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Description

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0001] The present invention relates to a seal device
which is fabricated to a special form from a sheet material.
More particularly, this invention relates to a seal device
which is installed in assembly components wherein a
clearance between mount surfaces thereof varies due to
fluid pressure, vibratory external force, thermal expan-
sion or contraction or the like.

DESCRIPTION OF THE RELATED ART

[0002] In an apparatus in which a seal device is in-
stalled between mount surfaces of adjacent assembly
components for a sealing purpose thereat, a gap be-
tween the mount surfaces is forced to vary because of
external forces, which causes a problem of decreasing
in seal ability of the seal device. As an example, a seal
ring is widely known for a gas turbine engine. The seal
ring is used in a gas or steam turbine engine in which the
ring is installed between mount surfaces which are sub-
jected to thermal expansion stress of high temperature
combustion gas or deformation due to compressed air
pressure or vibratory force during rotary movement (see
US. Pat. 6,237,921.B1 for instance). Mount surfaces in
a gas turbine, nuclear apparatus or the like are exposed
to high temperature, high pressure environment, thus a
dimensional change between the mount surfaces being
likely to occur. There is another type of seal ring used for
such applications (see US. Pat. 4,121,843 for instance).
[0003] FIG. 7 depicts a seal ring which is similar to the
one disclosed in FIG. 1 of US. Pat. 6,237,921.B1. As
shown in FIG. 7, the seal ring 120 has U-shaped cross-
section thereof. Both end portions of the U-shaped seal
ring 120 define reverse bend portions 132, 132. The seal
ring 120 is a two-ply construction consisting of an inner
ring 122 and an outer ring 126. Also an inner circumfer-
ential portion of the inner ring 122 defines a groove 135.
[0004] The seal ring 120 is used to effect a seal against
a high pressure turbine nozzle 110 of a gas turbine. The
high pressure turbine nozzle 110 retains a plurality of
nozzle vanes 112. The nozzle bane 112 is mounted to a
radially inner band 116 in an integral manner which is
supported by a support flange 118. The seal ring 120 is
arranged between the inner band 116 and the support
flange 118 in order to bring the inner band 116 of the high
pressure turbine nozzle 110 into sealing contact with the
support flange 118.
[0005] In this high pressure turbine nozzle 110, high
temperature combustion gases 114 received from an up-
stream combustion chamber (not shown) is turned and
accelerated through the nozzle vanes 112. The inner
band 116 and the support flange 118 start to receive ther-
mal deformation as heating proceeds. The seal ring 120

which is disposed between the inner band 116 and the
support flange 118 impaired by the deformation due to
thermal expansion is forced to undergo elastic deforma-
tion to an axial direction. Under this circumstance, a con-
tact point 125 of the seal ring 120 which is located at the
center of a U-shaped bending portion is supported by the
support flange 118. This causes the seal ring 120 to have
the reverse bend portions 132, 132 brought into contact
with the inner band 116 and the support flange 118 and
axially extending slots 134, 135, 134 are formed at three
locations from the illustrated left to right along the reverse
bend portions 132, 132. Therefore, although the seal ring
120 exhibits a wide range of elastic deformation in the
axial direction, it becomes increasingly more difficult for
seal faces 132A, 132B of the seal ring 120 which are
resiliently supported by the U-shaped resilient member
at the contact point 125 to achieve a uniform contact force
because of such large elastic deformation. That is, the
seal faces 132A, 132B may fail to keep up with the move-
ment of the inner band 116 and the support flange 118,
which will cause decreasing in seal ability thereat.
[0006] Out of the three open-ended slots 134, 135, 134
of the seal ring 120 with U-shaped cross-section, the larg-
est slot 135 formed in the inner circumferential side has
its open-ended portion in an opposite direction to the oth-
er two small slots 134 which are relatively located to the
both sides of the largest slot 135. Therefore, such a con-
figuration increases the production cost because of the
difficult bending process involved.
[0007] A seal device according to the preamble of
claim 1 has been disclosed in JP 2002-005290 A.
[0008] FIG. 8 shows similar a seal ring 216 with an "E"-
shape cross-section. The seal ring 216 consists of a cou-
ple of U-shaped cross sectioned members, first annular
seal portion 220A and second annular seal portion 220B,
which are joined at one end by means of a middle bridge
portion 225. A middle groove 210 is formed between the
first annular seal portion 220A and the second annular
seal portion 220B in the illustrated above of the middle
bridge portion 225. A first elastic portion 224A and a sec-
ond elastic portion 224B which are joined by the middle
bridge portion 225 are continuously extended to form a
third elastic portion 226A and a fourth elastic portion 226B
of a semi-circular section, respectively. The semi-circular
third elastic portion 226A and fourth elastic portion 226B,
respectively, retain arcuate first seal face 222A and sec-
ond seal face 222B at outer circumferential sides thereof
which are brought into contact with assembly compo-
nents. The seal ring 216 enjoys resiliently urging force
according to a distance from the riddle bridge portion 225
to the respective first seal face 222A and the second seal
face 222B via first elastic portion 224A and second elastic
portion 224B.
[0009] In the seal ring 216, because of the semi-circu-
lar form of the third elastic portion 226A and the fourth
elastic portion 226B which are located at the opposite
ends of the first elastic portion 224A and the second elas-
tic portion 224B relative to the middle bridge portion 225,
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respectively, the first seal face 222A and the second seal
face 222B may fail to maintain seal-tight contact against
assembly components. That is, the elastic deformation
forces of the first elastic portion 224A and the second
elastic portion 224B rooted at the middle bridge portion
225 and evaluated at the first seal face 222A and the
second seal face 222B are not significant enough to pro-
vide urging forces in such a way that the first seal face
222A and the second seal face 222B are always kept in
uniform contact against the assembly components. This
will lead to uneven and insufficient contact force of the
first seal face 222A and the second seal face 222B, thus
being likely to decrease in seal ability of the first seal face
222A and the second seal face 222B. The seal ring 216
also retains a third seal face 221A and a fourth seal face
221B via a fifth elastic portion 223A and a sixth elastic
portion 223B, respectively, on the outer circumferential
surface of the radially inward portion. The third seal face
221A and the fourth seal face 221B are said to be capable
of maintaining seal-tight contact even in case of tilted
mount surfaces of assembly components. As in the case
of the third seal face 221A and the fourth seal face 221B,
however, use of the middle bridge portion 225 as a ful-
crum is likely to reduce the range of sufficient contact
which the seal faces can achieve. Since the performance
of the seal ring 216 needs to be evaluated as a total
performance of the middle groove 210 and pressure re-
ceiving slots 134, 134 which are disposed sideways of
the middle groove 210, it is not straightforward to man-
ufacture precise dimension by a press forming process.
[0010] The present invention is introduced to resolve
the above mentioned problems and the development of
necessary technologies associated with the problems
have been under way. A primary technical goal which
this invention tries to achieve is to provide a seal device
which is capable of exhibiting a substantial sealing ability
over a wide range of dimensional change of a gap be-
tween seal mount surfaces which is caused by external
forces due to a fluid pressure, heat-induced stress or the
like. Another goal is to enhance seal structure thereof
and reduce manufacture cost thereof. Yet another goal
is to make the seal device compact such that it can be
installed between narrow-gap mount surfaces and to re-
duce assembly cost. Yet another goal is to improve seal
durability thereof.

BRIEF SUMMARY OF THE INVENTION

[0011] The present invention is made to alleviate the
above technical problems and a solution to such prob-
lems is embodied as a seal device having the features
defined in claim 1.
A seal device related to the present invention comprises
a first seal portion with U-shaped cross section having a
first elastic portion at one side of a first bight portion and
a second elastic portion at the other side of the first bight
portion, a second seal portion having a first symmetrical
elastic portion at one side of a second bight portion and

a second symmetrical elastic portion at the other side of
the second bight portion, a joint base being deflected and
joining the second elastic portion of the first seal portion
and the second symmetrical elastic portion of the second
seal portion such that the second elastic portion and the
second symmetrical elastic portion are aligned in parallel
with one another, a first seal face being disposed on a
first outmost circumferential surface of the first elastic
portion, and a second seal face being disposed on a sec-
ond outmost circumferential surface of the first symmet-
rical elastic portion, wherein a side surface of the second
elastic portion and a side surface of the second symmet-
rical elastic portion are in a contact relation or in a prox-
imity contact relation with one another in an opposing
manner at the joint base.
[0012] According to the seal device related to the
present invention, cross section thereof is E-shaped and
first and second seal faces, respectively, are disposed
on outer circumferential surfaces of a first elastic portion
and a first symmetrical elastic portion. And a second elas-
tic portion and a second symmetrical elastic portion are
aligned in parallel to one another. Therefore, when the
first seal face and the second seal face which are in con-
tact with mount surfaces are subjected to compression
because of external forces or thermal stresses, the sec-
ond elastic portion and the second symmetrical elastic
portion undergo elastic deformation about the abutting
contact surfaces of a contact interface portion as a ful-
crum by changing an opening angle θ 1 defined between
the two adjoining contact surfaces. Under this circum-
stance, the elastic deformation of the second elastic por-
tion and the second symmetrical elastic portion takes
place in such a manner that the two surfaces depart from
contact with one another. Owing to the self-adjusting ful-
crum about which contact surfaces of the contact inter-
face portion change state thereof, the first and second
seal faces are capable of exhibiting outstanding seal abil-
ity by keeping up with a displacement of the mount sur-
faces. Therefore, since the first seal face and the second
seal face can effect a seal in accordance with such a
deformation, the seal device is capable of maintaining
outstanding seal ability thereof by accommodating even
a large displacement of the mount surfaces.
[0013] Further, since the first seal face and the second
seal face, respectively, are disposed on a first outmost
circumferential surface and a second outmost circumfer-
ential surface which are formed by inflecting to a U-shape
with respect to a joint base as a fulcrum, the total length
for the joint base to the respective seal surfaces tends
to become substantially long. This enables to accommo-
date to a wide range of deformation in the direction of
contact in spite of rather short length of the second elastic
portion and the second symmetrical elastic portion in ra-
dial direction thereof. Therefore, the first seal face and
the second seal face achieve outstanding seal ability
against deformation due to a variety of causes such as
heat, pressure, vibration or the like. Further, the seal de-
vice can be made compact since the seal device deter-
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mines respective deformation of the seal faces in accord-
ance with the length of the first elastic portion and the
first symmetrical elastic portion measured from the joint
base as a fulcrum. Also the seal device does not require
dimensional accuracy, thus yielding a low manufacture
cost, because the abutting contact surfaces of the second
elastic portion and the second symmetrical elastic portion
can be either in a contact relation or in a proximity contact
relation with one another. The proximity contact state of
the adjoining contact surfaces between the second elas-
tic portion and the second symmetrical elastic portion
means that adjoining contact surfaces thereof become
partially in a contact relation with one another when re-
spective seal surfaces are urged by the side walls and
the second elastic portion and the second symmetrical
elastic portion undergo elastic deformation with an open-
ing angle θ 1 therebetween.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a cross-sectional view of a seal device
according to a first embodiment of the present invention.
[0015] FIG. 2 is a partial cross-sectional view of a slot
portion of a liquidation tank which installs the seal device
of the present invention shown in FIG. 1.
[0016] FIG. 3 is a cross-sectional view showing a typ-
ical installation of a seal device according to a second
embodiment of the present invention.
[0017] FIG. 4 is cross-sectional view of a seal device
according to a third embodiment of the present invention.
[0018] FIG. 5 is a force versus deflection graph show-
ing comparison of characteristic curves of the seal device
of the present invention and a reference example 1.
[0019] FIG. 6 is a partial cross-sectional view of a gas
turbine which installs a plurality of seal devices of the
present invention.
[0020] FIG. 7 is a cross-sectional view showing a typ-
ical installation of a seal device similar to a relative art
related to the present invention.
[0021] FIG. 8 is a cross-sectional view of a seal device
similar to a relative art related to the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Described below is details of the figures of pre-
ferred embodiments of a seal device constructed in ac-
cordance with the principles of the present invention. All
the figures explained below are constructed according
to actual design drawings with accurate dimensional re-
lations.
[0023] FIG. 1 is a radially half cross-sectional view of
a seal device 1 as a preferred first embodiment relative
to the present invention. In FIG. 1, the seal device 1 re-
tains a couple of pressure receiving slots for receiving a
pressure fluid in an inner circumferential side of an an-
nularly-shaped body shaped from a resilient sheet ma-
terial. This seal device 1 has an annularly-shaped body
which is manufactured from a resilient sheet material by

press forming and a radially half side of the cross-section
has an E-shape. That is, in the seal device 1, a U-shaped
cross-sectioned first seal portion 2 and a U-shaped
cross-sectioned second seal portion 12 are connected
in a symmetrical manner so as to form an E-shape as a
whole. The first seal portion 2 consists of a first bight
portion 2B, a first elastic portion 2C and a second elastic
portion 2A in which the first elastic portion 2C and the
second elastic portion 2A extend in opposite directions
with respect to the first bight portion 2B.
[0024] Similarly, the second seal portion 12 consists
of a second bight portion 12B, a first symmetrical elastic
portion 12C and a second symmetrical elastic portion
12A in which the first symmetrical elastic portion 12C and
the second symmetrical elastic portion 12A extend in op-
posite directions with respect to the second bight portion
12B. And a side surface 2A1 of the second elastic portion
2A of the first seal portion 2 and a side surface 12A1 of
the second symmetrical elastic portion 12A of the second
seal portion 12 are brought into contact with each other
in order to define a contact interface portion 5. A state of
the contact interface portion 5 which is determined by
the side surface 2A1 of the second elastic portion 2A and
the side surface 12A1 of the second symmetrical elastic
portion 12A should be a full-contact state
[0025] An adjoining region of the second elastic portion
2A and the second symmetrical elastic portion 12A is
defined as a joint base 3 which is inflected to a circular
form. The joint base 3 may as well retain an annular space
portion 4 therewithin which has an elliptic cross section.
Note, however, that such an annular space portion 4 can
be omitted if not necessary, because it would be sufficient
if the side surface 2A1 of the second elastic portion 2A
and the side surface 12A1 of the second symmetrical
elastic portion 12A undergo elastic deformation with a
variable angle θ 1 therebetween which varies under con-
tact state thereat. For example, the annular space portion
4 can be substituted by a proximity contact of planar sur-
faces. Examples of the sheet thickness of the seal device
1 tested are in a range of from 0.1mm to 1mm. More
preferably, the thickness should be in a range of from
0.15mm to 0.7mm. The seal device 1 shown in FIG. 1 is
manufactured by press forming from a sheet material with
thickness of 0.3mm.
[0026] Axially outmost circumferential surface which
is formed by bending a leg portion of the first elastic por-
tion 2C defines an arcuate first seal face 2C1. Similarly
bending the first symmetrical elastic portion 12C defines
an arcuate second seal face 12C1. A distance between
the first seal face 2C1 and the second seal face 12C1 is
denoted by H. Examples of the present invention use
7mm to 10.6mm for the dimension H of the seal device
1. As far as a sheet thickness is concerned, 0.15mm to
0.8mm is used for the seal device 1. A imaginary line A-
A connecting the center of the first seal face 2C and the
center of the second seal face 12C1 should be located
radially inward with respect to the center of the joint base
3. Note that the imaginary line A-A in FIG. 1 is drawn
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such that the first seal face 2C1 and the second seal face
12C1 are more or less aligned with the center of the joint
base 3. The present embodiment can tolerate a dimen-
sional change of the installation gap because of the ability
of the first seal face 2C1 and the second seal face 12C1
for maintaining sealing contact.
[0027] FIG. 1 illustrates a typical embodiment of the
present invention wherein a couple of pressure receiving
slots and a joint base 3 are disposed in an inner circum-
ferential side of the seal device 1. Having a couple of
pressure receiving slots and a joint base 3 in an outer
circumferential side of the seal device 1 to form an an-
nular shape as a whole provides similar effects although
a corresponding figure is not presented. The seal device
1 in FIG. 1 is assumed to be installed in an annular
groove, but it may as well be manufactured in a straight
form to conform to a straight groove. That is, a seal device
1 of the present invention can have a different form such
as a ring form, straight form, arcuate form or the like ac-
cording to the shape of mount surfaces as a whole. The
seal device 1 is made of a nickel-based alloy. Example
of such a material is 76%Ni-16%Cr-8%Fe, i.e., Inconel.
Inconel has high ductility and outstanding corrosion re-
sistance and can be processed by hot/cold forming. Al-
ternative choice for the material of the seal device 1 will
include Hastelloy X, Haynesalloy 25, titanium alloy or the
like. Certain type of sealed fluid may suggest a surface
treatment for the seal device 1. Applied material for such
a surface treatment includes silver, gold, nickel, copper,
fluoric resin or the like, depending on the characteristics
of the sealed fluid used.
[0028] FIG. 2 is a half cross sectional view of the seal
device 1 of FIG. 1 which is installed in an installation
annular groove 50 of a first assembly component 51A
which is typically seen in a low temperature tank or the
like for an aircraft engine. It is hereafter referred to FIG.
2 as well. Sealed fluid acts on the pressure receiving
slots which are disposed on inner circumferential side of
the seal device 1. This seal device 1 is installed under a
compressed state such that a first mount surface 51A1
of a first assembly component 51A and a second mount
surface 52A1 of a second assembly component 52A, re-
spectively, are pressed against a first seal face 2C1 and
a second seal face 12C1. When the first seal face 2C1
and the second seal face 12C1 of the seal device 1 are
brought into a compressive contact with one another, one
side surface 2A1 at the contact interface portion 5 opens
up to become a first departure surface 2A2 as the result
of elastic deformation of the second elastic portion 2A
and the second symmetrical elastic portion 12A. Similar-
ly, the other side surface 12A1 also opens up to become
a second departure surface 12A2. The opening angle
formed between the first departure surface 2A2 and the
second departure surface 12A2 is defined as θ 1.(see
also Fig. 2) The first assembly component 51A and the
second assembly component 52A contract due to a low
temperature fluid and make a relative displacement to a
new location which is illustrated by a broken line by which

a displaced contact surface 51A4 and a displaced mount
surface 51A2 are represented. The displaced contact
surface 51A4 and the displaced mount surface 51A2,
respectively, become a new first contact surface 51A3
and a new first mount surface 51A1 after the contraction.
In this case the opening angle θ 1 between the first de-
parture surface 2A2 and the second departure surface
12A2 increases.
[0029] Although the respective amounts of displace-
ment for the first contact surface 51A3, the first mount
surface 51A, the displaced contact surface 51A4 and the
displaced mount surface 51A2 are determined by exter-
nal forces and thermal expansion forces given, the first
seal face 2C1 and the second seal face 12C1 are allowed
to make a relative movement with respect to contact sur-
faces (respective side surfaces 2A1, 12A1) as a fulcrum
which are in contact with one another at the contact in-
terface portion 5. The fulcrum of the contact surfaces
formed by the second elastic portion 2A and the second
symmetrical elastic portion 12A are capable of letting the
first seal face 2C1 and the second seal face 12C1 keep
up with the displacement of the first mount surface 51A1
and the second mount surface 52A1 so that seal-tight
contact is maintained. Therefore, in case of displacement
of the first mount surface 51A1 and the second mount
surface 52A1 of assembly components 51A, 52A, the
first seal face 2C1 and the second seal face 12C1 con-
tinue to exhibit outstanding seal ability by accommodat-
ing to the displacement. Reference numerals whose ex-
planation is omitted are assumed to be the same as those
of FIG. 1.
[0030] A seal device 1 previously described is installed
in respective assembly components 51A, 52A and re-
ceives a pressure fluid at a couple of U-shaped pressure
receiving surfaces which open toward inner circumfer-
ential side thereof. With this seal device 1, the first seal
face 2C1 then comes into seal-tight contact with the sec-
ond mount surface 52A1 sealing against the fluid while
the second seal face 12C1 comes into seal-tight contact
with the first mount surface 51A1. On the other hand,
even when the first assembly component 51A makes a
movement relative to the second assembly component
52A, the first seal face 2C1 and the second seal face
12C1 are able to keep seal-tight contact against the sec-
ond mount surface 52A1 and the first mount surface
51A1, respectively, in which the first seal face 2C1 and
the second seal face 12C1 are supported by the contact
surfaces located at the contact interface portion 5 and
move in accordance with the elastic deformation of the
second elastic portion 2A and the second symmetrical
elastic portion 12A. Therefore, the seal device 1 is able
to exhibit outstanding seal performance against fluid
even under the presence of relative displacement be-
tween respective assembly components 51A, 52A.
[0031] FIG. 3 is a radially half cross-sectional view of
a typical installation of a seal device 1 as a preferred
second embodiment relative to the present invention.
The seal device 1 in FIG. 3 assumes that the same ref-
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erence numerals as those in FIG. 1 imply more or less
identical components to be used. What makes FIG. 3
different from FIG. 1 is that the pressure receiving slots
against fluid are disposed in outer circumferential side,
reverse arrangement to the pressure receiving slots of
the seal device 1 in FIG. 1. FIG. 3 is an installation ex-
ample of the seal device 1 to a high temperature section
30A of a gas turbine in which the seal device 1 is installed
within a installation space section 50 formed between a
first mount surface 51B1 of a first assembly component
51B and a second mount surface 52B1 of a second as-
sembly component 52B.
[0032] In FIG. 3, a stress-free form of the seal device
1 is represented by a virtual line. The seal device 1 is
installed in an installation space portion 50 which is dis-
posed between a first mount surface 51B1 of a first as-
sembly component 51B and a second mount surface
52B1 of a second assembly component 52B. A deal de-
vice 1 represented by a solid line shows state thereof
after installation, and elastic deformation of a first seal
portion 2 and a second seal portion 12 causes a first seal
face 2C1 and a second seal face 12C1 to be brought into
sealing contact with a second mount surface 52B1and a
first mount surface 51B1, respectively. At the same time,
a side surface 2A1 of a second elastic portion 2A shifts
state thereof to a first departure surface 2A2 through elas-
tic deformation while a side surface 12A1 of a second
symmetrical elastic portion 12A shifts state thereof to a
second departure surface 12A2. The first departure sur-
face 2A2 and the second departure surface 12A2 make
an opening angle θ 1 at a contact interface portion 5 (see
also FIG. 2), and the surfaces in contact at the contact
interface portion 5 serve as a fulcrum to provide a support
for sealing contact of the first seal face 2C1 and the sec-
ond seal face 12C1. The fulcrum of the contact surfaces
receives a resilient force from a joint base 3 of a circular
cross section, and moves position thereof in accordance
with elastic deformation of the second elastic portion 2A
and the second symmetrical elastic portion 12A in order
to maintain sealing contact of the first seal face 2C1 and
the second seal face 12C1. Other parts designated by
the same reference numerals to those in FIG. 2 are ar-
ranged in a similar manner.
[0033] A seal device 1 described above is installed be-
tween the first assembly component 51B and the second
assembly component 52B and receives a pressure fluid
at a couple of U-shaped pressure receiving surfaces
which open toward inner circumferential side thereof.
With this seal device 1, the first seal face 2C1 then comes
into seal-tight contact with the second mount surface
52B1 sealing against the fluid while the second seal face
12C1 comes into seal-tight contact with the first mount
surface 51B1. On the other hand, even when the first
assembly component 51B makes a movement relative
to the second assembly component 52B, the first seal
face 2C1 and the second seal face 12C1 are able to keep
seal-tight contact against the second mount surface
52B1 and the first mount surface 51B1, respectively, in

which the first seal face 2C1 and the second seal face
12C1 are supported by the contact surfaces located at
the contact interface portion 5 and move in accordance
with the elastic deformation of the second elastic portion
2A and the second symmetrical elastic portion 12A.
Therefore, the seal device 1 is able to exhibit outstanding
seal performance against fluid even under the presence
of relative displacement between the first assembly com-
ponent 51B and the second assembly component 52B.
[0034] FIG. 4 is a radially half cross-sectional view of
a seal device 1 as a third embodiment relative to the
present invention. The seal device 1 in FIG. 3 retains
pressure receiving slots in inner circumferential side
thereof for receiving a fluid pressure thereat. What makes
FIG. 4 different from FIG. 1 is that a first elastic portion
2C and a first symmetrical elastic portion 12C have an
arcuate shape of radius R which are bent in mutually
departing directions, and also that a first seal face 2C1
and a second seal face 12C1 are disposed radially inward
relative to a joint base 3. Other parts designated by the
same reference numerals to those in FIG. 1 are assumed
to be identical.
[0035] In the seal device 1 described above, the first
elastic portion 2C and the first symmetrical elastic portion
12C which are bent to a resilient arcuate shape are ca-
pable of achieving a more or less uniformly distributed
surface pressure thereat. Also the first seal face 2C1 and
the second seal face 12C1 are disposed radially inward
relative to the joint base 3 and located at more distal
locations from a first bight portion 2B and a second bight
portion 12B, respectively, via the first elastic portion 2C
and the first symmetrical elastic portion 12C than the joint
base 3. Therefore the seal device 1 is able to keep up
with deformation of the mount surfaces of adjoining as-
sembly components (not shown). This indicates that the
seal device 1 not only possesses enhanced seal ability
against fluid but also exhibits outstanding seal perform-
ance by keeping up with deformation of the mount sur-
faces.
[0036] FIG. 5 shows experimental data of a seal device
1 of the present invention in FIG. 1 and a seal ring as a
reference example in FIG. 8 wherein associated assem-
bly components are subjected to a relative displacement
due to high temperature. Similar results will be obtained
when respective assembly components contract due to
low temperature. Numerals 1, 2, 3 in FIG. 5 signify ex-
perimental data showing a force versus deflection graph
for a seal device 1 of the present invention after being
installed to the mount surfaces of adjoining assembly
components. Also numerals 11, 12, 13 display experi-
mental data showing a force versus deflection graph for
a seal ring of the reference example after being installed
to the mount surfaces of adjoining assembly compo-
nents.
[0037] For the numerals 1, 2, 3 of FIG. 5, a seal device
1 of FIG. 1 is employed in which a distance H between
the first seal face 2C1 and the second seal face 12C1 is
set to 7.1mm. This seal device 1 is installed as shown in
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FIG. 3 so that H1 is set to 4.6mm. And experimental data
are repeatedly obtained by varying a gap between the
adjoining mount surfaces form 4.6mm to 7.1mm. The nu-
meral 1 represents an initial measurement of a force ver-
sus deflection which is obtained by giving a displacement
for the first time. Then the numerals 2 and 3 show force
versus deflection graphs after repeated loading at the
distance H1 by which spring back characteristics of the
first seal face 2C1 and the second seal face 12C1 have
already been stabilized. It has been verified that the seal
device 1 of the present invention can accommodate to
as much as 1.9mm of displacement between adjoining
mount surfaces. That is, the seal device 1 of the present
invention not only provides a substantial spring back
(about 1.9mm) but also possesses an outstanding dura-
bility because of a strong support given at the contact
surfaces of the contact interface portion 5.
[0038] For the numerals 11, 12, 13 in FIG. 5, on the
other hand, the seal ring 216 as a reference example is
arranged to set a distance between both seal faces there-
of to 7.1mm and to be installed within a gap 4.6mm be-
tween the mount surfaces of adjoining assembly compo-
nents as is the case for the present invention. Force ver-
sus deflection graphs are as shown in the numerals 11,
12, 13 of FIG. 5. The numeral 11 represents an initial
curve of force versus deflection. The numerals 12 and
13 then show force versus deflection graphs after repeat-
ed loading at the mount surfaces by which the distance
H1 between the first seal face 222A and the second seal
face 222B has already been stabilized. The experimental
data show that the seal ring 216 of reference example is
able to accommodate to no more than about 0.9mm of
repeated displacement. That is, spring back thereof is
about 0.9mm at maximum. Also the seal ring 216 reaches
plastic region thereof earlier than a seal device 1 of the
present invention, thus being likely to result in less dura-
bility.
[0039] FIG. 6 shows a cross-sectional view of the vi-
cinity of a gas turbine nozzle assembly of a gas turbine
engine in which seal devices 1 of the present invention
are installed between mount surfaces of assembly com-
ponents 51, 52. In FIG. 6, a rotary disk 61 attached to a
rotary shaft 60 disposes a blade 62 thereat. Other type
of blade 71 is disposed in a fluid passage 55. High tem-
perature combustion gases D received from a combus-
tion chamber (not shown) is turned and accelerated
through the blades 62, 71. In the construction thus de-
scribed, seal devices 1 are installed in installation space
portions (installation slots) 50 formed between the as-
sembly components 51, 52 in order to effect a seal
thereat. The installation space portion 50 is formed be-
tween a mount wall of the first assembly component 51
and the second assembly component 52. This first as-
sembly component 51 and the second assembly com-
ponent 52 are arranged in such a manner that the instal-
lation space portion 50 changes gap therebetween when
the first assembly component 51 and the second assem-
bly component 52 are subjected to thermal deformation

due to high temperature gas D or vibratory force during
rotation of the rotary shaft 60. For this fluid passage 55,
seal devices 1 are used in three locations to provide a
seal at installation space portions 50 of assembly com-
ponents 51, 52. This seal device 1 is the one shown in
FIG, 1 or FIG. 3. Therefore, as previously described for
FIG. 1, the seal device 1 is capable of effecting a seal
against high temperature gas D by keeping up with a
wide range of relative displacement between the first as-
sembly component 51 and the second assembly com-
ponent 52.
[0040] The seal device 1 of the present invention is
able to not only effect a seal but also show durability by
being installed in an installation space portion 50 to which
high temperature, high pressure fluid or low temperature
gas operates. In addition, the seal device 1 which has a
simple construction, can be installed in an installation
space portion 50 of a complex form. This makes an in-
stallation of the seal device 1 straightforward and there-
fore reduces an installation cost. Further, even in a case
wherein an installation space portion 50 of assembly
components 51, 52 is subjected to a small displacement,
as shown in FIG. 6, the seal device 1 is capable of pro-
viding a secure seal thereat. Also since the seal device
1 is arranged in such a way that the first seal portion 2
and the second seal portion 12 are connected via a joint
base 3 by inflecting middle section thereof and a contact
position of the contact interface portion 5 can be varied,
the seal device 1 does not require high machining accu-
racy, thus reducing manufacture cost thereof.
[0041] Next, preferred exemplary embodiments of the
other inventions related to the present invention are de-
scribed below.
[0042] In a seal device 1 as a second exemplary em-
bodiment relative to the present invention, a joint base 3
is arranged to form a circular cross section and to retain
an annular space portion 4 therewithin.
[0043] According to the seal device 1 of the second
exemplary embodiment, since the joint base 3 is bento
to a circular shape and leaves the annular space portion
4 therewithin, a side surface 2A1 of a second elastic por-
tion 2A and a side surface 12A1 of a second symmetrical
elastic portion 12A can be arranged so as to form a con-
tact relation with one another. Furthermore, when the
side surface 2A1 of the second elastic portion 2A and
the side surface 12A1 of the second symmetrical elastic
portion 12A are subjected to elastic deformation while
making an opening angle θ 1 therebetween, the elastic
deformation of the second elastic portion 2A and the sec-
ond symmetrical elastic portion 12A takes place with re-
spect to the fulcrum point of the contact surface at the
contact interface portion 5 which moves position thereof
while the opening angle θ 1 changes. Therefore the first
seal face 2C1 and the second seal face 12C1 are capable
of exhibiting outstanding seal ability against respective
mount surfaces. Even when the second elastic portion
2A and the second symmetrical elastic portion 12A are
designed to be rather short in length thereof, the joint
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base 3 with the annular space portion 4 therewithin en-
ables the side surface 2A1 of the second elastic portion
2A and the side surface 12A1 of the second symmetrical
elastic portion 12A to elastically deform in accordance
with the varying opening angle θ 1. The fact that the sec-
ond elastic portion 2A and the second symmetrical elastic
portion 12A can be made short in turn makes it possible
for the seal device 1 to be installed in a small side of
mount surfaces.
[0044] In a seal device 1 as a third exemplary embod-
iment relative to the present invention, a first seal face
2C1 and a second seal face 12C1 are located at more
distal positions from a first bight portion 2B and a second
bight portion 12B, respectively, than a joint base 3.
[0045] According to the seal device 1 as the third ex-
emplary embodiment relative to the present invention,
since the first seal face 2C1 and the second seal face
12C1, respectively, are located at more distal positions
from the first bight portion 2B and the second bight portion
12B than the joint base 3, a range of elastic deformation
of a first elastic portion 2C and a first symmetrical elastic
portion 12C relative to the first seal face 2C1 and the
second seal face 12C1, respectively, can be increased.
The expanded range of elastic deformation for the first
elastic portion 2C and the first symmetrical elastic portion
12C in turn increases a seal contact range of the first
seal face 2C1 and the second seal face 12C1 with fulcrum
thereof located at the contact surfaces of the contact in-
terface portion 5. Therefore the respective elastic por-
tions of the seal device 1, i.e., the first elastic portion 2C,
the second elastic portion 2A, the first symmetrical elastic
portion 12C and the second symmetrical elastic portion
12A, can be made compact and seal ability thereof
against deformation of mount surfaces can be improved
as well.
[0046] In a seal device 1 as a fourth exemplary em-
bodiment relative to the present invention, a side surface
2A1 of a second elastic portion 2A and a side surface
12A1 of a second symmetrical elastic portion 12A are
arranged to form planar surfaces.
[0047] According to the seal device 1 as the fourth ex-
emplary embodiment relative to the present invention,
since the side surface 2A1 of the second elastic portion
2A and the side surface 12A1 of the second symmetrical
elastic portion 12A are arranged to form planer surfaces,
when the first seal face 2C1 and the second seal face
12C1 receive an urging pressure, a change in the open-
ing angle θ 1 caused by the elastic deformation of the
side surfaces 2A1, 12A1 of the second elastic portion 2A
and the second symmetrical elastic portion 12A, respec-
tively, ensures to keep seal-tight contact of the first seal
face 2C1 and the second seal face 12C1 against mount
surfaces. Thus the first seal face 2C1 and the second
seal face 12C1 are able to improve seal ability thereof
against the mount surfaces.
[0048] In a seal device 1 as a fifth exemplary embod-
iment relative to the present invention, a first seal portion
2 and a second seal portion 12 are integrally constructed

by inflecting a nickel-based alloy sheet or heat resistive
alloy sheet.
[0049] According to the seal device 1 as the fifth ex-
emplary embodiment relative to the present invention,
since the first seal portion 2 and the second seal portion
12 are made of a nickel-based alloy sheet or heat resis-
tive alloy sheet, use of press forming enables to manu-
facture an integral construction and high corrosion resist-
ance as well as high heat resistance can be expected.
This nickel-based alloy includes precipitation hardened
Ni alloy, which is well-known for outstanding high tem-
perature strength and corrosion resistance. The material
also retains a superb creep strength at high temperature
(about 700°C), good weldability and a crack-free char-
acteristic.
[0050] Having described specific embodiments of the
invention, however, the descriptions of these embodi-
ments do not cover the whole scope of the present in-
vention nor do they limit the invention to the aspects dis-
closed herein, and therefore it is apparent that various
changes or modifications may be made from these em-
bodiments. The technical scope of the invention is spec-
ified by the claims.

INDUSTRIAL APPLICABILITY

[0051] As described above, the seal device of the
present invention effects a seal against a high tempera-
ture, high pressure fluid or low temperature gas and can
effectively be used for an apparatus in which a distance
between mount surfaces of assembly components
changes. In particular, a seal device of this kind is effec-
tive for the use of the mounting slots of turbine engine,
nuclear apparatus, aircraft tank or the like in which high
temperature and high pressure fluid or low temperature
gas is to be sealed against thereby at the mounting slots.
The seal device also can effectively be used for a mount-
ing slot in a small size. Further, the seal device enjoys a
low manufacture cost.

Claims

1. A seal device for effecting a seal by being brought
into sealing contact with mount surfaces of assembly
components, said seal device comprising:

a) a first seal portion (2) having a first elastic
portion (2C) with a flat side surface at one side
of a first blight portion (2B) shaped from an elas-
tic sheet material having bend cross-section,
and a second elastic portion (2A) at the other
side of said first bight portion (2B);
b) a second seal portion (12) having a first sym-
metrical elastic portion (12C) with a flat side sur-
face at one side of a second bight portion (12B)
shaped from an elastic sheet material having
bend cross-section, and a second symmetrical
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elastic portion (12A) at the other side of said
second bight portion (12B)
c) a joint base (3) joining a bent end portion of
said second elastic portion (2A) of said first seal
portion (2) and a bent end portion of said second
symmetrical elastic portion (12A) of said second
seal portion (12) such that said second elastic
portion (2A) and said second symmetrical elas-
tic portion (12A) are in contact with one another;
d) a first seal face (2C1) being disposed on a
first outmost circumferential surface of said first
elastic portion (2C); and
e) a second seal face (12C1) being disposed on
a second outmost circumferential surface of said
first symmetrical elastic portion (12C);
characterized in that said second elastic por-
tion (2A) and said second symmetrical elastic
portion (12A) are aligned in parallel with one an-
other, and
the contact face between a side surface of said
second elastic portion (2A) and a side surface
of said second symmetrical elastic portion (12A)
is shifted toward said joint base (3) as an interval
(H) between said first seal face (2C1) and said
second seal face (12C1) becomes shorter .

2. A seal device as claimed in claim 1, characterized
in that said joint base (3) is arranged to form a cir-
cular cross section and to retain an annular space
portion (4) therewithin

3. A seal device as claimed in claim 1 or claim 2, char-
acterized in that said first seal face (2C1) and said
second seal face (12C1) are located at more distal
positions from said first bight portion (2B) and said
second bight portion (12B), respectively, than said
joint base (3).

4. A seal device as claimed in claim 1 or claim 2 or
claim 3, characterized in that a side surface (2A1)
of said second elastic portion (2A) and a side surface
(12A1) of said second symmetrical elastic portion
(12A) form planar surfaces and abut with one anoth-
er.

5. A seal device as claimed in claim 1 or claim 2 or
claim 3 or claim 4, characterized in that said first
seal portion (2) and said second seal portion (12)
are integrally constructed by inflecting a nickel-
based alloy sheet or heat resistive alloy sheet.

Patentansprüche

1. Dichtungsanordnung zum Bewirken einer Abdich-
tung dadurch, dass sie mit Montageoberflächen von
Bauelementen dichtend in Berührung gebracht wird,
welche Dichtungsanordnung aufweist:

a) einen ersten Dichtungsabschnitt (2) mit ei-
nem ersten elastischen Abschnitt (2C) mit einer
flachen seitlichen Oberfläche auf einer Seite ei-
nes ersten Biegungsabschnitts (2B), der aus ei-
nem elastischen Blattmaterial geformt ist, das
einen gebogenen Querschnitt hat, und einem
zweiten elastischen Abschnitt (2A) auf der an-
deren Seite des genannten ersten Biegungsab-
schnitts (2B);
b) einen zweiten Dichtungsabschnitt (12) mit ei-
nem ersten symmetrischen elastischen Ab-
schnitt (12C) mit einer flachen seitlichen Ober-
fläche auf einer Seite eines zweiten Biegungs-
abschnitts (12B), der aus einem elastischen
Blattmaterial geformt ist, das einen gebogenen
Querschnitt hat, und einem zweiten symmetri-
schen elastischen Abschnitt (12A) auf der an-
deren Seite des genannten zweiten Biegungs-
abschnitts (12B);
c) einen Verbindungssockel (3), der einen ge-
bogenen Endabschnitt des zweiten elastischen
Abschnitts (2A) des ersten Dichtungsabschnitts
(2) und einen gebogenen Endabschnitt des
zweiten symmetrischen elastischen Abschnitts
(12A) des zweiten Dichtungsabschnitts (12) der-
art miteinander verbindet, dass der genannte
zweite elastische Abschnitt (2A) und der ge-
nannte zweite symmetrische elastische Ab-
schnitt (12A) miteinander in Berührung stehen;
d) eine erste Dichtungsfläche (2C1), die an einer
ersten äußersten Umfangsfläche des genann-
ten ersten elastischen Abschnitts (2C) gebildet
ist; und
e) einer zweiten Dichtungsfläche (12C1), die an
einer zweiten äußersten Umfangsfläche des ge-
nannten ersten symmetrischen elastischen Ab-
schnitts (12C) gebildet ist;
dadurch gekennzeichnet, dass der genannte
zweite elastische Abschnitt (2A) und der ge-
nannte zweite symmetrische elastische Ab-
schnitt (12A) parallel miteinander ausgerichtet
sind und
die Kontaktfläche zwischen einer seitlichen
Oberfläche des genannten zweiten elastischen
Abschnitts (2A) und einer seitlichen Oberfläche
des genannten zweiten symmetrischen Ab-
schnitts (12A) sich in Richtung auf den Verbin-
dungssockel (3) verschiebt, wenn ein Abstand
(H) zwischen der genannten ersten Dichtungs-
fläche (2C1) und der genannten zweiten Dich-
tungsfläche (12C1) kürzer wird.

2. Dichtungsanordnung nach Anspruch 1, dadurch
gekennzeichnet, dass der genannte Verbindungs-
sockel (3) so ausgebildet ist, dass er einen kreisför-
migen Querschnitt bildet und einen ringförmigen
Hohlraum (4) einschließt.
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3. Dichtungsanordnung nach Anspruch 1 oder An-
spruch 2, dadurch gekennzeichnet, dass die ge-
nannte erste Dichtungsfläche (2C1) und die genann-
te zweite Dichtungsfläche (12C1) weiter von dem
ersten Biegungsabschnitt (2B) bzw. dem zweiten
Biegungsabschnitt (12B) entfernt sind als der ge-
nannte Verbindungssockel (3).

4. Dichtungsanordnung nach Anspruch 1 oder An-
spruch 2 oder Anspruch 3, dadurch gekennzeich-
net, dass eine seitliche Oberfläche (2A1) des zwei-
ten elastischen Abschnitts (2A) und eine seitliche
Oberfläche (12A1) des zweiten symmetrischen ela-
stischen Abschnitts (12A) ebene Oberflächen bil-
den, die aneinander anliegen.

5. Dichtungsanordnung nach Anspruch 1 oder An-
spruch 2 oder Anspruch 3 oder Anspruch 4, dadurch
gekennzeichnet, dass der genannte erste Dich-
tungsabschnitt (2) und der genannte zweite Dich-
tungsabschnitt (12) in einem Stück ausgebildet sind,
durch Biegen eines Bleches aus einer Nickel-Legie-
rung oder eines Bleches aus einer hitzebeständigen
Legierung.

Revendications

1. Dispositif de joint servant à réaliser une étanchéité
en étant mis de matière étanche au contact de sur-
faces de montage de pièces d’un ensemble, ledit
dispositif de joint comprenant :

a) une première partie (2) de joint ayant une pre-
mière partie élastique (2C) avec une surface la-
térale plane d’un côté d’une première partie ar-
quée (2B) façonnée dans une matière élastique
en feuille à section transversale cintrée, et une
seconde partie élastique (2A) de l’autre côté de
ladite première partie arquée (2B) :
b) une seconde partie (12) de joint ayant une
première partie élastique symétrique (12C) avec
une surface latérale plane d’un côté d’une se-
conde partie arquée (12B) façonnée dans une
matière élastique en feuille à section transver-
sale cintrée, et une seconde partie élastique sy-
métrique (12A) de l’autre côté de ladite seconde
partie arquée (12B) ;
c) une base commune (3) réunissant une partie
terminale cintrée de ladite seconde partie élas-
tique (2A) de ladite première partie (2) de joint
et une partie terminale cintrée de ladite seconde
partie élastique symétrique (12A) de ladite se-
conde partie (12) de joint de telle sorte que ladite
seconde partie élastique (2A) et ladite seconde
partie élastique symétrique (12A) soient au con-
tact l’une de l’autre ;
d) une première face (2C1) du joint étant dispo-

sée sur une première surface périphérique ex-
térieure de ladite première partie élastique
(2C) ; et
e) une seconde face (12C1) du joint étant dis-
posée sur une seconde surface périphérique ex-
térieure de ladite première partie élastique sy-
métrique (12C) ;
caractérisé en ce que ladite seconde partie
élastique (2A) et ladite seconde partie élastique
symétrique (12A) sont alignées parallèlement
l’une à l’autre, et
la face de contact entre une surface latérale de
ladite seconde partie élastique (2A) et une sur-
face latérale de ladite seconde partie élastique
symétrique (12A) est décalée vers ladite base
commune (3) à mesure que diminue un interval-
le (H) entre ladite première face (2C1) du joint
et ladite seconde face (12C1) du joint.

2. Dispositif de joint selon la revendication 1, caracté-
risé en ce que ladite base commune (3) est conçue
pour former une section transversale circulaire et re-
tenir en elle une partie formant espace annulaire (4).

3. Dispositif de joint selon la revendication 1 ou la re-
vendication 2, caractérisé en ce que ladite premiè-
re face (2C1) du joint et ladite seconde face (12C1)
du joint se trouvent dans des positions plus distales,
respectivement par rapport à ladite première partie
arquée (2B) et à ladite seconde partie arquée (12B),
que ladite base commune (8).

4. Dispositif de joint selon la revendication 1 ou la re-
vendication 2 ou la revendication 3, caractérisé en
ce qu’une surface latérale (2A1) de ladite seconde
partie élastique (2A) et une surface latérale (12A1)
de ladite seconde partie élastique symétrique (12A)
forment des surfaces planes et butent l’une contre
l’autre.

5. Dispositif de joint selon la revendication 1 ou la re-
vendication 2 ou la revendication 3 ou la revendica-
tion 4, caractérisé en ce que ladite première partie
(2) de joint et ladite seconde partie (12) de joint sont
amenées à faire corps d’une avec l’autre en repliant
une tôle en alliage à base de nickel ou une tôle en
alliage réfractaire.
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