
METHOD OF REPAIRING KNIFE EDGE SEALS BACKGROUND           Rotary
seals, which include rotating members in sealable engagement with 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 chamber at one pressure from passing to a chamber at a
different pressure. Knife edge seal assemblies are one variety of
rotary seal employed in gas turbine engines. Knife edge seal
assemblies typically include a disk with an integral flange with one
or more radial projections, known as "knife edges," and a honeycomb
ring seal attached to a guide vane The disk and knife edge rotate
with other components of the gas turbine, while the guide vane and
honeycomb ring seal are stationary. The knife edge and honeycomb ring
seal are assembled relative to each other to leave a small radial gap
between the top of the knife edge and the inner surface of the
honeycomb ring seal before the knife edge begins rotating in the gas
turbine. Once the gas turbine begins operating, the centrifugal force
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
material to a finished radial height. However, these methods of
repair have two primary disadvantages. First, the step of adding
material to the worn knife edges typically involves heating the knife
edge material and thereby heating the material surrounding the knife
edge, for example, 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 located,
for example by creating thermo-mechanical stresses in the part. The
second disadvantage of prior methods is that the means of adding
material to the knife edge is dependent on the knife edge material
and this dependency can complicate the method significantly. For
example, high strength metals, such as Nickel alloys, are very
difficult to weld and therefore may preclude some methods of repair
that require adding material to the knife edge. SUMMARY [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



[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  turbine blades when the rotor
disk is rotating. The finished radial thickness of the replacement
honeycomb ring seal establishes a first radial gap between an inner
annular 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. lA 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. IA. [0007]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. lA
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 Raa, RKb 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 RHa, Rib 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 %fa - R. The radial
gap between knife edge 14b and honeycomb ring seal 16b is equal to
Rah - RKb. Once the gas turbine begins  



operating, the centrifugal force created by the rotational speed of
the gas turbine and the mass of knife edges 14a, 14b closes the gap
between knife edges 14a, 14b and honeycomb ring seals 16a, 16b and
causes knife edges 14a, 14b to cut into and seal with honeycomb ring
seals 16a, 16b. [0012]Knife edges frequently develop defects during
operation in a gas turbine. 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 knife 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 fast 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 vane. After removing the first
honeycomb ring seal (step 26), material is removed from the knife
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 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. IA). 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 RH - RK.  [0015]Although the method 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 may be applied to multiple lcnife edges in a single knife
edge seal assembly or across multiple knife edge seal assemblies. 



100161In knife edge seal assembly 10 shown in FIGS. lA and 1B, the
disk and blade materials, and operational requirements, make adding
material to the knife edges either impracticable or susceptible to
deleterious thermo-mechanical effects on the disk or blades. In this
particular arrangement, the knife edges are originally designed to a
radial height that allows for subsequent material removal, while
simultaneously maintaining an operational radial gap between the
knife edge and a honeycomb ring seal with a finished radial
thickness. [0017]FIG. 3 shows alternative method 40 of repairing a
knife edge assembly having a used honeycomb ring seal and a knife
edge, which method includes removing a used honeycomb ring seal (step
42), shimming turbine blades assembled in a rotor disk (step 44),
removing material from a knife edge to a first knife edge radial
height (step 46), installing a replacement honeycomb ring seal with a
stock radial thickness (step 48), and removing material from the
replacement honeycomb ring seal to a finished radial thickness for
sealable engagement with the 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 shinuned (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.  [0018]After shimming
the turbine blades (step 44), material is removed from the knife edge
(step 46). Removing material from the knife edge (step 46) may be
accomplished by grinding the latife edge to a particular radial
height, for example, by rotor grinding in which the knife edge is
ground while rotating. After removing material from the knife edge
(step 46), a replacement honeycomb ring seal is installed with a
stock radial thickness (step 48). 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 After installing the replacement honeycomb ring seal (step
48), material is removed from the seal to a finished radial thickness
(step 50). 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



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  top of first wedges
54 (step 62), and pushing the bottom of second wedges 56 against the
top of first wedges 54 to exert a force on turbine blades 22 by the
top of second wedges 56 (step 64). First wedges 54 have tapered top
surfaces. Second wedges 56 have tapered bottom surfaces. After
inserting first wedges 54 under turbine blades 22 assembled in rotor
disk 20 (step 60), second wedges 56 are inserted on top of first
wedges 54 (step 62) to arrange the bottom tapered surfaces of second
wedges 56 in opposing sliding contact with the top tapered surfaces
of first wedges 54. After inserting second wedges 56 on top of first
wedges 54 (step 62), the bottom surfaces of second wedges 56 are
pushed against the top surfaces of first wedges 54 (step 64) until
the force exerted on turbine blades 22 by the top of second wedges 56
simulates the centrifugal force on turbine blades 22 when rotor disk
20 is rotating. [00221Methods of repairing knife edge seal assemblies
according to the present invention have several advantages over prior
methods of repair. Methods according to the present invention
completely remove the step of adding material to the knife edge
during repair. Removing the step of adding material to the knife edge
reduces the dependency between the method of repair and the knife
edge material and therefore expands the applicability of the method
on different gas turbine parts including knife edges. Furthermore,
there is a reduced risk that the repair method will cause undesirable
thermo-mechanical effects on the part on which the knife edge is
located. [00231Although 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.  



CLAIMS  1. 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 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; 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 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.  4. The method of claim 3, wherein the step of
removing material from the knife edge is accomplished by rotor
grinding.  5. 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.  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
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; 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; removing material from the replacement
honeycomb ring seal to the fmished 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.  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; insetting 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. 



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. 


