
1                   EP 0 382 993 B1                 2 Description
abradable seal constituents. Any wetting of the rotat- ing member by the
seal material will have subsequent The present invention concerns an
assembly of   detrimental effects-even to the extent of causing suf-
abradable seal system according to the precharacter-  ficient imbalance to
cause vibration and eventual fa- izing portion of the claim.
5   tigue cracking. This invention relates to the field of gas turbine  The
EP-A- 0187612 describes an abradable sys- engines abradable seals. This
invention relates to the  tem containing an abradable material and on the
sur- reduction of detrimental initial interactions in an  face of that
material is applied a thin layer comprising abradable seal system.
a polymerized ceramic matrix containing a rounded Gas turbine engines find
wide application as   10  particulate filler. - sources of power,
particularly In the aircraft industry.  It is an object of the invention to
provide an abrad- such  engines consist of a compressor section which  able
and abrasive system along with a transient inter- compresses air to
moderate pressure, moderate tem-  mediate coating which provides for
minimal interac- perature conditions. A combustor section combines  tion,
with minimal material transfer from the seal to fuel with the compressed
air and a turbine section ex-  is  the rotating member especially during
the initial con- tracts useful power from the products of combustion.  tact
between the abrasive surface and the abradable The turbine section feeds
power back to the compres-  seal. sor section and optionally to external
loads. In a com-  The abradable and abrasive system of the pres- non form
of gas turbine engine, the turbine section  ent invention is defined in the
characterizing portion also powers a fan section which provides added   20
ofthe claim. thrust.                                               It has
been noted that most of abrasive - abrad- The efficiency of the engine can
be increased by  able interaction occurs during the initial few seconds
insuring that air flows only where it is desired to have  or minutes of
engine operation. It is during this brief It flow and that leakage, for
example around blade  initial period that the great volume of abradable ma-
tips and vane ends is minimized. The sealing task is  25  terial is abraded
and during this period of time the in- made more difficult because the
turbine engine com-  teraction between the abrasive and abradable sets
ponents expand and contract with temperature and   the tone forsucceeding
engine operation and seal be- clearances change with varied load
conditions. Cur-  havior. rently abradable seals are widely used. An
abradable  According to the present invention a convention- seal consists
of a brittle, frangible material, usually a   30  al abradable seal can
have its interaction with an weakly bonded particulate composite, which (in
theo-  abrasive surface substantially modified through the ry) breaks
cleanly away ratherthan flowing orsmear-  interposition of a transient
coating on the surface of ing when it interacts with the moving blade tip
orvane  the moving component prior to initial engine opera- end. The
abradable seal system comprises an abrad-  tion. able structure (usually
stationary) in combination   35  According to one form of the prior art an
abrasive with a moving component which interacts with the   material can be
plasma sprayed on blade tips and abradable to cut a groove therein. The
moving corn-  knife-edge seals. This material consists of an oxida-
component, during normal operation, operates In the  tion and corrosion
resistant matrix containing abra- groove thus achieving a good measure of
sealing.   sive material selected from the group consisting of The task of
finding the proper abradable and   40  carbides, nitrides, and oxides. This
abrasive will inter- abrasive combination for operation at elevated tem-
act with an abradable seal of a conventional type, for peratures is a
demanding one especially when rea-  example that shown in US-A-3,413,136,
3,879,831, sonable fabrication costs are also required.       3,844,011,
and 3,147,087. According to past experi- The US-A 3,413,136, 3,879,831,
3,844,011, and   ence with this type of technology such combinations
3,147,087 describe typical abradable seal systems   45   have not been
entirely satisfactory because adverse which are designed for interaction
with a variety of  interactions have occurred. moving components. The
abrasive portion is added to   According to the invention these
interactions are insure that wear occurs on the abradable component
substantially reduced by depositing on the surface of rather than on the
moving blade tip or knife-edge  the abrasive a colloidal suspension of a
ceramic ma- seal. The optimum combination of abradable and   so  terial
which is not wettable by the abradable material abrasive has not yet been
found. There are still sub-  during high temperature interactions; thus
minimizing stantial problems which occur when the abradable   transfer and
adherence of abradable material to rotat- and abrasive do not interact
properly, but instead the  ing component. Typical materials include [err]
MgO, abradable interaction occurs in a smearing or a duc-  [err] and BN.
The adverse provision of such tile fashion causing adherence and buildup of
depos-  55   material greatly reduces the interaction during the its on the
abrading surface. Once this type of behav-  first moments of engine
operation. If adverse interac- ior starts it will persist because the
deposit on the  tions can be avoided during initial engine operation,
abrading surface is wettable by and attractive to the  abradable seal
system which would otherwise be un- 2  
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satisfactory for the substantially  the type which are used in the
abradable structures less demanding interactions which occur during rou-
and the abrasive surfaces. By insuring that such a tine engine use.
nonwetting, nonreactive material is present during The interaction
reduction apparently results from  the initial rub between the abrasive and
the abrad- reductions in frictional heating. (the fine particles pro-   5
able the initial interaction will be a nonwetting inter- vide some
lubricity) in combination with the nonwet-  action and the problems which
often occur during ini- ting nature of the materials.
tial engine run will be minimized. The invention in- The foregoing and
other features and advantag-  cludes functionally equivalent nonwettable
ceramics es of the present invention will become more appa-  which are
stable to at least [err] including rent from the following description and
drawing.  10 [err] and BN. Particle sizes are The Figure is a cross-section
through a portion of  preferably less than 10 [err] (microns) and the
coating a gas turbine engine illustrating typical seal struc-  thickness
should exceed 25.4 [err] (1 mil). tures.
The abrasive surface which interacts with this The present invention
relates to seals using in  abradable seal material can be provided by
coplasma gas turbine engines, particularly those of the axial  15  spraying
an abrasive substance selected from the flow type. Such engines include
alternate rows of sta-  group consisting of carbides and oxides and more
tionary vanes and moving blades with the blades be-  specifically WC, [err]
SIC, and mix- ing attached at the periphery of shaft mounted rotat-  tures
thereof with a binder material. ing disks.
The binder, if employed, is selected to be essen- The Figure illustrates a
cross-section of a portion   20  tially nonreactive, i.e. nonwettable by,
with the abra- of a modern gas turbine engine. Components impor-  sive. In
the case of tungsten carbide, a powder mix- tant to understanding the
present invention include a  ture comprising 88 weight percent of tungsten
carbide plurality of rotatable disks 1 upon whose outer periph-  and 12
weight percent of a cobalt binder has been util- ery are mounted a
plurality of blades 2. The blades ro-  ized while in the case of the
chromium carbide abra- tate within the inner case 3 and are closely spaced
25  sive layer, a powder containing 75 weight percent of thereto. Minimum
leakage between the blades and    Cr3C2 and 25 weight percent of an alloy
comprised of the inner case is achieved by the provision of a seal  80%
nickel and 20% chrome has been utilized. It will 4 (the outer air seal),
mounted on the inner case.  often be found desirable to employ an initial
bond coat Mounted within and upon the inner case 3 are a  to ensure that
the abrasive material adheres to the plurality of vanes 5 on whose inner,
free ends 6 is  30  substrate; such a bond coat may, for example, com-
mounted another seal 7 (the inner air seal) which is  prise the same of
similar alloys to that employed as closely spaced to knife edges 8 mounted
on exten-  the matrix material or binder material in connection sions of
the disks 1. The knife edge 8 and inner air  with the abrasive material.
Other bond coats may be seal 7 cooperate to reduce leakage and improve effi
employed including alloys of the MCrAl type, where M ciency. In an
alternate engine scheme, the disks do   35  is a material selected from the
group consisting of not have integral projections, but are separated by
iron, nickel, cobalt and mixtures thereof; Cr is chro- spacers upon which
knife edges may be mounted.     mium in an amount of from 5% to 25% by
weight; and The seals for which the present invention is par-  Al is
aluminum in an amount from 5% to 20%  by ticularly suited are located on
the inner case 3 adja-  weight. Reactive metals such as Y. La, Sc, Hf and
the cent the free ends of the blades 2 (the outer air seal),  40  like may
be added in amounts on the order of 0.1% and on the free ends 6 of the
vanes 5 (the inner air  to 2%. seal). The seals of the present invention
are prefer-  It is the abradable material which primarily ad- ably mounted
on stationary substrates arranged to  versely interacts with the abrasive
coating and it is engage moving components.                     -    this
reaction at high temperatures between the abra- The invention comprises the
improved use of  45  sive and the abradable which is prevented by the
conventional seal materials which have been tried in  transient zirconia
coating of the present invention. the prior art with erratic results. The
invention brings  The present invention coating can be applied most success
these previously less than successful com-  advantageously as a colloidal
suspension either an binations through the interposition of an initial
inter-  aqueous or organic, i.e. cellulose nitrate based, or mediate
coating which greatly reduces adverse and   50  conceptually could be
applied by a very light plasma detrimental interactions between the
abrasive and  spray coating. We have used liquid applications with
abradable during initial engine run. The abradable  sucess. seal may be for
example selected from the teachings of US-A-3,413,136, 3,879,831,
3,844,011, and 3,147,087.                                    55   Claims
Alumina is a well known ceramic used at high temperatures and has a
characteristic of being gen-  1. An initial assembly of abradable seal
system of a erally nonreactive or nonwetting with metal alloys of
gas-turbine engine, comprising a layer of abrad- 
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be satisfactory for the substantially  the type which are used in the
abradable structures less demanding interactions which occur during rou-
and the abrasive surfaces. By insuring that such a tine engine use.
nonwetting, nonreactive material is present during The interaction
reduction apparently results from  the initial rub between the abrasive and
the abrad- reductions in frictional heating (the fine particles pro-   5
able the initial interaction will be a nonwetting inter- vide some
lubricity) in combination with the nonwet-  action and the problems which
often occur during ini- ting nature of the materials.
tial engine run will be minimized. The invention in- The foregoing and
other features and advantag-  cludes functionally equivalent nonwettable
ceramics es of the present invention will become more appa-  which are
stable to at least [err]Including rent from the following description and
drawing.  10  [err]and BN. Particle sizes are The Figure is a cross-section
through a portion of  preferably less than 10 [err] (microns) and the
coating a gas turbine engine illustrating typical seal struc-  thickness
should exceed 25.4 [err] (1 mil). tures.
The abrasive surface which interacts with this The present invention
relates to seals using in  abradable seal material can be provided by
coplasma gas turbine engines, particularly those of the axial  15  spraying
an abrasive substance selected from the flow type. Such engines include
alternate rows of sta-  group consisting of carbides and oxides and more
tionary vanes and moving blades with the blades be-  specifically WC, [err]
SiC, and mix- ing attached at the periphery of shaft mounted rotat-  tures
thereof with a binder material. ing disks.
The binder, if employed, is selected to be essen- The Figure illustrates a
cross-section of a portion   20  tially nonreactive, i.e. nonwettable by,
with the abra- of a modern gas turbine engine. Components impor-  sive. In
the case of tungsten carbide, a powder mix- tant to understanding the
present invention include a  ture comprising 88 weight percent of tungsten
carbide plurality of rotatable disks 1 upon whose outer periph-  and 12
weight percent ofa cobalt binder has been util- ery are mounted a plurality
of blades 2. The blades ro-  ized while in the case of the chromium carbide
abra- tate within the inner case 3 and are closely spaced   25  sive layer,
a powder containing 75 weight percent of thereto. Minimum leakage between
the blades and    [err] and 25 weight percent of an alloy comprised of the
inner case is achieved by the provision of a seal  80% nickel and 20%
chrome has been utilized. It will 4 (the outer air seal), mounted on the
inner case.  often be found desirable to employ an initial bond coat
Mounted within and upon the inner case 3 are a  to ensure that the abrasive
material adheres to the plurality of vanes 5 on whose inner, free ends 6 is
30  substrate; such a bond coat may, for example, com- mounted another seal
7 (the inner air seal) which is  prise the same of similar alloys to that
employed as closely spaced to knife edges 8 mounted on exten-  the matrix
material or binder material in connection sions of the disks 1. The knife
edge 8 and inner air  with the abrasive material. Other bond coats may be
seal 7 cooperate to reduce leakage and improve effi-  employed including
alloys of the MCrAl type, where M ciency. In an alternate engine scheme,
the disks do   35  is a material selected from the group consisting of not
have integral projections, but are separated by  iron, nickel, cobalt and
mixtures thereof; Cr is chro- spacers upon which knife edges may be
mounted.     mium in an amount of from 5% to 25% by weight; and The seals
for which the present invention is par-  Al is aluminum in an amount from
5% to 20% by ticularly suited are located on the inner case 3 adja-  weight
Reactive metals such as Y. La, Sc, Hf and the cent the free ends of the
blades 2 (the outer air seal),  40  like may be added in amounts on the
order of 0.1% and on the free ends 6 of the vanes 5 (the inner air  to 2%.
seal). The seals of the present invention are prefer-  It is the abradable
material which primarily ad- ably mounted on stationary substrates arranged
to  versely interacts with the abrasive coating and it is engage moving
components.                         this reaction at high temperatures
between the abra- The invention comprises the improved use of  45  sive and
the abradable which is prevented by the conventional seal materials which
have been tried in  transient zirconia coating of the present invention.
the prior art with erratic results. The invention brings  The present
invention coating can be applied most success these previously less than
successful com-  advantageously as a colloidal suspension either an
binations through the interposition of an initial inter-  aqueous or
organic, i.e. cellulose nitrate based, or mediate coating which greatly
reduces adverse and   5o  conceptually could be applied by a very light
plasma detrimental interactions between the abrasive and  spray coating. We
have used liquid applications with abradable during initial engine run. The
abradable  sucess. seal may be for example selected from the teachings of
US-A-3,413,136, 3,879,831, 3,844,011, and 3,147,087.
55   Claims Alumina is a well known ceramic used at high 



temperatures and has a characteristic of being gen-  1. An initial assembly
of abradable seal system of a erally nonreactive or nonwetting with metal
alloys of  gas-turbine engine, comprising a layer of abrad- 3
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6 able material (4) on a stationary component (3) and a relatively moving
component (2) having an abrasive coating on the free end thereof and in-
teracting therewith, characterized in that, in order to improve the
efficiency, a thin temporary layer   5 of colloidal ceramic particles
nonwettable by the abradable material (4) is applied onto the abra- sive
coating to minimize negative interaction be- tween the layer of the
abradable material (4) and the moving component (2) at the initial period
of  10 the run of the engine. Patentansprriche 15 1. Anfangsaufbau eines
abschleifbaren Dichtungs- systems eines Gasturbinentrlebwerks, mit einer
Schicht abschleifbaren Materials (4) auf einem stationiren Bauteil (3) und
mit einem relativbe- wegten Bauteil (2), das elnen Schleifiiberzug auf  20
seinem freien Ende hat, der mit dem stationiren Bauteil in Wechselwirkung
tdtt, dadurch gekenn- zeichnet, daB zum Verbessern des Wirkungs- grads eine
dOnne, vorflbergehende Schicht von kolloidalen Keramikpartikeln, die durch
das ab-  25 schlelfbare Material (4) nicht benetzbar ist, auf den
Schleifiiberzug aufgebracht wird, um eine negative Wechselwirkung zwIschen
der Schicht des abschleifbaren Materials (4) und dem beweg- ten Bauteil (2)
in der Anfangsperiode des Laufes  30 des Triebwerks zu minimleren.
Revendlcations 35 1. Assemblage initial d'un systeme de joint d'tan-
cheification apte A l'abrasion d'un moteur equipe d'une turbine a gaz,
comprenant une couche V-' d'une matiere (4) apte A l'abrasion sur un compo-
sant stationnaire (3) et un composant (2) A mobi-  40 lite relative
possedant un revetement abrasif sur son extremite fibre et interagissant
avec elle, ca- racteris en ce que, afin d'ameliorer l'efficacite, on
applique une mince couche provisoire de par- ticule de ceramique colloidale
non impregnable  45 par la matiere (4) apte A l'abrasion sur le revAte-
ment abrasif pour minimiser l'interaction n6gative entre la couche de
matiore (4) apte A l'abrasion et le composant mobile (2) lors de la periode
ini- tiale de mise en service du moteur.        so 55    


