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(67)  Embodiments of the present invention may in-
clude an internal combustion engine (1) equipped with a
blow-by gas circulating means and a control means (40).
An intake pipe (31A) is connected to the engine (1), and
blow-by gas piping (12) for circulating blow-by gas to the
engine (1) is connected to the intake pipe (31A). An in-
ternal combustion engine (1) control method includes an
environmental condition determination step and a forci-
ble blow-by gas temperature rising step. In the environ-
mental condition determination step, the control means
(40) determines whether or not the engine (1) is in an
environmental condition in which ice can be generated
at a joining portion between the blow-by gas piping (12)
and the intake pipe (31A) based atleast on a temperature
of intake air taken-in through the intake pipe (31A). When
itis determined that the engine (1) is in an environmental
condition in which ice is generated, the control means
(40) changes the operational condition of the engine (1)
such that a temperature of the blow-by gas increases in
the forcible blow-by gas temperature rising step.
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Description

[0001] This application claims priority to Japanese pat-
ent application serial number 2012-253021, the contents
of which are incorporated herein by reference.

[0002] Embodiments of the present invention relate to
control methods and controllers for an internal combus-
tion engine equipped with a blow-by gas circulating
mechanism. Blow-by gas is an air/fuel mixture leaking
into a crankcase through a gap between a piston and a
cylinder in an engine or the like. The circulating mecha-
nism has, for example, piping for returning the blow-by
gas from the crankcase into an intake pipe.

[0003] In aninternal combustion engine, pressure in a
combustion chamber increases during combustion
stroke. As a result, a minute amount of half-combusted
gas may leak from the combustion chamber into the
crankcase through the gap between a piston and a cyl-
inder. The internal combustion engine may be provided
with a blow-by gas circulating device. The circulating de-
vice returns the half-combusted gas (blow-by gas) from
the crankcase into an intake pipe without releasing the
half-combusted gas into the atmosphere. As aresult, the
blow-by gas is mixed with fresh intake air, and then may
be combusted in the internal combustion engine.
[0004] The blow-by gas is a half-combusted gas, so
thatit contains H,0 (in the form of steam) ata temperature
higher than that of the atmospheric air. The fresh intake
air is at a lower temperature than the blow-by gas. In
particular, the intake air is at low temperature in winter,
etc., when the temperature of the atmospheric air is equal
to or lower than the freezing point. At a joint portion where
the intake air and the blow-by gas are mixed with each
other, there is the possibility of the generation of ice or
frostdue to condensation. When ice or frost accumulates,
it may cause adhesion between peripheral apparatuses
or the flowing of ice or frost particles downstream. This
may cause the malfunctioning of the throttle valve, turbo
compressor, the internal combustion engine main body,
etc.

[0005] Japanese Laid-Open Patent Publication No.
2010-285937 discloses a blow-by gas processing device
for an internal combustion engine. When itis determined
that there is a high possibility of ice condensation from
water in the blow-by gas piping, the blow-by gas process-
ing device circulates low pressure EGR gas from the pip-
ing of a low-pressure gas EGR (exhaust gas re-circula-
tion device). The piping of the low-pressure gas EGR
connects to the blow-by gas piping. The EGR gas heats
the portion in the vicinity of a connection portion between
the blow-by gas piping and the low-pressure EGR piping.
Thereby, the ice generated in the vicinity of the connec-
tion portion is melted.

[0006] Japanese Laid-Open Patent Publication No.
2009-24514 discloses a PCV valve controller. Inthe PCV
valve controller, a PCV valve provided for the open-
ing/closing of blow-by gas piping is equipped with an elec-
tric heater. Electricity is supplied to the electric heater to
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melt the ice generated in the vicinity of the PCV valve.
The electricity is supplied until a target quantity of heat
is attained, and without having to produce excess elec-
tricity.

[0007] In the related-art technique disclosed in Japa-
nese Laid-Open Patent Publication No. 2010-285937,
the ice is melted by using the EGR gas which is at a
higher temperature than the blow-by gas. However, in
some operational conditions, itis desirable for the internal
combustion engine not to circulate the EGR gas. Thus,
the above-mentioned technique is not always to be uti-
lized. In the above-mentioned technique, it is indispen-
sable for the blow-by gas piping and the low-pressure
EGR piping to join each other on the front side of the
intake passage. Thus, in some cases, there is no space
available for an installation of the technique in an engine
room, in which a plurality of apparatuses and piping are
packed.

[0008] The related-art technique disclosed in Japa-
nese Laid-Open Patent Publication No. 2009-24514 in-
volves the PCV valve and the electric heater. The PCV
valve is of a rather high cost and large size. To melt the
ice generated at the joining portion, it is necessary to
arrange the large PCV valve in the vicinity of the joining
portion. Thus, in some cases, there is no space available
for the installation of such technique in an engine room.
[0009] Therefore, there is need in the art for a control
method and a controller for an internal combustion en-
gine in which it is easy to install in an engine room. The
control method or controller is configured to prevent the
accumulation of ice ata joining portion where fresh intake
air and blow-by gas join each other. The control method
or controller is configured to help to further simplify such
a structure.

[0010] According to an aspect of the invention, an in-
ternal combustion engine is equipped with a blow-by gas
circulating means (circulating mechanism) and a control
means (controller). An intake pipe is connected to the
internal combustion engine, and blow-by gas piping for
circulating blow-by gas to the internal combustion engine
is connected to the intake pipe. An internal combustion
engine control method includes an environmental condi-
tion determination step and a forcible blow-by gas tem-
perature rising step. In the environmental condition de-
termination step, the control means determines whether
or notthe engine isin an environmental conditionin which
ice can be generated at a joining portion between the
blow-by gas piping and the intake pipe based at least on
the temperature of intake air taken-in through the intake
pipe. When it is determined that the engine is in an en-
vironmental condition in which ice is generated, the con-
trol means changes the operational condition of the in-
ternal combustion engine such that a temperature of the
blow-by gas increases in the forcible blow-by gas tem-
perature rising step.

[0011] Normally, an intake air temperature detection
means for detecting the temperature of the intake air of
the internal combustion engine has already been provid-
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ed. Thus, to achieve the present control method, there
is typically no need to provide an intake air temperature
detection means. In the case where no intake air tem-
perature detection means has already been provided, a
relatively small intake air temperature detection means
can be easily mounted to the intake pipe.

[0012] In the present control method, it is only neces-
sary to change the operational condition of the internal
combustion engine such that the temperature of the blow-
by gas increases. Thus, in the present control method,
there is no need to provide EGR piping, a heater, etc.
Thus, the member for achieving the present control meth-
od can be easily mounted in an engine room or the like,
and is of a simple construction. According to the present
control method, itis possible to prevent the accumulation
of ice generated at the joining portion where the fresh
intake air and the blow-by gas join each other.

[0013] According to another aspect of the invention, in
the environmental condition determination step, the con-
trol means may estimate an ice increase or decrease
amount at the joining portion based at least on the tem-
perature of the intake air. The control means may esti-
mate an ice generation amount through accumulation of
the estimated ice increase or decrease amount. When it
is determined that the estimated ice generation amount
is equal to or greater than a predetermined amount, the
control means may determine that the engine is in an
environmental condition in which ice is generated. Thus,
it is possible to determine more appropriately whether or
not the engine is in an environmental condition in which
ice is generated.

[0014] According to another aspect of the invention, in
the environmental condition determination step, the con-
trol means may estimate the ice increase or decrease
amount based on the temperature of the intake air and
the temperature of the blow-by gas. Alternatively, it can
be based on the temperature of the intake air, vehicle
speed, and either a speed gear stage or speed-change
stage.

[0015] Thus, it is possible to more appropriately esti-
mate the ice increase or decrease amount at the joining
portion. Normally, an intake air temperature detection
means, a vehicle speed detection means, and a vehicle
speed gear stage detection means are often already pro-
vided in the vehicle. Thus, any newly required detection
means would be a blow-by gas temperature detection
means. The temperature detection means is relatively
small, and can be easily mounted to the blow-by gas
piping. Thus, the member for achieving the present con-
trol method is of a simple construction and easy to mount
in the engine room or the like.

[0016] In the environmental condition determination
step, the control means may determine the state of a
region when estimating the ice increase or decrease
amount at the joining portion. A region is a frost genera-
tion region where frost is generated. A region is a water
generation region where water droplets are generated.
Aregion is a dry region where neither frost or water drop-
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lets are generated. The regions are determined based
on the condition of the temperature of the intake air and
the temperature of the blow-by gas. Alternatively, the re-
gions are determined based on the condition of the tem-
perature of the intake air, the vehicle speed, and either
the speed gear stage or the speed-change stage. The
control means may estimate the ice increase or decrease
amount at the joining portion according to a continuation
time in the determined region. This makes it possible to
more appropriately estimate the ice increase or decrease
amount at the joining portion.

[0017] In the forcible blow-by gas temperature rising
step, the control means may increase the amount of fuel
injected into a combustion chamber of the engine and
delay ignition timing of the fuel. Alternatively, the control
means may increase an amount of fuel injected into the
combustion chamber and reduce an amount of the intake
air supplied to the combustion chamber. As a result, it is
possible to appropriately increase the temperature of the
blow-by gas without increasing the output power of the
internal combustion engine.

[0018] According to another aspect of the invention,
when the vehicle speed is equal to or greater than a pre-
determined speed, or when a load of the internal com-
bustion engine is equal to or greater than a predeter-
mined load, the control means may temporarily suspend
the execution of the forcible blow-by gas temperature
rising step. That is, when it is determined that the engine
is in an operational condition in which the forcible blow-
by gas temperature rising step should not be executed,
the control means temporarily suspends the forcible
blow-by gas temperature rising step. This helps to
achieve an enhancement in safety.

[0019] According to another aspect of the invention,
the control device controls the internal combustion en-
gine so asto achieve atleast one of the above-mentioned
control methods. Thus, the control device is of a simple
construction and can be easily mounted in the engine
room.

[0020] Additional objects, features, and advantages,
of the present invention will be readily understood after
reading the following detailed description together with
the claims and the accompanying drawings, in which:

FIG. 1 is a schematic view of a control system for an
internal combustion engine;

FIG. 2 is a flowchart for the first procedure for a con-
troller in the internal combustion engine;

FIG. 3 is a graph of intake air temperature vs. blow-
by gas temperature in the first procedure;

FIG. 4 is a graph of elapsed time vs. amount of ice
generation for showing accumulation of ice and/or a
melting of accumulated ice;

FIG. 5 is a flowchart for a second procedure for the
controller;

FIG. 6 is a graph of intake air temperature vs. the
speed of a vehicle in 6th gear;

FIG. 7 is a graph of the intake air temperature vs.
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the speed of a vehicle in 5th gear; and
FIG. 8 is a graph of the intake air temperature vs.
ice generation amount in the second procedure.

[0021] Each of the additional features and teachings
disclosed above and below may be utilized separately or
in conjunction with other features and teachings to pro-
vide improved control methods and controllers. Repre-
sentative examples of the present invention, which utilize
many of these additional features and teachings both
separately and in conjunction with one another, will now
be described in detail with reference to the attached draw-
ings. This detailed description is merely intended to teach
a person of ordinary skill in the art further details for prac-
ticing preferred aspects of the present teachings and is
not intended to limit the scope of the invention. Only the
claims define the scope of the claimed invention. There-
fore, combinations of features and steps disclosed in the
following detailed description may not be necessary to
practice the invention in the broadest sense, and are in-
stead taught merely to particularly describe representa-
tive examples of the invention. Moreover, various fea-
tures of the representative examples and the dependent
claims may be combined in ways that are not specifically
enumerated in order to provide additional useful config-
urations of the present teachings.

[0022] In the following, an embodiment of the present
invention will be described. As shown in FIG. 1, an inter-
nal combustion engine 1 consists, forexample, of a diesel
engine, and has an engine main body 10. The rotational
speed of an output shaft in the engine main body 10 is
changed by a transmission 20. The internal combustion
engine 1 is provided with a turbo charger 30, etc. In an
intake passage of the internal combustion engine 1, there
is provided an air cleaner (not shown), an upstream side
intake pipe 31A, a compressor of the turbo charger 30,
and a downstream side intake pipe 32A in that order from
the upstream side. The downstream side intake pipe 32A
is provided with a throttle valve (diesel throttle) (not
shown). The upstream side intake pipe 31A and the
downstream side intake pipe 32A constitute the intake
pipe.

[0023] In an exhaust passage of the internal combus-
tion engine 1, there is provided an upstream side exhaust
pipe 32B, a turbine of the turbo charger 30, adownstream
side exhaust pipe 31B, and a post-exhaust processing
device (not shown) in that order from the upstream side.
An exhaust gas from the engine main body 10 is dis-
charged into the upstream side exhaust pipe 32B to rotate
a turbine impeller 33B in the turbine. As a result, a com-
pressor impeller 33A in the compressor connected with
the turbine impeller 33B rotates. The compressor impel-
ler 33A compresses the intake air taken in through the
upstream side intake pipe 31A. The compressor impeller
33A supplies the compressed air to the engine main body
10 through the downstream side intake pipe 32A. The
turbo charger 30 is equipped with a variable valve mech-
anism (not shown).
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[0024] When, pressure in a combustion chamber of
the engine main body 10 increases during combustion
stroke, a minute amount of half-combusted gas may leak
into a crankcase through a gap or the like between a
piston and a cylinder. The leaked, half-combusted gas
(blow-by gas) may accumulate in the engine main body
10. There is provided blow-by gas piping 12 for returning
the blow-by gas accumulated in the engine main body
10 to the upstream side intake pipe 31A. The blow-by
gas piping 12 connects an interior of the engine main
body 10 to the upstream side intake pipe 31A.

[0025] Provided in the upstream side intake pipe 31A
is an intake air temperature detection means (sensor) 51
for detecting the temperature of the intake air. The blow-
by gas piping 12 is provided with a blow-by gas temper-
ature detection means (sensor) 52 for detecting the tem-
perature of the blow-by gas. The blow-by gas tempera-
ture detection means 52 is installed in the vicinity of the
joining portion (connection portion) between the blow-by
gas piping 12 and the upstream side intake pipe 31A. In
a first procedure (described in a first embodiment), the
blow-by gas temperature detection means 52 is neces-
sary. In a second procedure (described in a second em-
bodiment), the blow-by gas temperature detection
means 52 is not needed.

[0026] Detection signals sent by the intake air temper-
ature detection means 51 and the blow-by gas temper-
ature detection means 52 are input to a controller 40.
Based on the detection signals, the controller 40 detects
or calculates the temperature of the intake air taken in
through the upstream side intake pipe 31A and the tem-
perature of the blow-by gas. A warning means (device)
53 such as a lamp or a buzzer is connected to the con-
troller 40. The warning means 53 can output a warning
signal for a driver of the vehicle in which the internal com-
bustion engine is mounted.

[0027] Various kinds of detection means (not shown)
such as a throttle opening detection means (sensor) and
a crank angle detection means (sensor) are connected
to the controller 40. The controller 40 detects or deter-
mines an operational condition of the internal combustion
engine 1 based on the signals from the detection means
(sensors), and calculates a fuel injection amount, a fuel
injection timing, etc. based on the operational condition.
The controller 10 controls an injector 71 so as to inject a
calculated injection amount fuel with calculated injection
timing.

[0028] The blow-by gas piping 12 may be provided with
a PCV 72. The PCV is a valve configured to control an
opening and closing of the blow-by gas piping 12. The
PCV 72 can be controlled by a signal transmitted from
the controller 40. The PCV valve 72 may be omitted. A
blow-by gas circulating means (device) includes the
blow-by gas piping 12, and may include the PCV valve 72.
[0029] The controller 40 may be electrically connected
to a vehicle speed detection means (sensor) 56, a speed
gear stage detection means (sensor) 55, and an AT con-
troller 60. The vehicle speed detection means 56 detects
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a speed of the vehicle. The speed gear stage detection
means 55 detects a speed gear stage when a transmis-
sion 20 is a manual transmission. The AT controller 60
outputs speed-change information when the transmis-
sion 20 is an automatic transmission. In the second em-
bodiment, the controller 40 receives signals sensed by
the vehicle speed detection means 56, the speed gear
stage detection means 55, and the AT controller 60, and
utilizes them. In the first embodiment, the controller 40
does not require these signals.

[0030] A first procedure performed by the controller 40
according to the first embodiment will be described with
reference to FIGS. 2 to 4. The controller 40 utilizes the
signals input from the intake air temperature detection
means 51 and the blow-by gas temperature detection
means 52. The controller 40 does not require the signals
sent by the vehicle speed detection means 56 and the
speed gear stage detection means 55 (or the AT control-
ler 60) in order to operate.

[0031] At predetermined time intervals, for example,
the controller 40 executes the processes shown in the
flowchart of FIG. 2. A storage means of the controller 40
previously stores a program for executing the processes
outlined below.

[0032] In step S10, the controller 40 detects an envi-
ronmental condition of the internal combustion engine 1
and the procedure advances to step S20. In step S10,
the controller 40 detects the intake air temperature of the
upstream side intake pipe 31A based on the detection
signal from the intake air temperature detection means
51. The controller 40 detects the temperature of the blow-
by gas in the blow-by gas piping 12 through the blow-by
gas temperature detection means 52 in the vicinity of the
joining portion. The joining portion typically is located be-
tween the blow-by gas piping 12 and the upstream side
intake pipe 31A.

[0033] In step S20, the controller 40 estimates the ice
increase or decrease amount at the joining portion locat-
ed between the blow-by gas piping 12 and the upstream
side intake pipe 31A. This estimation is based on the
environmental condition detected. Afterwards, the pro-
cedure advances to step S30. The storage means of the
controller 40 may, for example, store the intake-air-tem-
perature/blow-by-gas-temperature characteristics
shown in FIG. 3. Based on the intake-air-tempera-
ture/blow-by-gas-temperature characteristics, the con-
troller 40 determines the state of the following regions:
region A, region B, and region C. The regions correspond
to conditions defined by the intake air temperature and
the blow-by gas temperature. The controller 40 estimates
the ice increase or decrease amount according to the
determined state of the region and the continuation time
in that region.

[0034] RegionCisafrostgenerationregionwhere frost
is generated at the joining portion. When it is determined
that the condition corresponds to region C, the controller
40 estimates the ice increase amount in correspondence
with the continuation time inregion C. Region B is a water
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generation region where water droplets are generated at
the joining portion. When it is determined that the condi-
tion corresponds to region B, the controller 40 estimates
the ice increase amount in correspondence with the con-
tinuation time in region B. Region A is a dry region where
neither frost nor water droplets are generated at the join-
ing portion. When it is determined that the condition cor-
responds to region A, the controller 40 estimates the ice
decrease amount in correspondence with the continua-
tion time in region A.

[0035] In step S30, the controller 40 accumulates the
ice increase or decrease amount estimated in step S20
to estimate the ice generation amount (accumulated gen-
eration amount), and the procedure advances to step
S40. It is to be assumed that the ice generation amount
is not less than zero. It is to be assumed that in the case
where the decrease amount is accumulated, the lower
limit is zero.

[0036] Instep S40, the controller 40 determines wheth-
er or not an ice melting operation mode (forcible blow-by
gas temperaturerising step) is being presently executed.
When the ice melting operation mode is being executed
(YES in step S40), the procedure advances to step S50A.
When the ice melting operation mode is not being exe-
cuted (NO in step S40), the procedure advances to step
S50B.

[0037] In step S50A, the controller 40 determines
whether or not the ice generation amount is equal to or
greater than a first predetermined amount. When the ice
generation amount is equal to or greater than the first
predetermined amount (YES in step S50A), the proce-
dure advances to step S60. When the ice generation
amount is less than the first predetermined amount (NO
in step S50A), the procedure advances to step S80A.
[0038] In step S50B, the controller 40 determines
whether or not the ice generation amount is equal to or
greater than a second predetermined amount. This sec-
ond predetermined amount is larger than the first prede-
termined amount (the second predetermined amount >
the first predetermined amount; see FIG. 4). When the
ice generation amount is equal to or greater than the
second predetermined amount (YES in step S50B), the
procedure advances to step S60. When the ice genera-
tion amount is less than the second predetermined
amount (NO in step S50B), the procedure advances to
step S80A. Steps S10 to S50A, S50B correspond to the
environmental condition determination steps.

[0039] Instep S60,the controller 40 determines wheth-
er or not transition to the ice melting operation mode is
possible. For example, the controller 40 obtains the load
of the internal combustion engine 1 from the output RPM
and/or the throttle opening, etc. of the internal combus-
tion engine 1. The controller 40 determines whether or
not the load obtained is equal to or less than a predeter-
mined load. Alternatively, the controller 40 detects the
speed of the vehicle. The controller 40 determines wheth-
er or not the vehicle speed detected is equal to or less
than a predetermined speed. In the case where the ve-
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hicle speedis utilized, the vehicle speed detection means
56 is needed. When the load is equal to or less than the
predetermined load or when the vehicle speed is equal
to or less than the predetermined speed, etc., the con-
troller 40 determines that transition to the ice melting op-
eration mode is possible. Wheniitis determined that tran-
sition to the ice melting operation mode is possible (YES
in step S60), the procedure advances to step S80C.
When it is determined that transition to the ice melting
operation mode is not possible (NO in step S60), the
procedure advances to step S70.

[0040] Instep S70, the controller40 determines wheth-
er or not the ice generation amount is equal to or greater
than a third predetermined amount (the third predeter-
mined amount > the second predetermined amount; see
FIG. 4). When the ice generation amount is equal to or
greater than the third predetermined amount (YES in step
S70), the procedure advances to step S80B. When the
ice generation amount is less than the third predeter-
mined amount (NO in step S70), the procedure advances
to step S80A.

[0041] In step S80A, the controller 40 cancels the ice
melting operation mode. The mode is restored to normal
control. The controller 40 stops the output of a warning
from the warning means 53, whereby the processing is
completed.

[0042] In step S80B, the controller 40 cancels the ice
melting operation mode. The mode is restored to normal
control. The controller 40 causes a warning to be output
from the warning means 53 in order to inform the driver
of the progress of the accumulation of ice. Then, the
processing is completed.

[0043] Instep S80C, the controller 40 executes the ice
melting operation mode. The controller 40 stops the out-
put of a warning from the warning means 53 to thereby
complete the processing. When executing the ice melting
operation mode, the controller 40 increases the temper-
ature of the blow-by gas without increasing the output of
the internal combustion engine 1. The ice melting oper-
ation mode executed in step S80C corresponds to the
forcible blow-by gas temperature rising step.

[0044] Whentheinternal combustion engineis a diesel
engine, the controller 40 forcibly increases the amount
of fuel injected by the injector 71 of FIG. 1, and forcibly
delays the fuel injection timing. As a result, the ignition
timing in the combustion chamber is delayed. Alterna-
tively, the controller 40 forcibly increases the amount of
fuel injected by the injector 71, and forcibly reduces the
amount of intake air supplied to the combustion chamber.
For example, the variable valve of the turbo charger 30
is controlled to forcibly reduce the supercharging pres-
sure.

[0045] When the internal combustion engineis a gaso-
line engine which is to be controlled by theoretical air fuel
ratio, the throttle opening, for example, is controlled. As
a result, the intake air amount is forcibly increased, and
the amount of fuel injected is increased. At the same
time, the ignition time is forcibly delayed to delay the ig-
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nition timing in the combustion chamber.

[0046] FIG. 4 shows an example of the above control
condition. During the period up to time T1, when it is
determined that the engine is in region B (the water gen-
eration region) or region C (the frost generation region),
as shown in FIG. 3, the controller 40 accumulates the
increase amounts obtained according to the continuation
time thereof to increase the ice generation amount. In
FIG. 3, for example, the ice generation amount is in-
creased at point P1.

[0047] When it is determined that the ice generation
amount has become equal to or greater than the second
predetermined amount at time T1 and that transition to
the ice melting operation mode is possible, the controller
40 starts the execution of the ice melting operation mode.
In the ice melting operation mode, the temperature of the
blow-by gas is increased without increasing the output
power of the internal combustion engine. In FIG. 3, for
example, the condition is changed from point P1 to point
P2.

[0048] When the temperature of the blow-by gas is in-
creased, the controller 40 determines that the engine is
in region A (the drying region) in FIG. 3. In this case, the
controller 40 accumulates the decrease amount accord-
ing to the continuation time in region A to reduce the ice
generation amount. In FIG. 4, for example, the ice gen-
eration amount decreases from time T1 to time T2.
[0049] When it is determined that the ice generation
amount has become less than the first predetermined
amount attime T2, the controller 40 cancels the execution
of the ice melting operation mode. The mode is restored
to normal control. In FIG. 3, for example, the condition is
changed from point P2 to P1.

[0050] Theicegenerationamountincreases during the
period from time T2 to time T3. The controller 40 deter-
mines that the ice generation amount has becomes equal
to or greater than the second predetermined amount at
time T3. The controller 40 determines that transition to
the ice melting operation mode isimpossible. In this case,
the controller 40 temporarily suspends the execution of
the ice melting operation mode. FIG. 4 shows an example
in which it has been determined that transition to the ice
melting operation mode is impossible from time T3 on-
ward.

[0051] The state in which the ice melting operation
mode is suspended continues. The ice generation
amount becomes equal to or greater than the third pre-
determined amount at time T4. In this case, the controller
40 causes the warning means 53 to output a warning
from time T4 onward. Thus, the warning causes attention
of the driver.

[0052] The second procedure for the controller 40 dis-
cussed with respect to the second embodiment will be
described with reference to FIGS. 5 to 8. The controller
40 uses input signals from the intake air temperature de-
tection means 51, the vehicle speed detection means 56,
and the speed gear stage detection means 55 (or the AT
controller 60). The controller 40 does not need the input
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signal from the blow-by gas temperature detection
means 52. In many cases, the intake air temperature
detection means 51, the vehicle speed detection means
56, and the speed gear stage detection means 55 (or the
AT controller 60) have already been provided. Thus,
there is no need to provide a new detection means for
the present control.

[0053] The flowchart of FIG. 5 (the second embodi-
ment) has steps S22, S24A, and S24B instead of step
S20 of the flowchart of FIG. 2 (the first embodiment). Like
the flowchart of FIG. 2, the flowchart of FIG. 5 has step
S10 and the steps from step S30 onward. In the following
the second embodiment will be described centering on
the differences between the first and second embodi-
ments.

[0054] Referringto FIG. 5, the controller 40 detects the
environmental condition of the internal combustion en-
gine 1 in step S10, and the procedure advances to step
S22. The controller 40 detects the intake air temperature
of the upstream side intake pipe 31A based on the de-
tection signal from the intake air temperature detection
means 51. The controller 40 detects the speed of the
vehicle based on the detection signal from the vehicle
speed detection means 56. In the case of an MT vehicle,
the controller 40 detects the speed gear stage based on
the detection signal from the speed gear stage detection
means 55. In the case of an AT vehicle, the controller 40
detects the speed-change stage based on speed-change
information sent by the AT controller 60.

[0055] Instep S22, the controller 40 determines wheth-
er or not the ice melting operation mode is being execut-
ed. When the ice melting operation mode is being exe-
cuted (YES in step S22), the procedure advances to step
S24B. When the ice melting operation mode is not being
executed (NO in step S22), the procedure advances to
step S24A.

[0056] In step S24B, the controller 40 estimates the
ice decrease amount due to the ice melting operation
mode and then the procedure advances to step S30. For
example, data regarding the ice decrease amount ac-
cording to the continuation time of the ice melting oper-
ation mode is stored in advance.

[0057] In step S24A, the controller 40 estimates the
ice increase or decrease amount at the joining portion
between the blow-by gas piping 12 and the upstream
side intake pipe 31A by using a map as shown in FIG. 6,
7, or 8, and the procedure advances to step S30. As
shown in FIGS. 6, 7, for example, the storage means of
the controller 40 stores the intake air temperature/vehicle
speed characteristics etc. for each speed gear stage.
FIG. 6 shows the characteristics of a manual transmis-
sion in 6th gear. FIG. 7 shows the characteristics of a
manual transmission in 5th gear. Reference to the man-
ual transmission in the 1st through the 4th gears is omit-
ted.

[0058] In connection with the intake air temperature/
vehicle speed characteristics, there are shown regions
such as region A, region B, region C1, and region C2.
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Region A is, for example, a drying region. When the con-
dition of the intake air temperature, the vehicle speed
and the speed gear stage continues for n1 minutes in
region A, the ice decrease amount is estimated to be m1
g. Region B is, for example, a steam generation region.
When the condition of the intake air temperature, the ve-
hicle speed and the speed gear stage continues for n1
minutes in region B, the ice increase amount is estimated
to be m2 g. Region C1 is, for example, a light frost gen-
eration region. When the condition of the intake air tem-
perature, the vehicle speed and the speed gear stage
continues for n1 minutes in region C1, the ice increase
amount is estimated to be m3 g. Region C2 is, for exam-
ple, a heavy frost generation region. When the condition
of the intake air temperature, the vehicle speed and the
speed gear stage continues for n1 minutes in region C2,
the ice increase amount is estimated to be m4 g (m4 >
m3).

[0059] The storage means of the controller 40 may
store the intake air temperature/ice generation amount
characteristics as shownin FIG. 8, alternatively. The con-
troller 40 estimates the ice-increase or decrease amount
from the characteristics. In the intake air temperature/ice
generation amount characteristics as shown in FIG. 8,
graph lines indicating different speed gear stages and
vehicle speeds are stored in advance. Graph line G4n
indicates the case where the vehicle is in the 4th gear
and where the vehicle speed is 50 km/h. Graph line G5n
indicates a case where the vehicle is in the 5th gear and
where the vehicle speed is 60 km/h. Graph line G6n in-
dicates a case where the vehicle is in the 6th gear and
where the vehicle speed is 80 km/h.

[0060] For the intake air temperature/ ice generation
amount characteristics, there are previously stored graph
lines indicating various speeds (e.g., 10, 20, 30, ...
[km/h]) at the different speed gear stages (1st to 6th
speed gear stages). It is possible to obtain the ice gen-
eration amount from the intake air temperature, the
speed gear stage, and the vehicle speed. In FIG. 8, when
the intake air temperature/ice generation amount char-
acteristics continue for a predetermined period of time in
the region where the ice generation amount is above ze-
ro, itis possible to obtain the ice increase amount. When
the intake air temperature/ice generation amount char-
acteristics continue for a predetermined period of time in
the region where the ice generation amountis below zero,
it is possible to obtain the ice decrease amount.

[0061] Itis also possible for the storage means to store
the intake air temperature/ice generation amount char-
acteristics for each speed gear stage, setting graph lines
for the intake air temperature/ice generation amount
characteristics.

[0062] As in the first embodiment, in the second em-
bodiment also, steps S10 to S50A, S50B correspond to
the environmental condition determination steps. The
processing from step S30 onward in the second embod-
iment is the same as that in the first embodiment, so a
description thereof will be left out.
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[0063] In the first embodiment, the newly required
member for the processing procedures (control method)
of the controller (control means) 40 is a blow-by gas tem-
perature detection means of a relatively small size. In the
second embodiment, no new member is required for the
processing procedures (control method) of the controller
(control means) 40. Thus, the member required for the
processing by the controller 40 is of a simple construction
and easy to mount in the engine. The processing by the
controller 40 helps to appropriately suppress accumula-
tion of ice generated at the joining portion where fresh
intake air and blow-by gas join each other.

[0064] While the embodiments of invention have been
described with reference to specific configurations, it will
be apparent to those skilled in the art that many alterna-
tives, modifications and variations may be made without
departing from the scope of the present invention. Ac-
cordingly, embodiments of the present invention are in-
tended to embrace all such alternatives, modifications
and variations that may fall within the spirit and scope of
the appended claims. For example, embodiments of the
present invention should not be limited to the represent-
ative configurations, but may be modified, for example,
as described below.

[0065] In the above description, the expressions:
"greater than or equal to (=)," "less than or equal to (<),"
"greater than (>)," "less than (<)," etc. may or may not
be signs having an equal sign.

[0066] The values employed in the description of the
above embodiments are only given by way of example,
and should not be limited to the above values.

[0067] The control executed in the forcible blow-by gas
temperature rising step is not restricted to the one de-
scribed in connection with the present embodiment.
Embodiments of the present invention may include an
internal combustion engine (1) equipped with a blow-by
gas circulating means and a control means (40). An in-
take pipe (31A) is connected to the engine (1), and blow-
by gas piping (12) for circulating blow-by gas to the en-
gine (1) is connected to the intake pipe (31A). An internal
combustion engine (1) control method includes an envi-
ronmental condition determination step and a forcible
blow-by gas temperature rising step. In the environmen-
tal condition determination step, the control means (40)
determines whether or not the engine (1) is in an envi-
ronmental condition in which ice can be generated at a
joining portion between the blow-by gas piping (12) and
the intake pipe (31A) based at least on a temperature of
intake air taken-in through the intake pipe (31A). When
itis determined that the engine (1) is in an environmental
condition in which ice is generated, the control means
(40) changes the operational condition of the engine (1)
such that a temperature of the blow-by gas increases in
the forcible blow-by gas temperature rising step.
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Claims

1. An internal combustion engine (1) control method
comprising:

an environmental condition determination step,
inwhich a control means (40) determines wheth-
er or not the engine (1) is in an environmental
condition in which ice can be generated at a join-
ing portion between an intake pipe (31A) and a
blow-by gas piping (12) based at least on a tem-
perature of an intake air taken-in through the
intake pipe (31A), wherein the intake pipe (31A)
is connected to the engine (1), wherein the blow-
by gas piping (12) connects the engine (1) to the
intake pipe (31A) for circulating blow-by gas;
and,

a forcible blow-by gas temperature rising step,
in which the control means (40) changes an op-
erational condition of the engine (1) such that a
temperature of the blow-by gas increases, when
it is determined that the engine (1) is in an en-
vironmental condition in which the ice can be
generated at the joining portion.

2. The internal combustion engine (1) control method
of claim 1, wherein in the environmental condition
determination step, the control means (40) estimates
an ice increase or decrease amount at the joining
portion based at least on the temperature of the in-
take air, and wherein the control means (40) esti-
mates an ice generation amount through accumula-
tion of the estimated ice increase or decrease
amount, and wherein the control means (40) deter-
mines that the engine (1) is in an environmental con-
dition in which ice is generated when it is determined
that the estimated ice generation amount is equal to
or greater than a predetermined amount.

3. The internal combustion engine (1) control method
of claim 2, wherein in the environmental condition
determination step, the control means (40) estimates
the ice increase or decrease amount based on the
temperature of the intake air and the temperature of
the blow-by gas, or based on the temperature of the
intake air, a vehicle speed, and either a speed gear
stage or speed-change stage.

4. The internal combustion engine (1) control method
of claim 3, wherein in the enviromnental condition
determination step, when estimating the iceincrease
or decrease amount at the joining portion, the control
means (40) determines whether any of the following
regions are generated: (C) a frost generation region
where frost is generated, (B) a water generation re-
gion where water droplets are generated, and (A) a
dry region where neither frost or water droplets are
generated, wherein the regions are determined
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based on the condition of the temperature of the in-
take air and the temperature of the blow-by gas, or
based on the condition of the temperature of the in-
take air, the vehicle speed, and either the speed gear
stage or the speed-change stage, wherein the con-
trol means (40) estimates the ice increase or de-
crease amount at the joining portion according to a
continuation time in the determined region.

The internal combustion engine (1) control method
of claim 1, 2, 3 or 4, wherein in the forcible blow-by
gas temperature rising step, the control means (40)
increases an amount of fuel injected into a combus-
tion chamber of the engine (1), and delays ignition
timing of the fuel, alternatively the control means (40)
increases an amount of fuel injected into the com-
bustion chamber, and reduces an amount of the in-
take air supplied to the combustion chamber.

The internal combustion engine (1) control method
of claim 1, 2, 3, 4 or 5, wherein the control means
(40) temporarily suspends an execution of the forci-
ble blow-by gas temperature rising step when a ve-
hicle speed is equal to or greater than a predeter-
mined speed orwhen aload of the engine (1) is equal
to or greater than a predetermined load.

A control device for controlling the internal combus-
tion engine (1) so as to achieve the control method
of claim 1, 2, 3, 4, 5 or 6.
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