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(57)  Afuel control method for an internal combustion
engine having one or more combustion chambers (1) and
a crankcase (8) connected to an air intake manifold (3)
of the combustion chambers (1), comprising the steps of
a) monitoring (S2, S14) the amount of fuel (AF) in the
crankcase (8),

b) estimating (S12) a fuel vapour flow from the crankcase
(8) to the combustion chambers (1),

c) setting (S12) a fuel injection amount injected into the
combustion chambers (1) so that the injected fuel amount
and the fuel vapour flow yield a predetermined air-fuel
ratio in the combustion chambers.
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Description

[0001] The present invention relates to a fuel control
method for an internal combustion engine, in particular
for an engine for a motor vehicle which is capable of
running on alcohol-containing fuel.

[0002] Combustion engines of this type have received
considerable public interestin recent times in view of the
fact that alcohol is a renewable resource, and that world-
wide supplies of petrol are dwindling. Due to the limited
availability of ethanol fuel, engines have been developed
which are capable of running on fuels that contain gaso-
line and ethanol in varying proportions. In order to ensure
stoichiometric combustion, these engines must be able
to adjust the air-fuel ratio according to the composition.
For example, if an engine operates on pure ethanol, its
air-fuel ratio must be set approx. 1.4 times higher than
when it operates on gasoline, in order to achieve stoichi-
ometric combustion. Adaptation of the air-fuel ratio to the
fuel composition should be automatic, so that a user can
refill a tank with a fuel of arbitrary composition, which
may be different from that of residual fuel, which may be
present in the tank.

[0003] The need for the air-fuel ratio to be tuneable in
a wide range can cause serious problems if the param-
eters on which control of the air-fuel ratio is based exhibit
transient fluctuations which are not based on a change
in the fuel composition.

[0004] A known source for such transient fluctuations
is the tendency of the fuel to wash down into the crank-
case of the engine and to mix with oil in the crankcase
while the engine is cold, in particular during cranking.
When the engine warms up, ethanol in this washed-down
fuel will evaporate, and since in most spark-ignited com-
bustion engines the combustion chambers receive part
of their intake air from the crankcase, it will cause the air-
fuel ratio in the combustion chamber to be richer than
expected. The ratio between air from the crankcase and
fresh inlet air in the combustion chambers depends on
inlet pressure and engine speed, parameters which may
fluctuate at a timescale of seconds. Accordingly, the
amount of fuel vapour from the crankcase in the com-
bustion chambers may vary widely in a short timescale,
making closed-loop control of the injected fuel amount
based onthe exhaust gas composition extremely difficult.
[0005] The object of the presentinventionis, therefore,
to provide a fuel control method for an internal combus-
tion engine which is compatible with a wide tuning range
of the air-fuel ratio, on the onc hand, while avoiding fuel
metering problems related to a possible presence of fuel
vapour in the crankcase.

[0006] This objectis achieved by a fuel control method
for an internal combustion engine having one or more
combustion chambers and a crankcase connected to an
air intake manifold of the combustion chambers, which
comprises the steps of

a) monitoring the amount of fuel in the crankcase,
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b) estimating a fuel vapour flow from the crankcase
to the combustion chambers, and

c) setting a fuel injection amount injected into the
combustion chambers so that the injected fuel
amount and the fuel vapour flow yield a predeter-
mined air-fuel ratio in the combustion chambers.

[0007] The fuel vapour flow from the crankcase can be
estimated to be negligible if at least one of the following
conditions is met:

a) the monitored fuel amount is below a predeter-
mined threshold. If the amount of fuel in the crank-
case is small, the amount of fuel vapour in the crank-
case air must be small, too, and its effect on the air-
fuel ratio in the combustion chamber may be neglect-
ed.

b) the engine temperature is below a predetermined
threshold. If the engine is cold, the fuel vapour con-
centration will be low, even if there is a considerable
fuel in the crankcase oil.

c) theintake airflow is above a predetermined thresh-
old. The higher intake airflow is, the smaller is the
negative pressure in the intake manifold, and, hence,
the airflow from the crankcase to the intake manifold.
Accordingly, only a small fraction of the air which
enters the combustion chambers comes from the
crankcase, and fuel vapour which may be presentin
the crankcase air is strongly diluted when it reaches
the combustion chambers.

d) a predetermined time has elapsed since the start
of the engine. After this predetermined time, the en-
gine may be assumed to be warm enough, so that
all ethanol which may have entered the crankcase
oil can be assumed to have evaporated.

[0008] The monitoring step a) above preferably com-
prises incrementing an estimated amount of fuel in the
crankcase in proportion to an amount of fuel injected into
the combustion chambers while cranking. In other words,
it may be assumed that a certain fraction of the fuel which
isinjected during cranking is washed down into the crank-
case olil.

[0009] Afterthe engine has started, the monitoring step
a) may comprise decrementing an estimated amount of
fuel in the crankcase at a constant rate. The inventors
found that in spite of the simplicity of this approach, for
the purpose of controlling the injection amount, it yields
a surprisingly good estimation of the actual amount of
fuel in the crankcase.

[0010] On the one hand, one might expect the amount
of fuel in the crankcase to decrease exponentially, be-
cause the less fuel there is in the crankcase oil, the less
can evaporate. However, since the crankcase oil heats
up during operation of the engine, the tendency of the
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fuel to evaporate increases, so that the rate at which fuel
vapour is generated in the crankcase is fairly constant
over a substantial portion of the evaporation process.
[0011] Experiments have shown that the time needed
for evaporating the fuel in the crankcase is substantially
independent of the initial amount of fuel. Therefore, the
decrease rate of the estimated amount of fuel may be
obtained by dividing the estimated amount of fuel at the
start of the engine by the predetermined time mentioned
above.

[0012] When the monitored fuel amount in the crank-
case is below a predetermined threshold, in particular in
a limited time interval after refilling a fuel tank from where
the engine receives its fuel, the predetermined air-fuel
ratio may be set by closed loop control based on exhaust
gas composition. As soon as the monitored fuel amount
rises above the predetermined threshold, the closed-loop
is preferably disabled, so that fluctuations of the exhaust
gas composition caused by the introduction of fuel vapour
from the crankcase into the combustion chambers will
not have an influence on the predetermined air-fuel ratio.
[0013] Inabove-mentioned method step b) the vapour
flow may be estimated proportional to at least one of the
following parameters:

a) the monitored fuel amount in the crankcase,

b) the airflow rate from the crankcase to the com-
bustion chambers, and

c) a proportional factor which is controlled based on
exhaust gas oxygen content.

[0014] In particular if closed loop control of the air-fuel
ratio is disabled, stoichiometric combustion conditions
may be maintained by adapting this proportional factor,
instead.

[0015] Further features and advantages of the inven-
tion will become apparent the subsequent description of
embodiments thereof referring to the appended draw-
ings.
Fig. 1 is a schematic view of a combustion engine of
a vehicle in which the present invention is ap-
plicable;

Fig. 2a  is a graph of the crankcase airflow as a func-
tion of engine speed and inlet pressure in a
sample combustion engine;

Fig. 2b  isagraphofinletairflow as a function of engine
speed and inlet pressure in the same combus-
tion engine; and

Fig. 3 is flowchart of a fuel control method according
to the present invention.

[0016] Inthe simplified representation of Fig. 1, only a
single combustion chamber 1 of an internal combustion
engine of a motor vehicle is shown; it being understood
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that a plurality of such combustion chambers 1 will con-
ventionally be arranged along a crankshaft 2 extending
perpendicular to the plane of the drawing. All combustion
chambers 1 are connected to an intake manifold 3 by an
intake valve 4, and to an exhaust duct 5 by an exhaust
valve 6. A throttle 7 at an upstream end of intake manifold
3 controls the flow of fresh air to the combustion cham-
bers 1.

[0017] Aninjection valve 12 for injecting fuel is shown
at the upper end of combustion chamber 1. Alternatively,
itmight be located in a downstream portion of intake man-
ifold 3. A fuel controller circuit 15 controls the amount of
fuel injected by valve 12 in a closed loop based on e.g.
engine speed data from an engine speed sensor, not
shown, airflow data from an airflow sensor 16 placed in
the intake manifold 3, and data on the composition of the
exhaust gas, in particular on their oxygen content, from
a lambda sensor 18 provided at a upstream side of a
catalytic converter 17 placed in exhaust duct 5. The fuel
controller circuit 15 has stored in it a current air-fuel ratio
AFR and calculates the amount of fuel to be injected by
valve 12 based on the airflow detected by airflow sensor
16 and the air-fuel ratio AFR. Based on data from the
lambda sensor 18, it judges whether the injected fuel
quantity is appropriate for stoichiometric combustion, or
whether it must be increased or reduced. Under prede-
termined circumstances, in particular if the fuel tank (not
shown) of the vehicle has recently been refilled, so that
the fuel composition may have changed, an increase or
reduction of the injected fuel quantity is controlled by up-
dating the current air-fuel ratio AFR.

[0018] The injection quantity determined by controller
15 may be modified at 19 by a compensation quantity
from compensating circuit 20, the operation of which will
be explained later referring to Fig. 3. The compensating
circuit 20 is connected, among others, to a pressure sen-
sor 14 located at intake manifold 3 between throttle 7 and
intake valve 4.

[0019] Oil 9 at the bottom of crankcase 8 is supplied
to moving parts of the engine by conventional means,
not shown.

[0020] A ventilation duct 10 from crankcase 8 reaches
intake manifold 3 at a downstream side of throttle 7, so
that when the engine is operating, a negative pressure
in the intake manifold 3 generated by throttle 7 will cause
a valve 11 between ventilation duct 10 and intake man-
ifold 3 to open and air to flow from crankcase 8 through
intake manifold 3 into combustion chambers 1. The valve
11 prevents anairflowin the reverse direction, fromintake
manifold 3 to crankcase 8, in case that the pressure in
the intake manifold 3 should exceed that in crankcase 8.
By means of the ventilation duct 10, exhaust fumes and
water vapour which escape from combustion chamber 1
into crankcase 8 while the engine is operating, are evac-
uated. However, not only exhaust gas escapes from com-
bustion chamber 1 into the crankcase 8, but also, in par-
ticular while the engine is cranking, unburned fuel.
[0021] At first, this down-washed fuel mixes with the
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oil 9inthe crankcase 8. When the engine becomes warm,
it will evaporate from the oil, and the evaporated fuel is
re-introduced into combustion chamber 1 via ventilation
duct 10. If the fuel injected at that time by injection valve
12 is metered so as to achieve stoichiometric combus-
tion, the fuel vapour from the crankcase will cause the
engine to run rich. If the fuel contains components which
tend to evaporate quickly from the crankcase oil, such
as, in particular, ethanol, the contribution of these fuel
vapours to the overall fuel quantity in combustion cham-
ber 1 can be significant. This may lead to problems such
as engine stalling, the fuel controller appearing to be de-
fective, etc.

[0022] From Figs. 2a and 2b, it can be seen that these
problems will be most significant if the engine is running
atlow speed and low load. While warming up, the ethanol
vapour concentration in the crankcase 8 may easily ex-
ceed ten percent. When the engine is running slowly and
under low load, the opening of throttle 7 is small, and the
negative pressure at the downstream side of throttle 7 is
most significant. Under these circumstances, a large por-
tion of the overall air intake of the combustion chambers
is from the crankcase, so that the total amount of fuel in
the combustion chambers may exceed the quantity in-
jected at valve 12 significantly.

[0023] The present invention deals with this problem
by controlling the fuel injected by valve 12 according to
a method which will be described referring to the flow-
chart of Fig. 3.

[0024] The method will be described in the following
as being carried out by compensating circuit 20. Itis un-
derstood, however, that the tasks carried out by control
circuit 15 and compensating circuit 20 can easily be im-
plemented in a same piece of hardware.

[0025] The method can be divided into three phases,
each of which is symbolized by a dashed box, P1, P2,
P3 in Fig. 3. When starting the engine, the method first
enters phase P1 by initializing a status flag SF to be 1 in
step S1. Phase P1 is a cranking phase, in which fuel is
injected into combustion chamber 1, but revolutions of
the engine are not yet driven by combustion of the inject-
ed fuel. The injected fuel quantity is monitored in step S2
by incrementing a fuel counter AF by an amount propor-
tional to the injected fuel quantity whenever fuel is inject-
ed into a combustion chamber 1. The value of the fuel
counter AF may be assumed to represent the total
amount of fuel injected, or the portion of the injected fuel
which is actually washed down from the combustion
chambers linto the crankcase 8, or the amount of ethanol
in this down-washed fuel.

[0026] Step S2 is repeated as long as the engine is
notyet started, i.e. as long as its revolutions are not pow-
ered by combustion of the fuel. When the engine is start-
ed, the process reaches step S4, in which a fuel decre-
ment DF is calculated by dividing the accumulated fuel
amount AF by a warmup time WT, or, to be more exact,
by a number of iterations of the method which will be
carried out during this warmup time. The warmup Lime
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is an empirically determined quantity representing a time
in which the washed-down ethanol is expected to have
evaporated from the crankcase oil under normal operat-
ing conditions.

[0027] Step S5 determines whether the accumulated
fuel AF is above a threshold AFmin. The threshold AFmin
is predetermined so that if the fuel in crankcase 8 is less
than AFmin, evaporation of this fuel will not significantly
influence the air-fuel ratio in the combustion chambers
1. Ifthe accumulated fuel amount AF is below this thresh-
old, the method proceeds directly to step S13, described
later on.

[0028] Ifthe accumulated fuel amount AF exceeds the
threshold, the method proceeds to phase P2 by setting
status flag SF=2 and starting a timer in step S6. In step
S7, itis checked whether the engine temperature TE ex-
ceeds a threshold Temin or not. If the threshold is not
exceeded, it is assumed that the engine is still too cold
for a significant amount of ethanol to evaporate in the
crankcase 8. This threshold temperature TEmin is typi-
cally in a range from 50 to 70°C, it being understood that
depending on the location where this temperature is
measured, it may deviate systematically from the aver-
age temperature of crankcase oil 9, which determines
the propensity of the ethanol to evaporate.

[0029] When it is found in step S7 that the engine is
warm enough for ethanol to evaporate in the crankcase
8, the airintake Q of the engine is compared to athreshold
Qlim in step S8. If Q exceeds the threshold Qlim, it is
assumed that the proportion of crankcase air in the total
air intake of the combustion chambers 1 is so low that
ethanol vapour contained in the crankcase air has no
significant influence on the air-fuel ratio in combustion
chambers 1.

[0030] If the air intake Q is found low enough in step
S8 for the crankcase air to contribute significantly, the
method proceeds to step S9, in which a A value from
lambda sensor 18 is compared to a threshold Amin. As
long as A is above this threshold, there can be no signif-
icant enrichment of the air-fuel mixture in the combustion
chambers 1 by ethanol vapour from the crankcase 8, so
that no compensation of the fuel amount determined by
fuel controller 15 to be injected at valve 12 is necessary.
In that case, the method proceeds directly to step S13.
[0031] Only if A drops below the threshold Amin, the
third phase P3 of the method is reached. In this phase,
at first the status flag is set to 3 in step S10, and, if up-
dating the current air-fuel ratio was enabled in fuel con-
troller circuit 15, it is disabled now. Then it is checked in
step S11 whether A is in a range between the above-
mentioned lower limit Amin and an upper limit Amax.
[0032] When step S11 is carried out for the first time,
A will be found to be less than Amin, as in preceding step
S9, and a fuel quantity compensation step S12 is carried
out for the first time. The first execution of step S12 com-
prises initialising to a positive value a correction factor or
vapour concentration factor CF which is to be represent-
ative of the ethanol concentration in the crankcase air.
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This correction factor may be selected proportional to the
fuel amount AF, or it may simply be a predetermined
value. Further, the airflow rate from the crankcase 8 to
the combustion chambers 1 is determined based on the
engine speed measured by the engine speed sensor,
inlet pressure measured by pressure sensor 14, and a
pro-stored table representing the crankcase airflow char-
acteristic depicted in Fig. 2a. In a similar way, based on
the same data and a second table representing the char-
acteristic of Fig. 2b, the intake airflow is determined.
Based on these data, the amount of ethanol vapour from
the crankcase which is being introduced into the com-
bustion chambers 1 is calculated, and the fuel amount
injected at injection valve 12 is reduced by this amount.
[0033] Step S13 then checks whether the fuel amount
is still positive, i.e. whether ethanol is expected to be left
in the crankcase. If yes, the fuel amount AF is decre-
mented by DF in step S14.

[0034] Subsequently, itis checkedin step S15whether
the timer started in step S6 is out or not. If it is not, the
method proceeds to step S16, from where it reverts to
step S2, S8 or S11, depending on the value of status flag
SF.

[0035] In case of the method reverting to step S2 or
S8, the process continues as described above for these
steps and need not be described further. In case of SF=3,
itis checked again in step S11 whether A is in the desired
range between Amin and Amax or not. If the vapour con-
centration factor CF was initialized correctly, A will have
returned to the desired range, so that the method pro-
ceeds directly to step S13, skipping the fuel estimation
correction S12. If A is outside the desired range in step
S11, the fuel estimation correction step S12 is repeated,
i.e. the concentration factor CF is incremented or decre-
mented depending on whether combustion conditions
are still rich or have turned to lean. In this way, by carrying
out step S12 repeatedly, the concentration factor CF will
eventually become proportional to the ethanol concen-
tration in the crankcase air, and A will fall into the desired
range.

[0036] The progress of the method is time-controlled
so that step S13 is repeated at regular intervals.

[0037] When the ethanol in the crankcase oil is nearly
exhausted, its concentration in the crankcase airflow de-
creases, so that on occasional repetitions of step S11, A
will be found to exceed Amax, causing the concentration
factor CF to be decremented in step S12.

[0038] When step S14 has been repeated WT times,
Lhe fuel amount will be found to be 0 in step S13. In that
case, the method branches to step S17. Here, if the con-
centration factor CF has not yet become zero, it is grad-
ually decreased to zero, and at the same time the air-fuel
rate AFR of fuel controller circuit 15 is allowed to adapt.
When this adaptation is finished, ethanol boiloff compen-
sation according to the invention ends in step S18, and
steady-state control of the injected fuel quantity may be
continued by fuel controller circuit 15 alone.

[0039] Similarly, if the timer is found to have expired
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in step S15, it is assumed that all ethanol must have
evaporated from crankcase oil 9, and the method pro-
ceeds to step S17, so that a smooth transition to control
by fuel controller circuit 15 alone is achieved.

Reference signs
[0040]

combustion chamber 1
crankshaft 2

intake manifold 3
intake valve 4

exhaust duct 5
exhaust valve 6
throttle 7

crankcase 8

Qil 9

ventilation duct 10
valve 11

injection valve 12
pressure sensor 14
fuel controller circuit 15
airflow sensor 16
catalytic converter 17
lambda sensor 18
compensating circuit 20

Claims

1. Afuel control method for an internal combustion en-
gine having one or more combustion chambers (1)
and a crankcase (8) connected to an air intake man-
ifold (3) of the combustion chambers (1), comprising
the steps of

a) monitoring (S2, S14) the amount of fuel (AF)
in the crankcase (8),

b) estimating (S12) a fuel vapour flow from the
crankcase (8) to the combustion chambers (1),
¢) setting (S12) a fuel injection amount injected
into the combustion chambers (1) so that the
injected fuel amount and the fuel vapour flow
yield a predetermined air-fuel ratio in the com-
bustion chambers.

2. The fuel control method of claim 1, wherein the fuel
vapour flow from the crankcase is estimated to be
negligible if at least one of the following conditions
is met:

a) the monitored fuel amount (AF) is below a
predetermined threshold (AFmin) (S5);

b) the engine temperature (TE) is below a pre-
determined threshold (TEmin) (S7);

c) the intake airflow (Q) is above a predeter-
mined threshold (Qlim) (S8);
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d) a predetermined time has elapsed since the
start of the engine (S16).

The fuel control method of any of the preceding
claims, wherein the monitoring step a) (S2) compris-
es incrementing an estimated amount of fuel (AF) in
the crankcase (8) in proportion to an amount of fuel
injected into the combustion chambers (1) while
cranking.

The fuel control method of any of the preceding
claims, wherein the monitoring step a) comprises
decrementing (S14) an estimated amount of fuel
(AF) inthe crankcase (8) at a constant rate (DF) after
start of the engine.

The fuel control method of claim 4, wherein the con-
stant rate (DF) is obtained by dividing (S4) the esti-
mated amount of fuel (AF) at the start of the engine
by a predetermined time (WT).

The fuel control method of any of the preceding
claims, wherein the predetermined air-fuel ratio
(AFR) is set by closed loop control based on exhaust
gas composition, preferably based on exhaust gas
oxygen content, when the monitored fuel amount
(AF) is below a predetermined threshold.

The fuel control method of claim 6, wherein the
closed-loop control is disabled (S10) when the mon-
itored fuel amount rises above the predetermined
threshold (Amin).

The fuel control method of any of the preceding
claims, wherein in step b) the vapour flow is estimat-
ed proportional to at least one of the following pa-
rameters:

a) the monitored fuel amount (AF) in the crank-
case (8),

b) the airflow rate from the crankcase (8) to the
combustion chambers (1),

¢) a proportional factor (CF) which is controlled
based on exhaust gas oxygen content.

The fuel control method of claim 8, wherein the pro-
portional factor (CF) is controlled only while the mon-
itored fuel amount (AF) is above the predetermined
threshold.
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