wo 2013/154660 A1 I} 000 0 0

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/154660 A1

17 October 2013 (17.10.2013) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
F16J 15/32 (2006.01) F16J 15/16 (2006.01) kind of national protection available): AE, AG, AL, AM,
F16J 15/34 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
. L BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: DO, DZ, EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
PCT/US2013/023599 HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(22) International Filing Date: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
29 January 2013 (29.01.2013) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
) NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
(25) Filing Language: English RW, SC, 8D, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
(26) Publication Language: English ™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.
(30) Priority Data: . L
13/445.998 13 April 2012 (13.04.2012) ys (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: UNITED TECHNOLOGIES CORPORA- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
TION [US/US]; One Financial Plaza, Hartford, CT 06101 UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
. . EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
72) ;‘;Zleg‘;ts"rlv[ AC()L1(9)(I)J6S-E§0?(rII?sn)’ Ellis; 5 Burnham Ave., MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL, SK, SM,
i ' TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(74) Agent: MILLER, Thomas, A.; Miller, Matthias & Hull ML, MR, NE, SN, TD, TG).
LLP, One North Franklin Street, Suite 2350, Chicago, IL Published:

60606 (US).

with international search report (Art. 21(3))

(54) Title: DUPLEX FINGER SEAL FOR JOINTS WITH HIGH RELATIVE DISPLACEMENT

(57) Abstract: The sealing apparatus
and method of assembling the same is
disclosed. The sealing apparatus may
comprise a resilient member and a seal-
ing member. The resilient member may
define a cavity having a closed end and
an open end. The resilient member may
include a first wall having a first inner
sealing surface and a second wall hav-
ing a second inner sealing surface. The
first and second walls may be joined at
the closed end. The sealing member
may be disposed at least partially in the
cavity in sealing engagement with the
first and second inner sealing surfaces.
The sealing member may comprise an
upper plurality of layered finger seals
and a lower plurality of layered finger
seals.



WO 2013/154660 PCT/US2013/023599

DUPLEX FINGER SEAL FOR JOINTS WITH HIGH RELATIVE DISPLACEMENT

Technical Field of the Disclosure

[0001] The present disclosure relates to seals used to provide sealing against pressure
differentials between two parts that experience relative displacement and, more particularly,

relates to finger seals.

Background of the Disclosure

[0002] In various industrial applications, the interface between two parts may
experience displacement due to the motion of one part or both parts relative to the other part.
This displacement may be axial, radial or angular. For example, in turbines, such as gas
turbines and the like used in various static and dynamic applications, displacement between
some parts may arise due to the pressure differentials that occur during operation. When the
amplitude of such displacement is too large for other types of seals to accommodate and/or
the temperature is too high for non-metallic seals, finger seals are used to provide sealing
against pressure differences (leakage of air) between two parts. Such finger seals may be
used in turbine engines at the augmentor liner interface, the nozzle liner closeouts and nozzle
liner edge seals, among other places.

[0003] To maintain contact and seal effectively, finger seals rely on spring loading
and pressure differentials that occur in one direction. If the pressure reverses, the fingers of
the finger seal may lift off the parts that they mate with and lose sealing ability. Accordingly,

it would be beneficial if an improved sealing apparatus was developed.

Summary of the Disclosure

[0004] In accordance with one aspect of the present disclosure, a sealing apparatus is
disclosed. The sealing apparatus may comprise a resilient member and a sealing member.
The resilient member may define a cavity having first and second opposed inner sealing
surfaces. The sealing member may include a plurality of layered finger seals. The sealing

member may have a back portion, an upper turned portion and a lower turned portion. The
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upper and lower turned portions may extend in opposing directions and may each be biased
against one of the inner sealing surfaces of the resilient member.

[0005] In accordance with another aspect of the present disclosure, a sealing
apparatus is disclosed. The sealing apparatus may comprise a resilient clamp and a dual-
hook shaped sealing member. The clamp may define a cavity having a closed end and an
open end. The clamp may include a first wall having a first inner sealing surface and a
second wall having a second inner sealing surface. The first and second walls may be joined
at the closed end. The dual-hook shaped sealing member may be disposed at least partially in
the cavity in sealing engagement with the first and second inner sealing surfaces. The sealing
member may comprise an upper plurality of layered finger seals and a lower plurality of
layered finger seals.

[0006] In accordance with yet another aspect of the present disclosure, method of
assembling a sealing apparatus is disclosed. The method may comprise providing a resilient
clamp and a sealing member. The clamp may define a cavity having a closed end and an
open end, and may include a first wall having a first inner sealing surface and a second wall
having a second inner sealing surface. The first and second walls of the clamp may be joined
at the closed end. The sealing member may comprise an upper plurality of layered finger
seals and a lower plurality of layered finger seals. The upper plurality may have an upper
back portion and an upper turned portion, and the lower plurality may have a lower back
portion and a lower turned portion. The upper and lower back portions may be disposed
adjacent to each other and the upper and lower turned portions may be opposed to each other.
The method further includes lodging the sealing member into the cavity of the clamp until the
upper turned portion is biased against first inner sealing surface and the lower turned portion

is biased against the second inner sealing surface.

Brief Description of the Drawings

[0007] FIG. 1 is a schematic illustration of an embodiment of a finger seal apparatus,
in accordance with the present disclosure;

[0008] FIG. 2 is an enlarged detail of the finger seal apparatus of FIG 1; and

[0009] FIG. 3 is a detailed perspective view of a portion of the finger seal of FIG. 2.
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3.

[0010] While the present disclosure is susceptible to various modifications and
alternative constructions, certain illustrative embodiments thereof, will be shown and
described below in detail. It should be understood, however, that there is no intention to be
limited to the specific embodiments disclosed, but on the contrary, the intention is to cover all
modifications, alternative constructions, and equivalents falling within the spirit and scope of

the present disclosure.

Detailed Description of the Disclosure
[0011] Referring to FIGS. 1-2, an illustration of an exemplary embodiment of a

sealing apparatus 10 is shown. As shown, the sealing apparatus 10 may include a resilient
member 12 and a sealing member 14. The resilient member 12 may define a cavity 16
having a closed end 18 and an open end 20. The resilient member may include a first wall 22
having a first inner sealing surface 24 and a second wall 26 having a second inner sealing
surface 28. The first and second walls 22, 26 may be joined at the closed end 18. In one
embodiment the resilient member may be a clamp. In one embodiment the resilient member
12 may be a fish mouthed clamp, as is known in the art. In an embodiment, the resilient
member 12 may be of a metallic material and may be stiff enough to limit distortion under
pressure.

[0012] The sealing member 12 may be disposed at least partially in the cavity 16 in
sealing engagement with the first and second sealing surfaces 24, 28 of the resilient member
12. In an embodiment, the sealing member 12 may be generally shaped like a dual hook.
More specifically, the sealing member 14 may comprise an upper plurality of finger seals 30
and a lower plurality of finger seals 32.

[0013] The upper plurality 30 may include a first finger seal 34 and a second finger
seal 36. In an embodiment, the first and second finger seals 34, 36 may be nested together.
The upper plurality of finger seals 30 may have an upper turned portion 38 with a first outer
sealing surface 50 and an upper back portion 40. The upper plurality of finger seals 30 may
also have an upper leg portion 42. In some embodiments, the upper leg portion 42 may be
disposed generally perpendicular to the upper back portion 40.

[0014] The lower plurality of finger seals 32 may include a third finger seal 37 and a

fourth finger seal 39. In an embodiment, the third and fourth finger seals 37, 39 may be
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nested together. The lower plurality of finger seals 32 may have a lower turned portion 44
with a second outer sealing surface 51 and a lower back portion 46. In some embodiments,
the lower plurality of finger seals 32 may also have a lower leg portion 48. The lower leg
portion 48 may be disposed generally perpendicular to the lower back portion 46. In one
embodiment, the upper and lower pluralities of finger seals 30, 32 may be secured together at
an end 52 of the sealing member distal from the upper and lower turned portions 38, 44. The
upper and lower pluralities of finger seals 30, 32 may be secured together by a bolt, clamp, or
the like.

[0015] In an embodiment the upper and lower back portions 40, 46 may be adjacent
to each other, either directly or indirectly, and the upper and lower turned portions 38, 44
may extend outward in opposing directions toward the sealing surfaces 24, 28 of the resilient
member 12. Hence, the sealing member 14 may be shaped like a dual hook or anchor. In an
embodiment the upper and lower leg portions may also be adjacent to each other and/or
nested tougher. In some embodiments a layer of high temperature resistant cloth, such as
Nextel™, or metal fabric, may be sandwiched between the indirectly adjacent upper and
lower back portions 40, 46.

[0016] The upper turned portion 38 together with a part of the upper back portion 40
may define a generally triangular shape. The upper turned portion 38 may be biased against
the first sealing surface 24 of the resilient member 12. More specifically, a the first outer
sealing surface 50 of the upper turned portion 38 may be biased against the first inner sealing
surface 24 of the resilient member 12.

[0017] Likewise, in an embodiment, the lower turned portion 44 together with a part
of the lower back portion 46 may also define a generally triangular shape. The lower turned
portion 44 may be biased against the second sealing surface 28 of the resilient member 12.
More particularly, the second outer sealing surface 51 of the lower turned portion 44 may be
biased against the second inner sealing surface 28 of the resilient member 12.

[0018] As is known in the art, each finger seal 34, 36, 37, 39 may each include a
plurality of fingers 54. The fingers of the finger seals 34, 36, 37, 39 may be made of a
metallic material. In some embodiments the fingers may be metal strips. The finger seals 34,
36 in the upper plurality of finger seals 30 may be layered and positioned such that the

fingers 54 of one finger seal are offset from the fingers 54 of another finger seal in the upper
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plurality 30. For example, the first finger seal 34 and the second finger seal 36 may be
layered such that the fingers 54 of the second finger seal 36 are offset from the fingers 54 of
the first finger seal 34.

[0019] FIG. 3 illustrates one embodiment of such an arrangement as described above.
In FIG. 3 part of an exemplary upper turned portion 38 is shown. The first finger seal 34 is
nested in the second finger seal 36. The fingers 54 of the first finger seal 34 are offset from
the fingers 54 of the second finger seal 36.

[0020] Similarly, the finger seals in the lower plurality of finger seals 32 may be
layered and positioned such that the fingers 54 of one finger seal are offset from the fingers
54 of a different finger seal in the lower plurality 32. For example, the third finger seal 37
and the fourth finger seal 39 may be layered such that the fingers 54 of the third finger seal
37 are offset from the fingers of the fourth finger seal 39.

[0021] In FIG. 3 part of an exemplary lower turned portion 44 is also shown. The
fourth finger seal 39 is nested in the third finger seal 37. The fingers 54 of the third finger

seal 37 are offset from the fingers 54 of the fourth finger seal 39.

Industrial Applicability

[0022] In general, the present disclosure sets forth a sealing apparatus 10 for use with
industrial applications in which the pressure is not constant or reverses across the sealing
member 14. A method of assembling the sealing apparatus 10 described above is disclosed.
[0023] The method comprises providing the resilient member 12 and the sealing
member 14. As discussed above, the resilient member 12 may define a cavity 16 having a
closed end 18 and an open end 20. The resilient member 12 may include a first wall 22
having a first inner sealing surface 24 and a second wall 26 having a second inner sealing
surface 28. The first and second walls 22, 26 may be joined at the closed end 18. The
resilient member 12 may be mounted to a first support surface.

[0024] The method further includes providing a sealing member 14. The sealing
member 14 may comprise an upper plurality of layered finger seals 30 and a lower plurality
of layered finger seals 32. The upper plurality 30 may have an upper back portion 40 and an

upper turned portion 38. The lower plurality 32 may have a lower back portion 46 and a
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lower turned portion 44. The upper and lower back portions 40, 46 may in some
embodiments, be directly adjacent to each other. In other embodiments a layer of high
temperature resistant cloth, such as NextelTM, or metal fabric, may be sandwiched between
the indirectly adjacent upper and lower back portions 40, 46. The upper and lower turned
portions 38, 44 may be opposed to each other.

[0025] The method further includes forcefully lodging the sealing member 14 into the
cavity 16 of the resilient member 12 until the upper turned portion 38 is biased against first
inner sealing surface 24 of the cavity 16 and the lower turned portion 44 is biased against the
second inner sealing surface 28 of the cavity 16. The method further includes securing, at an
end 52 distal from the upper and lower turned portions 38, 44, the upper and lower pluralities
of fingers seals 30, 32 to a second surface.

[0026] The sizing of the cavity 16 of the resilient member 12 in relation to the sealing
member 14 to produce an interference fit causes downward pressure on the upper back
portion 40 and upward pressure on the lower back portion 46, thus sealing the upper and
lower back portions 40, 46 together. More specifically, once assembled and installed,
downward pressure is exerted on the upper back portion 40 of the upper plurality of finger
seals 30 by the spring load provided by the engagement of the first wall 22 of the resilient
member 22 with the upper turned portion 38. Likewise, upward pressure is exerted on the
lower back portion 46 of the lower plurality of finger seals 32 by the spring load provided by
the engagement of the second wall 26 of the resilient member 12 with the lower turned
portion 44. Securing, at an end 52 distal from the upper and lower turned portions 38, 44, the
upper and lower pluralities of fingers seals 30, 32 together provides additional stability and
sealing force between the upper and lower plurality of finger seals 30, 32.

[0027] During use, when air pressure is higher on the side of the sealing member 14
on which the upper back portion 40 is disposed, the higher air pressure not only increases the
load provided by the upper back portion 40 on the lower back portion 46 (that is on the other
side of the sealing member 14), it also increase the load on the upper turned portion 38
against the first inner sealing surface 24 of the resilient member 12. Thus maintaining the
sealing apparatus 10 against leakage between the fingers 54 of the upper plurality of finger
seals 30. The fingers 54 of the lower plurality of finger seals 32 add to the contact load
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provided on the higher air pressure side by maintaining their spring loaded interference fit on
the opposite side of the cavity 16 (second inner sealing surface 28).

[0028] When pressure reverses and air pressure is higher on the side of the sealing
member 14 on which the lower back portion 46 is disposed, the higher air pressure not only
increases the load provided by the lower back portion 46 on the upper back portion 40 (that is
on the other side of the sealing member 14), it also increase the load on the lower turned
portion 44 against the second inner sealing surface 28 of the resilient member 12. Thus
maintaining the sealing apparatus 10 against leakage between the fingers 54 of the lower
plurality of finger seals 32. The fingers 54 of the upper plurality of finger seals 30 add to the
contact load provided on the higher air pressure side by maintaining their spring loaded
interference fit on the opposite side of the cavity 16 (first inner sealing surface 24).

[0029] While only certain embodiments have been set forth, alternatives and
modifications will be apparent from the above description to those skilled in the art. These
and other alternatives are considered equivalents and within the spirit and scope of this

disclosure and the appended claims.
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Claims

What is claimed is:
1. A sealing apparatus comprising:
a resilient member defining a cavity having first and second opposed inner
sealing surfaces; and
a sealing member including a plurality of layered finger seals, the sealing
member having a back portion, an upper turned portion and a lower turned portion,
the upper and lower turned portions extending in opposing directions and each biased

against one of the inner sealing surfaces of the resilient member.

2. 'The sealing apparatus of claim 1, in which the plurality of layered finger seals
comprises a first finger seal and a second finger seal and each of the first and second
finger seals includes a plurality of fingers, wherein the fingers of the first finger seal

are offset from the fingers of the second finger seal.

3. 'The sealing apparatus of claim 2, wherein the fingers are metal.

4. 'The sealing apparatus of claim 2, wherein at least a portion of the first finger seal and

the second finger seal are nested together.

5. 'The sealing apparatus of claim 2, in which the plurality of layered finger seals further
comprises a third finger seal and a fourth finger seal and each of the third and fourth
finger seals including a plurality of fingers, wherein the fingers of the third finger seal

are offset from the fingers of the fourth finger seal.

6. The sealing apparatus of claim 5, wherein at least a portion of the third finger seal and

the fourth finger seal are nested together.

7. 'The sealing apparatus of claim 5, wherein the resilient member is metal.
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10.

11.

12.

13.

A sealing apparatus comprising:

a resilient clamp defining a cavity having a closed end and an open end, the
clamp including a first wall having a first inner sealing surface and a second wall
having a second inner sealing surface, the first and second walls joined at the closed
end; and

a dual-hook shaped sealing member disposed at least partially in the cavity in
sealing engagement with the first and second inner sealing surfaces, the sealing
member comprising an upper plurality of layered finger seals and a lower plurality of

layered finger seals.

The sealing apparatus of claim 8, wherein the upper plurality has an upper back
portion and an upper turned portion and the lower plurality has a lower back portion

and a lower turned portion, the lower back portion adjacent to the upper back portion.

The sealing apparatus of claim 9, wherein the upper turned portion is biased against
the first inner sealing surface and the lower turned portion is biased against the second

inner sealing surface.

The sealing apparatus of claim 9, in which the upper plurality of layered finger seals
comprises a first finger seal and a second finger seal and each of the first and second
finger seals includes a plurality of fingers, wherein the fingers of the first finger seal

are offset from the fingers of the second finger seal.

The sealing apparatus of claim 11, in which the lower plurality of layered finger seals
comprises a third finger seal and a fourth finger seal and each of the third and fourth
finger seals includes a plurality of fingers, wherein the fingers of the third finger seal

are offset from the fingers of the fourth finger seal.

The sealing apparatus of claim 12, wherein the fingers are a metallic material.



WO 2013/154660 PCT/US2013/023599

14.

15.

16.

17.

18.

19.

-10-

The sealing apparatus of claim 9, wherein the second back portion is nested in the first

back portion.

The sealing apparatus of claim 9, wherein the upper and lower pluralities of finger
seals are secured together at an end of the sealing apparatus that is distal from the

upper and lower turned portions.

The sealing apparatus of claim 9, wherein the clamp is a metallic material.

The sealing apparatus of claim 9, wherein a portion of the upper plurality of finger

seals is generally triangular in shape and biased against the first inner sealing surface.

The sealing apparatus of claim 17, wherein a portion of the lower plurality of finger
seals is generally triangular in shape and biased against the second inner sealing

surface.

A method of assembling a sealing apparatus, the method comprising:

providing a resilient clamp defining a cavity having a closed end and an open
end, the clamp including a first wall having a first inner sealing surface and a second
wall having a second inner sealing surface, the first and second walls joined at the
closed end;

providing a sealing member, the sealing member comprising an upper
plurality of layered finger seals and a lower plurality of layered finger seals, the upper
plurality having an upper back portion and an upper turned portion, and the lower
plurality having a lower back portion and a lower turned portion, the upper and lower
back portions adjacent to each other and the upper and lower turned portions opposed
to each other; and

lodging the sealing member into the cavity of the clamp until the upper turned
portion is biased against first inner sealing surface and the lower turned portion is

biased against the second inner sealing surface.
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20. The method of claim 19, further comprising bolting the upper and lower pluralities of

fingers seals together at an end distal from the upper and lower turned portions.
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