fR 7003 1 METALLI C CELLULAR STRUCTURE Background of the Invent gl
Field of the Invention The present invention relates to abradab faguls
turbine seals and, nore particularly, to novel turbine seals haV|ng
cellular metallic structures suitable for operation in an oxidizing and/or
carburizing gas environnent at high tenperatures. (ii) Description of the
Rel ated Art Cellular structures nmade fromthin sheet netal or netal foi

are attractive for use.in space and aerospace applications, in particular

in jet engines, because DXTQrI&VéEELiHM&Tﬁ s to weight ratio and
hi gh nechani cal energy otptiom-capabi 11 LT 65 acoustic danping while

being light in weight. As a Hﬁggéumpﬁﬁshguﬁmm the | ow density they are
al so readily abradabl e, which characteristic is used in j et engines, and
also in stationary gas turbines used for power generation, to reduce the
gap between the_ statiqnary.shroud and rotating bl ade conponents, thereby
|rrprOV|n@)effEl$'$Q§§h—‘-’&Pl"-§¥1%Jbas turbine cycle. Wiile the cellul a:rnﬂne
structure us I the inorespdribout tips
gggééﬁeégh TiVefit aﬁ’hﬂ%t?@@ abFadable bas fPbihe el igid, norep

or knife’ I'ng de to cut into it wthout cau&gg damage
to the bioaﬂ&reﬁ&&bﬁﬁ@s@lsr tisving ecellular metaitic tstreclamsaﬂ!@tbble fer operplen 3¢ Alct ur e,

it nust be stron nough, to wi t hst and st t|c and h frequency vibratory
| oads, abnd&mﬂ‘ﬂﬂ%éql ATz §ag en eI et xi dati on and/ or

carburization attack, all occuring at hi gh terrperatures. Furthernore, the
seal nmust not crack under thermal- shock and | ow cycle fatigue loading. In

ot her wopgs Sergstidnibfhe Relared wre used as a gas path seal must be

resi stan of gas corrosion_attack and r&ist ha%ﬁ ﬁxce e€ fc’?ré tural
integrity andCbﬂn@ISwmrﬁmﬂ%ﬁgméhmﬂ%mq WIS AE AT T n| cal -
and thernal ads | yel ngd,xga@y ri ods
of tinme. S@?ﬁ@’é‘ﬁf“%’ﬁ%ﬁ %écﬁﬁmjség%%ﬁ ar d&&%ﬁ%ﬁa@g?ﬂlggﬁ%& nmanuf %ured
from hi gbfipnal kowRibht ra%iésézﬂﬂhglh freShizmidal egy bewtstiomnapabitities andaasensticl oy's.

-and are provided having regul ar hexagonal cells for orr ating
ribbons dﬁmpingevhlterbaimg llgfan@l“mhéh Agatdﬁ@ctéféﬂﬁﬂb}ﬁ@‘@d’ 3%2‘8?%‘13“?% hEF® wher e

abutti ng ru t.odf HonRY gasnal |,
i e. éea gbragglg Rﬁoﬁ a(g%if%g&rldsl ss ersh%gf%%gﬁgtzliQ?S t% fies a
Conve“t ' ?.Hﬁinepﬁééer fo@bbwehgéiﬁﬁﬂbﬁbtos&dmdhé gap bettvmen heastationanyr shrendoindes i n

whi ch the honeyconb cell walls are nmade
rotating gllade components, thereby improving efficiency of the gasturbine cycle. Whilethe

cellular structure used as an abradable seal must be soft enough to allow the tips or knife

" edges of arotating blade to cut into it without causing damage to the blade and the structure
carrying the abradable cellular structure, it must be strong enoﬁgh‘to withstand static and
high frequency vibratory loads, abrasion, cyclic thermal stresses and cyclic oxidation and/or
carburization attack, all occuring at high temp_ eratures. Furthermore, the seal must not crack
under thermal shock and low cycle fatigue loading. In other words, the celluiar structure
useci as a gas path seal must be resistant to hot gas corrosion aftack and must have excellent

.. structural integrity and long term di:nen»s'ional-stébility to withstand the mechanical and
thermal loads imposed on it for many cycles and over lengthy periods of time.

Conventional abradable cellular gas path seals are manufactured from highly alloyed,

A ‘austenitic stainless steels and nickel-base alloys.and are provided having regnlar hexagonal
cells formed by corrugating ribbons of shect or foil and welding the corrugated sheets
together where abutting walls of adjacent corrugated ribbons mest to form a double wall,1.e.
‘2 node. i |

U.S. Patent No. 3,867,061 issued February 18, 1975 typifies a convenﬁonal'prior art

honeycomb shroud for rotor blades for turbiz\lés.in which the honeycomb c_ell'wallsr are made




2 6 A'R 2005 -2 from ni ckel -base heat-resistant alloys and the honeyconb
strips are brazed or resistance welded to a back-up ring. USSAPRatEht No.
4063, 742 i ssued Decenber 20, 1977 di scl oses anot her enbodi nent of prior art
abradabl e fluid seal for use in gas turbines consisting of a conventional

- honeyconb made by conventional honeyconb equi pnment in which abutting

t hree-sided sem -hexagonal strips each having a pair of flat slanted sides
and a flat crest of equal length standing on edge ("soe") are resistance
wel ded together at the crests. HoneycomB-structures typically are
fabricated by building up the structure |ayer by l|ayer to resutt,in a
three di ndresm airkel-brsepeaiaerisgubalinys grd thekanepgonel stHps 'bW?if o FeSISRRPT h
the ribbon Qad beegn %Iit. rior to corrugation. The length of the structure

i s parallef® &l Pabackp

PBA%80f the double walls or nodes and the width is

represented by tyRepAlint Bt 4068, P42 ik Decdthbdr 40,1977 Siselbses Aottenbmbodiamyt i s
brazed to face sheets to forma sandwi ch skin or brazed to -backplates of a -

ring or riofeprioecareabradable flimidnseal sfonse ih gas bnbiacs iconsisting af @ emvenfional
e 5 My s 200 6 S 0 50, B e
Croel £ TriputERighAR0igekalitd iy ol IRPHalia A8 ol o bt Blest STLLMENRE e
and due t tandaipid @ley (‘30¢T)are resistace weldedogether dtdheredstby t he two

Sai d node. el | Heneycomh SErchES Spicaly e Sirbaen by BRUER Ipee FTERe B o
roforrod tig7er LRSI it Plinkikidibitofy hdiiiy PEAAR dbtefiilny RO WA 2 ©

cel | ul ar. ghe tibboit advietin stitogribr toeciragutionl ab enpthiof the simayiretie pprallelitarthks t o
resi st conbi ned thermal and nechani cal | pads. The nost co%g ug d met hod
to provi derlenerafithe denbdsyiaHe o Beges apd Mhenwiddhy 1sreprgsented by they B oA IEZ e

filler metal i ' i t ARk ' s of
the "soe" b?élfilfugl gPG%%ugﬁpgﬁgﬁgp%ﬁgaﬁ%giﬁg%géﬁ? ragglé, anék:@%éi%%&t&ﬁi S
assenbl y thaglilixes of a g ot Hifiysehnvntvio fomi alsealltht contastirlg swpfatd of thelcelldept h -of
the nodes to inpart inproved structural strength. The eé?g%'?d sg}rfa‘ce at .

whi ch t he hady SpmBiagees”tsupfags. Kyetbeazinggoes pplonljoin fhepelly oFRE e t he
oSt heverifle SR P! Gl YA 1D o6 @2 G enifER AR Tho LAIFRAE Bt ieBefifar S

. and therefore requires structura nadequat e

- W cKki ng sutmemse itselfaclhieisathectothafhebthazihe Grazidpesldy, in & liguid witd add dub &k :
not only is the cellular structure unstiffened, with the consequence of
| ow shape <@pHiBry actign, riges wihthewpp fommed by the two neighbouring walls of the node, thereby

wetting the abutting surfaces of said node walls and, after resoli'(.iiﬁcation-of the braze filler

' metal, forms a stiffened cellular structure. The braze flow up the nodal walls is referred to
as “wicking”. Such wicking is essential to provide a brazed cellular structure with good
mechanical behaviour at high iéxnper_ature.s toresist combined thermal and mechanical loads.

The most commonly used method to provide a turbine engine seal segment or ring

is to sandwich a braze filler metal foil, tape ot brazing powder between the abutting surfaces

“ofthe “soe” cellular structure and the backplate surface, and brazing this assembly together.
The liquid braze metal must travel up the full depth of the nodes to nnpart improved

" structural strength. The exposed surface at which the rotor blade tip or knife edge rubs is
also fhc- surface where the most severe combination of mechanical load, wear and
temperature occurs and therefore feéluires excellent structural integrity. If inadequate
\iricking success is achieved during brazing, there is a twofold drawback: not only is the
cellular stxucnite unstiffened, with the consequeﬁce of low shape stability, which may cause

premature failure of the seal boc!y in service, but also the bulk of the braze filler metal




premature failure of the seal body in service, but also thé®éPR 8895t he
braze filler netal 2 6 APR 2005 -3 renmains at the backplate surface and
penetrates both the backplate material and the cellular foil alloy
structure by diffusion while in the liquid state to a nuch |arger extent
than would be the case if the braze alloy flowed up the nodes. This has
the effect of .significantly altering the chem cal and nechani cal
characteristics of the backplate and the - foil nmetal alloy, at |east
locally at their juncture. Because oxidation resistance and carburi zati.on

r esi st anceengdinditghe bREPRfeduh@Sand PRnettA6H Hotlthe bﬁélgﬂ%te Rlaterial And1Bé lmldravi ng
(0]

a good hot gas corrosion resistance nust be used r the manufacture of

'lt)ur bidne s h @iow#gcww%iﬁnﬁe?whﬂmﬁabiiq}lidm¢mmmhlargstrmmaﬁmomldnl is
motal 1 oRt i Ao O 8 e, Aok a i, e ndS ek e o et sleiespiy. 0

+ austenit | Sltenaithd heihicht S mectafibalichar i B%ﬂg%@%%@%ﬁ@%%ﬂg%@@é seal s

rely on the formation of chroma (Cr203 to
provi de saldeasplasaly &f their julictoweer y hi gh tenperatures or in conbustion gas
at nospheres flgvmaglg at. high speeds; both found in turbine engines, this
type of prot eBESARe PEdaiAh Topptance And; carhupization registanes at ighdemperaturesarg ¢ o

vol atil e Bfe@a} IPM%’% ' e [ LN
Super al | oy E??cﬁ%ﬁcﬁlg%{ler _ %)Ha | 5t dgﬁﬁﬁ g%&#?m%%%&e%ﬁ%ye _ gﬁét,hél nc.
(1987) . . Themsfactpreae thrvise sdals, tThe esistantwofthetals, to dekhfibpand baburiratioh ibet t er

protectiqgn is achieved with alum na (A1203) which is formed on netals
havi ng %ngﬁnﬁﬁe ?‘Hﬁ?@%ﬂlﬁ- PE syrEee rflapiayers whish preteckihn andedying meta) fraamr oni um

Cr t t addit i o g ‘ _ . |
21 kot urs 1oy ek, PR s ¥oph alSHE TR als A el L L
(Pr), necwpwentinngNebradzbdereslulimsekelp onl the fdimation of LiadmliLeCHOY dreniged cal | ed

MCrAlX al Lo sowéh é r'epresgnti ng the rare earth netal addifion and M
bei ng t he }/ 10 pxiges o pradls speh Projeqtiont Agvery bightterapeatyrgs opin eambustionr Co

or conbigat r -l I [ h . he mai.n rar.e eart

addi ti on,é}l?h%ﬂ%%?%%?ér%eg%%% M%‘ |SB§S a?’%ﬁ‘r %ﬁg(?r“gﬁb S8R aﬂ’?%?g

MCr Al'Y alprotestian i uditable daeth furthéd oxiddfiak of He-Cr,d, td 161a8R0CHY, a¥\dscriBed Bl ey et
26,1992, O her_ patents such as U. S. Pat. No. 4,034,142

al ., issued May .en Y
i ssued J E'ela?eg/i- Soyalek gngGerpld He MpleripSopemlloysHl by Ghestar BoSimsx2 al. {edsdd Mar ch
5, 1985 ji,8n Avil ' Cridhe. sim L.ar Al Y al.l oys w th excel | ent
sel fprotecti /(?‘r{ g}bgﬁ[\%@? ’%h'(s)(tlgg S Tat{étsac e_nauqur Sihe eas_fylglre@ﬁgﬁ?qogé‘?fc g‘? ﬁﬁk S
descri be nuich hester mbideridh 3 aehieoydbwith aluvend @31,0,) FRidhig Soraird o HetdShaving
structural .&ﬁrl,al in the farmof foil to provide a welded cellul ar

ahi concentration and being further enhanced by high chromium (Cr) contents and the

-addition of rare earth metals, such as yttrium (), zirkonium (Zr), cerium (Ce) , hafnium
(HD), ytterbium (YD), praseodymium (Pr), neodymium (Nd), samarium (Sm) or lanthanum
(La) leading to so called MCrAlX alloys with X representing the rare earth metal addition

and M being the major alloy constituent selected from the group of Nj, Fe or Co or

combinations thereof, If yttrium is chosen as the main rare earth addition, then the resulting

- alloys are referred to as MCrAlY afloys. MCrAlY alloys are disclosed in U.S. Pat. No.
| 5,116,690 by W.J . Brindley et al., issued May 26, 1992. Other patents such as U_‘_.'S. Pat. No. |

"4,034,142 issued July 5,1977t0 R. J. Hec;ht and U.S. Pat. No. 4,503,122 issued March 5,

| 1985 to A. R. Nicholls describe similar MCrAlY alloys W1th excellent selfprotection against

hot gas attack. All the aforementioned patents describe the use of MCrAlY alloys as overlay

. coatings and not as a structural material in the form of foil to provide a welded cellular

structure.
It is difficult to obtain MCrAIY alloys in thin sheet or foil form because they are hard




structure. It is difficult to obtain MCrAly alloys in thi nzs@?g;R% foil
form because they are hard 2 6 APR 2005 -4- and difficult to 1™ i ch is
the effect ofthe high alum niumconcentration, typically in the range 2 -
6 % by weight, with 6 - 7 %representing the upper limt to retain

wor kability. If available in thin sheet or foil formthe MCrAlY materials
are difficult to corrugate and to forminto a cellular structure such as
‘descri bed above. In particular, these materials are difficult to forminto
a corrugated ribbon, .if a portion or all, of the added yttriumis present

as yttria (Y203) and/or part of the alloy matrix alumniumis present as
matrix al up ' 1-C] kil ?.(mﬂii : : I n
cel l'ul ar s@%@ﬁf@?ﬁﬂ?@ﬁkﬁégﬁggyfét% g{ﬁ%lsﬂl5 n%l [ caﬁﬁgﬁﬁﬁ%ﬁ%ﬁﬁw&%ds hape
since no. Si‘ﬁ%&& @ %nyswei%hlﬁ withl6y- 7 wrepiesknting shevpper limit telretainwedrkabikityg & bend
radi us, can be achi eved by corrugations which conprom.ses brazeablity.

This is espeatiableliy thingheat or foilfosmihe MCGrALY mateals aee diffinlivio sgmugate mdio ges.
For = t. hi. t t .t foil .thi ¢ck f .t ‘ '
fol I used s GRBHRERtchis shel s fbcrited b T Proibitip e s BiE e, oy

oxidation. ¢f#&akoFUAY iRt a%hﬁéégéd)ﬂﬁﬂdﬁ, ifpofddd S RIDSOHE §dd@a§xgguﬂﬁe piegent

straightforward growth of the protective alum na scale or du to repeated
scal e spal hayiiria{YaD¢) aadfoopat bfthe alboyi thairip Aluniisingr Btpeesentas natax gumina xihei si ng

environments gt high tenperature, .the bul k. al ypini um concentration_ i.n the
foil or shE’éF%éanB ety AUl Feshfss o LI SERISHATE Y 'IP%QFV_’\? ue.
Thi s phenog ' L e &{psitﬁ'ﬂ&s i ;

Wer kst of f e%ﬁé@ﬁ?‘%ﬁ%@@&%ﬁ%j 15%3%% . “The sa’rfl‘{beut %g%%géiedp@g%ggtg to
use hi gh i irtlativelp largenbeadt raditsposn iba dchievabd ddralgatipnsmdicth eompronuses
thicker foil or_sheet to de| th nset of. break-a oxi datj on. Both of
these npa;h%ga,bh%ﬁesﬂéﬁfpea}a@ﬁ@? ﬁrmﬁé‘( fihor @»em%ﬂt@ﬁwﬁdésa“gﬁ or .
prazeabl || b i frffilr Btk Al VAR { RAGE G hOMCr Y SR8t AL LA it creiet

brazed to a bacKking eet netal Tring, eet netal ring segnents or cast
backi ng nethaeaertiinaninirhumuimit ssdvoid yrefloawsyloxidatiorm Brehk-alvay os batpstrophich
good geonetrjcal features, tehe %HAI Y materjals are difficult t

b
because t h@¥ideRAROsFRrsIisngde tiorwad eEeTIhPElC Profseiive SITA SRl ar Zegh
affinity o LA t ]i%f‘ig %E&Eﬁ] : D4RAC oNaEH8isiddne
forlmalti)c/)n E%%%?E%dsﬁ?l grtle%%lda erer?ltl%gﬁ;tljéﬁtoﬁgﬂ%ggﬁes atéeta e N[%rg%lm\#ghrret al

surface, tindroahentsathigh tgnpicsstneptht btk hiuininiantconoeretiurint thy foiiroa leetalinyi ng
which is required to  agchjeve structural stiffness of the cell uJba& : -
structure BeopRmdamdaliphelaw asanpinaritical maivg. g phenomenon is described by W.

Quadakkers and K. Bongartz in Werkstoffe und Korrosion 45, 232241 (1994). The same
' authors prbpose to use high initial Al concentrations in the MCrAlY alloy and the use of

thicker foil or sheet to delay the onset of break-away oxidation. Both of these me'asures,' |
however, are detrimental to formability and to brazeability of the material when formed. into
a cellular structure and brazed to a backing sheet metal ﬁng, sheet metal ring segments or
cast backing members. |
Even if successfully formed into a cellular shape with good geometrical features, the
MCrAlY materials are difficult to braze because they contain a high amountof Al and Y or
Y,0;. Due to the high affinity of aluminium to oxygen, there is a strong tendency-tc;vvards
 the formation of stable and tightly adherent alumina scales at the MCrAlY metal surface,
thereby reducing the wettability and consecjuently braze wicking which is required to
achieve structural stiffness of the cellular struéture to be used as an abradable turbine engine
seal. Likewise yttrium has a irery strong affinity to oxygen to form very stable yttria (Y,0,)
which also acts as a braze flow stopper. Typically therefore MCrAIY alloys, typically
containing 6 — 30 % by weight Cr, 2-7%by we;ight Al 0.005 — 0.6 % by weight Y and



. foilJ and

seal . Likew se yttriumhas a very strong affinity to oxyg t!?Pé— very
stable yttria (Y203) which also acts as a braze fl ow sto?p;gr. 32[[9 ally

therefore MCrAlY alloys, typically containing 6 - 30 % by.weight C, 2 -
7 % by weight A, 0.005 - 0.6 %by weight Y and 2 6 APR 2005 -5 ot her

. reactive elenents fromthe group consisting of Zr, Ti, H 1 La, Ce, Er, Yb,
Pr, Nd, Sm bal ance one. or nore of the elenents belonging to the group of
Fe, Ni, Co are extrenely difficult to braze and it is therefore difficult
to use themin a cellular structure of-5an abradabl e seal system H. Bode
i'n "Metal - Supported Autonotive Catalytic Converters", H Bode (ed. ),

Veer kst of f othief reactivtel clunsepéssiedrh steprbtp cdusistikg of #ef T, HE( 114 Te, Er, Yo, P1,Nd, Spd,,
describes_cellular structures made from MCrAlY foil _all py(zofor use at high

t's”

~ tenper at uPalapes GwRsaRee of thecslements b_sleagiaaf%%tgrwa; ebFel b o arpirairemplyy| ar
Structur egiibf B blde URd B sk REGHR diftfhuts Y s &8%% ih 3 cdifulad UAICAGLIOF A" ©

_ rrug aving sl nusol . € Sl nusol
" corrugat egbia@ible SYsyeRnfranuf actured using Fe - O - Al - Y alloys. PCT
Appl i cation No. PCT/EP95/00885 (WO 95/26463 ) published Narch 9, 1995,

di scl oses a neHaBode inc'dYietal-Supporied dntonsotinefeatalyderCanvensral, M. Hadgy @daki ng an
| um ni t gnt. of t % b | f ' | I cal

Feststi vi VSR E TifotmaniesSlsehlf el Pnketit 897 2077 ool SRRRBRE LM, o

powder s Ok jiRids mndé 6 NICT AN allo9$ foP Mse ATRIghEmbEani¥e bd buppett stl@vureapi d

it
solidification because of the difficCulties in formbility 01‘IDQ MCr ALY al | oys
havi ng anfariantemmiive catalystat Thé cejludartstncties areduilt 9p bBalternatinglayers of flaboznt i on

I n accordance with the present . invention.ther e ovi.ded. povel cel,l ul ar
L oot or R Belaie 151 B B e e b R ot PRSPl o' "
9000 st rugsipial b HaRSludhibdWhe TR & DRSS Wik, brazing to a metal backing

'structure and therefore show Fong term di nensional stability at high
t enper at ure. | RCTtApphicasinad$e. PCAVRPI 00885 € VEQ B5 26468 ) putdishd March & 11995,

| t ed [ 1 h of [ 1 ul h t AC di .toth
oot St nbang celyin’ Sretie AL BoRoH MErATY kg nev e iy o
to the di p&abAtQF gQéatérhﬁa:ﬂeu)le by \yala t @ fikSisl clBQHER &Eﬁgﬁvﬁﬁr e cellular

particularly, conprises a plufality of abutting sem -hexagonal strips each
havi ng - al stexohare i fpbritdted by leatrusion sf vetzl pnwders onmestiled cérpnsc pbwders oedy, t he

AL e 6 s o G

MCrAlY alloys having an aluminum content of greater than 6 wt%.

- Summary of the Invention

In accordance with the present invention there are provided novel celiular structures
preferably made from MCrAlY alloy metal foil or sheet having good structural integrity and
stiffness after brazing to ametal backing structure and therefore show lbng term dimensional
stability W

n its broadest form this is achieved throﬁgh 2 novel, elongated cell shape of a
cellular honeycomb structure. According to the present invention, the cell shape is elongated
in the direction parallel to the direction of the double wall crests or nodes and, more

"“'palﬁcularly, comprises a plurality of abutting semi-hexagonal strips each having alternating
flat slanted sides interconnected by a flat crest, the abutting strips joined together at the
adjacent flat crests to form genérally hexagonal cells having double wall crests or nodes, the
slanted sides having an equal length and the crests having a length greater than the slanted
sides whereby the width w measured between opposed flat crests of adjacent strips relative

. to the distance b between the planes of opposed slanted sides has a ratio of b:w of greater




sl anted sides having an equal |length and the crests havi ng?aﬁl,gj‘r‘gtz;@ﬁgreat er
than the slanted sides whereby the wi dth w neasured between opposed fl at
crests of adjacent strips relative to the distance b between the pl anes of
.opposed slanted sides has a ratio of b:w of greater 2 6 APR 2005 -6- than
1.15:1.0. Preferably, the ratio of b:wis 1.2 to 2.0:1.0, and nore
preferably, the ratio ofb:wis 1.3 to 1.6:1.0. In a further preferred
enbodi ment of the invention, the sem -hegxagonal elongate strips are a foil
metal or. sheet netal alloy of aMCrAl'Y conprising 13 to 27% by weight C, 2

to 7% by wehohtsAlg, | Oo by weight. Y, at. | east one.of .up to .0.6%
by weight Zr, " up toﬁroe?%%lgoth\glxéaﬁl&%%%gt“otoé.'%j}obb?ce@f’@ﬁm@fb% g‘lf-‘tlane% by
wei ght La,oflpwiiol.6% Ay6:1.0ei ght Si, up to 0.6% by "weight M1, up to 0.6% by

weight Ti and yp t . 3% by weight C,  and the.balance, apart from
i mpurities, Fe-‘8f Prsbasdrmbosinentndithe invenion the sdneirlmxhgonal tloagits on

cou e A b SR St s b
Fo bl o Compet e noretEEAS, 000 RS By ety Y.isflealt Ul WP ublo GEAMMRRN A e
standi ng 3@ teQges by waightdif up toOSRs hy weight e, i€ 6%BICYEORILS up 46 6% By

consistin o, f0i1.or sheet netal of the MCrAlY. The netal = back
ronber - pr v S eV 0o b lwei % ML St D% by Weigh G o o 06 Ry Weiebh Gt
met al ri ngnd thebaRincdBbak ffohdh - baecki rs_and the
metal foil or sheet r_r%t al usecﬁﬁ?g?’%zjﬁ égfg@ébl?largongg%raqiaﬁ(g?pﬁ?ﬁrﬁfﬂéﬁ has a
t hi ckness thsriran comgentiis atdesdt @by weighrHeg thebateeé Pé bONi 6f cdain@oaviigstThe

abr adabl e gas al of .the in\Bention wi |l now be described with reference to

the acconpanyilAg aYRPRGEomdSiysure of the ivention qag b ussdzas anabmdatfle seapimi or

art honeyggﬁd}ugﬁﬁégﬁcﬁg‘s§ ¥ Lets il | pl an. vi ew of the novel
honeyconb cel lul ar str ucjteur% of&iswglbg%&gsenkbﬁ%}’é' i S?r%a%tglthﬂ‘é](éa??l
per spect i ﬂ’@ b@wmbasmnmmmmeithmdm ofit édpet tor ﬁleoﬁleiahfbacysﬁ%/ﬁmtégofﬁe and
Figure 4 he e§ gr%s‘g&%‘t# ve Vview of the honeyconb structure of e i1 nvention
ilTustrated PRCET g eponsishng of thaymetal iikorsheat motad nAtnMGSA: Shiemgettlo  a
backpl at éback member preferably is a nickel-base alloy in the form of a backing sheet metal ring,

sheet metal ring segments or cast backing members and the metal foil or sheet metal used

tp manufacture the cellular structure has a thickness of . 100 mm to 0.400 mm.

Brief Descriptioﬁ of the Drawingé
The abradable gas seal of the invention will now be described with reference to the
accompanying drawings, in which: |

Figure 1 is 2 plan view of a priof art honeycomb cellular structure;

Figure 2 is a plan view of the novel honeycomb ceﬂﬁlar structure of the
7 present invention; o - |
- Figure 3 is a perspective view of a honeycomb cellular structure of the

invention; and
Flgum 4 is a perspective view of the honeycomb structure of the invention

illustrated in Figures 2 and 3 preparatory to attachment by brazing to
a backplate.

Description of the Preferred Embodiments

Referrigg to the drawings, Figure 1 illustrates a prior art honeycomb cellular




Description of the Preferred Enbodi nents Referring to the draw ngs,,.kl gure
1l illustrates a prior art honeyconb cellular 2 6 APR 2005 sg?@dﬁgfgﬁﬁg
fabricated froma plurality of strips 12 of corrugated netal foil or sheet
.metal having a three-sided, sem -hexagon shape consisting of a pair of

flat slanted sides 14, 16 having a length k interconnected by adjacent
internediary flat crests 18,19 having a length wua all of equal |ength
wherein m= k. The adjacent strips 12, 12a, 12b are joined together at
their .abutting crests 18, 19 such as by resistance welding or by |aser spot -

by the i qeRoeS 10 ARt ot ARBRIRDSY B ¥ dteo AT aRial GO e .
Honeyconb haeingal threesidedy santichek@pdinshape b&ﬁi%vt\i’iﬁg jtoﬁ a\j&&%ﬁ?ﬁef&g Isltg{itglri] E@eﬂ l%,el%t ion

depi cted 21% . L, perpendicular to the cell t et ween
. t he_pl aned2¥ngdlmedtlmisrgonegted by adiocent intarmedraty fis crasts 18, 19 Hpvingalengthy i ps

12, "12a, i he. di st an W, i.e. b:w=_1 _Turping nowto
Figure 2, %élﬁi.’gﬁ'%%nﬁ%f E’i‘F‘i“’H} lﬁr_g‘t &ﬁ%?@?@ngﬁnﬁ Y‘I%’H@ap}%’s%'ﬁif’m 89theToN

f abri cat edt theahating tredts | . jrs o]l sheet
met al. each having a_t%l?ggﬁsﬁg%%%%gggﬁgcr@%%%Sgﬁﬁgﬂgg%’&%@?koa | ant ed
si des 34, tyghreavimgnsienakbody 10 baring oheightidetennined by ek WiddsioarideH the strips

i nt er medi t ..crests . 38,39 having a | ength mwherein mis |onger thank,
wher eby tﬁgel&,%éeﬁ%lﬂ\g\ﬁwweﬁﬁaéﬂtmﬁ’é‘ur ed between opposed flat crests 18, 19

D pasea Sl et ¢ oBEycLRRANFnicae 10 B bl A6Su e HEBNNE 1 B3Ry
1. 15: 1. 0, Lppespendiduiay ta the cel widibvi. The distahceitbeewddhahepialds\of bpposed alamga 1. 0.
y, as Vviewed I

Al ternati ygl L,th rteference to the |length of cell \ \

Fi gures ) Hesind, 14 g 16 (potadiocent siRsa, bis 420 i ogualktp ghe distaecey iienbrst=be at
least 2.80:1.0. The ratio of y:win Figure 1 is 1.155:1.0, It has been

found surprisingly that the honeyconb cellular structure having a ratio- of

‘b:w of great er Taming fowSpIFigurep2,cthertabbyconib 2lllf étuckur® 0 OF (RNSkeSmE €
D b B e s oo, o
g ol s bt of i Ul 0858 SRR Bl "
viel di ng - dlength kingeneommincted byiadjaoeit imermetiiacyf13 Grestd GBI BY Hav i Glérfieh rd whidbid
R T LT O N U L
- abutting Busf aﬁ@eﬂﬂsﬁﬁs Q%BR&%& R Bdtaride ' BiEw SN BY %lagagso Se opposed slanted |
- sides 34, 34 and 36, 36, the ratio b:w being at least 1.15:1.0, pféferébly 1210 2;0:1.0, a.nd
more preferably 1.3 to 1.6:1.0. Alternatively, with reference to the length of cell y, as
viewed in Figures 1 and 2, relative to the width of cell w, the ratio y/w must be at least
2.30:1.0. The ratio of y:w in Figure 1 is 1.155:1.0,
It has been found surprisingly that the honeycomb cellular structure having a ratio
.of b:w of greater than 1.15:1.0, préferably, 1.2:1.0 to 2.0:1.0, and mdré preferably 1.3:1.0
to 1.6:1.0, provides consistently good braze wickiﬁg of up to 100% for honeycomb cellular |
gtructures made from the MCrAIY s of the invention. The adjacent strips 32, 32a, 32b are
“joined together at their abutting crests 38, 39 such as by resistance welding or by laser spot
welding 40 to form three-dimensional body 30 shown in Figures 3 and 4 having a height H
determined by the Widﬂ:'l of the strips, a length L and width B. The honeycbmb struéture 30
standing on edge with surface 42 abutting surface 44 of backplate 46 of a ring shrou& (not
shown) is brazed to a backplate 46 of a ring shroud to form a seal structure for use as an

abradable turbine seal. - Backplate 46 may be a backing sheet metal ring, sheet metal ring




shown) is brazed to a backplate 46 of a ring shroud to fornzg?iggk 9
structure for use as an abradable turbine seal. Backplate _b y'ba}é
backi ng sheet netal ring, sheet netal ring 2 6 APR 2005 -8 segnents or cast
backi ng menbers of a nickel-base alloy formng part of the shroud of the
gas turbine of a jet engine or a stationary gas turbine. The preferred

metal foil or sheet alloy of the'TnventiQ§”c0nsists of 6 to 30% by weight
Cr, 2to 7%by weight A, 0.005 to 0.6%by weight Y, at |east one of the

el ements 5 sel ected frog&the [ oup consistinq of Zr, H, Ce, La, Si, M, Ti-
' the ampURETGHS OrFartpegking megbea pEh Eicksibets alieY dermiompastof tos shapidkof the 3% by

wei ght, at gagﬁﬁ,gin@&f)mté@@,ﬁt&aﬁgﬁon%s&rﬁginﬁal ance, apart frominpurities,
€0 e

being Fe or N or corbinations ther oneyconb cel lul ar structure 30
"is attached to backplate 46 b%,resi stance welding or |aser spot welding. A
braze filler netld¢ Preferpdiaeial fodrom sheas mllpy ofi fhel ineatiy carpists off 6 gy 30% by

_vertical |y yabdngp o, ] W eL; ' Y. ed to
“above the rrehtglﬁ%gz %gﬁ?yﬁeig?}h}én@idg?g&ggm r,Elﬁﬂy’ea&dE%ft%%ﬁﬁ%edgﬁ%&e of
about 13#90@&ledted famahe gionp xousisting wf Zondf, Geata8i) Mn; Tadethe amodnt M to
sufficient : 8 mnute |t .and t nodal _wal | s of
t he- honeycg%gﬁg%%l gg‘ﬂts?%ﬁ%&%“%#‘?}?’%ﬁwe{ﬁé a&ﬁm@gﬁaf&a L8l | s by
capi | | ary and thebaltepifaetdony Riparikied, BeihiPe 6f NitilcHmBinhfords MGerddgckpl ate and to
15 stiffen the honeyconmb cellular structure. Suitable cobalt-base braze .

filler netal al for th Al'Y hopeyconb, sfructure can_ consist of 19%
by wei ght Cr, 1‘%)/%/ 5@%?%?5@3?5%’9@%9% @‘Fﬁ"h@?{ to hagkplate,dg Gy iresigtanyegos by i
1O, 5, e s i, W ebspecaa o Bl P
: y i iy y..Wei g 3, 1. 6% by wei g i, 0. 0 wei :
and thé&ﬁaﬁﬁlﬂs\éy‘%&m Y ¥l brlls iy B prove pmeces oad thessembiy heotedte ghovei | | now
be descri bsd nydl oR{tOF BlaGBak: gae? ] - L4 71t At S.
EXAMPLE 1: A coﬁr#vg.el_{lt itoﬁgilé, no%omtr A %%%b%qﬁea{/&?%g%%gﬁﬁ& %Hﬁ:aﬁ)ﬁgggeﬂg cal
‘ conposi ti of-afenv Sumyfisenacy for a Soeisyifigsntuch Fgbod? o8 miziphto dblt 1. 5%

ya
by wei ght G w8 &20.8 ' - Ni s _pravided in the form of
125 gm ( 0.125 mm ofi%(?q”g‘# tf%ff%k‘;%ﬁ%a?%ﬁ%% Strtighiretand p 15 op e {‘}B‘F‘&e
i |1 ustrat eepdphwrligby eapillirpaction @ ¢fotivdly foinfthdS@intire @ e Habkplate @hd 3% nm and
a nodajs hej f )V, corrugatd ng,.an ser, spof.welding the foil to-
form a si x%ugji%‘ggg }ﬁ)g??ngcorﬁgﬁ%%ﬁ &9 péWf%‘\’}f’ ﬁé’agi'%‘?%ba"lag%é‘ﬂqr mﬁtaﬂéﬂ%s feasured
as t he the MCrAlY honeycomb structure can consist of 19% by weight Cr, 17% by weight Ni, |
8% by weight Si, 4% by weight W, 0.8% by weight B, 0.4% by weight C and the balance
Co, or 21% by weight Cr, 4.5% by weight W, 2.4% by weight B,1.6% by weight Si, 0.1%
by weight C, and the balance Co.

20 , ~ The abradable turbine seal of the invention will now be described with reference fo

the following non-limitative examples.

EXAMPLE 1:

A conventional, non MCrAlY alloy having the nominal chemical composition of

22% by weight Cr, 18% by weight Fe, 9% by weight Mo, 1.5% by weight Co, 0.6% by

25  weight W, balance Ni was provided in the form of 125 um ( 0.125 mm, 0.005” ) thick foil
to form a cellular structure illustrated in Figure 1 having a length L of 55 mm, a width B

~ of 35 mm and a nodal height H of 8 mm, by corrugating and laser spot welding the foil to
form a six-sided honeycomb cell shape having a modal cell size as measured as the
minirnum internal distance between the cell walls forming the nodal walls of w = 1.59 mm

30 and acell size b, measured as the minimum internal distance betw;een opposed single foil thickness




1. The braze wicking results, assessed as descri

m ni mum i nternal di stance between the cell walls formng the%;rgog_a,.l;, \g@{ls of
w=1.59 nm30 and a cell size b, measured as the m ni mum i nternal d”l“’iét ance
bet ween opposed single foil thickness 2 6 APR 21C0b6 cell walls, of 1.59 mm
Therefore the ratio of b:wis 1. Small deviations, usually less than 10%

" fromthis value are allowabl e due to manufacturing tolerances. The .

structure, having the described cellular configuration, was brazed to a
nmetal lic backplate as typified in Figure 4 using a braze filler nmetal in
powder form having the chem cal corrpos?f’t'i on of 19% by weight Cr, 10.2% by

wei ght Si % i ght, C,.balance Ni. The braze allo owder was :
applgi ed b@e]#)‘{v"ig?sr ﬂgl\/ﬁwe FB’?‘a plore eﬁa@ﬁyb"i’h%l-cgmgd%‘ﬂ%@ﬂ%h&?%bﬁ%g%t ance

vl ded ¢ heokbiiSs oo LB E RAESALAN B BB SR L IEDS O

H standi ng on edge at 90 t S assenbly S Etol |l =

93 C and theldescribed ¢eilular eopfigundtionewisbrafed 10 SiHerilic BakflaReB YRifiddAFgyacuum
netal to nelt- and wet the nodal walls of

- furfnace causi ng t he itl)]iez%ze filler ) | |
the cel | ut 47128 aprialip ppwdsr fopm hewingthechemicalcompssitiontaid 9%abk pl at e.

After braziirg 0 - Wi 6KinH36 . t er m.n assessi ng, t he

per.cent agvz‘él ?‘%ragg\?m’?féﬂ%ﬂé%y‘%fnﬁ lé’%‘ tgﬁwe\/\r&% ﬁq’&%ﬂ@ VPRIV er t he

total nodwas dppligtity fillinga tonl of §.¢ g li:ﬁtb the cBIY AFRAhAER %isfbﬂ@@%eﬁi@@ﬂe’&gﬂﬂgﬁz e
| e

gure 4). This Tesult was assess to be

filler tal at the surface 49 .

1003 W ?EP@W%F‘EG baskplatepvith thesnodallasighit imensiorElAtmidingon $dg-iaD0eF Yo hé oy
compos, t 1 aaepe TESDERSTL wt ool 10510 AP el thoslersiraiutiton Swiree. v
0.04% byinweogVentidnal vacRdflofacsehttiis HE brial ARF fickf o HRE aﬁgw&ﬁédbtdgl two

cellul ar styuctures havingnthe same out si de di nensi ons and. ce Sl zes as
descri bed¥alls abtaggellular stughire gad tosjoin theuredinlanstrecneesiostharbaekplated edifien t he

b ‘ ' .as. d in EX 1 d. th t d t
of br age TrE bR EE AT I et B b e e heprrpenteBe kb el The
assenbl i showmet eotpleredettig Wil APl VRE the' o %g&ﬁ&i@ﬁ%q{f Rl e

ed | anp

. Were 54
and 71% PEEERRES Ylanogles shawing brazasiller metad atkhe Sunfime d§ (Figarpc Thisabsult wey e

i nvesti.g rlr@@,ri t esults of exanples 1 and 2 suggests that
a much b%%%gsredﬁ?gge %@%%%‘4185314{“9 S%ﬁ?‘éﬂ?&‘ﬁmh conventional Ni-base

alloys than with MCrAlY all oys when a conventional honeyconb cell shape is -

used. EXAMPLE 3: An MCrAlY alloy having the nom nal chem cal conposition of
19% by w@%ﬂ’ BE 2: . -
L]

An MCrAlY alloy foil having a thickness of 110 um (0.110 mm, 0.004’) with an
alloy composition of 20.2% by weight Cr, 5.8% by weight Al 0 05% by weight V‘Y, 0.04%
by weight Zr, 0.04% by weight Hf, balance Fe, was formed into two cellular structures
having thﬁ@ same outside dimensions and cell sizes as described in Exéinple 1. The two
structures were resistance welded to the same backplate material as used in Example 1 and
| the same type and amount of braze filler metal as used in Example 1 Wés filled into the cells.
The assemblies were brazed in the same furnace run as the assembly of Example 1. The‘
braze wicking results, assessed as described in Example 1, were 54 and 71% respectively.
A total of 114 and 95 nodes, respectively, were investigated. |
' A comparison of the results of examples 1 and 2 suggesfs that a much better braze
wicking result is achieved with conventional Ni-base alloys than with MCrAlY alloys when

~ a conventional honeycomb cell shape is used.

EXAMPLE 3:

An MCrAlY alloy having the nominal chemical composition of 19% by weight Cr,




2 6 APR 2005 -10- 5.5% by weight A, 0.5% by weight Ti, 0.21§%$ydypig@% Y
and bal ance Fe was provided in the formof a foil having a ékﬂeg -of
0.125 mm (0.125 mm 0.005"). This foil mterial was corrugated and wel ded
to provide a cellular structure body having outside dinensions as given in
" Exanple 1, i.e. alength L of 55 nm a width B of 35 nmand a nodal hei ght
H of 8 nm The cell size of the cellular structure of this bodywas w = 2.5
mmand b = 2.5 mm when assessed as desgcribed in Exanmple 1. The cel |l ul.ar
structure was resistance welded to a bdckplate material as used in

Ex I iR dal. .hej. ght. di ' H st andi dge bei

at 90 to re ixfeiihtty 0B B Sent T oAbVt mabelsgoe Rewaresavidadin

hem cal lof } i ' ' ss{Ni v .8%0. I ght
ST ) e B S YO R
filled i niescerugatediand welldadte pratiderh eelhddristiatturebodyhaving BRtsA e nLr aZe
filHer metal. as. i Ex le 1 was _used. The assenb ¥ was heated to a '
t enperatu g’é’?n’fé%@mﬁggﬁ& RdengthhL of A3 mm.cawsisituB of 35 um and ampdal theight Hhi s
tr.eat ment ] ' | t0Q Jrel d w t ‘nqdal -
vl s ThESRE 0Pl B8Pk bt B iR i Rel i v mif P D s

onl'y 8% wisthkn assessedibs dscritléBinFdapld NVER dlRIR YoVl editadddvdtidib Y
all oy foil rial as described in Exanple 2 was processedt Into a

t
cel lul ar B&ATKAIRLS aeterial 28 ised i Ezpmples IsgdnPywikh the3Sodulnhatutit HinBengion Ms

descri bedg, el | ulade styucture had, the_cell djnensions as_given

in Exanpl sétagdiiﬂv%g% erﬁi's’g‘?’é&v e tﬁﬁﬁﬁﬁfﬁ?ﬁ"éﬁl. Al PRVdurdasingthet ¢ hi s
cel | ul ar sdminakchemidahedripbsigon 651994 BYGR] o i ; o/ fody Lo nd the
~braze fil Igr rret.gll ﬁowdegt? type and gmﬁnﬁ%&?&i{gg@wﬁ%%aﬁ@ggﬁt hose
used in EXGMYvEight W 8%bsewhisht Ba@4YrhyredghirC nivtbalanse CawaeBled it 86 ¢ he

senbl ' ' ' . _Th i cki ng .t ‘aft b i ‘
Rscessed T eh el MR CIRe AT Rh e Hler matel s AR hiwad! 114
nodes werwsednTiesistapibletras RXAMIE t%p&?ﬁré\@ 150X °@L1ﬁc?ﬂe13 Qfdth?tﬁ?‘%fégh@é 1‘@% | ;P e

corrpositiéon,descri,bed in Exanples 2 and 4 was processe
st r uct ur & HEBFSh s g alwnant pasedithebraie Giller mstabefmeleand wick ap thdibdaBwvalls35 MM

and H = 8rygy el | tructure, .ho r, had the special six-sided
honeyconb ceTFEEﬁ%%gg Fﬁécg‘%:sc %:?sggﬁégs W‘Pﬂ#ﬁfx@m%htmww%aﬁm qietalobl |
wi dth, asl6SmederiavesfightedPR ey005 |

o~

EXAMPLE 4:

The MCrAlY alloy foil material a.s described in Examplle 2 was proceésed into 5.
cellular body having dimensions of L = 55 mm, B = 35 mm and H = 8 mm, as described
above. The cellular structure had the cell dimensions as given in Example 3 when measured
as in Example 1. The further processing of this cellular structure including resistance
welding and powder filling and the braze filler metal powder, type and amount were exactly
ther same as those used in Example 3. The assembly was brazed in the same firrnace run as
the assembly described in Example 3. The wicking result after brazing, as assessed by the

procedure descrlbedlin' Example 1, was 84%. A total of 114 nodes were investigated.

EXAMPLE 5:

The MCrAlY alloy foil material of the composition described in Examples 2 and 4
Was processed into a cellular structure body having outside dimensions as before, L = 55
mm, B=35mm and H=8 mm. The cellular structure, however, had the special six-sided

honeycomb cell shape in agcordance with the present invention. The cell width, as measuréd




-11- as the nmininuminternal distance w between cell walls2fpryprngiishe
double wall crests or nodes was 1.59 nmand the cell dinension b, neasured
as the mnimum di stance between the single foil thickness cell walls, was

, 2.41 mm giving a ratio of b:w=1.52 or a ratio of y/ w= 2 31 Thi s
honeyconb structure was resistance welded to the sane backplate materi al

as used in Exanples 1 through 4 with the nodal height H being at 90 to the

backpl ate.” Braze alloy filler netal, 5. used in Exanples 3 and 4, filled
t he cells. Th| S asserrbly was brazed in the sane fur nace run as.the
assenblie jutnpue,q Th raze WI g result,
det er mi ne e maﬁ%er as ecwsbﬁgﬁeanfegk‘éﬁﬁ? E W%u Er@rtapr of
114 nodesnodes wai 0150 aich 6 € coPNMEAFonfs, bkt fd?ételn |
havi ng t he COfT‘{)quItIOI’l described in Exarrp#g § was Sr oVl Serg in
~ cel lular esipetefpd d@;ﬁswﬂlhwbﬂ&wmathmmdglvmWoeﬂbwe 108 fresratibof Wi t h
- the cel l cribed in e. haV|ngarat|o of b:w of
52" CThe VReEs oS HeYe ﬁr%ﬁﬁegpaamstsmaw ebiitisnsseanlaspasiitic an
assenbl y dsqise® (PBkAEpias 1 Beb05E4 t %ﬁ 2
except the anmount éoigpbraze félFI g\rﬁﬁ{rrgltea tgfb g%ﬁtPQ g"sﬁ’f?rﬁff’@’%
heat ed t dBraze digydfiiler mietalods me@mmpleeatanau fillad the RERE I BiiY bRefBly w
m nut es. bé&e br%&e ng%l g ss, determned in the manner as escrl bed
i n Exanplt&a<od I (i Same fypac eétse@bhe%ﬂﬂge&edm Examples 8 anbé.cThe EEXAVPLE 7:

The MCr Ak r |t qn desc anpl e
3 was prov%ggééggotét%rg%ﬁﬁ%?ﬁstruc ure @8% ﬁlngﬁ%éggge‘gd?f?l&xof 7.5
mm and a M4 mwegeondre imebtigatdiape accor di ng to t he present i nvention with the
~cell diinmension w, as neasured as the mininmminternal distance between the
-cell walls form ng the double wall crests or nodes of the cell, being 1.45
nun and EheAlPLE gli mension b, neasured as the minimuminternal distance

between the single wall thickness cell walls, being 2.08 nm giving a ratio

of b:w of 1.43e M@nﬁdYaéloylfbmmasedaﬂlﬁi\ﬂﬁgﬂi@Qdﬁ[ watoR Hakled itinifdeLn edge
on a net gl ggckl n t.e n t he-nom nal chem cal conposition of 10% by
wei ght 8’ ?c %@Ddxébrghhavm otﬂ&d&dingemmnghﬁbewreS 5% by

wei ght  Abut @it Hebei W@ s ‘E% Sobs 85 1p
by wei ght Hf, bal anceé#Nl andprbel glg{ Wd’g& lﬁ“”él ‘g%dw 95?1%2 5-12
. B erprocessmg and additional materials used to prov:deanassembly forbrazing as before

were the same as descnbed m Example 5, except the amount of braze filler metal was 9.8

g. This assembly was heated to a temperature of 1190°C and kept at that temperature for

4 minutes. The braze wicking success, determined in the manner as described in Example '

1, was 100%. A total of 220 nodes were investigated.

EXAMPLE 7:

The MCrAlY alloy foil material having the composition described in Example 3 was
provided as a cellular structure body haﬁng a nodal height H of 7.5 mm and a honeycomb
cell shape according to the present ,inventio_n with the cell dimension w, as measured as the

. minimum internal distance between the cell walls forming the double wall crests or nodes
“of the cell, being 1.45 mm and the cell dimension b, measured as the minimum internal
_ distance between the single wall thickness cell walls, bemg 2.08 mm, giving a ratio of b:w
of 1.43. This cellvlar structure body was placed standing on edge on a metal backing plate
having the nominal chemical composition of 10% by weight Co 6.6% by weight Cr, 6.5%
by weight Ta, 6.4% by weight W, 5.5% by weight Al 3.0% by weight Re, 1.0% by weight -
‘T, 0.6% by weight Mo, 0.09% by weight Hf, balance Ni and bemg provided in a cast,




nonocrystalline form The cellular structure was placed on tpe,‘pﬁcg‘jngg
nmetal by putting .a weight on top of the cellular st ruct ure Swhf he¥vas
before; had the direction of the nodal height H at 90 to the backpl ate.

... Braze all oy powder having the nom nal chem cal conposition of 21% by

wei ght Cr, 4.5%by weight W 2.4% by weight B, 1.6% by.weight Si, 0.1% by
wei-ght C, balance Co, was filled into the cells. This assenbly was heated
to a tenperature of 1210C and hel d at éhat tenperature for 2 minutes in a
conventional vacuum furnace. This caudéd the braze filler netal to nelt

.and rise lee or..nodal |ls. The braze _wicking result, |
-det er i ne gé%%%?é@?lﬁ%?@%% ?B@@ﬁ&qﬂa@?@% gmﬂ'ﬁl By putking a
sumary ofveldhégetopiof ki f.4 e : | t t. est
Sarpl €3 haw e e AR AT RS 4 bpli. B4 eE MBI he n i D
al | oy andHaﬁﬂg oahebaskplaten Brazeailoy pawderibaving TBlomitalBhEmaaPsenpRitieRldf -

ShapeW i e ck Resyl.t, 4b: w=1. y:w=1.16 84% prior art b:w=1.52;

Y: w=2. 31 %a'zb sW?}EE‘gSFéS A ﬂ%@)\é‘ﬁ_ﬁ]“’oé-"%bm.lﬂﬁ,)liﬁ%i)maiglﬁ%iaﬁ.]pfeby
present i ' | . syt ed to.he 0.98 tp 1.03 for the
prior ar tﬁgi%ﬁt%{ﬁ&giﬂ&g% ?,‘?”5? ﬁg%% g%[ ii‘%f aﬁﬁe@bﬁﬁg’iﬁ Bﬁtﬁé)m alerperaidg essed

to be 1300f R210°Canf deld dtdhatasaperatetd ok 2misiied & Hbsﬁvenﬁﬁﬁélr\}%?ﬂn%ﬂn; mpl es
| g results ac

5 and 6. bl e 2. hel ow gﬂﬁ/es a_summary of braze w ckin I eved
Ef

usi ng t he" SAFES Rrszeftdler mefal & mglt anchdsasp thg deuble banodzd walis.cThe baaee f i | | er
metal s i ngicking 6t AGkImiR0RRESescribed A %5311218%51, was 96%. |
Table 1 below gives a suminary of braze wicking test results for direct comparison,

the test samples having in common the same MCrA1lY foil material, the same braze alloyand
the same backing plate material,

TABIE 1

,_Examgle No. = Cell Shape . Braze Wicking Result
4 b:w=1; y:w=1.16 84%
prior art
5 biw=152 y:w=231 o 95%
‘ as per present invention
6 b:w=152; y:w=231 . : 100%

as per present invention

The ratio m:k was measured to be 0.98 to 1.03 for the prior art structure according to
| Example 4 and the ratio m:k was assessed to be 1.30 to 1.36 for the novel cellular structures
according to Examples 5 and 6. o
Table 2 below gives a summary of braze wicking results achieved using the same

« MCrAlY foil material and using similar Co-base braze filler metals in different ceH shapes.




-13- TABLE 2 Exanple No.Cell ShapeBraze Wcldng Result Sb%r % w=1.18 8%
prior art : 7b:w=1.43; y:w=2.40 96% as per present inventi 41" | 0% gi ves
an overview of all braze tests performed with the sane MCrAlY alloy , for
di rect conparison of different braze filler alloys on prior art cell shapes
and the cells of the present invention. TABLE 3 'Exanpl eBraze B No. Cell

- ShapeBraze AlloyC | raze yc Wcking e Result 2 aprior

artNi -Cr-Si -C1193C/ 6m n54% 2 bprior artNi -Cr-Si -C1l193C/ 6m n71% 3pri or

art Co-Cr-Ni - Si - WB-C12040C / 4 nmin8% 4p#ior artCo-Cr-Ni-Si-WB-Cl204C / 4
m n84% 5Sper present Co-Cr-Ni-Si _WB_’I%L]:%}(L)E%/ 4 mn.95%

Example No. Cell Shape | Braze Wicki_n. Result
- 3 b:w=1; y:w= 118 8%
prior art - S L '
7 biw=143; y.éw:2.'4o' R 96%
as per present invention

Table 3 gives an overview of all braze tests performed with the same MCrAlY alloy

for direct comparison of different braze filler alloys on prior art cell shapes and the cells of

the present invention.
TABLE 3
Example - _ | Bréze
No. .- Cell Shape Braze Alloy Braze Cycle Wicking
- 2a  priorat Ni-Cr-SiC  1193°C/6min 54%
2b prior art Ni-Cr-8i-C 1193°C / 6 min 71%
3 prior art Co-Cr-Ni-Si-W-B-C ~ 1204°C/ 4 min 8%
4 priorart - Co-Cr-Ni-Si-W-B-C.  1204°C /4 min 84 %
5 perpresent  Co-Cr-Ni-Si-W-B-C = 1204°C /4 min 95 %
mvention r . '
6 p'er_pre:sent Co-Cr-Ni-Si-W-B-C~ 1190°C/ 4 min 100 %
mvention
7 perpresent - Co-Cr-W-B-Si-C  1210°C/2 min 96 %
_invention ‘ '

The above tables and examples demonstrate that good braze wmkmg, i.e. better than
95% when determmed as described in Example 1, with good reinforcement and
consequently good long term dimensional stability of the cellular structures, was achieved
., with the honeycomb cell shape accordmg to the present invention. This is particularly
evident by comparing the results of Example 3 to that of Example 7 and the results of
Examples 2 and 4 to those of Examples 5 and 6. 100% braze wicking is achieved with -
conventional Ni-base alloys when prior art cell shapes are used. However, with MCrAlY

foil materials, braze wicking results of only 8 to 84% were achieved when using this
standard cell shape | e




I nvention 6per present Co-Cr-Ni-Si-WB-C1190C/ 4 mn 1000 gﬁng ﬁﬂ;}?per
present Co-Cr-WB-Si-C1210C/ 2m n 96% i-nventi on The above t
exanpl es denonstrate that good braze wi cking, i.e. better than 95% when
, determ ned as described in Exanple 1, with good reinforcement and
consequentl.y good | ong term di nensi onal stability of the cellular
structures, was achieved ,wth the honeyconb cell shape according to t he
present invention. This is particularly  evident by conparing the results
of Exanple 3 to that of Exanple 7 and iHe results of Exanples 2 and 4 to

th f Exanpl 0% hi_eved with
cog\ign? i onaFlrrp Aq'ﬁgggg@‘ﬂf’rowc @W%rﬁ%&?w%{ 6 I 7 ac I EXSFF%\I,IMU@Z@QE smbllmoer
th Mor Alaxd t 4%
Bhi cved whanoatiin FYieS When RERATn 'tﬁﬂgéﬁﬁ%ésﬁﬂ%ﬁ Bs 0 dndgped e
cel | ul ar sesisiencaagainsticatbuzinpticmatfack Gvaanbscived wies eLyssel 6 RighSPRAEhRh 'Ilty

and- oxi datlon £ t ance en tested in air at tenperatures higher t
850C, and®§%8 té@eﬁﬁ'ﬂ?@s griBan 830°%uri zat ion attack was observed vvhen

exposed to hig te tures her than 8500
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I nvention_as di& glé@;gﬁ’? les 8 and 9 be ow WI erence

4. EXAMPLEXEMPIES, O&IW@} erenefytotigumdini nal cheni cal conposition of
16% by weight Cr, 4.5% by weight A, 3%by weight Fe, 0.21% naxi num by

wei ght Zr, 0.01% by weight Y, 0.7% by wei ght maxi mum vh + Si, 0.05% by
wei ght C EKNMPEES: apart frominterstitial inpurities, being NIl was
provided in t gﬂp&r:m of thick foil having a thickness of s =0.254 mm
(.0.010"). Thi Y] faélpvhmathemomdchmaagmmpbsammfalsevebngnfgyl de a

g%l lrjrln ar 4.8 844 M&i@ﬁt BEsb, QULRIHE o o] HXimum B weight 20 0 01% by wef’g%t v and H
0.7% by weight maximum Mn + Si, 0.05% by weight C, balance, apart from mterst:ltlal |
mmpurities, being Ni was provided in the form of thick foil having a thickness of s =0.254

. mm (0.010”). This thick foil material was corrugated and welded to provide a cellular
structure havmg outside dimensions of L =100 mm, B = 38 mm and H =10 mm. The cell
size characteristics of this cellular structure were: W= 1.48 mm, b = 2.44 mm, hence b/w =
1.67,y= 3.66 mm, m = 1.46 mm and k = 1.07 mm and hence m:k = 1.36. The cellular
structure shown in Figure 4 could easily be manufactured in tiais special cell shape. All
attempts to provide a cellular structure according to the prior art design, i.e. having a ratio
of b:w = approx. 1, with values of b =w = 1.0 to 2.0 mm, failed.

EXAMPLE 9:
- A conventional, non MCrAlY foil alloy, having the chemlcal composition of 25%
by weight Cr, 10% by wei c,ht Mo, 0.05% by weight C and 0.03% by weight Ce was provided |
. in the form of thick foil having a gauge of 0. 254 mm (0.010”). This f011 material was
cormgated and welded to provide a cellular structure body having outside dimensions as in
| Example 8. The cell shape characteristics were similar to those of Example 8, in particular
the ratio b:w was greater than 1.15 and the ratio m:k was greater than 1. This cellular
structure was fabricated. Again, all attempts to fabricate conventional hexagonal cell shape
structural bodies from the aforementioned foil material fajled when cell dimensions w = b

=1.0to 2 0 mm were env1saged




size characteristics of this cellular structure were: w = 1.4§%52% b =244
mm hence b/w= 1.67, y = 3.66 mm m= 1.46 nmand k = 1.07 R e e
mk = 1.36. The cellular structure shown in Figure 4 could easily be

manuf actured in this special cell shape. Al attenpts to provide a
cellular. structure according to the prior art design, i.e. having a ratio
of b:w = approx. 1, with values of b == w=1.0to 2.0 mm failed. EXAMPLE
9: A conventional, non MCrAlY foil allgy, havi ng the chem cal conposition
of 25% byweight Cr, 10% by wei ght M5,1°0. 05% bywei ght C and 0.03% by wei ght
Ce was providgd..in the form.of thi,ck foil having a gauge of 0.254 nm
(0.010"). Thi §q‘f’%?"f" “Pr@‘i’%tf’?én"fﬁ%se’ thap ans438 baglade in theembedimgatsa

cel | ul ar ofStheUatdhtion I0erdiay | -6 hp@pﬁ' n .0 n |le 8. .The

cell shape characteristics %g&gflﬁnéqjg?gto %lge&eggﬁl&awae@%?cqpﬁ end

parti cul purviephef thairiventiomasniefingd bptierappbadedkldimsand the ratio mk was
gréater than 1. This cellular structure was fabricated. Again, al

attenpts to fabri-cate conventional hexagonal cell shape structural bodies
fromthe-aforenentioned foil material failed when cell dinensions w=Db
=1.0 to 2.0 mm were envisaged. -15 It wll be understood, of course, that
nodi fications can be nmade in the enbodi nents of the invention illustrated
and described herein w thout departing fromthe scope and purview of the
invention as defined by the appended clains. 2 6 ~ on ~005 -16 CLAIMS. 1. A
honeyconb structure conprising a plurality of abutting sem -hexagonal
corrugated netal strips brazed to a netal backplate, each corrugated netal
strip having alternating flat slanted sides interconnected by a flat crest
the abutting strips joined 5 together at adjacent flat crests by welding to
. form general |y hexagonal cells, the slanted sides having an equal |ength
and the crests having a length greater than the sl anted sides whereby the
cell width w neasured between opposed flat crests of adjacent strips
relative to the distance b between the planes of opposed slanted sides has -
a ratio of b:w of greater than 1.15:1.0. 10 2. A honeyconb structure as
clainmed in claiml1, wherein the ratio of b:wis 1.2 to 2.0:1.0.




.3.. A-honeyconb structure as clained in claim1, wherein the ratio of b:wis
1.3 to 1.6:1.0. 4. A honeyconb structure as C|al med in claijg. Loovhgeei n
“the semi -hexagonal 15 corrugated strips are a foil netal or sheet netal
“al | oy consisting of 6 to 30% by weight C, 2 to 7%by weight Al, 0.005 to
0.6% by weight Y, up to 0.6% by weight of at |east one of the elenents
sel ected fromthe group consisting of zZr, H, Ce, La, Si, Nln and Ti, O to
"0:3% by weight G, atleast 6% by weight Fe, and the bal ance, apart from
inmpurities, being Fe or..Ni or conbinatigps thereof. 20 5. An abradable
‘seal for -use in a gas turbine conprising a netal backplate and a honeyconb
" structure &L%i[&g_ed standi ng on edge to the netal backplate conprising a
netal foi heet rretal consi sti ng of 6 to 30% by weight C, 2 to 7% by
wei ght Al 6% by. wei ght of at | east one

" of the el ei‘r‘ent ﬁsé‘f"&g %‘fﬁ“?hg mﬂ?sﬁﬁp acBﬁ’ﬂq gabyting semf-hexagonaly o
© M oand Ti, cdruigsted nt¥l Bypd@raBd ta ndtall WIGHIatS %ol c&%g&%d%émfﬁn qmn%he

bal ance, apart frogminpurities, -being Fe or Ni or conbinations ther

An abr adapternating fiat slantsd ides jinfercpanieqted bywm dlabicrest, Hbe abutting stipsgomed i s a

ni ckel - b r nmet al -
g sogmengetfcr s Mdjadbnt 8 crWd P lrefif b Sormp BERNG KRRGEhar CellS. 8 kg )
used to na&ﬂﬁﬁé!eﬂngeﬂml Msﬁwndrﬂmﬁ:raﬁtshamgn bh@geaﬁértﬂmth@@laﬂwdtsiﬂeﬁ) 400 -
mm 26 AP br ad e seal a claim®6 erein the
honeyconb s ‘ﬁﬁ 8’35? e vglgtrppvrvlnieggm% ef“ﬁ’?eéll ?W?s%fﬂcagﬁﬁf'? P’Flﬁcp JAEHE SRS IR K

cor r ugat edo et distarfoe ibl betwees higailarive bAbpyobed Pantdatides hayh RGioIFbaT bRk, f | at

sl ant ed sgﬁ g’ltgrconnect ed by a fiat crest, the abutting strips |oined
t oget her } nt flat crests by wel ding to form general | y hexagonal
cells, the 5 slanted sides having an equal |length and the.crests having a
| engt HOgr @at er A hawyddntd sthanikess clsiinfd@ 9n \Whéh 6D Whidem @6 lrktio\bfos: 1 easur ed
bet ween o%gbo ﬁd flat crests of adjacent strips relative to the distance b
bet ween t f} anes of opposed slanted sides has a ratio of b:w of greater
than 1.15:1.0. 8. An abradable seal as clainmed in claim7, wherein the

.ratio of 8. W i & HonBydombZsthicthrédas ASmBd nﬁelaﬂ@ﬂaﬂrﬁ&leﬁ tﬁ@@étwaéfﬂv%ﬁeﬂto' n claim
7, wher ei rgratlo of b:rwis 1.3 to 1.6:1.0. 10. An abradable seal as
i m

cl ai med | i n which the_honeyconbrstructure is attached to the
et al .backpl ate by brazing.
' 4, A honeycomb structure as claimed in claim 1, wherein the semi-hexagonal

15  corrugated strips are a foil metal or sheef metal alloy consisting of 6 to 30% by weight Cr,
2 to 7% by weight Al, 0.005 to 0.6% by weight Y, up to 0.6% by weight of at least one of
the elements selected from the group consisting of Zr, Hf, Ce, La, Si, Mn and Ti, 0 to

0.3% by weight C, at least 6% by weight Fe, and the balance apart from lmpunttes, being

Fe or Ni or combinations thereof.

20 5. An abradable seal for use in a gas turbine comprising a metal backpla;te and a
. honeycomb structure attached standing on edge to the metal backplate comprising a metal

foil or sheet metal consisting of 6 to 30% by weight Cr, 2 to 7% by weight Al, 0.005 to’

0.6% by weight Y, up to 0.6% by weight of at least one of the elements selected from the
group consisting of Zr, Hf, Ce, La, Si, Mn and Ti; 0 to 0.3% by weight C, at least 6% by

25  weight Fe, and the balance, apart from impurities, being Fe or Ni or combinations thereof.

6. An abradable seal as claimed in claim 5, wherein the metal backplate is a nickel-
“ basc alloy in the form of a metal backing sheet ring, sheet metal ring segments or cast

backing member and the metal foil or sheet metal used to manufacture the honeycomb has
a thickness of 0.100 mm to 0.400 mm.




11. A nmethod of form ng an abradable seal for use in a gas_ turbine
.conprising forming a plurality of corrugated strips of a 46if°rRetl8b or
sheet nmetal alloy consisting of 6 to 30% 15 by weight C, 2 to 7% by wei ght
A, 0.005to 0.6%by weight Y, up to 0.6% by weight ‘of at |east one of the
el enments selected fromthe group consisting of Zr, H, Ce, La, Si, M1 and
Ti, 0to 0.3%by weight C, at |east 6% by weight Fe, and the bal ance, apart
from inpurities, being Fe or Ni or conbipations thereof, said strips each
. having alternating flat slanted sides interconnected by a flat crest,
“abutting t St AP ) t . acen Q0 crests, welding the strips
t oget her a?’a t he%d?%%g%?é F F‘zgta%c(rﬂg’g%eg ﬁlotc%ayrlié d@?@?’%ﬁﬁ@%ﬁg?ﬁ%ha%“c s,

t he sl ant e¢osipuses alplrality ofi abuttingademi hexgigbnad Bokrigated tietal foi] beskedtndallsafot h.

greater than, the slanted sides whereby the cel] width w measured between
opposed f| §?°hckfaé’§1gsallt8’ﬁla§%ﬁaatég’me\égldrre? HéerF%nﬁ?tF‘i/@’ # flat grest.ihe eliing Hripet ween
~ the pl anes jaifiedofopaiicht 2aBée dlas EEQS bY afelding tR R an
- 1.15: 1.0, Jglnd gr,gzi ng_thjg hexggona‘l 5s]truct%re.staén‘l:l;j]ielﬂIgj}y\llaf'l)gag gg%%ﬂ%é; a

ni ckel - Bas&'3H8E Rgpia¥ingan equal lenghapddhe eregts having micegthigreatet thanither shintedt he
rati o of Dbgided Whéreby R ool Qvidi i el aim 11
wherein t h(sa rati ofﬂgs]’c brwi satil% 1o 1?%?%;19?1:'&%&*1& &&% 6fnad?ac§ﬁt"§'mps

relative to the distance b between the planes of opposed slanted sides has a ratio of b:w of

greater than 1.15:1.0. -

8. An abradable seal as claimed in claim 7, wherein the ratio of biw is 1.2 to0 2.0:1.0.
10 9, An abradable seal as claimed in claim 7, wherein the ratio of brw is 1.3 to 1.6:1.0.

10.  An abradable seal as claimed in claim 7, in which the honeycomb structure is
attached to the metal backplate by brazing. '

11. A method of forming an abradable seal for use in a gas turbine comprising forming
‘ a plurality of corrugated strips of a foil metal or sheet metal alloy consisting of 6 to 30%
15 by weight Cr, 2 to 7% by weight Al, 0.005 to 0.6% by weight Y, up to 0.6% by weight of
at least one of the elements selected from the group consisting of Zr, HF, Ce, La, Si, Mn
and Ti, 0 to 0.3% by weight C, at least 6% by weight Fe, and the balance, apart from
impurities, being Fe or Ni or combinations thereof, said strips each having alternating flat
_ slanted sides interconnected by a flat crest, ablitling the strips together at adjacent flat
20  crests, welding the strips togethér at the adjacent flat crests to form generally hexagonal
cells, the slanted sides having an equal length and the crests having a lengﬂ; greater than
the slanted sides whereby the cell width w measured between opposed flat crests of
adjacent strips relative to the distance b between the planes of opposed slanted sides has a
ratio of b:w of greater than 1.15:1.0, and brézing the hexagonal structure standing on édge

25  to a nickel-base backplate, '

12. A method as claimed in claim 1 1, wherein the ratio of brw is 1.2 to 2.0:1.0.

N 13, A mehtod as claimed in claim 11, wherein the ratio of b:w is 1.3 to 1.6:1.0.




