METHOD OF REPAI RI NG KNI FE EDGE SEALS BACKGROUND Rot ary
seal s, which include rotating nmenbers 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 from passing to a chanber at a
different pressure. Knife edge seal assenblies are one variety of
rotary seal enployed in gas turbine engines. 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 arEﬂgﬂiopdﬁﬁBﬁpﬁiﬁgfﬁﬂﬂﬁﬂﬂ%ﬁgGmégﬁﬁh%neyconb ring
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[ 0004] The present invention may al so be adapted to an alternative
enbodi ment of repairing a knife edge seal assenbly, which assenbly

I ncl udes .a used honeyconb ring seal and a knife edge that is
circunferentially divided into interl eaved segnents with a first
series of knife edge segnents integral with disk flanges integral

with 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. This )
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etail side view.of .a knife edge.,seal assemhly..]0006] FIG 1B shows a
detai | pePEpaetiodeclrrmy %?”Fﬁ’é‘%p?ﬁ?‘fl%mé‘caﬁaés“gg?}f‘ﬂf%g PA. [0007] FI G 2
shows a flow di agram of a nethod according to the present invention.

[0008] FI G 3 shows a flow di agram of rnative met hod according
to the present invention. buRRaRY?

[0003] The present invention includes 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 includes 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, removing material from the replacement honeycomb ring seal to a finished
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 asssmbly 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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[ 0009] FI GS. 4A and 4B show a gas turbine rotor assenbly with a

shi nmed turbine blade. [0010]FIG 5 shows a flow di agram of an

exanpl e of the shimm ng process fromthe exenplary nmethod shown in

FIG 3. DETAI LED DESCRI PTION [0011]FIG | A

shows a detail side view of knife edge seal assenbly 10, which

i ncludes flange 12, knife edges 14a, 14b, honeyconb ring seals 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 r aditathidedilglat s/hRate rBish diske s$petiting eThe fikibied rddal shiokvesaofttbe adplacement

perspective view of knife edges 14a, b integral with flange

which in C}}oaﬁyézgm i QI8 |32 P@t’ﬁlﬁ}s ¢S 3 #ﬁ% rrﬁéé\/%agnbe%\geen an inner annu?ag surface of the
replacement honeycomb ring seal and the knife edge before the knife edge seal assembly begins
rotating in the gas turbine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1A shows a detail side view of a knife edge seal assembly.

[0006] FIG. 1B shows a detail perspective view of the knife edges of FIG. 1A.

[8007] FIG. 2 shows a flow diagram of a method according to the present invention.
[0008] FIG. 3 shows a flow diagram of an alternative method according to the present
invention.

[0009] FIGS. 4A and 4B show a gas turbine rotor assembly with a shimmed turbine
blade.

[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 Rxa, Rxp 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 Ry, R respectively.
In knife edge seal assembly 10, knife edges 14a, 14b rotate with rotor disk 20 and furbine blade
22, while guide vane 18 and seals 16a, 16b remain stationary. Knife edges 14a, 14b and
honeycomb ring seals 16z, 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, - Rg,. The radial gap between knife
edge 14b and honeycomb ring seal 16b is equal to Rup - Rk Once the gas turbine begins
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segnents alternatively integral with rotor disk 20 and turbine bl ade
22. In FIG 1A, honeyconb ring seals 16a, 16b are attached to guide
vane 18 and have radial heights RHa, R b respectively. In knife edge
seal assenbly 10, knife edges 14a, 14b rotate with rotor disk 20 and
turbi ne bl ade 22, while guide vane 18 and seals 16a, 16b remain
stationary. Knife edges 14a, 14b and honeyconb ring seals 16a, 16b
are assenbled relative to each other to | eave a snall radial gap
between the top of knife edges 14a, 14b and the inner surface of

honey conypkrafifls, gl O] fokéerbRddosehk Ritdionf deRE of AR, gad Aitbibegidrhe mass of
(L2110 LG 058 MIRLIG, 0G0 2l IR0 Dt veeh Kl s
gap bet wagp akdiduSes&AHe eddth 120 d4hNRY BeSdd kéd) §ith Gaheyd &l Hifg &414aka,l6h,
Rah - RKb{bOI%ICG t hI%m%? Sedlégsr bﬁiegfen’ltolg gcileQrglop defects during operation in a gas tfurbine.
Operational wear on the knife edges necessitates repairing the seal assembly at intervals during
the lifetime of a typical gas turbine engine. FIG. 2 shows method 24 of repairing a kmfe edge
seal assembly having a used honeycomb ring seal and a knife edge, which method includes
removing a used honeycomb ring seal (step 26), removing material from a knife edge to a first
knife edge radial height (step 28), installing a replacement honeycomb ring seal with a stock
radial thickness (step 30), and removing material from the replacement honeycomb ring seal to a
finished radial thickness for sealable engagement with the knife edge (step 32).
[0013] Removing the used honeycomb ring seal (step 26) 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 vame. Afier removing the first
honeycomb ring seal (step 26), material is removed from the kuife edge to a first knife edge
radial height (step 28). Removing material from the knife edge (step 28) may be accomplished
by grinding the knife edge to a particular radial height. 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 mumber 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 lmife edge and the
radial height of the inner suzface 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 - Rg.
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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
bet ween kni fe edges 14a, 14b and honeyconb ring seals 16a, 16b and
causes knife edges 14a, 14b to cut into and seal with honeyconb ring
seal s 16a, 16b. [0012] Kni fe edges frequently devel op defects during
operation in a gas turbine. Operational wear on the knife edges
necessitates repairing the seal assenbly at intervals during the
lifetime of a typical gas turbine engine. FIG 2 shows nethod 24 of
repai ri ngo@iskni f e Aﬁlgmlgheiad mathscbuﬁimyfehdgd ngaindeednd hboeynd riﬁblsrri:tn@in FIG.
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centrifugal force on the turbine blades when the rotor disk is rotating. Shimming the twbine
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 cenfrifugal force
on the blades during rotation and thereby properly arranges the knife edge segments integral with

the blades for material removal.



100161l n kni fe edge seal assenbly 10 shown in FIGS. | A and 1B, the

di sk and bl ade materials, and operational requirenents, nake adding
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20, turbine blade 22, first shinm ng wedge 54, and second shi nm ng
wedge 56. Turbine blade 22 is assenbled in rotor disk 20, leaving a
space between the root of blade 22 and a slot in disk 20. First
shi nm ng wedge 54 has a tapered top surface and is arranged bel ow t he
root of blade 22 in the slot in disk 20. Second shi nm ng wedge 56 has
a tapered bottom surface, which surface is arranged on top of first
shi mm ng 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 4&9 of fmt tvedeenb4 W),’S@d@néﬂd@hﬁbtﬁmﬁ eportdheedgenis zrgfamlsuhdatop@f
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CLAIMS 1. A method of repairing a gas turbine knife edge seal
assenbly conprising a used honeyconb ring seal and a knife edge, the
met hod conpri sing: renoving the used honeyconb ring seal; renoving
material fromthe knife edge to a first knife edge radial height,
wherein the knife edge is circunferentially divided into interl eaved
segnents with a first series of knife edge segnents integral with
disk flanges integral with a radially outward portion of a rotor disk
and a second series of knife edge segnents integral w th bl ade
flanges integral with a plurality of turbine blades assenbled in the
rotor disk; installing a replacenent honeyconb ring seal with a stock
radi al thickness; renoving naterialCriAIMst he repl acenment honeyconb
ring seal to a finished radial thickness for seal abl e engagenment with
the knife edge, wherein the finished radial thickness establishes a
first radia L nr ] r

oneychm 1 ARRRdar e e BRRUR e B AR D Qmarid gy AR Rl
rot at i fAgg $eal 4ikien lgak etpe, harecthadichisirising: ng t he turbi ne bl ades
assenbled in the rotor ﬂisk after the step of renoving the used
honeycomb rieHyVEEahe v B@?ﬁ@%bpﬁﬁs§iep of renoving material fromthe
kni fe edge, i | | bRl rReN hEibhitightremQhERIfe
on the turﬁ?ﬁgﬁgﬁéﬁgéﬂﬁﬁéﬂfthe ?E?%gﬁhfgﬁng ro?ating. %. The et hod
of claim 1, wheraignistcireursfesqntiolly dizivod imgintraicevadaberhentsivittaligisieries oSk
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tapered top surfReRSidkdara debénd d6kbl BEkDfAgs samsanedral with@adeclzmges
di sk integral with a plurality of turbine blades assembled in the rotor disk;
installing a replacement honeycomb ring seal with a stock radial thickness;
removing material from the replacement honeycomb ring seal to a finished radial thickness
for sealable 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; and
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.

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 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 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 against the top surfaces of the first wedges until the
force exerted on the turbine blades by the top of the second wedges
simul ates the centrifugal force on the turbine blades when the rotor
disk is rotating. 4. The nmethod of claim3, wherein the step of
removing material fromthe knife edge is acconplished by rotor
grinding. 5. The method of claim11, wherein the used honeyconb ring

seal has a jhitrghdResdvRsiged Wigtapdtedbdt@hl vk fat d3ioa kopasdshedirstinrdgasseltbrein the
honeyconb ring seal before it was ever used, and wherein the fjnished
radi al thi cknes$ogpm; taperpd prriacesrah thensspac BREESH iRifgas@gpd 1k ORosIE sy ding

than the ortginal, b0l GilfssafholPPalined doneNcoabukinggseal . = 6. The

nmet hod of claim erein irnstalling the replacerent honeyconb ring

seal conpr igsbinpeletiongmandadas afthagcombwedzps apewetht toh sméacenufitherfirstgvedges

seal to a stator. 7. A nethod,of repaicri as . turbine knife, edge

seal assenbly cotfi it FPﬁceae’E%t@ﬁ %oﬁémm?naﬁ‘%ﬁg@'e% ‘Gh cﬂ’? A rrepad &ggees

the net hod Conpr%ilﬁ#ll'aQé tHeec@HtEi'ﬁIgl fh& dSRdnREY e Q¥R Heh A% SRR Uisk is rotating.
ni

renoving materia romthe e edge to a first knife edge radial
hei ght, wherein the knife edge is circunferentially divided into

interl eaved_se nts wth a first series.of knife edge.se t .
|t ogr 1 i THF BIFORE R Kas HRGGP AR BFR 1Y AP AT e LG e ot g
of a rg&g&mgg§hb§ag0@%§ﬁ@@?d series of knife edge segnments integral
with blade flanges integral with a plurality of turbine bl ades

assenbled in the rotor disk; installing a replacenment honeyconb ring

seal V\[g‘t h aTI% nqgtlﬁoé g{d (izlgilm {,%h%lr(erfl? iR u%é’g lfldn%&c%%b 1rlr% s%lclll 12¥a thickness less than an

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

used honeycomb ring seal.

6. The method of claim 1, wherein installing the replacement honeycomb ring seal comprises

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

7. A method of repairing a gas turbine knife edge seal assembly comprising 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, 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 ofa
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;

installing a replacement honeycomb ring seal with a stock radial thickness sufficient to allow



material renoval fromthe replacenent honeyconb ring seal to a
finished radial thickness; renoving material fromthe repl acenent
honeyconb ring seal to the fm shed radial thickness for seal able
engagenment with the knife edge, wherein the finished radial thickness
establishes a first radial gap between an inner annul ar surface of

t he repl acement honeyconb ring seal and the knife edge before the

kni fe edge begins rotating in the gas turbine; and shinm ng the
turbi ne bl ades assenbled in the rotor disk after the step of renoving
t he used honeyconb ring seal and before the step of renbving materi al
fromthe knife edge, wherein the shimm ng step sinmulates a
centrifugal forGgaail rbiBotall et ad@menh Boncbants oh@kedlits  firsshed radial
rotating. 8. The nethod of claim?7, wherein the step of renoving

mat eri al from t Heickeis$;e edge i s acconplished by rotor grinding. 9.
The met hod of claim7, Lein I i : : :
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and pushing the om surfaces o e second wedges agai nst the to
surfaces of the dasmgbineeaides until the force exerted on the turbine
bl ades by the top of the second es sinmulates.the centrifugal
force on t hEUREI tﬁ%“ﬁ‘?‘ﬁﬁ@é&wfi‘éﬁn} P giegpioy ?@E affert ot eé’t(iflr’ﬁa?o‘g&%t.he i
met hod of claim }%nem_ﬁ‘fbeﬁr% deBind beRrohe ERFBY iyt b fbmafe kiie edge,
kni fe edge is acconplished by rotor grinding. .

wherein the shimming step simulates a cenfrifugal force on the turbine blades when

the rotor disk is rotating.

8. The method of claim 7, wherein the step of removing material from the knife edge is

accomplished by rotor grinding.

9. The method of claim 7, 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.

10.  The method of claim 9, wherein the step of removing material from the knife edge is

accomplished by rotor grinding.

10



11. The method of claim7, wherein installing the replacenent
honeyconb ring seal conprises welding and brazing the repl acenent
honeyconb ring seal to a stator. 12. The nethod of claim 7, wherein
wel di ng the replacenent honeyconb ring seal to the stator conprises
tack wel ding the replacenent honeyconb ring seal to the stator. 13.
The nethod of claim?7, wherein the used honeyconb ring seal has a

t hi ckness | ess than an original thickness of the used honeyconb ring
seal before it was ever used, and wherein the finished radi al

t hi ckness of the replacenment honeyconb ring seal is greater than the
original thickness of the used honeyconb ring seal.

11.  The method of claim 7, wherein installing the replacement honeycomb ring seal comprises

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

12.  The method of claim 7, wherein welding the replacement honeycomb ring seal to the stator

comprises tack welding the replacement honeycomb ring seal to the stator.

13.  The method of claim 7, 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.
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