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Description

Technical Field

[0001] The present invention relates to a fuel degra-
dation detector for an internal combustion engine. More
particularly, the present invention relates to a fuel deg-
radation detector for an internal combustion engine ca-
pable of detecting a degree of oxidative degradation of
biomass fuel.

Background Art

[0002] For example, Patent Literature 1 and Patent Lit-
erature 4 both disclose a fuel degradation detector in-
cluding: detecting means for detecting a degree of oxi-
dative degradation of biomass fuel derived from vegeta-
ble materials such as sugar cane, corn, palm oil, rape-
seed, coconut, and soybean; and warning means for
warning a driver when the detected degree of oxidative
degradation exceeds a threshold. A fatty acid ester bio-
mass fuel may release an acid by reaction with oxygen
in air. The released acid causes metallic corrosion or the
like of engine parts of a vehicle. Therefore, the device
disclosed in Patent Literature 1 measures an acid value
in a fuel tank and turns on a warning light when the meas-
ured acid value exceeds a threshold, thereby enabling a
driver to be informed that some countermeasures should
be taken before the metallic corrosion or the like of the
engine parts is caused.

Citation list

Patent Literature

[0003]

Patent Literature 1: Japanese Patent Laid-Open No.
2008-281486
Patent Literature 2: Japanese Patent Laid-Open No.
2009-167853
Patent Literature 3: Japanese Patent Laid-Open No.
2009-079978
Patent Literature 4: Japanese Patent Laid Open No.
2009-013884

Summary of Invention

Technical Problem

[0004] A free acid is considered to exist in biomass fuel
in an ionic state. Therefore, metallic corrosion or the like
can be prevented by monitoring an ion amount of free
acid, as is disclosed in Patent Literature 1. However, a
free acid may change into a metallic salt when combined
with a metallic ion. When a free acid changes into a me-
tallic salt, clogging of a fuel supply system such as a filter,
deposits or the like may be caused. When the free acid

changes into the metallic salt rapidly, such problems may
become more salient. Accordingly, when a free acid
changes into a metallic salt, clogging of the fuel supply
system, deterioration of fuel efficiency and deterioration
of the emission may be caused even though the ion
amount of the free acid is less than a threshold.
[0005] The present invention is made to solve such
problems, and seeks to provide a fuel degradation de-
tector for an internal combustion engine capable of de-
tecting the generation of a metallic salt derived from bi-
omass fuel.

Means for Solving the Problem

[0006] To achieve the above mentioned purpose, a first
aspect of the present invention is a fuel degradation de-
tector for an internal combustion engine according to
claim 1.
[0007] A second aspect of the present invention is a
fuel degradation detection method according to claim 3.

Advantageous Effects of Invention

[0008] In accordance with the present invention, it can
be determined that a metallic salt derived from biomass
fuel is increased in amount when a degradation index
decreases in at least two successive measurements.
Thus, clogging of a fuel supply system, deterioration of
fuel efficiency, and deterioration of the emission along
with the rapid increase of the amount of the metallic salt
can be prevented.

Brief Description of Drawings

[0009]

Figure 1 is an illustration for describing a system con-
figuration according to a first embodiment of the
present invention.
Figure 2 is a graph showing a temporal change of
an amount of acid ions.
Figure 3 is an example of a map showing a relation
between a dielectric constant and an amount of the
acid ions.
Figure 4 is a flowchart showing a routine executed
by the ECU 30 in the embodiment 1.

Description of Reference Numerals

[0010]

10 diesel engine
12 fuel tank
14 fuel pipe
18 dielectric constant sensor
20 level sensor
22 instrument panel
24 display
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Best Mode for Carrying Out the invention

First Embodiment

[Description of System Configuration]

[0011] Figure 1 is an illustration for describing a system
configuration according to a first embodiment of the
present invention. The system shown in Figure 1 includes
a diesel engine 10 mounted on a vehicle. Fuel in the
diesel engine 10 is stored in a fuel tank 12. A mixed fuel
of light oil and biomass fuel is supplied to the fuel tank 12.
[0012] The fuel in the fuel tank 12 is delivered to the
diesel engine 10 through a fuel pipe 14. A fuel filter 16 is
provided on the fuel pipe 14. Fuel delivered through the
fuel filter 16 is pressurized by a fuel pump (not shown),
stored in a common rail (not shown) in a highly pressu-
rized state, and distributed to a fuel injection valve (not
shown) of each cylinder from the common rail.
[0013] A dielectric constant sensor 18 capable of de-
tecting an amount of ions of a free acid (hereinafter re-
ferred to as "acid ions") in the fuel tank 12 is provided on
the fuel tank 12. The dielectric constant sensor 18 is not
limited to be provided on the fuel tank 12. For example,
the dielectric constant sensor 18 may be provided on a
fuel supply path such as the fuel pipe 14. A level sensor
20 capable of detecting a liquid level of the fuel tank 12
is further provided on the fuel tank 12.
[0014] An instrument panel 22 of the vehicle on which
the diesel engine 10 is mounted includes a display (warn-
ing light) 24 for informing a driver of a current situation
or a need of oil change when it is determined that an
amount of acid ions exceeds an allowable value or when
it is determined that the amount of acid ions has been
continuously reduced.
[0015] The system according to the embodiment fur-
ther includes an ECU (Electronic Control Unit) 30. The
ECU 30 is connected to the above-described dielectric
constant sensor 18, the level sensor 20, an opening/clos-
ing sensor 26 of a fuel lid, and various sensors for de-
tecting an operating state of the diesel engine 10. Also,
the ECU 30 is connected to various actuators for control-
ling the operating state of the diesel engine 10. Further-
more, various kinds of actuators for controlling the oper-
ating state of the diesel engine 10 are connected to the
ECU 30. The ECU 30 is further connected to the display
24.
[0016] A fatty acid ester biomass fuel such as a fatty
acid methyl ester has poor oxidative stability due to its
structure having a double bond. Therefore, when such a
biomass fuel is used, the generation of acid ions as a
barometer of a degree of oxidation needs to be consid-
ered. The amount of generated acid ions in the biomass
fuel will be described referring to Figure 2(A). In general,
the reaction of biomass fuel with oxygen proceeds with
the passage of time. For example, when the vehicle is
not driven for a long period of time or when refueling is
not done for a long period of time, the biomass fuel is

stored in the fuel tank 12 for a long period of time. Under
such a circumstance, the biomass fuel reacts with oxygen
over a long period of time and the amount of acid ions in
the fuel tank 12 increases with time as shown in Figure
2(A).
[0017] The acid ions cause metallic corrosion or the
like of engine parts of the vehicle. Accordingly, a limit
value (C) as shown in Figure 2(A) is obtained through
experiment or the like in advance. When the amount of
the acid ions in the fuel tank 12 exceeds the limit value
(C) shown in Figure 2(A), the display 24 displays a warn-
ing for a driver. Thus, a fuel containing acid ions is pre-
vented from being supplied to the diesel engine 10 and
therefore metallic corrosion or the like can be avoided.
[0018] However, the present inventor has focused their
attention on the fact that monitoring the increase of the
amount of the acid ions in the fuel is not sufficient. The
fuel supply system of the diesel engine 10 is made of
various metallic materials. Accordingly, when the metallic
materials are ionized for some reason, they may be com-
bined with acid ions. When metallic ions are combined
with acid ions, the acid ions change into metallic salts.
The metallic salts may cause clogging of a fuel supply
system such as a filter, deposits or the like. Therefore,
when acid ions which have changed into metallic salts
exist in the fuel, clogging of the fuel supply system or the
like may be caused even though the amount of acid ions
in the fuel is small.
[0019] The above-described phenomenon will be ex-
plained referring to Figure 2(B) in detail. When biomass
fuel reacts with oxygen for a long period of time, the
amount of acid ions in the fuel tank 12 is increased with
time. However, when metallic ions are generated for
some reason and the reaction proceeds to change the
acid ions into metallic salts, the increase rate of the
amount of the acid ions in the fuel tank 12 becomes slow.
When the metallic salt forming reaction rapidly proceeds,
the amount of acid ions may even be reduced. Even in
such a circumstance, a warning for a driver is not dis-
played when the amount of acid ions is smaller than the
limit value (C). Therefore, some other countermeasures
besides monitoring the increase of the amount of the acid
ions in the fuel are required.
[0020] In the embodiment, the change of acid ions into
metallic salts in the fuel is detected. Unless fuel is newly
supplied by refueling, a decrease of the acid ions in the
fuel can be considered as a change into metallic salts.
Accordingly, the generation of metallic salts can be de-
tected by monitoring the decrease of the amount of acid
ions in the fuel. Thus, clogging of the fuel supply system
or the like caused by the metallic salt forming reaction
can be prevented.
[0021] The amount of acid ions in the fuel can be ob-
tained by the output of the dielectric constant sensor 18.
The metallic salts in the fuel have smaller electrical char-
acteristics compared to their ionic states and therefore
have an extremely small impact on the sensor output.
Thus, the amount of the acid ions in the fuel can be es-
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timated by obtaining the output of the dielectric constant
sensor 18. A characteristics map indicating a relation be-
tween the amount of acid ions in the fuel and the output
of the dielectric constant sensor 18 is stored in the ECU
30. Figure 3 shows one example of such a characteristics
map. The characteristics map can be prepared through
experiment or the like.

[Specific Process in First Embodiment]

[0022] Figure 4 is a flowchart showing a routine exe-
cuted by the ECU 30 in the embodiment. The routine is
started when an ignition switch (IG) is turned on. The
routine is repeatedly executed within a certain time, for
example, one hour.
[0023] In the routine as shown in Figure 4, it is deter-
mined whether or not fuel is supplied (step 100). As de-
scribed above, the system includes the level sensor 20
for detecting a liquid level of the fuel tank 12. Accordingly,
whether or not the fuel is supplied can be determined by
the output of the level sensor 20. Specifically, when the
difference (= NF - BF) between the output of the level
sensor 20 corresponding to a fuel amount (BF) during a
previous stop of the vehicle and the output of the level
sensor 20 corresponding to a current fuel amount (NF)
exceeds, for example, 5 L, it is determined that the fuel
is supplied.
[0024] When it is determined that the fuel is supplied
in step 100, the warning display of the display 24 is turned
off (step 110) and then the procedure goes to step 120.
On the other hand, when it is determined that the fuel is
not supplied in step 100, the procedure directly goes to
step 120.
[0025] In step 120, an output value A(n) of the dielectric
constant sensor 18 is obtained. Subsequently, the output
value A(n) is compared with a threshold C (step 130).
The threshold C corresponds to the limit value (C) as
described in reference to Figure 2. When the output value
A(n) is smaller than the threshold C, the procedure goes
to step 140. When the output value A(n) is equal to or
larger than the threshold C, the procedure goes to step
150.
[0026] In step 140, it is determined whether or not the
output value of the dielectric constant sensor 18 is con-
sistently smaller than a previous output value. Specifi-
cally, it is determined whether or not the current output
value A(n) is smaller than the previous output value A(n-
1) and simultaneously the previous output value A(n-1)
is smaller than an output value A(n-2) preceding the pre-
vious output value. When the output value of the dielectric
constant sensor 18 is continuously smaller than the pre-
vious output value, it can be determined that the acid
ions in the fuel are changing into metallic salts. Accord-
ingly, when the output value of the dielectric constant
sensor 18 is continuously smaller than the previous out-
put value, the warning display of the display 24 is turned
on. Thus, the driver is encouraged to supply fuel, con-
sume the remaining fuel immediately, extract the remain-

ing fuel to be exchanged with new fuel, or the like. On
the other hand, when the output value of the dielectric
constant sensor 18 is not consistently smaller than the
previous output value, the procedure returns to step 120
to obtain an output value A(n+1) of the dielectric constant
sensor 18.
[0027] In accordance with the routine shown in Figure
4 as described above, adverse effects such as metallic
corrosion can be prevented because the supply of the
fuel containing acid ions to the diesel engine 10 and the
like can be avoided. Also, clogging of the fuel supply sys-
tem or the like caused even when the amount of the acid
ions in the fuel is small can be prevented from occurring
because the change of acid ions into metallic salts can
be detected.
[0028] Although the amount of the acid ions is obtained
by the dielectric constant sensor 18 in the embodiment,
the amount of the acid ions may be detected by other
sensors capable of detecting the amount of acid ions or
by various methods such as titration. Such other sensors
can include a sensor capable of detecting a total acid
value and an optical sensor for detecting oxidation de-
pending on an amount of oxygen.
[0029] Although it is determined that acid ions in the
fuel are changing into metallic salts when the output value
of the dielectric constant sensor 18 is smaller than the
previous value twice in succession, the number of times
required for the determination is not limited to twice. For
example, the number of times may be more than twice
for improving the determination accuracy or may be less
than twice for completing the determination more imme-
diately. Also, the embodiment is not limited to the deter-
mination based on the number of times of the output val-
ues of the sensor. Any method capable of determining
that the amount of the acid ions in the fuel has been
reduced during execution of the routine as shown in Fig-
ure 4 can be applicable.
[0030] In the embodiment, whether or not the fuel is
supplied is determined by the output of the level sensor
20 when the IG is turned on. However, the system also
includes the opening/closing sensor 26 of the fuel lid.
Therefore, when the IG is turned off, whether or not the
fuel is supplied may be simply determined by the output
of the opening/closing sensor 26. Further, whether or not
the fuel is supplied may be determined by a combination
of the output of the opening/closing sensor 26 and the
output of the level sensor 20.

Claims

1. A fuel degradation detector for an internal combus-
tion engine (10), comprising:

fuel supplying means for supplying biomass fuel
to the internal combustion engine (10); and
degradation index obtaining means (18) for reg-
ularly obtaining a degradation index indicating
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a degree of oxidative degradation of the biomass
fuel stored in the fuel supplying means, said deg-
radation index being an amount of acid ions in
the fuel supplying means;

the fuel degradation detector being characterized
in that it also comprises:

decrease rate determining means for determin-
ing that a metallic salt derived from the biomass
fuel has increased in amount when said degra-
dation index decreases in at least two succes-
sive measurements; and
warning means (24) for warning a driver when
the decrease rate determining means deter-
mines that the metallic salt has increased in
amount.

2. The fuel degradation detector for an internal com-
bustion engine (10) according to claim 1, further
comprising:

degradation index determining means for deter-
mining that the biomass fuel has degraded when
the degradation index is higher than a predeter-
mined threshold, and wherein said warning
means is also configured to warn the driver when
the degradation index determining means de-
termines that the biomass fuel has degraded.

3. A fuel degradation detection method for an internal
combustion engine (10), comprising the step of:

regularly obtaining a degradation index indicat-
ing a degree of oxidative degradation of the bi-
omass fuel stored in the fuel supplying means,
said degradation index being an amount of acid
ions in the fuel supplying means;

and characterized in that it also comprises the
steps of:

determining that a metallic salt derived from the
biomass fuel has increased in amount when said
degradation index decreases in at least two suc-
cessive measurements; and
warning a driver when it is determined that the
metallic salt has increased in amount.

4. A fuel degradation detection method for an internal
combustion engine (10) according to claim 3, further
comprising a step of determining that the biomass
fuel has degraded when the degradation index is
higher than a predetermined threshold, and wherein
the driver is warned when it is determined that the
biomass fuel has degraded.

Patentansprüche

1. Kraftstoffdegradationsdetektor für eine Brennkraft-
maschine (10), umfassend:

ein Kraftstoffzufuhrmittel zum Zuführen von Bi-
omassekraftstoff zu der Brennkraftmaschine
(10) und
ein Degradationsindexerfassungsmittel (18)
zum regelmäßigen Erfassen eines Degradati-
onsindex, der ein Maß an oxidativer Degradati-
on des in dem Kraftstoffzufuhrmittel gespeicher-
ten Biomassekraftstoffes angibt, wobei der De-
gradationsindex eine Menge von Säureionen in
dem Kraftstoffzufuhrmittel ist,
wobei der Kraftstoffdegradationsdetektor da-
durch gekennzeichnet ist, dass er auch um-
fasst:

ein Abnahmeratenbestimmungsmittel zum
Bestimmen, dass ein aus dem Biomasse-
kraftstoff stammendes Metallsalz der Men-
ge nach zugenommen hat, wenn der De-
gradationsindex bei mindestens zwei aufei-
nanderfolgenden Messungen abnimmt,
und
ein Warnmittel (24) zum Warnen eines
Fahrzeuglenkers, wenn das Abnahmera-
tenbestimmungsmittel bestimmt, dass die
Menge des Metallsalzes zugenommen hat.

2. Kraftstoffdegradationsdetektor für eine Brennkraft-
maschine (10) nach Anspruch 1, ferner umfassend:

ein Degradationsindexbestimmungsmittel zum
Bestimmen, dass der Biomassekraftstoff De-
gradation erfahren hat, wenn der Degradations-
index höher als ein vorgegebener Schwellen-
wert ist, und wobei das Warnmittel auch dazu
ausgebildet ist, den Fahrzeuglenker zu warnen,
wenn das Degradationsindexbestimmungsmit-
tel bestimmt, dass der Biomassekraftstoff De-
gradation erfahren hat.

3. Kraftstoffdegradationsdetektionsverfahren für eine
Brennkraftmaschine (10), umfassend den Schritt
des:

regelmäßigen Erfassens eines Degradationsin-
dex, der ein Maß an oxidativer Degradation des
in dem Kraftstoffzufuhrmittel gespeicherten Bi-
omassekraftstoffes angibt, wobei der Degrada-
tionsindex eine Menge von Säureionen in dem
Kraftstoffzufuhrmittel ist,
und dadurch gekennzeichnet, dass es auch
folgende Schritte umfasst:

Bestimmen, dass ein aus dem Biomasse-
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kraftstoff stammendes Metallsalz der Men-
ge nach zugenommen hat, wenn der De-
gradationsindex bei mindestens zwei aufei-
nanderfolgenden Messungen abnimmt,
und
Warnen eines Fahrzeuglenkers, wenn be-
stimmt wird, dass die Menge des Metallsal-
zes zugenommen hat.

4. Kraftstoffdegradationsdetektionsverfahren für eine
Brennkraftmaschine (10) nach Anspruch 3, ferner
umfassend einen Schritt des Bestimmens, dass der
Biomassekraftstoff Degradation erfahren hat, wenn
der Degradationsindex höher als ein vorgegebener
Schwellenwert ist, und wobei der Fahrzeuglenker
gewarnt wird, wenn festgestellt wird, dass der Bio-
massekraftstoff Degradation erfahren hat.

Revendications

1. Détecteur de dégradation de carburant pour un mo-
teur à combustion interne (10), comprenant :

un moyen d’alimentation en carburant pour ali-
menter le moteur à combustion interne (10) en
carburant de biomasse ; et
un moyen d’obtention d’un indice de dégrada-
tion (18) pour obtenir régulièrement un indice de
dégradation indiquant un degré de dégradation
oxydante du carburant de biomasse stocké
dans le moyen d’alimentation en carburant, ledit
indice de dégradation étant une quantité d’ions
acides dans le moyen d’alimentation en
carburant ;
le détecteur de dégradation de carburant étant
caractérisé en ce qu’il comprend également :

un moyen de détermination de taux de di-
minution pour déterminer qu’un sel métalli-
que dérivé du carburant de biomasse a aug-
menté en quantité lorsque ledit indice de
dégradation diminue dans au moins deux
mesures successives ; et
un moyen d’alerte (24) pour alerter un con-
ducteur lorsque le moyen de détermination
de taux de diminution détermine que le sel
métallique a augmenté en quantité.

2. Détecteur de dégradation de carburant pour un mo-
teur à combustion interne (10) selon la revendication
1, comprenant de plus :

un moyen de détermination d’un indice de dé-
gradation pour déterminer que le carburant de
biomasse s’est dégradé lorsque l’indice de dé-
gradation est plus élevé qu’un seuil prédétermi-
né, et dans lequel ledit moyen d’alerte est éga-

lement configuré pour alerter le conducteur lors-
que le moyen de détermination d’un indice de
dégradation détermine que le carburant de bio-
masse a été dégradé.

3. Procédé de détection de dégradation de carburant
pour un moteur à combustion interne (10), compre-
nant l’étape consistant :

à obtenir régulièrement un indice de dégrada-
tion indiquant un degré de dégradation oxydante
du carburant de biomasse stocké dans le moyen
d’alimentation en carburant, ledit indice de dé-
gradation étant une quantité d’ions acides dans
le moyen d’alimentation en carburant ;
et caractérisé en ce qu’il comprend également
les étapes consistant :

à déterminer qu’un sel métallique dérivé du
carburant de biomasse a augmenté en
quantité lorsque ledit indice de dégradation
diminue dans au moins deux mesures
successives ; et
à alerter un conducteur lorsqu’il est déter-
miné que le sel métallique a augmenté en
quantité.

4. Procédé de détection de dégradation de carburant
pour un moteur à combustion interne (10) selon la
revendication 3, comprenant de plus une étape de
détermination que le carburant de biomasse s’est
dégradé lorsque l’indice de dégradation est supé-
rieur à un seuil prédéterminé, et dans lequel le con-
ducteur est alerté lorsqu’il est déterminé que le car-
burant de biomasse a été dégradé.
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