TURBI NE BLADE NESTED SEAL DAMPER ASSEMBLY The US CGovernnent may have certain
rights in this invention in accordance wth Contract Nunber
NO0019- 02- C- 3003 awarded by the United States Navy. 5 BACKGROUND OF THE

| NVENTI ON Thi s application relates generally to a turbine seal and damper
assenbly and specifically to a nested sea] and danper assenbly.

Conventional gas TWRBINE BINIENESTEDSE A DAMPRER ASSENBBY Yt hat has a 10
plurality of turbine blades attached about a circunference of a turbine

rotor. Each of the turbine blades is spaced a distance apart from adj acent
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el evated tenpefaisupphicafontrilatds@engaleso a filtbins eadl and daypecadskiyibly st al sheet
nest ed between 20 adj acent turbj ne bl ades_on an inner surface of the

pl atform siTicaly tq anesjed seal angd damnek pse@bYeo as to conformto the inner
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include a root that attaches to the rotor, a platform and a blade that extends radially

outwardly from the platform.

15 Problems arise when hot gases penetrate below the platform of the turbine
blades. Hot gases flowing over the platform are prevented from leaking between
adjacent turbine blades by a seal. This is done because components below the
platform are generally not designed to operate for extended durations at the elevated
temperatures of the hot gases. The seal is typically a metal sheet nested between

20  adjacent turbine blades on an inner surface of the platform. The seal is typically
flexible so as to conform to the inner surface of the platform and prevent the
intrusion of hot gases below the platform of the turbine blade. Typically, the seal is
disposed against a radially outboard inner surface of the platform of the turbine
blade.

25 In addition to the seal it is common practice to include a damper between
adjacent turbine blades to dissipate potentially damaging vibrations. A damper is
typically sized to provide sufficient mass and rigidity to dissipate vibration from the
turbine blade. Vibrations from the turbine blade are transmitted through frictional
contact between the damper and an inner surface of the turbine blade platform.

30  Dampers provide the maximum benefit and dampening when positioned at a radial

outermost part of an inner surface of the platform.



turbi ne blade. Vibrations fromthe turbine blade are transmtted through
frictional contact between the danper and an i nner surface of the turbine
bl ade platform 30 Danpers provide the maxi mum benefit and danpeni ng when
positioned at a radial outernost part of an inner surface of the platform
-1 Di sadvant ageously, both the danper and the seal performto the maxi num
benefit when pogiidadontsecddalNBéthtihe dhMpP& artiihe a6 RffdreioPthatrh HiMumAS
appreciated, it is only poSsible to position either the seal or the danper
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seal . Howeumer surfieemat eri al properties of the seal and the danmper are
conproni sed to accommpdate the separate functions. That is the seal materi al
is notdas flexiAptusready geaoseisalyfiasrpieyidesn gingleipae theefarmpers bagh reoper ti es
required a eri,al. es. no rovi de the nost..beneficial
danpeni ng [Q)%(l)%]g? %‘?%sed(?%pp%ér gg%h ?gg\ﬁgﬁg@fo é&gt(g?rlgthF |d8§(1|r6‘61| llolc?tilonf(grbot%kllgneseal . The

conpr om sedhapsesd thaed aHeve\@anpe mdigidd peRritddses thoded anarpddempaal
properties yields |ess than desirable performance for both functions.
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seal nested within a danper. such that both the seal and danper are disposed
at an i nt efdepfo pravade srng fleybflEy dontherssal tlhesompromadetwera Baniskle- seal

assenbly i H%b‘ggﬁg tﬂ?&p&ﬁ@sl ahgafavgrra&\éegéﬁ }g}%erg@ss%ﬁelhg Q85 than desirable
performance for both functions.

Accordingly, it is desirable to develop a seal and damper assembly utilizing

15 the most beneficial material for each function while providing the most beneficial

placement of the damper and seal.

SUMMARY OF THE INVENTION

This invention is a damper-seal assembly for a turbine blade that includes a
20 seal nested within a damper such that both the seal and damper are disposed at an
interior outer most surface of the turbine blade.

The damper-seal assembly includes the seal that prevents hot gases from
penetrating a gap between adjacent turbine blades. The seal abuts the inner surface
of the platform and bridges the gap to block the flow of hot gases. The damper

25  includes a recess within which the seal nests. On each side of the recess the damper
includes a surface that contacts the inner most surfaces of the turbine blade. The
surface of the damper provides frictional contact that absorbs vibrational energy
from the turbine blade generated during operation.

The damper-seal assembly is assembled within a cavity of the turbine blade

30  such that both the damper and the seal are adjacent the inner surface. Both the
damper and the seal provide the most benefit by being located at the radially

outermost point within the cavity.



penetrating a gap between adjacent turbine blades. The seal abuts the inner
surface of the platformand bridges the gap to block the flow of hot gases.
The danper 25 includes a recess within which the seal nests. On each side of
the recess the danper includes a surface that contacts the inner nost
surfaces of the turbine blade. The surface of the danper provides
frictional contaet dufipbr—a&isasdembyy bf fid PRakticANebYdes fdrane bieot dpbiafe bl ade
generated during operation. The danper-seal assenbly is assenbled within a
cavity of m%ertagf%th@swléaé theadanapee vhilsaproviding fonepdmabplacapent hdodeal are
adj acent t I r h el & I.de e nost
benefit byﬂgee%eﬁggﬁ;%?%té ]gef[r. the sretaagﬁlzgllﬂq%molﬂfl%?%&tla g%%§§¢le% ?[%JP% tp %Q cavity.
The danper paaadesahe eftbirgd calttoi sreventetht iinmuPpsDol dRs daods bid thes dadbersepar at e
material for the seal and the danper while providing for optinmal placenent
of both® tREOViEs| thendensherigdnpaycturenaecsessry ifae | abaeding YIRaEQrah| §n¢r&Yef or mabl e
material t I desired seal to prevent the intrusion of hot
gases and ?ﬁier%g%ggﬂﬁlggé%e%%\?ﬂndes the dense rigid structure necessary for
absor bi ng vi br atAicoodin gty ethg Yangenedahtagstnehly iofi ghspiavadtdoanprofieerfdi iigd y, the
danper-seal assemhly of this invention provides for the nost beneficial

mat eri al f Sosebesficisharateial ferpachunpden apd ther mestenpligiakbplasamet of fie  danper
and seal . }0 E&%QS%d ot her features of the present invention can be best
under st ood'  TFom the fol | ow ng specification and drawi ngs, the foll ow ng of
whi ch 18 a bri efThetesal bipict dentuBRIOERhOPECEtFhVEMN dnFcahHE DRAWINEEtd&l Fi gure 1
is a perspective view of adjacent tu\r/qbi ne bl ade assenblies, Figure 2 is a

si de vi ew Sy theatpblering speciicalinmapd drawingst e PleBingecthVad 1s Pgefre 3 is
an expl 0deﬁe§é¥i$%£f t he danper seal assenbly.

BRIEF DESCRIPTION OF THE DRAWINGS

15 Figure 1 is a perspective view of adjacent turbine blade assemblies.

Figure 2 is a side view of a damper seal assembly within the turbine blade.
Figure 3 is an exploded view of the damper seal assembly.
Figure 4 is a perspective view of the damper seal assembly.
Figure 5 is a schematic view of placement of the damper seal assembly.
20
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Figure 1, a turbine assembly 10 includes a plurality of adjacent
turbine blades 12. Each of the turbine blades12 includes a root 14 that is fit into a
radial slot of a turbine rotor (not shown). Radially outward of the root 14 is a
25  platform 16. The platform 16 includes an outer surface 18 and an inner surface 20.
The inner surface 20 is disposed radially inward of the outer surface 18. An airfoil

22 extends upward from the platform 16.
Hot gas 24 flows around the airfoil 22 and over the outer surface 18. A gap
26 extends axially between adjacent turbine blades 12. The gap 26 prevents contact
30  between the turbine blades 12. A damper-seal assembly 28 includes a seal 30 that
prevents hot gases 24 from penetrating the gap 26 and penetrating the underside of

the platform 16. The seal 30 is positioned within a cavity 32 formed between

-3-



Figure 4 is a perspective view of the danper seal assenbly. Figure 5is a
schematic view of placenent of the danper seal assenbly. 20 DETAILED

DESCRI PTI ON OF THE PREFERRED EMBCODI MENT Referring to Figure 1, a turbine
assenbly 10 includes a plurality of adjacent turbine blades 12. Each of the
turbine bladesl 2 includes a root 14 that is fit into a radial slot of a
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16. The platform 16 includes an outer surface 18 and an inner surface 20.
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performance. Preferably, the damper 34 is positioned within the cavity 32 to

maximize vibration-dampening performance. The damper 34 is illustrated in a
15 forward most position. Although the damper 34 is shown in the forward most
position, one skilled in the art with the benefit of this disclosure would understand
that other configurations of the damper 34 are within the contemplation of this
invention.
Referring to Figures 3 and 4, the seal 30 nests within a recess 38 of the
20  damper 34. The recess 38 provides for the seal 30 and a portion of the damper 34 to
both abut the inner surface 20 of the platform 16. The recess 38 extends axially
along a top surface of the damper 34. The seal 30 includes fingers 44 that interfit
onto the damper 34 and secure the seal 30 and the damper 34 together. The fit
between the damper 34 positions the seal 30 relative to the damper 34 and thereby
25  relative to the gap 26 between adjacent turbine blades 12.
The damper 34 includes a body portion 50 and seal retention arms 52 that
extend forward of the body portion 50 for supporting a forward portion of the seal
30. The damper 34 includes rub surfaces 46 disposed on either side of the recess 38.
The rub surfaces 46 are in frictional contact with the inner surface 20 along a plane
30 common with the seal 30. The damper 34 includes retention features 54 that
correspond to the cavity 32 to position and secure the damper-seal assembly 28

relative to the inner surface 20. An alignment feature 56 is also included and juts
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20 absorbs and di ssipates vibrational energy generated during operation.
Axi al placenent of the danper 34 substantially maxim zes

vi brati on-danpeni ng performance. Preferably, the danper 34 is positioned
within the cavity 32 to naxim ze vibration-danpeni ng performance. The
danper 34 is illustrated in a 15 forward nost position. Al though the danper

34 i s showfronfitHelfddl FOVE ehcAREde of ARS H&fh?ﬁ!}, 340N&xifBdsling ﬁ@hiioﬂs thex@hd thd th the
benefit of this disclosure would understand that other configurations of
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Fi gures 3 I ests wthin a recess 38 of the 20 danper 34.
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rel ative td4t#e WHHRINS sepawlBen ohhay inyiehEN andfAcarrdest onsaRAlise el uded
and juts -Sﬁlecﬁﬁcoggggitp@mgggy 50 on each side of the danper 34. Stiffening
portions 58 extend the rub surfaces 46 on each side of the danper 34. The

stiffening portilbaseB80ss pefaytbigr thmrstiestaif micvalcleattindudask fouw irdqostictt.
60 that fits onto the retention arms 52 of the damper 34. The fingers 44 interfit the

15 damper 34 and hold the seal 30 nested within the recess 38. The seal 30 is
preferably flexible to conform to the inner surface 20 to provide a desired seal
against the intrusion of hot gases 24 under the turbine blade 12. A rearward portion
62 extends axially rearward and extends inboard to conform and seal with the
configuration of the axially extending gap 26. The material utilized for the seal 30 is

20  selected to withstand the pressures and temperatures associated with a specific
application and to allow for some plastic deformation. The seal 30 plastically
deforms responsive to the thermal and centrifugal loads to conform and fit the
contours of the inner surface 20. The plastic deformation provides a desired seal
against the intrusion of hot gases 24.

25 Referring to Figure 5, the damper-seal assembly 28 is shown within the
cavity 32 defined by adjacent turbine blades 12. The rub surfaces 46 contact the
inner surface 20. The damper 34 performs the most benefit at the radially outer
most portion on a non-gas path side of the turbine blade 12. The frictional contact
between the damper 34 and the inner surface 20 of the turbine blade 12 dampens

30  vibrations generated during operation. The seal 30 is disposed along the axial gap

26 on the inner surface 20. The recess 38 provides for continuous contact of the seal



The danper 34 is fabricated froma material that does not plastically deform
5 under the thermal and centrifugal |oads produced during operation. Further
the material utilized for the danper 34 is selected to provide desired

vi brati on danpening properties in addition to the thermal capacity. The
danper 34 is placed wunder centrifugal |oading against the inner surface 20
of the pl asf alonp liee inAkit Sulagh 2@ of pdjededt tueine brillegu aloh@rtheodntirdiexidibgaper 34 is
shown, a worker with the benefit of this 10 di scl osure woul d _understand t hat

di fferent EMMHgRrAtYIBEchAcHEat Uleost radiabperhpior tudamrerdtt hin t he
contenpl ation ofry{ *Ha%mﬁef“é@a{]t 488m lndzﬁ%‘?et'ﬂfée{?]tve %@@F&)@ét fo‘?”theSLR%%tf I c
requi renents. The seal” 30 1s pre athins nmetal that includes
a forward papatdtomat&tl tthathef seas 30 rand tﬂlbelanmeeﬁﬂi\mlmleaprwuﬁﬁg (f(br ppiemalanper 34.

The fingers 44 int rflt t he r 34 hol ed within
the r ecgssp]é‘éem‘ﬁ*ﬁ bath th@éeﬁlé%;ﬁngft EprfSI e%hﬁl sgdltiﬂ]’(% 81“* fh 36“?% i nner
surface 20at@nREAY hifio 4551 fi8diaseale dagel el HNEcldl e RRuRin Bohogases 24
under the turbine blade . A rearward portion extends axially rearward
and ext endgaseme?araddttbe atamip@r Mdapcdsdeal thei dénse hegid canfchuger mcessaryofort he

axially ext g g)% 26, The nater|§’ utilized for the seal 30 is 20

sel ected t 8°S%F ‘H Vi anAkenor s SeRERLe "EORFEF 8P ures associated with a
specific appli aathbRh @r&efeefealénwzesdirﬁémsanmlsph@éﬁﬁ&] &S pedmbiisOBsedlhe seal 30
plastically deforms responsive to the thermal and centrifugal |oads to

conf or b andvoffer of hedinarp skidlunghisfartt weuld mevegnige tifaa certddin momifecapions woald

def ormati on provi,des, a desirged .seal ainst  the intrusion of hqgt. gases 24.
25 Ref er 1 HTE OV TG UPE 655 1o TS ppiertiBEal PR bt ahf JTnSing ek n-the
cavity 32 defuldeéstiicadh agemhiné ufehfu@escblbeagﬂscoia%m dh@is idbertionf aces 46 contact
the inner surface 20. The danper 34 perforns the nost benefit at the
radially outer nost portion on a non-gas path side of the turbine blade 12.

The frictional contact between the danper 34 and the inner surface 20 of
t he turbine bl ade 12 danpens



30 vibrations generated during operation. The seal 30 is disposed al ong the
axial gap 26 on the inner surface 20. The recess 38 provides for continuous
contact of the seal -5 30 along the inner surface 20 of adjacent turbine

bl ades 12 along the entire axial gap 26 while providing the benefici al
outernost radial position for the danper 34. The danper-seal assenbly 28 of
this invention provides for the useGlfAIMSparate material for the seal 30
and the danper 34 while providing for optimal 5 placenent of both the seal
30 and the danper 34. The seal 30 i ncludes a plastically deformable materi al

that provides the, a6 L&8mS Sg{ vent the intrusion of hot gases 24 and
t he danper 34 provides the Id structure necessary for absorbing

vi brati onal eneaqyuxghtyemfamletdnﬁbfaldngspaped aparb fromAtachonilydr, ewhpreerli eachedf
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within theggepe of this invention. For that reason, the follow ng clains
shoul d be studied to deternmine the true scope and content of this invention.
-6 CLAIMS | A a@ampnlecmwsm g/p@'@npldlspowg adalcgitmamﬂmnqr soffacazabd ne bl ades
spaced apart fronl ere said plurality of turbine
o1 ades | hel udes SaHH PEVIER AT PaLTrRE I BoprsrbaURE D P Pt s f acer o
danper conprising a portion disposed adjacent said inner surface;, and a
seal nested with said danper and di sposed adjacent said inner surface. 10 2.
The as$@nbBy as The@'s&teewly' AS tcaedrimclaiwhér wherewadadt dampasrcoppmsed s eesess r ecess
into which eal ts 3. The assenbly as recited in claim1, wherein

sai d seal gbﬂﬁ&i’ Ssal %%FSI'I ons

3. The assembly as recited in claim 1, wherein said seal comprises tab portions

that fit onto said damper.

15
4. The assembly as recited in claim 3, wherein said damper comprises
alignment features for aligning said damper relative to each of said plurality of
turbine blades.

20 5. The assembly as recited in claim 4, wherein said alignment features include

nubs projecting outwardly.

6. The assembly as recited in claim 1, wherein each of said plurality of turbine
blades comprises a forward portion and a rearward portion and said inner and outer

25  surfaces extend therebetween, said damper disposed adjacent said forward portion.

7. The assembly as recited in claim 1, wherein said seal comprises a thin sheet

of metal.

30 8. The assembly as recited in claim 1, wherein said damper comprises a molded

mass.



that fit onto said danper. 15 4. The assenbly as recited in claim3, wherein
sai d danper conprises alignnent features for aligning said danper relative
to each of said plurality of turbine blades. 20 5. The assenbly as recited
in claim4, wherein said alignnent features include nubs projecting
Qutwardly. 6. The assenbly as recited in claim1l, wherein each of said
plurality of turlbengsenibladese@imhickem B Wisrvarsdidoihpanndndidis¢agaravar d
portion and said i nner and outer 25 surfaces extend therebetween, said
danper d|sSB@%B“&H?%@@H@dggV@“ﬁb?%@?ﬁdﬁﬁﬂppﬁn 7. The assenmbly as recited in
claim1l1, wherein said seal conprises a thin sheet of netal. 30 8. The
assenbly as recited in claiml, wherein said danper conprises a nol ded

mass. -7 9.0The T&ssaesehi@y asracged tredaimn | ciwhéminladjacker mrbins hladeddgfpera and sai d
seal ar bot.h di s ﬁ a raqmﬁg ngst oyt board position. 10. The
assenbl y aSAHBCN% mc S@Fé?ﬁ?ira P%Fﬁ &H?%%ent turbi ne bl ades define a 5
cavity into which sald danper and seal are disposed. 11. The assenbly as
recited in claim 10 wherein said danper is disposed in a forward nost
portion of 13ai dT¢1a\ﬂ's$qmb15L(as Tcite@he dwseidwhessn sadidaatber nis disposedlih,a wher ei n
each of saldgp %rall urpi ne blades include an alignnment feature for
posi ti oni ng”' UMY OWf WHCYYYd cavity. 13. A danper seal assenbly for
a turbine blade conprising: a danper conprising a contact surface abutting

an inner surface of the 15 turbine blade; and
10 12.  The assembly as recited in claim 11, wherein each of said plurality of turbine

blades include an alignment feature for positioning said damper within said cavity.

13. A damper seal assembly for a turbine blade comprising:
a damper comprising a contact surface abutting an inner surface of the
15  turbine blade; and

a seal nested with said damper abutting the inner surface of the turbine blade.

14, The assembly as recited in claim 13, wherein said damper comprises a

recessed portion into which said seal nests.

20
15.  The assembly as recited in claim 13, including a plane defined across said
damper by said contact surface wherein a surface of said seal is disposed within said
plane.

25 16. The assembly as recited in claim13, wherein said damper includes retention

features corresponding with the inner surface of the turbine blade.

17.  The assembly as recited in claim 13, wherein a surface of said seal and said
contact surface of said damper abut a radially outermost non-gas path side of the

30 turbine blade.



a seal nested with said danper abutting the inner surface of the turbine
bl ade. 14. The assenbly as recited in claim 13, wherein said danper
conprises a recessed portion into which said seal nests. 20 15. The
assenbly as recited in claim 13, including a plane defined across said
danper by said contact surface wherein a surface of said seat is disposed
Wi t hin sai d8. pl and¢ampth sdfi assthdl psaepiiyg:as recited in clainl3, wherein said
danper includes retention features corresponding with the inner surface of
the turbine bl addampgr coppRiisigsnRedNandsat Jeash togrup sugpegs exieadingderathe a
surface of | I t face of said danper abut a
radially oBtég};r %‘Dﬁ%ﬁ%\rg%[agggﬁIséai%hh&g‘%}c@%rfeéét&%’eﬁﬁ30 tur bi ne bl ade. 18. A danper
seal assenbly corspali®mpyisirg dfrperd potipn wsihnfingeropabyecaing tatrefreastndtano r ub
surfaces extending fromthe bady and separated ron}leac. ot her by a recess;
and a seal "COWFH Fﬁ‘ﬁ‘%mi%?‘%?@e%%ﬂ?%c A ‘tr?F“PPﬂééWét POiRE S ng t her ef rom
and a 5 rearward portion projecting at least in part co-directionally with
the fingers. 19. The assenbly as recited in claim 18, wherein said seal
i ncl udes t aB. pofhe @pembinag refited ontloing 48 dwhbkaninesaid %@l BBludEheabapmtold y as
recited in_claim19, wherein said seal is adapted to fit within said recess
of said bod{ft 1b9NOPRid GBWERH) v as recited in claim20, wherein said at |east
two rub surfaces and a surface of said seal forma common plane. 15 22. A
danper conprising: a body; and

10 20.  The assembly as recited in claim 19, wherein said seal is adapted to fit within

said recess of said body.

21.  The assembly as recited in claim 20, wherein said at least two rub surfaces
and a surface of said seal form a common plane.

15
22. A damper comprising:

a body; and



-9 at least two rub surfaces extending fromthe body and separate from each
other by a recess. 23. The danper as recited in claim?22, including at |east
one finger extending 5 longitudinally fromsaid body. 24. The danper as
recited in claim?22, wherein said at |east two rub surfaces extend

| ongi tudi nally along said body. 10 25, The danper as recited in claim 22,

i ncluding at | easteastnevd tih axfaeedextgndih@if@nalicybddyomd sepdrdedyom 26ch The
danper as rgéiged in claim22, including at | east two |ugs disposed on
opposi t e sPHESPHATEEPH body. 15 27. A seal conprising: a forward segnent
including fingers projecting therefrom and a rearward segnent projecting at
| east in part co-directionally with said fingers. 20 28. The seal as
recited in28l ai Mh2damipachsidicngd an bty 22 gmawdinglef laasingneafipganetendiiger ei n
said fi gers Pr&jeﬁ§ at least. in part transverse to said plane. 29. The seal
as recited 8RR F8m Yng at least two fingers projecting 25
transversely from said body segnent on a common side. 30. The seal as
recited in claim?29, wherein said at |east two fingers are spaced a

di stance apart. TheGlamper as recited in claim 22, wherein said at least two rub surfaces

extend longitudinally along said body.

10 25.  The damper as recited in claim 22, including at least one lug extending

laterally from said body.

26.  The damper as recited in claim 22, including at least two lugs disposed on

opposite sides of said body.

15
27. A seal comprising:
a forward segment including fingers projecting therefrom; and
a rearward segment projecting at least in part co-directionally with said
fingers.
20
28.  The seal as recited in claim 27, including a body segment defining a plane,

wherein said fingers project at least in part transverse to said plane.

29.  The seal as recited in claim 28 including at least two fingers projecting

25  transversely from said body segment on a common side.

30.  The seal as recited in claim 29, wherein said at least two fingers are spaced a

distance apart.
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