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CATALYTIC CONVERTER APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 USC 119
from Japanese Patent Application No. 2014-177982 filed
Sep. 2, 2014, the disclosure of which 1s incorporated by
reference herein.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a catalytic converter

apparatus that 1s provided at an exhaust pipe of an internal
combustion engine.

[0004] 2. Related Art

[0005] Japanese Patent Application Laid-Open (JP-A) No.
2013-1855773 discloses an electrically heated catalytic struc-
ture 1n which an 1nner pipe, 1n a shape that tapers to the
upstream side of an exhaust gas flow direction, 1s provided at
an outer pipe that accommodates a heat generating body (a
catalyst substrate). In this electrically heated catalytic struc-
ture, an insulating layer 1s provided at the surface of the inner
pipe.

[0006] In the celectrically heated catalytic structure
described above, the msulating layer may be formed by, for
example, a material of the insulating layer being coated onto
the surface of the mner pipe and fired. However, because the
insulating layer at the surface of the mnner pipe contracts in the
firing process, cracks may form 1n the mnsulating layer at a
distal end portion of the inner pipe. To describe this in more
detail, an upstream side end portion of the mnner pipe 1n a
simply cut state has sharp corners, and 1t 1s likely that cracks
form 1n the mnsulating layer starting from these corners.

SUMMARY

[0007] In consideration of the situation described above,
the present invention provides a catalytic converter apparatus
that may suppress the formation of cracks 1n an nsulating,
layer at an axial direction end portion of an 1nner pipe.
[0008] A catalytic converter apparatus according to a first
aspect of the present invention includes: a catalyst substrate
that supports a catalyst for cleaning exhaust gas exhausted
from an internal combustion engine, the catalyst substrate
being heated by electrification; a case formed 1n a tubular
shape, the catalyst substrate being accommodated 1nside the
case and the case being attached to an exhaust pipe; an outer
pipe provided at the case, the outer pipe being disposed at
least at an upstream side of an exhaust gas tlow direction
relative to the catalyst substrate; an inner pipe provided at the
case 1nside the outer pipe, an axial direction end portion of the
iner pipe being formed 1n a tapered shape and a distal end
face of the axial direction end portion being formed in a
curved surface shape; and an insulating layer provided at least
at an mner side face and the axial direction end portion of the
inner pipe.

[0009] According to the first aspect of the present mven-
tion, the catalyst substrate 1s accommodated inside the tubular
case that 1s attached to the exhaust pipe, and the catalyst
substrate inside the case 1s heated by electrification. As a
result, exhaust gas exhausted from the internal combustion
engine 1s cleaned. The outer pipe and the inner pipe are
provided in the case. The outer pipe 1s disposed at least at the
upstream side of the exhaust gas flow direction relative to the
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catalyst substrate. The axial direction end portion of the inner
pipe 1s Tormed 1n the tapered shape at the inside of the outer
pipe. The distal end face of the axial direction end portion of
the inner pipe 1s formed 1n the curved surface shape. Because
the msulating layer 1s provided at least at the inner side face
and the axial direction end portion of the inner pipe, insula-
tion between the catalyst substrate and the inner pipe may be
maintained. In this structure, the distal end face of the axial
direction end portion of the inner pipe 1s formed 1n the curved
surface shape. Thus, sharp corners at the distal end face of the
iner pipe are removed. Therefore, the formation of cracks 1n
the insulating layer at the distal end face of the inner pipe may
be suppressed. More specifically, the insulating layer 1s
formed by, for example, a material of the nsulating layer
being coated onto at least the 1inner side face and axial direc-
tion end portion of the mner pipe and fired. At this time,
because sharp corners at the distal end face of the inner pipe
are removed, cracking of the insulating layer starting from
sharp corners due to contraction of the insulating layer during
firing may not occur, as a result of which the formation of
cracks in the msulating layer at the distal end face of the inner
pipe may be suppressed.

[0010] In a catalytic converter apparatus according to a
second aspect of the present invention, 1n the first aspect, il a
radius of curvature of the distal end face of the axial direction
end portion 1s represented by R, chamier machining 1s applied
such that R=0.5 mm.

[0011] According to the second aspect of the present mven-
tion, 11 the radius of curvature of the distal end face of the axial
direction end portion of the mner pipe 1s represented by R,
chamiering machining 1s applied such that R=0.5 mm. Thus,
the distal end face of the axial direction end portion of the
mner pipe 1s formed to a smoother curved surface shape.
Hence, the formation of cracks in the mnsulating layer at the
distal end face of the axial direction end portion of the inner
pipe may be more reliably suppressed.

[0012] In a catalytic converter apparatus according to a
third aspect of the present invention, in the first aspect, a
thickness of the msulating layer 1s set to at least 100 um and
at most 200 um.

[0013] According to the third aspect of the present mnven-
tion, the thickness of the insulating layer 1s specified to be at
least 100 um and at most 200 um. Thus, because the thickness
of the msulating layer 1s suitably specified, the formation of
cracks 1n the msulating layer at the distal end face of the axial
direction end portion of the inner pipe may be suppressed. For
example, 11 the thickness of the insulating layer 1s thinner than
100 um, cracking of the insulating layer may be caused by
contraction of the insulating layer during firing, and 1if the
thickness of the msulating layer 1s more than 200 pum, 1t 1s
difficult to form the insulating layer with a more uniform
thickness.

[0014] In a catalytic converter apparatus according to a
fourth aspect of the present invention, 1n the first aspect, the
axial direction end portion 1s an upstream end portion that 1s
arranged toward the upstream side of the exhaust gas flow
direction.

[0015] According to the fourth aspect of the present inven-
tion, the axial direction end portion of the inner pipe 1s the
upstream end portion that 1s arranged toward the upstream
side of the exhaust gas tlow direction. Thus, the formation of
cracks 1n the isulating layer that 1s provided at the upstream
end portion of the inner pipe may be suppressed.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Exemplary Embodiments of the present invention
will be described 1n detail based on the following figures,
wherein:

[0017] FIG.11sasectional diagram showing an exhaust gas
flow direction upstream side of a catalytic converter apparatus
in accordance with a first exemplary embodiment of the
present invention.

[0018] FIG. 2 1s amagnified sectional diagram showing an
upstream end portion of an upstream side decreasing diam-
cter portion employed 1n the catalytic converter apparatus

shown 1n FIG. 1.

[0019] FIG. 3 1s a magnified sectional diagram, corre-
sponding to FIG. 2, showing an upstream end portion of an
upstream side decreasing diameter portion employed 1n a
catalytic converter apparatus in accordance with a second
exemplary embodiment of the present invention.

[0020] FIG. 4 1s a magnified sectional diagram, corre-
sponding to FIG. 2, showing an upstream end portion of an
upstream side decreasing diameter portion employed 1n a
catalytic converter apparatus in accordance with a third exem-
plary embodiment of the present invention.

[0021] FIG. SA 1s a magnified sectional diagram illustrat-
ing a fabrication process of the upstream end portion of the
upstream side decreasing diameter portion shown in FIG. 4.
[0022] FIG. 5B 1s a magnified sectional diagram illustrat-
ing the fabrication process of the upstream end portion of the
upstream side decreasing diameter portion shown in FIG. 4.
[0023] FIG. 5C 1s a magnified sectional diagram 1llustrat-
ing the fabrication process of the upstream end portion of the
upstream side decreasing diameter portion shown in FIG. 4.
[0024] FIG. 6 1s a chart comparing the presence/absence of
chipping of a glass coating layer at an upstream end portion of
an upstream side decreasing diameter portion of a {irst
example and an upstream end portion of an upstream side
decreasing diameter portion of a third comparative example.
[0025] FIG. 7 1s a graph showing maximum tensile stresses
produced during cooling of an upstream end portion of an
upstream side decreasing diameter portion of a second
example and upstream end portions ol upstream side decreas-
ing diameter portions of first to third comparative examples.

DETAILED DESCRIPTION

[0026] FIG. 1 shows a catalytic converter apparatus 12
according to a first exemplary embodiment of the present
invention in a state 1n which the catalytic converter apparatus
12 1s mounted to an exhaust pipe 10. Exhaust gas that 1s
exhausted from an internal combustion engine (not shown 1n

the drawings) tlows 1n the exhaust pipe 10. Hereinafter, where
the terms “upstream side” and “downstream side” are used
alone, they mean an upstream side and a downstream side,
respectively, of an exhaust gas tlow direction (the direction of
arrow F1) 1n the exhaust pipe 10. The catalytic converter
apparatus 12 1s disposed between an upstream side exhaust
pipe 10A and a downstream side exhaust pipe (which 1s not
shown 1n the drawings).

[0027] As shown in FIG. 1, the catalytic converter appara-
tus 12 includes a catalyst substrate 14 that 1s formed of a
material that features electrical conductivity and stifiness.
Maternals that can be employed to structure the catalyst sub-
strate 14 1include conductive ceramics, conductive resins,
metals and the like. In the present exemplary embodiment in
particular, a conductive ceramic 1s employed.
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[0028] The catalyst substrate 14 1s formed of, for example,
silicon carbide. A catalyst (platinum, palladium, rhodium or
the like) 1s adhered to surfaces of the catalyst substrate 14 and
supported thereat.

[0029] The catalyst features an action that cleans sub-
stances (hydrocarbons and the like) from the exhaust gas
flowing 1n the exhaust pipe 10.

[0030] Two electrodes 16A and 16B are adhered to the
catalyst substrate 14, and two terminals 18A and 18B are
connected to the electrodes 16 A and 16B, respectively. The
catalyst substrate 14 1s heated by electricity from the termi-
nals 18A and 18B being passed through the electrodes 16 A
and 16B to the catalyst substrate 14. The catalyst supported at
the surfaces of the catalyst substrate 14 1s raised 1n tempera-
ture by this heating. Therefore, the catalyst exhibits the clean-
ing action more etfectively. In other words, the catalytic con-
verter apparatus 12 structures an electrically heated catalyst
(EHC) 1n which the catalyst substrate 14 1s heated by electri-
fication.

[0031] The catalyst substrate 14 is retained 1n a state of
being accommodated nside a tubular case 28, with a reten-
tion mat 26 that 1s disposed at an outer periphery of the
catalyst substrate 14 therebetween. The retention mat 26 1s
formed 1n a cloth shape with insulativity and a predetermined
resilience. The retention mat 26 1s formed of, for example, an
alumina mat, a resin mat, ceramic wool, an INTERAM mat,
mullite or the like. When the catalyst substrate 14 1s electri-
fied, tlows of current to the case 28 are suppressed by the
retention mat 26.

[0032] The case 28 1s provided with an accommodation
tube 30 1n a circular tube shape and an upstream side decreas-
ing diameter portion 32. The accommodation tube 30 has a
constant diameter from the upstream side to the downstream
side thereof. The upstream side decreasing diameter portion
32 continues toward the upstream side from the upstream end
of the accommodation tube 30 and serves as an 1nner pipe
whose diameter 1s decreased 1n steps. That 1s, the upstream
side decreasing diameter portion 32 1s structured so as to form
a shape that tapers toward the upstream side. In the example
shown 1n FIG. 1, the upstream side decreasing diameter por-
tion 32 decreases 1n diameter 1 two steps at two diameter
reduction portions 32C. However, the number of the diameter
reduction portions 32C may be one or may be three or more.
In the present exemplary embodiment, the accommodation
tube 30 and the upstream side decreasing diameter portion 32
are structured by a single member and formed as, for
example, a metal pipe cast from a metal such as stainless steel
or the like. The catalyst substrate 14 1s retained at the interior
of the accommodation tube 30.

[0033] The case 28 1s provided with an upstream side coni-
cal member 20 and a connecting member 22 between the
accommodation tube 30 and the upstream side exhaust pipe
10A. The upstream side conical member 20 and the connect-
ing member 22 are disposed in this order from the upstream
side of the exhaust gas flow direction. The outer pipe of the
present ivention 1s structured by the upstream side conical
member 20 and the connecting member 22. The upstream
side conical member 20 includes a fixed tube 20A and a fixed
tube 20B. The fixed tube 20A 1s fixed to the outer side of the
upstream side exhaust pipe 10A by welding or the like over
the whole circumfierence thereotf. The fixed tube 20B 1s fixed
to the inner side of the connecting member 22 by welding or
the like over the whole circumierence thereof The fixed tube
20B has a larger diameter than the fixed tube 20A. A truncated
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cone portion 20C connects between the fixed tube 20A and
the fixed tube 20B. The diameter of the truncated cone portion
20C progressively increases from the fixed tube 20A toward
the fixed tube 20B. At the 1inner side of the fixed tube 20A, the
upstream side exhaust pipe 10A projects to the downstream
side at the mnmer side of the truncated cone portion 20C,
structuring a projection portion 10B.

[0034] The upstream side decreasing diameter portion 32 1s
disposed at the upstream side relative to the catalyst substrate
14 and at the downstream side relative to the truncated cone
portion 20C. The upstream side decreasing diameter portion
32 1s disposed inside the upstream side conical member 20
and connecting member 22 that serve as the outer pipe. Thus,
two truncated cone-shaped members (the truncated cone por-
tion 20C and the upstream side decreasing diameter portion
32) that increase 1 diameter from the upstream side toward
the downstream side are provided successively in the exhaust
gas flow direction.

[0035] An upstream end portion 32D, which 1s an axial
direction end portion of the upstream side decreasing diam-
cter portion 32, 1s disposed at the downstream side relative to
a downstream end portion 10C of the upstream side exhaust
pipe 10A (the projection portion 10B). Thus, the upstream
side exhaust pipe 10 A and the upstream side decreasing diam-
cter portion 32 do not overlap (coincide) in the exhaust gas
flow direction (the direction of arrow F1). A reservoir region
36 1s structured between the upstream side conical member
20 and connecting member 22 and the upstream side decreas-
ing diameter portion 32. As described below, the reservoir
region 36 1s a region in which condensed water (liquid water)
that 1s condensed from moisture 1n the exhaust gas accumu-
lates.

[0036] An inner diameter of the upstream end portion 32D
of the upstream side decreasing diameter portion 32 1s larger
than an inner diameter of the downstream end portion 10C of
the upstream side exhaust pipe 10A.

[0037] A glass coating layer 40 that serves as an insulating
layer 1s applied to a range reaching from an mner periphery
face of the accommodation tube 30 of the case 28 over an
inner periphery face (an inner side face) of the upstream side
decreasing diameter portion 32 to the outer periphery face of
the upstream side decreasing diameter portion 32 (substan-
tially the whole surface of the upstream side decreasing diam-
cter portion 32). In the present exemplary embodiment, the
glass coating layer 40 contains an 1norganic substance such as
a glass material or the like. The glass coating layer 40 1s
formed of a material that has a lower thermal conductivity
than the case 28 and 1s formed with a predetermined porosity.
The glass coating layer 40 1s electrically insulative. Although
the glass coating layer 40 1s provided in the present exemplary
embodiment, an insulating layer formed of an alternative
material such as a ceramic or the like may be provided
instead.

[0038] As shown i FIG. 2, a distal end face 33 of the
upstream end portion 32D of the upstream side decreasing
diameter portion 32 1s formed 1n a curved surface shape (a
rounded surface shape). That 1s, 1n a simply cut state, the
upstream end portion 32D of the upstream side decreasing,
diameter portion 32 has comers with substantially right-
angled shapes, but the sharp corners are removed by cham-
fering machining of the comers to the curved surface shape
(the rounded surface shape). A plate thickness t of the
upstream side decreasing diameter portion 32 is set at, for
example, 1.4 to 1.9 mm. If the radius of curvature of the distal
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end face 33 of the upstream end portion 32D 1s represented by
R, 1t 1s preferable to apply the chamiering machining such
that R=0.5 mm, and 1t 1s more preferable to apply the cham-
fering machining such that R=0.7 mm In the present exem-
plary embodiment, the radius of curvature R of the distal end
face 33 of the upstream end portion 32D (indicated by R 1n
FIG. 2) 1s set to approximately 0.75 mm (R0O.75).

[0039] In the present exemplary embodiment, after the
material of the glass coating layer has been coated onto the
range reaching from the inner periphery face of the accom-
modation tube 30 over the mnner periphery face of the
upstream side decreasing diameter portion 32 to the outer
periphery face of the upstream side decreasing diameter por-
tion 32, the glass coating layer 40 1s formed by firing of the
materials. At this time, because sharp corners have been
removed at the distal end face 33 of the upstream end portion
32D of the upstream side decreasing diameter portion 32, the
formation of cracks in the glass coating layer 40 starting from
sharp corners, due to contraction of the glass coating layer 40
during the firing, 1s suppressed.

[0040] The thickness of the glass coating layer 40 1s pret-
erably set to at least 100 um and at most 200 um, and 1s more
preferably setto to atleast 120 um and at most 180 um. When
the thickness of the glass coating layer 40 1s set 1n a suitable
range, the formation of cracks in the glass coating layer 40 at
the distal end face 33 of the upstream end portion 32D of the
upstream side decreasing diameter portion 32 may be more
cifectively suppressed. For example, 1f the thickness of the
glass coating layer 1s thinner than 100 um, cracks in the glass
coating layer at the distal end face of the upstream end portion
may be caused by the contraction of the glass coating layer
during firing. In addition, it may not be possible to assure
satisfactory electrical insulation. If the thickness of the glass
coating layer 1s more than 200 um, 1t 1s difficult to form the
glass coating layer with a more uniform thickness.

[0041] In the catalytic converter apparatus 12, moisture 1s
included in the exhaust gas. The moisture may condense and
form water droplets 1nside the exhaust pipe 10 at the upstream
side relative to the catalytic converter apparatus 12. In the
catalytic converter apparatus 12 according to the present
exemplary embodiment, the upstream side exhaust pipe 10A
and the upstream side decreasing diameter portion 32 do not
overlap 1n the exhaust gas flow direction. Therefore, water
condensing from the exhaust gas passes between the
upstream side exhaust pipe 10A and the upstream side
decreasing diameter portion 32 and accumulates in the reser-
volr region 36 that 1s between the upstream side conical
member 20 and connecting member 22 and the upstream side
decreasing diameter portion 32. Thus, adherence of con-
densed water to the catalyst substrate 14 1s suppressed. There-
fore, short circuits between the electrodes 16A and 16B
caused by condensed water are suppressed. Therelore, elec-
tric current amounts in the catalyst substrate 14 are assured

and the catalyst substrate 14 1s effectively raised in tempera-
ture.

[0042] Inparticular, in the present exemplary embodiment,
the upstream side decreasing diameter portion 32 projects
integrally from the accommodation tube 30 and there 1s no
joint between the upstream side decreasing diameter portion
32 and the accommodation tube 30. Theretfore, water that has
accumulated in the reservoir region 36 does not ingress
through a joint between the upstream side decreasing diam-
eter portion 32 and the accommodation tube 30 to the side
thereol at which the catalyst substrate 14 1s disposed.
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[0043] Further, in the catalytic converter apparatus 12
according to the present exemplary embodiment, the mner
diameter of the upstream end portion 32D of the upstream
side decreasing diameter portion 32 1s larger than the 1nner
diameter of the downstream end portion 10C of the upstream
side exhaust pipe 10A. Thus, although carbon 1s included 1n
the exhaust gas, when, for example, the engine 1s starting at
low temperature or the like, flows 1nto the reservoir region 36
of the carbon in the exhaust gas that flows through the
upstream side exhaust pipe 10A are suppressed. As a result,
adherences of carbon to the outer periphery face of the
upstream side decreasing diameter portion 32 are suppressed
and short circuits between the electrodes 16 A and 16B caused
by carbon are suppressed. Therefore, electric current amounts
in the catalyst substrate 14 are assured and the catalyst sub-
strate 14 1s effectively raised 1n temperature.

[0044] In the catalytic converter apparatus 12 according to
the present exemplary embodiment, the diameter of the
upstream side decreasing diameter portion 32 decreases
toward the upstream side. Therefore, eddies form 1n the
exhaust gas flowing at the inner side of the upstream side
decreasing diameter portion 32, and the upstream side
decreasing diameter portion 32 more easily absorbs heat from
the exhaust gas. Thus, the temperature of the upstream side
decreasing diameter portion 32 may be raised more easily,
and combustion of carbon adhering to the upstream side
decreasing diameter portion 32 may be promoted.

[0045] Now, operation of the catalytic converter apparatus

12 according to the present exemplary embodiment 1s
described.

[0046] As shown in FIG. 1, 1n the catalytic converter appa-
ratus 12, the case 28 1s attached partway along the exhaust
pipe 10 (between the upstream side exhaust pipe 10A and the
downstream side exhaust pipe that 1s not shown 1n the draw-
ings) so as to be coaxial with the exhaust pipe 10. When
exhaust gas passes through the interior of the catalyst sub-
strate 14, substances 1n the exhaust gas (hydrocarbons) and
the like are cleaned by the catalyst supported at the catalyst
substrate 14.

[0047] In the catalytic converter apparatus 12, the catalyst
substrate 14 1s electrified by the terminals 18 A and 18B and
the electrodes 16 A and 16B, and the catalyst substrate 14 1s
heated. Thus, the catalyst supported by the catalyst substrate
14 1s raised 1n temperature and may exhibit the cleaning
action more elfectively. For example, 11 the temperature of the
exhaust gas 1s low, just after starting of the engine or the like,
because the catalyst substrate 14 1s already electrified and
heated, the cleaning performance of the catalyst may be
assured 1n an mitial period when the engine starts.

[0048] The glass coating layer 40 1s applied 1n the range
reaching from the inner periphery face of the accommodation
tube 30 of the case 28 over the mnner periphery face of the
upstream side decreasing diameter portion 32 to the outer
periphery face of the upstream side decreasing diameter por-
tion 32 (substantially the whole surface of the upstream side
decreasing diameter portion 32). Thus, insulation of the case
28 (the accommodation tube 30 and the upstream side
decreasing diameter portion 32) 1s improved. Therefore, cur-
rent leakages to the case 28 (the accommodation tube 30 and
the upstream side decreasing diameter portion 32) when the
catalyst substrate 14 1s electrified are suppressed. As a result,
clectric current amounts in the catalyst substrate 14 may be
assured and the catalyst substrate 14 may be raised in tem-
perature eflectively.
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[0049] As shown 1 FIG. 2, the distal end face 33 of the
upstream end portion 32D of the upstream side decreasing
diameter portion 32 1s formed 1n the curved surface shape (the
rounded surface shape). I the radius of curvature of the distal
end face 33 of the upstream end portion 32D 1s represented by
R, 1t 1s preferable to apply chamfering machining such that
R=0.5 mm. In the present exemplary embodiment, the radius
of curvature R of the distal end face 33 of the upstream end
portion 32D 1s set to approximately 0.75 mm (R0O.73).

[0050] In the present exemplary embodiment, aiter the
material of the glass coating layer has been coated onto the
range reaching from the inner periphery face of the accom-
modation tube 30 over the mnner periphery face of the
upstream side decreasing diameter portion 32 to the outer
periphery face of the upstream side decreasing diameter por-
tion 32, the glass coating layer 40 1s formed by firing of the
materials. At this time, because the distal end face 33 of the
upstream end portion 32D of the upstream side decreasing
diameter portion 32 has been formed to the curved surface
shape (machined to curved chamiers) and sharp cormers of the
distal end face 33 have been removed, cracking of the glass
coating layer 40 starting from sharp corners, due to contrac-
tion of the glass coating layer 40 during the firing, 1s sup-
pressed. Therefore, the formation of cracks 1n the glass coat-
ing layer 40 at the distal end face 33 of the upstream end
portion 32D of the upstream side decreasing diameter portion
32 may be suppressed as a result.

[0051] To describe this 1n more detail, the upstream end
portion of the upstream side decreasing diameter portion, 1n a
simply cut state, has sharp corners at the distal end face
thereof Thus, because the glass coating layer contracts during
firing, cracks may form 1in the glass coating layer starting
from these corners. When cracks form 1n the glass coating
layer, regions that may not insulate are produced and, because
of short circuits, 1t may not be possible to assure electric
current amounts in the catalyst substrate. In contrast, 1n the
present exemplary embodiment, because the distal end face
33 of the upstream end portion 32D of the upstream side
decreasing diameter portion 32 1s formed in the curved sur-
face shape (machined to curved chamiers), even when the
glass coating layer 40 at the distal end face 33 of the upstream
end portion 32D contracts during firing, the formation of
cracks 1n the glass coating layer 40 may be suppressed.

[0052] Thethickness of the glass coating layer 40 1s set to at
least 100 um and at most 200 um. Thus, because the glass
coating layer 40 has a suitable thickness, the formation of
cracks 1n the glass coating layer 40 at the distal end face 33 of
the upstream end portion 32D of the upstream side decreasing
diameter portion 32 may be suppressed. That 1s, because the
distal end face 33 of the upstream end portion 32D of the
upstream side decreasing diameter portion 32 1s formed in the
curved surface shape (the rounded surface shape), the thick-
ness of the glass coating layer 40 may be formed to a sub-
stantially uniform thickness. For example, 11 there 1s a sharp
corner at the upstream end portion of an upstream side
decreasing diameter portion, the thickness of a glass coating
layer may be thinner in the vicimity of the comner. If, for
example, the thickness of a glass coating layer 1s thinner than
100 um, cracks may form in the glass coating layer in the
vicinity of the distal end face of an upstream end portion, due
to contraction of the glass coating layer during firing, in
addition to which it may not be possible to assure satisfactory
clectrical insulation. Further, 11 the thickness of a glass coat-
ing layer 1s thicker than 200 um, 1t 1s difficult to form the glass
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coating layer with a more uniform thickness. In contrast, 1in
the present exemplary embodiment, because the thickness of
the glass coating layer 40 1s set to least 100 um and at most
200 um, the thickness of the glass coating layer 40 may be
made substantially uniform at the distal end face 33 of the
upstream end portion 32D of the upstream side decreasing,
diameter portion 32. Thus, the formation of cracks 1n the glass
coating layer 40 may be more effectively suppressed.

[0053] FIG. 3 shows a magnified sectional diagram of an
upstream end portion of an upstream side decreasing diam-
eter portion of a case employed 1n a catalytic converter appa-
ratus according to a second exemplary embodiment of the
present mnvention. Structural portions that are the same as in
the first exemplary embodiment described above are assigned
the same reference numerals, and descriptions thereof are not
gIven.

[0054] As shown in FIG. 3, an upstream side decreasing
diameter portion 52 serves as an iner pipe of the case. The
upstream side decreasing diameter portion 52 1s provided
with curved chamier portions 33A and 33B at which two
locations, at corner portions of a distal end face 53 of an
upstream end portion S2A of the upstream side decreasing,
diameter portion 32, are formed into curved surface shapes in
a side sectional view (machined to curved chamfiers, which
may also be referred to as “curve machiming’). That 1s, in the
side sectional view, 1n a cut state, the upstream end portion
52A of the upstream side decreasing diameter portion 52
includes corners with substantially rnight-angled shapes at two
locations, upper and lower, 1n FIG. 3. However, because the
corners are machined to curved surface shapes to form the
curved chamier portions 33A and 53B, the sharp corners are
removed. A plate thickness t of the upstream side decreasing,
diameter portion 52 1s set to, for example, 1.4 to 1.9 mm. In
the present exemplary embodiment, a radius of curvature R
(R 1n FIG. 3) of the curved chamifer portions 33 A and 53B, at
the two upper and lower locations 1n FIG. 3 of the distal end
face 53 of the upstream end portion 52A, 1s set to approxi-
mately 0.5 mm (2-R0.5). Other structures of this catalytic
converter apparatus are the same as in the first exemplary
embodiment.

[0055] In the present exemplary embodiment, after the
material of the glass coating layer has been coated onto a
range reaching over an inner periphery face and an outer
periphery face of the upstream side decreasing diameter por-
tion 52, the glass coating layer 40 1s formed by firing of the
materials. At this time, because the two locations of the distal
end face 53 of the upstream end portion 52A of the upstream
side decreasing diameter portion 52 are formed as the curved
chamfier portions 33A and 53B that have been machined to
curved surface shapes in the side sectional view and sharp
corners of the distal end face 53 have been removed, cracking
of the glass coating layer 40 starting from sharp corners, due
to contraction of the glass coating layer 40 during the firing,
1s suppressed. Therefore, the formation of cracks 1n the glass
coating layer 40 at the distal end face 53 of the upstream end
portion 52 A of the upstream side decreasing diameter portion
52 may be suppressed.

[0056] FIG. 4 shows a magnified sectional diagram of an
upstream end portion of an upstream side decreasing diam-
cter portion of a case employed 1n a catalytic converter appa-
ratus according to a third exemplary embodiment of the
present invention. FIG. SA to FIG. 5C illustrate a fabrication
process of the upstream end portion of the upstream side
decreasing diameter portion shown 1n FIG. 4. Structural por-
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tions that are the same as 1n the first exemplary embodiment
described above are assigned the same reference numerals,
and descriptions thereof are not given.

[0057] As shown in FIG. 4, an upstream side decreasing
diameter portion 62 serves as an mner pipe of the case. Cor-
ners of a distal end face 63 of an upstream end portion 62A of
the upstream side decreasing diameter portion 62 are cham-
fer-machined to diagonal directions (straight chamier
machining) Then, the corners formed by straight chamier
machining are formed into curved surface shapes (curved
chamier machining). More specifically, as illustrated 1n FIG.
5A, 1n a side sectional view, the upstream end portion 62A of
the upstream side decreasing diameter portion 62 has corners
64A and 64B in substantially right-angled shapes at a distal
end face 64 1n the simply cut state. As illustrated in FIG. 5B,
the corners 64 A and 64B at the two locations of the distal end
face 64 are chamier-machined (straight chamfer machining)
to substantially tlat surface shapes in diagonal directions in
the side sectional view, to form straight chamier portions 66
atthe two locations. Here, a length D of each straight chamfer
portion 66 1n a direction orthogonal to the axial direction of
the upstream side decreasing diameter portion 62 1s set to 0.5
mm (2-C0.5). At this time, because of the straight chamier
portions 66, the distal end face 64 of the upstream end portion

62A has corners 66A, 66B, 66C and 66D at four locations 1n
the side sectional view.

[0058] Then, as illustrated 1n FIG. 5C, the corners 66A,
668, 66C and 66D at the four locations of the straight chamifer
portions 66 are machined to curved surface shapes (curved
chamier machining, which may also be referred to as “curve
machining™). Thus, curved chamier portions 63A, 638, 63C
and 63D are formed. Thus, the distal end face 63 1s formed
with a smooth curved surface shape at the upstream end
portion 62A (see FIG. 4). In the present exemplary embodi-
ment, the curved chamier portions 63A, 638, 63C and 63D
are chamier-machined such that a radius of curvature R of
cach 1s approximately 0.5 mm (4-R0.5). Other structures of
this catalytic converter apparatus are the same as 1n the first
exemplary embodiment.

[0059] In the present exemplary embodiment, after the
material of the glass coating layer has been coated onto a
range reaching over an inner periphery face and an outer
periphery face of the upstream side decreasing diameter por-
tion 62, the glass coating layer 40 1s formed by firing of the
materials. At this time, the distal end face 63 of the upstream
end portion 62A of the upstream side decreasing diameter
portion 62 has been formed into a smooth curved surface
shape by the straight chamfer machining followed by the
curved chamier machining. Thus, sharp corners of the distal
end face 63 of the upstream end portion 62A of the upstream
side decreasing diameter portion 62 are removed. Therefore,
cracking of the glass coating layer 40 starting from sharp
corners, due to contraction of the glass coating layer 40 dur-
ing the firing, 1s suppressed. As a result, the formation of
cracks 1n the glass coating layer 40 at the distal end face 63 of
the upstream end portion 62 A of the upstream side decreasing
diameter portion 62 may be suppressed.

[0060] FIG. 6 shows results of inspections for the presence
or absence of chipping (cracking) of a glass coating layer 1n
accordance with the shapes of upstream end portions of
upstream side decreasing diameter portions.

[0061] As shown in FIG. 6, a third comparative example
illustrates an example 1n which straight chamifer machining
(C0.5 chamifering) 1s applied to two locations at the upstream
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end portion of an upstream side decreasing diameter portion
but curve machining 1s not applied. In the first example,
straight chamfer machiming (C0.5 chamiering) 1s applied to
two locations at the upstream end portion of an upstream side
decreasing diameter portion and curve machining (R0O.5) 1s
applied to corners at four locations. As can be seen from FIG.
6, in the third comparative example, chipping occurs 1n the
glass coating layer formed at the upstream end portion of the
upstream side decreasing diameter portion. In contrast, in the
first example 1t can be seen that chipping does not occur in the
glass coating layer formed at the upstream end portion of the
upstream side decreasing diameter portion.

[0062] FIG. 7 shows a graph of relationships between the
shapes of upstream end portions of upstream side decreasing
diameter portions and maximum tensile stresses.

[0063] In FIG. 7, a first comparative example (BL) 1s a
situation 1n which a distal end face of an upstream end portion
of an upstream side decreasing diameter portion has sharp
corners 1 a block shape that 1s simply cut off. A second
comparative example (C0.2) 1s a situation in which, 1n side
sectional view, straight chamifer machining (C0.2 chamier-
ing) 1s applied to two locations at the corners of the distal end
face of the upstream end portion of an upstream side decreas-
ing diameter portion. A third comparative example (C0.5)1s a
situation in which, in side sectional view, straight chamier
machining (CO.5 chamiering) 1s applied to two locations at
the corners of the distal end face of the upstream end portion
of an upstream side decreasing diameter portion. A second
example (R0.5) 1s a situation 1n which, 1n side sectional view,
curve machining (curved chamier machining) 1s applied to
two locations at the corners of the distal end face of the
upstream end portion of an upstream side decreasing diam-
eter portion such that the radius of curvature R 1s 0.5 mm. The
maximum tensile stresses (MPa) in FIG. 7 are results pre-
dicted by computer numerical analyses of thermal stresses
produced during cooling of the upstream end portions of the
upstream side decreasing diameter portions.

[0064] Ascan beseen from FIG. 7, 1n the second compara-
tive example (CO0.2) and the third comparative example (CO.
S5), because the straight chamier machining i1s applied to the
two locations at the corners of the distal end face of the
upstream end portion of the upstream side decreasing diam-
cter portion, the maximum tensile stress may be reduced by
around 25% compared to the situation of the first comparative
example (BL) that has sharp corners at the distal end face of
the upstream end portion of the upstream side decreasing,
diameter portion. In the second example (R0.5), because the
curve machining is applied to the two locations of the corners
of the distal end face of the upstream end portion of the
upstream side decreasing diameter portion such that the
radius of curvature 1s 0.5 mm, the maximum tensile stress
may be reduced by 50% or more compared to the situation of
the first comparative example (BL) that has sharp corners at
the distal end face of the upstream end portion of the upstream
side decreasing diameter portion. Thus, in a catalytic con-
verter apparatus, the maximum tensile stress may be reduced
by around 50% or more by making the radius of curvature R
of the distal end face of the upstream end portion of the
upstream side decreasing diameter portion at least 0.5 mm.
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Hence, because the thermal stresses produced during cooling
of the upstream end portion of the upstream side decreasing
diameter portion may be reduced, the formation of cracks 1n
the glass coating layer formed at the distal end face of the
upstream end portion of the upstream side decreasing diam-
eter portion may be suppressed.

[0065] Note that the shape of the distal end face of the
upstream end portion of an upstream side decreasing diam-
cter portion 1s not limited by the first to third exemplary
embodiments but may be modified to an alternative shape
provided 1t 1s formed as a curved surface shape.

[0066] In the first to third exemplary embodiments,
examples are 1llustrated 1n which the insulating layer 1s pro-
vided at the distal end face of the upstream end portion of an
upstream side decreasing diameter portion that structures an
inner pipe ol a case, but the present invention 1s not limited by
the first to third exemplary embodiments. For example, the
present invention may also be applied to a case 1n which an
insulating layer 1s provided at a distal end face of an axial
direction end portion (a downstream end portion) of a down-
stream side decreasing diameter portion that 1s disposed at the
downstream side of a catalyst substrate inside a case and
structures an iner pipe of the case. The present invention may
further be applied to a case 1n which isulating layers are
provided at distal end faces of both an upstream side decreas-
ing diameter portion and a downstream side decreasing diam-
eter portion.

What 1s claimed 1s:

1. A catalytic converter apparatus comprising:

a catalyst substrate that supports a catalyst for cleaning
exhaust gas exhausted from an internal combustion
engine, the catalyst substrate being heated by electrifi-
cation;

a case formed 1n a tubular shape, the catalyst substrate
being accommodated 1nside the case and the case being
attached to an exhaust pipe;

an outer pipe provided at the case, the outer pipe being
disposed at least at an upstream side of an exhaust gas
flow direction relative to the catalyst substrate;

an 1mner pipe provided at the case inside the outer pipe, an
axial direction end portion of the iner pipe being
formed 1n a tapered shape and a distal end face of the
axial direction end portion being formed in a curved
surface shape; and

an msulating layer provided at least at an inner side face
and the axial direction end portion of the 1inner pipe.

2. The catalytic converter apparatus according to claim 1,
wherein, 11 a radius of curvature of the distal end face of the
axial direction end portion 1s represented by R, chamfer
machining 1s applied such that R=0.5 mm.

3. The catalytic converter apparatus according to claim 1,
wherein a thickness of the insulating layer 1s set to at least 100
um and at most 200 um.

4. The catalytic converter apparatus according to claim 1,
wherein the axial direction end portion 1s an upstream end
portion that 1s arranged toward the upstream side of the
exhaust gas flow direction.
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