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1
NON-ABRADABLE TURBINE SEAL

BACKGROUND OF THE INVENTION

This invention relates generally to seals to be used
with turbine blades, and more particularly, to com-
pressible or crushable seals which permit the deforma-
tion thereof by either rotor shroud eccentricities or
rotor growth.

It is well known that the efficiency of the gas turbine
engine is dependent in part upon the dimensional toler-
ances that are maintained during the production of the
engine assembly. A particularly difficult dimensional
tolerance to maintain is concerned with the peripheral
seal between the free ends of the rotor blades and the
surrounding casing. The use of abradable sealing mate-
rials as a lining for the casings is well known in the art.
Such materials have been used to avoid damage due to
the rubbing contact of the rotor blades with the com-
pressor casing and further, to effect the necessary seal
between the moving parts.

The problems encountered by the use of abradable
turbine outer seals are numerous. For example, these
seals have either oxidized and/or eroded in the severe
turbine environment or conversely, the more dense ma-
terials that resist erosion are not sufficiently abradable
and cause excessive blade wear. In addition, the rela-
tively high processing temperature required to manu-
facture such abradable materials creates problems of
distortion and dimensional inaccuracy in the seal struc-
ture. As a result of such high processing temperature
requirements, the abradable seal material is difficult to
repair or patch after assembly in an engine or in an en-
gine component.

SUMMARY OF THE INVENTION

The instant invention sets forth a plurality of seal
structures which are compressible or crushable and
thereby overcome the problems set forth hereinabove.

The seals set forth in this invention permit seal defor-
mation by either the turbine shroud eccentricities or
the rotor growth but yet avoid the erosion which has
occurred in porous, metallic abradable seal material
utilized in the past. These seals are capable of being in-
serted within the shroud or spacer which surrounds the
the blade member of a conventional turbine engine and
may take on a variety of configurations. For example,
they may be formed of foil and subsequently brazed or
welded to the shroud in such a manner to permit lateral
movement thereof or in another modification the foil
may be crimped to minimize tensile stresses during de-
formation in the engine. Additionally, cooling openings
may be inserted in the shroud. Furthermore, the seal
may take on the form of hollow spheres or folded sec-
tions manufactured of compressible metal or ceramic
felt. Also this filler material may be in the form of thin
walled tubes joined together and then brazed within the
shroud.

It is therefore an object of this invention to provide
a non-abradable, compressible or crushable seal which
is capable of use between relatively moveable parts.

It is another object of this invention to provide non-
abradable seal material which is strong and lightweight.

It is a further object of this invention to provide a seal
material which is economical to produce and which uti-
lizes conventional, currently available components that
lend themselves to standard mass producing manufac-
turing techniques.
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2

For a better understanding of the present invention
together with other and further objects thereof refer-
ence is made to the following description taken in con-
nection with the accompanying drawing and its scope
will be pointed out in the appended claims.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevational view of one embodiment
of the non-abradable turbine seal of this invention,
shown partially in cross section;

FIG. 2 is a side elevational view of another embodi-
ment of the non-abradable turbine seal of this inven-
tion, shown partly in cross section;

FIG. 3 is a side elevational view of a further embodi-
ment of the non-abradable turbine seal of this inven-
tion, shown partly in cross section;

FIG. 4 is a side elevational view of still another em-
bodiment of the non-abradable turbine seal of this in-
vention, shown partly in cross section; and

FIG. 5 is a side elevational view of further embodi-
ments of the non-abradable turbine seal of this inven-
tion, shown partly in cross section.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference is now made to FIGS. 1-5 of the drawing
which set forth the plurality of non-abradable turbine
seals of the instant invention. The turbine seals will be
represented by numerals 10, 20, 30, 40 and 50 in FIGS.
1-5 of the drawing, respectively, and like elements in
each figure will be identified by like numerals.

Generally, a shroud or spacer 12 cooperates with and
surrounds a blade member 14, one of which rotates
with respect to the other in a conventional turbine ar-
rangement. For example, blade member 14 can be at-
tached to a rotating compressor wheel (not shown) or
shroud 12 can be carried between and rotate with ro-
tating compressor wheels (not shown) opposite a sta-
tionary blade member 14, Located within shroud 12
and opposite blade member 14 is the turbine seal 10,
20, 30, 40 or 50 of this invention.

Reference is now made to FIG. 1 of the drawing
which sets forth a rectangular-shaped non-abradable
compressible seal 10 made up of a foil material 16. This
seal 10 forms a housing which is secured within shroud
12. Foil 16 is of nominal 5-10 mil thickness and manu-
factured of an oxidation resistant and easily deformable
metal such as NiCrAlY, FeCrAlY, Hastelloy X. Within
foil housing 16 is a foil strip 18 of similar material to
foil 16 but of sine-wave configuration. The foil housing
16 as well as the sine-wave foil 18 are welded or brazed
together at appropriate places 19. The configuration as
shown in FIG. 1 permits the lateral movement of tur-
bine seal 10 under the action of blade 14,

Reference is now made to FIG. 2 of the drawing. The
turbine seal 20 set forth therein has an upper foil mem-
ber 22 made of any suitable easily deformable material
as set forth hereinabove fixedly secured to shroud 12
with a plurality of curved foil sections 18 located there-
between. A plurality of apertures 24 are located within
shroud 12 and allow for the admittance of cooling air
or other fluid during the operation of the turbine. It
should also be pointed out that apertures 24 are capa-
ble of being used within any embodiment shown in
FIGS. 1-5.

FIG. 3 sets forth a crushable turbine seal 30 having
an outer structure 16 similar in nature to the outer
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structure 16 in FIG. 1. In the embodiment shown in
FIG. 3, however, the sine-wave foil strip 18 is replaced
by a plurality of crushable metal or ceramic hollow
spheres 32. This arrangement again allows for the de-
formation of seal 30 under the action of blade 14.

FIG. 4 sets forth turbine seal 40 which contains
therein a straight piece of foil material 42 within an
outer foil housing 16 and further contains therein com-
pressible metal or ceramic felt or matte 44 of about
10-15% density.

FIG. 5 illustrates a turbine seal 50 which takes the
form of a plurality of thin walled tubular shaped ele-
ments 52. Elements 52 may be of a cylindrical shape
54, oval shape 56 or hollow elements of any other de-
sired configuration 38. Any suitable deformable mate-
tial as set forth hereinabove can be utilized in their
manufacture.

The non-abradable seals 10, 20, 30, 40 and 50 of this
invention are capable of being interchanged within
shroud 12 depending upon the type of blade 14 or
shroud 12 construction. With the non-abradable seals
set forth hereinabove virtually all problems heretofore
encountered with abradable seals have been elimi-
nated.

10

20

30

35

40

45

50

55

60

4

Although this invention has been described with ref-
erence to a variety of embodiments which will be un-
derstood to those skilled in the art, this invention is also
capable of further embodiments within the spirit and
scope of the appended claims.

[ claim:

1. In a turbine engine comprising a rotating blade
member and a surrounding fixed shroud wherein said
improvement comprises a non-abradable seal having an
outer housing located within and fixed to said shroud,
said outer housing being made of an easily deformable
foil material and a thin deformable foil material of sine-
wave configuration being located within said outer
housing with the peaks and depressions of the sine-
wave being directed axially and facing the rotating
blade member; thereby allowing for the lateral dis-
placement of said seal under the action of said rotating
blade member.

2. In a turbine engine as defined in claim 1 wherein
said foil material is between 5-10 mils thick.

3. In a turbine engine as defined in claim 2 wherein
said foil material is NiCrAlY.
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