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(54) Exhaust device of internal combustion engine

(57)  An exhaust device comprises an exhaust man-
ifold (1). A boss (6) for a heat insulator, a boss (8) for an
EGR gas, and a boss (10) for a sensor are formed on an
outer peripheral surface of the exhaust manifold (1). An
outer end portion of the side wall surface of the boss (6)
for the heat insulator and the outer end portion of the
side wall surface of the boss (8) for the EGR gas are

Fig.2A

connected by a bridge member (11), and an outer end
portion of the side wall surface of the boss (8) for the
EGR and the outer end portion of the side wall surface
of the boss (10) for the sensor are connected by a
bridge (12) member as well.
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Description

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to an exhaust device
of an internal combustion engine.

2. Description of the Related Art

An exhaust manifold comprises a plurality of tubes
for affixing to an engine body and a gathering portion at
which these tubes merge with each other. In such an
exhaust manifold, there are parts of high temperature
and parts of low temperature, and therefore a consider-
able difference occurs in the amount of heat expansion
inside of the exhaust manifold. If a difference is caused
in the amount of thermal expansion in this way, a large
compressive thermal stress or tensile thermal stress is
locally caused inside the wall surface of the exhaust
manifold and this causes the occurrence of cracks. In
this case, the region in which the compressive thermal
stress occurs or the region in which the tensile thermal
stress occurs differs depending upon the construction of
the exhaust manifold.

Therefore, so as to reduce such a compressive
thermal stress or a tensile thermal stress, an exhaust
manifold in which the thickness of the tube walls of the
exhaust manifold is gradually increased from the inlet
side of the flow of the exhaust gas toward the outlet side
of the flow of the exhaust gas is well known (see Japa-
nese Unexamined Utility Model Publication (Kokai) No.
62-987290).

Recently, the temperatures of exhaust gases have
gradually become higher along with the increase in
engine output. Along with this, the temperature of the
exhaust manifold has gradually become higher. How-
ever, when the temperature of the exhaust manifold
becomes high, in comparison with a case where a com-
pressive strain is produced due to a compressive ther-
mal stress, in the case where tensile strain is produced
due to tensile thermal stress, cracks occur far more eas-
ily. Namely, when compressive strain occurs, there is
slippage at part of the crystal structure which destroys
it, but in this case, a considerably long time is required
for growth to a crack. Contrary to this, when tensile
strain occurs, a large number of microcracks are caused
in the internal portion. If the temperature of the exhaust
manifold is high, these microcracks grow into cracks in
a relatively short time. Accordingly, when the tempera-
ture of the exhaust manifold is high, occurrence of ten-
sile distortion exerts a greater influence upon the
occurrence of cracks than the occurrence of the com-
pressive strain. Accordingly, in an exhaust manifold in
which the temperature becomes high, it is necessary to
mainly prevent the occurrence of cracks caused by ten-
sile strain.
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The occurrence of cracks due to this tensile strain
cannot be prevented just by making the tube walls of the
exhaust manifold thicker as in the above-mentioned well
known exhaust manifold. Namely, when the tube walls
of the exhaust manifold are made thicker, the tensile
stress which locally occurs inside the tube wall
becomes smaller, but even in this case, if the tempera-
ture of the exhaust manifold becomes high, a large
number of microcracks occur. In so far as tensile stress
acts, these microcracks gradually grow into cracks.
Therefore, cracks still occur at a relatively early stage.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
exhaust device which is capable of preventing cracks
from occurring.

According to the present invention, there is pro-
vided an exhaust device of an internal combustion
engine, comprising an exhaust manifold having an outer
wall portion in which a tensile stress occurs at least
when the engine is operated and means for periodically
providing a compressive stress for the outer wall portion
of the exhaust manifold.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be more fully understood
from the description of the preferred embodiments of
the invention set forth below, together with the accom-
panying drawings, in which:

Fig. 1 is a front view of an exhaust manifold;

Fig. 2A is a front view of a portion of the exhaust
manifold according to the present invention;

Fig. 2B is a side view of Fig. 2A,;

Fig. 3 is a side view of another embodiment of a
portion of the exhaust manifold;

Fig. 4 is a front view of a further embodiment of the
exhaust manifold;

Fig. 5A is a side view of the exhaust manifold
shown in Fig. 4;

Fig. 5B is a side view of a still further embodiment
of the exhaust manifold;

Fig. 6 is a side view of a still further embodiment of
the exhaust manifold; and

Fig. 7 is a flow chart for controlling the actuator.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

Figure 1 shows an exhaust manifold 1 provided for
the three cylinders of one bank of a 6-cylinder V-engine.
This exhaust manifold 1 has three tubes 2. Flanges 3 for
mounting to the engine body are affixed to the front end
portions of the tubes 2. These tubes 2 merge at the
manifold gathering portion 4. A mounting flange 5 is
also affixed to the exhaust gas outflow port of the mani-



3 EP 0 727 569 A1 4

fold gathering portion 4. For example, a catalytic con-
verter is attached to the mounting flange 5.

Four outwardly projecting columnar bodies for sup-
porting a heat insulator covering the exhaust manifold 1,
that is, the bosses 6, an outwardly projecting columar
body having an EGR gas takeout bore 7 for taking out
the exhaust gas recirculation gas (hereinafter referred
to as an EGR gas) formed therein, that is, a boss 8, and
an outwardly projecting columnar body having an inser-
tion bore 9 for inserting an oxygen concentration sensor
formed therein, that is, a boss 10, are integrally formed
on the exhaust manifold 1. One boss 6 among the four
bosses 6 for the heat insulator is formed on the manifold
gathering portion 4, while the remaining three heat insu-
lator bosses 6 are formed on the tubes 2. Also, the boss
8 for the EGR gas and the boss 10 for the sensor are
formed on the manifold gathering portion 4. In the
embodiment shown in Fig. 1, the boss 8 for the EGR
gas is arranged at a distance from the boss 6 for the
heat insulator and boss 10 for the sensor on the mani-
fold gathering portion 4 and between these bosses 6
and 10.

When these bosses 6, 8, and 10 are provided,
these bosses 6, 8, and 10 function as types of cooling
fins, that is, at the part where these bosses 6, 8, and 10
are provided, the area of the heat radiating surface
becomes greater and therefore the temperature
becomes lower in comparison with the wall surface por-
tion of the exhaust manifold 1 where these bosses 6, 8,
and 10 are not provided. Accordingly, the amount of
thermal expansion at the part where these bosses 6, 8,
and 10 are formed becomes smaller in comparison with
the amount of thermal expansion at the part where
these bosses 6, 8, and 10 are not formed, and therefore
tensile stress will occur inside the wall surface of the
exhaust manifold 1 at the periphery of the bosses 6, 8,
and 10. This tensile stress becomes the largest inside
the wall surface of the exhaust manifold 1 between the
bosses 6, 8, and 10, that is, inside the wall surface of the
exhaust manifold 1 between the boss 6 for the heat
insulator of the manifold gathering portion 4 and the
boss 8 for the EGR gas and between the boss 8 for the
EGR gas and the boss 10 for the sensor.

Also, the tensile stress generated among these
bosses 6, 8, and 10 becomes further larger when the
temperature of the exhaust manifold 1 rises after the
start of the engine. Namely, these bosses 6, 8, and 10
have a large heat capacity, and therefore after the start
of the engine, the temperature rises at a slow speed in
comparison with the rise of temperature of the exhaust
manifold 1 and, thus, during this time, the temperature
difference between the bosses 6, 8, and 10 and the wall
surface of the exhaust manifold 1 on which these
bosses 6, 8, and 10 are not formed becomes large.
Accordingly, during this time, a large tensile stress will
occur between the bosses 6, 8, and 10. In any case,
when such bosses 6, 8, and 10 are formed on the
exhaust manifold 1, whenever the engine is operated, a
tensile stress occurs inside the wall surface of the
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exhaust manifold 1 between the bosses 6, 8, and 10,
and thus cracks will be caused between the bosses 6, 8,
and 10 in the end.

Therefore, in the embodiment according to the
present invention, as shown in Figs. 2A and 2B, the
outer end portion of the side wall surface of the boss 6
for the heat insulator and the outer end portion of the
side wall surface of the boss 8 for the EGR gas are con-
nected by a bridge member 11 extending separated by
a certain distance from the outer peripheral wall surface
of the exhaust manifold 1,

When the engine starts being operated, the tem-
perature of the outer peripheral wall of the exhaust man-
ifold 1 gradually becomes higher. At this time, the
temperatures of the bosses 6, 8 and 10 slowly rise with
respect to the rise of the temperature of the exhaust
manifold 1 as mentioned above. At this time, the tem-
peratures of the bridge members 11 and 12 further
slowly rise with respect to the rise of the temperature of
the exhaust manifold 1. Accordingly, even if the temper-
ature of the exhaust manifold 1 becomes considerably
high, the temperatures of the bridge members 11 and
12 do not rise so much, and thus the amounts of ther-
mal expansion of the bridge members 11 and 12
become considerably smaller than the amount of ther-
mal expansion of the outer peripheral wall of the
exhaust manifold 1 between the bosses 6, 8, and 10. As
a result, a compressive stress will occur in the outer
peripheral wall of the exhaust manifold 1 between the
bosses 6, 8, and 10. Subsequently, after a short time,
the temperatures of the bridge members 11 and 12 rise,
and therefore tensile stress occurs again inside the
outer peripheral wall of the exhaust manifold 1 between
the bosses 6, 8, and 10.

In this way, in this embodiment, whenever the
engine starts to be operated, that is, periodically, in a
state where the temperature of the exhaust manifold 1 is
relatively high, a compressive stress is generated inside
the outer peripheral wall of the exhaust manifold 1
between the bosses 6, 8, and 10. As a result, the micro-
cracks which occur when the tensile stress acts upon
the interior of the outer peripheral wall of the exhaust
manifold 1 between the bosses 6, 8, and 10 are
repaired by the compressive stress which is periodically
generated, and thus it becomes possible to prevent
cracks from occurring in the outer peripheral wall of the
exhaust manifold 1 between the bosses 6, 8, and 10.

In the embodiment shown in Figs. 2A and 2B, the
bridge members 11 and 12 are cast simultaneously
when casting the exhaust manifold 1. Namely, in this
embodiment, the bridge members 11 and 12 are formed
integrally with the corresponding bosses 6, 8, and 10
when casting the exhaust manifold 1.

Figure 3 shows another embodiment. Note that, in
Fig. 3, 13 denotes a heat insulator, and 14 denotes an
EGR gas conduit. In this embodiment, a mounting
flange 15 affixed to the tip portion of the EGR conduit 14
is formed large so as to be able to cover the top face of
the boss 6 for the heat insulator. This mounting flange
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15 is tightly secured to the top portion of the boss 8 for
the EGR gas by using for example a nut. The end por-
tion of this mounting flange 15 is tightly secured to the
top portion of the boss 6 for the heat insulator together
with the heat insulator 13 by for example a bolt. Accord-
ingly, in this embodiment, the mounting flange 15 of the
EGR gas conduit 14 constitutes the bridge member.

Figure 4 and Figs. 5A and 5B show still another
embodiment. Note that, in the embodiment, similar con-
stituent elements to those in Fig. 1 are indicated by the
same reference numerals.

As shown in Fig. 4 and Fig. 5A, in this embodiment,
the exhaust manifold 1 is for a four-cylinder internal
combustion engine, and the catalytic converter 16 is
attached to the mounting flange 5 formed at the mani-
fold gathering portion 4. This catalytic converter 16 is
supported by the engine body by a stay 17. In this way,
when the exhaust manifold 1 and the catalytic converter
16 extend curved as a whole when seen from the
mounting flange 3 of the tube 2, even outside of this
curved structure, the largest tensile stress is apt to
occur at the part having the smallest cross-sectional
area. In the embodiment shown in Fig. 4 and Fig. 5A, it
is the outside portion indicated by X of the manifold
gathering portion 4 where this largest tensile stress
occurs.

Therefore, in this embodiment, the bridge member
18 is provided so as to straddle the outside portion X of
the manifold gathering portion 4 in which the largest
tensile stress occurs. This bridge member 18 is cast
simultaneously with the casting of the exhaust manifold
1 so as to be separated by a certain distance from the
outer peripheral wall surface of the exhaust manifold 1.
Also in this embodiment, for a short time after the start
of the engine, the temperature of the bridge member 18
does not rise so much, therefore the amount of thermal
expansion of the bridge member 18 is small, and thus
during this time, a compressive stress is generated in
the outside portion X of the manifold gathering portion 4
under a state where the temperature of the outer periph-
eral wall of the exhaust manifold 1 is relatively high.
Accordingly, also in this embodiment, the microcracks
are repaired by this compressive stress, and thus the
generation of cracks can be prevented.

Figure 5B shows a further embodiment. In this
embodiment, bosses 19 are formed on the outer periph-
eral wall surface of the exhaust manifold 1 on the two
sides of the outside portion X of the manifold gathering
portion 4 where the largest tensile stress occurs. The
top portions of these bosses 19 are connected with
each other by the bridge member 20.

Figure 6 shows a further embodiment. Note that, in
this embodiment, similar constituent elements to those
in Fig. 5A and Fig. 5B are indicated by the same refer-
ence numerals. In this embodiment, the catalytic con-
verter 16 is supported by still another supporting device
21 in addition to the stay 17. This supporting device 21
is provided with an actuator 22 made of a hydraulic cyl-
inder supported by the engine body 1. A hydraulic pis-
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ton 23 of this actuator 22 is connected to the catalytic
converter 16 via a link member 24. An oil pressure
chamber 25 in the actuator 22 is connected to the
exhaust port of the hydraulic pump 28 via an open-
ing/closing valve 26 controlled by the output signal of an
electronic control unit 30, and the oil inside the hydraulic
chamber 25 is returned to the oil reservoir 29 via a throt-
tle 27.

When the opening/closing valve 26 is opened, pres-
surized oil is supplied into the oil pressure chamber 25
via the opening/closing valve 26. When the pressurized
oil is supplied into the oil pressure chamber 25, the cat-
alytic converter 16 is pivoted in the clockwise direction
about the pivot 28 by the hydraulic piston 23, and thus a
compressive stress is generated in the outside portion X
of the manifold gathering portion 4.

The electronic control unit 30 comprises a digital
computer which is provided with a read only memory
(ROM) 32, a random access memory (RAM) 33, a
microprocessor (CPU) 34, an input port 35, and an out-
put port 36, all of which are connected to each other by
a bidirectional bus 31. An output signal of an air flow
meter 40 indicating the amount of intake air and, for
example, the output signal of an exhaust temperature
sensor 43 indicating the exhaust gas temperature inside
the exhaust manifold 1 are input to the input port 35 via
respectively corresponding AD converters 37. Further,
the output pulse of a rotational speed sensor 41 indicat-
ing the rotational speed of the engine, the output pulse
of a vehicle speed sensor 42 indicating the vehicle
speed, and an ON/OFF signal of an ignition switch 44
are input to the input port 35. On the other hand, the
output port 36 is connected to the opening/closing valve
26 via a drive circuit 28.

Figure 7 shows a routine for controlling the actuator
22. This routine is executed by for example interruption
at every predetermined time period.

Referring to Fig. 7, first, at step 50, it is decided
whether or not the drive conditions for the actuator 22
have been established. When the drive conditions for
the actuator 22 have been established, the processing
routine proceeds to step 51, at which it is decided
whether or not for example the temperature Te of the
exhaust gas flowing inside the exhaust manifold 1 is
higher than a predetermined set temperature, for exam-
ple, 800°C. When Te > 800°C, the processing routine
proceeds to step 52, at which the actuator 22 is driven
for a constant time. Namely, in the embodiment shown
in Fig. 6, the opening/closing valve 26 is opened at this
time, and pressurized oil is supplied into the oil pressure
chamber 25, whereby a compressive stress is gener-
ated in the outside portion X of the manifold gathering
portion 4.

When the tensile stress acts upon the outside por-
tion X of the manifold gathering portion 4 for a long
period when the temperature of the exhaust manifold 1
is high, microcracks occur in the outside portion X of the
manifold gathering portion 4. At this time, if a compres-
sive siress is generated in the outside portion X of the
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manifold gathering portion 4 for an extremely short time
in a state where the temperature of the exhaust mani-
fold 1 is high, the microcracks can be repaired. Accord-
ingly, in the routine shown in Fig. 7, at step 50, it is
decided whether or not an appropriate period has
elapsed after the occurrence of compressive stress in
the outside portion X of the manifold gathering portion
4. It is determined that the drive conditions have been
established when an appropriate time has elapsed.

For example, at step 50, how many times the
engine has been operated is counted from the ON/OFF
signal of the ignition switch 44. When the engine has
been operated several dozen times, it is determined that
the conditions for driving have been established. In this
case, the actuator 22 is periodically driven just one time
whenever the engine is operated several dozens of
times. Also, as step 50, the cumulative value of the
traveling distance is calculated based on the output sig-
nal of the vehicle sensor 42, or the cumulative value of
the engine rotational speed is calculated. It is also pos-
sible to determine that the drive conditions have been
established when these cumulative values exceed con-
stant values. Also, at step 50, it is also possible to count
the number of times the exhaust gas temperature Te
has exceeded 800°C and determine that the drive con-
ditions have been established when this number of
times exceeds a constant value.

On the other hand, at step 51 of Fig. 7, it is decided
whether or not the exhaust gas temperature Te
becomes 800°C or more based on the output signal of
the exhaust temperature sensor 43. Instead of providing
such an exhaust temperature sensor 43, it is also possi-
ble to preliminarily store the relationship among the
exhaust gas Te, engine rotational speed, intake air
amount, and the ignition advance angle in the ROM 32
and to find the exhaust gas temperature Te from this
stored relationship.

Also, while a hydraulic cylinder is used as the actu-
ator 22 in the embodiment shown in Fig. 6, it is also pos-
sible to use a piezoelectric element or solenoid as this
actuator 22.

According to the present invention, the occurrence
of cracks in the exhaust manifold can be prevented, and
therefore the service life of the exhaust manifold can be
prolonged.

While the invention has been described by refer-
ence to specific embodiments chosen for purposes of
illustration, it should be apparent that numerous modifi-
cations could be made thereto by those skilled in the art
without departing from the basic concept and scope of
the invention.

An exhaust device comprising an exhaust manifold.
A boss for a heat insulator, a boss for an EGR gas, and
a boss for a sensor are formed on an outer peripheral
surface of the exhaust manifold. An outer end portion of
the side wall surface of the boss for the heat insulator
and the outer end portion of the side wall surface of the
boss for the EGR gas are connected by a bridge mem-
ber, and an outer end portion of the side wall surface of
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the boss for the EGR and the outer end portion of the
side wall surface of the boss for the sensor are con-
nected by a bridge member as well.

Claims

1. An exhaust device of an internal combustion

engine, comprising:

an exhaust manifold having an outer wall
portion in which a tensile stress occurs at least
when the engine is operated and

means for periodically providing a compres-
sive stress to said outer wall portion of the exhaust
manifold.

2. An exhaust device as set forth in claim 1, wherein
said means is comprised of a bridge member which
extends, separated by a certain distance from said
outer wall portion, so as to straddle said outer wall
portion and is connected at its two end portions to
an outer wall surface of the exhaust manifold.

3. An exhaust device as set forth in claim 2, wherein
said bridge member is formed integrally with the
exhaust manifold.

4. An exhaustdevice as set forth in claim 2, wherein at
least one pair of outwardly projecting bosses is inte-
grally formed on the outer wall surface of the
exhaust manifold and said bridge member is
formed integrally with said bosses.

5. An exhaust device as set forth in claim 2, wherein at
least one pair of outwardly projecting bosses is inte-
grally formed on the outer wall surface of the
exhaust manifold and the two end portions of said
bridge member are affixed to said bosses.

6. An exhaustdevice as set forth in claim 5, wherein at
least one boss has a gas passage formed therein
and a mounting flange of a conduit to be connected
to said gas passage constitutes said bridge mem-
ber.

7. An exhaust device as set forth in claim 1, wherein
the exhaust manifold comprises tubes and a gath-
ering portion and wherein the outer wall portion in
which a tensile stress occurs is an outer wall por-
tion of said gathering portion.

8. An exhaust device as set forth in claim 7, wherein
the exhaust manifold extends so as to gradually
face downward the further away from the body of
the engine and wherein the outer wall portion in
which the tensile stress occurs is the outer wall por-
tion of said gathering portion positioned at a side
opposite to the body of the engine.
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An exhaust device as set forth in claim 8, wherein a
catalytic converter is attached to the gathering por-
tion of the exhaust manifold.

An exhaust device as set forth in claim 1, wherein
said means comprises an actuator which is period-
ically driven.

An exhaust device as set forth in claim 10, wherein
the exhaust manifold comprises tubes and a gath-
ering portion, the catalytic converter is connected to
said gathering portion, and said actuator is
arranged between the catalytic converter and the
body of the engine.
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