, it has been found
that if the alcohol fuel including ethanol with a boiling
point of 78 degrees C is used, for example, most of the
ethanol on the cylinder wall surface is mixed into the en-
gine oil.

[0022] In the present invention, however, the vehicle
is controlled by the controlling device to move into the oil
heating mode in which the oil temperature is increased,
in such conditions that the calculated integrated intake
amount is greater than the integrated intake amount
threshold value and that the detected oil temperature is
less than the first temperature threshold value. In other
words, for example, even if the calculated integrated in-
take amount is greater than the integrated intake amount
threshold value which is the integrated intake amount
corresponding to the gross heating value which can
maintain the appropriate state of the engine oil, if the
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detected oil temperature is less than the first temperature
threshold value which is the oil temperature capable of
maintaining the appropriate state of the engine oil, the
vehicle is controlled by the controlling device to move
into the oil heating mode.

[0023] Thus, the engine oil is heated to increase the
oil temperature, and the fuel or the like mixed into the
engine oil can be evaporated. As a result, it is possible
to inhibit the dilution of the engine oil.

[0024] In one aspect of the oil dilution inhibiting appa-
ratus of the present invention, the controlling device in-
cludes a judging device for judging whether or not the
calculated integrated intake amount is greater than the
integrated intake amount threshold value and whether or
not the detected oil temperature is less than the first tem-
perature threshold value, and controls the vehicle to
move into the oil heating mode if it is judged that the
calculated integrated intake amount is greater than the
integrated intake amount threshold value and if it is
judged that the detected oil temperature is less than the
first temperature threshold value.

[0025] According to this aspect, it is possible to rela-
tively easily judge whether or not the calculated integrat-
ed intake amount is greater than the integrated intake
amount threshold value and whether or not the detected
oil temperature is less than the first temperature thresh-
old value, so that it is extremely useful in practice.
[0026] The judging device, which is provided with, for
example, a memory, a processor, a comparator, and the
like, judges whether or not the calculated integrated in-
take amount is greater than the integrated intake amount
threshold value and whether or not the detected oil tem-
perature is less than the first temperature threshold val-
ue. The controlling device controls the vehicle to move
into the oil heating mode if it is judged that the calculated
integrated intake amount is greater than the integrated
intake amount threshold value and if it is judged that the
detected oil temperature is less than the first temperature
threshold value.

[0027] On the other hand, if it is judged that the calcu-
lated integrated intake amount is less than the integrated
intake amount threshold value, typically, the controlling
device controls the vehicle not to move into the oil heating
mode. Moreover, if it is judged that the calculated inte-
grated intake amount is greater than the integrated intake
amount threshold value and if it is judged that the detect-
ed oil temperature is greater than the first temperature
threshold value, the controlling device controls the judg-
ing device to perform another conditional judgment (spe-
cifically, for example, to compare the detected oil tem-
perature with another temperature threshold value, or
perform a similar operation).

[0028] Incidentally, if the calculated integrated intake
amountis equal to the integrated intake amount threshold
value, it may be treated by being included in one or the
other of the aforementioned cases. In the same manner,
if the detected oil temperature is equal to the first tem-
perature threshold value, it may be treated by being in-
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cluded in one or the other of the aforementioned cases.
[0029] In another aspect of the oil dilution inhibiting
apparatus of the present invention, it is further provided
with a duration detecting device for detecting a time in
which the vehicle continues to be in the oil heating mode,
and the controlling device controlling the vehicle to main-
tain the oil heating mode in such conditions that the de-
tected oil temperature is less than a second temperature
threshold value and that the detected time is less than a
duration threshold value.

[0030] According to this aspect, the duration detecting
device, which is provided with, for example, a memory,
a processor, and the like, detects the time in which the
vehicle continues to be in the oil heating mode. Here,
"continues to be in the oil heating mode" means being in
a period from when the vehicle is moved into the oil heat-
ing mode to when the oil heating mode is canceled. In-
cidentally, the duration detecting device stops the detec-
tion of the duration if the oil heating mode is canceled.
Specifically, for example, the duration detecting device
stops a count indicating the duration and then resets it if
the oil heating mode is canceled.

[0031] The controlling device controls the vehicle to
maintain the oil heating mode in such conditions that the
detected oil temperature is less than the second temper-
ature threshold value and that the detected time is less
than the duration threshold value. Here, the "second tem-
perature threshold value" of the present invention is one
of the values for determining whether or not to maintain
the oil heating mode, and it is a value set as a fixed value
or avariable value according to physical quantity or some
parameter in advance. The second temperature thresh-
old value may be set as an oil temperature corresponding
to the upper limit of an acceptable range of the extent of
the oxidation and thermal degradation of the engine oil,
or as a value which is lower than the oil temperature by
apredetermined value, on the basis of a relation between
the oil temperature and the extent of the oxidation and
thermal degradation of the engine oil, wherein the relation
is obtained experimentally, or experientially, or by simu-
lations.

[0032] The "duration threshold value" of the present
invention is one of the values for determining whether or
not to maintain the oil heating mode, and it is a value set
as a fixed value or a variable value according to physical
quantity or some parameter in advance. The duration
threshold value may be set as a heating time correspond-
ing to the upper limit of an acceptable range of the extent
of the oxidation and thermal degradation of the engine
oil, or as a value which is lower than the heating time by
apredetermined value, on the basis of a relation between
the heating time of the engine oil and the extent of the
oxidation and thermal degradation of the engine oil if the
engine oil is continuously heated, wherein the relation is
obtained experimentally, or experientially, or by simula-
tions.

[0033] Therefore, according to this aspect, it is possi-
ble to inhibit the oxidation and thermal degradation of the
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engine oil, so that it is extremely useful in practice.
[0034] Alternatively, in another aspect of the oil dilution
inhibiting apparatus of the present invention, it is further
provided with: a vehicle state detecting device for detect-
ing a vehicle state of the vehicle; an oil-level height de-
tecting device capable of detecting oil-level height of the
engine oil in an oil pan of the engine; and a duration
detecting device for detecting a time in which the vehicle
continues to be in the oil heating mode, the controlling
device controlling the oil-level height detecting device to
detect the oil-level height in such a condition that the
detected vehicle state is a predetermined state, the con-
trolling device controlling the vehicle to continue the oil
heating mode in such conditions that the detected oil-
level height is greater than a height threshold value, that
the detected oil temperature is less than a second tem-
perature threshold value, and that the detected time is
less than a duration threshold value.

[0035] According to this aspect, the vehicle state de-
tecting device, which is provided with, for example, a
memory, a processor, and the like, detects the vehicle
state of the vehicle. Here, the "vehicle state" means phys-
ical quantity or some parameter indicating the operating
state of the vehicle, such as a vehicle speed, vehicle
inclination, and the number of revolutions of the engine,
or a state indicated by one or more physical quantities
and/or parameters.

[0036] The oil-level height detecting device, such as a
liquid-level gauge, can detect the oil-level height of the
engine oil in the oil pan of the engine. The duration de-
tecting device, which is provided with, for example, a
memory, a processor, and the like, detects the time in
which the vehicle continues to be in the oil heating mode.
[0037] The controlling device controls the oil-level
height detecting device to detect the oil-level height in
such a condition that the detected vehicle state is the
predetermined state. Here, the "predetermined state" of
the present invention means a state in which the oil-level
height detected in one opportunity can be relatively easily
compared with the oil-level height detected in another
opportunity, such as while the vehicle is stopped (i.e. the
vehicle speed is zero), while the vehicle is horizontal, and
while the engine is stopped (i.e. the number of revolutions
of the engine is zero). In other words, the "predetermined
state" of the present invention means a reproducible
state.

[0038] Then, the controlling device controls the vehicle
to continue the oil heating mode in such conditions that
the detected oil-level height is greater than the height
threshold value, that the detected oil temperature is less
than the second temperature threshold value, and that
the detected time is less than the duration threshold val-
ue. Here, the "height threshold value" of the present in-
vention is one of the values for determining whether or
not to maintain the oil heating mode, and it is a value set
as a fixed value or a variable value according to physical
quantity or some parameter in advance.

[0039] The height threshold value is typically ex-
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pressed as a sum of the detected oil-level height and a
predetermined height. Here, the "predetermined height"
may be set as the upper limit value of an increment of
the oil-level height which can maintain the appropriate
state of the engine oil, or as a value which is smaller than
the upper limit value by a predetermined value, on the
basis of a relation between the increment of the oil-level
height and the amount of fuel or the like mixed into the
engine oil, wherein the relation is obtained experimen-
tally, or experientially, or by simulations.

[0040] Therefore, according to this aspect, it is possi-
ble to maintain the appropriate state of the engine oil
while inhibiting the oxidation and thermal degradation of
the engine oil.

[0041] Alternatively, in another aspect of the oil dilution
inhibiting apparatus of the present invention, it is further
provided with: a high oil temperature time integrating de-
vice for integrating a time in which the detected oil tem-
perature is an oil temperature greater than a third tem-
perature threshold value, thereby calculating an integrat-
ed high oil temperature time; and a duration detecting
time for detecting a time in which the vehicle continues
to be in the oil heating mode, the controlling device con-
trolling the vehicle to continue the oil heating mode in
such conditions that the calculated integrated high oil
temperature timeis less than an integrated time threshold
value, that the detected oil temperature is less than a
second temperature threshold value, and that the detect-
ed time is less than a duration threshold value.

[0042] According to this aspect, the high oil tempera-
ture time integrating device, which is provided with, for
example, a memory, a processor, and the like, integrates
the time in which the detected oil temperature is the oil
temperature greater than the third temperature threshold
value, thereby calculating the integrated high oil temper-
ature time. Here, the "third temperature threshold value"
is set as a temperature at which thermal degradation oc-
curs in an additive added to the base oil of the engine
oil, or a temperature which is lower than the temperature
by a predetermined value, such as the heatproof tem-
perature of antioxidant included in the engine oil.
[0043] Incidentally, the integrated high oil temperature
time calculated by the high oil temperature time integrat-
ing device may be calculated in each period from when
the oil temperature becomes greater than the third tem-
perature threshold value and to when the oil temperature
becomes less than the third temperature threshold value
(i.e. if the oil temperature becomes less than the third
temperature threshold value after becoming higher than
the third temperature threshold value, the integrated high
oil temperature time may be reset after the calculated
integrated high oil temperature time is stored into a mem-
ory or the like), or it may be calculated as a total time of
the whole period in which the oil temperature is greater
than the third temperature threshold value.

[0044] Forexample, the duration detecting time, which
is provided with, for example, a memory, a processor,
and the like, detects the time in which the vehicle contin-
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ues to be in the oil heating mode. The controlling device
controls the vehicle to continue the oil heating mode in
such conditions that the calculated integrated high oil
temperature time is less than the integrated time thresh-
old value, that the detected oil temperature is less than
the second temperature threshold value, and that the de-
tected time is less than the duration threshold value.
[0045] Here, the "integrated time threshold value" of
the presentinvention is one of the values for determining
whether or not to maintain the oil heating mode, and it is
a value as a fixed value or a variable value according to
physical quantity or some parameter in advance. The
"integrated time threshold value" may be set as a time
corresponding to the upper limit of an acceptable range
of the extent of the thermal degradation of the engine oil,
or as a value which is smaller than the time by a prede-
termined value, on the basis of a relation between the
time in which the oil temperature is the oil temperature
greater than the third temperature threshold value and
the extent of the thermal degradation of the engine oil,
wherein the relation is obtained experimentally, or expe-
rientially, or by simulations. In other words, the integrated
time threshold value may be set as a time in which an
influence due to the thermal degradation of the engine
oil would be more significant than an influence, such as
a reduction in lubricating ability, due to the fuel or the like
mixed into the engine oil), or as a time less than the afore-
mentioned time by a predetermined value.

[0046] Therefore, according to this aspect, the oxida-
tion and thermal degradation of the engine oil can be
inhibited, so that it is extremely useful in practice.
[0047] In another aspect of the oil dilution inhibiting
apparatus of the present invention, the engine includes
a heating device capable of heating the engine oil, and
the oil heating mode is a mode in which the engine oil is
heated by the heating device to increase the oil temper-
ature.

[0048] According to this aspect, it is possible to in-
crease the oil temperature by heating the engine oil, rel-
atively easily, so that it is extremely useful in practice.
[0049] The heating device, such as a heater, is provid-
ed for the engine. The heating device may be placed, for
example, in an oil pan or in the vicinity of the entrance of
an oil filter.

[0050] Alternatively, in another aspect of the oil dilution
inhibiting apparatus of the present invention, the oil heat-
ing mode is a mode in which the engine is continuously
operated to increase the oil temperature.

[0051] According to this aspect, it is possible to in-
crease the oil temperature by heating the engine oil.
Moreover, for example, if the vehicle on which the oil
dilution inhibiting apparatus is mounted is a hybrid vehi-
cle, a battery can be charged by rotating a motor with the
engine (i.e. by making the motor function as a generator).
[0052] Here, "the engine is continuously operated"
means that the engine can be forcibly operated even if
such a condition that the engine can be automatically
stopped is satisfied, such as a condition that the temper-
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ature of cooling water of the engine is greater than a
predetermined temperature and a condition that the ve-
hicle is stopped. In other words, "the engine is continu-
ously operated" means that intermittent operation is for-
bidden.

[0053] The above object of the present invention can
be also achieved by an oil dilution inhibiting method in
an oil dilution inhibiting apparatus mounted on a vehicle
comprising an engine in which alcohol fuel can be used,
the oil dilution inhibiting method provided with: an intake
amount integrating process of integrating amount of an
air sucked into the engine while the engine is in operation,
thereby calculating an integrated intake amount; a tem-
perature detecting process of detecting oil temperature
of engine oil of the engine; and a controlling process of
controlling the vehicle to move into an oil heating mode
in which the oil temperature is increased in such condi-
tions that the calculated integrated intake amount is
greater than an integrated intake amount threshold value
and that the detected oil temperature is less than a first
temperature threshold value.

[0054] According to the oil dilution inhibiting method of
the present invention, the dilution of the engine oil can
be inhibited, as in the oil dilution inhibiting apparatus of
the present invention described above.

[0055] Incidentally, eventhe oil dilution inhibiting meth-
od of the present invention can also adopt the various
aspects of the oil dilution inhibiting apparatus of the
present invention described above.

[0056] The operation and other advantages of the
present invention will become more apparent from the
best mode for carrying out the invention explained below.

Brief Description of Drawings
[0057]

[FIG. 1] FIG. 1 is a block diagram showing the struc-
ture of an oil dilution inhibiting apparatus in a first
embodiment.

[FIG. 2] FIG. 2 is a flowchart showing an oil dilution
inhibiting process performed by an ECU in the first
embodiment.

[FIG. 3] FIG. 3 is a block diagram showing the struc-
ture of an oil dilution inhibiting apparatus in a first
modified example in the first embodiment.

[FIG. 4] FIG. 4 is a flowchart showing an oil dilution
inhibiting process performed by the ECU in a second
modified example in the first embodiment.

[FIG. 5] FIG. 5 is a flowchart showing an oil dilution
inhibiting process performed by the ECU in a second
embodiment.

[FIG. 6] FIG. 6 is a flowchart showing an oil dilution
inhibiting process performed by the ECU in a third
embodiment.
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Description of Reference Codes

[0058]

1,2 engine

11 cylinder

12 intake valve

13 exhaust valve

14 intake passage
15 exhaust passage
16 oil pan

17 piston

21 ignition plug
22 fuel injection valve

23 oil filter
26 oil heater
31 ECU

32 airflow meter

33 water temperature sensor
34 oil temperature sensor

35 oil-level height sensor

Best Mode for Carrying Out the Invention

[0059] Hereinafter, embodiments of the oil dilution in-
hibiting apparatus of the present invention will be ex-
plained with reference to the drawings.

<First Embodiment>

[0060] A first embodiment of the oil dilution inhibiting
apparatus of the present invention will be explained with
reference to FIG. 1 and FIG. 2. FIG. 1 is a block diagram
showing the structure of an oil dilution inhibiting appara-
tus in the first embodiment.

[0061] In FIG. 1, an engine 1 provided for a vehicle
(not illustrated) on which an oil dilution inhibiting appa-
ratus 100 is mounted is provided with: a cylinder 11; an
intake valve 12; an exhaust valve 13; an intake passage
14; an exhaust passage 15; an oil pan 16; a piston 17;
an ignition plug 21; a fuel injection valve 22; an oll filter
23; and an oil heater 26.

[0062] Engine oil EO accumulated in the oil pan 16
flows into the oil filter 23 via an oil inflow passage 24.
The engine oil EO which has passed through the oil filter
23 is pumped by the oil pump 25 and is supplied to a
main gallery not illustrated. The fuel injection valve 22 is
controlled by an ECU (Electronic Control Unit) 31 to inject
alcohol fuel accumulated in a not-illustrated fuel tank, by
a predetermined amount in predetermined timing.
[0063] Incidentally, the vehicle in the first embodiment
is typically a vehicle provided with a so-called economy
run system, or a hybrid vehicle provided with a motor for
driving.

[0064] The oil dilution inhibiting apparatus 100 is pro-
vided with: the ECU 31 for detecting an airamount sucked
into the engine 1 via the airflow meter 32 disposed in the
intake passage 14 in the operation of the engine 1 and
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for integrating the detected air amount to calculate an
integrated intake amount; a water temperature sensor
33 for detecting the temperature of cooling water LLC of
the engine 1; an oil temperature sensor 34 for detecting
the oil temperature of the engine oil EO; and an oil-level
height sensor 35 capable of detecting the oil-level height
of the engine oil EO accumulated in the oil pan 16.
[0065] Here, eachofthe"ECU 31", the "oiltemperature
sensor 34" and the "oil-level height sensor 35" in the first
embodiment is one example of respective one of the "in-
take amount integrating device", the "temperature de-
tecting device", and the "oil-level height detecting device"
of the present invention. In the first embodiment, one
portion of the ECU 31 for various electronic control is
used as one portion of the oil dilution inhibiting apparatus
100.

[0066] The ECU 31 as one portion of the oil dilution
inhibiting apparatus 100 judges whether or not the cal-
culated integrated intake amount is greater than an inte-
grated intake amount threshold value, and whether or
not the detected oil temperature is less than a first tem-
perature threshold value. Ifitis judged that the calculated
integrated intake amount is greater than the integrated
intake amount threshold value and that the detected ol
temperature is less than the first temperature threshold
value, the ECU 31 as one portion of the oil dilution inhib-
iting apparatus 100 controls the oil heater 26 to heat the
engine oil EO and increase the oil temperature.

[0067] Here, the "ECU 31" in the first embodiment is
one example of the "judging device" and the "controlling
device" of the present invention. Moreover, the "heating
of the engine oil EO by the oil heater 26" in the first em-
bodiment is one example of the "oil heating mode" of the
present invention.

[0068] Next, an explanation will be given on an oil
dilution inhibiting process performed by the ECU 31 in
the vehicle on which the oil dilution inhibiting apparatus
100 as constructed above is mounted. The oil dilution
inhibiting process is performed, for example, regularly or
irregularly, in cycles of several tenths seconds to several
seconds, during the run of the vehicle or at the start of
the run.

(In Case Where Oil Heater Is OFF)

[0069] In FIG. 2, if the oil heater 26 is OFF (i.e. if it is
not in the oil heating mode), firstly, the ECU 31 judges
whether or not the engine 1 is in operation (step S101).
Incidentally, the ECU 31 judges whether or not the engine
1 is in operation by judging whether or not the ECU 31
has sent a signal indicating an engine start command,
whether or notthe ECU 31 has not sent a signal indicating
an engine stop command, whether or not the number of
revolutions of the engine 1 is not zero, or the like.

[0070] If it is judged that the engine 1 is in operation
(the step S101: Yes), the ECU 31 calculates the integrat-
ed intake amount by detecting the amount of air sucked
into the engine 1 via the airflow meter 32 disposed in the
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intake passage 14 and by integrating the detected air
amount (step S102). On the other hand, if it is judged
that the engine 1 is not in operation (the step S101: No),
the ECU 31 obtains the integrated intake amount calcu-
lated in the previous trip from a memory (not illustrated)
or the like (step S103).

[0071] Then, the ECU 31 judges whether or not the
integrated intake amount calculated in the step S102 or
the integrated intake amount obtained in the step S103
is greater than the integrated intake amount threshold
value (step S104). If it is judged that the calculated or
obtained integrated intake amount is greater than the in-
tegrated intake amount threshold value (the step S104:
Yes), the ECU 31 obtains the oil temperature of the en-
gine oil EO via the oil temperature sensor 34 (step S105).
[0072] Then, the ECU 31 judges whether or not the
obtained oil temperature is less than the first temperature
threshold value (step S106). If it is judged that the ob-
tained oil temperature is less than the first temperature
threshold value (the step S106: Yes), the ECU 31 controls
the oil heater 26 to heat the engine oil EO (step S109).
The ECU 31 further integrates the continuous operating
time of the oil heater 26 in tandem with the process in
the step S109 (step S110). Then, the ECU 31 temporarily
ends the process.

[0073] Here, in the process in the step S106, the case
where it is judged that the obtained oil temperature is
less than the first temperature threshold value is typically
a case where although the gross heating value of the
engine 1 in one trip, the temperature of the engine 1 is
reduced due to the passage of time after the stop of the
engine 1 and the oil temperature of the engine oil EO
becomes lower than an oil temperature which can main-
tain the appropriate state of the engine oil EO. Thus, in
the process in the step S106, if it is judged that the ob-
tained oil temperature is less than the first temperature
threshold value (the step S106: Yes), the ECU 31 controls
the oil heater 26 to evaporate the fuel mixed into the
engine oil EO or the like.

[0074] In the process in the step S104, if it is judged
that the integrated intake amount calculated in the step
S102 or the integrated intake amount obtained in the step
S103 is less than the integrated intake amount threshold
value (the step S104: No), the ECU 31 controls the oll
heater 26 not to heat the engine oil EO (i.e. to make the
oil heater 26 maintain the OFF state) (step S111) and
temporarily ends the process.

[0075] In the process in the step S106, if it is judged
that the oil temperature obtained in the step S105is great-
er than the first temperature threshold value (the step
S106: No), the ECU 31 judges whether or not the ob-
tained oil temperature is greater than the second tem-
perature threshold value (step S107). If it is judged that
the obtained oil temperature is greater than the second
temperature threshold value (the step S107: Yes), the
ECU 31 controls the oil heater 26 not to heat the engine
oil EO (i.e. to make the oil heater 26 maintain the OFF
state) (the step S111) and temporarily ends the process.
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[0076] On the other hand, in the process in the step
S107, if it is judged that the obtained oil temperature is
less than the second temperature threshold value (the
step S107: No), the ECU 31 judges whether or not the
continuous operating time of the oil heater 26 is greater
than a duration threshold value (step S108). Here, since
the oil heater 26 is in the OFF state (i.e. the continuous
operating time is zero), the ECU 31 judges that the con-
tinuous operating time of the oil heater 26 is less than
the duration threshold value (the step S108: No).
[0077] Then, the ECU 31 controls the oil heater 26t to
heat the engine oil EO (step S109) and integrates the
continuous operating time of the oil heater 26 in tandem
with the process in the step S109 (step S110). Then, the
ECU 31 temporarily ends the process. This is because
the obtained oil temperature is less than the second tem-
perature threshold value, i.e. the obtained oil temperature
is a temperature at which the extent of the oxidation and
thermal degradation of the engine oil EO is in an accept-
able range, and because the continuous operating time
of the oil heater 26 is less than the duration threshold
value, i.e. the continuous operating time of the oil heater
26 is a time in which the extent of the oxidation and ther-
mal degradation of the engine oil EO is in an acceptable
range. Therefore, even if the oil heater 26 is controlled
to heat the engine oil EO, for example, there is a little or
almost no influence of the extent of the oxidation and
thermal degradation of the engine oil EO on the lubricat-
ing ability of the engine oil EO.

(In Case Where Oil Heater Is ON)

[0078] InFIG. 2, if the oil heater 26 is ON (i.e. if itis in
the oil heating mode), firstly, the ECU 31 judges whether
or not the engine 1 is in operation (the step S101). Ifitis
judged that the engine 1 is in operation (the step S101:
Yes), the ECU 31 calculates the integrated intake amount
by detecting the amount of air sucked into the engine 1
and by integrating the detected air amount (the step
S102). On the other hand, if it is judged that the engine
1 is not in operation (the step S101: No), the ECU 31
obtains the integrated intake amount calculated in the
previous trip (the step S103).

[0079] Then, the ECU 31 judges whether or not the
integrated intake amount calculated in the step S102 or
the integrated intake amount obtained in the step S103
is greater than the integrated intake amount threshold
value (the step S104). If it is judged that the calculated
or obtained integrated intake amount is greater than the
integrated intake amount threshold value (the step S104:
Yes), the ECU 31 obtains the oil temperature of the en-
gine oil EO (the step S105).

[0080] Then, the ECU 31 judges whether or not the
obtained oil temperature is less than the first temperature
threshold value (the step S106). If it is judged that the
obtained oil temperature is less than the first temperature
threshold value (the step S106: Yes), the ECU 31 controls
the oil heater 26 to heat the engine oil EO (i.e. to make
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the oil heater 26 maintain the ON state) (the step S109).
The ECU 31 further integrates the continuous operating
time of the oil heater 26 in tandem with the process in
the step S109 (the step S110). Then, the ECU 31 tem-
porarily ends the process.

[0081] In the process in the step S104, if it is judged
that the integrated intake amount calculated in the step
S102 or the integrated intake amount obtained in the step
S103 is less than the integrated intake amount threshold
value (the step S104: No), the ECU 31 controls the oll
heater 26 not to heat the engine oil EO (the step S111)
and temporarily ends the process.

[0082] In the process in the step S106, if it is judged
thatthe oil temperature obtained in the step S105is great-
er than the first temperature threshold value (the step
S106: No),the ECU 31 judges whether or not the obtained
oil temperature is greater than the second temperature
threshold value (the step S107). If it is judged that the
obtained oil temperature is greater than the second tem-
perature threshold value (the step S107: Yes), the ECU
31 controls the oil heater 26 not to heat the engine oil EO
(the step S111) and temporarily ends the process.
[0083] On the other hand, in the process in the step
S107, if it is judged that the obtained oil temperature is
less than the second temperature threshold value (the
step S107: No), the ECU 31 judges whether or not the
continuous operating time of the oil heater 26 is greater
than the duration threshold value (the step S108). If it is
judged that continuous operating time of the oil heater
26 is greater than the duration threshold value (the step
S108: Yes), the ECU 31 controls the oil heater 26 not to
heat the engine oil EO (the step S111) and temporarily
ends the process.

[0084] In the process in the step S108, if it is judged
that continuous operating time of the oil heater 26 is less
than the duration threshold value (the step S108: No),
the ECU 31 controls the oil heater 26 to heat the engine
oil EO (i.e. to make the oil heater 26 maintain the ON
state) (the step S109). The ECU 31 further integrates the
continuous operating time of the oil heater 26 in tandem
with the process in the step S109 (the step S110). Then,
the ECU 31 temporarily ends the process.

[0085] Particularly in the first embodiment, as de-
scribed above, if it is judged that the obtained oil temper-
ature is less than the first temperature threshold value
(i.e. if the oil temperature of the engine oil EO becomes
lower than the oil temperature which can maintain the
appropriate state of the engine oil EO) in the process in
the step S106, the oil heater 26 is controlled by the ECU
31 to heat the engine oil EO. Thus, it is possible to keep
the appropriate state of the engine oil EO.

[0086] In particular, if the temperature of the engine 1
is relatively low, relatively-much alcohol fuel is likely in-
jected from the fuel injection valve 22 at the start of the
engine 1 due to a difficulty in volatilization of the alcohol
fuel (i.e. relatively-much relatively-cold unburnt fuel is
likely mixed into the engine oil EO). Then, even if it is
judged that the gross heating value of the engine 1 in
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one trip is greater than a gross heating value which can
maintain the appropriate state of the engine oil EO on
the basis of the integrated intake amount, the oil temper-
ature of the engine oil EO likely becomes lower than the
oil temperature which can maintain the appropriate state
of the engine oil EO. This has been found by the present
inventors’ study.

<First Modified Example>

[0087] Next, a first modified operation in the first em-
bodiment will be explained with reference to FIG. 3. FIG.
3isablock diagram showing the structure of an oil dilution
inhibiting apparatus in the first modified example in the
first embodiment, to the same effect as in FIG. 1.
[0088] In FIG. 3, in an engine 2 in the first modified
example the oil heater 26 is disposed in the vicinity of
the oil inflow passage 24 of the oil filter 23. In other words,
the oil heater 26 is disposed in the vicinity of ht entrance
of the oil filter 23.

<Second Modified Example>

[0089] Next, a second modified operation in the first
embodiment will be explained with reference to FIG. 4.
FIG. 4 is aflowchart showing an oil dilution inhibiting proc-
ess performed by the ECU in the second modified exam-
ple in the first embodiment, to the same effect as in FIG.
2. Except that an intermittent operation is forbidden (i.e.
the engine 1 is continuously operated) instead of heating
the engine oil EO with the oil heater 26, the second mod-
ified example has the same configuration as in the first
embodiment. Thus, the overlap explanation with the first
embodiment will be omitted in the second modified ex-
ample. Incidentally, the "forbiddance of the intermittent
operation” in the second modified example is another
example of the "oil heating mode" of the present inven-
tion.

(If Intermittent Operation Is Allowed>

[0090] InFIG. 4, ifthe intermittent operation is allowed
(i.e. if it is not in the oil heating mode), firstly, the ECU
31 judges whether or not the engine 1 is in operation
(step S201). Ifitis judged that the engine 1 is in operation
(the step S201: Yes), the ECU 31 calculates the integrat-
ed intake amount by detecting the amount of air sucked
into the engine 1 and by integrating the detected air
amount (step S202). On the other hand, if it is judged
that the engine 1 is not in operation (the step S201: No),
the ECU 31 obtains the integrated intake amount calcu-
lated in the previous trip (step S203).

[0091] Then, the ECU 31 judges whether or not the
integrated intake amount calculated in the step S202 or
the integrated intake amount obtained in the step S203
is greater than the integrated intake amount threshold
value (step S204). If it is judged that the calculated or
obtained integrated intake amount is greater than the in-
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tegrated intake amount threshold value (the step S204:
Yes), the ECU 31 obtains the oil temperature of the en-
gine oil EO (step S205).

[0092] Then, the ECU 31 judges whether or not the
obtained oil temperature is less than the first temperature
threshold value (step S206). If it is judged that the ob-
tained oil temperature is less than the first temperature
threshold value (the step S206: Yes), the ECU 31 controls
the engine 1 such thatthe engine 1 continuously operates
(i.e. to forbid the intermittent operation) (step S209). The
ECU 31 further integrates a time in which the intermittent
operation is forbidden (step S210). Then, the ECU 31
temporarily ends the process.

[0093] In the process in the step S204, if it is judged
that the integrated intake amount calculated in the step
S202 or the integrated intake amount obtained in the step
S203 is less than the integrated intake amount threshold
value (the step S204: No), the ECU 31 allows the inter-
mittent operation (i.e. maintains the state in which the
intermittent operation is allowed) (step S211) and tem-
porarily ends the process.

[0094] In the process in the step S206, if it is judged
thatthe oiltemperature obtained in the step S205is great-
er than the first temperature threshold value (the step
S206: No), the ECU 31 judges whether or not the ob-
tained oil temperature is greater than the second tem-
perature threshold value (step S207). If it is judged that
the obtained oil temperature is greater than the second
temperature threshold value (the step S207: Yes), the
ECU 31 allows the intermittent operation (i.e. maintains
the state in which the intermittent operation is allowed)
(the step S211) and temporarily ends the process.
[0095] On the other hand, in the process in the step
S207, if it is judged that the obtained oil temperature is
less than the second temperature threshold value (the
step S207: No), the ECU 31 judges whether or not the
time in which the intermittent operation is forbidden is
greater than a duration threshold value (step S208).
Here, since itis in the state that the intermittent operation
is allowed (i.e. the time in which the intermittent operation
is forbidden is zero), the ECU 31 judges that the time in
which the intermittent operation is forbidden is less than
the duration threshold value (the step S208: No).
[0096] Then, the ECU 31 controls the engine 1 such
that the engine 1 continuously operates (i.e. to forbid the
intermittent operation) (the step S209). The ECU 31 fur-
therintegrates the time in which the intermittent operation
is forbidden in tandem with the process in the step S209
(the step S210). Then, the ECU 31 temporarily ends the
process.

(If Intermittent Operation Is Forbidden>

[0097] In FIG. 4, if the intermittent operation is forbid-
den (i.e. if it is in the oil heating mode), firstly, the ECU
31 judges whether or not the engine 1 is in operation (the
step S201). If it is judged that the engine 1 is in operation
(the step S201: Yes), the ECU 31 calculates the integrat-
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ed intake amount by detecting the amount of air sucked
into the engine 1 and by integrating the detected air
amount (the step S202). On the other hand, if it is judged
that the engine 1 is not in operation (the step S201: No),
the ECU 31 obtains the integrated intake amount calcu-
lated in the previous trip (the step S203).

[0098] Then, the ECU 31 judges whether or not the
integrated intake amount calculated in the step S202 or
the integrated intake amount obtained in the step S203
is greater than the integrated intake amount threshold
value (the step S204). If it is judged that the calculated
or obtained integrated intake amount is greater than the
integrated intake amount threshold value (the step S204:
Yes), the ECU 31 obtains the oil temperature of the en-
gine oil EO (the step S205).

[0099] Then, the ECU 31 judges whether or not the
obtained oil temperature is less than the first temperature
threshold value (the step S206). If it is judged that the
obtained oil temperature is less than the first temperature
threshold value (the step S206: Yes), the ECU 31 controls
the engine 1 such thatthe engine 1 continuously operates
(i.e. maintains the state that the intermittent operation is
forbidden) (the step S209). The ECU 31 furtherintegrates
the time in which the intermittent operation is forbidden
in tandem with the process in the step S209 (the step
S210). Then, the ECU 31 temporarily ends the process.
[0100] In the process in the step S204, if it is judged
that the integrated intake amount calculated in the step
S202 or the integrated intake amount obtained in the step
S203 is less than the integrated intake amount threshold
value (the step S204: No), the ECU 31 allows the inter-
mittent operation (the step S211) and temporarily ends
the process.

[0101] In the process in the step S206, if it is judged
thatthe oiltemperature obtained in the step S205is great-
er than the first temperature threshold value (the step
S206: No), the ECU 31 judges whether or not the ob-
tained oil temperature is greater than the second tem-
perature threshold value (the step S207). If it is judged
that the obtained oil temperature is greater than the sec-
ond temperature threshold value (the step S207: Yes),
the ECU 31 allows the intermittent operation (the step
S211) and temporarily ends the process.

[0102] On the other hand, in the process in the step
S207, if it is judged that the obtained oil temperature is
less than the second temperature threshold value (the
step S207: No), the ECU 31 judges whether or not the
time in which the intermittent operation is forbidden is
greaterthan the duration threshold value (the step S208).
If it is judged that the time in which the intermittent oper-
ation is forbidden is greater than the duration threshold
value (the step S208: Yes), the ECU 31 allows the inter-
mittent operation (the step S211) and temporarily ends
the process.

[0103] In the process in the step S208, if it is judged
that the time in which the intermittent operation is forbid-
den is less than the duration threshold value (the step
S208: No), the ECU 31 controls the engine 1 such that
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the engine 1 continuously operates (i.e. maintains the
state that the intermittent operation is forbidden) (the step
S209). The ECU 31 further integrates the time in which
the intermittent operation is forbidden in tandem with the
process in the step S209 (the step S210). Then, the ECU
31 temporarily ends the process.

<Second Embodiment>

[0104] A second embodiment of the oil dilution inhib-
iting apparatus of the present invention will be explained
with reference to FIG. 5. Except that the second embod-
iment has a different oil dilution inhibiting process per-
formed by the ECU, the second embodiment has the
same configuration as in the first embodiment. Thus, in
the second embodiment, the overlap explanation with
the first embodiment will be omitted. The common point
will carry the same reference numeral in the drawing, and
basically only a different point will be explained with ref-
erence to FIG. 5. FIG. 5 is a flowchart showing the oil
dilution inhibiting process performed by the ECU in the
second embodiment, to the same effect as in FIG. 2.

(If Oil Heater Is OFF)

[0105] In FIG. 5, if the oil heater 26 is OFF (i.e. if it is
not in the oil heating mode), firstly, the ECU 31 detects
the state of the vehicle (step S301). Specifically, for ex-
ample, the ECU 31 detects a vehicle speed, vehicle in-
clination, the number of revolutions of the engine 1, and
the like. Incidentally, the "ECU 31" in the second embod-
iment is one example of the "vehicle state detecting de-
vice" of the present invention.

[0106] Then, the ECU 31 judges whether or not the
vehicle is stopped, for example, on the basis of the de-
tected vehicle speed (step S302). If it is judged that the
vehicle is stopped (the step S302: Yes), the ECU 31 judg-
es whether or not the vehicle is horizontal, for example,
on the basis of the detected vehicle inclination (step
S303).

[0107] If itis judged that the vehicle is horizontal (the
step S303: Yes), the ECU 31 judges whether or not the
engine 1 is stopped, for example, on the basis of the
detected number of revolutions of the engine 1 (step
S304). If it is judged that the engine 1 is stopped (the
step S304: Yes), the ECU 31 obtains the oil-level height
of the engine oil EO in the oil pan 16 via the oil-level
height sensor 35 (step S305). This is because if all the
judgmentresults are "Yes" in the processes from the step
S302 to the step S304, it is predicted that the vehicle
state is reproducible.

[0108] Onthe other hand, if itis judged that the vehicle
is not stopped in the process in the step S302 (the step
S302: No), if it is judged that the vehicle is not horizontal
in the process in the step S303 (the step S303: No), or
if it is judged that the engine 1 is not stopped in the proc-
ess in the step S304 (the step S304: No), the ECU 31
temporarily ends the process. This is because it is pre-
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dicted that the vehicle state is not reproducible. Inciden-
tally, in this case, the OFF state of the oil heater 26 is
maintained.

[0109] Incidentally, each of the expressions that "the
vehicle is stopped", that "the vehicle is horizontal", and
that "the engine 1 is stopped" in the second embodiment
is one example of the "predetermined state" of the
presentinvention. Moreover, the processes from the step
S302 to the step S304 descried above may be performed
in tandem with each other.

[0110] Afterobtainingthe oil-level heightin the process
in the step S305, the ECU 31 judges whether or not the
obtained oil-level heightis greater than a height threshold
value (step S306). Here, the "height threshold value" is
expressed by a sum of the oil-level height obtained in the
process in the previous step S305 and a predetermined
height set as afixed value or as a variable value according
to physical quantity or some parameter in advance.
[0111] If it is judged that the obtained oil-level height
is greater than the height threshold value, i.e. if the oil-
level height of the engine oil EO becomes higher due to
the fuel mixed into the engine oil EO or the like (the step
S306: Yes), the ECU 31 obtains the oil temperature of
the engine oil EO via the oil temperature sensor 34 (step
S307).

[0112] Then, the ECU 31 judges whether or not the
obtained oil temperature is greater than the second tem-
perature threshold value (step S308). If it is judged that
the obtained oil temperature is less than the second tem-
perature threshold value (the step S308: No), the ECU
31 judges whether or not the continuous operating time
of the oil heater 26 is greater than the duration threshold
value (step S309). Here, since the oil heater 26 is in the
OFF state (i.e. the continuous operating time is zero),
the ECU 31 judges that the continuous operating time of
the oil heater 26 is less than the duration threshold value
(the step S309: No).

[0113] Then, the ECU 31 controls the oil heater 26 to
heat the engine oil EO (step S310). The ECU 31 further
integrates the continuous operating time of the oil heater
26 in tandem with the process in the step S310 (step
S311). Then, the ECU 31 temporarily ends the process.
[0114] On the other hand, if it is judged that obtained
oil-level height is less than the height threshold value in
the process in the step S306 (the step S306: No), or if it
is judged that the obtained oil temperature is greater than
the second temperature threshold value (the step S308:
Yes), the ECU 31 controls the oil heater 26 not to heat
the engine oil EO (i.e. to make the oil heater 26 maintain
the OFF state) (step S312).

(If Oil Heater Is ON)

[0115] InFIG. 5, if the oil heater 26 is ON (i.e. if it is in
the oil heating mode), firstly, the ECU 31 detects the state
of the vehicle (the step S301). Then, the ECU 31 judges
whether or not the vehicle is stopped, for example, on
the basis of the detected vehicle speed (the step S302).
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If it is judged that the vehicle is stopped (the step S302:
Yes), the ECU 31 judges whether or not the vehicle is
horizontal, for example, on the basis of the detected ve-
hicle inclination (the step S303).

[0116] If it is judged that the vehicle is horizontal (the
step S303: Yes), the ECU 31 judges whether or not the
engine 1 is stopped (the step S304). If it is judged that
the engine 1 is stopped (the step S304: Yes), the ECU
31 obtains the oil-level height of the engine oil EO in the
oil pan 16 (the step S305).

[0117] Onthe other hand, if itis judged that the vehicle
is not stopped in the process in the step S302 (the step
S302: No), ifit is judged that the vehicle is not horizontal
in the process in the step S303 (the step S303: No), or
if it is judged that the engine 1 is not stopped in the proc-
ess in the step S304 (the step S304: No), the ECU 31
temporarily ends the process. Incidentally, in this case,
the ON state of the oil heater 26 is maintained.

[0118] Afterobtainingthe oil-level heightinthe process
in the step S305, the ECU 31 judges whether or not the
obtained oil-level height is greater than the height thresh-
old value (the step S306). If it is judged that the obtained
oil-level height is greater than the height threshold value
(the step S306: Yes), the ECU 31 obtains the oil temper-
ature of the engine oil EO (the step S307).

[0119] Then, the ECU 31 judges whether or not the
obtained oil temperature is greater than the second tem-
perature threshold value (the step S308). If it is judged
that the obtained oil temperature is less than the second
temperature threshold value (the step S308: No), the
ECU 31 judges whether or not the continuous operating
time of the oil heater 26 is greater than the duration
threshold value (the step S309).

[0120] Ifitisjudged thatthe continuous operating time
of the oil heater 26 is less than the duration threshold
value (the step S309: No), the ECU 31 controls the oll
heater 26 to heat the engine oil EO (i.e. to make the oil
heater 26 maintain the ON state) (the step S310). The
ECU 31 further integrates the continuous operating time
of the oil heater 26 in tandem with the process in the step
S310 (the step S311). Then, the ECU 31 temporarily ends
the process.

[0121] On the other hand, if it is judged that obtained
oil-level height is less than the height threshold value in
the process in the step S306 (the step S306: No), if it is
judged that the obtained oil temperature is greater than
the second temperature threshold value (the step S308:
Yes), or if it is judged that continuous operating time of
the oil heater 26 is greater than the duration threshold
value in the process in the step S309 (the step S309:
Yes), the ECU 31 controls the oil heater 26 not to heat
the engine oil EO (the step S312).

[0122] Particularly in the second embodiment, as de-
scribed above, if it is judged that the obtained oil-level
height is less than the height threshold value (i.e. if the
fuelincluded in the engine oil EO or the like is less enough
to keep the appropriate state of the engine oil EO) in the
process in the step S306, the oil heater 26 is controlled
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by the ECU 31 not to heat the engine oil EO. Thus, it is
possible to inhibit the thermal degradation of the engine
oil EO due to the excessive heating of the engine oil EO
if the fuel included in the engine oil EO or the like is less
enough to keep the appropriate state of the engine oil EO.
[0123] Incidentally, even the second embodiment can
adopt the various modified examples of the first embod-
iment described above. Moreover, for example, if the oil
heater 26 is in the OFF state, the oil dilution inhibiting
process in the first embodiment may be performed, and
if the oil heater 26 is in the ON state, the oil dilution in-
hibiting process in the second embodiment may be per-
formed,

<Third Embodiment>

[0124] A third embodiment of the oil dilution inhibiting
apparatus of the present invention will be explained with
reference to FIG. 6. Except that the third embodiment
has a different oil dilution inhibiting process performed
by the ECU, the third embodiment has the same config-
uration as in the first embodiment. Thus, in the third em-
bodiment, the overlap explanation with the first embodi-
ment will be omitted. The common point will carry the
same reference numeral in the drawing, and basically
only a different point will be explained with reference to
FIG. 6. FIG. 6 is a flowchart showing the oil dilution in-
hibiting process performed by the ECU in the third em-
bodiment, to the same effect as in FIG. 2.

(If Oil Heater Is OFF)

[0125] In FIG. 6, if the oil heater 26 is OFF (i.e. if it is
not in the oil heating mode), firstly, the ECU 31 obtains
the oil temperature of the engine oil EO via the oil tem-
perature sensor 34 (step S401). Then, the ECU 31 judges
whether or not the obtained oil temperature is greater
than a third temperature threshold value (step S402).
[0126] Ifitis judged that the obtained oil temperature
is greater than the third temperature threshold value (the
step S402: Yes), the ECU 31 detects a high oil temper-
ature time indicating the length of a period in which the
oil temperature is greater than the third temperature
threshold value, and the ECU 31 updates an integrated
high oil temperature time on the basis of the detected
high oil temperature time (step S403). Here, the "inte-
grated high oil temperature time" is stored in a memory
orthe like in advance, and its initial value is typically zero.
[0127] On the other hand, in the process in the step
S402, if it is judged that the obtained oil temperature is
less than the third temperature threshold value (the step
S402: No), the ECU 31 obtains the integrated high oil
temperature time stored in the memory or the like.
[0128] Then, the ECU 31 judges whether or not the
integrated high oil temperature time updated in the proc-
essinthe step S403 or the integrated high oiltemperature
time stored in the memory or the like is greater than an
integrated time threshold value (step S404). Ifitis judged



23

that the integrated high oil temperature time is less than
the integrated time threshold value (the step S404: No),
the ECU 31 obtains the oil temperature of the engine oil
EO via the oil temperature sensor 34 (step S405).
[0129] Then, the ECU 31 judges whether or not the
obtained oil temperature is greater than the second tem-
perature threshold value (step S406). If it is judged that
the obtained oil temperature is less than the second tem-
perature threshold value (the step S406: No), the ECU
31 judges whether or not the continuous operating time
of the oil heater 26 is greater than the duration threshold
value (step S407).

[0130] Here, since the oil heater 26 is in the OFF state
(i.e. the continuous operating time is zero), the ECU 31
judges that the continuous operating time of the oil heater
26 is less than the duration threshold value (the step
S407: No). Then, the ECU 31 controls the oil heater 26
to heatthe engine oil EO (step S408). The ECU 31 further
integrates the continuous operating time of the oil heater
26 in tandem with the process in the step S408 (step
S409). Then, the ECU 31 temporarily ends the process.
[0131] On the other hand, if it is judged that the inte-
grated high oil temperature time is greater than the inte-
grated time threshold value in the process in the step
S404 (the step S404: Yes), or if it is judged that the ob-
tained oil temperature is greater than the second tem-
perature threshold value in the process in the step S406
(the step S406: Yes), the ECU 31 controls the oil heater
26 notto heat the engine 0il EO (i.e. to make the oil heater
26 maintain the OFF state) (the step S410) and tempo-
rarily ends the process.

(If Oil Heater Is ON)

[0132] In FIG. 6, if the oil heater 26 is OFF (i.e. if it is
in the oil heating mode), firstly, the ECU 31 obtains the
oil temperature of the engine oil EO via the oil tempera-
ture sensor 34 (the step S401). Then, the ECU 31 judges
whether or not the obtained oil temperature is greater
than the third temperature threshold value (the step
S402).

[0133] Ifitis judged that the obtained oil temperature
is greater than the third temperature threshold value (the
step S402: Yes), the ECU 31 detects the high oil tem-
perature time indicating the length of the period in which
the oil temperature is greater than the third temperature
threshold value, and the ECU 31 updates the integrated
high oil temperature time on the basis of the detected
high oil temperature time (the step S403). On the other
hand, if it is judged that the obtained oil temperature is
less than the third temperature threshold value (the step
S402: No), the ECU 31 obtains the integrated high oil
temperature time stored in the memory or the like.
[0134] Then, the ECU 31 judges whether or not the
integrated high oil temperature time updated in the proc-
essinthe step S403 or the integrated high oil temperature
time stored in the memory or the like is greater than the
integrated time threshold value (the step S404). If it is
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judged that the integrated high oil temperature time is
less than the integrated time threshold value (the step
S404: No), the ECU 31 obtains the oil temperature of the
engine oil EO (the step S405).

[0135] Then, the ECU 31 judges whether or not the
obtained oil temperature is greater than the second tem-
perature threshold value (the step S406). If it is judged
that the obtained oil temperature is less than the second
temperature threshold value (the step S406: No), the
ECU 31 judges whether or not the continuous operating
time of the oil heater 26 is greater than the duration
threshold value (the step S407).

[0136] I[fitisjudged that the continuous operating time
of the oil heater 26 is less than the duration threshold
value (the step S407: No), the ECU 31 controls the oil
heater 26 to heat the engine oil EO (i.e. to make the oil
heater 26 maintain the ON state (the step S408). The
ECU 31 further integrates the continuous operating time
of the oil heater 26 in tandem with the process in the step
S408 (the step S409). Then, the ECU 31 temporarily ends
the process.

[0137] On the other hand, if it is judged that the inte-
grated high oil temperature time is greater than the inte-
grated time threshold value in the process in the step
S404 (the step S404: Yes), ifitis judged that the obtained
oil temperature is greater than the second temperature
threshold value in the process in the step S406 (the step
S406: Yes), orifitis judged that the continuous operating
time of the oil heater 26 is greater than the duration
threshold value in the process in the step S407 (the step
S407: Yes), the ECU 31 controls the oil heater 26 not to
heat the engine oil EO (the step S410) and temporarily
ends the process.

[0138] Particularly in the third embodiment, as de-
scribed above, if it is judged that the integrated high oil
temperature time is greater than the integrated time
threshold value (i.e. if it is predicted that an influence due
to the thermal degradation of the engine oil would be
more significant than an influence, such as a reduction
in lubricating ability, due to the fuel or the like mixed into
the engine oil) in the process in the step S404, the oil
heater 26 is controlled by the ECU 31 not to heat the
engine oil EO. Thus, it is possible to inhibit the thermal
degradation of the engine oil EO from progressing.
[0139] Incidentally, even the third embodiment can
adopt the various modified examples of the first embod-
iment described above. Moreover, for example, if the oil
heater 26 is in the OFF state, the oil dilution inhibiting
process in the first embodiment may be performed, and
if the oil heater 26 is in the ON state, the oil dilution in-
hibiting process in the third embodiment may be per-
formed,

[0140] The presentinvention is not limited to the afore-
mentioned embodiments, but various changes may be
made, if desired, without departing from the essence or
spirit of the invention which can be read from the claims
and the entire specification. An oil dilution inhibiting ap-
paratus and method, which involve such changes, are
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in which the vehicle continues to be in the oil
heating mode,

also intended to be within the technical scope of the
present invention.

detecting oil-level height of the engine oil in an
oil pan of the engine; and
a duration detecting device for detecting a time

14

said controlling device controlling said oil-level
height detecting device to detect the oil-level

Claims 5 height in such a condition that the detected ve-
hicle state is a predetermined state, said con-
An oil dilution inhibiting apparatus mounted on a ve- trolling device controlling the vehicle to continue
hicle comprising an engine in which alcohol fuel can the oil heating mode in such conditions that the
be used, said oil dilution inhibiting apparatus com- detected oil-level height is greater than a height
prising: 10 threshold value, that the detected oil tempera-
ture is less than a second temperature threshold
an intake amount integrating device for integrat- value, and that the detected time is less than a
ing amount of an air sucked into the engine while duration threshold value.
the engine is in operation, thereby calculating
an integrated intake amount; 15 5. The oil dilution inhibiting apparatus according to
a temperature detecting device for detecting oil claim 1, further comprising:
temperature of engine oil of the engine; and
a controlling device for controlling the vehicle to a high oil temperature time integrating device
move into an oil heating mode in which the oil for integrating a time in which the detected oil
temperature is increased in such conditions that 20 temperature is an oil temperature greater than
the calculated integrated intake amount is great- a third temperature threshold value, thereby cal-
er than an integrated intake amount threshold culating an integrated high oil temperature time;
value and that the detected oil temperature is and
less than a first temperature threshold value. a duration detecting time for detecting a time in
25 which the vehicle continues to be in the oil heat-
The oil dilution inhibiting apparatus according to ing mode,
claim 1, wherein said controlling device said controlling device controlling the vehicle to
includes a judging device for judging whether or not continue the oil heating mode in such conditions
the calculated integrated intake amount is greater that the calculated integrated high oil tempera-
than the integrated intake amount threshold value 30 ture time is less than an integrated time thresh-
and whether or not the detected oil temperature is old value, that the detected oil temperature is
less than the first temperature threshold value, and less than a second temperature threshold value,
controls the vehicle to move into the oil heating mode and that the detected time is less than a duration
if it is judged that the calculated integrated intake threshold value.
amount is greater than the integrated intake amount 35
threshold value and if it is judged that the detected The oil dilution inhibiting apparatus according to
oil temperature is less than the first temperature claim 1, wherein
threshold value. the engine includes a heating device capable of heat-
ing the engine oil, and
The oil dilution inhibiting apparatus according to 40 the oil heating mode is a mode in which the engine
claim 1, further comprising a duration detecting de- oil is heated by the heating device to increase the oil
vice for detecting a time in which the vehicle contin- temperature.
ues to be in the oil heating mode, and
said controlling device controlling the vehicle to The oil dilution inhibiting apparatus according to
maintain the oil heating mode in such conditions that 45 claim 1, wherein the oil heating mode is a mode in
the detected oil temperature is less than a second which the engine is continuously operated to in-
temperature threshold value and that the detected crease the oil temperature.
time is less than a duration threshold value.
An oil dilution inhibiting method in an oil dilution in-
The oil dilution inhibiting apparatus according to 50 hibiting apparatus mounted on a vehicle comprising
claim 1, further comprising: an engine in which alcohol fuel can be used, said oil
dilution inhibiting method comprising:
a vehicle state detecting device for detecting a
vehicle state of the vehicle; anintake amountintegrating process of integrat-
an oil-level height detecting device capable of 55 ing amount of an air sucked into the engine while

the engine is in operation, thereby calculating
an integrated intake amount;
a temperature detecting process of detecting oil
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temperature of engine oil of the engine; and

a controlling process of controlling the vehicle
to move into an oil heating mode in which the oil
temperature is increased in such conditions that
the calculated integrated intake amount is great-
er than an integrated intake amount threshold
value and that the detected oil temperature is
less than a first temperature threshold value.
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[FIG. 2]

S103

EP 2 395 209 A1

S101

Engine in
operation?

Obtain the previous
integrated intake
amount

S104

intake amount> No

Integrated intake
amount threshold,
value?

St05

\ Yes

I Detect the oil temperature

Oil temperature <
First temperature threshold
value?

8109~/‘|70perate oil heater |
|}

Integrate an oil heater
operating time

S110~~]

Oii temperature >
Second temperature
threshold value?,

Operating

time > Duration threshold

value?

S107

Yes

Stop oil heater J\/Sl 11

End

17



EP 2 395 209 A1

[FIG. 3] 100
S
31
ECU
2
13 12 2
s N  J AAVT 32
, b ‘} .
WJ'III///‘ //’ S
7z /
33 3/
8 = 14
;3
1 8
LLC L
'E§
vd
25
i w
7]
'/: &
35— ':“'. B NN - 26
,; i~ 23
""""""""""""""""""" ! \ -
z
34 SN NN NSNS N RN NN N N N N NS

EO 16



EP 2 395 209 A1

[FIG. 4]
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[FIG. 5]
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[FIG. 6]
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