121094737 1- Insulated Honeyconmb Seal This invention relates to honeyconb T@Ei)
nge of seals.5. =~ for gas turbine englnes I n which the seal that-
sur'rounds a row of blades in the engine is at |east partially f|2gfﬁéragt3

an insulating material to reduce.the thermal gradients in the tu

.and thus mninze contact bet ween t he bl ades and the seal. 10 To reduce the

“gas path seal clearances during .engine transients attenpts have been made
to_insulate the seals and their supports,to reduce. the thernmal response of

fﬁ%ﬁ parts. Wiere the seal is a honey- 15 conbed material the honeyconb .
has been filled with a paste formof insulation which is then brazed or.
sintered to set-and bond the material. This procedure is difficult to
monitor to assure a uniformfilling of the honeyconb with the result that
there is uneven 20 i nsul ation throughout the honeyconb. Wen it is
desirable only to partially fill the honeyconb in certain installations, a

wniformfilling to the extent @%@ HRRYTHD Sedkficult. 25

One feature of the invention is the appllcatlon of the coating of the
insulating material as a powder by flame spraying this powder to the
desired depth of thickness in the cells of the seal. Another feature is the
use of a Ni CrAl/bent Ghiitse iposadri oms riefia tiess Hoathongys®mb typst erfi dHeals

Anot her f eat { L 5 ' |53
-V\E?Chegr o?;?dgr'?hle%dga% li':g‘ra:b(}.%e Qh%lﬂ%\@dq %1&1’9%&@&&' %aacp@dr&%dnq?_ _

a row of blades in the engine is at least partially
filled with an insulating material to reduce the
thermal gradients in the turbine case and thus
minimize contact between the bledes.and the seal.

10
To reduce the gas path seal clearances during
engine transients attempts have been made to insulate
the seals and their supperts to reduce the thermal
response of the parts. Where the seal is a honey~-
15 - combed material the honeycomb has been filled with
- a paste.formjof insulation which is then brazed or . _
' sintered to set and bond the material.. This precedﬁre'
is_difficult'to monitor to assure a uniform £filling
of the honeycomb with the result that there is uneven
20 = insulation throughout the honeycemb When it is
desirable only to partlally £fill the honeycomb in
.certaln 1nstallatlons, a unlform fllllng to the extent
..desired is even more dlfflcult.,~ '

25 One feature of the 1nvent10n 1s the appllcatlon
| “of the- coating of the “insulating materlal as a powder
by flame spraylng this powder to the des;red depth
of thickness in the cells of the seal. BAnother feature
_ is the use of a_NiCrAl/bentonite powder as the insulating
30 'material. Anether feature is the use of this powder
in flame spraying applieations which provide the desired



'.2& bond -and insul ating properties as well as the desired hardness of the
ing. According to the invention there is provided a 5 pr.ocess for ;)
- the manufacture of a seal for a row of turbine bl ades |nclud|ng t he ‘st eps
of : providing a honeyconb seal with t e cells t herein substantlally radi al ;

. closing the outer ends of the cells by~a 10 surrounding ring; "and flame

.spraying an insulating material into the cells to fill at |east partially
the cells radially inward fromthe outer ends, the insulating material A

bei ng clay pg il Drt%i_l ‘;qu g this L~
material to ?’Ltgdgggﬁ%r\g é(hv)ry %gsat of e ¥ a}:r?ee sfi;?rs%/&fénd; The -
princi pal fe%taltrd@\e@cs T&Ietlﬂévwdﬂmd s the appl.i cat ion of an insulating
powder to the cells of a 20 honeyconb by a flane spraying procedure: by

- which to assure a uniformapplication of the insulating coating to the
desired depth in the honeyconb and to produce an insulating structure that
~has the desired char aticiridiinge *oMtheuinvent iar thexad nentpdrayindel tane 25 N
- flame spraying.
5 - process for the manufacture of a seal for a row of
turbine blades 1nc1ud1ng the steps of: -
prov1d1ng a honeycomb ‘seal with the celis
therein substantially radlal,.
closing the_outer_ends-of-the cells by a
10 2 surrounding ring; and |
flame spraying an insulating material ihto the
cells to fill at least partially the cells radially
inward from the outer ends, the insulating material
be1ng clay partlcles with an alloy coating and

15 ' curing this materlal to the desired hardness by

the heat of the flame spraying.

The princiéal feature of the invention is the
application of an 1nsulat1ng powder to the cells of a
20 .honeycomb by a flame spraylng procedure by whlch to
assure a uniform application of the 1nsulat1ng.coat1ng
~to the deéired depth in the honeYcomb and to produce an
insulating structure that_hés the desired
'cha:aoteristics without further treatment beyond the

25 flame spraying.



The'foregoing and ot her objects, features and advantagesIOf-the present. ([5;

nvention wl.l .becone nore apparent .in the light -of the follow ng detail ed

scrlptlon of the preferred enbodi nent t hereof as shown 5 . in‘the :
_acconpanylng drawning. Figure 1 is a4ragnentary sectional view through-a
turbi ne shomnng the location of the honeyconb seal. 10 Figure 2 is an
enl.arged sectional view showing the coating.applied to the seal. Figure 3
is.an enlarged sectional view of the 15 seal .

-.;geferr' ng to Figure 1 ihe bgpeyserlh seal St%e'imgbée@t@ SE@ueuassSyRROT ted by

seal ring 6 positioned Wt tur bi ne casi he sea has a
snal | er 20 gacaRtageshan the §Qéheﬁtariﬂveﬂmaasvﬁme pBeendsmadpeof the
turbi ne bl ade 12 adjacent to the | eading edges of these shrouds. The seal

4 has a | argerappagener iantheulighedofattei folllowthy ddtadted to a

- central rib 14 on the shrouds. Desirably the seals have a m ni num of

¢l earance wit hdebersptdadsofothedprefekeelicabgdinbngathpasoft ae sbaws and
t he honeyconb material is selected as a seal since it will wear 5 away’

“readily Bn theinvthe atcowmpanyingi dnawhvghl ade shrouds during englne
gran5|ents wi t hout any detrlnental effect on the turbine.

- Figure 1 is a fragmentary sectional view
through a turbine showing the

location of the honeycomb seal.

10
- Figure 2. . is an enlarged sectional view showing
the coating applied to the seal.
Figure-3 .is an enlatged'sectional view of the

5 o geal.

Referring to Figﬁre'l the honeycomb seals 2 and
4 are shown as supported hy_a_seal riho_ﬁ_positioned
awithin the.thrbine casing 8. The seal.2 has a smaller
20 diameter than the seal 4 and engages the shrouds 10 of
o the turblne blade 12 adjacent to the leadlng edges of
-fé:: : o these shrouds, The seal 4 has a larger diameter and -

su;rounds and 1s3closely adJacent~to a .



_is desirable.to reduce the heat transfer fromthe gas going through the
bine to the seals thereby 10 - = reducing the rate of change in_d{aneten;d_.
‘he seals during engine transients. As above stated this has been done
manual |y packing an insulating naterial in paste forminto the honeyconb
seal s. Such a procedure is tine consum ng and does not result in a 15 -
~uniformdistribution of the paste in the openings of the seal particularly
if the seal openings are to be only pakfially filled. To provide a better . _
and nore dependable insulation it has been found that suitable insulating - -
powders may be flame sprayed into the seal 20 and wi |l produce the ~

~desired uni f orgaritisl @it a efdeathev il duies Jesd et dony hapd dastd ation in
“the honeyconb spaces aqr .cells. gﬁ{ther the flame spraying produces a better

adher ence of § A TR fh SFiearangs, Wike the t8hieuds atredpce

properties. TEhe leakdgd of @fs pastaltie waLrs tand I“tfhéiﬁ_ﬁiﬂé?fbcﬁlﬂ? dnﬁss byI
the flame spray t_her, avol.ding any further heat, treainment of the seal 4
with the i nsu%"{%ﬁ éf'?éi)grlei%etfc&édr1rgalsﬁg¥nsoev? oszﬁcge. LF ¢ e5ras bei ng i
honey- &onb h&waypasiagdslyorins e evient nft aiontaatenditiy 3t radially

and the out or e GhridieRe HIARRP dligRl I SHASGH dHodd Spr T OUNdI ng 4

Thoul 8t ng poRRT IRRRNR GRS PRSP act or i Stics o flame
sprayed into the 3Tt is Sewidablle a8l Iredurd RadasddEedriaifer #¥br he
particul ar SeQ:lheS %%vgn gtor-nl.%gc%lﬂroq:{gq;aq:%eoq:dr%ine to the seals thereby

10 | reducing the rate of change in diameter of the seals
durihg engine:transients. As above stated this has
been done by manually packing an insulating material
in paste form into the honeycomb seals. Such a
procedure is time consuming and does not result in a

15 uniform distribution of the paste in the openings of
the seal'particularly if the seal openings'are;to be
only partially filled. To provide a better and more
dependablé insulation it has been found that suitable
insulating powders may be flamé sprayed into the seal

20 ~and will produce the aesired uniform'insulating-effect
with the desired depth of insulationin the honeycomb
spaces or cells. Further the flame spraying produces
a better adherence of the insulating material with

more uniform insulating properties, 'The material is
25  also cured to the desired hérdness.by'the flame
spraying thereby avoiding any further heat treatment
 of the seal with the insulation therein.
Referring now to Fig. 2 the seal 2 being honey-
. comb has openings or spaces 16 therein extending
30 ~radially and the outer ends of these
spaces or cells are closed by the surrounding seal
ring 18. To accomplish the desired insulation of
this seal a suitable insulating powder having desired
insulating characteristics'is flame SPrayed into the
35 spaces or cells to the desired depth. 1In the
a _particuiar seal shown the cell dimension is



1'59 mn’ . and the height of the honeyconb is 2.54 nm The povvde _

flame sprayed into the cells to provide insulation 28 to a depth of 1 J
'+ .5 nmm within the cell. 1t will be understoFF 5 that éhefﬁ of

nsi ons are gi'ven by way of exanple and the ce si ze. or dept. _ _

?Ingﬁl ation are %ot CI’I%/I ca?/ to the inventjon. The preferred powder consists
‘of particles of bentonite which is normal":Py 70% [-err] and 20% A1203 by 10
wei ght and these particles are coated with a mxture of NNCrAl to prodgce a
Bsgnposition in the powder of chrom um1l.5 to 6.5% alumnum1.0 to 6.0%
bentonite 18 to 24989 mmckel remai nderd tHé hhmjdhtlblebﬂru}gé q{&%)éa%gaggpabl .
I-nsul.atin owd b y p t allo )
of being ngI i e?%fl@ r'}’grreﬁ"lmzpr alfl'?%%ﬁ%idééﬁ‘ lLFs}J(;lﬁnf?st YRd (e ghei cul ar
powder al t hough §811% tRWPYifR Insulakdan @A ao rm\nkistrproﬁuge§7a:- very

fore
satisfactory i nQuUlsiisNg CoaAléHith thE1@e382! S Arefy cl.eaned bef
fo ame spraél?/ng t q._rs]s re a good bond wt g’ol ms&yzfﬁ% terial

and the powder nsiops ﬁr@or%‘é’rm Syawayprofy estpmigieerand apabl e

~of producing trtd:ede&]rlecbmyatom@eiﬂmsldﬂ AnERA 2t aldd1gdio rt%be
gprayed on, for 48X fIarre sprayer 20 having a nozz

~di.scharging a flame 4 agal ns n[he seal . The powder is applied by a tube
26( del i 8ergd through%m@iﬂr@e@)p@nﬂem cloasfilsaize odng e idapesideed on the

seal . The nozzl gent diaed wihiicl 1% hekAbivG b9st B8 Se%'nda%% A1,0, by
R 10 weight and these particles are coated with a mixture

of NiCrAl to produce a composition in the ‘powder of
chromium 1.5 to 6.5%,'a1umintm 1.0 to 6.0%, bentonite
- 18 to 24%, nickel remainder. It will be understood that
. any insulating powder being clay.particles with an alloy
‘coating capable of beinglappiied'by flame spraying may be
used instead of this particular powder although it is known
- that this particular.powder produces a very satisfactory
- insulating coating. The seals'are preferably oleaned
before flame spraying to assure a good’bond.with the
20 ”'insulating material and the powder is then sprayed in
with conventional spray -equipment capable of producing
the desired coating density. _ _
-The insulating powder may be sprayed on, for
example, by a flame sprayer 20 having a nozzle 22
25 'dlscharglng a flame 24 against the seal. The powder
' is applied by a tube 26 dellvered through the nozzle
to enter the flame and be dep051ted on the seal.
| The nozzle is moved ax1ally relative to the seal and
o parallel to the surface thereof while the part is
: 30.- rotatlng for deposxtlng the material. The nozzle is
. also de51rab1y rec1procated axlally past the seal
*durlng the c1rcumferent1al movement to assure a _
‘uniform. dep051t in all of the cells of the seal. The
- normal flame spray dep051tlon covers a relatively small
35 - area and would not normally be wide enough - to fill
' _the cells across the entire w1dth of the seal
o w1thout thls axlal movement - The ;nsulat;on.zg-is_:"

15



1 |lel to the surface thereof while the part is 30. rotating fer = =
deppsiting the material. The nozzle is also desirably reciprocated axially
past the seal during the circunferential novenent to assure a uniform
deposit in all of the cells of the seal. The normal flame spray_deposition
- covers arelatively small 35 area and would not nornmally be wi de
- enough-to fill the cells across the entire width of the seal w thout this
~axial novement. The insulation 28 is {, shown as applied only fromthe
bottom of the cell up to the desired depth. It has been found that by o
-flame spraying in the manner described substantially none of the insulating™
powder adheres o the_side,5 | I.s _of .the,seal be n the.insulation
and the open eﬁéog? fﬁeaggﬁﬁedcﬂgwarFFP@aFB?iRgggﬁmtﬁ%ggﬁg Sﬁgﬁation-is
duri ng decel erapi ba whendeséredoiepthas paskasgbeenr fohrdséhbs and t he
" support structye e 1 S rqs : [ .aphdl y
t han the rotorﬂgﬁfgayﬁe§gggg?ﬁgl??ytg gégﬁggngégﬁgéé Ec%ﬁ?%?%ﬁt%%?QQ
particul ar arr BABeneht the LRsulatibg pewdessagherest oothehsidRi ng of the
seal to gvoid {hissse&l tRadsehlopdtweBhathe iRk0I8tEBHI BRACLRA’ apeqs are
set for this 15 condition the use of this insulation enables™a Y
reduction in tﬁﬂdeﬂﬁiﬁgedégP m clearances at this point and the result is a
hi gher perfornmance engi ceibécallseiné iadtaediheabpgeapash tike seal .

during deceleration when the cooler das pasSing'over

»

the seals and the support structure causes these

10 structures to shrink more rapidly than the rotor with
the possibility of seal and shroud contact. This
‘particular arrangement :of insulation reducées the rate
of shrinking of the seal to avoid this seal and shroud
contact. Since engine clearances are set for this

15 . condition the use of this insulation enables a
reduction in the engine design clearances at this
point and the result is a higher performancé engine
because of reduced leakage past the seal.

Although the invention has been shown and

20 described with respect to a-pieferred embodiment
thereof, it should be understood by those skilled in
the art that other various changes and omissions in
the form and detail thereof may bé made therein without
departing from the ' scope of the

25 invention. -



'Although t he,i nvention has been shown and 20 descri bed with respect/to,,
@ preferred enbodlnent thereof, it shoul d be—understood by those skilldd 14
¥ﬁe art. that other various changes and om ssi nd detail ~
thereof may be made therein without de.R)/Brtl ngﬂiﬂ“”“llmm“mlm“ _
- scope of the 25 I nventi on. rocess M or the nanufacture
of a.seal for a row of turbine blades including the steps of: 5

provi ding a honeycormb seal with the cells therein substantially radlal
gl osing the outer ends of the cel I schymgsurrounding ring; and flane
‘Spraylng an insulating material intoTe 10 cells to.fill at |east

partially the cells radially inward fromthe outer ends, the insulating
. material being clay particles with an alloy coating and curing this
material to tAe desir®dobesdnées bhet hanh€attaket bé &l sealsFoayiangowls 2.
~The process of .claim1 |nclud|ng the step of using as the insulating
Jaterial to befftysbiner bjedes porduding whecsteps phrticles are
"Ni Cr Al / bentonite. 20 3. The process of claim1l in which the
‘particl8s are in the pPspmiding aohengycpmht §RRle Wiithh thencelAs coating
ahereon s

_thereln substantially radial;
closing the outer ends of the cells.bf a
surrounding ring; and
flame spraying an insulating material into the
10  cells to £fill at least partially the cells radially
inward from the outer ends, the insulating'material
belng clay particles with an alloy coating and
curlng this mater1a1 to the desired hardness by
-the heat of the flame.spray1ng.
| " 2. The process of c1a1¢~1 including the step of -
using as the insulating maferiel to be.flame=sp:ayed a

powder in which the particles are NiCrAl/bentohite.

20 3.. The process of claim 1 in;whieh the particles
" are in the form of a core or bentonite with a NiCral

- coating thereon.

4, A turblne seal for a row of turblne blades
25f 1ncludlng-- - | ...
| ' a honeycomb seal ring in whlch the cells of the

_honeycomb extend radlally,



—7A—PHFbFne~$eaL_LQL a rom1of 't ur bi ne blades 25 i ncluding: a '_ .
rﬂu Bat ,rln in which the cells of the honeyconb extend radially; <
ol

g the outer ends of the cells; and an |nsulat|ng
id cells by ame spraying an |nsulat|ng powder

UI’I’O
at eri a

into said cells 5 |n mhich the insulating material is a clay base
conbined with a netallic alloy that is heat cured to the desired hardness
in the flame spraying operation. 5. A turbine seal as in claim4 in

havi ng a bentonite core an ur brnée-seal
claim4 |n\M§#¥1§ Adisul ating material is N CrAl/bentonite. 15 7. A
process for e mahufacture of a seal for a row of turbine bl ades :

substantially as descgp bpgshiea€ing ﬁaterialppégﬁkléﬁédalﬁoﬂéﬂé &eibgne

whi ch the 10 mat erj aéu£€g§P§$a§lcoa sgig¥ggg|§hén%§?grfgﬁg§o£fpgﬁ |cles i;;

bl ades substantially 20 as described herein ith reference to the
- acconpanyi ng sl Fidife spraying an insulating powder into said cells ' 3
5 in which the insulating material is a clay base combined i

with a metallic alloy that is heat cured to the desired

hardness in the flame spraying operation.

5. A turbine seal as in claim 4 in which the |
10 ‘material that is flame sprayed is in the form of

;particles having a bentonite core and NiCraAl coating.

6. A turbine seal as in c¢laim 4 in which the

insulating material is NiCrAl/bentonite.

15
7. A process for the manufacture of a seal for a
row of turbine blades subStanﬁially as described herein.
8. A seal for\swrow of turbine blades substantially
20 as described herein

ith reference to the accompanying

drawing;

P



