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COMBUSTION ENGINE

(57)  Inside a casing (10), a support member (20) is
fastened, at the upstream side of the support member,
a first electric type heat generating member (30a) is ar-
ranged, and at a downstream side of the support mem-
ber, a second electric type heat generating member (30b)
is arranged. Each heat generating member is provided
with an outer tube and a strip-shaped heat generating
element. Each outer tube is arranged in the casing so
that its center axial line is parallel to a longitudinal axial
line of the casing. Each heat generating element has two
end parts which are fastened to an inner circumferential
surface of the corresponding outer tube and an interme-
diate part which extends between the two end parts with-
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out being fastened to the corresponding outer tube. Each
intermediate part is wound about a winding axial line
which is parallel to the center axial line of the correspond-
ing outer tube. Supporters are provided which run from
the first heat generating member through the support
member to the second heat generating member. The
supporters are fastened to the intermediate part of the
first heat generating member and the intermediate part
of the second heat generating member, whereby the first
heat generating member and the second heat generating
member are supported by the support member via the
supporters.

FIG. 1

37

\
—
o

FLVIDC—)

LT

L7

0s) 20/

N
o

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 947 288 A1 2

Description
Technical Field

[0001] The presentinventionrelatestoan electric heat-
ing device and an exhaust purification system for an in-
ternal combustion engine.

Background Art

[0002] Known in the art is an exhaust purification sys-
tem, wherein an exhaust purification device such as a
particulate filter which traps particulate matter in exhaust
gas is arranged inside of an engine exhaust passage,
wherein an electric heating device is arranged upstream
of the exhaust purification device inside of the exhaust
passage, and wherein the exhaust gas from the internal
combustion engine is heated by the electric heating de-
vice and the heated exhaust gas is used to heat the ex-
haust purification device.

[0003] Further, known in the art is an electric heating
device, wherein a honeycomb-shaped support member
is fastened inside a casing through in which exhaust gas
flows, wherein a honeycomb-shaped electric type heat
generating member is arranged upstream in the flow of
exhaust gas of the support member, and wherein the
heat generating member is supported by the support
member through a supporter (see PTL 1).

Citations List
Patent Literature

[0004] PTL 1:
11-500205A

Japanese Patent Publication No.

Summary of Invention
Technical Problem

[0005] It has been desired to shorten a time required
for raising a temperature of the exhaust purification de-
vice to a target temperature. This shortening of time is
achieved by strengthening a heating action of the electric
heating device. Strengthening this heating action is, for
example, achieved by increasing the number of heat gen-
erating members.

[0006] However, in the electric heating device of PTL
1, itis necessary to increase not only the number of heat
generating members, but also increase the number of
support members which support the heat generating
members. As a result, a large space is required for ar-
ranging the electric heating device. If considering there
is a limit to the space in which the electric heating device
can be arranged, it may be said that there is also a limit
to strengthening the heating action.
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Solution to Problem

[0007] According to one aspect of the present inven-
tion, there is provided an electric heating device, wherein
a support member is fastened inside a casing, wherein
a first electric type heat generating member is arranged
at one side of the support member in a longitudinal axial
direction of the casing and a second electric type heat
generating member is arranged at the other side of the
support member, wherein each heat generating member
is provided with an outer tube and a strip-shaped heat
generating element, wherein each outer tube is arranged
in the casing so that its center axial line is parallel to a
longitudinal axial line of the casing, wherein each heat
generating element has two end parts which are fastened
to an inner circumferential surface of the corresponding
outer tube and an intermediate part which extends be-
tween the two end parts without being fastened to the
corresponding outer tube, wherein each intermediate
part is wound about a winding axial line which is parallel
to the center axial line of the corresponding outer tube,
wherein a supporter is provided which run from the first
heat generating member through the support member to
the second heat generating member, wherein the sup-
porter is fastened to the intermediate part of the first heat
generating member and the intermediate part of the sec-
ond heat generating member to support the first heat
generating member and the second heat generating
member with the support member via the supporter, and
wherein the support member and the firstheat generating
member and second heat generating member are de-
signed so that fluid can flow therethrough in the longitu-
dinal axis direction of the casing, whereby the fluid which
flows through the inside of the casing is heated by the
first heat generating member and the second heat gen-
erating member.

[0008] Preferably, the first heat generating member
and the second heat generating member are supported
by the support member in the state where a winding di-
rection of the intermediate part of the first heat generating
member and a winding direction of the intermediate part
of the second heat generating member are opposite to
each other.

[0009] Preferably, the first heat generating member
and the second heat generating member have weak heat
generating regions, respectively, and the first heat gen-
erating member and the second heat generating member
are supported by the support member so that the weak
heat generating region of the first heat generating mem-
ber and the weak heat generating region of the second
heat generating member substantially do not overlap
when viewed along the longitudinal axial line of the cas-
ing.

[0010] Preferably, the electric heating device is further
provided with a fastener which fastens at least part of the
supporter to an inside wall surface of the casing.

[0011] According to another aspect of the present in-
vention, there is provided an exhaust purification system
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for an internal combustion engine, wherein an exhaust
purification device is arranged in an engine exhaust pas-
sage, and wherein an electric heating device according
to any one of claims 1 to 4 is arranged upstream of the
exhaust purification device inside the exhaust passage,
whereby the exhaust gas from the internal combustion
engine is heated by the electric heating device and the
heated exhaust gas is used to heat the exhaust purifica-
tion device.

Advantageous Effects of Invention

[0012] It is possible to strengthen the heating action
while reducing the size of the electric heating device.

Brief Description of Drawings
[0013]

FIG. 1is a cross-sectional view of an electric heating
device.

FIG. 2 is a front view of a heat generating member.
FIG. 3is a partial enlarged view of a heat generating
member.

FIG. 4 is a view which shows an unwound heat gen-
erating element.

FIG. 5 is a view which shows the layout of the first
heat generating member and the second heat gen-
erating member.

FIG. 6 is a view which shows another embodiment
of the layout of the first heat generating member and
the second heat generating member.

FIG. 7 is a cross-sectional view of an electric heating
device which shows another embodiment according
to the present invention.

FIG. 8 is a cross-sectional view of an electric heating
device which shows still another embodiment ac-
cording to the present invention.

FIG. 9is a cross-sectional view of an electric heating
device which shows still another embodiment ac-
cording to the present invention.

FIG. 10is an overview of an internal combustion en-
gine.

Description of Embodiments

[0014] Referring to FIG. 1, an electric heating device
A is provided with a cylindrical casing 10. Inside the cas-
ing 10, a columnar support member 20 is fastened. In
the embodiment which is shown in FIG. 1, a ring-shaped
small diameter part 11 is formed at the casing 10. This
small diameter part 11 presses against the support mem-
ber 20 whereby the support member 20 is fastened to
the casing 10. The support member 20 forms a honey-
comb structure which is formed from, for example, a ce-
ramic or metal. Therefore, the fluid which flows through
the inside of the casing 10 can run through the support
member 20 along a longitudinal axial line LC direction of
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the casing 10.

[0015] At one side of the support member 20 in the
longitudinal axial line LC direction of the casing 10 or the
upstream side in the flow of fluid, a first electric type heat
generating member 30a is arranged, while at the other
side of the support member 20 in the longitudinal axial
line LC direction of the casing 10 or the downstream side
in the flow of fluid, a second electric type heat generating
member 30b is arranged. These heat generating mem-
bers 30a, 30b are supported by the support member 20
through supporters 40. In this case, the first heat gener-
ating member 30a and the second heat generating mem-
ber 30b are separated from the casing 10, that is, are
supported by the support member 20 without being sup-
ported by the casing 10. Further, between the first heat
generating member 30a and the support member 20 and
between the second heat generating member 30b and
the support member 20, slight clearances are provided.
[0016] Next, referring to FIG. 2 to FIG. 4, the first heat
generating member 30a will be explained. The second
heat generating member 30b is similar to the first heat
generating member 30a, so the explanation will be omit-
ted. Referring to FIG. 2, the first heat generating member
30a is provided with a cylindrical outer tube 31. Inside
the outer tube 31, a strip-shaped heatgenerating element
32 is held in a state wound about a winding axial line LW.
In the embodiment which is shown in FIG. 2, the winding
axial line LW matches a center axial line LHC of the outer
tube 31. In another embodiment which is not shown, the
winding axial line LW does not match the center axial line
LHC of the outer tube 31, however, extends in parallel
with the center axial line LHC of the outer tube 31.
[0017] Aheatgenerating element 32, as shownin FIG.
3, forms a honeycomb structure which is formed by al-
ternately stacking flat plates 33 and corrugated plates
34. Between the flat plates 33 and the corrugated plates
34, flow paths 35 through which the fluid can flow are
formed. The outer tube 31, flat plates 33, and corrugated
plates 34 are formed from electroconductive materials,
for example, metal plates.

[0018] FIG. 4 shows the state where the heat gener-
ating element 32 which is shown in FIG. 2 is unwound
and renderedflat. Referringto FIG. 4, the heat generating
element 32 has two end parts 32e, 32¢ in the length di-
rection LH and an intermediate part 32i which extends
between the two end parts 32e, 32e. As shown in FIG.
2, the heat generating element 32 is fastened and elec-
trically connected to the outer tube 31 at the two end
parts 32e, 32e. In this case, the intermediate part 32i is
not fastened to the outer tube 31.

[0019] Further, the heat generating element 32, as
shown in FIG. 2 and FIG. 3, is wound so that a clearance
36 is formed between one part of the intermediate part
32i and another part of the intermediate part 32i. This
clearance 36 acts as an electrical insulating member.
[0020] The first heat generating member 30a further
has an electrode 37 which is electrically connected to the
heat generating element 32. As will be understood from
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FIG.2and FIG. 4, the electrode 37 is electrically insulated
from the outer tube 31 while passing through the outer
tube 31 and being electrically connected to the interme-
diate part 32i of the heat generating element 32. As
shown in FIG. 1, the electrode 37 passes through the
casing 10 and extends to the outside of the casing 10.
Note that the outer tube 31 is grounded.

[0021] In the embodiment which is shown in FIG. 1,
the first heat generating member 30a and the second
heat generating member 30b are arranged inside the
casing 10 so that the center axial lines LHC of the outer
tubes 31 of the first heat generating member 30a and the
second heat generating member 30b match with each
other. In another embodiment which is not shown, the
center axial lines LHC of the outer tubes 31 of the first
heat generating member 30a and the second heat gen-
erating member 30b do not match with each other but
extend in parallel with each other. Further, in the embod-
iment which is shown in FIG. 1, the first heat generating
member 30a and the second heat generating member
30b are arranged in the casing 10 so that the center axial
lines LHC of the outer tubes 31 of the first heat generating
member 30a and the second heat generating member
30b match with the longitudinal axial line LC of the casing
10. Inthis case, the flow paths 35 of the above-mentioned
heat generating elements 32 extend in parallel with the
longitudinal axial line LC of the casing 10. In another em-
bodiment which is not shown, the center axial lines LHC
of the outer tubes 31 of the first heat generating member
30a and the second heat generating member 30b do not
match with the longitudinal axial line LC of the casing 10,
however, are parallel with the longitudinal axial line LC
of the casing 10.

[0022] Referring againto FIG. 1, the above-mentioned
supporters 40 run from the first heat generating member
30a through the support member 20 to the second heat
generating member 30b. In the embodiment which is
shown in FIG. 1, one ends of the supporters 40 are fas-
tened to the first heat generating member 30a, the other
ends of the supporters 40 are fastened to the second
heat generating member 30b, and intermediate parts of
the supporters 40 are fastened to the support member
20. In this case, as shown in FIG. 2, the supporters 40
are fastened to the intermediate parts 32i of the heat
generating elements 32.

[0023] As explained above, the heat generating ele-
ment 32 of the first heat generating member 30a and the
heat generating element 32 of the second heat generat-
ing member 30b are held inside the outer tubes 31 in a
state wound around the corresponding winding axial lines
LW. In this case, due to the elasticity of the heat gener-
ating elements 32, a force acts on the heat generating
elements 32 in an unwinding direction. The above-men-
tioned supporters 40 have the action of maintaining the
positions of the heat generating elements 32 against
such an unwinding force. As a result, the clearances 36
are reliably maintained and occurrence of short-circuits
is obstructed.
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[0024] FIG.5showsalayout of thefirstheat generating
member 30a and the second heat generating member
30b in the electric heating device A which is shown in
FIG. 1. In the embodiment which is shown in FIG. 5, the
winding direction of the heat generating element 32 of
the first heat generating member 30a and the winding
direction of the heat generating element 32 of the second
heat generating member 30b are opposite to each other.
In this case, the direction of the force unwinding the heat
generating element 32 of the first heat generating mem-
ber 30a and the direction of the force unwinding the heat
generating element 32 of the second heat generating
member 30b are opposite to each other. As a result, the
force unwinding the heat generating element 32 of the
first heat generating member 30a and the force unwind-
ing the heat generating element 32 of the second heat
generating member 30b are cancelled out through the
supporters 40. Therefore, the positions of the heat gen-
erating elements 32 can be reliably maintained.

[0025] Whenthefirstheatgenerating member 30a and
the second heat generating member 30b should be op-
erated, the electrodes 37 are electrically connected to a
power source (not shown). As a result, current flows
through the heat generating elements 32 whereby the
heat generating elements 32 generate heat and thereby
the fluid which runs through the heat generating elements
32 is heated. In this case, the fluid is heated by both the
first heat generating member 30a and the second heat
generating member 30b, so the fluid can be quickly heat-
ed. That is, the heating action of the electric heating de-
vice A is enhanced. Further, the two heat generating
members 30a, 30b are supported by a single support
member 20, so the electric heating device A can be made
smaller in size. Furthermore, the heat generating mem-
bers 30a, 30b are fastened to the two ends of the support
member 20, so the heat generating members 30a, 30b
are stably supported.

[0026] Inthisregard, if winding a laminate of flat plates
33 and corrugated plates 34 to thereby form the heat
generating element 32, as shown in FIG. 4, incomplete
regions 38, 38 are formed around the two end parts 32e,
32e. A complete region 39 is formed between these in-
complete regions 38, 38. That is, if the heat generating
element 32 is formed by laminating predetermined num-
bers of flat plates 33 and corrugated plates 34, the num-
bers of the flat plates 33 and corrugated plates 34 which
form the complete region 39 are equal to the predeter-
mined numbers, but the numbers of the flat plates 33 and
corrugated plates 34 which form the incomplete regions
38, 38 is smaller than the predetermined numbers. This
isbecauseinthe incompleteregions 38, 38, the flat plates
33 and corrugated plates 34 are offset from each other
in the length direction LH. On top of this, the above-men-
tioned electrode 37 is electrically connected to one end
39a in the length direction LH of one side surface of the
complete region 39. As a result, current flows from the
electrode 37 through the complete region 39, and then
reaches the outer tube 31 through the other end 39b in
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the length direction LH of the other side surface of the
complete region 39. Here, if making current flow substan-
tially evenly inside the complete region 39, almost no
current will flow to the incomplete regions 38, 38 and,
therefore, the incomplete regions 38, 38 will not generate
much heat at all. Therefore, the incomplete regions 38,
38 will be called the "weak heat generating regions". The
fluid which passes through the weak heat generating re-
gions 38, 38 is not heated much at all.

[0027] In this regard, in the embodiment which is
shown in FIG. 5, the first heat generating member 30a
and the second heat generating member 30b are sup-
ported by the support member 20 so that the weak heat
generating regions 38 of the firstheat generating member
30a and the weak heat generating regions 38 of the sec-
ond heat generating member 30b substantially do not
overlap when viewed along the longitudinal axial line LC
of the casing 10. In other words, the angular positions of
the first heat generating member 30a and the second
heat generating member 30b about the longitudinal axial
line LC of the casing 10 are set so that the weak heat
generating regions 38 of the firstheat generating member
30a and the weak heat generating regions 38 of the sec-
ond heat generating member 30b substantially do not
overlap. As a result, the fluid which passed through the
weak heat generating regions 38 of the first heat gener-
ating member 30a and was not heated much at all is
blocked from passing through the weak heat generating
regions 38 of the second heat generating member 30b,
that is, passes through a region which generates heat
well. Therefore, a deviation in temperature of the fluid in
the radial direction or circumferential direction of the cas-
ing 10 is reduced.

[0028] FIG. 6 shows another embodiment of the layout
of the first heat generating member 30a and the second
heat generating member 30b. In the embodiment which
is shown in FIG. 6, the winding direction of the heat gen-
erating element 32 of the first heat generating member
30a and the winding direction of the heat generating el-
ement 32 of the second heat generating member 30b is
the same directions as each other. Further, the angular
positions of the first heat generating member 30a and
the second heat generating member 30b about the lon-
gitudinal axial line LC of the casing 10 are set so that the
weak heat generating regions 38 of the first heat gener-
ating member 30a and the weak heat generating regions
38 of the second heat generating member 30b substan-
tially do not overlap each other when viewed along the
longitudinal axial line LC of the casing 10. As a result,
the variation in temperature of the fluid in the radial di-
rection or circumferential direction of the casing 10 is
reduced.

[0029] FIG. 7 shows another embodiment according
to the present invention. In the example which is shown
in FIG. 7, compared with the embodiment which is shown
in FIG. 1, the thickness of the support member 20 is made
smaller. Thatis, the plurality of heat generating members
30a, 30b are stably held through the supporters 40, so
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the support member 20 can be made smaller in size.
Therefore, the electric heating device A is made further
smaller in size.

[0030] FIG. 8 shows still another embodiment accord-
ing to the present invention. In the embodiment which is
shown in FIG. 8, fasteners 41 are provided which fasten
at least part of the supporters 40 to an inside wall surface
of the casing 10. That is, the supporters 40 which adjoin
the casing 10 extend running through the first heat gen-
erating member 30a and the second heat generating
member 30b. Atthe two ends of these supporters 40, the
fasteners 41 which extend outward in the radial direction
are connected. As a result, the supporters 40 are fas-
tened through the fasteners 41 to the inside wall surface
of the casing 10. As a result, the first heat generating
member 30a and the second heat generating member
30b are more stably supported. In another embodiment
which is not shown, the fasteners 41 are connected to
only one of the upstream side end parts and the down-
stream side end part of the supporters 40. In a still other
embodiment which is not shown, all of the supporters 40
are fastened by fasteners 41 to the inside wall surface
of the casing 10.

[0031] FIG. 9 shows still another embodiment accord-
ing to the present invention. In the embodiment which is
showninFIG.9, inside the casing 10, afirst support mem-
ber 20a and a second support member 20b are arranged
separated from each other in the long direction LC and
are fastened to the casing 10 at a first small diameter
part 11a and a second small diameter part 11b, respec-
tively. Upstream of the first support member 20a, a first
heat generating member 30a is arranged, between the
first support member 20a and the second support mem-
ber 20b, a second heat generating member 30b is ar-
ranged, while downstream of the second support mem-
ber 20b, a third heat generating member 30c is arranged.
These heat generating members 30a, 30b, and 30c are
supported by the support members 20a, 20b via support-
ers 40 which run from the first heat generating member
30a through the first support member 20a and the second
support member 20b and reach the third heat generating
member 30c.

[0032] FIG. 10 shows the case of application of the
above-mentioned electric heating device A to an exhaust
purification system for an internal combustion engine.
Referring to FIG. 10, an internal combustion engine body
B is connected through an exhaust pipe C1 to the electric
heating device A, while the electric heating device A is
connected through an exhaust pipe C2 to the exhaust
purification device D. The exhaust purification device D
is formed from a particulate filter which traps particulate
matter which is contained in the exhaust gas or an ex-
haust purification catalyst which oxidizes or reduces in-
gredients in the exhaust gas. When the temperature of
the exhaust purification device D should be made torise,
the electric heating device A is operated. As a result, the
exhaust gas is heated by the electric heating device A,
and the heated exhaust gas is used to heat the exhaust
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purification device D. In another embodiment which is
not shown, the casing 10 of the electric heating device
A is formed from an exhaust pipe of an internal combus-
tion engine.

Reference Signs List
[0033]

A: electric heating device

10: casing

20: support member

30a: first heat generating member
30b: second heat generating member
31: outer tube

32: heat generating element

32e: two end parts

32i: intermediate part

40: supporter

Claims

1. An electric heating device (A), wherein a support
member (20) is fastened inside a casing (10), where-
in a first electric type heat generating member (30a)
is arranged at one side of the support member (20)
in alongitudinal axial direction (LC) of the casing (10)
and a second electric type heat generating member
(30b) is arranged at the other side of the support
member (20), wherein each heat generating mem-
ber (30a, 30b) is provided with an outer tube (31)
and a strip-shaped heat generating element (32),
wherein each outer tube (31) is arranged in the cas-
ing (10) so that its center axial line (LHC) is parallel
to a longitudinal axial line (LC) of the casing, wherein
each heatgenerating element (32) has two end parts
(32e) which are fastened to an inner circumferential
surface of the corresponding outer tube (31) and an
intermediate part (32i) which extends between the
two end parts (32e) without being fastened to the
corresponding outer tube (31), wherein each inter-
mediate part (32i) is wound about a winding axial
line (LW) which is parallel to the center axial line
(LHC) of the corresponding outer tube (31), wherein
a supporter (40) is provided which runs from the first
heat generating member (30a) through the support
member (20) to the second heat generating member
(30b), wherein the supporter (40) is fastened to the
intermediate part (32i) of the first heat generating
member (30a) and the intermediate part (32i) of the
second heat generating member (30b) to support
the first heat generating member (30a) and the sec-
ond heat generating member (30b) with the support
member (20) via the supporter (40), and wherein the
support member (20) and the first heat generating
member (30a) and second heat generating member
(30b) are designed so that fluid can flow there-
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through in the longitudinal axis direction (LC) of the
casing (10), whereby the fluid which flows through
the inside of the casing (10) is heated by the first
heat generating member (30a) and the second heat
generating member (30b).

The electric heating device (A) according to claim 1
wherein said first heat generating member (30a) and
said second heat generating member (30b) are sup-
ported by said support member (20) in the state
where a winding direction of said intermediate part
(32i) of said first heat generating member (30a) and
a winding direction of said intermediate part (32i) of
said second heat generating member (30b) are op-
posite to each other.

The electric heating device (A) according to claim 1
or 2wherein said first heat generating member (30a)
and said second heatgeneratingmember (30b) have
weak heat generating regions, respectively, and
wherein said first heat generating member (30a) and
said second heat generating member (30b) are sup-
ported by said support member so that the weak heat
generating region of said first heat generating mem-
ber (30a) and the weak heat generating region of
said second heat generating member (30b) substan-
tially do not overlap when viewed along the longitu-
dinal axial line of said casing.

The electric heating device (A) according to any one
of claims 1 to 3 which is further provided with a fas-
tener which fastens at least part of said supporter
(40) to an inside wall surface of said casing (10).

An exhaust purification system for an internal com-
bustion engine, wherein an exhaust purification de-
vice (D) is arranged in an engine exhaust passage,
and wherein an electric heating device (A) according
to any one of claims 1 to 4 is arranged upstream of
the exhaust purification device (D) inside the exhaust
passage, so as to heat the exhaust gas from the
internal combustion engine is heated by said electric
heating device (A) and the heated exhaust gas is
used to heat said exhaust purification device (D).
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