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supply device includes an additive supply system, a heater, an intake

air temperature sensor and a heating control unit. The additive supply
system is positioned outside of an engine compartment, and the ad-
ditive supply system includes a tank, a pump, a supply passage. The
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heater heats the additive inside the additive supply system. The heat-
ing control unit is configured to (i) actuate the heater when a detected
intake air temperature is low, and stop the actuation of the heater
when the detected intake air temperature rises, and (ii) continue the
actuation of the heater when a condition under which the detected in-
take air temperature and the temperature ot the additive inside the ad-
ditive supply system have deviated from each other is fulfilled during
the actuation of the heater.
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ADDITIVE SUPPLY DEVICE AND ADDITIVE SUPPLY METHOD FOR ENGINE

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The invention relates to an additive supply device and an additive supply

method for an engine.

2. Description of Related Art

[0002] A device that supplies an additive into an exhaust gas passage in order to
purify the exhaust gas of an engine is available. For example, in the device described in
Japanese Patent Application Publication No. 2008-248710 (JP 2008-248710 A), aqueous urea
solution is supplied into an exhaust gas passage in order to reduce nitrogen oxides (NOx)
contained in the exhaust gas with a catalyst. '

[0003] When the additive freezes, it is difficult to supply the additive into the

exhaust gas passage. Therefore, a heater for heating and thawing the additive is sometimes

provided in a pump or a tank constituting the additive supply device, or in an additive supply
passage.

[0004] In the device described in JP 2008-248710 A, the temperaturé of the aqueous
urea solution in a tank is detected and a tank heater that heats the aqueous urea solution inside
the tank is actuated when the temperature is low. As a result, even when the aqueous urea
solution is frozen, the thawing thereof is accelerated.

[0005] In a device which is not provided with a sensor that directly detects the
temperature of the aqueous urea solution, the tank heater can be actuated based on an intake
air temperaturé, which is detected by an intake air temperature sensor, as the indicator of the
aqueous urea solution temperature. o

10006]  The intake air temperature sensor is provided close to the engine, for example,
inside an engine compartment. By contrast, the aqueous urea solution tank is often provided
at a distance from the engine, for eixa.mple, outside the engine compartment, due to the

installation space required therefor. For this‘reason, a difference easily occurs between the

~ temperature detected by the intake air temperature sensor and the actual temperature of

aqueous urea solution. Therefore, even when the operation of the tank heater is controlled

~on the basis of the detection temperature of the intake air temperature sensor, the heater

sometimes may not be adequately actuated.
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SUMMARY OF THE INVENTION v

'[0007]  The invention provides an additive supply device and an additive supply
method for an engine, which make it possible to actuate adequately a heater for heatmg and
thawing the additive.

[0008] A first aspect of the invention provides an additive supply device for an
engine, the additive supply device including: an additive supply system, a heater, an intake air
temperature sensor and a heating control unit. = The additive supply system is positioned
outside of an engine compartment, the additive supply system includes: a tank that stores an
additive; a pump that pumps the additive located inside the tank; a supply passage that
supplies the additive pumped by the pump to an exhaust gas passage of the engine. The
heater heats the additive inside the additive supply system. The intake air temperature
sensor is positioned inside the engine compartment and configured to detect an intake air
terriperature of the engine. The heating control unit is configured to: (1) actuate the heater
when the detected intake air temperature is low, and stop the actuation of the heater when the
detected intake air temperature rises, and (i) continue-the actuation of the heater when a
condition under which the detected intake air temperature and the temperature of the additive
inside the additive supply system have deviated from each other is fulfilled dunng the
actuation of the heater.

[0009] The temperature of the engine compartment rises under the effect of heat
radiated from the engine during the engine operation. Therefore, the intake air temperature
detected by the intake air temperature sensor disposed inside the engine compartment easily
increases. By contrast, the temperature of the additive inside the additive supply system
disposed outside the engine compartment hardly increases. Therefore, a difference. can
occur between the intake air temperature detected by the intake air temperature sensor and the
temperature of the additive inside the additive supply system. |

[0010] With the additive supply device, when the condition under which the intake
air temperature detected by the intake air temperature sensor and the temperature of the
additive inside the additive supply system have deviated from each other is fulfilled, the
actuation of the heater that heats the additive is continued. Therefore, the actuation of the
heater can be prevented from being erroneously stopped when the detection value of the
intake air temperature increases due to radiation heat from the engine even if the actual
temperature of the additive is low. For this reason, with the additive supply device, the
heater, which should prevent the additive from freezing, can be adequately actuated.

[0011] In the additive supply device, the engine may be mounted on a vehicle, and
the heating control unit may be configured to continue the actuation of the heater under an

assumption that the condition is fulfilled when the travel speed of the vehicle is equal to or
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lower than a predetermined speed. ‘

[0012] - In a vehicle on which an ehgine is mounted, the air that is the engine
atmosphere is retaihed in the engine compartment when the travel speed is low and the flow |
rate of the traveling wind is low, or when the traveling wind is absent because the vehicle is
stopped. As a result the temperature around the engine easily rises. In such a case, the
intake air temperature detected by the intake air temperature sensor also rises and the intake
air temperatufe can deviate from the additive temperature. With the additive supply device,
it can be properly determined that the additive temperature and the intake air temperature
detected by the intake air temperature sensor have deviated from each other on the basis that
the vehicle travels at a low speed or has been stopped. Thus, the heater can be adequately
actuated on the basis of such determination.

~ [0013] The additive supply device may further include an exhaust gas temperature
control unit configured to execute temperature raising control of raising an exhaust gas
temperature of the engine, wherein the heating control unit may be configured to set the
predéterh1ined speed higher when the temperature raising control is executed than when the
temperature raising control is not executed.

-[0014] The‘ temperature around the engine easily rises and the infake air temperature
detected by the intake air temperature sensor also easily rises when the temperature raising
control is executed and the exhaust gas temperature risés. Therefore, the flow rate of the
traveling wind necessary to reduce sufficiently the effect of the radiation heat of the engine
can be said to be also large. With the additive supply device, by setting the predetermined
speed higher when the temperature raising control is executed, it is possible to‘expand the
speed range in which the actuation of the heater is to be continued to a higher speed side. As ,

a result, the actuation of the heater can be reliably prevented from being erroneously stopped,.

~ and therefore the heater can be actuated more adequately.

[0015] The control of raising the exhaust gas temperature of the engine in order to
restore the functions of the exhaust gas purification device that purifies the engine exhaust gas
can be used as the température raising control. In the additive supply device, the engine, as
drive source, may be mounted on a vehicle, and the heating control unit may be configured to
continue the actuation of the heater under-an assumption that the condition is fulfilled when
the revolution speed of an output shaft of the engine is equal to or lowerv than a predetermined
speed. |

[0016] In a vehicle equipped with an engine as a drive source, the revolution speed
of the output shaft of the engine most often decreases when the vehicle is stopped or travels at
a low speed. With the additive supply device, the state in which the vehicle is stopped or

travels at a low speed can be accurately determined on the basis that the revolution speed of -



10

15

20

25

30

35

WO 2015/052565 PCT/IB2014/001981

the output shaft of the engine has decreased. Therefore, it can be properly determined that
the intake air temperature detected by the intake air temperature sensor and the additive
temperature have deviated from each other. The heater then can be adequately actuated on
the basis of this determination. '

[0017]  The additive supply device may further include an exhaust gas temperature
control unit configured to execute temperature raising control of raising the exhaust gas
temperature of the engine, wherein the heating control unit may be configured to set the
predetermined speed higher when the temperature raising control is executed than when the
tempefature raising control is not executed. ‘,

[0018] With the additive supply device, by setting the predetermined speed higher
when the temperature raising control is executed, it is possible to expand the vehicle travel -
speed range in which the actuation of the heater is to be continued to a higher speed side. As
a result, the actuation of the heater can be reliably prevented from being erroneously stopped,
and therefore the heater can be actuated more adequately.

[0019] In the additive supply device, the pump may be of a rotary system, and the
heatihg control unit may be configured to continue the actuation of the heater also whén a
state, in which a revolution speed of the pump is equal to or lower than a predetermined speed,
continues during the actuation of the heater.

[0020] As the state of the additive approaches the freezing state, the additive
viscosity rises, and the load on the pump that pumps the additive increases. In a rotary pump,
the revolution speed of the rotating shaft decreases at a high load. With the additive supply
device, the freezing of the additive can be determined from a low revolution speed of the
pump and the actuation of the heater can be continued. Therefore, the heater can be
adequately actuated and the additive can be prevented from freezing.

[0021] In the additive supply device, the deviation of the temperature may be a
difference between the intake air temperature and the temperature of the additive inside the
additive supply system is equal to or greater than a predetermined difference of the
temperature. .

[0022]  A'second aspect of the invention provides an additive supply method for an
engine, the engine including an additive supply system positioned outside of an engine
compartment, a heater that heats the additive inside the additive supply system, and an intake
air temperature sensor that is positioned inside the engine compartment and detects an intake
air temperature of the engine, the additive supply method including: (i) actuating the heater
‘when the detected intake air témperature is 1ow, and stopping the actuation of the heater when -

the detected intake air temperature rises, and (ii) continuing the actuation of the heater when a

- condition under which the detected intake air temperature and the temperature of the additive
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inside the additive supply system have deviated from each other is fulfilled during the

actuation of the heater.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]  Features, advantages, and technical and industrial significance of exemplary
embodiments of the invention will be described below with reference to the accompanying
drawmgs in which like numerals denote like elements, and wherein:

FIG. 1 is a schematic drawing showing the entire configuration of one embodiment of
the additive supply device for an engine;

- FIG. 2 is a schematic drawing showing the configuration of an aqueous urea solution

supply mechanism in the same embodiment; .

FIG. 3 is a schematic drawing showing a vehicle equipped with the add1t1ve supply
device of the same embodiment; ,

FIG. 4 is a flowchart showmg_ the procedure of executing the heater control pfocessing
of the same embodiment;

FIG. 5 is a flowchart showing the procedure of executing the heater control processing
of a variation e*ample; '

FIG. 6 is a flowchart showing the procedure of executing the heater control processing
of a variation example;

FIG. 7 is a flowchart showing the procedure of executing the heater control processing
of a variation example; -

FIG. 8 is a flowchart showing the procedure of executing the heater control processing
of a variation example; and

FIG. 9 is a flowchart showing the procedure of executing the heater control processing

of a variation example.

DETAILED DESCRIPTION OF EMBODIMENTS ‘

[0024]  An exemplary embodiment of the additive supply device for an engine will

be explained below. FIG. 1 shows a diesel engine (referred to hereinbelow simply as

"engihe") using the additive supply device of the embodiment, and the peripheral
configuration thereof.

~ [0025] An engine 1 is provided with a plurality of cylinders #1 to #4. A plurality of

fuel injection valves 4a to 4d is mounted on a cylinder head 2. Those fuel injection valves

4a to 4d inject fuel into combustion chambers of the cylinders #1 to #4. Intake air ports (not

shown in the figure) for introducing new air into the cylinders and exhaust gas ports 6a to 6d

for discharging combustion gas to the outside of the cylinders are provided in the cylinder
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head 2 correspondingly to the cylinders #1 to #4.

[0026] The fuel injection valves 4a to 4d are connected to a cdrnmon 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 from a fuel tank and supplies the high-pressure fuel to the
common rail 9. The high-pressure fuel in the common rail 9 is injected from the fuel
injection valves 4a to 4d into the cylinders when the fuel injection valves 4a to 4d are open.

[0027] An intake air manifold 7 is connected to the intake air ports. The intake air
manifold 7 is connected to an intake air passage 3. An intake air throttle valve 16 for
adjusting the intake air amount is provided inside the intake air passage 3.

[0028] The exhaust gas ports 6a to 6d are connected to an exhaust manifold 8-. The
exhaust manifold 8 is connected to an exhaust gas passage 26. A turbocharger 11 that
supercharges the intake air to be introduced into the cylinders by using the exhaust gas
pressure is provided in the middle section of the exhaust gas passage 26. An intercooler 18
is provided in the intake air passage 3 between the intake air-side compressor of the
turbocharger 11 and the intake air throttle valve 16. The intake air with a temperature raised
by supercharging performed by the turbocharger 11 is cooled by the 1ntercooler 18.

[0029] A first purification member 30 that purifies the exhaust gas is prov1ded
downstream, in the exhaust gas flow direction, of an exhaust gas-side turbine of the
turbocharger 11 in the middle section of the exhaust gas passage 26. An oxidation catalyst
31 and a filter 32 are arranged in series with respect to the exhaust gas flow direction inside
the first purification member 30. |

[0030] In the oxidation catalyst 31, a catalyst for oxidation treatment of HC
contained in the exhaust gas is supported. The filter 32 is a member for collecting
particulate matter (PM) contained in the exhaust gas. The filter is constituted by a porous
ceramic. A catalyst for enhancing the oxidation of PM is supported in the filter 32. The

PM contained in the exhaust gas is collected when passing through the porous walls of the

“filter 32.

[0031] A fuel addition valve 5 for supplying fuel as an additive to the oxidation
catalyst 31 and the filter 32 is provided in the vicinity of a combined section (pipes from each
cylinders are combined into one pipe as shown in FIG. 1) of the exhaust manifold 8. The
fuel addition valve 5 is connected by a fuel supply pipe 27 to the supply pump 10. The
arrangement position of the fuel addition valve 5 caﬁ be changed, as appropriate, provided
that it is in the exhaust gas system and upstream of the first purification member 30.

[0032]  Where the amount of PM collected in the filter 32 exceeds a predetermined
value, the regeneration treatment of the filter 32 is started, and the fuel is injected from the

fuel addition valve 5 toward the interior of the exhaust manifold 8. Where the fuel injected



10

15

20

25

30

35

WO 2015/052565 PCT/IB2014/001981

from the fuel addition valve 5 reaches the oxidation catalyst 31 and burned. Thus, the
exhaust gas temperature is raised. The exhaust gas with a temperature raised in the
oxidation catalyst 31 flows into the filter 32. As a result, the temperature of the filter 32 is
raised. Thus, the PM deposited on the filter 32 is oxidized and the filter 32 is regenerated.
In the embodiment, this regeneration treatment corresponds to the temperature raising control
performed to raise the exhaust gas temperature of the engine 1.

[0033] A second purification member 40 that purifies the exhaust gas is provided
downstream, in the flow direction of the exhaust gas, of the first purification member 30 in
the middle section of the exhaust gas passage 26. A NOx catalyst (referred to hereinbelow
as "SCR catalyst") 41 of a selective reduction type that reduces and purifies NOx contained in
the exhaust gas by using a reducing agent is.arranged inside the second purification member
40. '

[0034] A third purification member 50 that purifies the exhaust gas is provided
downstream, in the flow direction of the exhaust gas, of the second purification member 40 in
the middle section of the exhaust gas passage 26. ~ An ammonia oxidation catalyst 51 for
purifying ammonia contained in the exhaust gas is arranged inside the third purification
member 50.

[0035] The engine 1 is provided with aqueous urea solution supply mechanism 200 .
that supplies the reducing agent to the SCR éatalyst 41. The aqueous urea solution supply
mechanism 200 is constituted by a tank 210 storing aqueous urea solution as an additive, an .
urea addition valve 230 that injects the aqueous urea solution into the exhaust gas passage 26,
a supply passage 240 connecting the urea addition valve 230 with the tank 210, and a pump
220 provided in the middle section of the supply passage 240.

| [0036]  The urea addition valve 230 is provided in the exhaust gas passage 26
between the first purification member 30 and the second purification member 40. The
injection port of the urea addition valve 230 faces the SCR catalyst 41. When the urea
addition valve 230 is opened, the aqueous urea solution is injected into the exhaust gas
passage 26 through the supply passage 240.

[0037] The pump 220 is an electric pump. The aqueous urea solution is pumped
from the tank 210 toward the urea addition valve 230 during the direct rotation of the pump.
Meanwhile, during the reverse rotation of the pump, the aqueous urea solution is pumped
from the urea addition valve 230 into the tank 210. In other words, during the reverse
rotation of the pump 220, the aqueous urea solution is recovered from the urea addition valve
230 and the supply passage 240 and returned to the tank 210.

[0038]  As shown in FIG. 2, in the embodiment, the pump 220 is provided on the
bottom surface of the tank 210. The pump 220 may be provided at a location close to the
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bottom surface on the side surface of the tank 210. The pump 220 is provided with a

revolution speed sensor 221 that detects the pump revolution speed NEP which is the

revolution speed of the rotating shaft of the pump 220.
[0039] A tank heater 310 that heats the aqueous urea solution is provided inside the
tank 210. A pump heater 320 that heats the aqueous urea solution is provided inside the

pump 220. A passage heater 330 that heats the aqueous urea solution is also provided on the

. outer periphery of the supply passage 240. The heaters 310, 320, and 330 are electric heaters

connected to a heater control device 300. The heater control device 300 performs heater
control of switching between the state of energizing the heaters 310, 320, and 330 and the
energization cut-off state. The heater control device 300 communicates with an electronic
control unit 80 (which is described below). In the embodiment, the heater control device
300 corresponds to the heating control unit. _ ‘

[0040]  As shown in FIG 1, a dispersion plate 60 that enhances atomization of the
aqueous urea solution by dispersing the aqueous urea solution injected from the urea addition
valve 230 is provided inside the exhaust gés passage 26 between the urea addition valve 230
and the SCR catalyst 41. ' |

[0041] The aqueous urea solution injected form the urea addition valve 230 is
hydrolyzed by the heat of the exhaust gas and converted into ammonia. The ammonia is
supplied as a reducingv agent for NOx into the SCR catalyst 41. The ammonia supplied to
the SCR catalyst 41 is absorbed by the SCR catalyst 41 and used for NOx reduction.

[0042] The engine 1 is also provided with an exhaust gas recirculation (EGR) device.
The EGR device decreases the combustion temperature inside the cylinders and reduces the
generation amount of NOx by introducing part of the exhaust gas (the so-called EGR gas) into
the intake air. The EGR device includes an EGR passage 13 that communicates the intake

air passage 3 with the exhaust manifold 8, an EGR valve 15 provided in the EGR passage 13,

an EGR cooler 14, and the like. The EGR amount introduced from the exhaust gas passage
26 into the intake air passage 3, that is, the EGR amount, is adjusted by adjusting the opening
degree of the EGR valve 15. The temperature of the exhaust gas flowing inside the EGR
passage 13 is lowered by the EGR cooler 14.

[0043]  Various sensors that detect the engine operation state are provided to the

engine 1. For example, an air flow meter 19 detects the intake air amount GA inside the

intake air passage 3. A throttle valve opening degree sensor 20 detects the opening degree of

the intake air throttle valve 16. An engine revolution speed sensor 21 detects the revolution
speed of the output shaft of the engine 1, that is, the engine revolution speed NE. An
acceleration sensor 22 detects the depression amount of an accelerator pedal, that is, an

accelerator operation amount ACCP. An intake air temperature sensor 23 detects an intake
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air temperature THA in the interior portion of the intake air passage 3 upstream, in the flow

direction of the intake air, of the turbocharger 11. A vehicle speed sensor 24 detects the

‘travel speed of the vehicle equipped with the engine 1, that is, a vehicle speed SPD. An

ignition switch 25 detects a start operation and a stop operation of the engine 1 performed by
the driver of the vehicle. “

[0044] A first exhaust gas temperature sensor 100 provided upstream, in the flow
direction of the exhaust gas, of the oxidation catalyst 31 detects a first exhaust gas
temperature TH1 which is the exhaust gas temperature before the exhaust gas flows into the
oxidation catalyst 31. A pressure difference sensor 110 detects a pressure difference AP
between the exhaust gas pressure upstream and downstream, in the flow direction of the
exhaust gas, of the filter 32. '

[0045] = A second exhaust gas temperature sensor 120 and a first NOx sensor 130 are

provided upstream, in the flow direction of the exhaust gas, of the urea addition valve 230 in

the exhaust gas passage 26 between the first purification member 30 and the second
purification member 40. The second exhaust gas temperature sensor 120 detects a second
exhaust gas temperature TH2 which is an exhaust gas temperature before the exhaust gas
flows into the SCR catalyst 41. The first NOx sensor 130 detects a first NOx concentration
N1 which is a NOx concentration in the exhaust gas before the exhaust gas flows into the
SCR catalyst 41. ' ,

' [0046]~ -A second NOx sensor 140 that detects a second NOx concentration N2 which
is the NOx concentration of the exhaust gas purified with the SCR catalyst 41 is provided in
the exhaust gas passage 26 downstream, in the flow directioh of the exhaust gas, of the third
purification member 50. | . '

, [0047) The outputs of those sensors are inputted to the electronic control unit 80.
The electronic control unit 80 includes a microcomputer including a central processing device
(CPU), a read-only memory (ROM) in which programs and maps have been stored in advance,
a random access memory (RAM) that temporarily stores the computation results of the CPU,
an input interface, and an outpﬁt interface. Electric power is supplied to the CPU and the
above-described sensors from a battery.

[0048]  Various types of control of the engine 1 performed by the electronic control
unit 80 include, for example, fuel injection amount control and fuel injection timing control of

the fuel injéction valves 4a to 4d and the fuel addition valve 5, discharge pressure control of

~ the supply pump 10, drive amount control of an actuator 17 opening and closing the intake air

 throttle valve 16, and opening degree control of the EGR valve 15. The electronic control

unit 80 also performs the exhaust gas purification control of various types, such as the

regeneration treatment in which the PM collected on the filter 32 is burned.
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[0049] The electronic control unit 80 also performs, as a type of the exhaust gas
purification control, the addition control of the additive added by the urea addition valve 230.
In the addition control, the supply amount of urea necessary for reducing the NOx discharged
from the engine 1 is calculated. The valve opening state of the urea addition valve 230 is
controlled such that the aqueous urea solution is injected from the urea addition valve 230 in
the calculated supply amount. Thus, during the operation of the engine 1, the aqueous urea
solution is supplied to the exhaust gas passage 26 and the urea is added to the exhaust gas in
order to purify the NOx.

[0050]  The heater control device 300 executes the abovementioned heater control.
The heater control is basically executed in the following manner. That is, the intake air
temperature THA detected by the intake air temperature sensor 23 is used as an indicator of
the aqueous urea solution temperature. When the intake air temperature THA is lower than a
‘predetermined temperature T1 (for example, -3°C), then on the basis that the aqueous urea
solution has been frozen or may be frozen at this temperature, the energization via the heater
control device 300 is started and the heaters 310, 320, and 330 are actuated. Where the
intake air temperature THA becomes higher than a predetermined temperature T2 (for
example, 0°C) during the operation of the heaters 310, 320, and 330, the possibility that the
aqueous urea solution has been frozen is low and the possibility that the freezing is induced is
also low. Accordingly, the energization of the heaters 310, 320, and 330 is cut off and the
operation thereof is stopped.

[0051] As shown in FIG. 3, the intake air temperature sensor 23 is provided inside an
engine compartment la where the engine 1 is disposed, and the aqueous urea solution supply
mechanism 200 (more specifically, the tank 210, the pump 220, the urea addition valve 230,
the supply passage 240, and so on) is provided outside the engine compartment la.

[0052] In the embodiment, since the temperature of the engine compartment 1a rises
during the operaﬁon of the engine 1, the intake air temperature THA detected by the intake air
temperature sensor 23 located inside the engine compartment 1a easily rises. By contrast,
since the aqueous urea solution supply mechanism 200 is provided outside of the engine
compartment 1a, the tempefature thereof hardly increases during the operation of the engine 1,
and the temperature of the aqueous urea solution located inside the aqueous urea solution
supply mechanism 200 hardly rises. Therefore, in the embodiment, a difference occurs
between the intake air temperatﬁre THA detected by the intake air temperature sensor 23 and
the aqueous urea solution temperature inside the aqueous urea solution supply mechanism
200.

[0053] In the embodiment, when the intake air temperature THA rises, the actuation

of the heater 310, 320, and 330 is to be stopped. However, where the actuation of the heaters
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310, 320, and 330 is stopped on the basis that the intake air temperature THA has increased
even when the intake air temperature THA and the aqueous urea solution temperature deviate
from each other, the actuation of the heaters 310, 320, and 330 can be erroneously stopped
despite a low aqueous urea solution temperature.

[0054] Accordingly, in the embodiment, it is determined that the intake air
temperature THA and the aqueous urea solution temperature inside the aqueous urea solution
supply mechanism 200 deviate from each other when the vehicle speed SPD is equal to or less
than a predetermined speed (in the embodiment, 5 km/h). The operation of the heaters 310,
320, and 330 controlled by the heater control device 300 is continued even when the intake air
temperature THA is high, when it is determined that the intake air temperature THA and the
aqueous urea solution temperature deviate from each other during the operation of the heaters
310,320, and 330.

[0055] The operation caused by such continuing operation of the heaters 310, 320,
and 330 is explained below. When the vehicle speed SPD is low and the flow rate of the
traveling wind is low, or when the traveling wind is absent because the vehicle is stopped, the
air that is the atmosphere of the engine 1 is retained in the engine compartment la. As a
result, the tefnperature inside the enginé compartment la easily rises and the temperature

around the engine 1 also easily rises. In such a case, the intake air temperature THA

~ detected by the intake air temperature sensor 23 disposed inside the engine compartment 1a

also rises. Therefore, a deviation can occur between the intake air temperature THA and the
aqueous urea solution temperature inside the aqueous urea solution supply mechanism 200
disposed outside the engine compartment 1a.

[0056] In the embodiment, it is determined that the condition under which the intake
air temperature THA and the aqueous urea solution temperature have deviated from each
other is fulfilled when the‘vehicle speed SPD is equal to or lower than a predetermined speed.
Therefore, it can be properly determined that the intake air temperature THA and the aqueous
urea solution temperature deviate from each other on the basis that the vehicle travels at a low
speed or has been stopped. -

[0057] Where it is determined that the intake air temperature THA and the aqueous
urea solution temperature have deviated from each other, the operation of the heaters 310, 320,
and 330 is continued without a stop. Therefore, when the intake air temperature THA
detected by the intake air temperature sensor 23 is raised by the heat radiated from the engine
1 and the intake air temperature THA and the aqueous urea solution temperature deviate from
each other, then the 6peration of the heaters 310, 320, and 330, which heat the aqueous urea
solution, is not stopped. As a result, the actuation of the heaters 310, 320, and 330 can be

prevented from being erroneously stopped on the basis that the intake air temperature THA
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has increased due to the radiation heat of the engine 1, despite the fact that the actual aqueous
urea solution temperature 1s low. Therefore, the heaters 310, 320, and 330, which should
prevent the aqueous urea solution from freezing, can be adequately actuated.

[0058]  The execution procedure of the processing relating to such heater control
(heater control processing) is explained below in greater detail. FIG. 4 shows the execution
procedure of the heater control processing. The series of operations shown in the flowchart
in FIG. 4 schematically represents the execution procedure of the heater control processing.
The actual processing is executed by the heater control device 300. ’

[0059]  Asshown in FIG. 4, in the processing, it is initially determined whether or not
the intake air temperature THA is lower than the predetermined temperature T1 (step S101).
When the intake air temperature THA is equal to or higher than the predetermined
temperature T1 (step S101: NO), the determination is repeatéd every predetermined period
until the intake air temperature THA becomés lower than the predetermined temperature T1
(YES in step S101). |

[0060] When the intake air temperature THA is lower than the predetermined
temperature T1 (step S101: YES), the heaters 310, 320, and 330 are energized and actuated
(step S102). In the subsequent steps, the processing of determining whether or not the intake
air temperature THA has become higher ‘th'an a predetermined temperature T2 (step S103) and
thé processing of determining whether or not the vehicle speed SPD is higher than a
predetermined speed (step S104) are executed. _

[0061]  Where it is determined that the intake air temperature THA is equal to or -
lower than the predetermined temperature T2 (step S103: NO), it is assumed that the aqueous
urea solution temperature has not risen sufficiently because of a low temperature of the
atmosphere of the aqueous urea solution supply mechanism 200, and the actuation of the
heaters 310, 320, and 330 is continued.

[0062] Meanwhile, when the vehicle speed SPD is equal to or lower than the
predetermined speed (step S104: NO) even when the intake air temperature THA has become
higher than the predetermined temperature T2 (step S103: YES), it is assumed that the
condition under which the intake air temperature THA and the aqueous urea solution
‘temperature have deviated frohl each other is fulfilled, and the actuation of the-heaters 310,
320, and 330 is continued. |

[0063] Further, where the intake air temperature THA has become higher than the
predetermined temperature T2 (step S103: YES) and it is determined that the vehicle speed
SPD is higher than the predetermined speed (step S104: YES), the actuation of the heaters 310,
320, and 330 is stopped (step S105). In this case, it can be properly determined that the

aqueous urea solution temperature is high on the basis that the possibility of the intake air
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temperature THA and the aqueous urea solution temperature deviating from each other is low
and the intake air temperature THA is high, and the actuation of the heaters 310, 320, and 330
is stopped.

[0064] As explained hereinabove, the below-described effects can be obtained with

“the embodiment. (1) When the condition under which the intake air temperature THA and

the aqueous urea solution temperature have deviated from each other is fulfilled, the actuation
of the heaters 310, 320, and 330 is continued. Therefore, the heaters 310, 320, and 330,
which should prevent the aqueous urea solution from freezing, can be adequately actuated.

[0065] (2) The actuation of the heaters 310, 320, and 330 is continued under an
assumption that the condition under which the intake air temperature THA and the aqueous
urea solution temperature have deviated from each other is fulfilled when the vehicle speed
SPD is equal to or lower than the predetermined speed. Therefore, it can be properly
determined that the intake air temperature THA and the aqueous urea solution temperature
have deviated from each other on the basis that the vehicle travels at a low speed or has been
stopped, and the heaters 310, 320, and 330 can be adequately actuated on the basis of this
determination. _

[0066] The embodiment may be implemented with the following Changeé. The
predetermined temperatures T1 and T2 can be changed at random (however, T1 < T2), |
provided that the aqueous urea solution can be accurately prevented from freezing.

[0067] The predetermined speed (step S104) of the heater control processing (FIG.
4) can be changed at random, provided that pfOper determined is made that the intake air
temperature THA and the aqueous ufea solution temperature have deviated from each other. -

[0068] The predetermined speed (step S104) of the heater control processing (FIG.
4) is not limited to a constant speed and can be set variably according to whether or not the
aforementioned regeneration processing is executed. =~ More specifically, when . the
regeneration processing is executed, the predetermined speed may be set higher than when the
regeneration processing is not e-xecuted.v When the regeneration processing is executed and
the -exhaust gas temperature has increased, the temperature around the engine 1 easily rises
and the intake air’ temperature THA detectéd by the ihtake air temperature sensor 23 also
easily rises. Therefore, it can be said that the flow rate of the traveling air necessary to
reduce sufficiently the effect of the radiation heat of the engine 1 is also large. With the
above-described device, as a result of setting a high predetermined speed during the execution
of the regeneration processing, the stopping of the actuation of the heaters 310, 320, and 330
is prohibited and a range of vehicle speed SPD in which the actuation is continued can be
expanded toa high speed side. As a consequence, the actuation of the heaters 301, 302, and
303 can be accufately prevented from being stopped. Therefore, the heaters 310, 320, and
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330 can be adequately actuated. The operation effects same as those of the above-described
device can be obtained not only when the predetermined speed is set to change accordingﬁto
whether or not the regeneration processing is executed, but also when the predetermined
speed is set to change according to whether or not the temperature raising control, by which
the exhaust gasfemperature of the engine 1 is raised, is executed.

[0069] FIG. 5 shows a specific example of such heater control processing. Among
the processing steps shown in the flowchart in FIG. 5, the processing steps same as those
shown in FIG. 4 are assigned with same reference numerals and detailed explanation thereof is
herein omitted. As shown in FIG. 5, in this processing, where the intake air temperature
THA becomes higher than a predetermined temperature T2 (step S103: YES) during the
actuation of the heaters 310, 320, and 330 (step S101: YES), it is determined whether or not
the regeneration processing is executed (step S201). Where the regeneration processing is
not executed (step S201: NO), a predetermined value V1 (for example, 5 km/h) is set as the
predetermined speed (step S202). Meanwhile, where the regeneration processing is executed
(step $201: YES), a predetermined value V2 (for example, 10 km/h; V2 > V1) is set as the

- predetermined speed (step S203). Then, the operation of the heaters 310, 320, and 330 is

stopped (step S105), provided that the vehicle speed SPD is higher than the predetermined
speed (step S104: YES). L -

[0070] The predetermined speed ih the processing of step S104 of the heater control
processing (FIG. 4) may be set variably according to the relationship between the vehicle
speed SPD and the engine revolution speed NE. FIG. 6 shows a specific example of such
heater control. Among the processing steps shown in the flowchart in FIG. 6, the processing
sbteps same as those shown in FIG. 4 are assigned with same reference numerals and detailed
explanation thereof is herein omitted. As shown in FIG. 6, in this processing, where the
intake air temperature THA becomes higher than the predetermined temperature T2 (step
S103: YES) during the actuation of the heaters 310, 320, and 330 (step S101: YES), the:
predetermined speed is calculated by a calculation equation ("Predetermined Speed = K1 x
NE/SPD) on the basis of the engine revolution speed NE, vehicle speed SPD, and a preset
proportionality constant K1 (step S301). Then, the operation of the heaters 310, 320, and
330 is stopped (step S105), provided that the vehicle speed SPD is higher than the
predetermined speed (step S104: YES). |

[0071]  Even when the vehicle speed SPD is the same, during high-load operation
with a high engine revolution‘speed NE, the exhaust gas temperature is higher than that
during low-load operation at a low engine revolution speed NE. “Therefore, the intake air
temperature THA détected by the intake air temperature sensor 23 easily rises and the intake

air temperature THA easily deviates from the aqueous urea solution temperature. With the
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above-described device, since the predetermined speed can be set according to such a
relationship between the vehicle speed SPD, engine revolution speed NE, and exhaust gas
temperature, it can be properly determined that the intake air temperature THA and the
aqueous urea solution temperature have deviated from each other. The heaters 310, 320, and |
330, which should prevent the aqueous.urea solution from freezing, can be adequately
actuated on the basis of such a determination. Such calculation of the predetermined speed,
which is based on the vehicle speed SPD and engine revolution speed NE, may be performed
using a calculation map ihstead of using the calculation equation.

[0072] A condition under which the difference AT (THA - THout) between the
intake air temperature THA and the outside air temperature THout is equal to or higher than a
predetermined temperature (for example, 5°C) (step S401: NO), as shown in FIG. 7, may be
used instead of the condition under which the vehicle speed SPD is equal to or less than the
predetermined speed (step S104 in FIG. 4: NO) as a condition for contiﬁuing the actuation of
the heaters 310, 320, and 330. With such a device, the outside air temperature THout can be
used as an indicator for the atmosphere of the aqueous urea solution supply mechanism 200
provided outside of the engine compartment 1a, and it can be accurately determined that the
intake air temperature THA and the aqueous urea solution temperature have deviated from
each other on the basis that the difference between the outside air temperature THout and the
intake air temperature THA has increased. Further, in such a device, it is desirable that the
outside air temperature sensor, which detects the outside air temperature THout, be provided
outside of the engine compartment 1a or inside the engine compartment la, but at a location
that is not likely to receive the radiation heat of the engine 1.

[0073] A condition under which the engine revolution speed NE is equal to or lower
than an idle revolution speed (for example, 800 rpm) (step S501: NO), as shown in FIG. 8,
may be used instead of the condition under which the vehicle speed SPD is equal to or less
than the predetermined speed (step S104 in FIG. 4: NO) as a condition for continuing the
actuation of the heaters 310, 320, and 330. In this case, when the engine revolution speed
NE is equal to or lower than the idle revolution 'speed, it is highly probable that the vehicle
speed SPD is very low. With the above-described device, it can be determined that the
vehicle travels at a low speed or has been stopped on the basis of the engine revolution speed
NE being equal to or lower than the idle revolution speed, and this determination makes it
possible to determine properly that the intake air temperature THA and the aqueous urea
solution temperature have deviated from each other. A condition under which the engine
revolution speed NE is equal to or lower than a predetermined speed, which is somewhat
higher than the idle revolution speed (engine revolution speed NE < predetermined speed),

may be set instead of the condition under which the engine revolution speed NE is equal to or
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lower than the idle revolution speed.

[0074] The comparison value (idle revolution speed or predetermined speed) to be
compared with the engine revolution speed NE is not limited to a constant speed and can be
set variably according to whether or not the aforementioned regeneration processing is
executed. More specifically, where the aforementioned regeneration processing is executed,
the comparison value may be set to a speed higher than that when the regeneration processing
is not executed. With such a device, by setting the comparison value to a high speed when
the regeneration processing is executed, it is possible to expand the range of the engine
revolution speed NE and also the range of the vehicle speed SPD in which the actuation of the
heaters 310, 320, and 330 is continued to a high speed side. As a result, the actuation of the
heaters 310, 320, and 330 can be accurately prevented from being erroneously stopped, and
therefore the heaters 310, 320, and 330 can be adequately actuated.

[0075] A condition under which the state in which the pump revolution speed NEP is
équal to or lower than a predetermined speed continues over a predetermined period of time
may be set instead of or in addition to the condition under which the vehicle speed SPD is
equal to or less than the predetermined speed (step S104 in FIG. 4: NO) as a condition for
continuing the actuation of the heaters 310, 320, and 330. A speed lower than the lower
limit of the speed range in which the pump revolution speed NEP can be attained when the
aqueous urea solution has not been frozen can be set as the predetermined speed.

[0076] Since the viscosity of aqueous urea solution rises as the frozen state thereof is
approached, a load on the pump 220 pumping the aqueous urea solution increases. When
the load on the pump 220 is high, the pump revolution speed NEP decreases. With the
above-described device, it can be determined that the aqueous urea solution is frozen on the
basis that the pump revolution speed' NEP is low, and the actuation of the heaters 310, 320,
and 330 cém be continued. Therefore, the heaters 310, 320, and 330 can be adequately
actuated and the aqueous urea solution can be prevented from freezing. “

[0077] FIG. 9 shows the execution procedure of the heater control of a variation

- example including such a condition. As shown in FIG. 9, in this processing, where the

vehicle speed SPD is higher than the predetermined speed (step S104 in FIG. 4: YES), it is
determined whether or not the state in which the pump revolution speed NEP is equal to or
lower than the predetermined spéed has been continued (step S601). Where the state in
which the pump revolution speed NEP is equal to or lower than the predetermined speed has
been continued over a predetermined period of time (step S601: YES), the actuation of the
heaters 310, 320, and 330 is continued without a stop. Meanwhile, where the continuation
time of the state in which the pump revolution speed NEP is equal to or lower than the

predetermined speed is less than the predetermined period of time or when the pump
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revolution speed NEP is higher than the predetermined speed (step S601: NO), the actuation
of the heaters 310, 320, and 330 is stopped (step S105 in FIG. 4).

[0078] When the intake air temperature THA is lower than the predetermined
temperature T1 (step S101 in FIG. 4: YES), the actuation of the heaters 310, 320, and 330 may
be started (step S102), and where the outside air temperature THout is higher than the
predetermined temperature T2, the actuation of the heaters 310, 320, and 330 may be stopped.
Where the outside air temperature sensor detecting the outside air temperature THout fails
during the actuation of the heaters 310, 320, and 330, the acfuation of the heaters 310, 320,
and 330 may be continued.

[0079] A condition in which the following [Condition 1] to [Condition 4] are
combined, as appropriate, may be also set as a condition for continuing the actuation of the
heaters 310, 320, and 330.

[Condition 1] The vehicle speed SPD is equal to or lower than a predeterrhined speed.

[Condition 2] The difference AT (THA - THout) between the intake air temperature
THA and the outside air temperature THout is equal to or higher than a predetermined
temperature.

[Condition 3] The engine revolution speed NE is equal to or lower than a predetermined
speed.

[Condition 4] The state in which the pump revolution speed NEP is equal to or lower

~than a predetermined speed is continued over a predetermined period of time.

[0080] Where the state in which the conditions are fulfilled is continued over a
predetermined period of time, the actuation of the heaters 310, 320, and 330 may be continued.
In the embodiment, the electric heaters are used as the heaters (tank heater 310, pump heater
320, and passage heater 330) for heating the aqueous urea solution. A medium path that
enables heating with a heating medium (for example, the cooling water or lubricating oil of

the engine 1) may be provided, for exainple, for the pump 220, the supply passage 240, or the

“tank 210, as another heater. With such a device, the heater is actuated by causing the heating

medium to circulate in the medium path, and the actuation of the heater is stopped by

'~ stopping the circulation of the heating medium.

[0081] The additive supply device of the embodiment can be also realized as a
device in which any one of the tank heater 310, the pump heater 320, and the passage heater
330 is not provided, or a device in which any two of the heaters are not provided.

[0082]  The aqueous urea solution is used as the additive, by other additives may be

also used.
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CLAIMS:

1. An additive supply device for an engine, the additive supply device comprising:
an additive supply system positioned outside of an engine compartment, the additive
supply system including:
a tank storing an additive;
a pump configured to pump the additive located inside the tank;
a supply passage supplying the additive pumped by the pump to an exhaust gas
passage of the engine;
a heater configured to heat the additive inside the additive supply system;
an intake air temperature sensor positioned inside the engine compartment, the intake air
temperature sensor configured to detect an intake air temperature of the engine; and
a heating control unit configured to:
(1) actuate the heater when the detected intake air temperature is low, and stop
the actuation of the heater when the detected intake air temperature rises, and
(i1) continue the actuation of the heater when a condition under which the
detected intake air temperature and the temperature of the additive inside the
additive supply system have deviated from each other is fulfilled during the

actuation of the heater.

2. The additive supply device according to claim 1, wherein

the engine is mounted on a vehicle, and

the heating control unit is configured to continue the actuation of the heater under an
assumption that the condition is fulfilled when a travel speed of the vehicle is equal to or

lower than a predetermined speed.

3. The additive supply device according to claim 2, further comprising

an exhaust gas temperature control unit configured to execute temperature raising
control of raising an exhaust gas temperature of the engine, wherein

the heating control unit is configured to set the predetermined speed higher when the
temperature raising control is executed than when the temperature raising control is not

executed.

4. The additive supply device according to claim 1, wherein
the engine, as drive source, is mounted on a vehicle, and

the heating control unit is configured to continue the actuation of the heater under an
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assumption that the condition is fulfilled when a revolution speed of an output shaft of the

engine is equal to or lower than a predetermined speed.

5. The additive supply device according to claim 4, further comprising:

an exhaust gas temperature control unit configured to execute temperature raising .
control of raising the exhaust gas temperature of the engine, wherein

‘the heating control unit is configured to set the predetermined speed higher when the
‘temperature raising control is executed than when the temperature raising control is not

executed.

6. The additive supply device according to any one of claims 1 to 5, wherein

the pump is of a rotary system, and

the heating control unit is configured to continue the actuation of the heater when a state,
in which a revolution speed of the pump is equal to or lower than a predetermined speed,

continues during the actuation of the heater.

7. The additive supply device according to any one of claims 1 to 6, wherein
the deviation of the temperature is a difference of when the difference between the
intake air temperature and the temperature of the additive inside the additive supply system is

equal to or greater than a predetermined difference of the temperature.

8. An additive supply method for an engine, the engine including an additive supply
system positioned outside of an engine compartment, a heater that heats the additive inside
the additive supply system, and an intake air temperature sensor that is positioned inside the
engine compartment and detects an intake air temperature of the engine, the additive supply
method comprising: ‘

(1) actuating the heater when the detected intake air temperature is low, and stopping the
actuation of the heater when the detected intake air temperature rises, and

(i1) continuing the actuation of the heater when a condition under which the detected
intake air temperature and the temperature of the additive inside the additive supply system

have deviated from each other is fulfilled during the actuation of the heater.
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FIG. 5
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FIG. 6
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FIG. 7

(STEP S103 IN FIG. 4: YES)

S401

DIFFERENCE
AT (INTAKE AIR TEMPERATURE
THA - OUTSIDE AIR TEMPERATURE
THout) 2 PREDETERMINED
TEMPERATURE?

(STEP S105 IN FIG. 4) (STEP S103 IN FIG. 4)

FIG. 8

(STEP S103 IN FIG. 4: YES)

ENGINE REVOLUTION .
SPEED NE < IDLE REVOLUTION
SPEED?

YES

(STEP S105 IN FIG. 4) (STEP S103 INFIG. 4)

FIG. 9

(STEP S104 IN FIG. 4: YES)

S601

HAS STATE WITH
"PUMP REVOLUTION SPEED
NEP < PREDETERMINED SPEED"

CONTINUED OVER PREDETERMINED
PERIOD OF TIME?

\
(STEP S105 IN FIG. 4) (STEP S103 IN FIG. 4)



INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2014/001981

A. CLASSIFICATION OF SUBJECT MATTER

INV. FOIN3/20
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

FOIN

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 20117225950 A1 (MCCOY DARIN [US] ET AL) 1,8
22 September 2011 (2011-09-22)
abstract; figure 1

claims 3, 6, 7

X GB 2 473 134 A (ZHANG YUETAO [US]; 1,8
MCDANIEL MICKEY [US]; QI BAOHUA [US];
EVERARD DAVID) 2 March 2011 (2011-03-02)
abstract; figures 1, 3

paragraphs [0007], [0045]

A EP 2 573 344 Al (ISUZU MOTORS LTD [JP]) 1-8
27 March 2013 (2013-03-27)
abstract

paragraph [0033]

D Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : i i . " .
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X* document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
speoial reason (as specified) considered to involve an inventive step when the document is

"Q" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

19 January 2015 28/01/2015

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040, :
Fax: (+31-70) 340-3016 Seifert, Marco

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/IB2014/001981
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2011225950 Al 22-09-2011 CN 102812216 A 05-12-2012
DE 112011101005 T5 07-062-2013
GB 2492296 A 26-12-2012
US 2011225950 Al 22-09-2011
WO 2011119514 A2 29-09-2011
GB 2473134 A 02-03-2011 CN 102003256 A 06-04-2011
DE 102010035621 Al 17-03-2011
GB 2473134 A 02-03-2011
US 2011047966 Al 03-03-2011
EP 2573344 Al 27-03-2013 CN 102892989 A 23-01-2013
EP 2573344 Al 27-03-2013
JP 2011241740 A 01-12-2011
US 2013055803 Al 07-03-2013
WO 2011145570 Al 24-11-2011

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report

