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(54) Engine oil level adjusting apparatus

(57) In an engine oil level adjusting apparatus includ-
ing an oil pan (3) provided to a lower portion of an engine
main body (1), a sub tank (5) communicating with the oil
pan, and oil feeding means (6) for selectively feeding
engine oil between the oil pan and the sub tank in both
ways, there are provided viscosity measuring means (7)

for measuring a viscosity of the engine oil in the oil pan,
amount- �of-�remaining oil detecting means (8) for meas-
uring the amount of engine oil in the oil pan, and control
means (9) for determining an appropriate oil level in the
oil pan on the basis of the viscosity of engine oil obtained
by the viscosity measuring means and for driving the oil
feeding means so as to obtain the appropriate oil level.
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Description

�[0001] The present invention relates to an engine oil
level adjusting apparatus that adaptively changes the ap-
propriate oil level in the oil pan in accordance with the
condition of the engine oil.
�[0002] Generally, the engine is equipped with an oil
pan, which is provided to a lower portion of the engine
and is capable of storing engine oil to be supplied to a
lubrication system. The use of an oil makeup apparatus
has been proposed in order to hold the appropriate
amount of engine oil in the oil pan. The oil makeup ap-
paratus is equipped with a sub tank separate from the oil
pan, and is capable of adaptively supplying engine oil in
the sub tank to the oil pan in accordance with the amount
of engine oil remaining in the oil pan.
�[0003] Japanese Patent Application Publication
2-308916 discloses an automatic engine oil makeup ap-
paratus, which maintains a constant amount of engine
oil in the oil pan by compensating for variations in the
amount of oil fed by an oil feeding device such as a motor.
The automatic engine oil makeup apparatus compen-
sates for a decrease in the makeup amount as compared
to that at ordinary temperature in association with the oil
feeding ability of the oil feeding device such as a motor
when the ambient temperature decreases and the engine
oil has an increased viscosity. More specifically, the au-
tomatic engine oil makeup apparatus detects an engine
oil supply environment by referring to given parameters,
which may include the engine temperature at the time of
engine startup, the engine oil temperature, and the intake
air temperature, and determines the driving time of the
oil feeding device.
�[0004] There is another proposal that copes with an
over makeup of engine oil arising from a malfunction of
the automatic engine oil makeup apparatus, as described
in Japanese Patent Application Publication No.
5-288031.
�[0005] The automatic makeup apparatuses disclosed
in the applications mentioned above are directed to
changing the oil feeding device such as a motor in order
to supply engine oil up to the predetermined appropriate
oil level. The driving time is determined taking into ac-
count the viscosity of the engine oil, which is one of the
parameters that reflect the engine oil supply environ-
ment. It is thus possible to always hold the engine oil at
the predetermined appropriate oil level.
�[0006] However, the predetermined appropriate level
is fixed regardless of the engine operating condition and
oil condition. There is still room for improvement in the
setting of the appropriate oil level in terms of improved
efficiency in operating the engine.
�[0007] The present invention has been made in view
of the above-�mentioned circumstances and provides an
engine oil level adjusting apparatus capable of storing
an appropriate amount of engine oil in the oil pan in ac-
cordance with the condition of the engine oil.
�[0008] According to an aspect of the present invention,

there is provided an engine oil level adjusting apparatus
including: an oil pan provided to a lower portion of an
engine main body; a sub tank communicating with the oil
pan; and oil feeding means for selectively feeding engine
oil between the oil pan and the sub tank in both ways,
characterized by further comprising: viscosity measuring
means for measuring a viscosity of the engine oil in the
oil pan; amount-�of-�remaining oil detecting means for
measuring the amount of engine oil remaining in the oil
pan; and control means for determining an appropriate
oil level in the oil pan on the basis of the viscosity of
engine oil obtained by the viscosity measuring means
and for driving the oil feeding means so as to obtain the
appropriate oil level. With this structure, it becomes pos-
sible to adaptively increase and decrease the amount of
the engine oil in the oil pan on the basis of the current
viscosity of the engine oil and to more efficiently operate
the engine. When the engine oil touches a crankshaft,
the engine oil serves as a resistance to the rotation of a
crankshaft and prevents the efficient operation of the en-
gine. It is thus desired to reduce the amount of engine
oil to the minimum level required. There is another situ-
ation. When the engine oil has a high viscosity, for in-
stance, at the time of cold start, the engine oil is not
smoothly returned to the oil pan after the engine oil is
sucked from the oil pan and is supplied to parts of the
engine lubrication system. It is thus required to store a
large amount of engine oil in the oil pan. Further, it is
required to supply a large amount of engine oil when the
oil temperature is high and the viscosity of the engine oil
is lowered, as compared to the amount of engine oil re-
quired at ordinary temperature. The supply of a large
amount of engine oil is also required to effectively cool
the parts of the lubrication system. It is thus required to
store a large amount of engine oil in the oil pan when the
viscosity of the engine oil is lowered. The engine oil level
adjusting apparatus configured as mentioned above is
capable of dynamically maintaining the appropriate oil
level on the basis of the condition of the engine oil.
�[0009] The viscosity measuring means may include an
oil temperature sensor attached to the oil pan and han-
dles a sensor output of the oil temperature sensor as
data indicating the viscosity of the engine oil, or may a
sensor having a sensor output related to the viscosity of
engine oil and handles the sensor output as data indicat-
ing the viscosity of the engine oil. Although a viscosity
sensor capable of directly measuring the viscosity of en-
gine oil may be employed, the present invention avoids
the use of such a viscosity sensor. The temperature of
engine oil correlates with the viscosity thereof. Thus, the
present invention handles the viscosity of engine oil by
using the output signal of an oil temperature sensor usu-
ally attached to the oil pan. The temperature of a cooling
water correlates with the oil temperature, and thus, has
a correlation with the viscosity of engine oil. The present
invention may be modified so as to handle the viscosity
of engine oil by using the output signal of a water tem-
perature sensor. Since the oil temperature or water tem-
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perature correlates with the viscosity of engine oil, it may
be possible to directly determine the appropriate oil level
from the oil temperature or water temperature without
actually obtaining the viscosity of engine oil.
�[0010] The control means may determine the appro-
priate oil level so that the appropriate oil level in a first
region in which the viscosity of the engine oil is high is
set higher than the viscosity of the engine oil in a second
region in which the engine oil has a lower viscosity than
the viscosity in the first region. Further, the control means
may determine the appropriate oil level so that the ap-
propriate oil level in a third region in which the viscosity
of the engine oil is lower than that in the second region
is set higher than the viscosity of the engine oil in the
second region. With these structures, the appropriate oil
level is increased, for example, in a cold start in which
the engine oil has a high viscosity and there is a difficulty
in the return of the engine oil to the oil pan from the lu-
brication system. It is thus possible to avoid shortage of
the engine oil. When the engine is warmed up or the
environment is at the ordinary temperature, the appro-
priate oil level is set low in order to reduce the degree of
touch of the engine oil with the crankshaft and reduce
the friction therebetween. This improves fuel economy.
When the engine oil is at a high temperature and has a
lowered viscosity in which the engine has a heavy load
or rotates fast, the appropriate oil level is increased to
avoid shortage of engine oil in the oil pan.
�[0011] The control means may determine the appro-
priate oil level so that the appropriate oil level in the first
region is set higher than that in the third region. This
structure takes into account the fact that the amount of
engine oil needed when the oil temperature becomes
high and the viscosity of engine oil is lowered is greater
than that needed when the engine oil has a high viscosity
and has difficulty in returning to the oil pan from the parts
of the lubrication system.
�[0012] The viscosity measuring means may measure
the viscosity of the engine oil by referring to an engine
speed and/or an engine load. The control means may
increase the appropriate oil level as the viscosity of the
engine oil decreases. For example, after the completion
of warming up, the oil temperature rises and the viscosity
of the engine oil decreases as the engine load or speed
increase. In these cases, it is required to supply a large
amount of engine oil to the lubrication system of the en-
gine. According to the present invention, the appropriate
oil level is raised to store an increased amount of engine
oil in the oil pan in accordance with the engine load and/or
speed. It is possible to directly determine the appropriate
oil level from the engine load and/or speed without di-
rectly obtaining the viscosity of the engine oil therefrom.
�[0013] Other objects, features and advantages of the
present invention will become more apparent from the
following detailed description when read in conjunction
with the following drawings, in which: �

Fig. 1 is a block diagram of an engine main body into

which an engine oil level adjusting apparatus is in-
corporated in accordance with a first embodiment of
the present invention;
Fig. 2 is a flowchart of a sequence for determining a
vehicle horizontal state in which an oil level control
is carried out;
Fig. 3 is a flowchart of the oil level control in accord-
ance with the first embodiment of the present inven-
tion;
Fig. 4 is a graph of a relationship between an oil
temperature (THO) and an appropriate oil level;
Fig. 5 is a flowchart of another oil level control in
accordance with a second embodiment of the
present invention; and
Fig. 6 is a graph of a relationship between an engine
speed/ �load and the appropriate oil level.

�[0014] Fig. 1 shows a first embodiment of the present
invention in which an engine oil level adjusting apparatus
2 is incorporated into an engine main body 1. The engine
oil level adjusting apparatus 2 has an oil pan 3 and a sub
tank 5. The oil pan 3 is provided to a lower portion of the
engine main body 1. The sub tank 5 communicates with
the oil pan 3 via a joining pipe 4. An oil feeding motor 6,
which functions as oil feeing means, is attached to the
joining pipe 4. An oil temperature sensor 7 and an oil
level sensor 8 are attached to the oil pan 3. The oil tem-
perature senor 7 functions as viscosity measuring
means, and the oil level sensor 8 functions as amount-
of-�remaining oil detecting means. The oil temperature
sensor 7 and the oil level sensor 8 are connected to a
controller 9, which serves as control means and is con-
nected to the oil feed motor 6. The motor 6 allows the oil
pan 3 and the sub tank 5 to selectively communicate with
each other in both ways. The controller 9 may be an elec-
tronic control unit.
�[0015] The engine oil level adjusting apparatus per-
forms the following oil level control. It is preferably re-
quired that the vehicle is in the horizontal state in order
to accurately measure the oil level in the oil pan 3. The
controller 9 determines whether an oil level control should
be executed in accordance with a flowchart of Fig. 2. At
step S11, the controller 9 refers to an output signal of a
horizontal sensor 11, and determines whether the vehicle
is in the horizontal state. When the answer of step S11
is YES, the controller 9 performs the oil level control using
the engine oil level adjusting apparatus 2 at step S12. In
contrast, when the answer of step S11 is NO, the con-
troller 9 does not execute the oil level control by the en-
gine oil level adjusting apparatus 2 (step S13).
�[0016] When it is determined that the vehicle is in the
horizontal state and the oil level control can be executed
in the above-�mentioned sequence, the controller 9 exe-
cutes the oil level control in accordance with a flowchart
of Fig. 3. At step S21, the controller 9 determines whether
an ignition switch 12 (Fig. 1) connected to the controller
9 is in the ON state. When the answer of step S21 is
YES, the controller 9 refers to the output signals of the
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oil temperature sensor 7 and the oil level sensor 8, and
acquires the temperature THO of the engine oil in the oil
pan 3 and the current oil level at step S22. At step S23,
the controller 9 refers to a map with the oil temperature
THO, and obtains the appropriate oil level.
�[0017] The map to be referred to at step S23 will now
be described with reference to Fig. 4. The map has map
values obtained from a graph of Fig. 4 and stored in, for
example, the controller 9. The horizontal axis of the graph
denotes the oil temperature THO, and the vertical axis
thereof denotes the appropriate oil level in the oil pan 3.
The horizontal axis may be an address with which the
map may be accessed, and the vertical axis may be the
contents of the map. The use of the oil temperature THO
is based on the fact that the viscosity of the engine oil
has a correlation with the oil temperature THO. As shown
in the graph, the oil temperature THO is sectioned into
three regions, namely, the first, second and third regions.
In the first region, the engine oil has a high viscosity in
an extremely cold state and the engine oil supplied to the
engine main body 1 is not smoothly returned to the oil
pan 3. Thus, the appropriate oil level L1 in the oil pan 3
is the highest in the first region. In the second region, the
ambient is at the ordinary temperature and the engine
warming up is completed. In the second region, the en-
gine oil supplied to the engine main body 1 may be
smoothly returned to the oil pan 3. Therefore, it is not
necessary to consider the return of the engine oil. The
appropriate oil level L2 in the second region is mainly
intended to reduce the friction between the crankshaft
and the engine oil, and is thus the lowest. In the third
region, the engine oil is at a relatively high temperature
at which the engine oil has a lowed viscosity. A large
amount of engine oil having a lowed viscosity is needed
to be supplied to the engine main body 1 to secure suf-
ficient lubrication performance by the lowered viscosity
of the engine oil. Thus, the appropriate oil level L3 in the
third region is set higher than the appropriate oil level L2
in the second region. It should be noted that the appro-
priate oil level L3 is set slightly lower than the appropriate
oil level L1 in the first region. This is because the second
appropriate level L2 is selected by taking into account
both reduction in friction between the crankshaft and the
engine oil and the lubrication performance.
�[0018] At step S23, the controller 9 determines the ap-
propriate oil level by referring to the map values stored
in the controller 9 with the engine oil temperature THO
obtained at step S22. At step S24, the controller 9 com-
pares the current oil level obtained at step S22 with the
appropriate oil level obtained at step S23, and deter-
mines whether the appropriate oil level is equal to the
current oil level. When the answer of step S24 is YES,
the controller 9 ends the control. On the contrary, when
the answer of step S24 is NO, the controller 9 proceeds
to step S25.
�[0019] At step S25, the controller 9 determines wheth-
er the current oil level obtained at step S22 is greater
than the appropriate oil level obtained at step S23. When

the answer of step S25 is YES, that is, when the current
oil level is lower than the appropriate oil level, the con-
troller 9 executes step S26. At step S26, the controller 9
causes the oil feeding motor 6 to rotate forwardly so that
the oil is fed to the oil pan 3 from the sub tank 5. In contrast,
when the answer of step S25 is NO, that is, the current
oil level is higher than the appropriate oil level obtained
at step S23, the controller 9 executes step S27. At step
S27, the controller 9 causes the oil feeding motor 6 to
rotate backwardly so that the oil is fed to the sub tank 5
from the oil pan 3. Step S26 or step S27 is followed by
step S24. By the above-�mentioned sequence, the appro-
priate oil level can be always maintained.
�[0020] A description will now be given of a second em-
bodiment of the present invention, which employs a dif-
ferent oil level control from that of the first embodiment.
The oil level control of the second embodiment is shown
in a flowchart of Fig. 5.
�[0021] At step S31, the controller 9 determines wheth-
er the engine has been warmed up. This determination
may refer to the temperature of cooling water. After the
engine is warmed up, the controller 9 executes at step
S32 and reads the output signals of an engine speed
sensor 13 (Fig. 1), a throttle sensor 14 (Fig. 1) and the
oil level sensor 8. The controller 9 obtains the engine
speed, the engine load and the current oil level from the
sensor output signals. At step S33 subsequent to step
S32, the controller 9 refers to the map values stored in
the controller 9 with the engine speed and the engine
load, and thus obtains the appropriate oil level.
�[0022] The map values used in step S33 may be cre-
ated based on a graph of Fig. 6. The horizontal axis of
the graph denotes the engine speed and load, and the
vertical axis thereof denotes the appropriate oil level in
the oil pan 3. The engine speed/�load is relatively high on
the right-�hand side of the horizontal axis and is relatively
low on the left-�hand side thereof. The graph of Fig. 6
shows that the appropriate oil level becomes higher as
the engine speed/�load becomes higher.
�[0023] At step S33, the controller 9 determines the ap-
propriate oil level using the map values. At step S34, the
controller 9 compares the current oil level obtained at
step S32 with the appropriate oil level obtained at step
S33, and determines whether the appropriate oil level is
equal to the current oil level. When the answer of step
S34 is YES, the controller 9 ends the control. On the
contrary, when the answer of step S34 is NO, the con-
troller 9 proceeds to step S35.
�[0024] At step S35, the controller 9 determines wheth-
er the current oil level obtained at step S32 is greater
than the appropriate oil level obtained at step S33. When
the answer of step S35 is YES, that is, when the current
oil level is lower than the appropriate oil level, the con-
troller 9 executes step S36. At step S36, the controller 9
causes the oil feeding motor 6 to rotate forwardly so that
the oil is fed to the oil pan 3 from the sub tank 5. In contrast,
when the answer of step S35 is NO, that is, the current
oil level is higher than the appropriate oil level obtained
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at step S33, the controller 9 executes step S37. At step
S37, the controller 9 causes the oil feeding motor 6 to
rotate backwardly so that the oil is fed to the sub tank 5
from the oil pan 3. Step S36 or step S37 is followed by
step S34. By the above-�mentioned sequence, the appro-
priate oil level can be always maintained.
�[0025] The present invention is not limited to the spe-
cifically disclosed embodiments, but includes other em-
bodiments, variations and modifications within the scope
of the present invention. For example, the temperature
of cooling water may be used instead of the oil temper-
ature THO as a parameter for the oil level control. The
water temperature has a correlation with the oil temper-
ature THO.
�[0026] In an engine oil level adjusting apparatus in-
cluding an oil pan (3) provided to a lower portion of an
engine main body (1), a sub tank (5) communicating with
the oil pan, and oil feeding means (6) for selectively feed-
ing engine oil between the oil pan and the sub tank in
both ways, there are provided viscosity measuring
means (7) for measuring a viscosity of the engine oil in
the oil pan, amount- �of-�remaining oil detecting means (8)
for measuring the amount of engine oil in the oil pan, and
control means (9) for determining an appropriate oil level
in the oil pan on the basis of the viscosity of engine oil
obtained by the viscosity measuring means and for driv-
ing the oil feeding means so as to obtain the appropriate
oil level.

Claims

1. An engine oil level adjusting apparatus including:�

an oil pan provided to a lower portion of an en-
gine main body;
a sub tank communicating with the oil pan; and
oil feeding means for selectively feeding engine
oil between the oil pan and the sub tank in both
ways, characterized by further comprising:�

viscosity measuring means for measuring
a viscosity of the engine oil in the oil pan;
amount- �of- �remaining oil detecting means
for measuring the amount of engine oil re-
maining in the oil pan; and
control means for determining an appropri-
ate oil level in the oil pan on the basis of the
viscosity of engine oil obtained by the vis-
cosity measuring means and for driving the
oil feeding means so as to obtain the appro-
priate oil level.

2. The engine oil level adjusting apparatus as claimed
in claim 1, characterized in that the viscosity meas-
uring means includes an oil temperature sensor at-
tached to the oil pan and handles a sensor output of
the oil temperature sensor as data indicating the vis-

cosity of the engine oil.

3. The engine oil level adjusting apparatus as claimed
in claim 1, characterized in that the viscosity meas-
uring means includes a sensor having a sensor out-
put related to the viscosity of engine oil and handles
the sensor output as data indicating the viscosity of
the engine oil.

4. The engine oil level adjusting apparatus as claimed
in claim 1 or 2, characterized in that the control
means determines the appropriate oil level so that
the appropriate oil level in a first region in which the
viscosity of the engine oil is high is set higher than
the viscosity of the engine oil in a second region in
which the engine oil has a lower viscosity than the
viscosity in the first region.

5. The engine oil level adjusting apparatus as claimed
in claim 4, characterized in that the control means
determines the appropriate oil level so that the ap-
propriate oil level in a third region in which the vis-
cosity of the engine oil is lower than that in the second
region is set higher than the viscosity of the engine
oil in the second region.

6. The engine oil level adjusting apparatus as claimed
in claim 5, characterized in that the control means
determines the appropriate oil level so that the ap-
propriate oil level in the first region is set higher than
that in the third region.

7. The engine oil level adjusting apparatus as claimed
in claim 1, characterized in that the viscosity meas-
uring means measures the viscosity of the engine
oil by referring to an engine speed and/or an engine
load.

8. The engine oil level adjusting apparatus as claimed
in claim 7, characterized in that the control means
increases the appropriate oil level as the viscosity of
the engine oil decreases.
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