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LIQUID QUANTITY DETECTING DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001]  The invention relates to a liquid quantity detecting device that is mounted

on a vehicle. -

2. Description of Related Art

[0002] In order to purify exhaust gds in an internal combustion engine, there is
known a device that supplies an addition liquid to an exhaust passage. For example, a
device described in Published Japanese Translation of PCT Application No. 2007-522370

is designed to supply an addition liquid such as urea water or the like into an exhaust

passage, with a view to reducing and purifying nitrogen oxides (NOx) in exhaust gas by a
catalyst. | N

[0003] It should be noted herein that the purification of exhaust gas becomes
difficult when the quantity of the addition liquid stored in a tank becomes small. Thus,
with the device described in Published Japanese Translation of PCT Applicatioﬁ No.
2007-522370, a residual quantity of the addition liquid in the tank is monitored, and a
notification on the residual quantity of the addition liquid is given when the residual
quantity of the addition liquid becomes smaller than a lower-limit filling level. _

[0004] In general, in the case where the residual quantity of a liquid in a tank is
monitored, there is often employed a level sensor that detects the liquid surface level of the
liquid stored in the tank. In the case of this level sensor, when the liquid surface in the
tank is inclined on a slope or the like, the residual quantity of the liquid in the tank, which

is detected based on a sensor value of the level sensor, is different from an actual residual

~ quantity of the liquid. Therefore, misinformation may be transmitted in the case where a

notification on the residual quantity as described above is given.

'SUMMARY OF THE INVENTION

'10005) “This invention provides a liquid quantity detecting device that can restrain -

misinformation on the residual quantity of an addition liquid stored in a tank from being
transmitted. .

[0006] A liquid quantity detecting device according to one aspect of the invention

is applied to a vehicle that is equipped with an exhaust gas control apparatus that adds an
~ addition liquid for purifying exhaust gas to an exhaust passage of an internal combustion

‘engine.-' Then, the liquid quantity detecting device is equipped with a tank that stores the

addition liquid, and a level sensor that detects a liquid surface level of the addition liquid

CONFIRMATION COPY
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stored in the tank. Then, this liquid quantity detecting device is equipped with an update
unit that updates the residual quantity of the addition liquid in the tank, and a notification

- unit that gives a notification on the residual quantity of the addition liquid when the

residual quantity of the addition liquid updated by the update unit is equal to or smaller
than a predetermined threshold. .

[0007]  Then, in updating the residual quantity of the addition liquid, when a first
condition including a condition that a vehicle is stationary is fulfilled, the update unit
executes a first update process of subtracting a total quantity of the addition liquid added to
the exhaust passage from the last update of the residual quantity of the addition liquid to
the current update of the residual quantity of the addition liquid from the last-updated
residual quélntity of the addition liquid, and setting a value obtained through subtraction as |
the updated residual quantity of the addition liquid.

[0008] The vehicle is stopped not only on a flat road but also on a slope.
Theréfore, when the vehicle is stopped, there is also a possibility of the vehicle being
stopped on a slope, and the possibility of the liquid surface in the tank being inclined
cannot be categorically denied. Therefore, when the vehicle is stopped, the residual
quantity of the addition liquid detected based on a sensor value of the level sensor cannot
be completely trusted. On the other hand, in updating the residual quantity of the addition
liquid, in the case where the total quantity of the addition liquid added to the exhaust’
passage from the last update of the residual quantity of the addition liquid to the current
update of the residual quantity of the addition liquid is subtracted from the last-updated
residual quantity of the addition liquid and the value obtained through subtraction is set as
the updated residual quantity of the addition liquid, namely, in the case where a current
residual quantity of the addition liquid is calculated by subtracting a later-consufned
quantity of the addition liquid from the last-updated residual quantity of the addition liquid,
the current sensor value of the level sensor is irrelevant in updating the residual quantity of
the addition liquid. Accordingly, when the residual quantity of the addition liquid is thus
updated, the residual quantity of the addition liquid can be grasped without being
influenced by the inclination of the liquid surface, even in the case where the vehicle is
stopped on a slope. ' ’

[0009] Thus, - with this configuration, when the first condition including the
condition that the vehicle be stopped is fulfilled, the aforementioned first update process of

obtaining the current residual quantity of the addition liquid by subtracting the

~ later-consumed quantity of the addition liqﬁid from the last-updated residual quantity of

the addition liquid is executed. Accordingly, in the case where there is even the slightest
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possibility of the liquid surface of the addition liquid being inclined, the residual quantity ,

of the addition liquid is updated according to a method that is not influenced by the

“inclination of the liquid surface. Therefore, misinformation on the residual quantity of

the addition liquid can be restrained from being transmitted.
[0010] In the aforementioned liquid quantity detecting device, the update unit

preferably executes a second update process of setting a residual quantity of the addition

- liquid detected based on a sensor value of the level sensor as the updated residual quantity

of the addition liquid when a second condition including a condition that a fluctuation
width of the sensor value of the level sensor have remained equal to or smaller than a
predetermined value for a predetermined time or more during traveling of the vehicle is
fulfilled. | |

[0011] When the vehicle travels on a flat road at a constant speed, the liquid
surface of the addition liquid stored in the tank is almost horizontal, and the liquid surface
remains stable without much swaying. Therefore, in the case where the residual quantity
of the addition liquid is detected based on the sensor value of the level sensor in this state,
the actual residual quantity of the addition liquid is reflected by the sensor value of the
level senser, so the residual quantity of the addition liqnid can be accurately detected.
Accordingly, when the vehicle travels on a flat road at a constant speed, the residual
quantity of the addition liquid can be accurately detected by setting the residual quantity of |
the addition liquid detected based on the sensor value of the level sensor as the updated
residual quantity of the addition liquid in updating the residual quantity of the addition
liquid. ’

[0012] It should be noted herein that when the vehicle travels on a flat road at a
constant speed, the change in the sensor value of the level sensor remains small for a
longer time than when the vehicle accelerates or decelerates at a constant acceleration or
when the vehi.cl'e travels on a slope at a constant speed. Accordingly, when the
fluctuation width of the sensor value of the level sensor has remained equal to or smaller
than a predetermined value for a predetermined time or more, it can be determined that the
vehicle travels on a flat road at a constant speed. |

10013] Thus, with this configuration, the aforementioned second condition is
provided to determine that the vehicle travels on a flat road at a constant speed and the
liquid surface is held horizontal. = When the second condition is fulfilled, the
aforementioned second update process of obtaining the current residual quantity of the
addition liquid based on the sensor value of the leveli_sensor is executed. Accordingly,

when the liquid surface of the addition liquid is likely not to be inclined, the residual
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quantity of the addition liquid is updated according to a method that is more accurate than

the aforementioned first update process. Therefore, this configuration also makes it
possible to restrain misinformation on the residual quantity of the addition liquid from
being transmitted.

[0014] In the aforementioned liquid quantity detecting device, the vehicle is
equipped with an acceleration sensor that detects a vehicle acceleration, and the update unit
executes the aforementioned first update process when a condition that a sensor value of
the acceleration sensor be a value outside a predetermmed range 1is fulfilled, in updatmg
the residual quantity of the addition liquid. Besides, the update unit preferably executes
the aforementioned first update process when the aforementioned first condition is fulfilled
while there is an abnormality in the acceleration sensor.

~ [0015] In the case where the vehicle is provided with an acceleratlon Sensor, the
inclination of a road surface can be detected based on the sensor value of the acceleration
sensor. Therefore, in the case where the sensor value of the acceleration sensor is a value
outside the predctermined range (e.g., in the case where the sensor value of the
acceleration sensor 1is not a value close to "0"), it can be determined that the road surface is
inclined, and that fhe liquid surface of the addition liquid is also inclined. Thus, with this
configuration, when it _éan be determined that the sensor value of the acceleration sensor is
a value outside the predetermined range and that the liquid surface is inclined, the residual

quantity of the addition liquid is updéted through the aforementioned first update process

~ that is not influenced by the inclination of the liquid surface.

[0016] It should be noted herein that when there is an abnormality in the
acceleration sensor, a determination on the inclination cannot be made based on the sensor
value of the acceleration sensor. Thus, with this configuration, the possibility of the
liquid surface being inclined cannot be denied in the case where the aforementioned first
condition for making a determination on the possibility of the liquid surface being inclined
is fulfilled when there is an abﬁorrnality in the acceleration sensor, so the residual quantity
of the addition liquid is updated through the aforementioned first update process that is not
influenced by the inclination of the liquid surface. Accordingly, the residual quantity of

the addition liquid can be appropriately updated even when there is an abnormality in the

_acceleration sensor.

[0017] In the aforementioned liquid quantity detecting device, the vehicle is
equipped with an acceleration sensor that detects a vehicle acceleration, and the update unit -
executes the aforementioned second update process when a condition that a sensor value of

the acceleration sensor be a value within a predetermined range is fulfilled, in updating the
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residual quantity of the addition liquid. Besides, the update unit preferably executes the

aforementioned second update process when the aforementioned second condition is

' _fulﬁlled while there is an abnormality in the acceleration sensor.

[0018] As described above, in the case where the vehicle is provided with an

~ acceleration sensor, the inclination of the road surface can be detected based on the sensor

value of the acceleration sensor. 'Therefore, when the sensor value of the acceleration

sensor is a value outside the predetermined range (e.g., when the sensor value of the

acceleration sensor is a value close to "0"), it can be determined that the road surface is not

inclined, and that the liquid surface of the addition liquid is also horizontal. Thus, with
this configuration, when it can be determined that the sensor value of the acceleration
sensor is a value within the predetermined range and that the liquid‘surface is not inclined,
the residual quantity of the addition liquid is updated through the aforementioned second
update prbcess of updating the residual quantity of the addition liquid based on the sensor
value of the level sensor.:

[0019] It should be noted herein that when there is an abnormality in the

acceleration sensor, a determination on the inclination cannot be made based on the sensor

value of the acceleration sensor. Thus, with this configuration, if the aforementioned

second condition is fulfilled when there is an abnormality in the acceleration sensor, it can
be determined that the liquid surface of the addition liquid is horizontal and stable, so the
residual quantity of the addition liquid is updated through the aforementioned second
update ‘process.  Accordingly, the residual quantity of the addition liquid can be
appropriately updated even when there is an abnormality in the acceleration sensor. |

[0020] Incidentally, a reducing liquid that is added to reduce and purify NOx in

exhaust gas can be adopted as the aforementioned addition liquid.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] . Features, advantages, and technical and industrial significance of one
exemplary embodiment of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a schematic view showing an internal combustion engine to which a liquid
quantity detecting device according to the embodiment of the invention is applied, and a
peripheral conﬁgurati‘on of the internal combustion engine, as to the liquid quantity
detecting device; ‘

FIG. 2 is a flowchart showing a series of processing procedures for issuing a warning
on the residual quantity of urea water in the embodiment of the invention; and

FIG. 3 is a flowchart showing a series of processing procedures for issuing a warning
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on the residual quantity of urea water in a modification example of the embodiment of the

invention.

DETAILED DESCRIPTION OF EMBODIMENT

[0022] Hereinafter, a liquid quantity detecting device will be described with
reference to FIG. 1 and FIG. 2, as to the embodiment of the invention concretized in a
vehicle that is ecjuipped with a purification device that purifies exhaust gas in an internal
combustion engine. Incidentally, the internal combustion engine in the present
embodiment of the invention is a diesel engine, and will be referred to hereinafter simply
as "an engine". | ,

[0023])  As shown in FIG. 1, an engine 1 is provided with a plurality of cylinders
#1 to #4. A cylinder head 2 is mounted with a plurality of fuel injection valves 4a to 4d.
These fuel injection valves 4a to 4d inject fuel to combustion chambers of the
corresponding cylinders #1 to #4 respectively. Besides, the cylinder head 2 is provided
with intake ports for introducing fresh air into the cylinders, and exhaust ports 6a to 6d for
discharging combustion gas 'to the outside of the cylinders, in such a manner as to.
correspond to the cylinders #1 to #4 respectively.

[0024] The fuel injection valves 4a to 4d are connected to a common rail 9 that
accumulates high-pressure fuel. The common rail 9 is connected to a supply pump 10.
The supply pump 10 sucks in the fuel in a fuel tank, and supplies high-pressure fuel to the
common rail 9. The high-pressure fuel supplied to the common rail 9 is injected into the
cylinders from the ‘fuel injection valves 4a to 4d when the fuel injection valves 4a to 4d are
opened respectively. | ’

[0025] An intake manifold 7 is connected to the. intake ports. The intake
manifold 7 is connected to an intake passage 3. An intake throttle valve 16 for adjuéting
the quantity of intake air is provided in this intake passage 3.

[0026] An exhaust manifold 8 is connected to the exhaust ports 6a to 6d. The

exhaust manifold 8 is conneéted to an exhaust passage 26. A turbocharger 11 that

-supercharges the intake air introduced into the cylinders with the aid of an exhaust pressure

is provided in the exhaust passage 26 except at both ends thereof. An intercooler 18 is
provided in the intake passage 3 between an intake-side compressor of the turbocharger 11
and the intake throttle valve 16.  This intercooler 18 is designed to cool the intake air that
has risen in temperature by being supercharged by the turbocharger 11. _

[0027] Besides, a first purification member 30 that purifies exhaust gas is
provided downstream of an exhaust-side turbine of the turbocharger 11, in the exhaust

passage 26 except at both the ends thereof. ~An oxidation catalyst 31 and a DPF catalyst
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- 32 are disposed in series with the flow direction of exhaust gas, inside this first purification

member 30.

- [0028]  The oxidation catalyst 31 supports a catalyst that subjects HC in exhaust
gas to an oxidation treatment. Besides, the DPF catalyst 32 is a filter that collects
particulate matters (PM) in exhaust gas, and is constituted by a porous ceramic.
Furthermore, the DPF catalyst 32 supports a catalyst for promoting the oxidation of PM.
The PM in exhaust gas is collected when passing through a porous wall of the DPF catalyst
32, | B |

[0029] Besides, a fuel addition valve 5 for supplying fuel as an addition agent to
the oxidation czitalyst 31 and the DPF catalyst 32 is provided in the vicinity of an aggregate
portion of the exhaust manifold 8. This fuel addition valve 5 is connected to the supply
pump 10 via a fliel supply pipe 27. Incidentally, the position where the fuel addition
valve 5 is disposed can also be changed in a discretionary manner as long as the fuel
addition valve 5 is located upstream of the first purification member 30 in an exhaust
system. » ‘

[0030] Besides, a second purification member 40 that purifies exhaust gas is
provided downstream of the first purification member 30 in the exhaust passage 26 except
at both the ends thereof. A selective reduction-type NOx catalyst (hereinafter referred to
as an SCR catalyst) 41 as an exhaust gas purification catalyst that reduces and purifies the
NOx in exhaust gas with the aid of a reducing agent is disposed inside the second
purification member 40. - |

‘[0031] Furthermore, a third purification member 50 that purifies exhaust gas is
provided downstream of the second purification member 40 in the exhaust passage 26
except at both the ends thereof. An ammonia oxidation catalyst 51 that purifies the
ammoﬁia in exhaust gas is disposed inside the third purification member 50.

[0032]  The engine 1 is provided with a urea water supply mechanism 200 that
supplies urea water as a reducing agent to the aforementioned SCR catalyst 41. The urea
water supply mechanism 200 is constituted of a tank 210 that stores urea water, a urea
addition valve 230 that injects and adds urea water into the exhaust passage 26, a supply

passage 240 that connects the urea addition valve 230 and the tank 210 to each other, a

- pump 220 that is provided in the supply passage 240 except at both ends thereof, a level

sensor 250 that detects the residual quantity of the urea water stored in the tank 210, and
the like. Incidentally, the level sensor 250 is a detector that detects the residual quantity
of the urea water in the tank 210 by detecting the liquid surface level of the urea water

stored in the tank 210. The sensor value of the level sensor 250 will be referred to
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hereinafter as a level sensor value L. Besides, the tank 210, the level sensor 250, and a
later-described control unit 80 constitute the liquid quantity detecting device.
[0033] The urea addition valve 230 is provided in the exhaust passage 26 between

the first purification member 30 and the second purification member 40. An injection

~ hole of the urea addition valve 230 is opened toward the SCR catalyst 41. When this urea

addition valve 230 is opened, urea water is injected and supplied into the exhaust passage
26 via the supply passage 240. _ ‘

[0034]  The pump 220 is an electric pump, and delivers urea water from the tank
21.0 toward the urea addition valve 230 during positive rotation. On the other hand, the
pump 220 delivers urea water from the urea addition valve 230 toward the tank 210 during
reverse rotation. That is, during reverse rotation of the pump 220, urea water is recovered
from the urea addition valve 230 and the supply passage 240 and returned to the tank 210.

[0035] Besides, a dispersion plate 60 that promotes atomization of the urea water
injected from the urea addition valve 230 by dispersing the urea water is provided in the
exhaust passage 26 between the urea addition valve 230 and the SCR catalyst 41.

“[0036] The urea water added from the urea addition valve 230 changes into

| ammonia through hydrolysis with the aid of exhaust heat. This ammonia is adsorbed by

the SCR catalyst 41. Then, NOx is reduced and purified by the ammonia adsorbed by the
SCR catalyst 41. ' ‘ ‘
[0037] In addition, the engine 1 is equipped with an exhaust gas recirculation

device (hereinafter referred to as an EGR device). This EGR device is a device that

- lowers the temperature of combustion in the cylinders and reduces the generation quantity

of NOx by introducing part of exhaust gas into intake air. This EGR device is constituted
of an EGR passage 13 that establishes communication between the intake passage 3 and
the exhaust manifold 8, an EGR valve 15 that is provided in the EGR passage 13, an EGR
cooler 14, and the like. The opening degree of the EGR valve 15 is adjusted, so the
recirculation quantity of the exhaust gas introduced into the intake passage 3 from the
exhaust passage 26, namely, the quantity of so-called external EGR is regulated. Besides,
the temperatur'e of the exhaust gas flowing in the EGR passage 13 is lowered by the EGR
cooler 14. | ‘

[0038] The engine 1 is mounted with various sensors and switches for detecting
the engine operation state. For example, an airflow meter 19 detects an intake air
quantity GA in the intake passage 3. A throttle valve opening degree sensor 20 detects
the opening degree of the intake throttle valve 16. An engine rotational sp‘eed sensor 21

detects the rotational speed of a crankshaft, namely, an engine rotational speed NE. An
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" accelerator operation quantity sensor 22 detects the depression quantity of an accelerator

pedal, namely, an accelerator operation quantity ACCP. An outside air temperature
sensor 23 detects an outside air temperature THout. A vehicle speed sensor 24 detects a

vehicle speed SPD of a vehicle that is mounted with the engine 1. An acceleration sensor

25 outputs a signal corresponding to the acceleration of the vehicle and the angle of

‘inclination of a road surface. " The acceleration of the vehicle, the state of inclination of

the road surface, and the like are calculated based on this signal (hereinafter referred to as
an acceleration sensor value GS). Incidentally, in the present embodiment of the
invention, when the vehicle accelerates or when the traveling road surface is an ascending
slope, a positive value is output as the acceleration sensor value GS. On the other hand,
when the vehicle decelerates or when the traveling road surface is a descending slope, a
negative value is output as the value of the acceleration sensor value GS. Then, when the
vehicle travels at a constant speed or on a flat road with almost no gradient, a value close
to "0" is output as the acceleration sensor value GS. '

[0039] Besides, a first exhaust gas temperature sensor 100 that is provided
upstream of the oxidation catalyst 31 detects a first exhaust gas temperature TH1 as a
terﬁperature of the exhaust gas that has not flowed into the oxidation catalyst 31. A

differential pressure sensor 110 detects a pressure difference AP between an exhaust

~ pressure upstream of the DPF catalyst 32 and an exhaust pressure downstream of the DPF

catalyst 32. ‘

[0040] A second exhaust gas temperature sensor 120 and a first NOx sensor 130
are provided upstream of the urea addition valve 230, in the exhaust passage 26 between
the first puriﬁéation member 30 and the second purification member 40. The second
exhaust gas temperature sensor 120 detects a second exhaust gas temperature TH2 as a
temperature of the exhaust gas that has not flowed into the SCR catalyst 41. The first
NOx sensor 130 detects a first NOx concentration N1 as a concentration of NOx in the
exhaust gas that has not flowed into the SCR catalyst 41. » |

[0041] A second NOX sensor 140 that detects a second NOx concentration N2 as
a concentration of NOx in the exhaust gas that has passed through the SCR catalyst 41 1s
provided in the exhaust passage 26 downstream of the third purification member 50.

[0042] Outputs of these various sensors and the like are input to the control unit
80. This control unit 80 is mainly constituted by a microcomputer that is equipped with a
central processing unit (a CPU), é read only membry (a ROM) that stores various programs,
maps and the like in advance, a random acceés‘memory (a RAM) that temporarily stores a

calculation result of the CPU and the like, a timer counter, an input interface, an output
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interface and the like.

[0043]  Then, the control unit 80 performs various kinds of control of the engine 1,
for example, fuel injection quaﬁtity control and fuel injection timing control of the fuel
injection valves 4a to 4d and the fuel addition valve 5, discharge pressure control of the
supply pump 10, and drive quantity control of an actuator 17 that opens/closes the intake
throttle valve 16, opening degree control of the EGR valve 15 and the like.

[0044] The control unit 80 performs addition control of urea water by the
aforementioned urea addition valve 230 as one kind of exhaust gas purification control.
In this addition control, a target addition quantity QE as a target value of a urea addition

quantity that is needed to subject the NOx discharged from the engine 1 to a reduction

treatment is calculated based on the engine operation state or the like. Then, the

valve-open state of the urea addition valve 230 is controlled such that a quantity of urea

water corresponding to the target addition quantity QE is injected from the urea addition

valve 230.

[0045] In the present embodiment of the invention, a residual quantity NR of the

~urea water in the tank 210 is updated, and a driver of the vehicle is notified of the residual

quantity of urea water when the residual quantity NR of urea water is small. This process
will be described hereinafter. Incidentally, this process is executed on a predeterrninéd
cycle by the control unit 80.

[0046] As shown in FIG. 2, when the present process'is started, it is determined
whether or not the level sensor value L is stable (S100). In this case, when the fluctuation

width of the level sensor value L has remained equal to or smaller than a predetermined

‘value H1 for a predetermined time T1 or more, it is determined that the level sensor value

L is stable. Incidentally, values that are appropriate in determining that the levelbsens_or
value L is stable are set in advance as the predetermined value H1 and the predetermined
time T1, respectively.

[0047] If the level sensor value L is not stable (NO in S100), the residual quanﬁty
NR of urea water is updated by setting a post-smoothing process level sensor value LN that
is obtained by subjecting the current level sensor value L to a smoothing process, as the
residual quantity NR of urea water during the current execution of the process (S140).

[0048] On the other hand, if the level sensor value L is stable (YES in S100), it is
determined whether or ﬁot the acceleration sensor 25 normally functions (S110).  This
determination on the normality of the acceleration sensor 25 can be made in a discretionary
manner.

[0049] If it is determined that the acceleration sensor 25 normally functions (YES
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in S110), it is determined whether or not the acceleration sensor value GS is larger than a
threshold B and smaller than a threshold C (S120). The threshold B is a negative value,
and the threshold C is set to a positive value. Then, values that make it possible to

determine that the acceleration sensor value GS is a value close to "0", namely, that the

- vehicle travels at a constant speed or travels on a flat road with almost no gradient are set

as the threshold B and the threshold C, respectively.

[0050] = Then, if the acceleration sensor value GS is larger than the threshold B and
smaller than the threshold C (YES in S120), the residual quantity NR of urea water is
updated by setting the residual quantity of urea water detected based on the level sensor
value L as the residual quantity NR of urea water during the current execution of the
process (S130). The process in this step S130 is equivalent to the second update process
of setting the residual quantity of the addition liquid detected based on the sensor value of
the level sensor as the updated residual quantity of the addition liquid.

[0051] On the other hand, if the acceleration sensor value GS is equal to or
smaller than the threshold B or if the acceleration sensor value GS is equal to or larger than
the threshold C (NO in S120), the process in step S170 is executed. In this step S170, the
residual quantity NR of urea water is updated by setting a value that is obtained by
subtracting an integrated addition quantity NS from the residual quantity NR of urea water
that has not been updated through the current execution of the process (i.e., the

last-updated residual quantity NR of urea water), as the residual quantity NR of urea water

during the current execution of the process.. The integrated addition quantity NS is a total

quantity of the urea water added to the exhaust passage 26 from the last update of the
residual quantity NR of urea water to the current update of the residual quantity NR of urea
water, and is calculated, for example, by integrating the aforementioned target addition
iquantity QE. Besides, in this step S170, when the residual quantity NR of urea water is
updated, the integrated addition quantity NS is reset to "0", and the process of integrating
the addition quantity of urea water is resumed. Incidentally, the process in this step S170
is equivalent to the first update process of subtracting a total Quantity of the addition liquid
added to the exhaust passage 26 from the last update of the residual quantity of the addition
liquid to the current update of the residual quantity of the addition liquid from the

last-updated residual quantity of the addition liquid, and setting a value obtained through

subtraction as the updated residual quantity of the addition liquid. o
[0052]  If it is determined in the aforementioned step S110 that the acceleration
sensor 25 does not normally function, namely, that there is an abnormality in the

acceleration sensor 25 and the acceleration sensor value GS is a wrong value, it is
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determined whether or not the vehicle is stopped (S150). In this step S150, if the vehicle
speed SPD is "0", it is determined that the vehicle is stopped. Incidentally, in making a
determination on the stoppage of the vehicle in step S150, when the vehicle speed SPD is a
very low speed close to "0", the vehicle may be regarded as stopped. Incidentally, the
determination condition in this step S150 is equivalent to the first condition including the
condition that the vehicle be stopped.

[0053] Then, if it is determined that the vehicle is stopped (YES in S150), the
process in the aforementioned step S170 is executed, and the residual quantity NR of urea
water 1s updated through the aforementioned first update process.

[0054] On the other hand, if it is determined that the vehicle travels (NO in S150),
it is determined whether or not the level sensor value L has been stable for a long time
(S160). In this step S160, if the fluctuation width of the level sensor value L has
remained equal to or smaller than a predetermined value H2 for a predetermined time T2 or
more, it is determined that the level sensor value L has been stable for a long time.
Incidentally, values that are appropriate in determining that the level sensor value L has
been stable for a long time to such an extent that it is possible to determine that the vehicle

travels on a flat road at a constant speed are set in advance as the predetermined value H2

~ and the predetermined time T2, respectively. In particular, the predetermined time T2 is

set longer than the aforementioned predetermined time T1. Besides, the determination
conditions in step S150 and step S160 are equivalent to the second condition including the
condition that the fluctuation width of the sensor value of the level sensor have remained
equal to or smaller than the predeterfnined value for the predetermined time or more during
traveling of the vehicle.

[0055] Then, if the level sensor value L has been stable for a long time (YES in
S160), the process in the aforementioned step S130 is executed, and the residual quantity
NR of urea water is updated through the aforementioned second update process.

[0056]  On the other hand, if the level sensor value L has not been stable for a long
time (NO in S160), the process in the aforementioned step S170 is executed, and the
residual quantity NR of urea water is updated‘through the aforementioned ﬁrsf update
process. '

[0057] | When the residual quantity NR of urea water is updated in any one of step
S130, step S140 and step S170, it is determined whether or not the latest updated residual
quantity NR of urea water is equal to or smaller than a threshold o (S180). A value that
makes it possible to determine that the residual quantity NR of urea water has decreased to

such an extent that the process of notifying the driver of the residual quantity of urea water
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needs to be executed is set in advance as the threshold o.

[0058] Then, if the residual quantity NR of urea water is larger than the threshold
a (NO in S180), the present process is temporarily terminated. On the other hand, if the
residual quantity NR of urea water is equal to or smaller than the threshold o (YES in
S180), the process of notifying the driver or the like is executed (S190), and the present
process is temporarily terminated. When this notification process is executed, a warning
encouraging the replenishment of urea water is issued acousticaily, opticélly or through
display etc. on a meter panel or the like.

[0059] Incidentally, the control unit 80 that executes the processes from step S100
to step S170 constitutes the update unit that updates the residual quantity of the addition
liquid in the tank. Besides, the control unit 80 that executes the processes in step S180
and step S190 constitutes the notification unit that gives a notification on the residual
quantity of the addition liquid when the updated residual quantity of the addition liquid is
equal to or smaller than the predetermined threshold.

[0060] Next, an operation resulting from the aforementioned series of processes
will be described. The vehicle is stopped not only on a flat road but also on a slope.
Therefore, when the vehicle is stopped, there is also a possibility of the vehicle being
stopped on a slope, and the possibility of the liquid surface in the tank 210 being inclined
cannot be categorically denied. Therefore, when the vehicle is. stopped, the residual
quantity of urea water detected based on the level sensor value L cannot be completely
trusted. On the other hand, in updating the residual quantity NR of urea water, the total
quantity of the addition liquid added to the exhaust passage 26 from the last update of the
residual quantity NR of urea water to the current update of the residual quantity NR of urea
water is subtracted from the last-updated residual quantity NR of urea water. Then, in the
case where the value obtained through subtraction is set as the residual quantity NR of urea
water,. namely, in the case where the current residual quantity NR of urea water is
calculated by subtracting a later-consumed quantity of the addition liquid from the
last-updated residual quantity NR of urea water, the current level sensor value L is

irrelevant in updating the residual quantity NR of urea water. Accordingly, when the

 residual quantity NR of urea water is thus updated, the residual quantity of the urea water

in the tank 210 can be grasped without being influenced by the inclination of the liquid
surface even if the vehicle is stopped on a slope. ,

[0061] Thus, if it is determined in the aforementioned step S150 that the vehicle
is stopped (YES in S150), the aforementioned first update process of obtaining the current
residual quantity NR of urea water byLsubtracting the integrated addition quantity NS as
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the later-consumed quantity of urea water from the last-updated residual quantity NR of

urea water is executed. Accordingly, when the vehicle is stopped and there is even the

slightest possibility of the liquid surface of urea water being inclined, the residual quantity

NR of urea water is updated through the aforementioned first update process that is not
influenced by the inclination of the liquid surface. Therefore, the error between the actual
quantity of the urea water remaining in the tank 210 and the updated residual quantity NR
of urea water is suppressed, so misinformation on the residual quantity of urea water is
restrained from being transmitted. . ,

[0062] Besides, it is determined in step S100 whether or nof the liquid surface of
the urea water stored in the tank 210 is stable without much swaying, by determining
whether or not the level sensor value L is stable without much fluctuating. Then, if the

level sensor value L is stable without much fluctuating (YES in S100), it is determined that

 the level sensor value L is suited to detect the residual quantity NR of urea water based on

~ the sensor value L.

[0063] By the way, when the vehicle accelerates or decelerates at a constant
acceleration or travels on a slope at a constant speed, the liquid surface of urea water does
not swéy much, but is inclined. Therefore, if the residual quantity NR of urea water is

detected based on the level sensor value L in this state, the accuracy of the detected

residual quantity NR of urea water is low.

[0064] Besides, when the vehicle travels on a flat road at a constant speed, the
liquid surface of the urea water stored in the ténk 210 is almost horizontal, and is stable
without much swaying. Therefore, in the case where the residual quantity NR of urea
water is detected based on the level sensor value L in this state, the actual residual quantity
of urea water is appropriately reflected by the level sensor value L, so the residual quantity
NR of urea water can be accurately detected. Accordingly, when the vehicle travels on a
flat road at a constant speed, the residual quantity of urea water can be accurately detected
by setting the residual quantity of urea water detected based on the level sehsor value L as
the updated residual quantity NR of urea water in updating the residual quantity NR of
urea water. _

[0065] It should be noted herein that when the vehicle travels on a flat road at a
constant speed, the liquid surface of the urea water stored in the tank 210 is more likely to
be held horizontal than when the vehicle accelerates or decelerates at a constant
acceleration or when the vehicle travels on a slope at a constant speed. = That is, the
change in the level sensor value L remains small for a relatively long time when the

vehicle travels on a flat road at a constant speed. Accordingly, when the fluctuation width
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of the level sensor value L has remained equal to or smaller than a predetermined value for
a predetermined time or more, it can be determined that the level sensor value L has been
stable for a long time, and that the vehicle travels on a flat road at a constant speed.

- [0066]  Thus, the aforementioned second condition is provided to determine that
the vehicle travels on a flat road at a constant speed and the liquid surface of the urea water
stored in the tank 210 is held horizontal, namely, that the liquid surface of urea water is
likely not to be inclined. Then, if the second condition is fulfilled (NO in step S150 and |
YES in step S160), the aforementioned updéte process of obtaining the current residual
quantity NR of urea water based on the level sensor value L is executed by executing the
process in step S130.  Accordingly, when the liquid surface of urea water is likely not to
be inclined, the residual qﬁantity NR of urea water is updated according to a method that is
more accurate than the aforementioned first update process. Therefore, this also serves to
restrain misinformation on the residual quantity of urea water from being transmitted.

[0067]  Besides, the vehicle is provided with the acceleration sensor 25. The
inclination of a road surface can be detecfed based on the acceleration sensor value GS as a
sensor value of this acceleration sensor 25. Thus, in step S120, if the acceleration sensor
value GS is a value outside a predetermined range, namely, if there is established a
relationship: "the threshold B > the acceleration sensor value GS" or "the acCeleratiQn
sensor value GS > the threshold C" (NO in S120), it is determined that the road surface is
inclined, and that the liquid surface of urea water is also inclined. Then in this case, the
residual quantity NR of urea water is updated through the aforementioned first update
process (step S170) that is not influenced by the inclination of the liquid surface.

[0068] It should be noted herein that when there is an abnormality in the
acceleration sensor 25, the determination on inclination with the aid of the acceleration
sensor value GS, which is car{ied out in step S120, cannot be made; In this respect,

according to the present embodiment of the invention, if there is an abnormality in the

- acceleration sensor 25 (NO in S110), it is determined in step S150 whether or not the

aforementioned first condition is fulfilled. Then, if the first condition is fulfilled (YES in
S150), the possibility of the liquid surface being inclined cannot be denied, so the residual
quantity NR of urea water is updated through the aforementioned first update process

(S170) that is not influenced by the inclination of the liquid surface. Accordingly, even

~ when there is an abnormality in the acceleration sensor 25, the residual quantity NR of urea

water is appropriately updated.
[0069] Besides, in step S120, if the acceleration sensor value GS is a value within

the predetermined range, namely, if there is established a relationship: "the threshold B <
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the acceleration sensor value GS < the threshold C" (YES in S120), it is determined that
the road surface is not inclined, and that the liquid surface of urea water is also horizontal.
Then in this case, the residual quantity NR of urea water is updated through the
aforementioned second update process (S130) of updating the residual quantity NR of urea
water based on the level sensor value L. |

[0070] It should be noted herein that when there is an abnormality in the
acceleration sensor 25, the determination on inclination with the aid of the acceleration
sensor value GS, which is carried out in step S120, cannot be made. In this respect,
according to the present embodiment of the invention, if there is an abnormality in the
acceleration sensor 25 (NO in S110), the determination processes in step S150 and step
S160 are executed to determine whether or not the aforementioned second condition is
fulfilled. Then, if the second condition is fulfilled (YES in step S100, NO in step S150,
and YES in step S160), it can be determined that the liquid surface of urea water is
horizontal and »stable, so the residual quantity NR of urea water is updated through the
aforementioned second update process (S130). Accordingly, the residual quantity NR of
urea water is appropriately updated even when there is an abnormality in the acceleration
sensor 25.

[0071] Besides, if the result of the determination in step S160 is negative (NO in

- S160), the vehicle may accelerate or decelerate at a constant acceleration or may travel on

a slope at a constant speed, and the liquid surface of urea water may be inclined. Thus, in
this case, the residual quantity NR of urea water is updated through the aforementioned
first update process (S170) that is not influenced by the inclination of the liquid surface.
Accordingly, in this case as well, the residual quantity NR of urea water is appropriately
updated.

[0072]  As described above, the following effects can be obtained according to the
presént embodiment of the invention. (1) When the residual quantity NR of urea water is
equal to or smaller than the threshold «, a notification on the residual quantity of urea
water is given. It should be noted herein that when the first condition including the
condition that the vehicle be stopped is fulfilled and the possibility of the liquid surface in
the tank 210 being inclined cannot be Categorically denied, the residual quantity NR of
urea water is updated through the first update process that is not influenced by the
inclination of the liquid surface of urea water, in updating the residual quantity NR of urea
water. Therefore, misinformation on the residual quantity of urea water can be restrained
from being transmitted. - |

[0073] (2) When the second condition including the condition that the fluctuation
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width of the level sensor value L have remained eQual to or smaller than the predetermined
value H2 for the predetermined time T2 or more during traveling of the vehicle is fulfilled,
it is determined that the liquid surface of urea water is likely not to be inclined. Then, in
this case, the residual quantity NR of urea water is updated through the aforementioned
second update process of obtaining the current residual quantity NR of urea water based on

the level sensor value L.  Therefore, this also makes it possible to restrain misinformation

- on the residual quantity of urea water from being transmitted.

[0074] (3) It 1s determined, based on the acceleration sensor value GS, whether or
not the liquid surface of urea water is inclined. When it is determined that the liquid
surface is inclined, the residual quantity NR of urea water is updated through the first
update process that is not influenced by the inclination of the liquid surface of urea water.
It should be noted herein that when the aforementioned first condition is fulfilled and the
possibility of the liquid surface in the tank 210 being inclined cannot be categorically
denied while there is an abnormality in the acceleration sensor 235, the residual quantity NR
of urea water is updated through the first update process that is not influenced by the
inclination of the liquid surface of urea water, in updating the residual quantity NR of urea -
water. Therefore, the residual quantity NR of urea water can be appropriately updated
even when there is an abnormality in the accelerationksensor 25.

[0075] (4) It is determined, based on the acceleration sensor value GS, whether or
not the liquid surface of urea water is inclined. When it is determined that the liquid
surface is not inclined, the residual quantity NR of urea water is updated through the
aforementioned second update process of obtaining the current residual quantity NR of
urea water based on the level sensor value L. It should be noted herein that when the
aforementioned second condition is fulfilled and it can be determined that the liquid
surface of urea water is likely not to be inclined while there is an abnormality in the
acceleration sensor 25, the residual quantity NR of urea water is updated through the
aforementioned second update process of obtaining the current residual quantity NR of
urea water based on the level sensor value L.  Therefore, the residual quantity NR of urea
water can be appropriately updatéd even when there is an abnormality in the acceleration
sensor 25. .

[0076] Incidentally, the aforementioned embodiment of the ianntion can also be
carried out after being modified as follows. In the aforementioned ‘embodiment of the
invention, the proeesses starting from step S150 are executed when there is an abnormality
in the acceleration sensor 25. In addition, in the case of a vehicle that is not provided

with the acceleration sensor 25, the residual quantity NR of urea water in the tank 210 may
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be updated according to a processing procedure in which the respective processes in step
S110 and step S120 shown previously in FIG. 2 are omitted, and the driver of the vehicle
may be notified of the residual quantity of urea water when the residual quantity NR of
urea water is small. The processing procedure in this modification example is shown in
FIG. 3.

[0077] As shown in FIG 3, in the processing procedure according to this

modification example, if it is determined in step S100 that the level sensor value L is stable

(YES in S100), the processes starting from the aforementioned step $150, and in some

cases, the process in step S130 and the like are sequentially executed, as opposed to the

- aforementioned embodiment of the invention. This modification example also makes it

possible to obtain the above-mentioned effects (1) and (2). Therefore, misinformation on
the residual quantity of urea water can be restrained from being transmitted by executing
the processing procedure according to this modiﬁcation.example' in, for example, a vehicle
that is not equipped with the acceleration sensor 25.

[0078] The process in step S100 shown previously in FIG. 2 is a process for

determining whether or not the level sensor value L is suited to detect the residual quantity

" NR of urea water based on the sensor value L. Accordingly, the process in this step S100

is not absolutely required to be executed first in the series of processing procedures shown
in FIG. 2. The process in step S100 may be executed if the result of the determination in
step S120 or step S160 is positive. In the case of this modification example, it is
appropriate to subsequently execute the processes starting from step S130 if the result of
the determination in the process in step 100 is positive, and to subsequently execute the
processes starting from step S140 if the result of the determination in the process in step
S100 is negative. -

[0079] By the same token, in the series of processing proéedures shown
previously in FIG. 3 as well, the process in step S100 may be executed if the result of the
determination in step S160 is positive. In the case of this modification example as well, it
is appropriate to subsequently execute the proc'e'sses starting from step S130 if the result of
the determination in the process in step 100 is positive, and to subsequently execute the
processes stafting from step S140 if the result of the determination in the process in step
S100 is negative.

[0080] The residual quantity of the urea water stored in the tank 210 is detected.
However, the residual quantity of an addition liquid other than this urea water may be
detected.. | '
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CLAIMS

1. A liquid quantity detecting device for a vehicle, the vehicle including'an internal

. combustion engine, an exhaust gas control device configured to add an addition liquid for

purifying exhaust gés to an exhaust passage of the internal combustion engine, a tank that
stores the addition liquid, and a level sensor that detects a liquid surface level of the
addition liquid stored in the tank, the liquid quantity detecting device comprising:

an update unit configured to

1) update a residual quantity of the addition liquid in the tank,

i) execute a first update process when a first condition including a condition
that the vehicle is stationary is fulfilled, the first update process being a process of
subtracting a total quantity of the addition liquid from a last-updated residual quantity
of the addition liquid, the total quantity being a quantity of the addition liquid added
to the exhaust passage during a period from last update of the residual quantity of the
addition liquid to current update of the residual quantity of the addition liquid, and

iii) set a value obtained through subtraction as an updated residual quantity of
the addition liquid; and
a notification unit configured to give a notification on the residual quantity of the-

addition liquid when the residual quantity of the addition liquid updated by the update unit

is equal to or smaller than a predetermined value.

2. The liquid quantity detecting device according to claim 1, wherein

the update unit is configured to execute a second update process, the second update
process is a ﬁrocess of setting a residual quantity of the addition liquid based on a sensor
value detected by the level sensor as the_upaated residual quantity of the addition liquid
when a second condition is fulfilled, the second condition includes a condition that i) the
vehicle travels for more than a predetermined time and ii) a fluctuation width of the sensor
value of the level sensor remains equal to or smaller than a predetermined value for more

than the predetermined time.

3. The liquid quantity detecting device according to claim 1, wherein

the vehicle is equipped with an acceleration sensor that detects a vehicle acceleration,

the update unit executes the first update process when a sensor value of the
acceleration sensor is outside a predetermined range, and

the update unit executes the first update process when the first condition is fulfilled
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while there is an abnormality in the acceleration sensor.

4. The liquid quantity detecting device according to claim 2, wherein

the vehicle is equipped with an acceleration sensor that detects a vehicle acceleration,

the update unit executes the second update process when a sensor value of the
acceleration sensor is within a predetermined range, and

the update unit executes the second update process when the second condition is

fulfilled while there is an abnormality in the acceleration sensor.

5. The liquid quantity detecting device according to any one of claims 1 to 4, wherein
the addition liquid is a reducing liquid that is added to reduce and purify NOx in

exhaust gas.
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