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(57) Abrégée/Abstract:

An exhaust gas purification device (101, 102, 103) having a DPF (33) provided in an exhaust system (30) of an internal combustion
engine. The device has one or more sound pressure measurement means (8F, 8R) for measuring exhaust sound pressure and
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(57) Abrege(suite)/Abstract(continued):

calculation means (10) for calculating the amount of PM accumulation based on the exhaust sound pressure measured. On the
upstream side of the DPF (33) are arranged exhaust gas temperature measurement means (36) and exhaust gas temperature
raising means (34). The exhaust gas temperature raising means (34) Is activated when the amount of PM accumulation calculated
by the calculation means (10) Is higher than a preset default and at the same time when the exhaust gas temperature measured by

the exhaust temperature measurement means (36) Is lower than a lower limit of a temperature region in which the DPF (33) can be
regenerated.
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ABSTRACT

An exhaust gas purification device (101, 102, 103) having a DPF (33) provided in an

exhaust system (30) of an internal combustion engine. The device has one or more sound

pressure measurement means (8F, 8R) for measuring exhaust sound pressure and calculation
means (10) for calculating the amount of PM accumulation based on the exhaust sound
pressure measured. On the upstream side of the DPF (33) are arranged exhaust gas
temperature measurement means (36) and exhaust gas temperature raising means (34). The
exhaust gas temperature raising means (34) is activated when the amount of PM accumulation
calculated by the calculation means (10) is higher than a preset default and at the same time
when the exhaust gas temperature measured by the exhaust temperature measurement means

(36) 1s lower than a lower limit of a temperature region in which the DPF (33) can be

regenerated.
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DESCRIPTION
EXHAUST GAS PURIFICATION DEVICE
Technical Field
[0001]

The present invention relates to an art of an exhaust gas purification device comprising a
particulate filter, collecting particulate matter in exhaust gas, and disposed in an exhaust
system of an internal combustion engine such as a diesel engine.

Background Art
[0002]

Conventionally, a particulate filter (hereinafter, referred to as DPF) is disposed in an exhaust
system of an internal combustion engine so as to collect and remove particulate matter
(hereinafter, referred to as PM) in exhaust gas. As methods ) udging PM accumulation

amount of the DPF, there is well known a method measuring pressure difference between the
front and rear sides of the DPF (for example, see the Patent Literature 1) and a method
calculating from an already-known PM discharge amount map of the engine and an engine

drive record (for example, see the Patent Literature 2). Following the measured results,

“DPF renewal” removing accumulated PM is performed.

Patent Literature 1: the Japanese Patent Laid Open Gazette Hei. 7-189654
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Patent Literature 2: the Japanese Patent Laid Open Gazette 2002-97930

Disclosure of Invention
Problems to Be Solved by the Invention
[0003]

However, in the case of measuring pressure difference between the front and rear sides of
the DPE, pressure difference 1s changed following engine driving status, such as engine load
and rotation speed, whereby it 1s necessary to change threshold of PM accumulation amount
judgment following the driving status. Then, means measuring engine rotation speed, load,
back pressure, pressure difference between the front and rear sides of the DPF and the like are
necessary separately. Stabilization of pressure difference requires a lot of time, that 1s,
measurement of PM accumulation amount requires a lot of time, whereby the optimal

measurement of PM accumulation amount following the driving status cannot be performed.

Then, the purpose of the present invention is to provide an exhaust gas purification device

comprising a measurement means of PM accumulation amount of a DPF superior to pressure

difference measurement in sensibility and responsibiiity.

Means for Solving the Problems

[0004]

The above-mentioned problems are solved by the following means.
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[0005]
With regard to the present invention, an exhaust gas purification device comprising a DPF
and disposed 1n an exhaust system of an internal combustion engine, further comprises one or

more sound pressure measurement means measuring exhaust sound pressure, and a

calculation means calculating PM accumulation amount from the exhaust sound pressure.

[0006]

With regard to the present invention, an exhaust gas temperature measurement means and an
exhaust gas temperature raising means are disposed at an upstream side of the DPF, and when
the PM accumulation amount calculated by the calculation means 1s higher than
predetermined value and exhaust gas temperature measured by the exhaust gas temperature
measurement means is lower than renewable temperature range lower limit of the DPF, the
exhaust gas temperature raising means is actuated.

[0007]

With regard to the present invention, a storage means storing a sound pressure map of the
upstream side of the DPF corresponding to driving state of the internal combustion engine is

disposed, the one sound pressure measurement means is disposed at the upstream side of the

DPF, and the calculation means calculates PM accumulation amount from exhaust sound

pressure measured by the sound pressure measurement means and the sound pressure map.
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10008]

With regard to the present invention, the storage means storing the sound pressure map of
the upstream side of the DPF corresponding to driving state of the internal combustion engine
1s disposed, the one sound pressure measurement means is disposed at downstream side of the

DPF, and the calculation means calculates PM accumulation amount from exhaust sound
pressure measured by the sound pressure measurement means and the sound pressure map.
[0009]

With regard to the present invention, exhaust sound pressure is measured in all measurable

frequency band or a part of the frequency band of the sound pressure measurement means.

[0010]

With regard to the present invention, exhaust sound pressure is measured by the sound
pressure measurement means about a plurality of frequency bands, and the calculation means

calculates PM accumulation amount from the sound pressure of a plurality of the frequency

bands.

[0011]

With regard to the present invention, the frequency band of the sound pressure measured by

the sound pressure measurement means is changed following rotation speed of the internal

combustion engine.
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[0012]
With regard to the present invention, the frequency band of the exhaust sound pressure

measured by the sound pressure measurement means is changed following temperature of

exhaust gas.

Effect of the Invention
[0013]

The above-mentioned problems are solved by the following means according to the present

imvention.

[0014]

Compared with the conventional case of measuring pressure difference, measurement of
exhaust sound pressure has high sensitivity and high responsibility according to the present
invention.  Accordingly, PM accumulation amount is decided in a moment. PM

accumulation amount can be decided under transient driving.

[0015]

According to the present invention, PM accumulation amount 1s decided from measured

result of exhaust sound pressure having high responsibility and the exhaust gas temperature

raising means is actuated frequently, whereby fuel consumption is prevented from being

worsened.
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(0016]

According to the present invention, PM accumulation amount of the DPF is recognized by
disposing the one sound pressure measurement means so as to reduce cost.
[0017]

According to the present invention, PM accumulation amount of the DPF is recognized by
disposing the one sound pressure measurement means so as to reduce cost.
[0018]

According to the present invention, accuracy of sound pressure measurement is improved
without revising influence of rotary speed.

[0019]

According to the present invention, sound pressure is measured accurately.

[0020]

According to the present invention, sound pressure is measured accurately.
(0021}
According to the present invention, sound pressure is measured accurately.
Brief Description of Drawings

10022]

[Fig. 1] Fig. 1 is a schematic drawing of an exhaust gas purification device 101 of the
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first embodiment.

[Fig. 2] Fig. 2 is a diagram of relation of working time of a DPF 33 and sound pressure
difference between front and rear sides of the DPF 33.

[Fig. 3] Fig. 3 is a schematic drawing of an exhaust gas purification device 102 of the
second embodiment.

[Fig. 4] Fig. 4 is a schematic drawing of an exhaust gas purification device 103 of the
third embodiment.

[Fig. 5] Fig. 5 is a diagram of sound pressure contour corresponding to engine rotation
speed and torque in the state that PM is not accumulated in the DPF 33.

[Fig. 6] Fig. 6 is a diagram of relation of working time of the DPF 33 and sound pressure

difference between the front and rear sides of the DPF 33 calculated from measured results of

all the measurable frequency or a part of frequency band.

[Fig. 7] Fig. 7 is a diagram of relation of working time of the DP¥ 33 and sound pressure

difference between the front and rear sides of the DPF 33 measured about two types of
frequency.
Description of Notations

10023]

8F and 8R  sound pressure measurement means
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0 storage means
10 calculation means
30 exhaust system

33 DPF (particulate filter)

34 exhaust gas temperature raising means

36 exhaust gas temperature measurement means (exhaust gas temperature measurement

Sensor)

101, 102 and 103  exhaust gas purification device

The Best Mode for Carrying out the Invention
[0024]
Next, explanation will be given on an embodiment of the present invention.

Fig. 1 is a schematic drawing of an exhaust gas purification device 101 of the first
embodiment. Fig. 2 is a diagram of relation of working time of a DPF 33 and sound pressure

difference between front and rear sides of the DPF 33. Fig. 3 is a schematic drawing of an

exhaust gas purification device 102 of the second embodiment. Fig. 4 is a schematic drawing

of an exhaust gas purification device 103 of the third embodiment. Fig. 5 is a diagram of
sound pressure contour corresponding to engine rotation speed and torque in the state that PM

is not accumulated in the DPF 33. Fig. 6 is a diagram of relation of working time of the DPF
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33 and sound pressure difference between the front and rear sides of the DPF 33 calculated
from measured results of all the measurable frequency or a part of frequency band. Fig. 71sa
diagram of relation of working time of the DPF 33 and sound pressure difference between the
front and rear sides of the DPF 33 measured about two types of frequency.

[0025]

The exhaust gas purification device of the present invention is disposed in an exhaust system,
comprises a DPF 33 collecting particulate matter in exhaust gas, and recognizes PM
accumulation amount of the DPF 33.

The embodiment explains exhaust gas purification devices 101, 102 and 103 each of which
is mounted in a diesel engine 1 for a tractor. However, an engine to which each of the exhaust
gas purification devices 101, 102 and 103 is not limited to the diesel engine 1 and may be a gas
engine, a gasoline engine or the like. The present invention may be adopted to an engine
mounted 1n a vehicle, a generator or the like.

[Embodiment 1]

[0026]

As shown in Fig. 1, with regard to an intemmal combustion engine such as a diesel engine, an
induction system 20 is connected to one of sides (lower side in the drawing) of the engine

main body 1, and an exhaust system 30 is connected to the other side (upper side in the
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drawing) thereof.

The induction system 20 comprises induction piping 21, an induction manifold 22 and a fuel

pump 23. Air 1s inducted through the induction piping 21 and the induction manifold 22 into

a cylinder of the engine main body 1 (a cylinder at inhalation process). Subsequently, at the

time of finishing compression process of the cylinder, fuel is pressingly sent from the fuel

pump 23 to a combustion chamber so that expansion process is performed following

self-ignition combustion of fuel air mixture in the combustion chamber.
[0027]

An induction throttle device 24 is disposed in the induction piping 21. Concretely, the
induction throttle device 24 comprises a butterfly valve (not shown) and an actuator (not
shown) rotating the butterfly valve so as to change area of a flow passage of the induction
piping 21. Instead of the butterfly valve, various valve mechanisms such as a shutter valve

may be adopted.

The induction throttle device 24 regulates supply amount of air to the cylinder so as to

regulate air fuel ratio.

[0028]

The exhaust system 30 comprises an exhaust manifold 32 and exhaust piping 31. At

exhaust process after the above-mentioned expansion process, exhaust gas dis charged from

10



CA 02632184 2008-05-07

the cylinder to the exhaust manifold 32 passes through the exhaust piping 31 and is discharged
to the atmosphere.

The exhaust piping 31 comprises the DPF 33 collecting PM included in exhaust gas and an
exhaust gas temperature raising means 34. The DPF 33 is constructed so that a filter main
body is housed in a casing, and the filter main body is honeycomb structure having many cells
divided by filtration partitions.

[0029]

Concretely, for example, each of a part of the cells is blocked one of ends thereof, and each
of the other cells is blocked the other end thereof so that PM is accumulated when exhaust gas
passes between the cells. For constituting the filter main body, material having thermal
resistance, oxidation resistance and thermal shock resistance is suitable, and for example,

porous cordierite ceramics, silicon carbide, alumina, mullite, silicon nitride or sintered alloy 1s

adoptable.

The filter main body supports oxidization catalyst such as platinum. When exhaust gas

temperature is higher than predetermined temperature (for example about 300°C, herenafter

referred to as “renewable temperature range lower limit”), chemical reaction is performed,

that is, PM is oxidized and removed so as to renew the function of the DPF 33.

10030}

11
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As a feature of the exhaust system 30, sound pressure sensors (sound pressure measurement
means) 8F and 8R are disposed in the DPF 33 as shown in Fig. 1. In detail, each of the sound
pressure sensors 8F and 8R is constructed by a microphone or the like and is disposed in the
DPF 33 or at the upstream or downstream side of the DPF 33 inside the exhaust piping 31 so
as to measure exhaust sound pressure (loudness or volume of exhaust sound) in the DPF 33 or
at the upstream or downstream side of the DPF 33 inside the exhaust piping 31.

[0031]

The exhaust gas temperature raising means (exhaust gas heating means) 34 is disposed at the
upstream side of the DPF 33 in the exhaust piping 31. The exhaust gas temperature raising
means 34 is constructed by an electric heater or the like and generates heat by electric power
from a generator (alternator) (not shown) so as to heat exhaust gas flowing in the exhaust
piping 31. Concretely, exhaust gas may be heated indirectly by heating the exhaust piping 31,
or exhaust gas may be heated directly by heating wire disposed in the exhaust piping 31. AS

the exhaust gas temperature raising means 34, a flame burner may be adopted.

(0032]

An exhaust gas temperature measurement sensor (exhaust gas temperature measurement
means) 36 is disposed in the exhaust gas temperature raising means 34. The exhaust gas

temperature measurement sensor 36 may be arranged inside the exhaust gas temperature

12
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raising means 34, or may alternatively be attached in the exhaust piping 31 at the upstream
side of the DPF 33.
The exhaust gas temperature measurement sensor 36 measures whether temperature of

exhaust gas is higher or lower than the renewable temperature range lower limit of the DPF 33

so as to recognize whether the renew of the DPF 33 is performed or not.

10033]

The sound pressure sensors 8F and 8R, the exhaust gas temperature measurement sensor 3 6
and the exhaust gas temperature raising means 34 are connected to a calculation means 10.
The calculation means 10 receives a signal of sound pressure measured by the sound pressure
sensors 8F and 8R and calculates PM accumulation amount of the DPF 33 based on the signal
and a sound pressure map stored in a later-discussed storage means 9. The PM accumulation

amount of the DPF 33 is amount of PM sticking to the many cells formed in the DPF 33.

[0034]

When PM accumulation amount of the DPF 33 is judged to be higher than predetermined
value, the calculation means 10 receives a signal of exhaust gas temperature from the exhaust
gas temperature measurement sensor 36 and judges whether the exhaust gas temperature 1S

higher than the renewable temperature range lower limit of the DPF 33 or not based on the

signal. When the exhaust gas temperature 1s lower than the renewable temperature range

13
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lower limit, the exhaust gas temperature raising means 34 is actuated so as to raise temperature
of exhaust gas flowing in the exhaust piping 31.
[0035]

The storage means 9 is connected to the calculation means 10 and stores data of sound
pressure maps corresponding to engine rotation speed, torque and exhaust gas temperature.
The sound pressure maps are correlation tables between PM accumulation amount of the DPF
33 and exhaust sound pressure made about engine rotation speed, torque and exhaust gas
temperature. In other words, the sound pressure maps are conversion tables for finding PM
sccumulation amount of the DPF 33 from measured exhaust sound pressure.

The calculation means 10 calls the sound pressure maps from the storage means 9 at need so
as to calculate PM accumulation amount of the DPF 33 from a signal of exhaust sound

pressure.

[0036]

With regard to this embodiment, the front sound pressure sensor 8F is disposed in the
exhaust piping 31 just before (just upstream) the DPF 33 and the rear sound pressure sensor
8R is disposed just behind (just downstream) the DPF 33 as shown in Fig. 1. However, the
disposition positions are not limited thereto. With regard to the exhaust gas purification

devices 101 shown in Fig. 1, the front sound pressure sensor 8F measures exhaust sound

14
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pressure (loudness of sound: db) just before the DPF 33, and the rear sound pressure sensor 8R

measures exhaust sound pressure (loudness of sound: db) just behind the DPF 33. The
measured results of sound pressure is transmitted to the calculation means 10 and the
calculation means 10 calculates sound pressure difference between the front and rear sides of
the DPF 33 from the received signal.

[0037]

As shown in Fig. 2, with regard to the DPF 33 used without renewing, sound pressure
difference between the front sound pressure sensor 8F at the upstream side of the DPF 33 and
the rear sound pressure sensor 8R at the downstream side of the DPF 33 is increased following
increase of working time. That is because PM accumulation amount of the DPF 33 1s
increased following increase of working time and the filters in the DPF 33 are clogged so that
exhaust sound pressure transmitted from the engine before the DPF 33 is obstructed by the
DPF 3, whereby sound pressure difference between the front and the rear of the DPF 33 is

increased.

The purpose of the present invention is to find PM accumulation amount of the DPF 33 from

exhaust sound pressure by using such characteristics.

[0038)

The calculation means 10 calculates PM accumulation amount of the DPF 33 from the

15
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sound pressure maps called from the storage means 9 and the measured sound pressure
difference so as to judge whether the PM accumulation amount is larger than predetermined

value or not.

When the PM accumulation amount of the DPF 33 is larger than the predetermined value,
the exhaust gas temperature measurement sensor 36 measures temperature of exhaust gas.
When the temperature of exhaust gas is lower than the renewable temperature range lower
limit, the exhaust gas temperature raising means 34 is actuated so as to raise temperature of

exhaust gas. Accordingly, the DPF 33 is heated by exhaust gas so that the DPF 33 1S

renewed.

[0039]
As mentioned above, each of the exbaust gas purification devices 101, 102 and 103 having
the DPF 33 disposed in the exhaust system 30 of the internal combustion engine comprises

one or more sound pressure measurement means 8F and 8R measuring exhaust sound pressure

and the calculation means 10 calculating PM accumulation amount from the measured
exhaust sound pressure. Compared with the conventional case of measuring pressure

difference, measurement of exhaust sound pressure has high sensitivity and high responsibility.

Accordingly, PM accumulation amount is decided in a moment. PM accumulation amount

can be decided under transient driving.

16
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[0040]

The exhaust gas temperature measurement means 36 and the exhaust gas temperature
raising means 34 are disposed at the upstream side of the DPF 33. When PM accumulation
amount calculated by the calculation means 10 is higher than the predetermined value and
exhaust gas temperature measured by the exhaust gas temperature measurement means 36 15
lower than the renewable temperature range lower limit of the DPF 33, the exhaust gas
temperature raising means 34 is actuated. Accordingly, PM accumulation amount s decided
from measured result of exhaust sound pressure having high responsibility and the exhaust gas
temperature raising means 34 is actuated frequently, whereby fuel consumption 1s prevented
from being worsened.

[Embodiment 2]
[0041]
Next, explanation will be given on the exhaust gas purification device 102 of the second

embodiment.

As shown in Fig. 3, with regard to the exhaust gas purification device 102, only the front

sound pressure sensor 8F is disposed before, that s, at the upstream side of the DPF 33.

Though the disposition position of the front sound pressure sensor 8F is not limited in the

embodiment 1, the front sound pressure sensor 8F is disposed only at the upstream side of the

17
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DPF 33 in this embodiment, and only change of exhaust sound pressure at the upstream side of
the DPF 33 is measured so as to recognize PM accumulation amount of the DPF 33.

That is because exhaust sound generated in the engine becomes to tend to be reflected
following increase of PM accumulation amount of the DPF 33 so that exhaust sound pressure
at the upstream side of the DPF 33 is changed. InFig. 3, thick arrows indicate tlow of air, and
thin arrows indicate flow of signals.

[0042]

Similarly to the embodiment 1, the calculation means 10 is connected to the storage means 9
and the storage means 9 stores sound pressure maps for the front sound pressure sensor 8F
following PM accumulation amount of the DPF 33 experimentally measured previously. In
this embodiment, the calculation means 10 recognizes PM accumulation amount of the DPF

33 only from exhaust sound pressure at the upstream side of the DPF 33 measured by the front

sound pressure sensor 8F based on later-discussed sound pressure maps.

[0043]

The sound pressure maps are conversion tables from exhaust sound pressure, measured by

the front sound pressure sensor 8F to PM accumulation amount of the DPF 33 and is made

experimentally about engine rotation sp eed, torque and exhaust gas temperature. The

calculation means 10 selects the optimum sound pressure map stored in the storage means 9

18
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based on engine rotation speed, torque and the like at the time of measurement, and calculates
PM accumulation amount of the DPF 33 from sound pressure measured by the front sound
pressure sensor 8F by using the sound pressure map.

For reference, Fig. 5 shows sound pressure corresponding to engime rotation speed and
torque measured by the front and rear sound pressure sensors 8F and 8R 1n the state that PM 1s
not accumulated in the DPF 33.

[0044]

The calculation means 10 calculates PM accumulation amount of the DPF 33 from exhaust

sound pressure measured by the front sound pressure sensor 8F and the sound pressure map,

and when the PM accumulation amount is larger than the predetermined value, the exhaust gas
temperature measurement sensor 36 measures temperature of exhaust gas. When the

temperature of exhaust gas is lower than the renewable temperature range lower limit, the
exhaust gas temperature raising means 34 is actuated so as to raise temperature of exbaust gas.
Accordingly, the DPF 33 is heated by exhaust gas so that the DPF 33 is renewed.

[0045]

As mentioned above, the storage means 9 storing the sound pressure map of the upstream
side of the DPF 33 corresponding to driving state of the internal combustion engine 1s

disposed. The one sound pressure measurement means 8F is disposed at the upstream side of

19
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the DPF 33. The calculation means 10 calculates PM accumulation amount from exhaust

sound pressure measured by the sound pressure measurement means 8F and the sound
pressure map. Accordingly, PM accumulation amount of the DPF 33 1s recognized by

disposing the one sound pressure measurement means 8F so as to reduce cost.
[Embodiment 3]
[0046]

Next, explanation will be given on the exhaust gas purification device 103 of the third
embodiment.

As shown in Fig. 4, with regard to the exhaust gas purification device 103, only the sound
pressure sensor 8R is disposed behind, that is, at the downstream side of the DPF 33. Though
the disposition position of the front sound pressure sensor 8F is not limited in the embodiment
|, the rear sound pressure sensor 8R is disposed only at the downstream side of the DPF 33 in

this embodiment, and only change of exhaust sound pressure at the downstream side of the
DPF 33 is measured so as to recognize PM accumulation amount of the DPF 33.

That is because exhaust sound generated in the engine becomes to tend to be screened by the

DPF 33 following increase of PM accumulation amount of the DPF 33 so that exhaust sound

pressure at the downstream side of the DPF 33 is changed. In Fig. 4, thick arrows indicate

flow of air, and thin arrows indicate flow of signals.

20
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[0047]

The calculation means 10 1s connected to the storage means 9 and the storage means 9 stores
sound pressure maps for the rear sound pressure sensor 8R following PM accumulation
amount of the DPF 33 experimentally measured previously.

The calculation means 10 calculates PM accumulation amount of the DPF 33 only from the

sound pressure maps and exhaust sound pressure at the downstream side of the DPF 33

measured by the rear sound pressure sensor 8R.
The sound pressure maps are conversion tables from exhaust sound pressure measured by

the rear sound pressure sensor SR to PM accumulation amount of the DPF 33 and 1s made
experimentally about engine rotation speed, torque and exhaust gas temperature. The
calculation means 10 selects the optimum sound pressure map stored in the storage means 9
based on engine rotation speed, torque and the like at the time of measurement, and calculates
PM accumulation amount of the DPF 33 from sound pressure measured by the rear sound

pressure sensor 8R by using the sound pressure map.

[0048)

The calculation means 10 calculates PM accumulation amount of the DPF 33 from exhaust
sound pressure measured by the rear sound pressure sensor 8R and the sound pressure map,

and when the PM accumulation amount is larger than the predetermined value, the exhaust gas

21
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temperature measurement sensor 36 measures temperature of exhaust gas. When the
temperature of exhaust gas is lower than the renewable temperature range lower limit, the
exhaust gas temperature raising means 34 is actuated so as to raise temperature of exhaust gas.

Accordingly, the DPF 33 is heated by exhaust gas so that the DPF 33 1s renewed.
[0049]

As mentioned above, the storage means 9 storing the sound pressure map of the upstream
side of the DPF 33 corresponding to driving state of the internal combustion engine 1S
disposed. The one sound pressure measurement means 8R is disposed at the downstream
side of the DPF 33. The calculation means 10 calculates PM accumulation amount from
exhaust sound pressure measured by the sound pressure measurement means SR and the
sound pressure map. Accordingly, PM accumulation amount of the DPF 33 is recognized by

disposing the one sound pressure measurement means 8K so as to reduce cost.

[0050]

Next, explanation will be given on a frequency band measured by sound pressure

measurement according to the present invention.

As frequency measured in the vicinity of the DPF 33, exhaust sound pressure of all the
frequency band which can be measured by the sound pressure sensors 8F and 8R may be

measured. Alternatively, sound pressure of a part of the frequency band which can be

22
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measured by the sound pressure sensors 8F and 8R may be measured.

Namely, amplitude of all the sound pressure detected by the sound pressure sensors 8F and
8R may be measured without limiting frequency, or sound pressure may be measured 1n a part
of the frequency band that correlation coefficient of sound pressure with PM accumulation
amount of the DPF 33 is high. The part of the frequency band with high correlation
coefficient is experimentally determined previously about working status of the engine, and
the range of the frequency band is stored in the storage means 2.

[0051]

As shown in Fig. 6, when exhaust sound pressure is measured in all the measurable
frequency band, measured pressure difference varies widely, but is hardly to be influenced by
engine rotation speed and torque. When exhaust sound pressure is measured 1n the part of the
frequency band, that is, when exhaust sound pressure is measured without the band that
correlation to accumulation amount of the DPF 33 is low, dispersion of measured pressure

difference is small.

[0052]

As mentioned above, exhaust sound pressure is measured in all the measurable frequency
band or a part of the frequency band of the sound pressure measurement means 8F and 8R.

Accordingly, accuracy of sound pressure measurement is improved without revising influence

23
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of rotary speed.

[0053]

Frequency at which correlation of sound pressure or sound pressure difference to PM
accumulation amount of the DPF 33 is high is different about engine rotation speed and torque.
As an example, Fig. 7 shows results of measurement of exhaust sound pressure about two
types of frequency in the case that rotation speed is 2400/min as relation of working time of
the DPF 33 and sound pressure difference between the front and rear sides. With regard to
results of measurement of exhaust sound pressure difference that frequency is 160Hz, sound
pressure difference between the front and rear sides measured by the sound pressure sensors
8F and 8R is increased following progress of clogging of the DPF 33. However, with regard
to results of measurement of exhaust sound pressure difference that frequency 1s 80Hz, sound
pressure difference between the front and rear sides is hardly changed.

Namely, in the case that rotation speed is 2400/min, accurate PM accumulation amount of
the DPF 33 is recognized by measurement of exhaust sound pressure difference that frequency
is 160Hz. However, since change of sound pressure difference is small in measurement of
exhaust sound pressure difference that frequency is 160Hz, accurate PM accumulation
amount of the DPF 33 may not be recognized.

[0054]

24
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Then, the storage means 9 stores the optimum frequency band for measurement of the DPF
33 corresponding to engine rotation speed and torque. In detail, the storage means 9 stores
frequency band with high correlation coefficient between exhaust sound pressure or exhaust
sound pressure difference and PM accumulation amount of the DPF 33 corresponding to
engine rotation speed and torque, and the sound pressure sensors 8F and 8R select frequency
band with high correlation from a plurality of frequency bands or combine the frequency
bands corresponding to engine rotation speed and torque and measure exhaust sound pressure
or exhaust sound pressure difference. Subsequently, the calculation means 10 calculates PM

accumulation amount from a plurality of the exhaust sound pressure or exhaust sound pressure

difference based on the sound pressure map.

[0055]

As mentioned above, exhaust sound pressure is measured by the sound pressure

measurement means 8F and 8R about a plurality of frequency bands, and the calculation

means 10 calculates PM accumulation amount from the sound pressure of a plurality of the

frequency bands. Accordingly, sound pressure is measured accurately.

[0056)

The frequency band of the sound pressure measured by the sound pressure measurement

means 8F and 8R is changed following rotation speed of the internal combustion engine.
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Accordingly, sound pressure 1s measured accurately as the comparison shown in Fig. 7.
[0057]

Propagation characteristic of exhaust sound pressure propagated by exhaust gas 1s different
about temperature of the exhaust gas. Accordingly, frequency band with high correlation
coefficient between exhaust sound pressure or exhaust sound pressure difference and PM
accumulation amount of the DPF 33 is different about temperature of exhaust gas. Then, the
storage means 9 stores frequency band with high correlation coefficient between exhaust
sound pressure or exhaust sound pressure difference and PM accumulation amount of the DPF

33 about temperature of exhaust gas.

The exhaust gas temperature measurement sensor 36 measures temperature of exhaust gas,

and the sound pressure sensors 8F and 8R and the calculation means 10 measure exhaust
sound pressure or exhaust sound pressure difference of the optimum frequency band

corresponding to the temperature of exhaust gas so as to calculate PM accumulation amount of

the DPF 33.

[0058]

As mentioned above, the frequency band of the exhaust sound pressure measured by the
sound pressure measurement means 8F and 8R is changed following temperature of exhaust

gas. Accordingly, sound pressure is measured accurately.
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Industrial Applicability

[0059]
The present invention is adoptable to an exhaust gas purification device comprising a
particulate filter, collecting particulate matter in exhaust gas, and disposed in an exhaust

system oOf an internal combustion engine such as a diesel engine.
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CLAIMS

1. An exhaust gas purification device comprising a DPF and disposed in an exhaust system

of an internal combustion engine, further comprising:

one or more sound pressure measurement means measuring exhaust sound pressure;, and

a calculation means calculating PM accumulation amount from the exhaust sound pressure.

2. The exhaust gas purification device as set forth in claim 1, wherein

an exhaust gas temperature measurement means and an exhaust gas temperature raising
means are disposed at an upstream side of the DPF, and

when the PM accumulation amount calculated by the calculation means is higher than a
predetermined value and exhaust gas temperature measured by the exhaust gas temperature

measurement means is lower than renewable temperature range lower limit of the DPF, the

exhaust gas temperature raising means is actuated.

3. The exhaust gas purification device as set forth in claim 1 or 2, wherein

a storage means storing a sound pressure map of the upstream side of the DPF
corresponding to driving state of the internal combustion engine is disposed,

the one sound pressure measurement means is disposed at the upstream side of the DPE, and
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the calculation means calculates PM accumulation amount from exhaust sound pressure

measured by the sound pressure measurement means and the sound pressure map.

4. The exhaust gas purification device as set forth in one of claims 1 to 3, wherein
the storage means storing the sound pressure map of the upstream side of the DPF
corresponding to driving state of the internal combustion engine is disposed,

the one sound pressure measurement means is disposed at downstream side of the DPF, and
the calculation means calculates PM accumulation amount from exhaust sound pressure

measured by the sound pressure measurement means and the sound pressure map.

5. The exhaust gas purification device as set forth in one of claims 1 to 4, wherein exhaust

sound pressure is measured in all measurable frequency band or a part of the frequency band

of the sound pressure measurement means.

6. The exhaust gas purification device as set forth in one of claims 1 to 5, wherein

exhaust sound pressure is measured by the sound pressure measurement means about a

plurality of frequency bands, and

the calculation means calculates PM accumulation amount from the sound pressure of a
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plurality of the frequency bands.

7. The exhaust gas purification device as set forth in one of claims 1 to 6, wherein the
frequency band of the sound pressure measured by the sound pressure measurement means 18

changed following rotation speed of the internal combustion engine.

8. The exhaust gas purification device as set forth in one of claims 1 to 7, wherein the

frequency band of the exhaust sound pressure measured by the sound pressure measurement

means i1s changed following temperature of exhaust gas.
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Fig. 1
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Fig. 4 103
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Fig. 5

torque [Nm]
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Fig. ©

DPF pressure difference [kPa]

. sound pressure difference in range of frequency from 0 to 1600 Hz

sound pressure difference of
front and rear sides of DPF [dbl

. sound pressure difference in range of freguency from 500 to 1600 Hz

. DPF pressure difference

time [hour]
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Fig. [

sound pressure difference of
front and rear sides of DPF [db]

. difference of signals of sound pressure senser is 160 Hz

- difference of signals of sound pressure sensor is 80 Hz

. DPF pressure difference
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