METHOD OF REPAI RI NG KNI FE EDGE SEALS BACKGROUND [ 0001] Rotary seals, which
i nclude rotating nenbers in seal abl e engagenent wth one another, are
frequently used in various parts of gas turbine engines. The purpose of such
rotary seals is to prevent fluid, such as air, in a gas turbine chanber at
one pressure frompassing to a chanber at a different pressure. Knife edge
seal assenblies are one variety of rotary seal enployed in gas turbine

engi nes. Knife edge seal assenblies typically include a disk with an
integral flange with one or nore radial projections, known as "knife edges,"
and a honeyconb ring seal attached to a guide vane. The di sk and knife edge
rotate with other conponents of the gas turbine, while the guide vane and
honeyconb ring seal are stationary. The knife edge and honeyconb ring seal
are assenbl ed rel ati veMETRODOPIHEPAIRINCRMNIFE EDGFE sEALsal gap between the
top of the knife edge and the inner surface of the honeyconb ring seal
before the knife edge begins rotating in the gas turbine. Once the gas
turbi ne begins operating, the cent created by the rotationa
speed of the gas turbine and the ré%?d%ﬂ? pgﬂﬁﬁnlfe edge cl oses the gap
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primary created by the rotational speed of the gas turbine and the mass of the knife edge closes the gap

between the knife edge and honeycomb ring seal and causes the knife edge to cut into and seal
with the honeycomb ring seal.

[0002] Knife edges frequently develop defects or are otherwise worn during operation in
a gas turbine. The operational wear on knife edges necessitates repairing the seal assembly at
intervals during the lifetime of a typical gas turbine engine. The radial gap between the knife
edge and honeycomb ring seal is critical to the effectiveness of the rotating seal. Maintaining
this gap during repair cycles of knife edge seal assemblies, to some extent, defines the bounds of
satisfactory methods of repair. The radial gap between the knife edge and honeycomb ring seal
is a function of the radial height of the knife edge and the radial thickness of the honeycomb ring
seal. Honeycomb ring seals are commonly purchased with standard dimensions and then
machined to finished dimensions appropriate for their intended application. Therefore,
maintaining the radial gap between the knife edge and honeycomb ring seal is primarily a
function of manipulating the radial height of the knife edge. Prior methods of repairing knife
edges typically include adding material to the top of the knife edge and then grinding the added



di sadvantages. First, the step of adding material to the worn knife edges
typically involves heating the knife edge material and thereby heating the
mat eri al surrounding the knife edge, for exanple, by welding additional
material onto the knife edge. In that case, there is a risk that the
heating will create deleterious effects to the part on which the knife edges
are |l ocated, for exanple by creating therno-nechanical stresses in the
part. The second di sadvantage of prior nethods is that the neans of addi ng
material to the knife edge is dependent on the knife edge nmaterial and this
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centrifugal force on the . . ) ) .
radial thickness for sealable engagement with the knife edge. The finished radial thickness

establishes a first radial gap between an inner annular surface of the replacement honeycomb
ring seal and the knife edge before the knife edge begins rotating in the gas turbine.

[0004] The present invention may also be adapted to an alternative embodiment of
repairing a knife edge seal assembly, which assembly includes a used honeycomb ring seal and a
knife edge that is circumferentially divided into interleaved segments with a first series of knife
edge segments integral with disk flanges integral with a radially outward portion of a rotor disk
and a second series of knife edge segments integral with blade flanges integral with a plurality of
turbine blades assembled in the rotor disk. This embodiment includes removing the used
honeycomb ring seal, shimming the turbine blades assembled in the rotor disk, removing
material from the knife edge to a first knife edge radial height, installing a replacement
honeycomb ring seal with a stock radial thickness, and removing material from the replacement
honeycomb ring seal to a finished radial thickness for sealable engagement with the knife edge.

Shimming the turbine blades assembled in the rotor disk simulates a centrifugal force on the
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2 turbine blades when the rotor disk is rotating. The finished radi al

t hi ckness of the replacenent honeyconb ring seal establishes a first radial
gap between an inner annul ar surface of the replacenent honeyconb ring seal
and the knife edge before the knife edge seal assenbly begins rotating in
the gas turbine. BRI EF DESCRI PTI ON OF THE DRAWNGS [0005] FIG 1A shows a
detail side view of a knife edge seal assenbly. [0006] FIG |B shows a
detail perspective view of the knife edges of FIG 1A [0007] FIG 2 shows
a flow diagram of a method according to the present invention. [0008] FIG

3 shows arbihewladeaghamhefronn daktie Faatingy eThefididhdd asdialr tlickfess @f tHicreplatSidnt
i nvention. [0009]. FIGS, 4A and 4B_show. a gas turbine rotor assenmbly with a
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assenbl yrat@inguhilehgas nobmdes fl ange 12, knife edges 14a, 14b, honeyconb ring

seal s 16a, 16b, guide vane 18, rotor disk 20, and turbine blade 22
assenbled in rotor disk 20. Knife edges 14a, 14b are integral with flange

12 and have radi al hei ghtgRIRKDERPTESRGSE TMEI DRATIINGY B shows a detail
perspective view of knife edges 14a, 14b integral with flange 12, which
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with rotor 20_and turbine blade 22, while guide vane 18 and seal s 16a,
16b renmal®908k at i onBlGy 3 shomper Beryekiagram of papltamativemetpd sseordinggo demprgsenba,
16b are gsseaidpl ed relative to each other to leave a small radial gap

bet ween the top of knife edges 14a, 14b and the inner surface of honeyconb
ri ng seaftdogpa, 16HGHeonrd KB fhmvedgas tibme rbtbb abegibily vdthas ishgnmed tuileingas
turbine. In FIG 1A the radial gap between knife edge 14a and honeyconb
ring seaPl¥d®a s equal to RHa - RKa. The radial gap between knife

[0010] FIG. 5 shows a flow diagram of an example of the shimming process from the
exemplary method shown in FIG. 3.

DETAILED DESCRIPTION
{0011) FIG. 1A shows a detail side view of knife edge seal assembly 10, which includes
flange 12, knife edges 14a, 14b, honeycomb ring seals 16a, 16b, guide vane 18, rotor disk 20,
and turbine blade 22 assembled in rotor disk 20. Knife edges 14a, 14b are integral with flange
12 and have radial heights Rk,, Rgp respectively. FIG. 1B shows a detail perspective view of
knife edges 14a, 14b integral with flange 12, which includes circumferential interleaved
segments alternatively integral with rotor disk 20 and turbine blade 22. In FIG. 1A, honeycomb
ring seals 16a, 16b are attached to guide vane 18 and have radial heights Rya, Ry respectively.
In knife edge seal assembly 10, knife edges 14a, 14b rotate with rotor disk 20 and turbine blade
22, while guide vane 18 and seals 16a, 16b remain stationary. Knife edges 14a, 14b and
honeycomb ring seals 16a, 16b are assembled relative to each other to leave a small radial gap
between the top of knife edges 14a, 14b and the inner surface of honeycomb ring seals 16a, 16b
before knife edges 14a, 14b begin rotating in the gas turbine. In FIG. 1A, the radial gap between
knife edge 14a and honeycomb ring seal 16a is equal to Ry, - Rx,. The radial gap between knife
edge 14b and honeycomb ring seal 16b is equal to Ry, - Ry, Once the gas turbine begins
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edge 14b and honeyconb ring seal 16b is equal to RHb - RKb. Once the gas
turbi ne begins 3 operating, the centrifugal force created by the rotational
speed of the gas turbine and the mass of knife edges 14a, 14b cl oses the
gap between knife edges 14a, 14b and honeyconb ring seals 16a, 16b and
causes knife edges 14a, 14b to cut into and seal with honeyconb ring seals
16a, I16b. [00121 Knife edges frequently devel op defects during operation in
a gas turbine. Qperational wear on the knife edges necessitates repairing
the seal assenbly at intervals during the lifetime of a typical gas turbine
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fini shedyy agihaingttht Waiessigefiot 1 PaitRMAGEITRMeight. In some embodiments, removing
material from the knife edge (step 28) is accomplished by rotor grinding in which case the knife
edge is ground while rotating. Rotor grinding ensures the finished knife edge has a uniform
radial height along its circumference.
[0014] After removing material from the knife edge (step 28), a replacement honeycomb
ring seal is installed with a stock radial thickness (step 30). The replacement honeycomb ring
seal can be installed by a number of techniques known to persons having ordinary skill in the art.
For example, the seal can be installed by tack welding, followed by furnace brazing to attach the
seal to the guide vane (an example honeycomb ring seal and guide vane is shown in FIG. 1A).
After installing the replacement honeycomb ring seal (step 30), material is removed from the seal
to a finished radial thickness (step 32). The finished radial thickness of the replacement
honeycomb ring seal establishes a radial gap between the knife edge and the replacement
honeycomb ring seal. The radial gap is a function of the radial height of the knife edge and the
radial height of the inner surface of the replacement honeycomb ring seal (which depends on the

seal thickness), or as illustrated in FIG. 1A, the radial gap is equal to Ry - Rx.
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honeyconb ring seal establishes a radial gap between the knife-edge and the
repl acenment honeyconb ring seal. The radial gap is a function of the radi al
hei ght of the knife edge and the radial height of the inner surface of the
repl acenent honeyconb ring seal (which depends on the seal thickness), or
as illustrated in FIG 1A the radial gap is equal to RH - RK 4 [00151

Al t hough the nmethod of knife edge repair described above and illustrated in
FIG 2 includes the repair of a single knife edge, methods according to the
present invention nay be applied to multiple knife edges in a single knife
edge seal00a3}senbl yAbitouwgh rths methol toff thife kdyef repaididmcrilsdadboas smdiilustested nGE] | n
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knife edge (step 50). The knife edge being repaired in method 40 is circumferentially divided

into interleaved segments with a first series of knife edge segments integral with disk flanges
integral with a radially outward portion of the rotor disk and a second series of knife edge
segments integral with blade flanges integral with the turbine blades assembled in the rotor disk.
Method 40 begins by removing the used honeycomb ring seal from the seal assembly (step 42).
Removing the used honeycomb ring seal (step 42) may be accomplished, for example, by
separating the seal from the guide vane to which it is attached or by completely grinding away
the remaining seal material from the guide vane. After removing the used honeycomb ring seal
(step 42), the turbine blades assembled in the rotor disk are shimmed (step 44) to simulate a
centrifugal force on the turbine blades when the rotor disk is rotating. Shimming the turbine
blades (step 44) is meant to arrange the blades in substantially the same position, relative to the
rotor disk, the blades would be in during rotation of the disk in the gas turbine. Shimming the
turbine blades (step 44) pushes the blades radially outward, which simulates the centrifugal force
on the blades during rotation and thereby properly arranges the knife edge segments integral with

the blades for material removal.



(step 42), the turbine blades assenbled in the rotor disk are shimed (step
44) to simulate a centrifugal force on the turbine bl ades when the rotor
disk is rotating. Shinmng the turbine blades (step 44) is nmeant to arrange
the blades in substantially the sane position, relative to the rotor disk,

t he bl ades would be in during rotation of the disk in the gas turbine.
Shimm ng the turbine blades (step 44) pushes the blades radially outward,
whi ch sinmul ates the centrifugal force on the blades during rotation and

t hereby properly arranges the knife edge segnments integral with the bl ades
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ci rcunt eqentlal, | N et eayed SeQUENL & abLRLARLEYELY & ThEReBk Holdhish 2} 8
applied to multiple knife edges in a single knife edge seal assembly or across multiple knife edge
seal assemblies. For example, the method illustrated in FIG. 3 may be applied to the knife edge
seal assembly shown in FIGS. 1A and 1B where two knife edges are integral with a flange which
includes circumferential interleaved segments alternatively integral with a rotor disk and a
turbine blade.
[0020] FIGS. 4A and 4B shows gas turbine rotor assembly 52, which includes rotor disk
20, turbine blade 22, first shimming wedge 54, and second shimming wedge 56. Turbine blade
22 is assembled in rotor disk 20, leaving a space between the root of blade 22 and a slot in disk
20. First shimming wedge 54 has a tapered top surface and is arranged below the root of blade
22 in the slot in disk 20. Second shimming wedge 56 has a tapered bottom surface, which
surface is arranged on top of first shimming wedge 54. As the bottom tapered surface of wedge
56 slides across the top tapered surface of wedge 54 in the direction indicated in FIG. 4B, the top
of wedge 56 exerts a force on the root of turbine blade 22.
[0021] FIG. 5 shows an example shimming process 58 including inserting first wedges

54 under turbine blades 22 assembled in rotor disk 20 (step 60), inserting second wedges 56 on
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[0020] FIGS. 4A and 4B shows gas turbine rotor assenbly 52, which includes
rotor disk 20, turbine blade 22, first shimm ng wedge 54, and second
shi nm ng wedge 56. Turbine blade 22 is assenbled in rotor disk 20, |eaving
a space between the root of blade 22 and a slot in disk 20. First shimmng
wedge 54 has a tapered top surface and is arranged bel ow the root of bl ade
22 in the slot in disk 20. Second shinm ng wedge 56 has a tapered bottom
surface, which surface is arranged on top of first shimi ng wedge 54. As
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tur bi ne Pirﬁd@§d6g%% gas}ﬁeéfbdlﬁﬁbdl tap rsﬁifﬁk{esdlﬁkorﬁlowé E366RVe tATRERY botideh SEEREM

wedges 56 on of first wedges 54 &}g{d , and pushing the bottom of
second mé@gé@s%nag‘aﬁw@dgené%webm inp eméagé%elr&ledt@ wi@r dislg 29 dster 68k

turbine Pl ggﬁeagesb% el st R Cong%%qgg Wegaes ARo(eh Pl id blikhn YEAEES 54

have taper surfaces. ere om sur ces.
After i nm&fetcemgf fdcosd “méghgé@ 154)ppnsdﬁg slndmg)casmacb vathethe 28 aparedizhetates of fiest or

di sk 20 60 d d t first d 54
(step_ 621l KAGE THEUBL PRGN FiegBsctb o P cls: BPISss riaiendtyate Bavim
opposi NGgakictl BPsdOM delged Sehark gﬁsﬁe‘apagﬁﬁ?teﬂh@%lﬁ sirfREesr Afst Weﬂ?é %\g%g

After inserting second wed es 56 on top of first wedges 54
bott om sutilf the dorcef exsged vd méﬂgzablaﬁes 32 ebymhs Hegl oﬁg;aq:cmsltwedys t&ﬁpsmmtalt@cﬂas of

first wedges.5 step .64 ert donturblne bl ades 22 b
the top 8 %gfé’gglnfé Eé‘é@)’?é’t[l@t F‘r%??:‘x’ 8I§r n"?f“? ?tﬂfﬁal force on turbine y
bl ades ZF)(M/QPn I Ot Methdid$ Kof2 EephFingOkifd R@ge %@QngseMBE&OQ&CBng epailel pasdii f e

edge seal assenblies according to the present invention have several
advant agBwerfiasy hayiej sveneb afraiases OW@rpﬁliNPf mgihpdo a6 repeior Mqﬂzyds dicedrdingpeebent

dur i ng v B RvEfon AR B SlrEhiey prRER T ARLER e kit itk dlro0°
reduces Rbmodapahe etep\of bﬁtlmgeﬁatbﬁzd tortké koide edger edades thndependeksyi Betweatiohe

mat eri al and therefore expands the a _I'cailit of th met hod on different
gas  ur b osaﬂt@pﬁlﬁépﬁdﬁ s eflge Mbnﬂ%eﬁ PrRofpan iecanplicabikiyicibe

skt NakalOn deRabh JEIIe Yk i m@%&gsal@hﬁhwﬁ;m&%ma&&h risk

effects on the part om which ege | ocat ed
that the repair method will cause undesxrable thermo-mechanical effects on the part on which the

knife edge is located.
[0023] Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes may be made in form and

detail without departing from the spirit and scope of the invention.



[ 0023] Al though the present invention has been described with reference to
preferred enbodinents, workers skilled in the art wll recognize that
changes may be made in formand detail w thout departing fromthe spirit
and scope of the invention. 7 CLAIMS: 1. A nmethod of repairing a gas
turbine knife edge seal assenbly in which assenbly is included a used
honeyconb ring seal and a knife edge, the nethod conprising: renoving the
used honeyconb ring seal; renoving material fromthe knife edge to a first
knife edggéﬁggial hei ght; installing a replacenent honeyconb ring seal with
a stock iat”" thi ckness; and renoving material fromthe replacenent
honeyconb, ring sedbd of Bpditifd ahed thheknifd Bd'dgékms Sssb@blys 8akaRheasssgigagent
with the knife edge, wherein the finished radial thickness establishes a
first r amphlﬂetbapsegéwn@mnaﬁ@randr@d@faﬁd%ﬂfeem@h@i camsisingapl acenment
honeyconb rin I I pbefore the knife edge begins

rotating int 8§§§¥tﬁﬁgﬁﬁﬁgwﬁgk&ﬁﬁﬁgﬁg?hod of claim1, wherein the step of
renovi ng mat ereh@lvinrmdatertidl €roknihk &nifel gdgei ts a fasidaifpkdgeheadiabyeigiof or gri nding. 3.
The nethod of, claim 1, wherein the knife edge is cjrcunferentially divided
into interl é&%@ng@gﬁ@me@e\m Bepescqmy ee %eefi Wik agfoc FﬂdﬁT tigipess égtrent s
integral wt j f 1 A Lal | d i 0n a
rotor disk arﬁrgﬁg@égcgﬁg‘ﬂggﬁﬁ q%?r qb’&?‘%&eﬁeghggﬁgggﬁgn%{%é)%%{gg? a I\E/\Inie;ahrag[aélde
fl anges i ntegral whicknessfonsealable gngdgementovittethb kaife sdges sihnteirethe ifimishbdradod or

disk. 4. The nethpd.of clajm3 futther,. conprising: shinmmng the _turhine
b: ades assenbl ed itﬁ’cé‘ﬂ%gs reﬁttahﬁgh&f §‘u sk {ag}a?tggg bé?’{%eﬁg&P IP'Ié%‘{ﬂnﬂl@r tSWéacléLng €
honeyconb ring se%ﬁ@%ém@ﬁ@c&xhs rinl @Bal @hd RV REgBIB tBE khifOade hbe%ih@i fe

edge, wherein the shimmng step sinulates a centrifugal force on the turbine

bl ades when the rootitingimntheiges fighiagi ng. 5. The nethod of claim4, wherein
the shimm ng step further conprises: inserting first wedges with tapered top
surfaces under the turbine blades assenbled in the rotor disk;

2. The method of claim 1, wherein the step of removing material from the knife edge is

accomplished by rotor grinding.

3. The method of claim 1, wherein the knife edge is circumferentially divided into
interleaved segments with a first series of knife edge segments integral with disk flanges integral
with a radially outward portion of a rotor disk and a second series of knife edge segments

integral with blade flanges integral with a plurality of turbine blades assembled in the rotor disk.

4 The method of claim 3 further comprising:
shimming the turbine blades assembled in the rotor disk after the step of removing the
used honeycomb ring seal and before the step of removing material from the knife
edge, wherein the shimming step simulates a centrifugal force on the turbine

blades when the rotor disk is rotating.

5. The method of claim 4, wherein the shimming step further comprises:
inserting first wedges with tapered top surfaces under the turbine blades assembled in the

rotor disk;



8 inserting second wedges with tapered bottom surfaces on top of the first
wedges, wherein the bottomtapered surfaces of the second wedges are
arranged in opposing sliding contact with the top tapered surfaces of the
first wedges; and pushing the bottom surfaces of the second wedges agai nst
the top surfaces of the first wedges until the force exerted on the turbine
bl ades by the top of the second wedges sinmulates the centrifugal force on
t he turbine blades when the rotor disk is rotating. 6. The nmethod of claim
5, wherein the step of renoving material fromthe knife edge is

acconpl i shed inyerting sscond iwedgasgvith/taperb@bomeinhadfaoés @l @pf ihe filsewedges,tvWirrdis ed
honeyconb ring seal has a thickness | ess tha n original .thickness of the
used honeyconb ri ngeSedpm BSuTTRces L te\peFon] a8 eI L ORRSEE PP hed

radi al thickness ofontRewiifedos MRRledROMENE Ofe FirdihedBA) 2 Oreater than the
original thickness of the used honeyconb ring seal. 8. The nmethod of claim

9, wher ei n i nptshinigi the botiemrssphersenfeht stronéyedads agangt $walop sudagesicddabe fisst di ng

and brazing the repl acene hopeyconb ring,seal.tq,a,stator. 9. met hod of
repairing a gas tu&%‘%‘?& “ﬁ‘ﬁh}i—? Q’ e SAeHEd °Bg@%%ﬂkvema%ibé’h&§st§%r%@e pEgone.
included a used hopedLes Btuldtedths Settrifugtl fBrdéPhfte: RfdRs bl WRIhIBSERMKIi§1 NY:
renovi ng the used honeyconb ring seal; renoving naterial fromthe knife edge

to a first knife e@ingadi al height; installing a replacenent honeyconb ring

seal with a stock radial thickness sufficient to allow material renoval

fromthe replacenent honeyconb ring seal to a finished radial thickness;

and renogi ng Tied akeihed dfrodaind fiewheapinahegeptofremeyiag mhatériad grone dle keife &dge is

finished radi F\I p?hi ckness_ for seal abl e engagenent with the knife edge,

wher ei n #95@mplished py dotpnghinding + hi ckness establishes a first radial gap

bet ween an inner annular surface of the replacenent honeyconb ring seal and

the knife edge before the knife edge begins rotating in the gas turbine. 9
7. The method of claim 1, wherein the used honeycomb ring seal has a thickness less than

an original thickness of the used honeycomb ring seal before it was ever used, and wherein the
finished radial thickness of the replacement honeycomb ring seal is greater than the original

thickness of the used honeycomb ring seal.

8. The method of claim 9, wherein installing the replacement honeycomb ring seal

comprises welding and brazing the replacement honeycomb ring seal to a stator.

9. A method of repairing a gas turbine knife edge seal assembly in which assembly is
included a used honeycomb ring seal and a knife edge, the method comprising:
removing the used honeycomb ring seal,
removing material from the knife edge to a first knife edge radial height;
installing a replacement honeycomb ring seal with a stock radial thickness sufficient to
allow material removal from the replacement honeycomb ring seal to a finished
radial thickness; and
removing material from the replacement honeycomb ring seal to the finished radial
thickness for scalable engagement with the knife edge, wherein the finished radial
thickness establishes a first radial gap between an inner annular surface of the
replacement honeycomb ring seal and the knife edge before the knife edge begins
rotating in the gas turbine.



10. The method of claim9, wherein the step of renoving material fromthe
knife edge is acconplished by rotor grinding. 11. The nethod of claim9,
wherein the knife edge is circunferentially divided into interleaved
segnments with a first series of knife edge segnents integral with disk
flanges integral wth a radially outward portion of a rotor disk and a
second series of knife edge segnents integral with blade flanges integral
with a plurality of turbine blades assenbled in the rotor disk. 12. The

met hod of claim 11 further conprising: shinmng the turbine blades assenbl ed
in the rotor disk after the step of renoving the wused honeyconb ring seal

and befo the, ste f moving, material fromthe knife d rein the
shi mmi ngli@t ep&ager m?ﬁﬁﬁe%{cjal%g’t %P‘Frﬁ'élaﬁ estePc(gOISWOY'Hg Pafert niorgg%ﬁca%ge \el\ﬁf'@n‘st he
rotor di gdeolnplifiidalyirb@r ghisdindhe nmethod of claim 12, wherein the shinmming
step further conprises: inserting first wedges with tapered top surfaces

under the turbine blades assenbled in the rotor disk; inserting second

vedges wiih t Apern B0k oMol A08SANKE MRS oddlCif LESImMRANSR IELE, the
ottom tapered sSurfaces o €’second wedges a arranged 1 n opposing

sl i di ng intalvheal seginkhis tWith 4 Hist fetiee bLkhifludza eqsnadts ihtegral mithtdiskeftiggss incigehl
pushi ng the bottom surfaces of the second wedges agai nst the top surfaces of
the firsWithygeggedly ontwprd pertipn of 2 gater disk 286 & fr@orecg pejiss otk freedasyseements op

of the sgeond wilPsla&SnAgBinRlePa witht 4151‘&1‘12_[}]12) Jnfgutﬂﬁgngb@a[d%gaéé&nﬁég i H{el?i)tﬂxedi@i.ﬁdes

when the rotor disk 1s Trotating. 1 of claim 13, wherein the
step of renoving material fromthe knife edge is acconplished by rotor

grinding,, 15....The h of .clai.m 9, wherein the used honeyconb ring seal
has a th}%knezgeVﬁgﬁﬁpﬁgﬁ“néﬁﬁBthf¢ER“Tqﬁw:kness of the used honeycomb ring
seal before i §hjfﬁﬁﬁn%tlﬁrtui=b%®bla_aé§dasml@d th B Qotor Qiski #Fied BRAstéREf Amdviigtthpess

of the replacenment honeyconb ring seal is greater than the ori gfl nal '
t hi ckness of the used hagtvegwbmsgsp# gnd before the stempéremevingomueriadl|edmyibg knife

wherein installi nge&g@,e “ﬁlglgkrﬁﬁl%”ﬁﬂwgé@%gos%ulra{eg% g&%liﬁlgal force on the turbine

blades when the rotor disk is rotating.

13.  The method of claim 12, wherein the shimming step further comprises:

inserting first wedges with tapered top surfaces under the turbine blades assembled in the
rotor disk;

inserting second wedges with tapered bottom surfaces on top of the first wedges, wherein
the bottom tapered surfaces of the second wedges are arranged in opposing sliding
contact with the top tapered surfaces of the first wedges; and

pushing the bottom surfaces of the second wedges against the top surfaces of the first
wedges until the force exerted on the turbine blades by the top of the second
wedges simulates the centrifugal force on the turbine blades when the rotor disk is

rotating.

14,  The method of claim 13, wherein the step of removing material from the kmife edge is

accomplished by rotor grinding.

15.  The method of claim 9, wherein the used honeycomb ring seal has a thickness less than

an original thickness of the used honeycomb ring seal before it was ever used, and wherein the

10



conprises wel ding and brazing the replacenent honeyconb ring seal to a
stator. 17. The nethod of claim9, wherein welding the replacenent honeyconb
ring seal to the stator conprises tack welding the replacenent honeyconb
ring seal to the stator. 18. A repaired knife edge seal assenbly conprising:
at | east one repaired knife edge having material renmoved to a first knife
edge radial height; and at | east one repl acenent honeyconb ring seal having
material renoved to a finished radial thickness for seal abl e engagenent
with the at | east one knife edge; wherein the finished radial thickness of

t he at | Bmishedoradial dlptlawesrefthchepbyeneds honagosbating esdl ab lgreatve shan fher@iginahdi al

gap between an i.nner nul ar surface of the at |east one replacenent
honeyco%@@?&?%gﬁ“sﬁ‘ﬁgm{%{%‘”ﬁ PRS- one knife edge before the at |east one

kni fe edge begins rotating in the gas turbine. 19. The assenbly of claim 18,
wherein the at least one knife edge is circunferentially divided into
i nterl ealfed sEmpremtiodyiof helainf (% swhegeini mstabmgkﬂniefepbldgaerse@mmm@nb rringg sl

with disk flange |nt r adi vvard nof a rotor disk
o o s commprBn R FRine it fing Yok Rertac R ety Db e AP fis Bl et | amges
integral with a plurality of turbine blades assenbl ed in the rotor disk.
20. The assenbly of claim 18, wherein the finished radial thickness of the

repl acentht hBhﬁey’@th qﬂ%ﬂb%awh?rgmgw@dtnérth@ replacgment bearyeemb ringreed ioghpal
h hei ght |
o< PR PR oS PO e Vsl 4 8 dolal, ot o T Tooe

18. A repaired knife edge seal assembly comprising:

at least one repaired knife edge having material removed to a first knife edge radial
height; and

at least one replacement honeycomb ring seal having material removed to a finished
radial thickness for sealable engagement with the at least one knife edge;

wherein the finished radial thickness of the at least one replacement honeycomb ring seal
establishes a first radial gap between an inner annular surface of the at least one
replacement honeycomb ring seal and the at least one knife edge before the at

least one knife edge begins rotating in the gas turbine.

19.  The assembly of claim 18, wherein the at least one knife edge is circumferentially
divided into interleaved segments with a first series of knife edge segments integral with disk
flanges integral with a radially outward portion of a rotor disk and a second series of knife edge
segments integral with blade flanges integral with a plurality of turbine blades assembled in the

rotor disk.
20. The assembly of claim 18, wherein the finished radial thickness of the

replacement honeycomb ring seal is greater than a thickness of an original honeycomb ring seal,

and wherein the first knife edge radial height is less than a radial height of an original knife edge.
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