STATOR VANE | NTEGRATED ATTACHMENT LI NER AND SPRI NG DAMPER BACKGROUND
5This disclosure relates to a stator assenbly for a gas turbine
engine. Mrre particularly, the disclosure relates to a danping
configuration for stator vanes in the stator assenbly.

Typically, gas turbine engines include a stator assenbly arranged at
one or nore stages in the conpressor section of the gas turbine

engi ne. The stator assenbly 10 includes an array of
circunferentially arranged discrete stator segnents. The stator
segnments include an outer shroud that provides opposing hooks
supported relative to an outer case. The stator segnents nove

relative to tHelal{HR VoAl [FEARATF A BEACHMIEN TIOREER AND
assenbl i es have attachrrent Imm&&é@men t he hooks and their
supporting structure to provid ucture that can be
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i nner shrouds stabilize the stat BAGSGRABND and ni n| m ze vibration,
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vanes with each of the stator vanes having a he hooks of
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may secure tOE&ah&kaOﬁl@ SRR ARBILIE hAR dithdielcHOBnds ARIRES bWeExﬂgle
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One type of stator assembly includes an inner shroud supported at the radial
innermost portion of the stator segment. The inner shrouds stabilize the stator
assembly and minimize vibration. In one stator assembly configuration, an abradable
seal is supported by each inner shroud to seal the compressor rotor relative to the

20  stator assembly. A spring is arranged between the inner shroud and the seal.

Another type of stator assembly includes stator segments without an inner
shroud. Individual springs are provided between the outer shroud of each stator
segment and.the outer case. The springs are configured to bias the stator segments
radially inward. No liners may be used.

25
SUMMARY

An embodiment addresses a stator assembly that may include: an outer case;
a stator subassembly including an array of circumferentially arranged stator vanes
with each of the stator vanes having a hook. The hooks of the stator vanes may be

30  aligned with one another. The attachment liner may secure the hooks to one another
and include a damper spring integral with the attachment liner. The attachment liner
may be arranged between the array and the outer case, and the damper spring is

configured to bias the array radially inward from the outer case.
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In a further enbodi nent of the foregoing stator assenbly enbodi nent,
at | east one of the stator vanes may include first and second hooks.
The first and second attachnent |iners may respectively be secured to
the first and second hooks to provide the stator vane assenbly. The
first and second attachnment |iners may 5respectively include integral

first and second danper springs. In a further enbodi nent of the
foregoing stator assenbly enbodi nent, at | east one of the stator
vanes nmay include a recess having a bottomwall. The first danper

spring may engage the bottomwall and nmay be spaced fromthe outer
case. In a further enbodi rent of the foregoing stator assenbly
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foregoi ng stator_as enbodi nent, the second attachnent |iner may
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20 In a further embodiment of the foregoing stator assembly embodiment, the
second damper spring may include a second leg having a bow providing a terminal
end that may extend radially outward toward the outer case.

In another further embodiment of the foregoing stator assembly embodiment,
the second damper spring may include notches respectively providing fingers with

25  each finger circumferentially aligned with a stator.

In a further embodiment of the foregoing stator assembly embodiment, at
least one of the stators may include an anti-rotation feature. The second damper
spring may include a tab extending into the recess and cooperating with the anti-
rotation feature to circumferentially align the fingers relative to the stators.

30 In another further embodiment of the foregoing stator assembly embodiment,
the second attachment liner may include a biasing portion arranged axially between
the stators and the outer case to bias the stators axially relative to the outer case.

In another further embodiment of the foregoing stator assembly embodiment,

a blade outer air seal may be secured to the outer case. The first and second channels
2



I n anot her further enbodi ment of the foregoing stator assenbly
enbodi nent, a blade outer air seal may be secured to the outer case.
The first and second channels may be provided by at | east one of the
bl ade outer air seal and the outer case. The first and second
attachnment liners respectively may be received in the first and
second channels. In another further enbodi ment of the foregoing
stator assenbly enbodinent, 5 the stator vane may include radially
inwardly extending air foils providing a tip at an inner dianeter
that may be structurally unsupported relative to adjacent tips.
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damper spring may include a second circumferential width that is less than the first
20 circumferential width.
Another embodiment addresses another damper spring for a stator assembly
that may include: a generally arcuate S-shaped structure providing an attachment
liner. A damper spring may be integral with the attachment liner, and the damper
spring may include a leg extending from a wall of the attachment liner. The damper
25  spring may include notches providing discrete fingers. The leg may have a bow
extending radially outward, and a radially inward extending tab that may be

configured to provide a circumferential locating feature.

BRIEF DESCRIPTION OF THE DRAWINGS
30 The disclosure can be further understood by reference to the following
detailed description when considered in connection with the accompanying drawings
wherein;

Figure 1 is a cross-sectional schematic view of a gas turbine engine.



Figure 1 is a cross-sectional schematic view of a gas turbine engine.
Figure 2 is a broken, cross-sectional perspective view of a portion
of a stator assenbly. Figure 3 is a perspective view of one
exanpl e danper spring shown in the stator assenbly of Figure 2.
S5Figure 4 is an enlarged top el evational view of the danper spring
arranged within one stator segnent of the stator assenbly of Figure
2. Figure 5 is a cross-sectional view of the stator assenbly
illustrated in Figure 2 with the danmper spring illustrated in an
unconpressed state. Figure 6 is a cross-sectional view of another
exanpl e danper spring. 10Figure 7 is a cross-sectional view of a

st at or assenbl y Wigite Zais aibndkegraadse dectib b pbmmentivel vigve ol apatictasfpestator
spri ng. we8is a perspective view of two stator

subassenbl i €5 havi ng the integrated attachnent |iner and danper
spring shown in Figgurkis7 petHPEFAIVEDDEGCRURIE Chinper spridinshewarplle gas

t ur bi ne engi tically illustrated in Figure 1. Although
a hi gh bypass S&?o(rja%ehﬁly%?gfgm%ss ratio of greater than about ten (10))

engine i $ il ustFaped} isian eteoged dojbelevatiden srtepol thé dempen epritigsartaogdr e
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attachment liner and damper spring.

Figure 8 is a perspective view of two stator subassemblies having the

integrated attachment liner and damper spring shown in Figure 7.

15 DETAILED DESCRIPTION
An example gas turbine engine 10 is schematically illustrated in Figure 1.
Although a high bypass (e.g., a bypass ratio of greater than about ten (10)} engine is
illustrated, it should be understood that the disclosure also relates to other types of
gas turbine engines, such as turbo jets.

20 The gas turbine engine 10 includes a compressor section 12, a combustor
section 14 and a turbine section 16, which are arranged within a housing 24. In the
example illustrated, high pressure stages of the compressor section 12 and the turbine
section 16 are mounted on a first shaft 20, which is rotatable about an axis A, Low
pressure stages of the compressor section 12 and turbine section 16 are mounted on a

25  second shaft 22 which is coaxial with the first shaft 20 and rotatable about the axis A.
In the example illustrated, the first shaft 20 rotationally drives a fan 18 that provides
flow through a bypass flow path 19. The gas turbine engine 10 may include a
geartrain (not shown) for controlling the speed of the rotating fan 18. More
specifically, the geartrain may enable (e.g., using a gear reduction ratio of greater

30  than about 2.4) a reduction of the speed of the fan 18 relative fo the low compressor.
The geartrain can be any known gear system, such as a planetary gear system with
orbiting planet gears, a planetary system with non-orbiting planet gears or other type

of gear system. The low speed second shaft 22 may drive the geartrain and the low



25 second shaft 22 which is coaxial with the first shaft 20 and
rotatable about the axis A In the exanple illustrated, the first
shaft 20 rotationally drives a fan 18 that provides flow through a
bypass flow path 19. The gas turbine engine 10 may include a
geartrain (not shown) for controlling the speed of the rotating fan
18. More specifically, the geartrain may enable (e.g., using a gear
reduction ratio of greater 30 than about 2.4) a reduction of the
speed of the fan 18 relative to the | ow conpressor. The geartrain can
be any known gear system such as a planetary gear systemwth
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26 is fuddy 'agacbiEnent lémrs dtohéZ Jémﬁ@npeg ppmngg44¢4tee¢@a@@§fqmalbup@rovwse

28, the |at %E;ﬁﬁg hiek %)egrﬁ%tsaﬁﬂt EOSeRAT LA WakibleSQaib® Bt ARidgbd & the
stators 29 as vve anp vibrations.
subassembly “That is, a single damper spring engages at least several stators 29,

biasing the array radiaily inward from the outer case 28. The recess 46 includes
lateral walls 48, which are parallel to one another in the example, adjoining a bottom
30 wall 50. When the stator assembly 26 is fully assembled, the damper spring 44
engages the outer case 28, the lateral wall(s) 48 and the bottom wall 50 to stabilize

the stators 29 as well as to damp vibrations.
Referring to Figures 3-5, the damper spring 44 includes symmetrically shaped

first and second sides 52, 54 that provide a generally W-shaped structure.
5



Referring to Figures 3-5, the danper spring 44 includes symetrically
shaped first and second sides 52, 54 that provide a generally
W shaped structure. 5 Asymetrically oriented notches 56 are
provided in the first and second sides 52, 54 to respectively provide
first and second fingers 58, 60. The first fingers 58 are offset
circunferentially relative to the second fingers 60, to align with
and engage the first and second hooks 34, 36, which are
circunferentially offset fromone another, as best 5 shown in Figure
4. A pair of fingers 58, 60 engages each stator in the exanple shown.
A portion of the danper spring 44 arranged at an outer circunference
i ncl udes peaksymdtnpathy pfinteg natchesifitrasd provifialciatiedistzand egcogUsidea $B, W
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engage t he QQB&§n1maII 50 and bias the stator 29 radially inward from

the outer case 28. The terminal ends 70 are spaced 15 from one
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danper spring 72 provides a gener aped annul-ar structure. The
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i ncl udeslSa How 82 aaptherrig eermit coamrasyieree! the fsiandeewnd Engepnide B0 grringi des
two contact palats (the first and second bends 78, 80) with the
bottomwal | 50, providing stator stability. Adhesive 79, for exanple,
wax or hot-nelt gelgeingiayighe G sraiher dasess gpiéng Res dhwipded. Skeinpgen

ot o ai S R B B D T 2 P ers
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ol s 56 e e o RS b o
assenbly 26 spred (dagudss Sirtt prshicagnddesst’dr 7aaimed azofisidicnd 7§ that myodrs
anot her to Fﬁglg}{dtgﬁlg@e Bk et Heq & Ahd &cof IE&Y4, 76. A second bend 80 is provided
on the first leg 74 and abuts one of the lateral walls 48. A third bend 82 is provided
by the second leg 76 at an outer circumference opposite the first and second bends
25 78, 80 and abuts the outer case 28. The first leg 74 includes a bow 84 arranged at an
inner circumference, which provides two contact points {the first and second bends
78, 80) with the bottom wall 50, providing stator stability. Adhesive 79, for example,
wax or hot-melt glue, may be used to secure the damper spring 72 temporarily to the
stators 29 during assembly.
30 One or more blade outer air seals 86 may be secured to the outer case 28 by
fasteners 88, as shown in Figure 6. The first and second channels 35, 37 are provided
by the outer case 28 and/or one or more blade outer air seals 86.

In one example, a method of manufacturing the stator assembly 26 includes

positioning stator vanes 29 relative to one another to provide a circumferential array

6



of stator vanes 29. In one exanple, the positioning step includes
aligning the hooks 34, 36 relative to one another. One or nore
attachnment liners 40, 42 are installed onto stator vane hooks 34, 36
to provi de a subassenbly of stator vanes 29. In one exanple, the
installing step includes sliding the attachnment |iners 40, 42 over
the 5 hooks 34, 36. A danper spring 44/72 is arranged between the
subassenbly and the outer case 28. The subassenbly is nounted onto
the outer case 28 and biases the subassenbly radially inward with the
danper spring 44/72. In the exanpl e arrangenent shown in Figures
2 and 5, the outer case 28 and one of the blade outer air seals are
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includes a leg 116 providing a bow 118 extending to a term nal end
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rotation feq&5{5§ng@ggsﬁgggf§9§pﬂg edpaer spring 106 includes a
tapered edge 124 that aligns with the anti-rotation feature 122. A

tab 126 ®xt endi nahfr Arbattaplangng bees d 00 5 esppraljraseiatiead Byshened asdbiselnges
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liner 102 in a desired position relative to the stators 29. Notches

128 are pr oWeyEds thpfishdamperpras e fisy rlqugo roseesohppdipmavalk I0der s
129 aligned g fkes@€adhd is spaced from the outer case. The first leg 110 terminates in a hook

112, which may be used during assembly to position the stator vanes 29 relative to

30  the first damper spring 104.
The second attachment liner 102 is generally arcuate and S-shaped and
includes an axial biasing portion 114 amranged between the stator 29 and the
integrated outer case and blade outer air seal 90. The second attachment liner 102

also includes a leg 116 providing a bow 118 extending to a terminal end 120. The
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10 stator 29. The first danper spring 104 has a width sized to fit
between the anti-rotation features 122 and is |l ess than the w dth of
the first attachnment liner 100. Assenbly is simlar to that descri bed
with respect to Figures 2-6. Al t hough an exanpl e enbodi nent has
been di scl osed, a worker of ordinary skill in this art would

recogni ze that certain nodifications would conme within the 15scope of
the clains. For that reason, the follow ng clains should be studied
to determine their true scope and content. CLAIMS Wiat is clained
is: 1. A stator assenbly conprising: an outer case; 5a stator
subassenbly including an array of circunferentially arranged stator
vanes, each leg 11Grngagea thsrouiasess and s snaced fosothe Wpttam wak 59\@%@ rggesst he
stator vanesgal i gned with one anot her; and an attachnent |iner
securing the hooks to one another and including a danper sprin
integral wth thécwral stariea? ate depmEratigboyraae @azrm%atswssﬁmgbzy and
the 10outer 1BaSg, shbRE i AFRRTS. SBhd DIMERVYrIRUEA0s 19 RiGR ih%%raéﬁ afy-
radially inward fromthe outer case. 2. The stator assenbly

accordi ng t do@tien featires iRer dhe segend demaper gpying g6 tinpdudsy adapered edge 124

that aligns with the anti-rotation feature 122. A tab 126 extending into the recess 46

and provided by the second damper spring 106 circumferentially locates the second

attachment liner 102 in a desired position relative to the stators 29. Notches 128 are

provided in the second damper spring 106 to provide fingers 129 aligned with each

10 stator 29. The first damper spring 104 has a width sized to fit between the anti-

rotation features 122 and is less than the width of the first attachment liner 100.
Assembly is similar to that described with respect to Figures 2-6.

Although an example embodiment has been disclosed, a worker of ordinary

gkill in this art would recognize that certain modifications would come within the

15  scope of the claims. For that reason, the following claims should be studied to

determine their true scope and content.



vanes includes first and second hooks, and wherein first and second
attachnment liners 15 are respectively secured to the first and
second hooks to provide the stator subassenbly, the first and second
attachment liners respectively having integral first and second
danper springs. 3. The stator assenbly according to claim 2,
wherein at |east one of the stator 20 vanes includes a recess having
a bottomwall, and wherein the first danper spring engages the bottom
wal | and is spaced fromthe outer case. 4. The stator assenbly
according to claim3, wherein the first danper spring includes a
first leg engaging the bottomwall, and a hook at a term nal end of
the first 25l eg opposite the first €lLAdMAment liner. 5. The stator
assenbly accordi Rg,4 @ BhfAld4, Wherein at |east one of the stators

i ncl udes an antl-rotatlon feature, and wherein the first leg is
arranged ci rleunf é\rféﬁi?fl?é#em)blmmrjém to the anti-rotation feature, the
first leg haV|ngago§ggh%punferentlal width that is I ess than the
circunferential wdth of the first attachnent liner. 6. The stator
assenbl y Jaccor di Agtatas sabassombly, inpding am artieolsasniradintberranged sigor

?222255 g he QUiCthatandfttol SasPASARL L HOM ik AUd RIBYVRE bneOfatd i \Bines
' aligned with one another; and

an attachment liner securing the hooks to one another and including a damper
spring integral with the attachment liner and provided between the array and the
10 outer case, the damper spring configured to bias the array radially inward from the

outer case.

2. The stator assembly according to claim 1, wherein at least one of the stator
vanes includes first and second hooks, and wherein first and second attachment liners
15 are respectively secured to the first and second hooks to provide the stator
subassembly, the first and second attachment liners respectively having integral first

and second damper springs.

3. The stator assembly according to claim 2, wherein at least one of the stator
20  vanes includes a recess having a bottom wall, and wherein the first damper spring

engages the bottom wall and is spaced from the outer case.

4, The stator assembly according to claim 3, wherein the first damper spring
includes a first leg engaging the bottom wall, and a hook at a terminal end of the first

25  leg opposite the first attachment liner.

5. The stator assembly according to claim 4, wherein at least one of the stators
includes an anti-rotation feature, and wherein the first leg is arranged
circumferentially adjacent to the anti-rotation feature, the first leg having a
30  circumferential width that is less than the circumferential width of the first

attachment liner.

6. The stator assembly according to claim 3, wherein the second damper spring

engages the outer case and is spaced from a bottom wall of the recess.
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7. The stator assenbly according to claim®6, wherein the second danper
spring includes a second | eg having a bow providing a term nal end
extending radially outward toward the outer case. 58. The stator
assenbly according to claim6, wherein the second danper spring

i ncl udes notches respectively providing fingers, each finger
circunferentially aligned wwth a stator. 9. The stator assenbly
according to claim@8, wherein at |east one of the stators 10

i ncludes an anti-rotation feature, the second danper spring includes
a tab extending into the recess and cooperating with the
anti-rotation feature to circunferentially align the fingers relative
to the statoks. Tbe stilerassemably pecatinertp(clping écwhatein ghetsecontl dpmpe2 sprigeer ei n

the second ghliaflnEatonkOk) B8¥ind AUMASDvRIR! aafsem%mp&{dt éx%ﬁﬁg rang

axially between the stators and the outer case biasing the stators
axi al l'y rel autwasd toyardibe oiierepsccase.  11. The stator assenbly
according to claim2, conprising a blade outer air seal secured to
the outer case, and first and second channels provided by at | east
one of 20t heéd-bl ad&e gapepssantly seeardingid clake 6ovikasein gesecond dempdr springand

second att aghigiat nbtbie Fre%précﬁ%?f Blob MBI Mink &6 RhMEfheb il B fefdntiflly ABFkd
12. The s I d I 1

second channel s. ator assenbly according to cllaim1,
wherei n t he %t $#tovanes include radially inwardly extending airfoils
providing a tip at an inner dianmeter that is 25structurally
unsupported relative to adjacent tips. 13. A nmethod of manufacturing
a stator assknbl yhe gnapr sssemigy aererdinedp slagn 8, yheypiniablepsi gns eiathe statprines

rel atived o g8 R LML otdiiBn R, AR ReSld RMBEALRRY infld R BY efndiizat or
vanes;
into the recess and cooperating with the anti-rotation feature to circumferentially

align the fingers relative to the stators.

10. The stator assembly according to claim 2, wherein the second attachment
15  liner includes a biasing portion arranged axially between the stators and the outer

case biasing the stators axially relative to the outer case.

11.  The stator assembly according to claim 2, comprising a blade outer air seal
secured to the outer case, and first and second channels provided by at least one of
20  the blade outer air seal and the outer case, the first and second attachment liners

respectively received in the first and second channels.

12. The stator assembly according to claim 1, wherein the stator vanes include
radially inwardly extending airfoils providing a tip at an inner diameter that is

25  structurally unsupported relative to adjacent tips.

13. A method of manufacturing a stator assembly comprising the steps of:
positioning stator vanes relative to one another to provide a circumnferential
array of stator vanes;
30 installing an attachment liner together with an integral damper spring onto
stator vane hooks to provide a subassembly of stator vanes; and
mounting the subassembly onto the outer case with the damper spring
arranged between the subassembly and an outer case, and biasing the subassembly

radially inward with the damper spring.
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30installing an attachnment |iner together with an integral danper
spring onto stator vane hooks to provide a subassenbly of stator
vanes; and nmounti ng the subassenbly onto the outer case with the
danper spring arranged between the subassenbly and an outer case, and
bi asi ng the subassenbly radially inward with the danper spring. 14.
A spring danper for a stator assenbly conprising: a generally
arcuate S-shaped structure providing an attachnment |iner having a
first circunferential wi dth, a danper spring integral with the
attachnment liner and extending froma wall of the attachnent liner to
a hook, the danper spring having a 5second circunferential w dth that
i s | ess thanl4 he 4 srigg dennes fpik steton pisemblyeemprisings. A spring danper for
a stator assenbl y CRINN S4RRS-shaped BulGRERdide A IR iRPARGL 2
structure providing an attachnen% l'iner, "a danper spring integral
with the att@eheesnfagntal widihya dapwpretrria itegyali wig e jakieshmentdinen gnd

ext endi ng fr@ﬁ%ﬁm@%%huPQMI&Qh@&&ﬁﬁh&ﬁ@hwhbﬁ@bdé%@ch&ﬁ&%Sﬁthﬁﬂﬁﬁhes

provi di ng_discrete fingers, the |leg including a bow extending
radi al | y -out ifeend cireieferntiah #id thot is fogsathen e Exet errgmfrgentialviddinf i gured to
provide a circunferential |ocating feature.
15. A spring damper for a stator assembly comprising:
a generally arcuate S-shaped structure providing an attachment liner, a
damper spring integral with the attachment liner, the damper spring including a leg
10 extending from a wall of the attachment liner and including notches providing
discrete fingers, the leg including a bow extending radially outward, and a radially

inwardly extending tab configured to provide a circumferential locating feature,
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