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(54) Exhaust gas cooler and exhaust gas recirculation system for internal combustion engine

(57) An EGR cooler (23) that cools EGR gas flowing
through an EGR gas passage of an engine by heat ex-
change between the EGR gas and coolant flowing
through a coolant outlet passage (32). The EGR cooler
(23) includes: a housing (31) that is attached to one end
of the engine and forms the coolant outlet passage (32);
an exhaust gas recirculation pipe (33) that forms therein
a part of an EGR gas passage of the engine in an inner
periphery thereof and is supported by the housing (31)
in which EGR gas flowing through the exhaust gas recir-
culation pipe (33) exchanges heat with coolant flowing
through the coolant outlet passage (32); and an expan-
sion joint (35) that is fixes the exhaust gas recirculation
pipe (33) to the housing (31) and is elastically deformed
to compensate for expansion/contraction of the exhaust
gas recirculation pipe (33) with respect to the housing
(31).
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an exhaust gas
cooler and an exhaust gas recirculation system for an
internal combustion engine, and particularly relates to an
exhaust gas cooler and an exhaust gas recirculation sys-
tem for an internal combustion engine that cool exhaust
gas recirculated from an exhaust passage side of a water-
cooled engine to an intake passage side with coolant.

2. Description of the Related Art

[0002] With more complex demand for exhaust gas
purification performance of an internal combustion en-
gine for vehicles, internal combustion engines with an
Exhaust Gas Recirculation system (i.e. EGR system) that
recirculates exhaust gas for effectively reducing NOx
have gained popularity. For example, in an internal com-
bustion engine (hereinafter referred to as an engine)
which allows lean burning of fuel with respect to an
amount of air to increase an amount of EGR, an EGR
cooler or an exhaust gas cooler that cools recirculated
exhaust gas is commonly used.
[0003] In the exhaust gas cooler, the EGR gas flows
through a tube in a shell and is cooled by heat exchange
between coolant that is guided between the shell and the
tube and the EGR gas that flows through the tube before
the EGR gas is recirculated to the intake. In other words,
the exhaust gas cooler is a heat exchanger.
[0004] In conventional exhaust gas coolers and ex-
haust gas recirculation systems for internal combustion
engines, that includes the conventional exhaust gas cool-
ers, connecting pipe that forms part of an EGR gas pas-
sage is inserted in a coolant outlet passage that is formed
inward from an end of a cylinder head in a water-cooled
engine to direct the coolant from the water-cooled engine
to flow toward a radiator. Generally, exhaust gas coolers
are directly connected to a water jacket provided at the
end of the cylinder head (e.g. see Japanese Patent Ap-
plication Publication No. 2007-224784 (JP-A-
2007-224784)).
[0005] In another type of conventional exhaust gas
coolers and exhaust gas recirculation systems for an in-
ternal combustion engine, the internal combustion en-
gine includes a heat exchange mechanism, in which the
water jacket of the water-cooled engine has an opening
on a rear side, and the coolant outlet passage and the
EGR gas passage from the engine toward the radiator
are formed in a housing that closes the opening sepa-
rately from the cylinder head (e.g. Japanese Patent Ap-
plication Publication No. 2007-292012 (JP-A-
2007-292012)).
[0006] However, in conventional exhaust gas coolers
and exhaust gas recirculation systems for the internal

combustion engine as described above, the connection
pipe that forms part of the EGR gas passage is inserted
in a portion of the coolant outlet passage formed in the
cylinder head such that a flange binding portion that at-
taches the exhaust manifold side of an EGR pipe to the
cylinder head with a flange and the casing of an EGR
valve that attaches the intake manifold side of the EGR
pipe to the cylinder head are both formed with a recessed
portion that houses one end of the connection pipe. Both
ends of the connection pipe are inserted to inner bottom
wall surfaces of the recessed portions of the flange bind-
ing portion and the casing of the EGR valve. However,
a problem with the above-described configuration is that
the structure to support the EGR gas passage on both
side walls at the ends of the cylinder head that forms a
coolant outlet as well as a problem of difficulty in assem-
bling and securing the connection pipe to the cylinder
head.
[0007] In addition, due to large differences in temper-
ature between the cylinder head, which is cooled by the
coolant and the connection pipe through which high tem-
perature EGR gas (approximately 700°C, for example)
flows, an accordion portion is provided in the connection
pipe to compensate for a difference in heat expansion
caused by the temperature difference, even when the
connection pipe is made of stainless steel that has a small
linear expansion coefficient. Consequently, it is difficult
to increase the heat exchange area to improve exhaust
gas cooling efficiency by constructing the connection
pipe or an exhaust gas recirculation pipe from a plurality
of tubes or planular tubes that are arranged in parallel.
[0008] Meanwhile, in the conventional exhaust gas
cooler and the exhaust gas recirculation system dis-
closed in JP-A-2007-292012, it is difficult to form both
the coolant outlet passage and the EGR gas passage in
a manner to achieve specified exhaust gas cooling effi-
ciency. This not only increases the cost of the exhaust
gas cooler but also reduces its durability because heat
stress in a high stress amplitude (level of stress variation)
acts near the connections of the exhaust gas recirculation
pipe the housing main body.

SUMMARY OF THE INVENTION

[0009] The present invention provides an exhaust gas
cooler and an exhaust gas recirculation system for an
internal combustion engine at low cost that has a simple
configuration, is high durable, and allows easy assembly
and attachment of an exhaust gas recirculation pipe to a
housing.
[0010] An aspect of the present invention provides an
exhaust gas cooler. The exhaust gas cooler is attached
to an internal combustion engine that includes: a coolant
outlet passage through which coolant guided into a water
jacket flows out toward a radiator; and an exhaust gas
recirculation passage that recirculates a part of exhaust
gas from an exhaust passage to an intake passage, and
cools the exhaust gas by heat exchange between the
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exhaust gas that flows through the exhaust gas recircu-
lation passage and the coolant that flows through the
coolant outlet passage. The exhaust gas cooler includes:
a housing that is attached to an end of the internal com-
bustion engine and forms the coolant outlet passage; an
exhaust gas recirculation pipe that forms a part of the
exhaust gas recirculation passage of the internal com-
bustion engine in its inner peripheral side and that is sup-
ported by the housing to contact the coolant in the coolant
exhaust passage in its outer peripheral side; and an ex-
pansion joint that is interposed between the housing and
the exhaust gas recirculation pipe that fixes the exhaust
gas recirculation pipe to the housing and is deformed to
compensate for expansion and contraction when the ex-
haust gas recirculation pipe expands or contracts with
respect to the housing.
[0011] In the exhaust gas cooler configured as de-
scribed above, the exhaust gas recirculation pipe is sup-
ported by the housing so as to contact the coolant on the
inside of the coolant outlet passage. When the exhaust
gas recirculation tube, through which the high-tempera-
ture recirculated exhaust gas flows, expands with respect
to the housing due to a difference in heat expansion, the
expansion joint that is interposed between the housing
and the exhaust gas recirculation pipe elastically con-
tracts to compensate for the expansion of the exhaust
gas recirculation pipe. When the exhaust gas recircula-
tion pipe is cooled and contracts with respect to the hous-
ing, the expansion joint elastically expands between the
housing and the exhaust gas recirculation pipe so as to
compensate for the contraction of the exhaust gas recir-
culation pipe. Therefore, with a simple configuration in
which the exhaust gas recirculation pipe runs through
and is fixed to the housing, the exhaust gas cooler with
superior cooling efficiency can easily be achieved in
which piping and attachment is facilitated although the
exhaust gas recirculation pipe is directly connected to
the water jacket. The exhaust gas cooler also has high
durability such that it prevents high heat stress caused
by the difference in heat expansion between the exhaust
gas recirculation pipe and the housing.
[0012] In addition, in the above exhaust gas cooler, it
is preferable that the exhaust gas recirculation pipe has
a plurality of tubular portions that are spaced apart from
each other in a direction perpendicular to an axial direc-
tion of the exhaust gas recirculation pipe and that the
plurality of tubular portions are integrally secured to the
expansion joint. It is possible with this configuration to
provide the exhaust gas cooler with the superior cooling
efficiency that has a sufficient heat transfer area for heat
exchange.
[0013] It is preferable in the above exhaust gas cooler
that the plurality of tubular portions is arranged in parallel
with each other. With this configuration, the attachment
of the exhaust gas recirculation pipe to the housing is
facilitated, and forces in an expansion/contraction direc-
tion act equally in the same direction on the expansion
joint to which the plurality of tubular portions are secured.

Thus, the durability of the expansion joint is improved.
Here, the plurality of tubular portions may be cylindrical.
The plurality of tubular portions may have the same di-
ameter, or at least one of them may have a different di-
ameter from the others. Further, the plurality of tubular
portions may have a planular tubular shape. The plurality
of tubular portions may have the same shape, or at least
one of them may have a different shape from the others.
[0014] In the above exhaust gas cooler, it is preferable
that the expansion joint has: a retaining plate that ex-
pands in a radial direction of the exhaust gas recirculation
pipe at an end of the exhaust gas recirculation pipe; and
an annular indented portion that is integrally formed with
the retaining plate and whose cross section curves to
make an indented pattern in the expansion/contraction
direction around the end of the exhaust gas recirculation
pipe. The expansion joint can easily be made with this
configuration.
[0015] In the above exhaust gas cooler, it is also pref-
erable that, together with the exhaust gas recirculation
pipe, the expansion joint forms a part of the exhaust gas
recirculation passage and has a cylindrical portion that
is supported by the housing. With this configuration, the
expansion joint can have a small diameter and only needs
a small number of components.
[0016] In the above exhaust gas cooler, it is preferable
that the cylindrical portion of the expansion joint has an
annular indented portion that makes an indented pattern
in a radial direction and is formed throughout a region in
a circumferential direction of the expansion joint. This
configuration not only allows deformation of the expan-
sion joint in the expansion/contraction direction of the
exhaust gas recirculation pipe but also facilitates fixation
and sealing of the expansion joint to the housing.
[0017] In the above exhaust gas cooler, it is more pref-
erable that the annular indented portion forms an accor-
dion portion and that a part of the annular indented portion
is pressure-welded to an inner peripheral annular groove
or an inner peripheral annular projection of a support hole
that is formed in the housing. With this configuration, the
expansion joint can sufficiently compensate for the ex-
pansion/contraction of the exhaust gas recirculation pipe
with respect to the housing, and any combination of ma-
terials that may differ from each other can be selected
for the housing and the exhaust gas recirculation pipe.
[0018] Meanwhile, the exhaust gas recirculation sys-
tem of the internal combustion engine according to the
present invention includes the exhaust gas cooler in the
above configuration. It is preferable in the exhaust gas
recirculation system that the water jacket has an opening
in an end of the cylinder head of the internal combustion
engine and that the housing of the exhaust gas cooler is
fixed to the end of the cylinder head.
[0019] The exhaust gas recirculation system in the
above configuration improves the efficiency to cool the
recirculated exhaust gas by utilizing the exhaust gas
cooler in which the coolant passage in the housing is
directly connected to the water jacket. Also, the assembly
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of the exhaust gas recirculation system of the internal
combustion engine is facilitated by simplifying the attach-
ment of the exhaust gas cooler and the arrangement of
the exhaust gas recirculation pipe. Further, the durability
of the exhaust gas recirculation system of the internal
combustion engine can be improved by installing the ex-
haust gas cooler with high durability.
[0020] According to the present invention, with a sim-
ple configuration in which the exhaust gas recirculation
pipe runs through the housing, it is possible to obtain the
exhaust gas cooler that has the superior cooling efficien-
cy and facilitates piping and attachment although the ex-
haust gas cooler is directly connected to the water jacket.
The exhaust gas cooler also has high durability such that
it prevents the high heat stress caused by the difference
in heat expansion between the exhaust gas recirculation
pipe and the housing.
[0021] It is possible with the exhaust gas cooler as de-
scribed above to improve the efficiency to cool the recir-
culated exhaust gas and to provide the exhaust gas re-
circulation system of the internal combustion engine that
has the high durability and can facilitate the attachment
of the exhaust gas cooler and the arrangement of the
exhaust gas recirculation pipe.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The features, advantages, and technical and
industrial significance of this invention will be described
in the following detailed description of example embod-
iments of the invention with reference to the accompa-
nying drawings, in which like numerals denote like ele-
ments, and wherein:

FIG. 1 is a cross sectional view that shows a general
configuration of an exhaust gas cooler according to
a first embodiment of the present invention;
FIG. 2A is a partial side view of a housing that shows
a fixing portion where a portion of an exhaust gas
recirculation pipe in the exhaust gas cooler is at-
tached to the housing according to the first embod-
iment of the present invention, and FIG. 2B is a cross
sectional view of the fixing portion where the exhaust
gas recirculation pipe is attached to the housing;
FIG. 3A shows the configuration of main components
of an exhaust gas recirculation system in an internal
combustion engine according to the first embodi-
ment of the present invention and shows the exhaust
gas cooler attached to one end of a cylinder head,
and FIG. 3B is a cross sectional view taken along
the line B3-B3 of FIG. 3A;
FIG. 4A is a rear end view of the cylinder head in the
exhaust gas recirculation system of the internal com-
bustion engine according to the first embodiment of
the present invention, and FIG. 4B is a front view of
the exhaust gas cooler that is seen from a rear end
surface side of the cylinder head;
FIG. 5 is a side view of the exhaust gas cooler ac-

cording to the first embodiment of the present inven-
tion that is seen in the arrow V direction of FIG. 1;
FIG. 6A is a partial side view of a housing that shows
a fixing portion of an exhaust gas recirculation pipe
in the exhaust gas cooler to the housing according
to a second embodiment of the present invention,
and FIG. 6B is a cross sectional view of the fixing
portion of the exhaust gas recirculation pipe to the
housing;
FIG. 7A is a partial side view of a housing that shows
a fixing portion of an exhaust gas recirculation pipe
in an exhaust gas cooler attached to the housing
according to a third embodiment of the present in-
vention, and FIG. 7B is a cross sectional view taken
along the arrow B7-B7 of FIG. 7A;
FIG. 8A is a cross sectional view that is seen from a
side of an expansion joint of the exhaust gas cooler
according to the third embodiment of the present in-
vention, and FIG. 8B is a partially enlarged cross
sectional view of a portion that shows a protrusive
shape before the expansion joint is welded to be
fixed;
FIG. 9A is a partial side view of th housing that shows
a fixing portion of an exhaust gas cooler to a housing
for an expansion joint according to a fourth embod-
iment of the present invention, and FIG. 9B is a cross
sectional view of the fixing portion of an exhaust gas
recirculation pipe to the housing; and
FIG. 10A illustrates pressure welding of the expan-
sion joint in the exhaust gas cooler according to the
fourth embodiment of the present invention, and FIG.
10B is a cross sectional view of a pressure-welded
portion of the expansion joint to the housing after the
pressure welding.

DETAILED DESCRIPTION OF EMBODIMENTS

[0023] Example embodiments of the present invention
will be described below with reference to the drawings.
In particular, FIG. 1 to FIG. 5 show an exhaust gas cooler
and an exhaust gas recirculation system (i.e. EGR sys-
tem) for an internal combustion engine according to a
first embodiment of the present invention.
[0024] The exhaust gas cooler of this embodiment
shown in FIG. 1 and FIG. 2 is included as a part of an
exhaust gas recirculation system (i.e. EGR system) 20
of a multi-cylinder internal combustion engine 10 such
as the one shown in FIG. 3.
[0025] More specifically, the engine 10 that is shown
in FIGS. 3A and 3B includes: a cylinder block 11 in which
a plurality of cylinders 11a are formed; a cylinder head
12 that is fastened to an upper portion of the cylinder
block 11 that closes top end of each cylinder 11a; an
intake manifold 13 that is attached to an intake port 12a
of the cylinder head 12; and an exhaust manifold 14 that
is attached to an exhaust port 12b of the cylinder head
12 (see FIG. 4A). Although not shown in detail, a crank-
case is attached to a lower portion of the cylinder block
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11 of the engine 10, and a head cover is attached to an
upper portion of the cylinder head 12 of the engine 10.
[0026] A water jacket 16, which serves as a coolant
passage is formed in the cylinder block 11 and the cyl-
inder head 12. One end 16a of this water jacket 16 is
connected to a discharge port of a water pump 18 that
is attached to the engine 10. Meanwhile, the other end
16b of the water jacket 16 extends in a bottom wall portion
12c of the cylinder head 12 in a lateral direction of the
cylinder head 12 and in a longitudinal direction of the
cylinder head 12, and opens in a rear surface 12d of the
cylinder 12. As shown in FIG. 3B, a plurality of tubular
wall portions 12g through which ignition plugs as well as
stem portions of intake valves and exhaust valves run
and a plurality of inward projections (not shown) that
house components of a valve train mechanism are pro-
vided inward of the bottom wall portion 12c of the cylinder
head 12. The water jacket 16 surrounds the peripheries
of the tubular walls 12g and the like and extends in the
longitudinal direction of the cylinder head 12.
[0027] The engine 10 is also connected to a thermostat
(not shown) and a radiator 17 that cools coolant that has
flowed through the water jacket 16. The other end 16b
of the water jacket 16 has a generally rectangular opening
16e through which the coolant introduced into the water
jacket 16 flows to the radiator 17.
[0028] The engine 10 further includes the EGR system
20 that allows a part of the exhaust gas from the engine
10 from the exhaust manifold 14 to the intake manifold
13 for recirculation. Thus, some of the exhaust gas is
recirculated from the exhaust passage 14a side to the
intake passage 13a by the EGR system 20.
[0029] The EGR system 20 has an exhaust gas recir-
culation passage (EGR) gas passage 21 that communi-
cates between the exhaust passage 14a of the exhaust
manifold 14 and the intake passage 13 of the intake man-
ifold 13a. An electromagnetic exhaust gas recirculation
valve (EGR valve) 22 that adjusts the amount of exhaust
gas recirculated and an EGR cooler 23 that cools the
exhaust gas that is recirculated through the EGR gas
passage 21 are provided in the middle of this EGR gas
passage 21.
[0030] The EGR gas passage 21 is the exhaust gas
recirculation passage that recirculates a portion of the
exhaust gas from the exhaust gas passage 14a to the
intake passage 13a of the engine 10, and a section of
the EGR gas passage 21 serves as a cooling passage
for recirculated exhaust gas in the EGR cooler 23.
[0031] The EGR valve 22 may be switched between
an open state where the EGR gas passage 21 commu-
nicates with the intake passage 13a and a closed state
where a communication between the EGR gas passage
21 and the intake passage 13a is restricted or, for exam-
ple, shut off.
[0032] The EGR cooler 23 is a heat exchanger that
exchanges heat between the coolant from the water jack-
et 16 and the EGR gas from the exhaust gas passage
14a, thereby cooling the EGR gas.

[0033] More specifically, the housing 31 of the EGR
cooler 23 is made of die-cast aluminum alloy, for exam-
ple, and has a large recess that is approximately the
same width as the water jacket 16 in a height direction
and a lateral direction (a right-left direction in FIG. 4A) of
the cylinder head 12 such that an end of the housing 31
that faces the cylinder head 12 has an opening that cor-
responds to an opening 16e of the water jacket 16 on the
other end. That is, the recess has approximately the
same height and width as the opening 16e of the water
jacket. Accordingly, together with the opening 16e of the
water jacket 16 on the other end, the housing 31 forms
a coolant outlet passage 32 having a relatively large vol-
ume, that is formed in a generally box shape and through
which the coolant flows from the water jacket 16 to the
radiator 17. In addition, the housing 31 is attached to the
cylinder head 12 at a flange portion 31f along the outer
periphery of the housing 31 by a plurality of fastening
bolts (not shown) that are inserted in a plurality of bolt
holes 31i (see FIG. 4B). A flat machined surface 12f and
a plurality of fastening bolt holes 12j to fasten/fix the EGR
system 20 to the cylinder head 12 are formed on the rear
end surface 12d of the cylinder head 12 around the open-
ing 16e of the water jacket 16.
[0034] As shown in FIG. 1, an outlet pipe portion 31p
is integrally formed on the other end of the housing 31.
This outlet pipe portion 31p forms an outlet passage hole
32e as a downstream end of the coolant outlet passage
32 in the inner peripheral side of the coolant outlet pas-
sage 32 and is coupled to an end 41a of a radiator hose
41 in the outer peripheral side thereof (see FIG. 3A).
[0035] An EGR pipe 33 in a generally box shape
through which the EGR gas flows is attached to the hous-
ing 31 in the longitudinal direction of the coolant outlet
passage 32.
[0036] The EGR pipe 33 is constructed from a material
with a small linear expansion coefficient with respect to
the housing 31, such as a pipe made of stainless steel.
The EGR pipe 33 extends in a vertical direction of FIG.
1 that is generally perpendicular to the horizontal direc-
tion (a direction from right to left) of FIG. 1 and FIG. 2B,
which is a flow direction of the coolant in the coolant outlet
passage 32. A gas passage formed within the EGR pipe
33 forms part of the EGR gas passage 21 in the engine
10, and is supported by the housing 31 at both ends in
the axial direction of the EGR pipe 33 so as to contact
the coolant in the coolant outlet passage 32.
[0037] A passage portion 21 a of the EGR gas passage
21 that is disposed closer than the gas passage 34 to
the exhaust gas passage 14a is formed by an EGR pipe
36 that is provided in the exhaust side between the ex-
haust manifold 14 and the housing 31. A passage portion
21b of the EGR gas passage 21 that is disposed closer
than the gas passage 34 to the intake passage 13a is
formed by an EGR pipe 37 that is provided in the intake
side between the intake manifold 13 and the housing 31.
The passage portion 21b is opened/closed by the EGR
valve 22, which is provided between the intake manifold
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13 and the housing 31. In addition, as shown in FIG. 5,
the housing 31 is formed with a plurality of bolt holes 31j
to fasten flange portions (not shown) of those EGR pipes
36 and 37.
[0038] Meanwhile, a pair of expansion joints 35 are
provided between the housing 31 and at least one end
of the EGR pipe 33 such as either one of both ends 33a
and 33b so that the pair of expansion joints 35 are pro-
vided on opposite ends of the EGR pipe 33. The pair of
expansion joints 35 may be, for example, made of the
same material as the EGR pipe 33 or a different material
from the EGR pipe 33 that has a suitable elastic property
and may be joined to the EGR pipe 33.
[0039] As shown in FIG. 2B, each of the expansion
joints 35 includes: a generally disc-shaped retaining plate
35a that is secured to the end 33a or 33b of the EGR
pipe 33 and that extends in a radial direction of the EGR
pipe 33; an annular indented portion 35b that is in the
retaining plate 35a and has a generally cylindrical shape
with a short axial length, and whose cross section curves
to make an indented pattern in the radial direction of the
EGR pipe 33 around the end 33a or 33b of the EGR pipe
33; and an annular secured portion 35c that is secured
to a generally circular support hole 31h of the housing
31 in an airtight manner by metal electrode inert gas
(MIG) welding or by laser welding.
[0040] When the EGR pipe 33 expands or contracts
with respect to the housing 31 due to a difference in ther-
mal expansion with the housing 31, the annular indented
portions 35b of the expansion joints 35 are portions that
may deform in an expansion or contraction direction of
the EGR pipe 33 (a direction that corresponds to the axial
direction of the EGR pipe 33 in this embodiment) in re-
sponse to the expansion or contraction.
[0041] The retaining plate 35a and the annular indent-
ed portion 35b of each of the expansion joints 35 form a
part of the EGR gas passage 21 together with the EGR
pipe 33, and constitute a cylindrical portion 35d that has
a bottom in one end thereof and is supported by the sup-
port hole 31h of the housing 31. The annular indented
portion 35b forms the indented pattern in the radial di-
rection of the cylindrical portion 35d, and is formed
throughout a region of the cylindrical portion 35d in its
circumferential direction. In addition, the annular indent-
ed portion 35b has at least one fold, an accordion shape
in the cross section that curves in a wavelike manner,
and an annular bulge shape in its projecting side.
[0042] Furthermore, the EGR pipe 33 includes a plu-
rality of tubular portions 33t that are spaced apart from
each other in a direction perpendicular to the axial direc-
tion of the EGR pipe 33. The plural tubular portions 33t
are integrally secured at each of the ends 33a and 33b
to the generally disc-shaped retaining plates 35a of the
paired expansion joints 35 when the tubular portions 33t
are arranged in parallel and are spaced apart from each
other at equal distances.
[0043] In the EGR system 20 of this embodiment, the
opening in the end surface 12d of the cylinder head 12

is formed in the water jacket 16, and the housing 31 of
the EGR cooler 23 is fixed to the end surface 12d of the
cylinder head 12. Accordingly, the coolant outlet passage
32 is formed in direct connect with the downstream end
of the water jacket 16, both ends of the EGR pipe 33
having the plurality of tubular portions 33t are fixed to the
housing 31 via the expansion joints 35 that also function
as collecting pipes such that the EGR pipe 33 is located
within the coolant outlet passage 32. The plurality of tu-
bular portions 33t may be cylindrical and have the same
diameter, or may have cylindrical tubular portions, at
least one of which has a different diameter from the oth-
ers.
[0044] In the EGR cooler 23 and the EGR system 20
of this embodiment, the EGR valve 22 opens when the
engine 10 is running. Also, when the high-temperature
EGR gas flows through the EGR pipe 33, the EGR pipe
33 expands with respect to the housing 31 due to the
difference in thermal expansion.
[0045] At this time, the expansion joints 35, which are
interposed between the housing 31 and the EGR pipe
33, are compressed and contracted in the axial direction
so as to compensate for the expansion of the EGR pipe
33.
[0046] Meanwhile, when the EGR valve 22 is closed,
and the EGR pipe 33 is cooled by the coolant in the cool-
ant outlet passage 32 and contracted with respect to the
housing 31, the expansion joints 35 are elastically recov-
ered to extend between the housing 31 and the EGR pipe
33 so as to compensate for the contraction of the EGR
pipe 33.
[0047] Accordingly, with a simple configuration in
which the EGR pipe 33 runs through and is fixed to the
housing 31 via the expansion joints 35 that have a func-
tion as fixing members, the EGR cooler 23 has superior
cooling efficiency and can easily arrange the EGR pipes
36 and 37, and attach the housing 31 to the cylinder head
12, while the coolant passage of the EGR cooler 23 is
directly connected to the water jacket 16. The superior
durability of the EGR cooler 23 also prevents the high
heat stress caused by the difference in heat expansion
between the EGR pipe 33 and the housing 31.
[0048] In addition, the EGR pipe 33 includes the plu-
rality of tubular portions 33t that are spaced apart from
each other in the direction perpendicular to the axial di-
rection, and the plurality of tubular portions 33t are inte-
grally secured to the expansion joints 35 that function as
the collecting pipes. Thus, the superior cooling efficiency
of the EGR cooler 23 with the can be achieved that en-
sures a sufficient heat transmission area for heat ex-
change while achieving the simple arrangement of the
EGR pipes 36 and 37.
[0049] Furthermore, in this embodiment, because the
plurality of tubular portions 33t of the EGR pipe 33 are
arranged in parallel with each other, it is possible to fa-
cilitate attachment of the EGR pipe 33 to the housing 31.
Also, because forces in a contracting direction act equally
in the same direction on the expansion joints 35 to which
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the plurality of tubular portions 33t are secured, the du-
rability of the expansion joint 35 is also improved.
[0050] Together with the EGR pipe 33, the expansion
joint 35 forms a part of the EGR gas passage 21 and has
the cylindrical portion 35b that is supported by the hous-
ing 31. Thus, the expansion joint 35 can have a small
diameter, and only the small number of components is
required for the housing 31. In addition, because the cy-
lindrical portion 35d makes the indented pattern in the
radial direction and has the annular indented portion 35d
that is formed throughout the region in the circumferential
direction, the cylindrical portion 35d accomodates defor-
mation of the expansion joint 35 in the contracting direc-
tion of the EGR pipe 33, and also facilitates temporary
fixing, fixing, sealing, or the like of the expansion joint 35
to the housing 31.
[0051] In this embodiment, the efficiency in cooling the
EGR gas may be improved by utilizing the EGR cooler
23 that is directly connected to the coolant passage in
the housing 31 to the water jacket 16. The assembly of
the EGR system 20 in the engine 10 is simplified by fa-
cilitating the attachment of the EGR cooler 23 and the
arrangement of the exhaust recirculation pipe. In addi-
tion, the durability of the EGR system 20 may be im-
proved by installing the EGR cooler 23 with high durabil-
ity.
[0052] As described above, in this embodiment, with
a simple configuration in which the EGR pipe 33 runs
through the housing 31, the EGR cooler 23 with superior
cooling efficiency is obtained that facilitates the arrange-
ment of pipes and the attachment to the water jacket 16
even though the EGR cooler 23 is directly connected to
the water jacket 16. The durability of the EGR cooler 23
is sufficient high to prevent high stress caused by the
difference in heat expansion between the EGR pipe 33
and the housing 31.
[0053] The EGR cooler 23 as described above im-
proves the efficiency of cooling the EGR gas, and the
EGR system 20 with high durability that facilitates the
attachment of the EGR cooler 23 and the arrangement
of the EGR pipe may be provided by having such the
EGR cooler 23.
[0054] FIG. 6A and FIG. 6B show the configuration of
an exhaust gas cooler according to a second embodi-
ment of the present invention. Each embodiment which
will be described below is installed in an EGR system
(exhaust gas recirculation system for the internal com-
bustion engine) that is similar to one in the above first
embodiment. Thus, the same or like components are giv-
en the same reference numerals as those in FIG. 1 to
FIG. 5, and only differences of each embodiment from
the first embodiment will be described below.
[0055] As shown in FIG. 6A and FIG. 6B, an EGR pipe
43 through which the EGR gas flows is installed in the
housing 31 of the EGR cooler 23 in this embodiment.
[0056] The EGR pipe 43 extends in a direction perpen-
dicular to the horizontal direction in FIG. 6A and FIG. 6B,
which is the flow direction in the coolant outlet passage

32. A gas passage 44 is formed within the EGR pipe 43
is part of the EGR gas passage 21 in the engine, and is
supported at both ends in the axial direction by the hous-
ing 31 so as to contact the coolant in the coolant outlet
passage 32.
[0057] A pair of expansion joints 45 is provided be-
tween the housing 31 and at least one of the ends 43a,
43b of the EGR pipe 43 so as to fix the EGR pipe 43 to
the housing 31. The pair of expansion joints 45 are made
of the same material as the EGR pipe 43.
[0058] The EGR pipe 43 includes a plurality of planular
tubular portions 43t of various widths that are spaced
apart from each other in a direction perpendicular to the
axial direction of the EGR pipe 43. The plural tubular
portions 43t are arranged in parallel and spaced apart
form each other at equal distances. In addition, the plural
tubular portions 43t are integrally secured at each of the
ends 43a and 43b to the pair of expansion joints 45. The
plurality of tubular portions 43t here are planular tubular
portions. The plurality of tubular portions 43t may be in
the same shape, or at least one of the tubular portions
43t may have a different shape from the others.
[0059] Each of the expansion joints 45 has: a generally
disc-shaped retaining plate 45a that is secured to the end
43a or 43b of the EGR pipe 43 so as to stretch out in a
radial direction of the EGR pipe 43; an annular indented
portion 45b is formed in the retaining plate 45a and has
a generally cylindrical shape with cross section curves
that form an indented pattern in the radial direction of the
EGR pipe 43; and an annular secured portion 45c that
is secured to a support hole 31h of the housing 31 in an
airtight manner by welding, for example. When the EGR
pipe 43 expands or contracts with respect to the housing
31 due to the difference in thermal expansion with the
housing 31, the annular indented portions 45b of the
paired expansion joints 45 are each adapted to function
as an expansion joint that can be deformed in an expan-
sion/contraction direction of the EGR pipe 43 in response
to the expansion/contraction.
[0060] The retaining plate 45a and the annular indent-
ed portion 45b of each of the expansion joints 45 form a
part of the EGR gas passage 21 together with the EGR
pipe 43, and constitute a cylindrical portion 45d that is
supported by the support hole 31h of the housing 31. The
annular indented portion 45b makes an indented pattern
in the radial direction of the cylindrical portion 45d, and
is formed throughout a region of the cylindrical portion
45d in its circumferential direction. In addition, the annu-
lar indented portion 45b has at least one fold, an accor-
dion shape in the cross section that curves in a wavelike
manner, and an annular bulge shape in its projecting side.
[0061] The passage portion 21a of the EGR gas pas-
sage 21 that is disposed closer than the gas passage 44
to the exhaust gas passage 14a is formed by the EGR
pipe 36. A passage portion 21b of the EGR gas passage
21 that is disposed closer than the gas passage 44 to
the intake passage 13a is formed by the EGR pipe 37.
The passage portion 21b is opened/closed by the EGR
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valve 22.
[0062] Thus, the same effects as those in the first em-
bodiment can be achieved in this embodiment. In addi-
tion, because the EGR pipe 43 of this embodiment has
the plurality of planular tubular portions 43t in various
widths, it is possible to achieve the EGR cooler 23 with
the further superior cooling efficiency. By including such
the EGR cooler 23, the EGR system 20 with the further
improved efficiency to cool the EGR gas can be provided.
[0063] FIG. 7 shows the configuration of main compo-
nents of an exhaust gas cooler according to a third em-
bodiment of the present invention, and FIG. 8 shows a
cross sectional shape of an expansion joint.
[0064] As shown in FIG. 7A and FIG. 7B, in this em-
bodiment, an EGR pipe 53 through which the EGR gas
flows is installed in a housing 51 of the EGR cooler 23 in
the longitudinal direction (horizontal direction in FIG. 7B)
of the generally box-shaped coolant outlet passage 32,
and extends in a direction perpendicular to the flow di-
rection of the coolant in the coolant outlet passage 32.
[0065] A gas passage 54 is formed within the EGR
pipe 53 as a part of the EGR gas passage 21 of the engine
10, and is supported at both ends in its axial direction by
the housing 51 so as to contact the coolant in the coolant
outlet passage 32.
[0066] The EGR pipe 53 includes a plurality of planular
tubular portions 53t in the same widths that are spaced
apart from each other in a direction perpendicular to the
axial direction of the EGR pipe 53. The plural tubular
portions 53t are arranged in parallel and spaced apart
from each other at equal distances. In addition, the plural
tubular portions 53t are integrally secured at each of the
ends 53a and 53b to the pair of expansion joints 55. The
plurality of tubular portions 53t here are planular tubular
portions. The plurality of tubular portions 53t may be in
the same shape, or at least one of the tubular portions
53t may have a different shape from the others.
[0067] The overall shape of the housing 51 in this em-
bodiment is similar to that of the housing 31 in the first
embodiment. However, the housing 51 has a generally
oval-shaped support hole 51h on both sidewalls, and a
pair of generally oval-shaped support plates 56 is fixed
to the housing 51 so as to close the support holes 51h.
[0068] The pair of expansion joints 55 that is secured
to the housing 51 and each end 53a and 53b of the EGR
pipe 53 is fixed to the pair of support plates 56 in advance
and, together with the EGR pipe 53 and the pair of support
plates 56, adapted to be inserted in the housing 51. When
the pair of support plates 56 is fixed to the housing 51 in
a manner that the support plates 56 close the support
holes 51h of the housing 51, the EGR pipe 53 is supported
via the pair of expansion joints 55 and the pair of support
plates 56 that are supported in the housing 51. The pair
of expansion joints 55 here is made of the same material
as the EGR pipe 53, for example. The pair of support
plates 56 is made of the same material as the housing 51.
[0069] Each of the expansion joints 55 has: a generally
oval-shaped retaining plate 55a that is secured to the

end 53a or 53b of the EGR pipe 53 and extends in the
radial direction of the EGR pipe 53; an annular indenta-
tion 55b in the generally elliptical shape around either
one of the ends 53a and 53b of the EGR pipe 53, that is
integrally formed with the retaining plate 55a; and an an-
nular secured portion 55c that is secured to the support
plate 56, which is attached to the support hole 51h of the
housing 51, in an airtight manner by projection welding
(a type of resistance welding), for example. When the
EGR pipe 53 expands or contracts with respect to the
housing 51 due to the difference in thermal expansion
with the housing 51, the annular indented portions 55b
of the paired expansion joints 55 are each adapted to
function as an expansion/contraction compensating por-
tion that can be deformed in the expansion/contraction
direction of the EGR pipe 53 in response to the expan-
sion/contraction.
[0070] FIG. 8A shows a cross sectional shape of the
expansion joint 55 before projection welding, and this
expansion joint 55 has an annular projection portion 55w
that is shown in a partially enlarged cross section in FIG.
8B. This annual projection portion 55w of the expansion
joint 55 is adapted to be welded to the support plate 56
by resistance heat and flattened when the annual pro-
jection portion 55w abuts against the support plate 56
and applied with a specified electric current.
[0071] The passage portion 21a of the EGR gas pas-
sage 21 that is in the side of the exhaust gas passage
14a of the gas passage 54 is formed by the EGR pipe
36 in the exhaust side that is fixed to one of the paired
support plates 56. The passage portion 21b of the EGR
gas passage 21 is disposed in the side of the intake pas-
sage 13a side of the gas passage 54 and is formed by
the EGR pipe 37. The passage portion 21b is opened/
closed by the EGR valve 22 that is fixed to the other of
the paired support plates 56. A plurality of bolt-holes 56j
(see FIG. 7B) for fastening the flange portions (not
shown) of the EGR pipes 36 and 37 are formed in either
the housing 51 or the paired support plates 56.
[0072] Also in this embodiment, with a simple config-
uration in which the EGR pipe 53 runs through the hous-
ing 51, the EGR cooler 23 with superior cooling efficiency
may be obtained that facilitates the arrangement and the
attachment of pipes although the EGR cooler 23 is di-
rectly connected to the water jacket 16. The EGR cooler
23 also has the high durability that prevents high heat
stress caused by the difference in heat expansion be-
tween the EGR pipe 53 and the housing 51. Accordingly,
the same effects as those in the first embodiment may
be achieved. Furthermore, in this embodiment, because
the pair of expansion joints 55 each includes the annular
indentation 55b in the generally elliptic shape around ei-
ther one of the ends 53a and 53b of the EGR pipe 53,
that is, the annular indentation 55b is integrally formed
with the retaining plate 55a having cross section curves
to make an indented pattern in an expansion/contraction
direction around the end of the EGR pipe 53, the expan-
sion joints 55 may be advantageously and easily pro-
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duced.
[0073] FIG. 9 shows the configuration of main compo-
nents of an exhaust gas cooler according to a fourth em-
bodiment of the present invention, and FIG. 10 shows a
process of pressure-welding an expansion joint of the
exhaust gas cooler to a housing. Because this embodi-
ment has the same configuration as that of the second
embodiment with the exception of the method of fixing
the expansion joint to the housing, the same or similar
components as those of the third embodiment are given
the same reference numerals that are shown in FIG. 6A
and FIG. 6B, and only the differences from the first and
second embodiments will be described below.
[0074] As shown in FIG. 9A and FIG. 9B, in this em-
bodiment, the EGR pipe 43 through is installed in a hous-
ing 61 of the EGR cooler 23 in the longitudinal direction
of the generally box-shaped coolant outlet passage 32.
[0075] A pair of expansion joints 65 in a cylindrical
shape is provided on opposite sides of the housing 61
and at least one of the ends 43a and 43b of the EGR
pipe 43 to attach the EGR pipe 43 to the housing 61.
[0076] Each of the expansion joints 65 is made of the
same material as the EGR pipe 43, for example. In ad-
dition, each of the expansion joints 65 has: a generally
disc-shaped retaining plate 65a that is secured to either
one of the ends 43a and 43b of the EGR pipe 43, and
extends in the radial direction of the EGR pipe 43; an
annular indented portion 65b that is integrally formed with
the retaining plate 65a and in a generally cylindrical
shape, and whose cross section curves to make the in-
dented pattern in the radial direction of the EGR pipe 43
around the end 43a or 43b of the EGR pipe 43; and an
annular pressure-welded portion 65c (annular secured
portion) that forms a part of the indented portion 65b and
is pressure-welded to an inner peripheral groove 61g of
a generally circular support hole 61h of the housing 61
by pressure welding. When the EGR pipe 43 expands or
contracts with respect to the housing 61 due to the dif-
ference in thermal expansion with the housing 61, the
annular indented portions 65b of the paired expansion
joints 65 serve as an expansion/contraction compensat-
ing portion that may be deformed in the expansion/con-
traction direction of the EGR pipe 43 in response to the
expansion/contraction. The retaining plate 65a and the
annular indented portion 65b constitute a cylindrical por-
tion 65d in the generally cylindrical shape.
[0077] As shown in FIG. 10A, the inner peripheral
groove 61g in the support hole 61h of the housing 61 has
a rectangular cross section. In the expansion joint 65,
only a part of the annular indented portion 65b is shaped
as an outer peripheral annular groove before pressure
welding. Then, as also shown in FIG. 10A, when the ex-
pansion joint 65 before pressure welding, which is dis-
posed inward of the support hole 61h of the housing 61,
is pressed by a tool 71T of a pressure welder to radiate
outward from the inner peripheral side of the cylindrical
portion 65d, the cylindrical portion 65d of the expansion
joint 65 is deformed when pressure-welded to the inner

peripheral wall of the support hole 61h of the housing 61
as shown in FIG. 10B.
[0078] The same effects as those in the first embodi-
ment can also be obtained in this embodiment. In this
embodiment, the annular pressure-welded portion 65c
of each of the expansion joints 65 is pressure-welded to
the inner peripheral groove 61g in the support hole 61h
of the housing 61. Accordingly, the expansion joints 65
may be formed in a shape that is well suited to compen-
sate the expansion/contraction. Also, various combina-
tions of materials may be selected as appropriate for the
housing 61 and the expansion joint 65 in comparison with
a case of welding.
[0079] In this embodiment, the inner peripheral groove
61g is formed in the support hole 61h of the housing 61,
and the annular pressure-welded portion 65c in the an-
nular projecting shape is pressure-welded to a portion
proximate to the inner peripheral groove 61g of the hous-
ing 61 in the outer periphery of the expansion joint 65.
However, an annular inner projection may be formed in
the support hole 61h of the housing 61, and a pressure-
welded groove of an annular recess may be pressure-
welded to a portion near the annular inner projection of
the housing 61 in the outer periphery of the expansion
joint 65.
[0080] In each of the above embodiments, the mate-
rials of the EGR pipe, the expansion joint, and the housing
may be made from different materials with large differ-
ences in linear expansion coefficient, or may be the same
material. The EGR pipe through which the high-temper-
ature EGR gas flows and the expansion joint that is at-
tached to the EGR pipe are preferably made of the same
material or materials with the similar linear expansion
coefficients or properties. However, the combinations of
the materials can freely be selected by providing the ex-
pansion joint in a portion of the EGR pipe that is fixed to
the housing and further by employing the pressure weld-
ing, etc. For example, not only the combination of stain-
less steel and aluminum but also the combination of stain-
less steel and stainless steel can be selected. In addition,
the combination of improved aluminum alloys may also
be selected.
[0081] As described above, with a simple configuration
in which the EGR pipe runs through the housing, the
present invention provides an exhaust gas cooler with
superior cooling efficiency that facilitates the arrange-
ment and the attachment of pipes although the exhaust
gas cooler is directly connected to the water jacket. The
durability of the exhaust gas cooler may be improved by
preventing high heat stress caused by the difference in
heat expansion between the EGR pipe and the housing.
The present invention also provides a highly-durable
EGR system for the internal combustion engine that can
facilitate the attachment of the exhaust gas cooler and
the arrangement of the EGR pipe and that improves the
efficiency to cool the recirculated exhaust gas by includ-
ing such an exhaust gas cooler. The present invention
thus is useful for any type of exhaust gas coolers and
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EGR systems for internal combustion engines that cools
the recirculated exhaust gas using the coolant of the in-
ternal combustion engine.

Claims

1. An exhaust gas cooler (23) that is installed in an in-
ternal combustion engine (10) to cool exhaust gas
through heat exchange between the exhaust gas
flowing through an exhaust gas recirculation pas-
sage (21) and coolant flowing through a coolant out-
let passage (32), wherein the internal combustion
engine (10) includes: the coolant outlet passage
(32), through which the coolant introduced into a wa-
ter jacket (16) flows from the water jacket (16) toward
a radiator; and the exhaust gas recirculation pipe
(21) through which a portion of the exhaust gas flow-
ing through an exhaust gas passage (14a) is recir-
culated to an intake passage (13a), the exhaust gas
cooler (23) characterized by comprising:

a housing (31, 51, 61) that is configured to be
attached to an end of the internal combustion
engine (10) and to form the coolant outlet pas-
sage (32);
an exhaust gas recirculation pipe (33, 43, 53)
that is configured to form a part of the exhaust
gas recirculation passage (21) of the internal
combustion engine (10) in an inner peripheral
side thereof and to be supported by the housing
(31, 51, 61) in an outer peripheral side thereof
so as to contact the coolant in the coolant outlet
passage (32);
an expansion joint (35, 45, 55, 65) that is con-
figured to be interposed between the exhaust
gas recirculation pipe (33, 43, 53) and the hous-
ing (31, 51, 61) to attach the exhaust gas recir-
culation pipe (33, 43, 53) to the housing (31, 51,
61), wherein the expansion joint elastically de-
forms to compensate for expansion/contraction
of the exhaust gas recirculation pipe (33, 43, 53)
when the exhaust gas recirculation pipe (33, 43,
53) expands or contracts with respect to the
housing (31, 51, 61).

2. The exhaust gas cooler according to claim 1, char-
acterized in that
the exhaust gas recirculation pipe (33, 43, 53) is
formed as plural tubular portions (33t, 43t, 53t) that
are spaced apart from each other in a direction per-
pendicular to an axial direction of the exhaust gas
recirculation pipe (33, 43, 53) and in that the plural
tubular portions (33t, 43t, 53t) are secured to the
expansion joint (35, 45, 55, 65).

3. The exhaust gas cooler according to claim 2, char-
acterized in that the plural tubular portions (33t, 43t,

53t) are arranged in parallel with each other.

4. The exhaust gas cooler according to claim 2 or 3,
characterized in that the plural tubular portions
(33t) are cylindrical and have the same diameter.

5. The exhaust gas cooler according to claim 2 or 3,
characterized in that
the plural tubular portions are cylindrical and that at
least one of the plural tubular portions has a different
diameter from the others.

6. The exhaust gas cooler according to claim 2 or 3,
characterized in that the plural tubular portions are
planular tubular portions and in the same shape.

7. The exhaust gas cooler according to claim 2 or 3,
characterized in that
the plural tubular portions (43t, 53t) are planular tu-
bular portions and that at least one of the plural tu-
bular portions (43t, 53t) has a different shape from
the others.

8. The exhaust gas cooler according to any one of
claims 1 through 7, characterized in that
the expansion joint (55) has: a retaining plate (55a)
that provided at an end of the exhaust recirculation
pipe (53) extending in a radial direction of the exhaust
gas recirculation pipe (53); and an annular indented
portion (55b) that is integrally formed with the retain-
ing plate (55a) having cross section curves to make
an indented pattern in an expansion/contraction di-
rection around the end of the exhaust gas recircula-
tion pipe (53).

9. The exhaust gas cooler according to any one of
claims 1 through 7, characterized in that
the expansion joint (35, 45, 65) forms, together with
the exhaust gas recirculation pipe (33, 43), a part of
the exhaust gas recirculation passage and has a cy-
lindrical portion (35d, 45d, 65d) that is supported by
the housing (31, 61).

10. The exhaust gas cooler according to claim 9, char-
acterized in that
the cylindrical portion (35d, 45d, 65d) of the expan-
sion joint (35, 45, 65) has an annular indented portion
(35b, 45b, 65b) that makes an indented pattern in a
radial direction and is formed throughout a region in
a circumferential direction.

11. The exhaust gas cooler according to claim 10, char-
acterized in that
the annular indented portion (65b) has an accordion
shape and that a part of the annular indented portion
(65b) is pressure-welded to an inner peripheral an-
nular groove (61g) or an inner peripheral annular pro-
jection of a support hole that is formed in the housing
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(61).

12. An exhaust gas recirculation system for an internal
combustion engine comprising the exhaust gas cool-
er according to any one of claims 1 through 11, char-
acterized in that the water jacket (16) has an open-
ing in an end of a cylinder head (12) of the internal
combustion engine (10) and that the housing (31,
51, 61) of the exhaust gas cooler is fixed to the end
of the cylinder head (12).
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