EP 1422 411 A2

Europdisches Patentamt

European Patent Office

(19) g)

(12)

Office européen des brevets

(43) Date of publication:
26.05.2004 Bulletin 2004/22

(21) Application number: 03026729.8

(22) Date of filing: 21.11.2003

(11) EP 1422 411 A2

EUROPEAN PATENT APPLICATION

(51) IntcL.”. FO2M 25/07

(84) Designated Contracting States:
AT BEBG CHCY CZDE DKEE ES FIFR GB GR
HU IE IT LI LU MC NL PT RO SE SI SK TR
Designated Extension States:
AL LT LV MK

(30) Priority: 25.11.2002 JP 2002340646
(71) Applicants:

¢ Nissan Motor Co., Ltd.
Yokohama-shi, Kanagawa 221-0023 (JP)

* Renault s.a.s. société par actions simplifiée
92100 Boulogne-Billancourt (FR)

(72) Inventor: Kaechi, Riki
Yokohama-shi Kanagawa 235-0013 (JP)

(74) Representative: Griinecker, Kinkeldey,
Stockmair & Schwanhausser Anwaltssozietat
Maximilianstrasse 58
80538 Miinchen (DE)

(54)

(57)  An exhaust manifold of an internal combustion
engine is pivotally connected to a catalytic converter
through a spheric coupler. An exhaust gas recirculation
device for use with the engine comprises an EGR gas
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The presentinvention relates in general to ex-
haust gas recirculation (EGR) devices of an internal
combustion engine and more particularly to the exhaust
gas recirculation devices of a type which is compact in
size, simple in construction and thus easy to be mounted
on a limited space of an engine room of a motor vehicle.

2. Description of the Related Art

[0002] Asis known, exhaust gas recirculation devices
(or systems) are designed to circulate part of the ex-
haust gas into an intake system of the engine for lower-
ing the combustion temperature of an air/fuel mixture in
the engine thereby to reduce NOx emissions from the
engine.

[0003] One of such exhaust gas circulation devices is
shown in Laid-Open Japanese Utility Model Application
(Jikkaihei) 1-78256, which is arranged to take the ex-
haust gas from an exhaust gas inlet port provided in the
exhaust system downstream of a catalytic converter. In
this type EGR device, the intake system of the engine
can take therein a cleaned exhaust gas because the
same has hydrocarbons and PM (viz., particulate mat-
ter) already removed by the catalytic converter. Thus,
not only an EGR passage line of the EGR device, but
also intake ports, intake valves, injectors, a throttle
valve, etc., of the engine proper are protected from be-
ing contaminated by unwanted deposits.

[0004] In internal combustion engines having the
above-mentioned EGR device, there is a type of em-
ploying an articulated coupler for pivotally connecting a
catalytic converter to an exhaust manifold for the pur-
pose of blocking undesired transmission of the vibration,
pitching and/or rolling of the engine to the catalytic con-
verter.

SUMMARY OF THE INVENTION

[0005] However, in the internal combustion engines
of the above-mentioned type, usage of such articulated
coupler, by which the catalytic converter is pivotally
movable relative to the exhaust manifold, tends to in-
duce a deformation of the longer EGR tube. Of course,
when the deformation becomes marked, smoothed gas
flow is not achieved in the EGR tube and thus in this
case, satisfied performance of the EGR device is not
expected. Furthermore, in the internal combustion en-
gine of the type, layout of the EGR passage line of the
EGR device has been given little thought. In fact, for just
convenience sake, a longer EGR tube has been used
which extends from the exhaust gas inlet port to the in-
take system of the engine running through a limited
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space defined in the engine room. As is known, such
arrangement of the EGR device brings about a bulky
and complicated construction of the same and thus
makes the assembling work of the EGR device in the
engine room difficult or at least troublesome.

[0006] Itis therefore an object of the presentinvention
to provide an exhaust gas recirculation device, which is
free of the above-mentioned drawbacks.

[0007] Accordingto a first aspect of the presentinven-
tion, there is provided an exhaust gas recirculation de-
vice for use with an internal combustion engine which
has a spheric coupler through which an exhaust mani-
fold and a catalytic converter are pivotally connected,
which comprises an EGR gas inlet port provided in a
downstream portion of the catalytic converter; and an
EGR gas passage line extending from the EGR gas inlet
port to an intake system of the engine, wherein at least
a part of the EGR gas passage line is constructed by a
passage defined in the spheric coupler.

[0008] According to a second aspect of the present
invention, there is provided an exhaust gas recirculation
device for use with an internal combustion engine hav-
ing an exhaust manifold to which a catalytic converter
is pivotally connected through a spheric coupler, which
comprises an EGR gas inlet port provided in an exhaust
pipe downstream of the catalytic converter; a passage
defined in the spheric coupler, the passage of the spher-
ic coupler keeping its open condition even when the
spheric coupler assumes a tilted position; a first EGR
tube extending from the EGR gas inlet port to an inlet
part of the passage of the spheric coupler; and a second
EGR tube extending from an outlet part of the passage
of the spheric coupler to an intake system of the engine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Fig. 1 is a schematic view of an engine room of a
motor vehicle in which an exhaust gas recirculation
device of a first embodiment of the present inven-
tion is practically mounted;

Fig. 2 is a sectional view of an exhaust manifold and
a catalytic converter connected thereto, which are
incorporated with the first embodiment;

Fig. 3 is a sectional view similar to Fig. 2, but show-
ing the view taken from a different direction;

Fig. 4A is a sectional view of a major portion of a
case of the catalytic converter;

Fig. 4B is an end view of an outlet defuser of the
catalytic converter;

Fig. 5 is a sectional and exploded view of a spheric
coupler and its associated parts, which are em-
ployed in the first embodiment;

Fig. 6A is a view taken from a direction of the arrow
"C" of Fig. 5;

Fig. 6B is a view taken from a direction of the arrow
"D" of Fig. 5;
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Fig. 7A is a sectional view of the spheric coupler in
an assembled condition;

Fig. 7B is a view similar to Fig. 7A, but showing a
tilted condition of the spheric coupler; and

Fig. 8 is a view similar to Fig. 1, but showing an ex-
haust gas recirculation device of a second embod-
iment of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0010] In the following, two, viz., first and second em-
bodiments 100 and 200 of the present invention will be
described in detail with reference to the accompanying
drawings.

[0011] For ease of understanding, various directional
terms, such as right, left, upper, lower, rightward, etc.,
will be used in the following description. However, such
terms are to be understood with respect to only a draw-
ing or drawings on which the corresponding part or por-
tion is shown.

[0012] Referring to Fig. 1, there is shown an exhaust
gas recirculation device 100, which is the first embodi-
ment of the present invention.

[0013] Asshowninthe drawing, mountedinanengine
room of a motor vehicle is an internal combustion engine
1 which is of a transversely mounted type. An intake
manifold 2 is connected to a front side of engine 1, and
a collector unit 3 of intake manifold 2 is positioned above
engine 1.

[0014] To a rear side of engine 1, there is connected
an exhaust manifold 4 which has on a united down-
stream portion of branches thereof a flange 5. To flange
5, there is connected a catalytic converter 7 through a
spheric coupler 6. Catalytic converter 7 has an outlet
port (no numeral) from which an exhaust pipe 8 extends.
[0015] Due to usage of spheric coupler 6, relative piv-
oting between catalytic converter 7 and exhaust mani-
fold 4 is permitted. Thus, swing movement of engine 1,
which is inevitably produced under operation of the
same, is appropriately absorbed by spheric coupler 6,
and thus, catalytic converter 7 is suppressed from
swinging largely. In fact, if the connection between ex-
haust manifold 4 and catalytic converter is tightly made
without usage of such spheric coupler 6, the swing
movement of engine 1 would induce a larger swinging
of catalytic converter 7, which increases a possibility of
bumping of catalytic converter 7 against the vehicle
body. In case wherein an exhaust manifold is large in
size and thus largely projected from the engine, such
spheric coupler 6 is usually employed.

[0016] Referring back to Fig. 1, an EGR gas inlet port
9 is formed in a downstream part of catalytic converter
7. As will be described in detail hereinafter, EGR gas
inlet port 9 is exposed to an EGR gas passage 10 that
extends axially on and along a cylindrical case of cata-
lytic converter 7. EGR gas passage 10 has an outlet
from which a first EGR tube 11 extends to an EGR pas-
sage provided in spheric coupler 6. From the EGR pas-
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sage of spheric coupler 6, there extends a second EGR
tube 12 to the above-mentioned collector unit 3 through
an EGR valve 13.

[0017] In the following, the pivotal connection be-
tween exhaust manifold 4 and catalytic converter 7
through spheric coupler 6 will be described in detail with
reference to Figs. 2 and 3.

[0018] As shown, flange 5 connected to the down-
stream united portion of exhaust manifold 4 is formed
with a smaller diameter tubular part 5a about which an
annular gasket 14 is tightly disposed via press-fitting.
[0019] As will become apparent hereinafter, annular
gasket 14 forms an essential element of spheric coupler
6 and has an open right end formed with a convex sur-
face 14a.

[0020] Catalytic converter 7 comprises generally a cy-
lindrical case 17, a catalyst support 15 installed in case
17, a holding mat 16 pressed between cylindrical case
17 and catalyst support 15, a conical inlet defuser 18
connected to an inlet end of case 17 and a conical outlet
defuser 19 connected to an outlet end of case 17.
[0021] To conical inlet defuser 18, there is connected
a flare flange unit 20 which forms another essential el-
ement of the above-mentioned spheric coupler 6 and
has an open left part formed with a concave surface 20a
which is intimately and slidably mated with convex sur-
face 14a of annular gasket 14. It is now to be noted that
due to the slidable contact between convex and con-
cave surfaces 14a and 20a, a relative pivoting between
annular gasket 14 and flare flange unit 20 is achieved.
[0022] A peripheral portion 20b of flare flange unit 20
is formed at its diametrically opposed portions with two
bolt holes through which two threaded bolts 21 pass to
loosely connect flare flange unit 20 to flange 5. That is,
for this connection, each threaded bolt 21 is screwed
into a threaded bore formed in flange 5, as shown. About
each threaded bolt 21, there is disposed a coil spring 22
which is arranged to pull the peripheral portion 20b of
flare flange unit 20 toward flange 5. Due to the work of
the coil springs 22, concave surface 20a of flare flange
unit 20 is biased against convex surface 14a of annular
gasket 14 thereby to achieve an assured sealing there-
between.

[0023] Because of provision of the two bolts 21, flare
flange unit 20 is caused to pivot relative to annular gas-
ket 14 about an imaginary axis "L" (see Fig. 2) that con-
nects the two bolts 21 while diametrically crossing flare
flange unit 20. Due to this pivotal connection, vertical
swing movement of exhaust manifold 4 and that of cat-
alytic converter 7, which are inevitably caused by verti-
cal vibration of engine 1, are assuredly and effectively
absorbed.

[0024] Inthe following, the detail of catalytic converter
7 at a portion that constitutes a part of the exhaust gas
recirculation device 100 will be described with reference
to the drawings.

[0025] As is seen from Fig. 4A, cylindrical case 17 is
produced by curving a single metal plate. That is, as is
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understood from this drawing, the metal plate is pressed
or curved to have a generally S-shaped cross section
with a larger round upper part and a smaller rectangular
lower part. Then, longitudinal flanged edges of the
shaped metal plate are welded to predetermined por-
tions "W". With these steps, there are defined a cylindri-
cal exhaust gas chamber 17a which has catalyst sup-
port 15 (not shown in the drawing) received therein and
an axially extending passage which constitutes the
above-mentioned EGR gas passage 10. As shown, the
EGR gas passage 10 extends in parallel with cylindrical
exhaust gas chamber 17a and is isolated from the ex-
haust gas chamber 17a by a part 17b of case 17.
[0026] As is seen from Fig. 4B, conical outlet defuser
19 is produced by pressing a circular metal plate. Due
to this pressing, a part of the metal plate is radially out-
wardly expanded to produce a radially expanded
grooved portion 23 which serves as the above-men-
tioned EGR gas inlet port 9.

[0027] Asis seen from Fig. 3, when conical outlet de-
fuser 19 is properly connected to cylindrical case 17, an
inside part of grooved expanded portion 23 is exposed
to an open end of the EGR gas passage 10. Thus, upon
proper connection, exhaust gas chamber 17a and EGR
gas passage 10 become communicated to each other
through grooved expanded portion 23 which serves as
the EGR gas inlet port 9.

[0028] As is seen from Fig. 3, EGR gas passage 10
has a downstream open end 10a which is positioned ra-
dially outside of conical inlet defuser 18. From the down-
stream open end 10a, there extends first EGR tube 11
to spheric coupler 6.

[0029] Asis seenfrom Fig. 1, when properly mounted
in the exhaust system, the catalytic converter 7 is in-
clined in such a manner that its inlet port is positioned
higher than its outlet port with respect to a road surface
on which the associated motor vehicle stands. Due to
this inclination of catalytic converter 7, EGR gas pas-
sage 10 inclines also, and thus, stagnation of con-
densed water in the passage 10 is prevented.

[0030] In the following, the detail of spheric coupler 6
at a portion that constitutes a part of the exhaust gas
recirculation device 100 will be described with reference
to Figs. 5, 6A, 6B, 7A and 7B.

[0031] As has been mentioned hereinafore, spheric
coupler 6 comprises generally two parts which are, as
is seen from Fig. 5, the annular gasket 14 and the flare
flange unit 20 which are connected to each other
through a so-called spherical bearing connection.
[0032] Thatis, annular gasket 14 is formed with con-
vex surface 14a and flare flange unit 20 is formed with
concave surface 20a. These convex and concave sur-
faces 14a and 20a are mated to intimately contact to
each other. If desired, to the contrary, the convex sur-
face may be provided by flare flange unit 20 and the con-
cave surface may be provided by annular gasket 14.
[0033] As is seen from Figs. 5, 6A and 6B, annular
gasket 14 is formed with two EGR passages 24 at dia-
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metrically opposed portions. Also flare flange unit 20 is
formed with two EGR openings 25 at diametrically op-
posed portions.

[0034] As is seen from Fig. 2, these EGR passages
24 and openings 25 are mated with one another at the
mutually contacting convex and concave surfaces 14a
and 20a.

[0035] As is seen from this drawing, the two EGR
openings 25 are exposed to a concave enclosed space
26 which is defined between an inner concave member
27a and an outer concave member 27b. As shown, out-
er member 27b is welded at its peripheral edge "W" to
inner member 27a to constitute the flare flange unit 20.
[0036] As may be understood from Figs. 5, 7A and
7B, each of EGR openings 25 of flare flange unit 20 is
so sized and shaped as to cover the entire area of the
open end of the corresponding EGR passage 24 of an-
nular gasket 14 even when flare flange unit 20 assumes
a maximum angular position relative to annular gasket
14. In the illustrated embodiment, each open end of the
EGR passages 24 and each EGR opening 25 are
shaped elliptical.

[0037] AsisseenfromFigs.2and 7B, due to provision
of two bolts 21 (see Fig. 2), flare flange unit 20 is per-
mitted to pivot about the imaginary axis "L" (see Fig. 2)
and thus can assume the maximum angular position
that is denoted by reference "6" in Fig. 7B.

[0038] AsisseenfromFigs.6A and 6B, the openends
of EGR passages 24 of annular gasket 14 are positioned
on the imaginary axis "L" and EGR openings 25 of flare
flange unit 20 are also positioned on the imaginary axis
"L". Due to this arrangement, relative displacement be-
tween the open ends of EGR passages 24 and their cor-
responding EGR openings 25 can be minimized, which
can reduce the size of the open ends of EGR passages
24 and EGR openings 25.

[0039] Referring back to Figs. 2 and 3, concave en-
closed space 26 of flare flange unit 20 is communicated
with two EGR passages 24 of annular gasket 14 (see
Fig. 2) as well as first EGR tube 11 (see Fig. 3) through
an inlet opening 28 formed in outer concave member
27b of flare flange unit 20.

[0040] As is seen from Fig. 1, when exhaust gas re-
circulation device 100 is properly mounted in the engine
room, inlet opening 28 is positioned at the lowermost
portion of the outer concave member 27b with respect
to aroad surface on which the associated motor vehicle
stands.

[0041] As is seen from Fig. 2, the flange 5 provided
on the united downstream portion of exhaust manifold
4 is formed with two EGR passages 29 which are con-
nected with the passages 24 of annular gasket 14 re-
spectively. The EGR passages 29 are united and then
connected to second EGR tube 12 for connecting with
EGR valve 13 (see Fig. 1).

[0042] Thus, as is seen from Figs. 1, 2 and 3, EGR
gas inlet port 9, EGR gas passage 10, first EGR tube
11, concave enclosed space 26, two EGR openings 25,
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two EGR passages 24, two EGR passages 29 and sec-
ond EGR tube 12 constitute a so-called "EGR gas pas-
sage line" that conveys a cleaned exhaust gas to the
collector unit 3 through EGR valve 13.

[0043] In the following, operation of exhaust gas re-
circulation device 100 will be described with the aid of
the drawings, especially Figs. 1, 2 and 3.

[0044] As is seen from Fig. 1, under operation of en-
gine 1, exhaust gas from engine 1 is led into catalytic
converter 7 through exhaust manifold 4 and spheric cou-
pler 6. Thus, exhaust gas is treated and cleaned by cat-
alytic converter 7 before being discharged to the open
air through exhaust pipe 8.

[0045] During this, as is seen from Fig. 3, a part of the
cleaned exhaust gas, that has passed through catalyst
support 15 of catalytic converter 7, is led into EGR gas
passage 10 from EGR gas inlet port 9 defined by conical
outlet defuser 19. The cleaned exhaust gas is then led
into first EGR tube 11, concave enclosed space 26 of
flare flange unit 20, and then as is seen from Fig. 2, into
EGR passages 24 of annular gasket 14 and into EGR
passages 29 of the flange 5 and then, as is seen from
Fig. 1, into second EGR tube 12 and finally led to the
collector unit 3 through EGR valve 13. Due to the EGR
gas recirculation as mentioned hereinabove, NOx emis-
sions from the engine 1 can be reduced.

[0046] Now, advantages of the above-mentioned ex-
haust gas recirculation device of the first embodiment
100 will be described.

[0047] Asis seen from Figs. 1 and 2, an intermediate
part of the EGR gas passage line, that is the part con-
structed by concave enclosed space 26 of flare flange
unit 20, EGR openings 25 of flare flange unit 20, and
EGR passages 24 of annular gasket 14, is compactly
and effectively provided by spheric coupler 6. That is,
as is seen from Fig. 1, the fluid connection between first
and second EGR tubes 11 and 12 is kept even when
spheric coupler 6 shows its tilted condition (see Fig. 7B)
due to an angled position of catalytic converter 7 relative
to exhaust manifold 4.

[0048] Due to provision of spheric coupler 6 having
the above-mentioned construction, vertical swing move-
ment of exhaust manifold 4 and that of catalytic convert-
er 7, which are inevitably produced by vertical vibration
of engine 1, are assuredly and effectively absorbed
while keeping the fluid connection between concave en-
closed space 26 of flare flange unit 20 and each of EGR
passages 24 of annular gasket 14. As may be under-
stood from Figs. 1 and 7B, the pivotal movement be-
tween flare flange unit 20 and annular gasket 14 applies
no stress to first and second EGR tubes 11 and 12 and
thus deformation of these tubes 11 and 12, which would
cause increase in gas flow resistance in the EGR gas
passage line, is suppressed.

[0049] Spheric coupler 6 is of an articulated type com-
prising annular gasket 14 with convex surface 14a and
flare flange unit 20 with concave surface 20a which in-
timately and slidably contacts the convex surface 14a.
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Annular gasket 14 is formed with EGR passages 24 and
flare flange unit 20 is formed with EGR openings 25 mat-
ed with concave enclosed space 26. These EGR pas-
sages 24 and EGR openings 25 are mated at the area
where convex surface 14a and concave surface 20a in-
timately contact. These arrangements bring about not
only an assured pivotal connection between exhaust
manifold 4 and catalytic converter 7 but also an assured
constant fluid connection between first and second EGR
tubes 11 and 12.

[0050] As is seen from Figs. 6A, 6B and 7B, each of
EGR openings 25 of flare flange unit 20 is so sized and
shaped as to cover the entire area of the open end of
the corresponding EGR passage 24 of annular gasket
14 even when flare flange unit 20 is largely angled rel-
ative to annular gasket 14. Thus, EGR gas flow in the
EGR gas passage line is smoothly and assuredly car-
ried outeven when a large relative angle is kept between
flare flange unit 20 and annular gasket 14.

[0051] Due to provision of two bolts 21 (see Fig. 2)
that loosely connect flare flange unit 20 to the flange 5
of the exhaust manifold 4, flare flange unit 20 is caused
to pivot relative to annular gasket 14 about the imaginary
axis "L". Accordingly, relative displacement between the
open ends of EGR passages 24 of annular gasket 14
and their corresponding EGR openings 25 of flare flange
unit 20 can be minimized, which can reduce the size of
the open ends of EGR passages and EGR openings 25.
[0052] Since, as is seen from Fig. 2, two EGR pas-
sages 24 of annular gasket 14 and two EGR openings
25 of flare'flange unit 20 are provided at diametrically
opposed positions of spheric coupler 6, not only a me-
chanically balanced construction of spheric coupler 6
but also a hydro-mechanically balanced flow of EGR
gas is achieved in the EGR gas passage line.

[0053] Asis seen from Fig. 3, the welded portions "W"
of flare flange unit 20 are kept away from the mutually
contacting convex and concave surfaces 14a and 20a
of spheric coupler 6. Thus, the heat generated during
the welding has substantially no influence on such sur-
faces 14a and 20a, and thus, a sealing ability possessed
by the surfaces 14a and 20a is kept unchanged. Fur-
thermore, because the welded portions "W" are ex-
posed to the open area, the welding at such portions
"W" is easily carried out.

[0054] Upon assembly of the exhaust gas recircula-
tion device 100, the opening 28 of outer concave mem-
ber 27b of flare flange unit 20 is positioned at the low-
ermost portion of the member 27b. Accordingly, con-
densed water inevitably produced in concave enclosed
space 26 of flare flange unit 20 is smoothly drained
therefrom, and thus, flare flange unit 20 is suppressed
from having rust.

[0055] Asis seen from Fig. 3, an upstream part of the
EGR gas passage line, that is, the part constructed by
EGR gasinlet port 9 and EGR gas passage 10, is neatly,
compactly and integrally provided by case 17 of catalytic
converter 7. Thus, as is seen from Fig. 1, the exhaust
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gas recirculation device 100 can be simplified in con-
struction and reduced in size. As is known, the exhaust
gas recirculation device 100 having such features is
easily mounted in an engine room even when the engine
room has a limited space.

[0056] EGR gas inlet port 9 is provided by pressing a
part of conical outlet defuser 19 (see Fig. 4B) and EGR
gas passage 10 is provided by curving or pressing a sin-
gle metal plate to have a generally S-shaped cross sec-
tion (see Fig. 4A). Thus, the upstream part of the EGR
gas passage line can be provided at a lower cost.
[0057] Since EGR gas inlet port 9 is positioned and
constructed to receive a cleaned exhaust gas that has
passed through catalytic converter 7, the interior of the
EGR gas passage line is entirely protected from collect-
ing unwanted deposits.

[0058] AsisseenfromFig. 1, upon mounting on a mo-
tor vehicle, catalytic converter 7 is postured to incline
with its inlet port positioned higher than its outlet port
with respect to the road surface. Due to this inclination
of catalytic converter 7, EGR gas passage 10 inclines
also, and thus, stagnation of condensed water in the
passage 10 is prevented. Thus, the passage 10 is pro-
tected from having rust.

[0059] Referring to Fig. 8, there is shown an exhaust
gas recirculation device 200, which is a second embod-
iment of the present invention.

[0060] Inthis embodiment 200, there is no means that
corresponds to the EGR gas passage (10) integrally
provided by catalytic converter 7 employed in the above-
mentioned first embodiment 100. That is, in this second
embodiment 200, an EGR gas inlet port 31 is provided
in exhaust pipe 8 downstream of catalytic converter 7,
and an EGR tube 32 extends from EGR gas inlet port
31 to inlet opening 28 formed in outer concave member
27b of flare flange unit 20. Also in this embodiment 200,
the fluid connection between the two EGR tubes 32 and
12 is assuredly kept even when spheric coupler 6 shows
its tilted condition (see Fig. 7B) due to an angled position
of catalytic converter 7 relative to exhaust manifold 4.
[0061] The entire contents of Japanese Patent Appli-
cation 2002-340646 (filed November 25, 2002) are in-
corporated herein by reference.

[0062] Although the invention has been described
above with reference to the embodiments of the inven-
tion, the invention is not limited to such embodiments as
described above. Various modifications and variations
of such embodiments may be carried out by those
skilled in the art, in light of the above description.

Claims

1. An exhaust gas recirculation device (100, 200) for
use with an internal combustion engine (1) which
has a spheric coupler through which an exhaust
manifold (4) and a catalytic converter (7) are pivot-
ally connected, comprising:
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an EGR gas inlet port (9, 31) provided in a
downstream portion of the catalytic converter
(7); and

an EGR gas passage line (10, 11, 24, 25, 26,
12, 32) extending from the EGR gas inlet port
(9) to an intake system (3) of the engine (1),

wherein at least a part of the EGR gas pas-
sage line is constructed by a passage (24, 25, 26)
defined in the spheric coupler (6).

An exhaust gas recirculation device as claimed in
Claim 1, in which the spheric coupler comprises:

a first member (14) having a convex surface
(14a) and connected to one (4) of the exhaust
manifold (4) and the catalytic converter (7);

a second member (20) having a concave sur-
face (20a) intimately contactable with the con-
vex surface (14a) of the first member (14), the
second member (20) being connected to the
other (7) of the exhaust manifold (4) and the
catalytic converter (7);

a first EGR passage (24) defined in the first
member (14); and

a second EGR passage (25, 26) defined in the
second member (20) and constantly exposed
to the first EGR passage (24) of the first mem-
ber (14).

An exhaust gas recirculation device as claimed in
Claim 2, in which one of mutually facing open ends
of the first and second EGR passages (24, 25, 26)
is so sized and shaped as to cover the entire area
of the other of the mutually facing open ends even
when the first and second members (14, 20) show
a maximum relative angle therebetween.

An exhaust gas recirculation device as claimed in
Claim 3, in which the spheric coupler further com-
prises a pivot direction controller (21, 22) by which
the second member (20) is permitted to pivot about
a given axis relative to the first member (14), and in
which the mutually facing ends of the first and sec-
ond EGR passages (24, 25, 26) are positioned on
the given axis.

An exhaust gas recirculation device as claimed in
Claim 4, in which the pivot direction controller (21,
22) comprises:

two bolt holes formed in diametrically opposed
portions of the second member (20);

two bolts (21) respectively passing through the
two bolt holes to loosely connect the second
member (20) to a member (5) fixed to the first
member (14); and

two coil springs (22) respectively disposed
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about the two bolts (21) to bias the concave sur-
face (20a) of the second member (20) against
the convex surface (14a) of the first member
(14).

An exhaust gas recirculation device as claimed in
Claim 2, in which each of the first and second EGR
passages (24, 25, 26) comprises two passages that
are provided at diametrically opposed positions of
the spheric coupler.

An exhaust gas recirculation device as claimed in
Claim 2, in which the second member (20) is a flare
flange unit which comprises:

an inner concave member (27a) having the
concave surface (20a) contactable with the
convex surface (14a) of the first member (14);
an outer concave member (27b) welded at its
peripheral edge to the inner concave member
(27a) in a manner to define therebetween a
concave enclosed space (26), the concave en-
closed space (26) constituting the second EGR
passage (25, 26) of the second member (20).

An exhaust gas recirculation device as claimed in
Claim 7, in which the outer concave member (27b)
is formed with an inlet opening (28) to which a tube
(11, 32) connected to the EGR gas inlet port (9, 31)
is connected.

An exhaust gas recirculation device as claimed in
Claim 8, in which, upon assembly of the exhaust
gas recirculation device (100, 200) in an engine
room of a motor vehicle, the inlet opening (28) is
positioned at the lowermost portion of the outer con-
cave member (27b) with respect to a road surface
on which the motor vehicle stands.

An exhaust gas recirculation device as claimed in
Claim 1, further comprising an EGR gas passage
(10) which is integrally formed on and along a side
wall of the catalytic converter (7), the EGR gas pas-
sage (10) constituting at least a part of the EGR gas
passage line.

An exhaust gas recirculation device as claimed in
Claim 10, in which the EGR gas passage (10) ex-
tends along an axis of a case (17) of the catalytic
converter (7), the case (17) having a catalytic sup-
port (15) installed therein, and in which the EGR gas
passage (10) has an inlet part exposed to the EGR
gas inlet port (9).

An exhaust gas recirculation device as claimed in
Claim 11, in which the EGR gas passage (10) is in-
tegrally provided by the case (17) of the catalytic
converter (7).
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13.

14.

15.

16.

An exhaust gas recirculation device as claimed in
Claim 12, in which the case (17) of the catalytic con-
verter (7) is provided by pressing a metal plate to
have a generally S-shaped cross section with a
larger round upper part and a smaller rectangular
smaller part, and welding given edges of the shaped
metal plate, the shaped and welded metal plate
constituting the EGR gas passage (10) at a portion
that has the smaller rectangular lower part.

An exhaust gas recirculation device as claimed in
Claim 13, in which the EGR gas inlet port (9) is de-
fined by a radially expanded grooved portion (23)
of an outlet defuser (19) of the catalytic converter
(7), the groove of the radially expanded grooved
portion (23) being exposed to the inlet part of the
EGR gas passage (10).

An exhaust gas recirculation device as claimed in
Claim 1, in which, upon assembly of the exhaust
gas recirculation device (100, 200) in an engine
room of a motor vehicle, the catalyst converter (7)
is inclined in such a manner that its inlet port is po-
sitioned higher than its outlet port with respect to a
road surface on which the motor vehicle stands.

An exhaust gas recirculation device (200) for use
with an internal combustion engine (1) having an
exhaust manifold (4) to which a catalytic converter
(7) is pivotally connected through a spheric coupler
(6), comprising:

an EGR gas inlet port (9) provided in an exhaust
pipe (8) downstream of the catalytic converter
(7);

a passage (24, 25, 26) defined in the spheric
coupler (6), the passage of the spheric coupler
keeping its open condition even when the
spheric coupler (6) assumes a tilted position;
a first EGR tube (32) extending from the EGR
gas inlet port (9) to an inlet part of the passage
(24, 25, 26) of the spheric coupler (6); and

a second EGR tube (12) extending from an out-
let part of the passage (24, 25, 26) of the spher-
ic coupler (6) to an intake system (3) of the en-

gine (1).
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