
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

19
9 

58
5

A
1

��&��
���������
(11) EP 2 199 585 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
23.06.2010 Bulletin 2010/25

(21) Application number: 08840572.5

(22) Date of filing: 16.10.2008

(51) Int Cl.:
F02M 25/07 (2006.01)

(86) International application number: 
PCT/JP2008/068702

(87) International publication number: 
WO 2009/051154 (23.04.2009 Gazette 2009/17)

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HR HU IE IS IT LI LT LU LV MC MT NL NO PL PT 
RO SE SI SK TR
Designated Extension States: 
AL BA MK RS

(30) Priority: 17.10.2007 JP 2007270280

(71) Applicant: Toyota Jidosha Kabushiki Kaisha
Toyota-shi, Aichi 471-8571 (JP)

(72) Inventor: YAMASHITA, Akira
Toyota-shi
Aichi 471-8571 (JP)

(74) Representative: TBK-Patent
Bavariaring 4-6
80336 München (DE)

(54) EXHAUST GAS RECIRCULATION DEVICE FOR INTERNAL COMBUSTION ENGINE

(57) In an exhaust gas recirculation apparatus of an
internal combustion engine, a technique is provided
which reduces a pressure loss in a cyclone type collection
device. The apparatus includes a turbocharger (5), a low
pressure EGR passage (31), a cyclone type collection
device (11) that is arranged in the low pressure EGR
passage (31) and collects foreign matters in a low pres-
sure EGR gas, a flow rate regulating passage (12) that
causes the low pressure EGR gas to flow from a foreign
matter collection part of the cyclone type collection device
(11) into an exhaust passage (4) downstream of a con-
nection part thereof with the low pressure EGR passage
(31), a flow rate regulating valve (13) that is arranged in
the flow rate regulating passage (12) and regulates the
flow rate of the low pressure EGR gas flowing through
the flow rate regulating passage (12), and a ECU (14)
that performs the opening and closing control of the flow
rate regulating valve in accordance with a pressure loss
occurring at the time when the low pressure EGR gas
flowing through the low pressure EGR passage (31)
passes through the cyclone type collection device (11).
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Description

[Technical Field]

[0001] The present invention relates to an exhaust gas
recirculation apparatus of an internal combustion engine.

[Background Art]

[0002] There has been disclosed a technique in which
part of an exhaust gas is taken from an exhaust passage
of an internal combustion engine as an EGR gas, which
is recirculated to an intake passage of the internal com-
bustion engine by way of an EGR passage in which a
cyclone type collection device for collecting foreign mat-
ters in the EGR gas is arranged (see, for example, a first
patent document).

[First Patent Document] Japanese patent application
laid-open No. 2002-130058
[Second Patent Document] Japanese patent appli-
cation laid-open No. 2000-170608
[Third Patent Document] Japanese patent applica-
tion laid-open No. 2005-155559
[Fourth Patent Document] Japanese patent applica-
tion laid-open No. H07-158420

[Disclosure of the Invention]

[Problem to be solved by the Invention]

[0003] The cyclone type collection device arranged in
the EGR passage can also collect foreign matters of
smaller particle sizes as the flow rate of the EGR gas
increases and the flow speed of the EGR gas becomes
faster. However, in cases where the EGR gas flow rate
increases, a pressure loss at the time of the EGR gas
passing through the cyclone type collection device be-
comes larger. As this pressure loss becomes larger, a
desired amount of EGR gas will no longer be supplied to
the internal combustion engine, so the EGR gas will be
insufficient, thereby inducing the deterioration of exhaust
emissions. Thus, when the pressure loss in the cyclone
type collection device is large, there has been a case
where various adverse or harmful effects are caused.
[0004] The present invention has been made in view
of the above-mentioned circumstances, and has for its
object to provide a technique of reducing a pressure loss
in a cyclone type collection device in an exhaust gas re-
circulation apparatus of an internal combustion engine.

[Means for Solving the Problems]

[0005] The present invention adopts the following con-
struction. That is, the present invention resides in an ex-
haust gas recirculation apparatus of an internal combus-
tion engine, which is characterized by comprising:

a turbocharger that has a turbine arranged in an ex-
haust passage of said internal combustion engine
and a compressor arranged in an intake passage of
said internal combustion engine;
a low pressure EGR passage that takes in a part of
an exhaust gas as a low pressure EGR gas from
said exhaust passage downstream of said turbine,
and recirculates the low pressure EGR gas to said
intake passage upstream of said compressor;
a cyclone type collection device that is arranged in
said low pressure EGR passage and collects foreign
matters in said low pressure EGR gas;
a flow rate regulating passage that causes said low
pressure EGR gas to flow from a foreign matter col-
lection part of said cyclone type collection device into
said exhaust passage downstream of a connection
part thereof with said low pressure EGR passage;
a flow rate regulating valve that is arranged in said
flow rate regulating passage and regulates the flow
rate of the low pressure EGR gas flowing through
said flow rate regulating passage; and
a first control means that performs the opening and
closing control of said flow rate regulating valve in
accordance with a pressure loss occurring at the time
when the low pressure EGR gas flowing through said
low pressure EGR passage passes through said cy-
clone type collection device.

[0006] The cyclone type collection device arranged in
the low pressure EGR passage can also collect foreign
matters of smaller particle sizes as the flow rate of the
low pressure EGR gas increases and the flow speed of
the low pressure EGR gas becomes faster. However, in
cases where the flow rate of the low pressure EGR gas
increases, a pressure loss at the time of the low pressure
EGR gas passing through the cyclone type collection de-
vice becomes larger. As this pressure loss becomes larg-
er, a desired amount of the low pressure EGR gas will
no longer be supplied to the internal combustion engine,
so the low pressure EGR gas will be insufficient, thereby
inducing the deterioration of exhaust emissions.
[0007] According to the present invention, the flow rate
regulating valve is controlled to be opened and closed in
accordance with the pressure loss at the time when the
low pressure EGR gas passes through the cyclone type
collection device. Therefore, in cases where the pressure
loss becomes larger, i.e., in cases where the flow rate of
the low pressure EGR gas increases, the flow rate reg-
ulating valve can be opened. By this, the low pressure
EGR gas is caused to pass from the cyclone type collec-
tion device to the flow rate regulating passage, so that
the low pressure EGR gas remaining in the cyclone type
collection device can be decreased. Thus, the pressure
loss at the time of the low pressure EGR gas passing
through the cyclone type collection device becomes
smaller, so a desired amount of low pressure EGR gas
can be supplied to the internal combustion engine, and
the deterioration of exhaust emissions resulting from a
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shortage of the low pressure EGR gas can be sup-
pressed.
[0008] In addition, when the low pressure EGR gas is
caused to pass from the cyclone type collection device
to the flow rate regulating passage as in the present in-
vention, the flow speed of the low pressure EGR gas
passing through the cyclone type collection device be-
comes slower, and the cyclone type collection device be-
comes unable to collect foreign matters of small particle
sizes. However, even in this case, what is necessary is
just to be able to collect foreign matters of particle sizes
equal to or larger than a particle size which affects the
intake system of the internal combustion engine. Thus,
if foreign matters of particle sizes equal to or larger than
the particle size which affects the intake system of the
internal combustion engine can be collected by the cy-
clone type collection device, the inclusion of the foreign
matters will not influence the intake system of the internal
combustion engine.
[0009] Preferably, said first control means closes said
flow rate regulating valve in cases where the flow rate of
the low pressure EGR gas flowing through said low pres-
sure EGR passage is less than a first predetermined flow
rate used as a threshold which gives priority to reducing
the pressure loss at the time of said low pressure EGR
gas passing through said cyclone type collection device
rather than collecting foreign matters by said cyclone type
collection device, and opens said flow rate regulating
valve at a degree of opening in a range in which said
cyclone type collection device is able to collect foreign
matters of particle sizes equal to or larger than the particle
size which affects said intake system of the internal com-
bustion engine in cases where the flow rate of the low
pressure EGR gas flowing through said low pressure
EGR passage becomes equal to or more than said first
predetermined flow rate.
[0010] Here, the first predetermined flow rate is a flow
rate of the low pressure EGR gas that is used as a thresh-
old which gives priority to reducing the pressure loss at
the time of the low pressure EGR gas passing through
the cyclone type collection device rather than collecting
foreign matters by the cyclone type collection device,
when the flow rate of the low pressure EGR gas is equal
to or larger than the threshold.
[0011] According to the present invention, in cases
where the flow rate of the low pressure EGR gas increas-
es more than the first predetermined flow rate, the flow
rate regulating valve is opened so that the pressure loss
at the time of the low pressure EGR gas passing through
the cyclone type collection device can be reduced. In
addition, when the flow rate regulating valve is opened,
the cyclone type collection device is able to collect foreign
matters of particle sizes larger than the particle size which
affects the intake system of the internal combustion en-
gine.
[0012] The present invention also adopts the following
construction. That is, the present invention resides in an
exhaust gas recirculation apparatus of an internal com-

bustion engine, which is characterized by comprising:

a turbocharger that has a turbine arranged in an ex-
haust passage of said internal combustion engine
and a compressor arranged in an intake passage of
said internal combustion engine;
a catalyst that is arranged in said exhaust passage
downstream of said turbine and becomes a high tem-
perature when activated;
a cyclone type collection device that is arranged in
said exhaust passage immediately downstream of
said catalyst and collects foreign matters in an ex-
haust gas;
a low pressure EGR passage that takes in a part of
an exhaust gas as a low pressure EGR gas from
said exhaust passage downstream of said cyclone
type collection device, and recirculates the low pres-
sure EGR gas to said intake passage upstream of
said compressor;
a flow rate regulating passage that causes the ex-
haust gas to flow from a foreign matter collection part
of said cyclone type collection device into said ex-
haust passage downstream of a connection part
thereof with said low pressure EGR passage;
a flow rate regulating valve that is arranged in said
flow rate regulating passage and regulates the flow
rate of the exhaust gas flowing through said flow rate
regulating passage; and
a second control means that performs the opening
and closing control of said flow rate regulating valve
in accordance with a pressure loss occurring at the
time when the exhaust gas flowing through said ex-
haust passage passes through said cyclone type col-
lection device.

[0013] The cyclone type collection device arranged in
the exhaust passage can also collect foreign matters of
smaller particle sizes as the flow rate of the exhaust gas
increases and the flow speed of the exhaust gas be-
comes faster. However, in cases where the exhaust gas
flow rate increases, a pressure loss at the time of the
exhaust gas passing through the cyclone type collection
device becomes larger. As this pressure loss becomes
larger, the reduction in the output of the internal combus-
tion engine and the deterioration of the fuel consumption
thereof will be caused.
[0014] According to the present invention, the degree
of opening of the flow rate regulating valve is controlled
in accordance with the pressure loss at the time when
the exhaust gas passes through the cyclone type collec-
tion device. Therefore, in cases where the pressure loss
becomes larger, i.e., in cases where the flow rate of the
exhaust gas increases, the flow rate regulating valve can
be opened. By this, the exhaust gas is caused to pass
from the cyclone type collection device to the flow rate
regulating passage, so that the exhaust gas stagnating
in the cyclone type collection device can be decreased.
Thus, the pressure loss at the time of the exhaust gas
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passing through the cyclone type collection device be-
comes smaller, so it is possible to suppress the reduction
in the output of the internal combustion engine and the
deterioration of fuel consumption thereof.
[0015] In addition, when the exhaust gas is caused to
pass from the cyclone type collection device to the flow
rate regulating passage as in the present invention, the
flow speed of the exhaust gas passing through the cy-
clone type collection device becomes slower, and the
cyclone type collection device becomes unable to collect
foreign matters of small particle sizes. However, even in
this case, what is necessary is just to be able to collect
foreign matters of particle sizes equal to or larger than a
particle size which affects the intake system of the inter-
nal combustion engine. Thus, if foreign matters of particle
sizes equal to or larger than the particle size which affects
the intake system of the internal combustion engine can
be collected by the cyclone type collection device, the
inclusion of the foreign matters will not influence the in-
take system of the internal combustion engine.
[0016] Moreover, in cases where the cyclone type col-
lection device is arranged at a location immediately
downstream of the catalyst, the exhaust gas carries away
an amount of heat from the catalyst which has become
high temperature at the time of activation thereof, and
the exhaust gas in a warmed state flows into the cyclone
type collection device. For this reason, the exhaust gas
is at high temperature in the cyclone type collection de-
vice, so the amount of saturated steam of the exhaust
gas does not decrease, thus making it possible to sup-
press the generation of condensate from the exhaust gas
in the cyclone type collection device. Accordingly, it is
possible to suppress the corrosion reliability of intake and
exhaust piping from being affected resulting from the
generation of condensate.
[0017] Preferably, said second control means closes
said flow rate regulating valve in cases where the flow
rate of the exhaust gas flowing through said exhaust pas-
sage is less than a second predetermined flow rate used
as a threshold which gives priority to reducing the pres-
sure loss at the time of the exhaust gas passing through
said cyclone type collection device rather than collecting
foreign matters by said cyclone type collection device,
and opens said flow rate regulating valve at a degree of
opening in a range in which said cyclone type collection
device is able to collect foreign matters of particle sizes
equal to or larger than the particle size which affects said
intake system of the internal combustion engine in cases
where the flow rate of the exhaust gas flowing through
said exhaust passage becomes equal to or more than
said second predetermined flow rate.
[0018] Here, the second predetermined flow rate is a
flow rate of the exhaust gas that is used as a threshold
which gives priority to reducing the pressure loss at the
time of the exhaust gas passing through the cyclone type
collection device rather than collecting foreign matters
by the cyclone type collection device, when the flow rate
of the exhaust gas is equal to or larger than the threshold.

[0019] According to the present invention, in cases
where the flow rate of the exhaust gas increases more
than the second predetermined flow rate, the flow rate
regulating valve is opened so that the pressure loss at
the time of the exhaust gas passing through the cyclone
type collection device can be reduced. In addition, when
the flow rate regulating valve is opened, the cyclone type
collection device is able to collect foreign matters of par-
ticle sizes equal to or larger than the particle size which
affects the intake system of the internal combustion en-
gine.
[0020] The present invention further adopts the follow-
ing construction. That is, the present invention resides in
an exhaust gas recirculation apparatus of an internal
combustion engine, which is characterized by compris-
ing:

a turbocharger that has a turbine arranged in an ex-
haust passage of said internal combustion engine
and a compressor arranged in an intake passage of
said internal combustion engine;
a low pressure EGR passage that takes in a part of
an exhaust gas as a low pressure EGR gas from
said exhaust passage downstream of said turbine,
and recirculates the low pressure EGR gas to said
intake passage upstream of said compressor;
a cyclone type collection device that is arranged in
said low pressure EGR passage and collects foreign
matters in said low pressure EGR gas;
a bypass passage that serves to cause said low pres-
sure EGR gas to bypass said cyclone type collection
device in said low pressure EGR passage;
a bypass valve that opens and closes said bypass
passage; and
a third control means that opens said bypass valve
in cases where the flow rate of the low pressure EGR
gas flowing through said low pressure EGR passage
is less than a third predetermined flow rate that is a
threshold which does not allow foreign matters to
reach said compressor, and in cases where the
number of revolutions per unit time of said turbo-
charger is lower than a predetermined number of
revolutions per unit time that is a threshold with which
said compressor will not be damaged even if foreign
matters of small particle sizes unable to be collected
by said cyclone type collection device reach said
compressor.

[0021] Here, the third predetermined flow rate means
a flow rate of the low pressure EGR gas that is a threshold
below which foreign matters are unable to reach the com-
pressor. In addition, the predetermined number of revo-
lutions per unit time means a number of revolutions of
the turbocharger that is a threshold below which foreign
matters of small particle sizes unable to be collected by
the cyclone type collection device, even if reach the com-
pressor, will not damage the compressor.
[0022] According to the present invention, the bypass
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valve is opened in cases where the flow rate of the low
pressure EGR gas flowing through the low pressure EGR
passage is less than the third predetermined flow rate
that does not allow foreign matters to reach the compres-
sor, and in cases where the number of revolutions per
unit time of the turbocharger is lower than the predeter-
mined number of revolutions per unit time with which the
compressor will not be damaged even if foreign matters
of small particle sizes unable to be collected by the cy-
clone type collection device reaches the compressor.
With this, the low pressure EGR gas flowing through the
low pressure EGR passage is caused to bypass the cy-
clone type collection device, so that the low pressure
EGR gas flows through the bypass passage. For this
reason, there will be no pressure loss generated at the
time of the low pressure EGR gas passing through the
cyclone type collection device. Accordingly, the pressure
loss on the route of the low pressure EGR passage be-
comes smaller, so a desired amount of low pressure EGR
gas can be supplied to the internal combustion engine,
and the deterioration of exhaust emissions resulting from
a shortage of the low pressure EGR gas can be sup-
pressed.

[Effect of the Invention]

[0023] According to the present invention, in an ex-
haust gas recirculation apparatus of an internal combus-
tion engine, it is possible to reduce a pressure loss in a
cyclone type collection device.

[Brief Description of the Drawings]

[0024]

[Fig. 1] is a view showing the schematic construction
of an internal combustion engine and its intake and
exhaust systems according to a first embodiment of
the present invention.
[Fig. 2] is a view showing the flow rate of a low pres-
sure EGR gas which is required in accordance with
an operating state of the internal combustion engine
according to the first embodiment.
[Fig. 3] is a view showing the relation between the
flow rate of the low pressure EGR gas flowing into a
cyclone type collection device and the pressure loss
at the time of the low pressure EGR gas passing
through the cyclone type collection device according
to the first embodiment.
[Fig. 4] is a view showing the relation between the
particle sizes of foreign matters and the foreign mat-
ter collection efficiency in the cyclone type collection
device according to the first embodiment.
[Fig. 5] is a flow chart showing a control routine for
the flow rate of the low pressure EGR gas according
to the first embodiment.
[Fig. 6] is a view showing the schematic construction
of an internal combustion engine and its intake and

exhaust systems according to a second embodiment
of the present invention.
[Fig. 7] is a view showing the states which a three-
way valve can take according to the second embod-
iment.
[Fig. 8] is a view showing the characteristics of the
temperature of an exhaust gas and the amount of
water vapor according to the second embodiment.
[Fig. 9] is a flow chart showing a control routine for
the flow rate of the exhaust gas according to the sec-
ond embodiment.
[Fig. 10] is a view showing the schematic construc-
tion of an internal combustion engine and its intake
and exhaust systems according to a third embodi-
ment of the present invention.
[Fig. 11] is a view showing a region in which a bypass
valve is opened in accordance with the operating
state of the internal combustion engine according to
the third embodiment.
[Fig. 12] is a view showing the relation between the
flow rate of the low pressure EGR gas and the pres-
sure loss on the route of a low pressure EGR pas-
sage according to the third embodiment.
[Fig. 13] is a flow chart showing a control routine for
the bypass valve according to the third embodiment.

[Explanation of Reference Numerals and Characters]

[0025]

1 an internal combustion engine
2 cylinders
3 an intake passage
4 an exhaust passage
5 a turbocharger
5a a compressor
5b a turbine
6 a throttle valve
7 an air flow meter
8 an intercooler
9 an exhaust gas purification device
10 an exhaust throttle valve
11 a cyclone type collection device
12 a flow rate regulating passage
13 a flow rate regulating valve
14 an ECU
15 a crank position sensor
16 a three-way valve
17 a bypass passage
18 a bypass valve
30 a low pressure EGR system
31 a low pressure EGR passage
32 a low pressure EGR valve
33 a low pressure EGR cooler

[Best Mode for Carrying out the Invention]

[0026] In the following, specific embodiments of the
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present invention will be described.

<First Embodiment>

[0027] Fig. 1 is a view showing the schematic construc-
tion of an internal combustion engine and its intake and
exhaust systems to which an exhaust gas recirculation
apparatus of an internal combustion engine according to
this embodiment of the present invention is applied. The
internal combustion engine 1 illustrated in Fig. 1 is a four-
stroke cycle diesel engine of a water cooled type having
four cylinders 2 each of which cooperates with a piston
to form a combustion chamber. The internal combustion
engine 1 is installed on a vehicle. An intake passage 3
and an exhaust passage 4 are connected to the internal
combustion engine 1.
[0028] In the middle of the intake passage 3 connected
to the internal combustion engine 1, there is arranged a
compressor 5a of a turbocharger 5 that is driven to op-
erate with the use of the energy of an exhaust gas as a
driving source.
[0029] In the intake passage 3 at a location upstream
of the compressor 5a, there is arranged a throttle valve
6 that serves to adjust the flow rate of intake air flowing
through the intake passage 3. This throttle valve 6 is driv-
en to be opened and closed by an electric actuator. In
the intake passage 3 at a location upstream of the throttle
valve 6, there is arranged an air flow meter 7 that outputs
a signal in accordance with the flow rate of fresh air flow-
ing through the intake passage 3. By this air flow meter
7, the amount of intake air (the amount of fresh air) sucked
into the internal combustion engine 1 is metered or meas-
ured.
[0030] An intercooler 8 for performing heat exchange
between intake air and outside air is arranged in the in-
take passage 3 at a location downstream of the compres-
sor 5a.
[0031] On the other hand, in the middle of the exhaust
passage 4 connected to the internal combustion engine
1, there is arranged a turbine 5b of the turbocharger 5.
A exhaust gas purification device 9 is arranged in the
exhaust passage 4 at a location downstream of the tur-
bine 5b.
[0032] The exhaust gas purification device 9 is con-
structed to have an oxidation catalyst and a particulate
filter (hereinafter referred to simply as a filter) that is ar-
ranged at a latter stage (or downstream side) of the ox-
idation catalyst. Here, note that an occlusion reduction
type NOx catalyst (hereinafter simply referred to as a
NOx catalyst) may be carried by the filter. The exhaust
gas purification device 9 operates such that the oxidation
catalyst and the NOx catalyst become high temperature
when activated and exhibit their functions. The oxidation
catalyst or the NOx catalyst, which are used in the ex-
haust gas purification device 9, correspond to a catalyst
of the present invention.
[0033] In addition, an exhaust throttle valve 10 for ad-
justing the flow rate of the exhaust gas flowing through

the exhaust passage 4 is arranged in the exhaust pas-
sage 4 at a location downstream of the exhaust gas pu-
rification device 9. This exhaust throttle valve 10 is driven
to open and close by an electric actuator.
[0034] The internal combustion engine 1 is equipped
with a low pressure EGR system 30 that returns (recir-
culates) a part of the exhaust gas flowing through the
exhaust passage 4 to the intake passage 3 at low pres-
sure. This low pressure EGR system 30 is constructed
to be provided with a low pressure EGR passage 31, a
low pressure EGR valve 32, and a low pressure EGR
cooler 33.
[0035] The low pressure EGR passage 31 serves to
connect between a portion of the exhaust passage 4 at
a downstream side of the exhaust gas purification device
9 and at an upstream side of the exhaust throttle valve
10 and a portion of the intake passage 3 at an upstream
side of the compressor 5a and at a downstream side of
the throttle valve 6. The exhaust gas is sent into the in-
ternal combustion engine 1 through this low pressure
EGR passage 31 at low pressure. In this embodiment,
the exhaust gas being returned while flowing through the
low pressure EGR passage 31 is called a low pressure
EGR gas.
[0036] By regulating the passage sectional area of the
low pressure EGR passage 31, the low pressure EGR
valve 32 adjusts the amount of the low pressure EGR
gas flowing through the low pressure EGR passage 31.
This low pressure EGR valve 32 is driven to open and
close by an electric actuator. Here, note that the regula-
tion of the amount of the low pressure EGR gas can also
be carried out by means of methods other than the ad-
justment of the degree of opening of the low pressure
EGR valve 32. For example, by regulating the degree of
opening of the throttle valve 6 or by adjusting the degree
of opening of the exhaust throttle valve 10, the difference
in pressure between an upstream side of the low pressure
EGR passage 31 and a downstream side thereof can be
changed, thereby making it possible to adjust the amount
of the low pressure EGR gas.
[0037] The low pressure EGR cooler 33 performs heat
exchange with the low pressure EGR gas passing
through the low pressure EGR cooler 33 and engine cool-
ing water of the internal combustion engine 1, whereby
the temperature of the low pressure EGR gas is reduced.
[0038] Here, in this embodiment, a cyclone type col-
lection device 11 is arranged in the low pressure EGR
passage 31 at a location downstream of the low pressure
EGR cooler 33. In the cyclone type collection device 11,
when the low pressure EGR gas containing foreign mat-
ters flows into the cyclone type collection device 11, the
low pressure EGR gas descends while rotating along a
cylindrical wall of the cyclone type collection device 11
of which the size or diameter decreases toward its lower
end, during which a centrifugal force acts on the foreign
matters so that the foreign matters are caused to move
in the direction of the wall thereby to be separated from
the low pressure EGR gas. The low pressure EGR gas
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with the foreign matters separated therefrom flows in the
direction of a central portion of the cyclone type collection
device 11, and flows out of a discharge opening formed
in an upper portion of the cyclone type collection device
11. On the other hand, the foreign matters separated
from the low pressure EGR gas continue to descend after
the separation thereof from the low pressure EGR gas,
so that they are collected to a foreign matter collection
part in a lower portion of the cyclone type collection de-
vice 11.
[0039] In this embodiment, a flow rate regulating pas-
sage 12 is arranged which serves to connect between
the foreign matter collection part in the lower portion of
the cyclone type collection device 11 and the exhaust
passage 4 downstream of its connection portion with the
low pressure EGR passage 31. The flow rate regulating
passage 12 serves to cause the low pressure EGR gas
to flow out of the foreign matter collection part of the cy-
clone type collection device 11 into the exhaust passage
4 together with the foreign matters.
[0040] A flow rate regulating valve 13 is arranged in
the flow rate regulating passage 12. The flow rate regu-
lating valve 13 regulates the flow rate of the low pressure
EGR gas flowing through the flow rate regulating pas-
sage 12. This flow rate regulating valve 13 is driven to
open and close by an electric actuator.
[0041] In the internal combustion engine 1 constructed
as stated above, there is arranged in combination there-
with an ECU 14 which is an electronic control unit for
controlling the internal combustion engine 1. The ECU
14 is a unit that controls the operating state of the internal
combustion engine 1 in accordance with the operating
conditions of the internal combustion engine 1 and/ or
driver’s requirements.
[0042] The air flow meter 7 and a crank position sensor
15 for detecting an engine rotational speed are connect-
ed to the ECU 14 through wiring, and the outputs of these
various sensors are inputted to the ECU 14.
[0043] On the other hand, the respective actuators of
the throttle valve 6, the exhaust throttle valve 10, the low
pressure EGR valve 32, and the flow rate regulating valve
13 are connected to the ECU 14 through wiring, so that
these pieces of equipment are controlled by the ECU 14.
[0044] In this embodiment, the flow rate of the low pres-
sure EGR gas is controlled by using the low pressure
EGR valve 32 in accordance with the operating state of
the internal combustion engine 1. By this control, a so-
called EGR operation is carried out in which the internal
combustion engine 1 is operated in a state where the low
pressure EGR gas is contained in the intake air sucked
into the internal combustion engine 1, whereby the oxy-
gen concentration of the intake air is reduced to lower
the combustion temperature and the combustion speed,
thus exhibiting the effect of reducing NOx generated dur-
ing combustion.
[0045] Fig. 2 shows the flow rate of the low pressure
EGR gas which is required in accordance with the oper-
ating state of the internal combustion engine 1. The axis

of abscissa in Fig. 2 represents the engine load of the
internal combustion engine 1, and the axis of ordinate
represents the flow rate of the low pressure EGR gas. In
two characteristic curves in Fig. 2, an upper characteristic
curve is a characteristic curve in the case where the
number of revolutions per unit time (hereinafter referred
to as engine revolution number) of the internal combus-
tion engine 1 is high, and a lower characteristic curve is
a characteristic curve in the case where the number of
revolutions per unit time of the internal combustion en-
gine 1 is low. As shown in Fig. 2, the flow rate of the low
pressure EGR gas required of the internal combustion
engine 1 tends to increase in accordance with the in-
creasing number of revolutions per unit time of the engine
when the engine load as an operating state of the internal
combustion engine 1 is in a light or middle load range.
The flow rate of the low pressure EGR gas required in
accordance with the operating state of the internal com-
bustion engine 1 is supplied by the use of a map as shown
in Fig. 2.
[0046] Incidentally, in this embodiment, the cyclone
type collection device 11 is arranged in the low pressure
EGR passage 31. The cyclone type collection device 11
arranged in the low pressure EGR passage 31 can also
collect foreign matters of smaller particle sizes as the
flow rate of the low pressure EGR gas increases and the
flow speed of the low pressure EGR gas becomes faster.
However, in cases where the flow rate of the low pressure
EGR gas increases, a pressure loss at the time of the
low pressure EGR gas passing through the cyclone type
collection device 11 becomes larger. As this pressure
loss becomes larger, a desired amount of the low pres-
sure EGR gas will no longer be supplied to the internal
combustion engine 1, so the low pressure EGR gas will
be short or insufficient. Thus, due to the factor of shortage
of the low pressure EGR gas, the oxygen concentration
of intake air will not lower, and hence the combustion
temperature and the combustion speed will not be de-
creased, as a result of which NOx will be generated at
the time of combustion, thereby inducing the deteriora-
tion of exhaust emissions.
[0047] In addition, if the exhaust throttle valve 10 is
controlled to a closed side in order to supply the low pres-
sure EGR gas which is in shortage, the pressure loss at
the time of the low pressure EGR gas passing through
the cyclone type collection device 11 will become still
larger, and at the same time, the flow of the exhaust gas
will also be delayed or stagnated and a pumping loss will
be increased, thus inducing the reduction in the output
of the internal combustion engine 1 and the deterioration
of fuel consumption.
[0048] Accordingly, in this embodiment, the opening
and closing control of the flow rate regulating valve 13 is
carried out in accordance with the pressure loss occur-
ring at the time when the low pressure EGR gas flowing
through the low pressure EGR passage 31 passes
through the cyclone type collection device 11.
[0049] Here, the pressure loss at the time of the low
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pressure EGR gas passing through the cyclone type col-
lection device 11 has a correlation to the flow rate of the
low pressure EGR gas which flows into the cyclone type
collection device 11, and hence, the larger the flow rate
of the low pressure EGR gas, the larger the pressure loss
also becomes. For this reason, as the practical control
of the flow rate regulating valve 13, the flow rate of the
low pressure EGR gas whose correlation to the pressure
loss has been beforehand obtained is calculated, and
the opening and closing control of the flow rate regulating
valve 13 is carried out in accordance with the flow rate
of the low pressure EGR gas thus calculated.
[0050] Specifically, the flow rate regulating valve 13 is
closed in cases where the flow rate of the low pressure
EGR gas flowing through the low pressure EGR passage
31 is less than a first predetermined flow rate used as a
threshold which gives priority to reducing the pressure
loss at the time of the low pressure EGR gas passing
through the cyclone type collection device 11 rather than
collecting foreign matters by the cyclone type collection
device 11.
[0051] On the other hand, the flow rate regulating valve
13 is opened in cases where the flow rate of the low
pressure EGR gas becomes equal to or more than the
first predetermined flow rate. In addition, the opening de-
gree of the flow rate regulating valve 13 at the time of
being opened is defined in a range in which the cyclone
type collection device 11 is able to collect foreign matters
of particle sizes equal to or larger than a particle size
which affects the intake system of the internal combus-
tion engine 1.
[0052] Here, note that the first predetermined flow rate
is a flow rate of the low pressure EGR gas that is used
as a threshold which gives priority to reducing the pres-
sure loss at the time of the low pressure EGR gas passing
through the cyclone type collection device 11 rather than
collecting foreign matters by the cyclone type collection
device 11, when the flow rate of the low pressure EGR
gas is equal to or larger than the threshold.
[0053] According to this embodiment, in cases where
the pressure loss at the time of the low pressure EGR
gas passing through the cyclone type collection device
11 becomes larger, that is, in cases where the flow rate
of the low pressure EGR gas flowing into the cyclone
type collection device 11 increases, the flow rate regu-
lating valve 13 is opened. With this, in cases where the
flow rate of the low pressure EGR gas increases, the low
pressure EGR gas is caused to pass from the cyclone
type collection device 11 to the flow rate regulating pas-
sage 12, so that the low pressure EGR gas stagnating
in the cyclone type collection device 11 can be de-
creased. Thus, the pressure loss generated at the time
of the low pressure EGR gas passing through the cyclone
type collection device 11 becomes smaller.
[0054] Fig. 3 is a view showing the relation between
the flow rate of the low pressure EGR gas flowing into
the cyclone type collection device 11 and the pressure
loss at the time of the low pressure EGR gas passing

through the cyclone type collection device 11. In Fig. 3,
a first characteristic curve represents the relation be-
tween the flow rate of the low pressure EGR gas in the
case where the flow rate regulating valve 13 is in a closed
state and the pressure loss, and a second characteristic
curve represents the relation between the flow rate of the
low pressure EGR gas at the time when the flow rate
regulating valve 13 is opened and the pressure loss. As
shown in Fig. 3, by opening the flow rate regulating valve
13, the pressure loss shifts from a location A of the first
characteristic curve to a location B of the second char-
acteristic curve, so that the pressure loss with respect to
the flow rate of the low pressure EGR gas becomes small.
[0055]  Because the pressure loss is reduced in this
manner, a desired amount of low pressure EGR gas can
be supplied to the internal combustion engine 1, and the
low pressure EGR gas supplied to the internal combus-
tion engine 1 does not become short. Accordingly, a suf-
ficient amount of low pressure EGR gas is supplied so
that the oxygen concentration of intake air is decreased
to lower the combustion temperature and the combustion
speed, as a result of which NOx generated at the time of
combustion can be decreased, thus making it possible
to suppress the deterioration of exhaust emissions.
[0056] In addition, it becomes unnecessary to control
the exhaust throttle valve 10 to a closed side in order to
supply the low pressure EGR gas to supplement the
shortage thereof, and hence the pressure loss at the time
of the low pressure EGR gas passing through the cyclone
type collection device 11 does not become still larger,
and the flow of the exhaust gas does not stagnate, where-
by the pumping loss does not increase, thereby making
it possible to suppress the reduction in the output of the
internal combustion engine 1 and the deterioration of fuel
consumption.
[0057] Here, if the low pressure EGR gas is caused to
flow from the cyclone type collection device 11 to the flow
rate regulating passage 12, the flow speed of the low
pressure EGR gas passing through the cyclone type col-
lection device 11 becomes slow, so the cyclone type col-
lection device 11 will be unable to collect foreign matters
of small particle sizes, and the collection efficiency of the
foreign matters of small particle sizes will be decreased.
However, in this embodiment, the degree of opening of
the flow rate regulating valve 13 is controlled to an open
side only within a range in which the cyclone type collec-
tion device 11 becomes possible to collect foreign mat-
ters of particle sizes equal to or more than a particle size
which affects the intake system of the internal combus-
tion engine 1. Thus, foreign matters of particle sizes equal
to or larger than the particle size which affects the intake
system of the internal combustion engine 1 can be col-
lected by the cyclone type collection device 11.
[0058] Fig. 4 is a view showing the relation between
the particle sizes of foreign matters and foreign matter
collection efficiencies in the cyclone type collection de-
vice 11. A in Fig. 4 denotes a foreign matter collection
efficiency at a location A of a first characteristic curve in
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the case where the flow rate regulating valve 13 used in
Fig. 3 is in a closed state, and B denotes a foreign matter
collection efficiency at a location B of a second charac-
teristic curve at the time when the flow rate regulating
valve 13 used in Fig. 3 is opened. Also, C denotes a
foreign matter collection efficiency at a location C on the
first characteristic curve when the flow rate of the low
pressure EGR gas is small in the case where the flow
rate regulating valve 13 in Fig. 3 is closed. In addition, a
diagonally shaded area denotes a range (NG region) in
which the particle sizes of foreign matters is equal to or
more than the particle size which affects the intake sys-
tem of the internal combustion engine 1. As shown in Fig.
4, by opening the flow rate regulating valve 13, a shift is
made from the foreign matter collection efficiency of A to
the foreign matter collection efficiency of B, whereby the
foreign matter collection efficiency for collecting foreign
matters of small particle sizes is lowered, but foreign mat-
ters of particle sizes equal to or larger than the particle
size which affects the intake system of the internal com-
bustion engine 1 in the NG region are able to be collected.
[0059] Accordingly, in the case of this embodiment,
influences such as the damage of the compressor 5a due
to the inclusion of those foreign matters which reach the
compressor 5a while being not able to be caught or col-
lected by the cyclone type collection device 11 will not
be exerted to the intake system of the internal combustion
engine.
[0060] Next, reference will be made to a control routine
for the flow rate of the low pressure EGR gas according
to this embodiment. Fig. 5 is a flow chart showing the
control routine for the flow rate of the low pressure EGR
gas according to this embodiment. This routine is carried
out in a repeated manner at each predetermined time
interval. Here, note that the ECU 14 performing this rou-
tine corresponds to a first control means of the present
invention.
[0061] In step S101, the ECU 14 reads the outputs of
the various kinds of sensors, and detects the operating
state of the internal combustion engine 1.
[0062] In step S102, the ECU 14 determines, from the
operating state of the internal combustion engine 1 de-
tected in step S101, whether it is necessary to introduce
a low pressure EGR gas to the internal combustion en-
gine 1.
[0063] In cases such as where it is necessary to reduce
the amount of NOx generated at the time of combustion
by decreasing the oxygen concentration of intake air
thereby to lower the combustion temperature and the
combustion speed, it is determined that it is necessary
to introduce a low pressure EGR gas to the internal com-
bustion engine 1.
[0064] In step S102, when an affirmation determina-
tion is made that a low pressure EGR gas need be intro-
duced to the internal combustion engine 1, the control
routine shifts to step S103. On the other hand, when a
negative determination is made in step S102 that a low
pressure EGR gas need not be introduced to the internal

combustion engine 1, the control routine shifts to step
S106.
[0065] In step S103, the ECU 14 calculates the flow
rate of the low pressure EGR gas to be introduced from
the operating state of the internal combustion engine 1
detected in step S101.
[0066] The flow rate of the low pressure EGR gas can
be calculated by obtaining a map as shown in Fig. 2 be-
forehand, and by taking the engine load and the engine
revolution number of the internal combustion engine 1
into this map.
[0067] In step S104, the ECU 14 calculates the degree
of opening of the flow rate regulating valve 13 from the
flow rate of the low pressure EGR gas calculated in step
S103.
[0068] In cases where the flow rate of the low pressure
EGR gas calculated in step S103 is less than the first
predetermined flow rate, priority is given to collecting for-
eign matters by means of the cyclone type collection de-
vice 11, so the degree of opening of the flow rate regu-
lating valve 13 is zero (in a valve closed state). In cases
where the calculated flow rate of the low pressure EGR
gas is equal to or more than the first predetermined flow
rate, the flow rate of the low pressure EGR gas thus cal-
culated is taken into the map obtained beforehand as
shown in Fig. 3 or Fig. 4, and the degree of opening of
the flow rate regulating valve 13 is calculated within a
range in which the cyclone type collection device 11 is
able to collect foreign matters of particle sizes equal to
or larger than the particle size which affects the intake
system of the internal combustion engine 1. This degree
of opening is a value larger than zero. Here, note that
the larger the flow rate of the low pressure EGR gas, the
larger the pressure loss at the time of the low pressure
EGR gas passing through the cyclone type collection de-
vice 11 becomes. From this, the larger the flow rate of
the low pressure EGR gas, the greater the degree of
opening of the flow rate regulating valve 13 should be so
as to make the pressure loss smaller.
[0069] In step S105, the ECU 14 controls the degree
of opening of the flow rate regulating valve 13 to the value
calculated in step S104.
[0070] On the other hand, in step S106, the ECU 14
closes the flow rate regulating valve 13, thereby placing
it into a fully closed state.
[0071] In step S107, in cases where the low pressure
EGR gas is introduced to the internal combustion engine
1, the ECU 14 executes an EGR operation by actually
introducing the low pressure EGR gas at the low pressure
EGR gas flow rate as calculated in step S103. In addition,
at this time, a high pressure EGR gas or an internal EGR
gas may be introduced. On the other hand, in cases
where the low pressure EGR gas is not introduced to the
internal combustion engine 1, the EGR operation is car-
ried out while introducing only the high pressure EGR
gas or the internal EGR gas. After the processing of this
step, this routine is once ended.
[0072] By performing the above control routine, it is
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possible to reduce the pressure loss at the time of the
low pressure EGR gas passing through the cyclone type
collection device 11.

<Second Embodiment>

[0073] Next, a second embodiment of the present in-
vention will be described. Here, a construction different
from that of the above-mentioned embodiment will be
described, and an explanation of the same construction
will be omitted.
[0074] Fig. 6 is a view showing the schematic construc-
tion of an internal combustion engine and its intake and
exhaust systems to which an exhaust gas recirculation
apparatus of an internal combustion engine according to
this second embodiment of the present invention is ap-
plied.
[0075] In this embodiment, a cyclone type collection
device 11 is arranged immediately downstream of an ex-
haust gas purification device 9 while being integrally
formed with the exhaust gas purification device 9. In this
embodiment, too, a flow rate regulating passage 12 is
arranged which serves to connect between a foreign mat-
ter collection part in a lower portion of the cyclone type
collection device 11 and an exhaust passage 4 down-
stream of its connection portion with a low pressure EGR
passage 31. A flow rate regulating valve 13 is arranged
in the flow rate regulating passage 12.
[0076] The low pressure EGR passage 31 serves to
connect between a portion of the exhaust passage 4 at
a downstream side of the cyclone type collection device
11 and at an upstream side of its connection portion with
the flow rate regulating passage 12 and a portion of an
intake passage 3 at an upstream side of a compressor
5a and at a downstream side of a throttle valve 6.
[0077] A three-way valve 16 is arranged at a connec-
tion part at which the low pressure EGR passage 31, the
upstream portion of the exhaust passage 4, and the
downstream portion of the exhaust passage 4 are con-
nected with one another. This three-way valve 16 is op-
erated by an electric actuator. The actuator for the three-
way valve 16 is connected to an ECU 14 through wiring,
so that the three-way valve 16 is controlled by the ECU
14.
[0078] Fig. 7 is a view showing the three-way valve 16
according to this embodiment. The three-way valve 16
shown in Fig. 7 can be changed among three states, i.e.,
a state (low pressure EGR gas off-state) in which the
upstream portion of the exhaust passage 4 at the up-
stream side of the three-way valve 16 and the down-
stream portion of the exhaust passage 4 at the down-
stream side of the three-way valve 16 are connected with
each other while cutting off or blocking the low pressure
EGR passage 31, shown in Fig. 7(a), a state (low pres-
sure EGR gas on-state) in which the upstream portion of
the exhaust passage 4, the downstream portion of the
exhaust passage 4 and the low pressure EGR passage
31 are connected with one another, as shown in Fig. 7

(b), and a state (all passages off-state) in which all the
passages are cut off or blocked from one another, as
shown in Fig. 7(c).
[0079] In the low pressure EGR gas on-state shown in
Fig. 7(a) or in the low pressure EGR gas off-state shown
in Fig. 7(b), by regulating the passage sectional area of
a boundary portion with the upstream portion of the ex-
haust passage 4 or the downstream portion of the ex-
haust passage 4, the three-way valve 16 can adjust the
amount of exhaust gas flowing into the downstream por-
tion of the exhaust passage 4, and can play the role of
an exhaust throttle valve. In the low pressure EGR gas
on-state shown in Fig. 7(b), by regulating the passage
sectional area of a boundary portion with the low pressure
EGR passage 31, the three-way valve 16 can adjust the
amount of low pressure EGR gas flowing through the low
pressure EGR passage 31, and can play the role of a
low pressure EGR valve. In the state of cutting off or
blocking all the passages shown in Fig. 7(c), the whole
exhaust gas can be caused to flow through the flow rate
regulating passage 12, whereby foreign matters depos-
ited on the foreign matter collection part in the lower por-
tion of the cyclone type collection device 11 can be dis-
charged to the exhaust passage 4.
[0080] Incidentally, in this embodiment, the cyclone
type collection device 11 is arranged in the exhaust pas-
sage 4. The cyclone type collection device 11 arranged
in the exhaust passage 4 can also collect foreign matters
of smaller particle sizes as the flow rate of the exhaust
gas increases and the flow speed of the exhaust gas
becomes faster. However, in cases where the exhaust
gas flow rate increases, a pressure loss at the time of
the exhaust gas passing through the cyclone type col-
lection device 11 becomes larger. As this pressure loss
increases, a pumping loss will be increased, thus induc-
ing the reduction in the output of the internal combustion
engine 1 and the deterioration of fuel consumption.
[0081] Accordingly, in this embodiment, the opening
and closing control of the flow rate regulating valve 13 is
carried out in accordance with the pressure loss occur-
ring at the time when the exhaust gas flowing through
the exhaust passage 4 passes through the cyclone type
collection device 11.
[0082] Here, the pressure loss at the time of the ex-
haust gas passing through the cyclone type collection
device 11 has a correlation to the flow rate of the exhaust
gas which flows into the cyclone type collection device
11, and hence, the larger the flow rate of the exhaust
gas, the larger the pressure loss also becomes. For this
reason, as the practical control of the flow rate regulating
valve 13, the flow rate of the exhaust gas whose corre-
lation to the pressure loss has been beforehand obtained
is calculated, and the opening and closing control of the
flow rate regulating valve 13 is carried out in accordance
with the flow rate of the exhaust gas thus calculated.
[0083] Specifically, the flow rate regulating valve 13 is
closed in cases where the flow rate of the exhaust gas
flowing through the exhaust passage 4 is less than a
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second predetermined flow rate used as a threshold
which gives priority to reducing the pressure loss at the
time of the exhaust gas passing through the cyclone type
collection device 11 rather than collecting foreign matters
by the cyclone type collection device 11.
[0084] On the other hand, the flow rate regulating valve
13 is opened in cases where the flow rate of the exhaust
gas becomes equal to or more than the second prede-
termined flow rate. In addition, the opening degree of the
flow rate regulating valve 13 at the time of being opened
is defined in a range in which the cyclone type collection
device 11 is able to collect foreign matters of particle
sizes equal to or larger than a particle size which affects
the intake system of the internal combustion engine 1.
[0085] Here, the second predetermined flow rate is a
flow rate of the exhaust gas that is used as a threshold
which gives priority to reducing the pressure loss at the
time of the exhaust gas passing through the cyclone type
collection device 11 rather than collecting foreign matters
by the cyclone type collection device 11, when the flow
rate of the exhaust gas is equal to or larger than the
threshold.
[0086] According to this embodiment, in cases where
the pressure loss at the time of the exhaust gas passing
through the cyclone type collection device 11 becomes
larger, that is, in cases where the flow rate of the exhaust
gas flowing into the cyclone type collection device 11
increases, the flow rate regulating valve 13 is opened.
By this, in cases where the flow rate of the exhaust gas
increases, the exhaust gas is caused to pass from the
cyclone type collection device 11 to the flow rate regu-
lating passage 12, so that the exhaust gas stagnating in
the cyclone type collection device 11 can be decreased.
Thus, the pressure loss generated at the time of the ex-
haust gas passing through the cyclone type collection
device 11 becomes smaller.
[0087] The relation between the flow rate of the ex-
haust gas flowing into the cyclone type collection device
11 and the pressure loss at the time of the exhaust gas
passing through the cyclone type collection device 11 is
similar to the relation between the flow rate of the low
pressure EGR gas flowing into the cyclone type collection
device 11 and the pressure loss at the time of the low
pressure EGR gas passing through the cyclone type col-
lection device 11 as shown in Fig. 3. Accordingly, as
shown in Fig. 3, by opening the flow rate regulating valve
13, the pressure loss shifts from a location A of a first
characteristic curve to a location B of a second charac-
teristic curve, so that the pressure loss with respect to
the flow rate of the exhaust gas becomes small.
[0088] Because the pressure loss is reduced in this
manner, the pumping loss can be reduced, thus making
it possible to suppress the reduction in the output of the
internal combustion engine 1 and the deterioration of fuel
consumption.
[0089] Here, if the exhaust gas is caused to flow from
the cyclone type collection device 11 to the flow rate reg-
ulating passage 12, the flow speed of the exhaust gas

passing through the cyclone type collection device 11
becomes slow, so the cyclone type collection device 11
will be unable to collect foreign matters of small particle
sizes, and the collection efficiency of the foreign matters
of small particle sizes will be decreased. However, in this
embodiment, the degree of opening of the flow rate reg-
ulating valve 13 is controlled to an open side only within
a range in which the cyclone type collection device 11
becomes possible to collect foreign matters of particle
sizes equal to or more than the particle size which affects
the intake system of the internal combustion engine 1.
Thus, foreign matters of particle sizes equal to or larger
than the particle size which affects the intake system of
the internal combustion engine 1 can be collected by the
cyclone type collection device 11.
[0090] In this embodiment, too, the relation between
the particle sizes of foreign matters and the foreign matter
collection efficiency in the cyclone type collection device
11 becomes as shown in Fig. 4. Therefore, as shown in
Fig. 4, by opening the flow rate regulating valve 13, a
shift is made from the foreign matter collection efficiency
of A to the foreign matter collection efficiency of B, where-
by the foreign matter collection efficiency for collecting
foreign matters of small particle sizes is lowered, but for-
eign matters of particle sizes equal to or larger than the
particle size which affects the intake system of the inter-
nal combustion engine 1 are able to be collected.
[0091] Accordingly, in the case of this embodiment,
influences such as the damage of the compressor 5a due
to the inclusion of those foreign matters which reach the
compressor 5a by way of the low pressure EGR passage
31 while being not able to be caught or collected by the
cyclone type collection device 11 will not be exerted to
the intake system of the internal combustion engine.
[0092] Here, in this embodiment, the cyclone type col-
lection device 11 is arranged immediately downstream
of the exhaust gas purification device 9 while being inte-
grally formed with the exhaust gas purification device 9.
For this reason, the exhaust gas carries away an amount
of heat from the exhaust gas purification device 9 having
an oxidation catalyst which has become high tempera-
ture at the time of activation thereof or a NOx catalyst,
so that the exhaust gas in a warmed state flows into the
cyclone type collection device 11.
[0093] Fig. 8 is a view showing the characteristics of
the temperature of the exhaust gas and the amount of
water vapor. The axis of abscissa in Fig. 8 represents
the temperature of the exhaust gas, and the axis of or-
dinate represents the amount of water vapor. As shown
in Fig. 8, if the exhaust gas in the cyclone type collection
device 11 is high in temperature as in this embodiment,
the entire amount of water vapor will exist in a vapor side
with respect to a boundary line between water and vapor,
and no condensate is generated. On the other hand, if
the exhaust gas is low in temperature as shown in a bro-
ken line, the amount of water vapor will protrude into a
water side with respect to the boundary line of water and
vapor, and this amount of protrusion will be condensate.
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Thus, in this embodiment, the exhaust gas is at high tem-
perature in the cyclone type collection device 11, so the
amount of saturated vapor or steam of the exhaust gas
does not decrease, thereby making it possible to sup-
press the generation of condensate from the exhaust gas
in the cyclone type collection device 11.
[0094] Accordingly, it is possible to suppress the cor-
rosion reliability of intake and exhaust piping from being
affected resulting from the generation of condensate.
[0095] Next, reference will be made to a control routine
for the flow rate of the exhaust gas according to this em-
bodiment. Fig. 9 is a flow chart showing the control routine
for the flow rate of the exhaust gas according to this em-
bodiment. This routine is carried out in a repeated manner
at each predetermined time interval. Here, note that the
ECU 14 performing this routine corresponds to a second
control means of the present invention.
[0096] In step S201, the ECU 14 reads the outputs of
various kinds of sensors, and detects the operating state
of the internal combustion engine 1.
[0097] In step S202, the ECU 14 calculates the flow
rate of the exhaust gas from the operating state of the
internal combustion engine 1 detected in step S201.
[0098] In step S203, the ECU 14 calculates the degree
of opening of the flow rate regulating valve 13 from the
flow rate of the exhaust gas calculated in step S202.
[0099] In cases where the flow rate of the exhaust gas
calculated in step S202 is less than the second prede-
termined flow rate, priority is given to collecting foreign
matters by means of the cyclone type collection device
11, so the degree of opening of the flow rate regulating
valve 13 is zero (in a valve closed state). In cases where
the calculated flow rate of the exhaust gas is equal to or
more than the second predetermined flow rate, the flow
rate of the exhaust gas thus calculated is taken into a
map which corresponds to the flow rate of exhaust gas,
has been obtained beforehand, and is similar to the one
as shown in Fig. 3 or Fig. 4, and the degree of opening
of the flow rate regulating valve 13 is calculated within a
range in which the cyclone type collection device 11 is
able to collect foreign matters of particle sizes equal to
or larger than the particle size which affects the intake
system of the internal combustion engine 1. This degree
of opening is a value larger than zero. Here, note that
the larger the flow rate of the exhaust gas, the larger the
pressure loss at the time of the exhaust gas passing
through the cyclone type collection device 11 becomes.
From this, the larger the flow rate of the exhaust gas, the
greater the degree of opening of the flow rate regulating
valve 13 should be so as to make the pressure loss small-
er.
[0100] In step S204, the ECU 14 controls the degree
of opening of the flow rate regulating valve 13 to the value
calculated in step S203. After the processing of this step,
this routine is once ended.
[0101] By performing the above control routine, it is
possible to reduce the pressure loss at the time of the
exhaust gas passing through the cyclone type collection

device 11.
[0102] Here, note that in this embodiment, the cyclone
type collection device 11 is arranged integrally with and
immediately downstream of the exhaust gas purification
device 9, but it is not limited to this, and if the exhaust
gas flowing into the cyclone type collection device 11,
which has been heated to high temperatures by carrying
away an amount of heat from the exhaust gas purification
device 9, does not generate condensate in the cyclone
type collection device 11, the cyclone type collection de-
vice 11 may be formed separately from and arranged
away from the exhaust gas purification device 9.

<Third Embodiment>

[0103] Next, a third embodiment of the present inven-
tion will be described. Here, a construction different from
that of the above-mentioned embodiment will be de-
scribed, and an explanation of the same construction will
be omitted.
[0104] Fig. 10 is a view showing the schematic con-
struction of an internal combustion engine and its intake
and exhaust systems to which an exhaust gas recircula-
tion apparatus of an internal combustion engine accord-
ing to this third embodiment of the present invention is
applied.
[0105]  In this embodiment, a bypass passage 17 for
causing a low pressure EGR gas to bypass a cyclone
type collection device 11 is arranged in a low pressure
EGR passage 31.
[0106] In the bypass passage 17, there is arranged a
bypass valve 18 that is opened so as to circulate the low
pressure EGR gas through the bypass passage 17, and
is closed so as to block the circulation of the low pressure
EGR gas in the bypass passage 17. This bypass valve
18 is driven to open and close by an electric actuator.
The actuator for the bypass valve 18 is connected to an
ECU 14 through wiring, so that the bypass valve 18 is
controlled by the ECU 14.
[0107] Incidentally, in this embodiment, the cyclone
type collection device 11 is arranged in the low pressure
EGR passage 31. When the low pressure EGR gas pass-
es through the cyclone type collection device 11, not a
little pressure loss will be caused. As this pressure loss
becomes larger, a desired amount of the low pressure
EGR gas will no longer be supplied to the internal com-
bustion engine, so the low pressure EGR gas will be short
or insufficient. Thus, due to the factor of shortage of the
low pressure EGR gas, the oxygen concentration of in-
take air will not lower, and hence the combustion tem-
perature and the combustion speed will not be de-
creased, as a result of which NOx will be generated at
the time of combustion, thereby inducing the deteriora-
tion of exhaust emissions.
[0108] In addition, if the exhaust throttle valve 10 is
controlled to a closed side in order to supply the low pres-
sure EGR gas which is in shortage, the pressure loss at
the time of the low pressure EGR gas passing through
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the cyclone type collection device 11 will become still
larger, and at the same time, the flow of the exhaust gas
will also be delayed or stagnated and a pumping loss will
be increased, thus inducing the reduction in the output
of the internal combustion engine 1 and the deterioration
of fuel consumption.
[0109] Accordingly, in this embodiment, the bypass
valve 18 is opened in cases where the flow rate of the
low pressure EGR gas flowing through the low pressure
EGR passage 31 is less than a third predetermined flow
rate that is a threshold which does not allow foreign mat-
ters entrained in the low pressure EGR gas to reach a
compressor 5a, and in cases where the number of rev-
olutions per unit time of a turbocharger 5 is lower than a
predetermined number of revolutions per unit time that
is a threshold with which the compressor 5a will not be
damaged even if foreign matters of small particle sizes
unable to be collected by the cyclone type collection de-
vice 11 reach the compressor 5a.
[0110] Here, note that the third predetermined flow rate
means a flow rate of the low pressure EGR gas that is a
threshold below which foreign matters entrained in the
low pressure EGR gas are unable to reach the compres-
sor 5a. In addition, the predetermined number of revolu-
tions per unit time means a number of revolutions of the
turbocharger 5 that is a threshold below which foreign
matters of small particle sizes unable to be collected by
the cyclone type collection device 11, even if reach the
compressor 5a, will not damage the compressor 5a.
[0111] Fig. 11 is a view showing a region in which the
bypass valve 18 is opened in accordance with the oper-
ating state of the internal combustion engine 1. The axis
of abscissa in Fig. 11 represents the engine revolution
number of the internal combustion engine 1, and the axis
of ordinate represents the engine load of the internal com-
bustion engine 1. In Fig. 11, a plurality of solid line char-
acteristic curves denote the flow rates of the low pressure
EGR gas which are required in accordance with the op-
erating state of the internal combustion engine 1, wherein
the flow rate of the low pressure EGR gas required of the
internal combustion engine tends to increase in accord-
ance with the increasing number of revolutions per unit
time of the engine when the engine load is in a light or
middle load range. A plurality of broken line characteristic
curves denote the numbers of revolutions per unit time
of the turbocharger 5 which are required in accordance
with the operating state of the internal combustion en-
gine, wherein the number of revolutions per unit time of
the turbocharger 5 required of the internal combustion
engine 1 tends to increase in accordance with the in-
creasing number of revolutions per unit time of the engine
when the engine load is in a high load range. In addition,
a diagonally shaded area denotes a region (bypass valve
opening region) in which a condition for opening the by-
pass valve 18 is fulfilled. The diagonally shaded area
which is a bypass valve opening region is a region in
which the flow rate of the low pressure EGR gas is less
than the third predetermined flow rate and the number

of revolutions per unit time of the turbocharger is lower
than the predetermined number of revolutions per unit
time.
[0112] According to this embodiment, in cases where
the operating state of the internal combustion engine 1
is in the bypass valve opening region of the diagonally
shaded area in Fig. 11, the bypass valve 18 is opened.
With this, the low pressure EGR gas flowing through the
low pressure EGR passage 31 is caused to bypass the
cyclone type collection device 11, so that the low pres-
sure EGR gas flows through the bypass passage 17. For
this reason, there will be no pressure loss generated at
the time of the low pressure EGR gas passing through
the cyclone type collection device 11. Therefore, the
pressure loss on the route of the low pressure EGR pas-
sage 31 becomes small.
[0113] Fig. 12 is a view showing the relation between
the flow rate of the low pressure EGR gas and the pres-
sure loss on the route of the low pressure EGR passage
31. In Fig. 12, a broken line characteristic curve denotes
the pressure loss at the time of the low pressure EGR
gas passing through the cyclone type collection device
11 with respect to the flow rate of the low pressure EGR
gas, and a solid line characteristic curve denotes the
pressure loss at the time of the low pressure EGR gas
passing through the bypass passage 17 with respect to
the flow rate of the low pressure EGR gas. As shown in
Fig. 12, the pressure loss becomes small in cases where
the bypass valve 18 is opened so that the low pressure
EGR gas passes through the bypass passage 17.
[0114] Because the pressure loss on the route of the
low pressure EGR passage 31 is reduced in this manner,
a desired amount of low pressure EGR gas can be sup-
plied to the internal combustion engine 1, and the low
pressure EGR gas supplied to the internal combustion
engine 1 does not become short. Accordingly, a sufficient
amount of low pressure EGR gas is supplied so that the
oxygen concentration of intake air is decreased to lower
the combustion temperature and the combustion speed,
as a result of which NOx generated at the time of com-
bustion can be decreased, thus making it possible to sup-
press the deterioration of exhaust emissions.
[0115] In addition, it becomes unnecessary to control
the exhaust throttle valve 10 to a closed side in order to
supply the low pressure EGR gas to supplement the
shortage thereof, and hence the pressure loss at the time
of the low pressure EGR gas passing through the cyclone
type collection device 11 does not become still larger,
and the flow of the exhaust gas does not stagnate, where-
by the pumping loss does not increase, thereby making
it possible to suppress the reduction in the output of the
internal combustion engine 1 and the deterioration of fuel
consumption.
[0116] Here, when the low pressure EGR gas is
caused to flow into the bypass passage 17, the low pres-
sure EGR gas does not pass through the cyclone type
collection device 11, and the cyclone type collection de-
vice 11 can not collect foreign matters. However, in this
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embodiment, the bypass valve 18 is opened in cases
where the flow rate of the low pressure EGR gas flowing
through the low pressure EGR passage 31 is less than
a third predetermined flow rate that is a threshold which
does not allow foreign matters entrained in the low pres-
sure EGR gas to reach a compressor 5a, and in cases
where the number of revolutions per unit time of a turbo-
charger 5 is lower than a predetermined number of rev-
olutions per unit time that is a threshold with which the
compressor 5a will not be damaged even if foreign mat-
ters of small particle sizes unable to be collected by the
cyclone type collection device 11 reach the compressor
5a. For this reason, even if foreign matters are unable to
be collected by the cyclone type collection device 11, the
foreign matters entrained on the low pressure EGR gas
will not reach the compressor 5a, or even if foreign mat-
ters of small particle sizes, which can not be fully collected
by the cyclone type collection device 11, reaches the
compressor 5a, the compressor 5a will not be damaged.
Accordingly, it is possible to suppress adverse effects
due to the inclusion of foreign matters on the intake sys-
tem of the internal combustion engine 1.
[0117] Next, reference will be made to a control routine
for the bypass valve 18 according to this embodiment.
Fig. 13 is a flow chart showing the control routine for the
bypass valve 18 according to this embodiment. This rou-
tine is carried out in a repeated manner at each prede-
termined time interval. Here, note that the ECU 14 per-
forming this routine corresponds to a third control means
of the present invention.
[0118] In step S301, the ECU 14 reads the outputs of
various kinds of sensors, and detects the operating state
of the internal combustion engine 1. Here, the number
of revolutions per unit time of the turbocharger 5 is also
detected by a compressor revolution number sensor,
etc., which is arranged adjacent to the compressor 5a.
[0119] In step S302, the ECU 14 determines, from the
operating state of the internal combustion engine 1 de-
tected in step S301, whether it is necessary to introduce
a low pressure EGR gas to the internal combustion en-
gine 1.
[0120] In step S302, when an affirmation determina-
tion is made that a low pressure EGR gas need be intro-
duced to the internal combustion engine 1, the control
routine shifts to step S303. On the other hand, when a
negative determination is made in step S302 that a low
pressure EGR gas need not be introduced to the internal
combustion engine 1, the control routine shifts to step
S307.
[0121] In step S303, the ECU 14 calculates the flow
rate of the low pressure EGR gas to be introduced from
the operating state of the internal combustion engine 1
detected in step S301.
[0122] In step S304, the ECU 14 determines whether
the flow rate of the low pressure EGR gas calculated in
step S303 is less than the third predetermined flow rate.
[0123] In step S304, when an affirmation determina-
tion is made that the flow rate of the low pressure EGR

gas is less than the third predetermined flow rate, the
control routine shifts to step S305. On the other hand,
when a negative determination is made in step S304 that
the flow rate of the low pressure EGR gas is equal to or
more than the third predetermined flow rate, the control
routine shifts to step S307.
[0124] In step S305, the ECU 14 determines whether
the number of revolutions per unit time of the turbocharg-
er 5 detected in step S301 is lower than the predeter-
mined number of revolutions per unit time (predeter-
mined revolution number).
[0125] When an affirmative determination is made in
step S305 that the number of revolutions per unit time of
the turbocharger 5 is lower than the predetermined
number of revolutions per unit time, the control routine
shifts to step S306. On the other hand, when a negative
determination is made in step S305 that the number of
revolutions per unit time of the turbocharger 5 is equal
to or more than the predetermined number of revolutions
per unit time, the control routine shifts to step S307.
[0126] In step S306, the ECU 14 opens the bypass
valve 18. After the processing of this step, this routine is
once ended.
[0127] On the other hand, in step S307, the ECU 14
closes the bypass valve 18. After the processing of this
step, this routine is once ended.
[0128] By performing the above control routine, the low
pressure EGR gas is caused to bypass the cyclone type
collection device 11, thereby making it possible to reduce
the pressure loss on the route of the low pressure EGR
passage 31.
[0129] An exhaust gas recirculation apparatus of an
internal combustion engine according to the present in-
vention is not limited to the above-mentioned embodi-
ments, but can be subjected to various changes and mod-
ifications within the scope not departing from the gist of
the present invention.

Claims

1. An exhaust gas recirculation apparatus of an internal
combustion engine which is characterized by com-
prising:

a turbocharger that has a turbine arranged in an
exhaust passage of said internal combustion en-
gine and a compressor arranged in an intake
passage of said internal combustion engine;
a low pressure EGR passage that takes in a part
of an exhaust gas as a low pressure EGR gas
from said exhaust passage downstream of said
turbine, and recirculates the low pressure EGR
gas to said intake passage upstream of said
compressor;
a cyclone type collection device that is arranged
in said low pressure EGR passage and collects
foreign matters in said low pressure EGR gas;
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a flow rate regulating passage that causes said
low pressure EGR gas to flow from a foreign
matter collection part of said cyclone type col-
lection device into said exhaust passage down-
stream of a connection part thereof with said low
pressure EGR passage;
a flow rate regulating valve that is arranged in
said flow rate regulating passage and regulates
the flow rate of the low pressure EGR gas flowing
through said flow rate regulating passage; and
a first control means that performs the opening
and closing control of said flow rate regulating
valve in accordance with a pressure loss occur-
ring at the time when the low pressure EGR gas
flowing through said low pressure EGR passage
passes through said cyclone type collection de-
vice.

2. The exhaust gas recirculation apparatus of an inter-
nal combustion engine as set forth in claim 1, char-
acterized in that
said first control means
closes said flow rate regulating valve, in cases where
the flow rate of the low pressure EGR gas flowing
through said low pressure EGR passage is less than
a first predetermined flow rate used as a threshold
which gives priority to reducing the pressure loss at
the time of said low pressure EGR gas passing
through said cyclone type collection device rather
than collecting foreign matters by said cyclone type
collection device, and
opens said flow rate regulating valve at a degree of
opening in a range in which said cyclone type col-
lection device is able to collect foreign matters of
particle sizes equal to or larger than the particle size
with which said cyclone type collection device affects
an intake system of the internal combustion engine
in cases where the flow rate of the low pressure EGR
gas flowing through said low pressure EGR passage
becomes equal to or more than said first predeter-
mined flow rate.

3. An exhaust gas recirculation apparatus of an internal
combustion engine which is characterized by com-
prising:

a turbocharger that has a turbine arranged in an
exhaust passage of said internal combustion en-
gine and a compressor arranged in an intake
passage of said internal combustion engine;
a catalyst that is arranged in said exhaust pas-
sage downstream of said turbine and becomes
a high temperature when activated;
a cyclone type collection device that is arranged
in said exhaust passage immediately down-
stream of said catalyst and collects foreign mat-
ters in an exhaust gas;
a low pressure EGR passage that takes in a part

of an exhaust gas as a low pressure EGR gas
from said exhaust passage downstream of said
cyclone type collection device, and recirculates
the low pressure EGR gas to said intake pas-
sage upstream of said compressor;
a flow rate regulating passage that causes the
exhaust gas to flow from a foreign matter collec-
tion part of said cyclone type collection device
into said exhaust passage downstream of a con-
nection part thereof with said low pressure EGR
passage;
a flow rate regulating valve that is arranged in
said flow rate regulating passage and regulates
the flow rate of the exhaust gas flowing through
said flow rate regulating passage; and
a second control means that performs the open-
ing and closing control of said flow rate regulat-
ing valve in accordance with a pressure loss oc-
curring at the time when the exhaust gas flowing
through said exhaust passage passes through
said cyclone type collection device.

4. The exhaust gas recirculation apparatus of an inter-
nal combustion engine as set forth in claim 3, char-
acterized in that
said second control means
closes said flow rate regulating valve in cases where
the flow rate of the exhaust gas flowing through said
exhaust passage is less than a second predeter-
mined flow rate used as a threshold which gives pri-
ority to reducing the pressure loss at the time of the
exhaust gas passing through said cyclone type col-
lection device rather than collecting foreign matters
by said cyclone type collection device, and
opens said flow rate regulating valve at a degree of
opening in a range in which said cyclone type col-
lection device is able to collect foreign matters of
particle sizes equal to or larger than the particle size
with which said cyclone type collection device affects
an intake system of the internal combustion engine
in cases where the flow rate of the exhaust gas flow-
ing through said exhaust passage becomes equal
to or more than said second predetermined flow rate.

5. An exhaust gas recirculation apparatus of an internal
combustion engine which is characterized by com-
prising:

a turbocharger that has a turbine arranged in an
exhaust passage of said internal combustion en-
gine and a compressor arranged in an intake
passage of said internal combustion engine;
a low pressure EGR passage that takes in a part
of an exhaust gas as a low pressure EGR gas
from said exhaust passage downstream of said
turbine, and recirculates the low pressure EGR
gas to said intake passage upstream of said
compressor;
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a cyclone type collection device that is arranged
in said low pressure EGR passage and collects
foreign matters in said low pressure EGR gas;
a bypass passage that serves to cause said low
pressure EGR gas to bypass said cyclone type
collection device in said low pressure EGR pas-
sage;
a bypass valve that opens and closes said by-
pass passage; and
a third control means that opens said bypass
valve in cases where the flow rate of the low
pressure EGR gas flowing through said low
pressure EGR passage is less than a third pre-
determined flow rate that is a threshold which
does not allow foreign matters to reach said
compressor, and in cases where the number of
revolutions per unit time of said turbocharger is
lower than a predetermined number of revolu-
tions per unit time that is a threshold with which
said compressor will not be damaged even if
foreign matters of small particle sizes unable to
be collected by said cyclone type collection de-
vice reach said compressor.
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