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MATERI AL ON THE SHROUD OF A ROTOR BLADE CROSS- REFERENCE TO RELAYEN

APPLI CATIONS This application relates to the follow ng co-pending U S

Applications filed on even date herewi th and comonly assigned to the-

assignee of the subject application: U S. Application Serial No. { ’T

(EH 10060), entitled METHOD FOR APPLYI NG MATERI AL TO A FACE OF A FLOW

Dl RECTI NG ASSEMBLY FOR A GAS TURBINE ENG NE, by Ittleson et alia, and U S

Application Serial No. (EH 10129), entifled CLAVPI NG FI XTURE

BLADE SHROUD, by Ittles FKW@FJIE%%LD PO IS inven mm

to axial flowrotary mac RS T % ?ﬁoaflxture or yseln

restoring the face of a %@#&%ﬁ gﬂﬁg&‘m ade for such™&!

machi ne. BACKGROUND ART @P , such as gas turbine

engi nes used for the propul sion of aircraft, have rotor asse mﬂlmmw

within the engi ne Each rotor assenbly is used to transfer ene

the rotor assenbl y and gases flowed through t he engl ne. The r ot or*ca®eenbl y
3 APBLIGA ® plurality of rotor

bl ades. Each bIdt | a.r oot whjcl the bl ade t
engagz a 2grr(rag%ﬁr1?ﬁma 'S‘Prb ét%?ﬁo ﬁﬁeﬁgpgﬂ{g?g‘? p?‘ﬂ' %B‘?hclaﬂgnsr o'?o(ra bloade
An airfoi lgiexbgryen abteVIRE&ih Bﬁ@ebrhhﬁnryosgsxg%eai tHqfe AssipABY OF the Sivjard a

concave side for interacting wth the working medi um gases. The rot or bl ade
may al so tappligationddd. Svmﬁtmllaatmr%ma,l Nn {EHat00£0),i entitied oMETHODKEOBuUt er end

Faces and ALAINGAATERIAF 1024 TACE DI KO HIRECHING ASSEME RO nce 1 <
the not ch HoR @& GRS TU/RBINE BXIGINE; by Ittleson et alia, and U.S. Application Serial

No. (EH-10129), entitted CLAMPING FiXTURE FOR A ROTOR BLADE

SHROUD, by Ittleson et alia.

TECHNICAL FIELD
This invention relates to axial flow rotary machines and more particularly
to a fixture for use in restoring the face of a shroud disposed on a rotor blade for

such a machine,

BACKGROUND ART

Axial flow rotary machines, such as gas turbine engines used for the
propulsion of aircraft, have rotor assemb'i:s disposed within the engine Each
rotor assembly is used to transfer energy between the rotor assembly and gases
flowed through the engine. The rotor assembly is commonly provided with rotor
disks each having a plurality of rotor blades.

Each rotor blade typically has a root which adapts the blade to engage a
corresponding groove in the disk for retention of the rotor blade. An airfoil
extends outwardly from the root and has a convex side and a concave side for
interacting with the working medium gases. The rotor blade may also be
provided with a shroud, such as a tip shroud at the outer end of the airfoil. Each
shroud has laterally (circumferentially) extending faces and axial extending faces.

An example of an axially extending face is the notch face. The shroud extends



1 3 JUN 2002 -2 circunferentially to engage the shroud of each o{ t@ﬁlﬂ
adj acent rotor blades at the notch face. During operation of the ﬁ& i%%,
the rotor blades in the turbine section extend outwardly across the working
medi um fl ow path. The rotor bl ades receive energy fromthe working nmedi um
flow path to drive the rotor assenbly about its axis of rotation. In the
conpression section, the rotor blades transfer energy to the gases to
conpress the gases as the rotor bl ades,are driven about the axis of

rotation by the rotor assenbly. - As ézfesult, the rotor blades and shrouds

are subj ect t j i r r
i ot uat | ngcamttpily kel BREakbRYer AR 8P ANRCHR" Sl Waes BIBE . o by
sl i di ng fmoedh fase.as the shrouds rub agai nst each other. Such rubbi ng causes

wear. The notch_face of the roud, at the point of, contact has . a hard
faci ng materi a:b‘{’H‘geRReéﬂtP‘k ﬂég‘ﬁrf‘%"h&?e’ tﬂi‘Fer“‘Efb‘g‘Pﬁngf @Jﬁ?é‘é" NCICCHRA bl ades

and is re%ﬁ%mﬂﬁﬁ%@ks&éﬁsw&fﬂ@r mkmﬂb&#ﬁﬁcmﬁpwrﬂfhdelhe present
invention 1s concernéd with a fixtdre and nethod for disposing shroud
mat eri al , receive emergy ot theawerking miediurh flow path ito grisze ¢heossomassemblyon t he

Pubst ot BB 3Ed iShlioR! T ShoRPeRit Motk BB e Gl Do

rotor bl adgefpgvote %laﬁd%tcbﬁ{p?es"s hRd gads b Shd Ritor Bladés &tk aRved bStdtHEO

receive such material, or is"a used rotor blade having a portion of the
shroud surakiscef rotationnkytithevwatortasseimhlyn -sAssaibesultathe notarhlades andsshoowdsi on of

the rotor bl ade. t hod of ovi di .hard facing material to a shroud
is to nel TR ecft%go ﬁgfté‘?ti'% g?ﬁph?‘i’f%aﬂ‘g emPergiiehassi ng an el ectri cal

current throughryele filiBugtinghas AUWK imtfact Wib¥alisHs . the blades il arel N @ pool of
nmolten material. The nolten material is used to build up the thickness of

mat er i a: slampré byotliding frictionssithe Naroudnimub ageinst sgﬁm@m, Sumn?xbmg gf ol L en
the. shr oud 8 EhFeriGe it e PR Pep R B iyl ol BoEMRRFT 1107501

It is rel Fhdide myatéridl ab GRienl ahevtife of ther abbing suffecedegipfidw dthdeBtand iigl from the
top of the shroud because this is not a flow path surface and is easily

accessi bl geplacadnen uspd bladesr after the notgh heeemesoWoptocess. The underside of the

shroud is a = ' 3 iL.Lqlencl udes hard
face materi al ;hgtég%i"ﬁg%%?ﬁl aégngéﬁig{l rvgp{egg%‘ gt%?gc eeth&% Icf)&'t he shroud. The
pr ot r usi ordispdsing \whir@idt muerinh suchaoaoveld neaterial tfbre hard| faciag iaoerosnaoteh,sr upt s

t he aerodynam ¢ snoot hness of the flow path surface. The once nplten
mat eri al , 9Rce Fabietoal A sed gotpy hlade pr Ra eV tatarhlade whichiis padislyed from

the under siigs Ohcdifinaly, AHelsith A8 AR iRIAALON Bhreidly T8 olod N shr oud

to accept evels a orma surface having an accept abl e aerodynani c
snoot hnes shladenkavingoa caledtraies thato adeptad thel retost tldde sheduwll toateeeivelsushich as by use

of a hand hel d .belt sander or, hand hel d surfac ri nder. Such rk.is tinme
conoun ng EFUEN ORI AR HeUREBPETE APOESE R HE U SR GraBinegt  an
attracti Vea“?a&tt%rfaﬂh'aVﬁbe@é?télﬁﬁr% rébidrhiiGt bf Yhel f0tdrofladd. N9 a partially formed

part, such a$ a rotor blade during manufacture, that has a substrate which
recei ves t he noPnemethedeofi providifigehard facing mmtertabdo iasshrandr isgo dhsit bardport t he

rotor blade for, th chi ni.ng operati.on by.engagi ng t artjally forned
oot of e SeisrahaCRE R Bred S uRatl et st bbbl [ o

di fficult matetiflc 8tch ASbyWveldifg.r TBis fesules od poolf STrmbliéh MRfeRialli The Oper ati on
because the | ocation of the shroud then has nmuch variability in a |ocating

fixture. Wselip matesist isonsed Ko daild rupathe thigknese ofmatesial onsthemotehtfaehasi ve, but
the block iPhEERL S URRdiRgceh? th@%ob'l”ﬁt%ﬁh m%iqr%ai‘%?a;tg ‘i}?%“%pe_ grevent s

renovi ng nmaterra |'ow*pat h 'surface Toca ccordingly,

sci ent i st shedud, ebg Niee flswvmitik isii@acerstpeath the dhroad tahd rxehdApalidlbapis’
assi gnee, have sought to develop a nethod and an apparatus for use with the -
shrouds r dhemotshafaes syifacepsdbbardaases the difficulties associated with
renovi ng hard fg i i 51 O I : 4 r bl ade
shr oud. SUI\/I\/AR\}%I ﬁr%%r?tg{éﬁt 48 b refoPa e SdpobitéemAferial rohP i

top of the shroud because this is not a flow path surface and is easily accessible

during the rotor blade fabrication process. The underside of the shroud is a



This invention is in part predicated on the recognition that a very éﬁnm%b
amount of hard face material may be tolerated on the flow path surf c 02
the shroud providing its nass and’its roughness and any protrusion fromthe
surface into the flow path are no greater than [imts which are much

smal ler than the protrusion that presently results from depositing hard
face material. For exanple, for typical rotor blades it was recogni zed that
a protrusion is acceptable providing 1 3 JUN 2002 -4 the protrusion is no
greater than ten thousandths of an i nch- (.010") with a surface roughness Ra

measur ene h ( rp inches as
nmeasur ed |(hft§§8 fngggygéc%l“%hﬁl H{}%él:selgaéﬁ'}gc tg%ﬁa.lf %?’Fgﬁ%# %n%lﬁ tﬁ?l cation "ANS|
B46. 1 - 19gbstidié had attdehed ubahe svoud.allhe growusiér addyweightito (Hetshedial at
Standards Institute. According to the present invention, a fixture for

di sposi ng @criticgl deratien gad disrapts she @ﬂedm@nma@@e%efa#dlp%mﬁl rotor bl ade

has a pad f a ext ends
beyond themyﬁrou sucﬁéfrwg %%gﬁhgvyé&ieﬁgﬁ it laf)%ﬁgf@f R#ﬁeiﬁ&dnat erial to
the flow paitbrislyif fepsoved fidie tbdmﬁdaﬂ sidenofathe ahebudae decieaseonsationabdi nent  of

the present invention, the netal pad has a contoured surface that closely
mat ches t Heressship dhe shrouddo §1>ﬁea@B e levels apd o dorn agurface Ravipg @ent

i nvention, %Eg}ﬁ%roué*dggnmca%nar%ﬁe{aﬁemt al pad is greater than the nelting

poi nt of t teri hard face material. In accordance with
one detail ed erﬂ)nmlapmuaqh ishte haadi blendntht ateld mnshtdried sach he byaise ofachanti vity

which is er than the e conduct of  the nmolten material and
the ad] acdiid 51#6 em@ﬁl%ﬁl l/§y Sr\“féﬁ"ch‘B ceé%ﬂ‘ﬂor&rféttm ConspmMNgs
embodi mentg, r of a sphere
Jgﬁn % fabi¥ dnd & emﬂm isShok aﬁ%ﬂrdcﬁ%
a pose Pn

and has a s% In a cyl rica openlng In the support structure
such that altemagizel hesausotodtdaifﬁcelt)ahmdncatxtr@ aapartmlbrf formned $>ha;‘ suchnat 4 he axi s can

incli it t.to th f .th h ft i
i sposed. TPHPr GHRR I mRaHSS APt i REHLE i ey IR mRER L e pad i <
urged int C}n&@ﬂﬁge’ﬁﬁé‘ipral ittt {s! @Wl%@l&rkuﬁﬂé& Ql&‘eerd?& Blﬁée gir@ed by an

adj ust abl e arm and sl'idabl e bar which are spring | oaded agal nst the flow
pat h sur f anachifing loperation by engdging che pamtially Ifomeed wop of ithe wterdblade.t Ke fi xture

with referenc n ed. e dlrrent t he thernal
conduct i vito e WP o8l esheR eadle 3 BinEe S lofhne enGERE DA bch that t he
heat sink RhiRqbr e mbéhimiag dperatibn BHecABe R Behorl 6F Be bW thRMAHads cracking
of the weld material by reason of thermal gradients in the weld nmateri al

during t hemudpwariabilityi infa logatingafigtures c Using 1@3castRlogh tatums apmundrthe| . | n
accor dance,; y h i %ﬁ‘%t@%& \‘?é"tb%?g{‘eeﬁ‘l[%d?f a{\}éﬁtts és?% tﬁ%ﬁ?&%lg{"of dixture for

di SpOSI ng a regron o rdene notc ace | oCa |0n of a

rotor bl aCBhrdmlSaIﬁhpwaaﬁﬁbéMO‘flﬁg mmmalgfrmphdﬂbwt patle sgdgeneoitedvtlidte.t he flow
path surface of the shroud such that .the pad bl ocks the flow of nol ten

material to theA$qosdingly; soigntists;ard e'ﬂﬁi@“&%é‘@ﬁ‘ﬁﬂ& usdernthe divsstion 8 and
posi ti onedy Lo kN gl RO hade AdGetRt totevAGR T RBthbA%nd ' & AFphrandiViy Ysy OF the

airfoil.
with the shrouds rotor blades which decreases the difficulties associated with

removing hard face material from the flow path surface of the rotor blade shroud.

SUMMARY OF INVENTION

This invention is in part predicated on the recognition that a very small
amount of hard face material may be tolerated on the flow path surface of the
shroud providing its mass and its roughness and any protrusion from the surface
into the flow path are no greater than limits which are much smaller than the
protrusion that presently results from depositing hard face material. For example,

for typical rotor blades it was recognized that a protrusion is acceptable providing



I n accordance with one enbodi nent of the present invention, the assenbl

has a pair of jaws that are urged together to engage the rotor bIadb3JUK2WZ
accordance with one enbodi nent of the present invention, the first jaw has
two spaced apart sides which engage a flow path surface on the shroud and
the second jaw i s di sposed between the sides and engages the outer surface
of the shroud. In accordance with one detail ed enbodi nent of the present

i nvention, each side of the first jaw has an appendage that rotatably
engages the jaw and is adjustable mﬁth4fespect to the shroud. A prinmary

feature of esent_ i nyent | I f i aqtnk{ €. h] engages
the flow 6%% Eﬁ’sncu P Z‘cig i é} ;é%glt gﬁsr] othl?:l tﬁ (&%%@%r 8¢ %éipﬁ P e(l'q(ltg L%ﬁ\g@r (rs\rlgfacg
conduct i virbigliless Ra méasurefient bof afirtyhey odeslindiel and filfly (901130nRieroengagenent

bet ween the pad and the support structure, the pa t having a_portion of a
spheri cal iBehes 26 aneaspied B ageeydancenwith the,Brocedugess sot fexth iw sperificationaf t whi ch

i s dispose | i $yRksi LG W, L1 i ture. In
one det ai Igekgb %n%%%?neirﬁ#s %ﬁ'kaecgflﬁeél gﬂgswdﬁgkgdggxﬁeﬁgggﬂ élr?ldéﬂ %éﬂiﬁ&j ustable arm
whi ch ur geStaridardgsabhsiituted engagenent with the flow path surface of the
shroud. In one enbodi nent, the E)ad i s met ?f‘ Olge metal selected_is tungsten
whi ch has a melA95FAIRG o the,pressnt invegtion.ca, Lxture, f[Qr.dispasing gregieRef han t he-

Ml ting POhdlkrifllarlthe sHoLE HACReARICH Abotof Bladd Bad 8 pal ER 'Eﬁ‘%éfg% qpd eature

is a portion of the assenbly I ch adapts the asserbly to en the rotor
bl ade for fiawp patht suafade fof thepsiroud emd extendsebgyadd dhe slrphig shelothat ke pat or bl ade

at a locatio i is.not inwardly of the raotor .blade, Ip one detailed
Grbodi montblocks s g, of Boes, Bateria to Tes R raie Srtar e SHrovd 3N 5002 - 6

Anot her f eat ur gnigcdrdiite’ with (AP RRIMRME: Wi R pfelbmtiAnfioRN@RIfRefale | aw and
are adjustable with respect to a rotor blade. A principal advantage of the

present i rpadritas @ancantourérk swifdce cthatnelgselyn ehatahes theaco 1 thia sheeidl t s from
elimnating the_need to finj t he fl.ow path.surface of 't shroyd by
Feason of the dadeaioetreoMEh e hffent Hapah 1R PrERE sbimniatgns Bl 1Y ow
path surf 38 i9lgrdafe thid eHedmekinB! pdiktSofMRE sRidudBh&erial| anlir e hatdORiceg t ovar d

the airfoi'l beyond the flow path surface of the shroud. Another advantage
is the eagwatemal. speed of installation of the pad to the rotor bl ade shroud

which results from use of justabl.e.ar nd sl jdabl.e bar to urge the pad
into en_gageme*ntlnvﬂcfxl’1r ?‘h‘% E’ﬁﬁé’ﬂ}&_a%%hl"%&{}é%ﬁﬁ%eé‘?’i g‘_etlﬁg lﬁﬁ&&é ?’g;hqgnag of the
pad agai nsherhid¢ coh@wtipay Rvisich fis'i%ﬁal@f thanethe il conducliviyy 00 theemdlte®nshi p
which results from contouri n%st e pad to a contour which closely matches
the flow paaterialandathe adfacemeshsopdomatesigll enabl i ng the pad to be rotatable on
an axi s which Y. el ' [ jon of the
shroud. An advgﬁtagg(grd%lrg&thgﬁg’ﬂ}rg\%{]fll&tg@&g% b%’&ni'fn té?g?ﬁ%‘@bg‘? %'%Shg S\%@? ¢ mat eri al

whi ch r esullicse fooatoundd a pottioa ofja splerg and has & shaft idisposed i scyinidticalant heat

sink adjacent, the hard face material. Still apother -advanfage is, the
bl ockage &Peﬁwstléﬁnﬁavmﬂaﬂwewuaégmt&ep W@E?&hlengg?‘ﬁéhﬁ isi%n of

nol ten mategi j : : 1 | WA of the
pad great edr%étS %%ﬁ el‘?ka ‘@?ﬂ%%ﬁ%ﬁ?@é‘? Iﬂt?ehaeﬁgﬁ%d oqlié(ri;é"lr%e%%ﬂe’ll t he

vi scosi ty thé shdfeindispesed.nat eri al . The foregoi ng features and advant ages of
the present invention wll beco nore . apparent in. light of.the follow ng
detai | ed descr il&?‘ﬁmwc‘gﬁeerﬁlé%‘{{%ﬁgd thg Presspt AveRf "gﬂ‘f R& thF&fti on and
acconpanyi g eigbpéies. wiiRkE GRS BHEAR Find hroBAY AR sble hrinS
perspective, exploded view of a finished rotor bladé and of a fixture for
use in di saadsilidgblechagwhich are sphiag dbadsd rgeinstthecllew pothasiuface wfitheis a regi on
of hard nmaterial th tch face | ogat],0 f a rotor bl ade,, with the
Fotor bl b inegofos ide s ondt Bl R e A kHereBefiF " | oy of

partiallylﬁgﬂf@m rotor blade disposed in the fixture showmn in Fig. 1.

In another detailed embodiment, the thermal conductivity and thermal
capacitance of the pad are selected such that the heat sink effect of the pad is at
an acceptable level which avoids cracking of the weld material by reason of

thermal gradients in the weld material during the deposition of the hard face



1 3 JUN 2002 -? Fig. 2 is a viewof a portion of the fixture shown 1@JHN9MZ
1 showng the arns of the fixture in the installed position and in the
noved position prior to i nstal | ati on. Fig. 3 is a sectional view taken
along the lines 3-3 of Fig. 1, showing the relationship of the pad to the
arm Fig. 4is a view corresponding to Fig. 3 show ng the deposition of
nolten material on the shroud. Fig. 5is a side elevation view of the
shroud of the rotor blade shown in Fig?. 1-4, show ng the deposition of
molten material at the hard face | ocatfifon of the shroud. Fig. 6 is a
perspecti vg, ﬁéﬁloded view of a finished rotor blade and of an alternative
enbodi nent JF he fixture shown in Fig. 1 for use in disposing a region of

mat eri al on t helnsdvcorddnee withrambther leinbddiment @f the present tinyenvioa)a dixnge
partiallyg@orrred rotor plade and the fixture shown in Fig. 6 inits
oper at i ve 1R gisgasing dstegion ol hardened anterial at the, natch face losatiqn af ayreter vi ew of a

b, o1 SHAIPY OIS e bbEr i b n 2 B e
si de of t hearfabe ofithe shroud such that the pad blocks the flow of molten material to the

flow path surface, the assembly being supported and positioned from the rotor

blade at a location that is not inwardly of the airfoil.

In accordance with one embodiment of the present invention, the assembly
has a pair of jaws that are urged together to engage the rotor blade.

In accordance with one embodiment of the present invention, the first jaw
has two spaced apart sides which engage a flow path surface on the shroud and
the second jaw is disposed between the sides and engages the outer surface of the
shroud.

In accordance with one detailed embodiment of the present invention,
each side of the first jaw has an appendage that rotatably engages the jaw and is
adjustable with respect to the shroud.

A primary feature of the present invention is the pad of the fixture which
engages the flow path surface of the shroud. Another feature is a thermal
conductivity of the pad. Still another feature is the rotatable engagement between
the pad and the support structure, the pai having a portion of a sphericai surface
which engages the supporting structure and a shaft which is disposed in a
cylindrical opening within the supporting structure.

In one detailed embodiment, a feature is a slidable bar and an adjustable
arm which urge the pad into engagement with the flow path surface of the
shroud. In one embodiment, the pad is metal. One metal selected is tungsten
which has a melting point which is at least three times greater than the- melting
point of the hard face material. N

In another embodiment, a feature is a portion of the assembly which
adapts the assembly to engage the rotor blade for support and for positioning the
pad directly from the rotor blade at a location which is not inwardly of the rotor

blade. In one detailed embodiment, a fecire is a pair of jaws on the assembly.



Fig. 9is aviewof a prior art shroud of the rotor blade shown in 15 d&N 200
1-5 showing the relationship of the nolten material after deposition on the
hard face surface of the shroud, the nolten nmaterial extending above and
bel ow t he shroud and hardened at that |ocation. BEST MODE FOR CARRYI NG OUT
THE I NVENTION Fig. 1 is an expl oded perspective view of a finished rotor

bl ade 10 having a shroud 12; and, a fixture 14 for use in disposing a
region of material to the shroud of a gotor bl ade. The finished blade is
shown for purposes of explanation. The bl ade used with the fixture m ght be

ﬁesz\?vd [I'gfa ur%‘#slsgahg%ﬁvﬁ()lf Eﬁ%&g%eéy%&%sqﬁgdﬂ{ 0 géﬁ%)?\ﬂf#??@# a quflgﬂi p of

di fferent adjuembletmthfrespbet fo Kratoeblade.f aces 16, 18 of the rotor blade. The
face of 13 JUN 2002 t he rgt or blade m ght extend |aterally
(circunferentidt Pg);lcxpsma,q?aa@g? 98 the preseng Inygnlign s theesk lswacmn%cpv such as

t he notch gr?llu § F;deg St ed rotor
bl ade or s;&}ﬁ aéﬁ%}ll a‘#ﬁlt lrdgﬁggq%o : o@%?nﬂ%?ﬁ %@gg a}cgt e shroud
shown on tllmaslfrouﬂ ﬂayedasontufrthé)badlevhlﬁobloeksanplten nzeriah tfrom tflowing tori ght be

deposited on_t he | ater.al nd .har.d faci mat er.i deposited on the
oo ey s e saae o0Be shiowd I Blockh anifkndaigel o BoBIg ace and

nar dened & Bt afrbci bé,mnhqweqro%v B&&ﬁfﬁﬁ}ﬁéé’ofﬂae%}dﬂde Angkngo not limt the
scope of this disclosuré. The finlished rotor blade s shown di sposed about

a spanwi sadymmageemdhcngmxaml ap@ed Ohénstatlatiomiofighalpadt ta theirotor bdadeept for t he
substrate tchfa i t aflnlsh i artially finished,
and a use&ﬁ"r0 ‘BlP \eitx ts-ﬁpén Pfﬁ W@Pﬁ%@erﬁ;@ and;§ %@Plaetﬁlﬁ 1o 3rge, ga r oot
section 24nt6"éi|1§ d?ﬁe'i‘ﬁ fatmmeehtdud) AR ad%lﬂa@:' atther mckes%hh oP @R ﬁadf' rst side

28 and a second Side 32. The rotor blade has a second 34. An airfoil

secti on 3Bghiasti thg flow eaigtwrf@ee eﬁtl@rnhsoxsbanwfwg/ reflatmmhxpewmt:hst:sxéﬁad to the
second en The_secon nclcu es tF ?Ix? @ud has a first side
and a secOifF SPHRUHE B%& G PP, RhYEh F@%" 8% Ve hirfoil. Fig.

| Ais an aggesEbbPhe hWdO4ndt aﬁbrmg dﬁhdsibOUmrdtitalﬂb ®n ah 2§l wifiehal he

fixture 14 in its operatively eng position with a used or a partially

f or med r otheringlingd ewitlp respeqs tQHh‘bllﬁ!efél‘ digrsioppfitheshipud o advantage Bas a

substrat e, I C e terial. A
not ch facéhel §§‘J§Pﬁ®ﬁ%§@%t§& ltga@\zthé e{fd ?nealtﬁrf?f“f}g ﬁ%hgs'grgnfbgtt%%%g?d faced
material itge E&Dtd fithction ab@ sigiifi¢andheatudiitk hdjademt ke Haraface fatepfal.al ext ends
t hrough and ond the notch face |ocations Thereafter, the blade will be

machi ned tSéil} wthqrraéwant@gerr}s the thlockage pf moltee anaterial whigk sesplis diom he 1 ot or
bl ade ext eBghi 19 nleOpdtithn bP SRR Mitedidl CadjREf R byPhAkMS the3hBrmal

conductivity of the pad greater than the thermal conductivity of the shroud to
increase the viscosity of the molten material.

The foregoing features and advantages of the present invention will
become more apparent in light of the following detailed description of the best

mode for carrying out the invention and accompanying drawings.

BRIEF DESCRIPTION OF THE DRA'WINGS

Fig. 1 is a perspective, exploded view of a finished rotor blade and of a
fixture for use in disposing material on the shroud of a rotor blade, such as a
region of hard material at the notch face location of a rotor blade, with the rotor
blade installed in the fixture.

Fig. 1A is an assembled view of a partially formed rotor blade disposed in

the fixture shown in Fig. 1.



As shown in Fig. 1 and Fig. 'A the shroud has a flow path surface 32J 200
having a first side 44 and a second side 46. The fixture 14 has a pad H%
having a surface 50 and neans, that is, an assenbly, as represented by the
assenbly 52, for urging the pad into engagenent with the flow path surface
42 of the shroud. The pad 48 has a surface 50 which adapts the pad to
engage the flow path 13 JUN 2002 -9 surface 42 of the shroud 12 of the
rotor blade. The fixture includes a base 54 which is adapted to engage the
root section 24 of the rotor blade. The base has a passage 56 having an
openi ng 58 whi gy adant aewtﬁw?aﬂmh Ftﬁ@‘?lenﬁe tshGwh 'ih Fig. o' Shetdi gfthé he rotor
bl ade. The base Supports the rotor blade during operations tPu t are

per f or med aoms bfiéhesfixtoredinothetihstalledt positidnaaied inTthe rhaxsed puisijion préori ot egral |y

f or med Wthgﬁﬁe assenbly that urges the pad into engagement with the flow
path surf RRBYORt { he shroud, or the assenbly urging the pad night be
separately for ’Fﬁ% jfs%écﬂ@nahaﬁ@wacﬂ(dnsaﬁﬁ?‘ﬂﬁ: hﬁ?:sppl?ldqui@tﬁ sh@t‘r}ﬂtg' Rt 1 on
Serial No. 129), entitled danmping Fixture For A Rotor Blade Shroud,
by IttlesmiatmnSIaipl of thetmadrtatthe auh. of whi ch |s i ncor porated herein by
reference and i i scussed with reqgard to ures 6, .7 and 8.. The base has
a first surfacﬁ%gi tsa%i"ﬁa’ ‘CRH%?'}HE& é‘hﬁ‘go wr‘i'bggl %Wflgﬂnd)ffmﬁge"passage.
A second gastdraat @nbiBe @hpdsed across the passage faces outwardly and bounds

a portion of the passage. The surfaces adapt the fixture to engage the
si des 28, 32 of Fithé 5l asifle clavation view obthershropd e%ﬂ)srrowad@delshom mt s

it sur Filse 1o oo HioeclE RSP of incilf BABTASE bRt DR Be " Tre

root sect iﬂgms}géud)f the rotor blade. The base is provided with a cI am 64
having a pair of arpms 66,68 extending laterally. The arms are spaced apart
| eaving a gap g Helsehperspastvenexpindsd e of Weﬁ%lﬁleﬁﬁipmtt@ kigde-prd ehawi t her

o1 de of { UReBhtf, Lb3RRhPR I Sl Hobal B! 195 wRAG uGloddiegar ™ fias 2

projectio rom e arns. rojec adapt t he

arms to eaggioreof aggerial @ncthe shioudiofesrotdr Blade. pl at f orm section of the rotor
bl ade. In the operatlve conditjon 3s._s the platform

wn in Fi

section is trapped Bet tapeyiewry apartally rt]‘P"H@dc‘]o gf%f’r?d“’ldh'@“ecft?‘ct's}!it‘a’zrdI y facing
first and o fastener 76 has
a rod 78 t t][ﬂ gguadé ?égﬁeggg%s&{gﬁg&ﬁgggﬁ 4%%8#‘3%%%& e arns 66, 68 of
t he cl anp aga| Fig. & fsea gidatview nfadmtsécﬁormbpd»ﬂuﬂgrthe ootobblade and hf ther ew

f ast ener as a head 82. pacer s g first end 86 Whl h engages the
arns of t rat?a%éaffge@ewa g dg8§abﬂW8ﬁ 4nzapp g ofithe e the head
of a scr e%é&?ﬁge%rlateIQ%l&ogp% dihdgher has an openi ng which extends 13

.J U N 2002 romthe first end to the second end of the spacer and which

adapt s the spafiig. & v  viewi ofa phier adhuifidt dfethe cotonvbiade tsbown .in [Figsarl-al t er nat e

t ti .t t " i. nb havi
Coacer i nisfibving e 6 Gahsh O AERE mb s BERORT s BReRiSR SorhR TR $5% ot oude
inwardly fi@iget M@Qﬁfﬁuﬂgﬂﬁ&nol@eﬂftﬁt&'ﬁl SREAAIRE Yabove and below the shroud

and hardened at that location.

BEST MODE FOR CARRYING OUT THE NTION

Fig. 1 is an exploded perspective view of a finished rotor blade 10 having

a shroud 12; and, a fixture 14 for use in disposing a region of material to the
shroud of a rotor blade. The finished blade is shown for purposes of explanation.
The blade used with the fixture might be a used rotor blade or a new, partially
formed rotor blade as discussed below.

The fixture is shown in exploded fashion to show the relationship of

different elements of the fixture to faces 16, 18 of the rotor blade. The face of



94 includes a grounding block 96 disposed in the channel. The gr oun?ji‘gnﬂm 2000
bl ock is adapted to engage the root section 24 of the rotor bl ade el enent
during the wel ding operation. An elastic elenment; as represented by the
spring 98, is adapted to exert a force against the grounding block to urge
t he grounding block into abutting contact wth the rotor blade under
operative conditions. Alternatively, the elastic elenent mght be a
pneumati c or hydraulic device. As sho in Fig. | and in Fig. Awth an
unfinished rotor blade 10, a housing assenbly 52 is the assenbly for urging
the pad i @EP 1 t : e ection of
an unfinis egrcfﬁ(?}g?gr %lg\gf’&%dt fé%ﬁ%{}?gé@%rﬁgfﬁalggeﬁfny&%ﬁa%‘%?:"egg@g? clanmp
const r uct imiphtaexteridoaxially) suthSas theplotchaface r1 § S€Flieammatsirial {sEddpadsitedoon a or any

anot her constructjon ich js,able to ur - a d agajnst the underside of

The. 11 ow. Sbtraie, ot Basthioton e b = il BT o BRE P AOBR Ty dr aul |

devi ces atf%c%&'&?%é Ehr@ué)éﬁ@\wf)'bn tRe HARKEP tGbr BlagEle FoP exait @OPL:eH{ i ndependent
T nbl y 2 h

t
of bot h. e housi ng asse has a passage 10 avi ng ffrst end 104 and
a second emateriaGnighihbe deposited ®ndhé derahfasp @nd hgrdl 6@ingAmatetiak teppsaednent |

h ing 112, is_ di din.t . Th ing h first
ona 134 W dhe Bfigh sitssiouch FPe: AseirineieBIaERes o i atEh SRA end 110
whi ch f ac@grdeHédVaiatirial tiat Folovk e bxersplatiomeshtire dnddPRRSIRAR the Bsdpar 118

has a first end 122 which engages the elastic elenment and a second end 124
ext endi ngobdyipdiscloserepassage. The second end has a channel 126 which adapts

the bar 118 ¢ o 10F el Blos Mt Al B sbalf 3 BerdEly - RERRe 110
engaged pagistli OThefslldwiag Rikscription] Bxdepe forafe ettssadRJamiAbtth Fhve, Ihe armi s

noveabl e outwardly by novenent of the bar and |ater al%!b rel easi ng a
f ast ener tgmmon torgfnisheds\acpastially finished, andh 3 usedirotagiblade: | Thesrapown in Fi g.

the channdlde 148 ctisk i 22 3Rl s 8P 3%in X orlf pialor ML 2RO IRC 110 s

agai nst NpLefTRRAtseOiGE hadg fgtBides 28 dhd atsecbridosilid1 82 C Thearotor| Hlady ds 4 ocat i on,
as shown in Fi 2. Fig is a side elevation view of the shroud 12, of

g. ..3is a . :
the pad 48¢coaffndid4: hAnairieil section Ihbaving; adength 42 extspds, panNdsebndrogad i nt o
.engagenen u e r
assenbly %‘?mﬁ%? e;a{%?%f;t)ﬁee(rjuggﬁgﬁigﬂ&bg&g%ﬁgyé@ 1{1?1:& g?“siﬁr acéfl lﬁgﬁl}fb?ﬁg t he
cont our othasiafirstt siderand asesqideside avhithaextatld Iatkralbawithuesmeeetalthe whi ch
extends fromthe first surface. The cylindrical surface is disposed about
an axis Afifothe axis Ar extends thr ough the center of the sphere. The pad
48 has a first rfQg ang Rt PGS | phere. The
first surface rl:?)#zilt‘dggﬁe?/&gﬁalgg}eég tﬁ‘éﬂgptﬁgrl caF |S§$‘§ﬁéggféé sﬁ??cgglé&isz4 of the
arm 128. fhecfikiunald 4 dmlits sipafativdls 2ngagednpesitionowith reudedrarta partialice. The

lindrical f i t at,i f A5 T is.of rotation AS i
o gnal o o o SR 1 The Rl lche gty (e e bR be® Risbiile shart i s
di sposed isiicH Bfa QBRAI SiBstPdiel 38D fsradcdiAdlh dlabdenbd oMatére. A hbRflrfaeel surface of

the arm This enables the pad to displace itself sligghtly_ by inclining the
axi s AS odoqatipmt38ng spassdtlateradlyaftom the substrates uHardcfacgh materiahds ppplieds a

cont our of kco RSt bt Pl bt Bal i RSl e Bl L G oo

adapt s t hgadqealdcitivne NDRgteaftdh citiel Klddepilh o8 widchined @b its Tinab iforen) dvidth ehee Xt ends
| aterally beyond the hard face | ocation of the shroud and beyond the edge

of the shitnighed notch fage 181an thadoton blade extepdingdtopans; lorased 8t theiotelhe f | ow of
nol t en natfﬂei lfél:at{o(ﬁ[ﬁt{:e fl ow path surface of the shroud. Thus, the second
surface closel’y matches the contour of the shroud to an extent which avoids
deposition of &s shoa@cipFigbll eandrRigntA,ahe ghdoad ilas adtow Ipathf suefcpdlh surface

of the shroud and insures that any deposition . is within acceptable limts
set by aeﬁ’éﬂ‘}‘ﬂaﬁwﬁfﬁtém ?lﬁ?%nxééfﬁcgin&‘he%@t‘ﬁﬁ"'llﬁl!?é4%@9?@9’&"‘?&1 some
enbodi ments t d j 1 r i I r ewor k
to bring :ahseu%g %\?vﬁg&éﬁtahmgt?rs’fg’%gﬁwgﬂtl%lgsr?ﬁg%%eagﬁgg{ege |drsn sﬂ|.1e TEI SB% g%’t occur
i f the sedonurging flecpadvato egagementt with tho flowupatil surbacer 42 ofithet shraud: esul t  f or

reasons u%%nga%ciilegasvg tsx?rfz%c?’e S]OUvahizc?noazdapts the pad to engage the flow path



1 3 JUN Z002 -12 aerodynam c or structural concerns. Fig. 4 schemat ;}?gl Igﬁ
represents the deposition of the hard face nmaterial 154 at the notc1 B 4102
| ocation 38 on the shroud. As shown in Fig. 4, suitable welding wire 156 is
in contact wwth the nolten material 154. An arc of a welding torch 158 is
used to supply electrical current and heat to the weld wire and hard face
material to cause nelting of the weld wire and hard face naterial adjacent
the notch face location. Fig. 5 shovvs_gt_he hard face material 154 at the end
of the deposition process. The hard face material is shown extendi ng above
a portiongak.ckh® %@L&ﬂmuﬁhﬁ gpﬂg oftfrbiamt erial only extends bel ow a
portion o? t%e shroud to a slight extent as a result of the faying

rel ati onshi p b&hedixture linclpdas alBasen®# whichusddaptedi¢o dipagt thheoathsectich The

anour = of rial i ¢h ext end under shroud after_use, of the pad
is so srra??%&ﬁﬁ r‘?t?r\l\ﬁgg‘hl @X.W’aﬁiﬁ %P@%?g‘b%g VIR B APSBING 3] Péi%hat dogs
not requi haptd! e tiise k6 'Welve MOMrXGIPIEof {12 BRR Hiadel | T Basetguhﬁ]ns the

projection without the pad (see Fig. 9) was nearly one-sixtee of an inch
(.0625") thedrotayrhiade guring epeyhtidnsthatoare performéd o2 3he) shtewd oflthegroter t he ski l |

fth . .bsing the pad. wi th hundreds. tor, bl ades hayi | engt h
Oar yimg 1 P RO (52, PRGBS infegealist Agef el oot RSTraBS Hher g
proj ect i ofnté RAageR®nl Mt thBIdw BithtNAUEART RSO Shratl, | dFiRe bsRAfdly Wi th a

surface roughness neasurenent Ra that is |ess than the range of” ninety to
one- hundr ueging thef pad: might de separatelys farpgd | fgom the: basei asdhsbgwn Thi s proj ecti on

d icabl tabl t r.equ f.ur ther finishi f
the £ ow papHeacly pBaEER, stBC NGy fRAPT2Phentifth Clempit, Eiffe b R0 "Phe
proj ect i ORott? Blads Shichd) by iliREdHOesARd s maferiah of WhlthWstificorpsrdfetiace

roughness neasurenent Ra that was | ess than seventy m cro-inches. Figures
6, 7 and berginebyrefersnceoandiis disqussadawith apeasditadigures 61 hand @nst ructi on shown

epar at e base. 5 o3t ik SuAHRO8S By olRrdif Rl OLRMRE o qiBRY { G
path surf afthedphstugel N sdcdnldr sikfacé 62 dispossidactossehe Ppassapél Facts outrddlyl Xt ure
214 has a pad 248 having a surface 250 and an assenblgé, as represented by

t he assen®id bowls x portion pf she)ppgsagep Thes syrfages gdantdhe fxture te eagagsgenent with
.the fl ow patd - T Y S: ]'#ﬂi- f jaws
254, 264 |cld$§;§t§é%§f§%eﬁét£%%?g§§i&8# h%frmgtragﬁg’?g\%tldz]ﬁl@.t $ e %)%e?r of jaws
[ sdf o[ rr:edc@fditﬁcge_ The ggexjiﬁgvoﬁkﬂe bm:@geg?mﬂdgrigvgeamm grzﬁﬁﬂ&nﬂrsgsmﬁbed SSSen_(il_hZGZ;
and, e secqgn aw aving a fjr en 56 and a second en : e
jaws are éﬁ‘gg‘tﬁsséjﬂo%% acﬁr?&dr?%@@éﬁi‘%%ﬁﬁv@rrdc%’\e the; roopsecipn 1 4c0fth8enbl y by
an el emenfyoap1€Pr esented by the spring el ement 272, for urging the first
end of the jaws apart and the second end of the j aws toget her. The first
jaw has a firsThsbdse B7ptovided withr 3 tlagidé4 hading appair H76&msnéb,68 pai r of spaced

apart rfaces 278. fiLrst appendage,282 i.s di spose et ween t he rfaces.
TE\e ap;gnﬁaﬁ%ﬁ%igﬁraﬁ?"olt llsfﬁ”isprf‘re\ﬁl’%ﬁdtaﬁ@“B?W“igzgéi%gg%gﬁﬂe\,@%‘f?nt hatS ut he >
appendagewhfchSidag@biy ciinth (PERERPbY eﬁhéraﬁli@_?_f tR 4iffBill %tibR I3C6MhE MOVenent

in the axial Da and lateral D, directions. The first appendage has a

surface 28dor hiade.s Faeh of thiesgmsdagstasprojestionm 73;7daghkich extendsdont te f 1 ow pat h

surface 42 on Jgﬁe fi.rz.t sige zgg of tpe %Flroud 12. Tg fi.kst i;tgw 254 has a
second si #8Sgg"c PRSP} AHRY; 1R 2HAY 10,5960 FNEasF QR © ﬁﬁas(l %ot Yhaced apart

surfaces pR#foas sdah dhthefrofos tbifdedEindRé opratithe chitiona§ kWl iRIPRENdage 296
i s disposed betwe ari the spaced agart surfaces on the second side. The

second appéntiggelathersn sectioptis 2xapped, bétheem thenarmsi of the zlamp and thesed such t hat
; { ; ' . e ;
the appe“ﬂ&%ﬁd@ ﬁélhgqg%twg%gélg ?Lhmlsy 66,%530‘%%% ob&nfégﬁgl aw and permts

novenent I'n the’ axl a I rectirons. e’ se jaw 264 of the
assenbly 252 f Acssevofpstaier Sloyhds @ tode78 that threaddbly engages the base 54 for

urging the arms 66,68 of the clamp against the platform section of the rotor

=4

blade. The screw fastener has a head 82. A spacer 84 has a first end 86 which
engages the arms of the clamp and a second end 88 which is adapted to engage

the head of a screw fastener. The spacer further has an opening which extends



second sides 274,288 of the first jaw 254. The second jaw at the seddhdUig
268 is disposed |laterally between the first side 274 and the second side
288 of the first jaw. Tl 3e second jaw has a surface 302 which adapts the
second jaw to engage the non-flow path side of the shroud. As shown in Fig.
7, the pin 276 has been | oosened and the first-appendage 282 rotated and
noved |laterally and axially with respect to the first side 274 of the first
j aw 254 such that the surface 2F: of_w_e appendage engages the underside or
flow path surface 42 of the first side 44 of the shroud 12. Simlarly, the
second apRERIRGGirddhd R5thE 36cbmatinassdle %ggéar taha twHi &1 a i 9&6%&&%2433 is in
its operative position. The surface 250 of the pad engages the flow 13
JUN 2002 reteéivpahd raxdiof theescrew fastenshr tudn alfermateugohstrections thensesew wo poi nt s
a,b on thg surface ich, with a point.c on the surface of the first

B bpendagese Ranadrsn ntmiech bl SauRe s mast bR oFit BB 0w pat b
surface off tHa&cidw ®sfkned Ne pad extends |l aterally beyond the notch face

| ocation 38 of the shroud 12 (the distance between the notch face | ocation
38 and the subAtchaneel 3R exterudsaigyerdly deom the epeninge58.né giound pssemblyir f ace 42

f the shgpud and b t d h_that, th in 1 d
osi 1 on P4 HEARRE aEbaning Hodnde Hingiéiin, BF baptfla Zhs oudmer BORFCL, ba
surface ofs ddaptedhto %Qa%eﬁhg-ro& éctiGn 24U thé o blalid @lement dufing tHe and the

unfinished (partially formed) rotor blade 10 shown in Fig. 2 in the engaged
posi t i on. wElding eperptions Amcelagiiscalenmeptsavwpresonted by thesprng P8 8 engagi ng t he

| at eral sj de , 46 0 h . f 4 t why addi tion,
Fro o snigred .88ran Pre peali AP kibupHlneBel’ o flas oRE Rl bl 1
rotor bl afgo abuttiie coatack vithithe roe bRE ARdéradiReative asoaditiods.i Ng oper ati on of
the fixture shown in Figures 1 and |A rotor blade after rotor blade is

i nst al | edAltarmatively, the glastis rrlement gaight ba arpnsumatic ot hydkalis devigeroved and- a
new bl ade i nst gl | v el easi h Audfiy i ening it.
The rotor bl adg‘lsissgggslfltﬁq%nggﬁ(g% H#g 1%1 gvﬁﬁga‘rﬁm se?sﬁgﬁawg{%&, ggtr?par ed to
the root Regingoassembly PAid ihaldsseniblyifeharbing teepadi intcaengagéméant with thiat um  The
arm 128 and bar, 118 which epgage the s rini@l 2 are easily noved,

conpr essi AgWidath sprtacsof thes SeEUQRH Ol PRNRISIYSTHIORASai nst t he new

bl ade, w kﬂe&‘&g?gg,zgdeod%ﬁé?ﬁbl&gﬁg??% RIRAH LORRnicHEH '28 ShéWh figLegCces in hei ght

bet ween rotor ese erences m ght occur for the sane type of

rotor bl aAppMatibaneﬂiaiN;xent Bid9129) r povanybhuzadbsr constractionewhichdsle i s

i nstal |l ed hecause of the partially for ature of the blade and slight
differenc ei‘ﬂ_“&%‘i%ﬁ?é@%‘ st et“ﬂggrﬁlldﬁd)getﬁ?]%%pﬂ’ﬁ’r‘{f?cé’: Oaﬂ‘ﬁe’\%"‘l'@pe of rotor
bl ade may gLaaiet Gré pAivnidicCst hydrABicRAFiES Al tbS BASIdr o itRSEGb ed by

rel easing the threaded fastener 132, sliding the armout of engagenent and
di sposi ngbladedor suppomti arlindependenatafdotied in the fixture or sinply renoving

the clip retainger . fromthe shatt 152 of ad an e jpna.the small pad
with a |arger S‘Eﬁ.ho'fﬂ%g ﬁsﬁm}gy F'gs B PETFPEC ;ﬁ%h e 5‘%&%3@%&%% o a faying
rel ati onskdcgndvieh 10613 TheNectidZendi astdncopenihgr Ei8deAnfeldstie eldmdtitpqich surface
of the shroud by reason _of its ability to rotate about axis A$ and to

i ncline sP$ gispring il 2hisrdisnesed in thetnassagei sTharspsingthas adirshendy 114 which arm 128

of the as I 2 e [ ' t 1. hat
engagemen?’ ﬁ%e{ﬁ% fé{%%&&fﬁ% Pﬁgﬁgl ad%%%ﬁs%gﬁ ?gr%ggyﬁl%g&‘r%%? g‘%ﬁ%ﬂe has
caused a nbdrl 118 Balisposste it thef pasduge.r AMierbapl1a8¢has ra firseerd 122imthichA parti cul ar

advantage is the engagenment of the airfoil outwardly of the partially
formed rosegagehihe elpstic elament angd, 2 seqond snd 124 Rxtepdingnbeysnd 3B RaSAS th such

a root ang‘h@@g&%ﬁ t?‘l%th#pa Eﬂa}(ﬂﬁeli ¢ Which' 2aps Ghe Rl RELTRIanGRRdUCt i Vi ty of

the pad 48 1s greater than e thermal
An arm 128 extends through the channel 126 of the bar 118 to slidably

engage the bar. Fig. 2 shows the pad 48 in the engaged position and the pad 48a
in the non-engaged position. The arm is moveable outwardly by movement of
the bar and laterally by releasing a fastener 132 to enable movement of the arm

in the directions shown in Fig. 2. The screw fastener threadably engages the bar



conductivity of the hard face material 154 and the shroud 12. A tungfﬁgmNZ 2
pad, which has been used to good efféect, has a thermal conductivity '@
normal Iy four tinmes greater than the thermal conductivity of the nolten
material and the shroud at operative tenperatures. As the weld material 154
is deposited on the pad at the hard face |ocation, the pad conducts the

heat away fromthe nolten material adjacent the |ine of faying contact

bet ween the shroud and the pad at a faster rate than at the shroud. This
causes the molten material to become hbre viscous at that |ocation,

bl ocki ng rial 1 he flow path surface f t he
shr oud. T%“de?’hg iﬁatg?tcéﬁglgpgﬁf ﬁg’eghfas{?ae’( ?’ﬁ’gl r%@’ cofn lﬂ'f‘?earﬁh eri al
mul tipli eseclne mbmpgaiﬁst endvementadnceOthe tadrfitis PARSERA 116 )thé Soeedt dtetashed such
t hat the pad, does not act as a heat sink of such a size that cracking of

mol t en nelogption. agshowa iBFig.t2.cool s. Thus, even though the ther rral
conductivity ifjoh C 0, rysal u
t her nmal capaC| nggpg}’!l@t{:el@aﬁgﬁl glegvu%tth ? t"grlggﬁf% g&ﬁf%@o ten rraterl al

i s avoi degtrm TD& ofithd assemplyi 52 farf urging thadaadﬁntgra@h@mddnawm e fievt i ng poi nt
of the shroud or the nolten material. This avoids attaching the pad to the
shroud. Ap#tRisuifags Plothstshequd; \Ehe anm of the, assemblyt $2vbas amhePeRiNg dA2 naterial is

desi r abl i (o] fact S p |1 have
a nelti ngb%glld% %yhé;?rs?g a u¥4419f61}§€4| msson{“ﬁlé orﬂoﬁ %glqn ﬁ&re ?ﬂlewrml ten
mat eri al . cythrqdacall sunfaae laldwdnclagmtemds from qheet'ﬁrstmurfanc/er‘ﬂhecuylmérmﬂf0| di ng or
reduci ng t necessit finishing the flaw u ce of the _shroud.
and or tAaGe a6 BioRotet SDRHIFR GRBrAY HLE PiitAn SERGS, PGSR B Semter @6y oud | s
one way OfhelBA®%¥I N 13 JUN 1002 - !f, excess nolten material which

cannot be tolerated for aerodynam c pur poses. This is an undesirable
operation in tEherpadf8thasa ﬁmdstirfmadmmavingr&ormnﬂoupef hcpomﬁimgof he
operation. ,The |t|v m)tlo of novi e, Wi, th respect
Lo the sumege TBY o5t Sipeablycnghees: B saberisdl, Saved e g4 iod 17 on
path Surft?‘i@earﬂlfliSheAséylﬁHHchBsYlaﬁdl‘SQré@érMs?f‘dn’?‘fﬁeﬁ}!‘@%ﬁﬁ&ea"ﬁhé endons of the
armrequired to repeatedly performthat notion. I'n addition, even the npst
consci ent ¢ydindriealdshafishas skaxi$ ectaper obApe Thewmyisoafcratationad ip ahgpahie the flow
.path surfacg f thes ove r|nd| 0 . nd|n flow path
Do face. ol HREE ek ot B Gpeing Y Il ighopal e gk S ARPORA foife o o,
advant ageogthinghend §pssed wadialBN frohoMe dyfindi@$ sufface/ofithd Bml. SThis@n@bleent ati on
of the assenbly 252 for ur gg t he pad into engagenent with the shroud. For
exanpl e, thﬁevadpiardmd@elmgg tly tbwemdsrs@grﬂwams Agiopwetating abewitthe of an inch
bel ow t he roud. The fixture | eaves free and unencunbered the region

bet ween t Fxture and the airfoil which anbunts to at |east

sevent y- percenTh@Euxﬂbe 50e0f the gadris anseeond urfacefonathe pad 4Briewingnghes to
nearly ninety-five percent for an airfoil of about twelve inches. In

addi ti on, CQ%@‘rf‘VR‘FhrC@SSUe@aWB?S Qﬁt%@%é’idhﬁjﬂf’w&%dm 3q8i 42 pf 8% des room

for the G & 1 di ng.

Af ter covn\%#gﬁ on 6 nHUJ epges%?& P{aﬁtgd‘ﬁ'g?%e l%cn@o‘ill er| t%h\gﬁrotor

bl ade i s shroud end fextandst hﬁerﬁliybeyom,d thadxapisfdcaﬂminbm ofl the sitrbudafandrat erial to
provi de datum,f h| n| erations and nmachined t.Q i nal

Pont our aboRE 1608 PRTR I ALaBrina S Sad o o Crgeetd, goriten bloskh e

Al ternati Mﬁlﬂowfok'@n&}tehfxﬁa&naﬂ dhthe tmmfgd it Uufcd Bf theFSLADOTRYs, fthect Ur e whi ch
engages ot her datunms on the airfoil t hough the invention has been shown
and descr sdsend \amtﬂmerdemmatdledéhammmemﬂﬁhdmhmudsmtmm which shoul d be

under st ood ahos led in t art tha#] n f.orm and
dotal 1 o navoads SRsTio SrarcSuacPenialie Auiount P mariafh o8 e BRH Path Briiene coope
of the clgf fHédshkdﬁdeﬁﬂd RiBures tHa? ath Ne?@sﬁ’tﬁ:’oms Whigltcdftatlle lfnitd 3dtwye for use

in disposing a region of materia a shroud face location.for "a rotor

bl ade, t heerpdyngmie|and Stryeural canegsns edsaidiube eealizrgnin seme embodiments ot or

bl ade havj r gt a S irf i on which
ext ends s}ohggdvrﬁ%ekf? de a&s}eﬂcggraq“elﬁedIl %ata“ a?&%n&)ﬁ;a%v R tf’eb(r%iﬂg tﬁg(ﬁ Xeral | y

Wi th resppath suffatevithin Acteptablehiémitéir Qhik llnaght RYcE 1$lﬂue3saioﬁd1@a~fh&cﬁhs on and a
substrate for recetvi ngc}he hardened mat rial adjacent the shroud face
| ocat i on Aeliberatel¥rconinuied fghproyideoths regwls for reasons unconnected with




a pad having a contour which adapts the pad to engage the flOMIpatE3§W@5ﬁﬁe
of the shroud, the surface being adapted to extend |laterally beyond“t

hard face | ocation of the shroud and beyond the shroud such that the pad in
t he engaged position blocks the flow of nolten material to the flow path
surface of the shroud; and, an assenbly for urging the pad into engagenent
with the flow path surface of the shroud. 2. The fixture for use in

di sposing a region of material at the shroud |ocation for a rotor blade as
claimed in claiml1l wherein the pad has a contour which matches the contour
of the fl ﬁﬁﬁﬂf f roud and wherein the assenbly for urging
t he pad i%%% enggzg%gﬁ@QW?éﬁbt 5ﬁ$Iom/path surface of the shroud is
supported and Pigs#dtschematicallp mepresentsother depbsitien af the hardafacomavdniath i s not

' dl he airfojl. 3. .The fi o f in di ' ' f
mtor i al 3+ B Bty taot Soaid sra e s, A7 Sor, & BB ol e m 2
wher ei n afyeldfigStvire IS 6PQ 1A icBmta®f with ehd Afdlesindt@Ml 11s8e Avland bphe is formed of

a material having a thermal conductivity which is greater than the thermal
conduct i vivelingf tor¢he 1 Hibiis wsed tatsopplyl electrical leyrreintr andoheat to ther weldveire

t enper at ur es, t onduct. heat away . fro | t mat er i, al | acent .the |ine of
faying co?ﬂdzsi%?rgﬁg?%\gl& n?ﬂio 8% hé%g%ﬁg’ ?fg@ Yoe %@%ﬁ‘ﬁg&m#@?ﬁ mat eri al

at the |izggaceht tiRyhdteh EaRtIBEHtIohO cause the nolten material to 13 JUN 2002
-is becone nore viscous at that location to block the | eakage of nolten

mat eri al to thBigf fehopatthe bandfface materiahd 54 fat thedenddof thealeposiion e for use in
di sposi ng_a regi-@n of terial. at the shroud | gcation f.or ot or bl ade as
cl o nd RS o G FiteCmafiiat soppm; exighiing, BGRE' ¢ Boribh o A€ Four £ e

the ther ngrowdNTHE hiard fade dhatérite oD} taendsEbetowal pétion tofehs Biroud téa operati ve

tenperatures. 5. The fixture for use in disposing a region of material at

t he shroudighbexienbas ¢ sesult ofgthe faying aelatienshipabetween thecpad 48 andther ei n t he pad
has a ther il ' [ [ S5 hlAad %15 i ce of the
shroud to avgﬁlﬁégﬁ(eaftﬁgéc]&ggwnglﬂgsaﬁlguﬁegf Sl nkai an ngﬁl;a KT Fleglaﬁﬁ@e;rm ten

mat eri al gifond aft€rohse. oftthe pag if bocbmak tharrit teselts i alipegjetiongofoaccegable of
material at the shroud | ocatiqn for a rotor blade as clained in claim5
wher ei n t §i2e Bt dpes nel require; furthes rework Korrexamplee 1n gneyipariisylan grigl, thegi on of
mat eri al : 0, ' I Attt oplaflBHcH N ¢l ai m 6
wherein t ejéﬁggnﬁghﬂgﬂg{seté% {ngF%g)ﬁJiﬁjeggy]w&@%&ge [ nogi spocsﬂl ng a region
of mat eri @623¢") ahe colnnmnty hoeightlonf bne irechr(ol251) dépsidingsorcthei skiltiof n cl ai m 3

wh inth i ta]. 9 fixt f in di ' [ f
rra'? res: 2| @g \?ﬂgerls rsipggg%e pad w-[ ehunld%(edlsJ ro rotoorr b?asd%s Ihgvinlg Sapl?eglgt%g aregion o

varying from about three (3) inches to twelve (12) inches resulted in a projection

that was less than ten thousandths of an inch (.010”) with a surface roughness
measurement Ra that is less than the range of ninety to one-hundred and fifty
micro inches (90-150 micro inches). This projection was aerodynamically
acceptable and does not require further finishing of the flow path surface of the
shroud. In fact, in many applications, the projection was less than five-
thousandths ef an inch with a surface roughness measurement Ra that was less
than seventy micro-inches.

Figures 6, 7 and 8 are a view of an alternate embodiment of the
construction shown in Figures 1 and 1A. In this embodiment, the rotor blade is
supported by a separate base 304.

As shown in Fig. 6 and Fig. 7, the shroud has a flow path surface 42
having a first side 44 and a second side 46. The fixture 214 has a pad 248

having a surface 250 and an assembly, as represented by the assembly 252, for



| ocation for a rotor blade as clainmed in claim2 wherein the pad roiaf Qb@?
engages the assenbly for urging the pad into engagenent with the fl *@ t
shroud. 10. The fixture for use in disposing a region of material at the
shroud | ocation for a rotor blade as clained in claim9 wherein the
assenbly for urging the pad into engagenent with the flow path shroud has
an openi ng bounded by a first surface having the contour of a portion of a
sphere and a cylindrical surface dispgsed about an axis Ar, the axis Ar

ext endi ng through the center of the égiére 13 JUN 200Z -19 and wherein

t he pad hgs | J ' [ ' r ' n | i gnabl e
with the g%l@ g*é #@?@Hgﬁrﬁﬂgﬁgﬁ%ﬁﬁ#r@?ﬂ?ﬁeﬁglgﬁgﬁ%@%?ﬁg@&ﬁcﬁ ?Pu% openi ng
?nd ﬁpaCﬁdSS_Bmﬂl)ahW% baipmfltjiln\es Q%‘!,izmmma# rm?lymﬁg%q édﬁh (ﬁhm a;}tta?pivpﬁd .
urther ving_a spherical|y_ shaped surface from which_the shaft extends,

t hef spher ;%i}}:?h%ﬁ b@ﬁlaé'gﬁr ¥Sa@8n?‘gf’gwif‘?;fv‘ avadt having@ Sshend _@éfblay‘:] s h?loed
surface o . : . gtng@g%ga e flow
pat h shrouéEangaaﬁgg’ﬁntﬁ@eég%@gjar ot e?toa Inlé@ggiorut t he a%l;dsw,&é éltﬁd the axis
As is til embR68.t Aiheyaws aivcdispasad aboutt amif mbvebieptosvard ah axisr Apafetheon t he pad

and the second appendage 96 to enabl et he second surf f the shroud to
»accommda?gée‘??gwog?\?ﬁ %’t“?”é’ngs {enrersﬂgecgtbp/ é‘ﬁ? ST ® F‘W‘hgﬁ; rﬁ?’b&eslw e respect
to the fi ﬁ}#reﬁd%%@jﬁ%' ?‘E)ahhﬁmsﬁﬁ(%@&nﬁuéﬁda&ﬁhte9a\$§‘%°ggﬁme}.he fl ow path

surface of the shroud. 11. The fixture for use’in di'sposing a region of
mat eri al at th&heHirstjawl hasaa firsh sider274. rTheofirsbisiddhas s pih &76endi mpait ai m 2

wherein th nbly f Lng, t d jnt t.with the fl th
Shroud halt SRS panl suthess 18" oA S ipendae ARZ08 FRPEE e 15 engage. a
surface ofyrfdes.r qmerapPéxaﬁge ihfas%s_idtrm inogKEh e pids ispes@Anshchanathavi ng a

surface which adapts the second jaw to engage a surface on the airfoil at a
second | oBwtappanddge b slidably ané dothiably attashed tosthel jewatoi pemmitrovémenti n t he

| ocati ons. ape not, { nwar .he..ai rfojl d furiher includes el ement
for urginff {}ﬁea’?aéy% %Alﬁt%l%ﬂgé'g‘hf%ﬂ?m\m ?he pﬁ @quﬁagﬁlhgag_s e %ﬁé fixture
for use i Thelisaitase 2&6 addpeoiheappéndipé €6 leRfagdt the TRWS PAith Udrfa@c a2 iofnhé or a
rotor blade as clained in claim1ll wherein the first jaw has an appendage
whi ch is Brstaids 44 ahthershrendabl.y attached to the jaw and is noveable in the
lateral directi T- | iR di i L f
materi al at thgﬁ gft\‘lrr%tﬁawl ic}?aﬁs)c()énbgcg?é gfdf: ot of @?ea%%&gcg S@?aﬁansé%%?rga%?ai m 12
wher ei n t hed agpirnsfogpacdiaspannsurfrees DY ho doeketthe [firstaside 234 of tlid e RAavi ng t he

contour of a portion of a sphere agld a cylindrical surface disposed about
an axis Afecondappsndagn296,is disppsed Retvovigthesnaced capagrsupfaceshen Hi¥her e whi ch

adapts th a : : : 00T - 20 and
whorei n t RSORESUREIPS ReBBapferind hiCH SIcR 208 R I, e il 28 on s and
al i gnabl edispbdedtduch abidt sho hppentiagel rslidably Ll rotatdbly lagachledftd the jaw apdsed i n

the opening of the first jaw.and js spaced radially fromthe cylindrical
surface oPg‘FH§ ‘F‘PY%‘P‘“}ta’Wd‘? ﬁ%‘ag%‘l ﬁ?é‘?}'&né‘re&t‘f’ﬁ' st surface which is
spherical |y shepedeqyd jahi 364 6ot 1£28895&s [dppositiiE e Bl fivkt ah@red

surface of the appendage and from which the shaft extends. 14. The fixture
for use i secand psisies 2G428B exfithen fipst jawit29¢i alheasecomk javhavthd seoask ersh26bHr a
rotor blade,as clained in clai t.he t or bl ade havi a first side and
a second & (é]lgpogﬁc!l?ﬁgr Vo%“ﬁ%ef‘htwggﬂzr?ta%gc 8?‘??1’1 ﬂgel'rf‘eﬁ ,S\ﬁﬁ?ﬂgéi?ftbﬁe first jaw
has first figdt JegwWTHe seashdjaw hixea sinffade 302Mvhieh &idgipe @hé Bétohd ligw t61 de of the
flow path surface and the first jaw has a second side spaced |laterally from
the firstengage the naaiflow path %@p@%@agérmd- attached, the second jaw being

di sposed | ateral| et. n fi i de a the,se deside of, the first
jaw, the secon%‘sj %\(R/&Ha\\aﬁﬁ& J}a?qg'ﬁrpfxggzts &ﬂﬁgﬁengl??g%e{x dtaﬁgqgeeglﬁ(fp})%ag% engage
the non-f bewreated diddaowdd lategalbhamliaxially withh@specktditt fit sids @74 rofdi sposi ng

a region of material at the shroud |ocation for a rotor blade as clained in:
claim?2, theefirshiayy 26¢ sueh Hhat thegsuaface 28t ofthe appeadagesengages thede on the 1 ow

path surf §ferliic [ N bR burtdBL41oR ' Brs? SRRMPY ¥t R Tenklhdl i) the pad 1nto
engagenment wth the flOw path surface o¥ the shrou as a pair of jaws,
wher ei n f Similafjygvthé aecond fappeidage @96 \Has beeraddjpsted tsheh fhat she ateachéd padigage t he
first sid f. the tlow,path.surface of. the shroud gnd the first jaw has a
second Si gégéi)é{bgﬂOP%IFEQ%PP?“?‘M&?‘FﬁBrf?‘?er&O gfﬁ’@ RERESS PRE'Appendage i s
attached, the -second j aw being disposed laterally between the first side
and the second side of the first jaw, the second jaw having a surface which
adapts the second jaw to engage the non-flow path side of the shroud. 16.
A fixture for use in disposing a region of hardened naterial at the notch
face location for a rotor blade, the rotor blade being di sposed about a
spanwi se axi s which has a first end having a root section and a platform

. Y . B - o -



13 JUN 2002 -21 respect to the spanwise axis, which has an airfoil 1sEggN mm
whi ch extends spanwi sely and which has a second end having a shroud
extending laterally with respect to the airfoil, the shroud having a fl ow
path surface having a first side and a second side, and a top surface, a
retch face location and a substrate for receiving the hardened materi al

adj acent the notch face location in nolten form which conprises: an
assenbly for urging a pad into engagepent with the flow path surface of the
shroud, the assenbly having a pair of "Jjaws di sposed about and novabl e
toward a [ 0 hisie Ra| ] cy‘rBE' | first jaw
and a seE%a%lS sjﬁrg%e {)%@ggsssenbrjgﬂ%;%r?%g ‘gg% g&?i@@féﬁen hféloérwtl??ai ng the

j aws t ogewhieh, withea poinst onathe l3anfagegofatht ifirstt appenidagbadefivg: @ piene waltich a pai r  of
spaced apart_ surfaces and a first appendage di sposed hetween the surfaces
havi ng a i§|sypstan im@!ﬂgéomﬂpw Rﬁt%ﬁwg@a o o, spaouel (Fhe Rashexiendse s
slidably I : ] i i d:udipal and | ateral
directi on@ﬁgﬂgpp?}?@th té%%g{ncg?gaggﬁf\%é%gg og\l?rl% ghggmmﬁ?gﬁgaﬁg%?éspt he appendage
t 0 engagebawbérohepmitth faceflacasionr38 fml thersabsteatel 86 4§ exdpgemed) ud;engageecond

i de havi [ d [ f d t d d
appendagelid b ot Hietae 8 atbe shiPRa.aad TRUI Hehans SR ek 86 Pefe pin i s
di sposed ﬁﬁ@@ eh?é’%e _tﬁtﬁ't%pigrya 8d it bﬁick%@'f%vﬁ@nioﬁ&@h@a@éﬂéal%ttﬁ&hed to the

ongrt &I nar and | a

jaw in the [ appendage havi ng

eral directions, the secon
an openi nflowquatidsutfare of the shtoudur f ace havi ng the contour of a portion of a

sphere and a cyligdrical surf 1 SpPO about an axis Ar, the axis Ar
ext endi ng throﬁ’@hgt‘ﬁé LEYEW g’f&&@‘%ﬁ@%@ﬁh&‘ﬁﬁ“@ﬂﬁﬁ?i (p#tially,nendage to
engage a %E@Fﬁ)t%”blﬁc}é)gd\;]sﬁéxbg i8 TP Wi MY daghged ﬁbsgml?ﬁigl 8LRbk the bet ween

the first side an N 202 -22 the second 'side of the first jaw, the
second | aspplenddges 283:206cof thiei fixturecengaging ithe daterahsidpsadft.f6 of theaflowt he

non- f | ow h side,of .t.he .shroud: .pad having a cylindgical shaft having
o axi < ofath gppiec? a6 Wi RN fr aRUBGE 1Ry b Bl Ebepd 304 B bl ¢ b
t he shaf t theSofr HIRREH tsupp6rtARE RbtoH bRide tab @hd hird! fabinl! opefhtiof talRaced
radially fromthe cylindrical surface of the first jaw, the pad having a

first surplaee which is spherically shaped and which rotatably engages the

.spherically sh Sur. f tg g fr i,ch the shaft
extends, a sec@ﬁﬁg&?ﬁjg@é&ﬁg%‘% Qﬁﬁgg%%nﬁg?%hgaﬁgéhé&gwgge whi ch

wi th the gdrvotoRrblideeissinsthliagdeinothe tiheurkiandtweldele Headh blade iphwaicklyi n t he
operative condition which extends |aterally and is substantially parallel

to the flEwmqysd andi Reye blade insialledhbytrieasingeths dhisadeds ipstentleathvi ng a cont our
whi ch cl Oﬁ%gniﬁgtiP h¢fe tO}6r HRAE nggﬁ{i%&gﬁﬁ){) tlvﬁ‘g%?ﬁcﬁr% §#Eif)ﬁ“igl}i8{ the shroud

and whi ch p the pad to enga surface t’he shroud and
whi ch ext esmipartdite thed topt beyiondntahpartiallyd fihished bladet is@math bbitersdatwnd and

of ol t enTHGRERI 48 479 hd 1HIWHEp SPRes bt SR 1f Al BRved, O
compressing the spring. The pad is moved into position against the new blade,
with compression of the spring accommcdating differences in height between
rotor blades. These differences might occur for the same type of rotor blade or
for different types of rotor blades as the new blade is installed because of the
partially formed nature of the blade and slight differences in orientation of the
blade in the fixture. A new type of rotor blade may require a different size pad
48 which is easily installed by releasing the threaded fastener 132, sliding the
arm out of engagement and disposing a new arm with a pad attached in the
fixture or simply removing the clip retainer from the shaft 152 of the pad and
replacing the small pad with a larger pad.

The pad 48 is easily and quickly adjusted into a faying relationship with



wherein the jaws of the assenbly are adapted to engage the shroud df3 die2002
rotor blade and the elastic elenent urges the jaws against the flow path
surface and the non-flow path surface of the shroud to support and position
the pad fromthe shroud in the operative condition to avoid any differences
i n engagenent of the rotor blade which m ght occur between rotor bl ades
having a different anount of lean in the airfoil or difference in the root
of the airfoil ; wherein the appendaggf_pernit | at eral adj ustnment of the
first jawwith respect to the shroud t he rotor blade to facilitate

engagenen ud and to
perm t % gﬁ?%ﬁgo%ﬂ;ﬁ%igﬁgéggféﬁéh e}?ﬁ#ﬁg&?ﬂr%&éﬁn ﬁ F(gttér;)uct ure
ext endi ngrdvate \wbeit dxie A, ahd ft@hﬂclmadlnglﬁt)ondmansbebatcﬁmldxys Aubﬂv&fedl y- of the
pad; wherein, the adis ble a\{titegt ,Eea Séi and t he a‘LsAsis
tiltabl e PREHEGH tasﬁﬁm ¥eXp Pagd 1S RUEAY §AtehaN pad and
the SeCO”ﬂxe%@H@@ﬁQ@ng‘%@e&@n@é‘@@k%l&ﬁf vﬁ&%@cbl&wrﬂ@é‘e%nﬁ‘ﬁ of e Ai60uUd to

accomodate mnor vartations in the orientation of the shroud wth respect
to the fikinde bampahisedhalined! misaligroentdofsthe fratoe blade éndbeyfixtune A ow pat h

f f t.h h . wh t t.th t f d t th
second s prligdar sivAsFiRe S Bie SrERmrias’ e AG BUMRRINRAT BERBREIT Y £y whi ch
is at | eagdme@Ybot | THIS eliffindtéseviredtioni® Ml efigdgkitit @‘soélst@d Rit Sich&t eri al  and

the shroud at operative tenperatures to conduct heat away from nolten
mat eri al mwpanérspeddheet upn@nwfmfthylfn@lrcont act between the shroud and the pad

to cool the no at. th I|n ont ause the
nol ten mater i ajlri’?g’ tr‘%‘%f’ ?gfsréfg&?’bﬁﬁfl 'ﬁ%&f Bl ock the

| eakage ofor¥akéary BPEH%H&@B th@ fbRrihl psm Bd hlesm&ﬂcm ofA hingstehipagd; and,
wherein the pad has a thermal capacitance which is |ess than the thermal
capaci t anwblcgf hasthees wses,itp gepchefdecty hasen thermalceandyctivdtyatbredst nosmally and
cracking the nDIten e in

di sposi ng%a rén SoncyF &' @%é%%nmt ceéh:ag{:éwpllggthz%?l%a(%gfea{ g‘é% lon for a

rotor bl agifoad at:bpdrm tefpetatires. 1 A svihe vl nidieriad A841is depdsited ohShe The
fixture for use in disposing a region of hardened material at the notch

face | ocapadat therhagd f@pdpca@padﬂwa@dcq%ﬂh% thenheat awgy fomites olfeRhe pad is
t t d
00 el e B SR 40 6 BT

16 wher ei fasteh@atpabari 8t thershrshdof Tlis emises itied mhlatvn ngaterial®bd becwme aicke gr eat er

than the nelti n ﬁé)l nt of the shroud 13 JUN 2002 -24 material and the
hard faceViseQusrdtdhat lpeatiop, blocking, the leakage, of maolteryimgierial (g the ﬂegf path of

mat eri al rfa%e??rtﬁé'ghljoﬁge ﬁg%&ﬁl@d’ P ch CItQIlJCO&p{hetyh?aﬁ (]"l‘ﬁeg 84 OF gl n claim?2

wherei n the pa or ned a material having a nelt reater than
t he nel t i mytepial multplieddhly ther specificdtcat atadonatant pressung)r is esmbbshedt sachal .

that the pad does not act as a heat sink of such a size that cracking of molten

material occurs as it cools. Thus, even though the thermal conductivity is high
with respect to the material on the shroud, the thermal capacitance of the pad is
such that cracking of the molten material is avoided.

The melting point of the pad is greater than the melting point of the
shroud or the molten material. This avoids attaching the pad to the shroud. A
melting point of two, three or four times the molten material is desirable to
provide a factor of safety. In fact, a tun,gf.tén pad will have a melting point that
is about four times the melting point of the molten material.

A particular advantage of the present invention is avoiding or reducing the
necessity of finishing the flow path surface of the shroud. Hand grinding and

hand sanding of the flow path surface of the shroud is one way of removing



21. The fixture for use in disposing - a region of material at a shrgu'c}
Mace | ocation for a rotor blade as clained in claim3 wherein the pzl '@NZUUZ
formed of a material having a nelting point greater than the nelting point
of the shroud material and the hard face material. 22. The fixture for use
in disposing a region of material at a shroud face location for a rotor

bl ade as clained in claim9 wherein the pad is fornmed of a material having
a nelting point greater than the melt_ipg poi nt of the shroud nmaterial and
the hard face material. 23. The fixture for use in disposing a region of

mat eri al q i fi@r hogrd in claim?2
wherein t ecegsag%?tghl?%%tﬁe% v&l@@lgtc%{%érb?g?ﬁﬁ%% g(g %} ti icgﬁ%%lbélgt% three tines
great er tThis islap umdéditably ppdrationoin tetres ofi timedandsingraction pextoned har d f ace

mat eri al . 2%. The fixture for, use i.n di Sposi a.region.of. mterjal at a
Shroud f APETTOTBRBE {hfOpeSHtoR. ; She,FeRsfityfe meiop) oftReYing Nhe EEipding Whtel oi n t he
pad is fo i 1 L L : j eater than
Phe mol t1 Ropsre. sy Mearre LUbER, & EChubl MRNNibuCBuhidIRE o O €
The fi xt uflewfpath serfadenofcithe phmiudgmay edvgirsely effectanuscies| andt tepdarisrafittie f ace

| ocation for a rotaor blade as clai in.claima. wherein.the pad is forned
of o . eFTLFOERR 4) rEPoRisay et M miftich s aen e Befi e el 11 ng
poi nt of phifciehticusdanPhtt skillépersdthenNala§ dclastorEHY Cinjudé the fldw3palN 2002 -
25 26. The fixture for use in disposing a region of material ‘at a shroud
face | ocasurtace fafrthe shroud byovet grindinglati aver sanding thenfl@wv \pathy surfacered pad i s
formed of ;a materi al t.havi n%a el tfgﬁg [ﬁJlgi nt three tinmes greater than the
mel ting pg\erﬁh: {eﬁléllggn‘%lf 2RRIPE 9 BAT the hard face material. 27. The

fixture for usq paiclilaPadiaftage ofebd eohsthictic stidval iBFigs. 67 andl 8figaRe | ocati on
for a rotor blade as clainmed in claim5 wherein the pad is forned of a

materi al prentaipraofiiietaspamblyi 332 fonveging itha-padyinte engagemgnt Witk thel ti ng poi nt

of the sh Ly ng. .t terl 28 flxture for use

'n i spos POk T b ishpip e BEnIRE dededt 51 X Sebitbly R ol G kihiP 0

bl ade as ah aichiEelow the shroud.3 Thedixtire ledves fred ard drehomnberéd aherpdgion al havi ng
a nelting point three tines greater than the nelting point of the shroud

mat er i al . betyeenrihe fixture and ther airfod Whickjpmeyats 19 a4 leasgseysniyrpeseantofal at t he
,shroud | ogat. f : : ' ' ) ' he
asserbl y T 1eERy; BF of AUPEr BFRRE HORE 1 ekl Rlrly My pURERCER bl

havi ng | awsfoilhofcaboan gwejee tifivhes. 0w additianlethe dosare ndwies @wot extend deyomd| | y beyond
t he pad and does_not extend ragi*raLIy Homthe_%ild a sg‘(t})?f antial distance in
a regi on BetRadenT s Providss: wom & the delstes de manipulate the deyes fade of the
shroud sughii@l weifingadi al extent of nmeans in that region is I ess than one
fourth the fength La of the airfoil. 30. The fixture for use in disposing a
egi on of mat er Adler bmpletios nfahel depnsitionoef therhard fase onaterizidthearotarl ai ned i n

laim 12 inth | ing t i nt t .with th
{1 ow pat hbBAF 5t EerbeieArEoT e fiifen Soitpagate o™ Blotk of matd i 8 280wt ' oxt end
lateral | yqhauorst théd enaeRmiopditns ild Bdhend oaie fihdlYeohtolimat BR: RAE 2

substantial distance in a Tregion between the platformof the blade and the
f | ow pat hplatfotmaadghraudesestionsuef the gntor thdade: halternatively, dthe @irfoibmightans i n

that regi B dx%urlzc? I athrell.i;'lci.l pgﬂx‘? ﬁ];(&% twqﬂéhhgnglaggsggﬁle}‘ gat%L)stoqleth%iz{ixffgiil.l :

Although the invention has been shown and described with respect to

detailed embodiments thereof, it should be understood by those skilled in the art
that various changes in form and detail thereof may be made without departing

from the spirit and the scope of the claimed invention.
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at the shroud |ocation for a rotor blade as clainmed in claim113 wherein t
assenbly for urging the pad into engagenent with the fl ow path shroud
havi ng j aws whi ch engage the rotor bl ade, does not extend |aterally beyond
the pad and does not extend radially fromthe pad a substantial distance in
a region between the platformof the blade and the fl ow path surface of the
shroud such that the radial extent of nmeans in that region is | ess than one
fourth the length La of the airfoil. %27 The fixture for use in di sposing a
regi on of riy@k. at the shroud location for a rotor blade as clainmed in
claim 14 wherein the assenbly for urging the pad into engagenent with the
fl ow path shroud having jaws whi ch engage the rotor bl ade, does not extend
| ateral ly beyond_the pad and does not extend radially fromthe pad a
substanti &l di 4t Bxuee For’i uge i §ispesing @ fegien of angenials a4 g shspud fasep| ade and t he

fl ow path 3 r t I - af ans in
t hat regi %’%hﬁirpfogsagiottﬁgﬁa%%etﬂgg?}ratjﬁﬁtd %tg’gf"én&g}%ﬁ;sfd;hg‘#“ﬁﬁi r‘%m . 33. The
fixture fthe rote bladedhsis b fiysteendegiving 0 rootesseetiona lanairfoih sectiohowhlichocat i on

for a rotor blade as clained in clajm 15 wherein the assenbly for urging
the pad i #ftendsnipapwisely, apsl @rseeond en R;‘B%&ﬁs&ﬂ"dﬂtwgﬁg’tﬁr% ch engage

t he rotor 0 : not

ext end rarcﬁggélacﬁe ro?ﬁﬁoﬁ’emg%ﬁgw;%@%%? ?’?ﬁd&ﬁ g?amr%g{é&?%ﬂgqrsggﬁ%ag@gg ween t he
pl at f or m mekeiving thiedrhedemnd materidl | adyacpatt the shrdudcfacofocatien #hmoilten Sommly, t hat t he
radi al extent of neans in that region is less than one fourth the length La
of the ai MW COMPISEFhe fjxture for use in disposing a region of materi al

at a shroud fa&%a!i %@ih'goﬁcc_fx%urawﬁj% Qiagts Atepad & @dgﬁg@l the fléw ein the
fixture includes a base which engages the rotor blade. 35. The fixture for

use in di syptace md the skgudnthefsurfacecbéing adapted sthextent taterally beypondothef or a rotor
bl ade as ¢l gigred,in.clailm34 wherejn at least the gortion of,. 13 JUN 200
-27 the pg%fgatg]?ea?@ﬂ?m} ﬂ%m&u%‘é?‘}dz dp"syoflgrtﬁ%(ﬁhr(?f’dzﬁuﬁbb@#i § Pachin %’5 a t her nal
conduct i vidgag¥dippkitib® blscRa e fibWadY thbRerd hfateRial &0 HEUSSW \pathy si@fack b nol t en

mat eri al and the shroud at operative tenperatures to conduct heat away from
mol t en mathgrshzguda@pdcent the |ine of faying contact between the shroud and

,the pad to cool_th | ten material .at. th i f..fayi tact to cause
the nolten rrat%‘?f‘%’?mtmc)?' g%c‘gﬁ@gﬁé?iaeil}ét oeﬁlga%etnpet%ﬁa tl} g%a@(g%ri’g 0 bl ock the

| eakage ofurfiRktgnhéshwudal to the flow path surface of the shroud. 36. The
fixture for use in disposing a region of material at a shroud face | ocation
for a rotor blade as clainmed in claim35 wherein the material of the pad is
at | east HOur hiGildGol DT HRsRARY|F Liotdd ¥t ladaF affBle! SRofPIERGH and the
shroud at “operative tenperatures. : e fixture Tor use In disposing a
regi on of fored storabladd asclimedich Elame 1l whertinothe fpad has laadontoublveldeh as cl ai ned
in claim 36 erein the s a fhermal paci t ance ich is less than
e t her nimRiian 48 ol 7t REvG R AHAT ot BRIV BEAEERGas o heat
sink and ' tR6inB0ht $9d b Snbadenftht WitlCAR! ffow B8th iyt e for use
in di spos?%gﬁglypg)éi ogmg? nétge?ilial ng?éea shroud ?acew?ocas;[lil?%rcl for a rotor

bl ade as shreudridisupportediiand Pdsitibmedefromt the rptod blagle zit @bloyatemgwhieh is mot assenbl y
for urgin thgl patdhi ntq .engagenent with the flow path shroud 39. The
fixture fBMVHSE ot Biaérg‘b‘ ing a region of material at a shroud face |ocation
for a rotor blade as claimed in claim38 wherein the assenbly for urging
the pad into engagenent with the flow path shroud has an openi ng bounded by
a first sarfacdhpdixturg fonhuasecizndispasingr a segion of oatesial at thshdweudaloagation
cylindrical. surfa IS . ax] ~3 J - di ng

t hr ough tﬁoer %reor%?reﬁl%g?af ﬁfé%rgg%@fgﬁg% \A’Eéé_rl'r: lzll ér? lte %séq%agéﬂﬁlgg%g tﬁ%ﬁ ?@dri cal
shaft havadigcend the swbstrhter i9tfaimednof’s nidbetiadhagingll themvhilhconactivitys of rotation

Ar such that the shaft is disposed in the gpeni ng and spaced radially from "

the cyli ndhichals greaterathan dhe theemal, eanduetivifyaef the molten material and the
shroud at operative temperatures to conduct heat away from molten material
adjacent the line of faying contact between the shroud and the pad to cool the

molten material at the line of faying contact to cause the molten material to

L]



13 JUN 2007 -28 further having a spherically shaped surface from Wnigh UIN%
shaft extends, the spherically shaped surface rotatably engaging th J 02
spherically shaped surface of the assenbly for urging the pad into
engagenent with the flow path shroud and wherein the pad is rotatabl e about
the axis As and the axis As is tiltable through the engagenent of the
spherical surfaces on the pad and the armto enable the second surface of
the shroud to accommodate mnor variatjons in the orientation of the shroud
with respect to the fixture and enab'l the second surface to engage the

fl ow pat ﬁa&g osing a
region o&%ab”?‘g??gﬁeqé?&g?éﬁp{éﬁg& g?:% (t))-(ggtﬁitﬁo%\ Ee BP oﬁéx‘?g:nzﬂe z?ls3 cl ai med

i n cl ai mtBé floisepathrsutfaee af thendhrqudi or ur gi ng t he pad i nto engagenent with
the flow path shroud is a housing having a passage, an el astic el enent

di sposed in the passage having a first end which engages the housing and a
second e whi t r bgrn.gi ot he
passage \r/]\ﬂl ch g%ggges t?cﬁel?sg ‘Ié?t“?’ g? ﬁgﬂ otff]rggtggal %etlhﬁéﬁlg)'(tatagg e to t he
pad t o urfgeatrhtor fdatlei ast daieredaigeniant 3 wiiterein e friateriap af thespad &cat ledst t he
shroud. 41. .The fixture for, use in.di s ing a.reqgi of, erial at a
Shroud f 408 BB fherngl coubBionp e Bt Gefen’ Tl Betrttbohor e n t he
bar has adetdtive teRgedhiiré) engages the spring and a second end extending
beyond the passage having a channel which adapts the bar to receive an arm
and wherein an arm extends through the channel in the bar to slidably
engage t bar has end tached to the

d f b h ]
pad. 42. “fhe fT@&ﬂ*‘é‘rq‘ qu quénldff%gfﬁg%&sq%(ﬁ)@nt ? ﬂm%ftﬁ Pré’ 34 C&PMa shroud

face | ocafof Qrrofopblae! £t Qhinldaideciam & vatierdia thé‘pﬁd ahdh WeraP caaRithdte base has
a passage which adapts the base to receive firs. end of the rotor

bl ade. 43vhithds lasx thanethe dhermak camcuarppotsf they shrquégbcawoxdf theadractihg at a
shroud face at on f arqoto in claim42 wherein the
fixture iR b%? andl aﬁ‘?)&?%&ﬁ‘ Rﬁlg Lisa%%s s‘g)g) | y having a ground which
i s adapted to engage the root section of the rotor blade and neans for
urging the ground _and the rotor blade into abutting contact. 44. The
fixture for uskhg fx@re fRsysadn ispeging ¢ seionaianatsrialaat the shioyddosation | ocat i on
,for a rot ad is fornmed of a

mat eri al tﬁé\#h@ﬁi%l@& %ak‘%gl 1%1{%1&#:@%&@? lwiﬁé ?ﬁwelstrrlgg a|Png poi nt of the

shroud naterlal and the hard face mat eri al . .A{.A H A3. A3. AF

JACALLAY.ACA LA ALLA AA3LA AAE L A[3LAAAL A Al . A5. Ae. A. A3. AU3. A,
7. "The fixture for use in disposing a region of material at the shroud location

for a rotor blade as claimed in claim 6 wherein the pad is tungsten.

8. The fixture for use in disposing a region of material at the shroud location

for a rotor blade as claimed in claim 3 wherein the pad is metal.

9. The fixture for use in disposing a region of material at the shroud
location for a rotor blade as claimed in claim 2 wherein the pad rotatably engages

the assembly for urging the pad into engagement with the flow path shroud.

10.  The fixture for use in disposing a reéion of material at the shroud location
for a rotor blade as claimed in claim 9 wherein the assembly for urging the pad
into engagement with the flow path shroud has an opening bounded by a first
surface having the contour of a portion of a sphere and a cylindrical surface

disposed about an axis A, the axis A, extending through the center of the sphere
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the orientation of the shroud with respect to the fixture and enable the second

surface to engage the flow path surface of the shroud.

11.  The fixture for use in disposing a region of material at the shroud location
for a rotor blade as claimed in claim 2 wherein the assembly for urging the pad
into engagement with the flow path shrcud has a first jaw having a surface which
adapts the jaw to engage a surface on the rotor blade at a first location and a
second jaw having a surface which adapts the second jaw to engage a surface on
the airfoil at a second location which is spaced from the first location and
wherein the locations are not inwardly of the airfoil and further includes an

element for urging the jaws into engagement with the rotor blade.

12.  The fixture for use in disposing a region of material at the shroud location
for a rotor blade as claimed in claim 11 wherein the first jaw has an appendage
which is slidably and rotatably attached to the jaw and is moveable in the lateral

direction.

13.  The fixture for use in disposing a région of material at the shroud location
for a rotor blade as claimed in claim 12 wherein the appendage has an opening
bounded by a first surface having the contour of a portion of a sphere and a
cylindrical surface disposed about an axis Ar, the axis Ar extending through the

center of the sphere which adapts the appendage to engage a surface on a pad
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and wherein the pad has a cylindrical shaft having an axis of rotation As and
alignable with the axis of rotation Ar such that the shaft is disposed in the
opening of the first jaw and is spaced radially from the cylindrical surface of the
first jaw, the pad having a first surface which is spherically shaped and which
rotatably engages the spherically shaped surface of the appendage and from
which the shaft extends.

14.  The fixture for use in disposing a region of material at the shroud location
for a rotor blade as claimed in claim 12, the rotor blade having a first side and a
second side on the flow path surface of the shroud, wherein the first jaw has first
side which adapts the first jaw to engage the first side of the flow path surface
and the first jaw has a second side spaced laterally from the first side to which
the appendage is attached, the second jaw being disposed laterally between the
first side and the second side of the first jaw, the second jaw having a surface

which adapts the second jaw to engage the non-flow path side of the shroud.

15.  The fixture for use in disposing a region of material at the shroud location
for a rotor blade as claimed in claim 2, the rotor blade having a first side and a
second side on the flow path surface of the shroud, wherein the assembly for
urging the pad into engagement with the flow path surface of the shroud has a
pair of jaws, wherein first jaw has a first side which adapts the first jaw to
engage the first side of the flow path surface of the shroud and the first jaw has a
second side spaced laterally from the first side to which the appendage is
attached, the-second jaw being disposed laterally between the first side and the
second side of the first jaw, the second jaw having a surface which adapts the

second jaw to engage the non-flow path side of the shroud.

16. A fixture for use in disposing a region of hardened material at the notch
face location for a rotor blade, the rotor blade being disposed about a spanwise
axis which has a first end having a root section and a platform section, the

platform section having a first side and « second side extending laterally with
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respect to the spanwise axis, which has an airfoil section which extends

spanwisely and which has a second end having a shroud extending laterally with

respect to the airfoil, the shroud having a flow path surface having a first side

and a second side, and a top surface, a rotch face location and a substrate for

receiving the hardened material adjacent the notch face location in molten form,

which comprises:

an assembly for urging a pad into engagement with the flow path surface
of the shroud, the assembly having a pair of jaws disposed about and movable
toward an axis A of the assembly, the pair of jaws comprising a first jaw and a

second jaw, the assembly having

an elastic element for urging the jaws together,

the first jaw having

a first side having a pin and a pair of spaced apart surfaces and a
first appendage disposed between the surfaces having a slot in

- which the pin is disposed such that the appendage is slidably and
rotatably attached to the jaw in the longitudinal and lateral
directions the first appendage having a surface which adapts the
appendage to engage a flow path surface on the first side of the
shroud;

a second side having a pin and a pair of spaced apart

surfaces and a second appendage disposed between the surfaces

- having a slot in which the pin is disposed such that the appendage
is slidably and rotatably atizched to the jaw in the longitvdinal and
lateral directions, the second appendage having an opening
bounded by a first surface h_a-ving the contour of a portion of a
sphere and a cylindrical surface disposed about an axis Ar, the axis
Ar extending through the center of the sphere which adapts the
appendage to engage a surface on a pad;

" the second jaw being disposed laterally between the first side and
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alignable with the axis of rotation Ar such that the shaft is disposed in the
opening of the first jaw and is spaced radially from the cylindrical surface
of the first jaw, the pad having

a first surface which is spherically shaped and which rotatably
engages the spherically shaped surface of the second appendage
and from which the shaft extends,

a second surface having two points on the second surface
which with the point on the surface of the first side define a plane
in the operative condition which extends laterally and is
substantially parallel to the flow path surface of the shroud, the
second surface having a contour which closely matches the
contour of the flow path surface of the shroud and which adapts

- the pad to engage the flow path surface of the shroud and which
extends laterally beyond the hard face location of the shroud and
beyond the shroud such that the pad in the engaged position blocks
the flow of molten material to the flow path surface of the shroud;

wherein the jaws of the assembly are adapted to engage the shroud of the
rotor blade and the elastic element urges the jaws against the flow path
surface and the non-flow path surface of the shroud to support and
position the pad from the shroud in the operative condition to avoid any
differences in engagement of the rotor blade which might occur between
rotor blades having a different amount of lean in the airfoil or difference
in the root of the airfoil ; '

wherein the appendages permit lateral adjustment of the first jaw
with respect to the shroud of the ‘otor blade to facilitate engagen:ent
between the pad and the flow path surface of the shroud and to permit
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and shroud and laterally outwardly of the pad;

wherein the pad is rotatabie about the axis As and the axis As is
tiltable through the engagement of the spherical surfaces on the pad and
the second appendage 96 to enable the second surface of the shroud to
accommodate minor variations in the orientation of the shroud with
respect to the fixture and enables the second surface to engage the flow
path surface of the shroud;

wherein at least the portion of the pad adjacent the second surface
is formed of a material having a thermal conductivity which is at least
four times the thermal conductivity of the molten material and the shroud
at operative temperatures to conduct heat away from molten material
adjacent the line of faying contact between the shroud and the pad to cool
the molten material at the line of faying contact to cause the molten
material to become more viscous at that location to block the leakage of
molten material to the flow path surface of the shroud; and,

- wherein the pad has a thermal capacitance which is less than the

thermal capacitance of the shroud to avoid the pad acting as a heat sink

and cracking the molten material as it cools.

17.  The fixture for use in disposing a region of hardened material at the notch
face location for a rotor blade as claimed in claim 16 wherein the pad is metal.
18.  The fixture for use in disposing a region of hardened material at the notch
face location for a rotor blade as claimed in claim 16 wherein the pad is

tungsten.

19.  The fixture for use in disposing a region of hardened material at the notch
face location for a rotor blade as claimed in claim 16 wherein the pad is formed

of a material having a melting point greater than the melting point of the shroud
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material and the hard face material.

20.  The fixture for use in disposing a region of material at a shroud face
location for a rotor blade as claimed in claim 2 wherein the pad is formed of a
material having a melting point greater than the melting point of the shroud

material and the hard face material.

21.  The fixture for use in disposing-a region of material at a shroud !face
location for a rotor blade as claimed in claim 3 wherein the pad is formed of a
material having a melting point greater than the melting point of the shroud

material and the hard face material.

22.  The fixture for use in disposing a region of material at a shroud face
location for a rotor blade as claimed in claim 9 wherein the pad is formed of a
material having a melting point greater than the melting point of the shroud

material and the hard face material.

23.  The fixture for use in disposing a region of material at a shroud face
location for a rotor blade as claimed in claim 2 wherein the pad is formed of a
material having a melting point three times greater than the melting point of the

shroud material and the hard face material.

24,  The fixture for use in disposing a region of material at a shroud face
location for a rotor blade as claimed in claim 3 wherein the pad is formed of a
material having a melting point three times greater than the melting point of the

shroud material and the hard face material.

25.  The fixture for use in disposing a region of material at a shroud face
location for a rotor blade as claimed in ¢laim 9 wherein the pad is formed of a
material having a melting point three times greater than the melting point of the

shroud material and the hard face material.
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location for a rotor blade as claimed in claim 8 wherein the pad is formed of a
material having a melting point three times greater than the melting point of the

shroud material and the hard face material.

27.  The fixture for use in disposing a region of material at a shroud face
location for a rotor blade as claimed in claim 5 wherein the pad is formed of a
material having a melting point three times greater than the melting point of the

shroud material and the hard face material.

28.  The fixture for use in disposing a region of material at a shroud face
location for a rotor blade as claimed in claim 13 wherein the pad is formed of a
material having a melting point three timss greater than the melting point of the

shroud material.

29.  The fixture for use in disposing a region of material at the shroud location
for a rotor blade as claimed in claim 11 wherein the assembly for urging the pad
into engagement with the flow path shroud having jaws which engage the rotor
blade, does not extend laterally beyond the pad and does not extend radially from
the pad a substantial distance in a region between the platform of the blade and
the flow path surface of the shroud such that the radial extent of means in that
region is less than one fourth the length La of the airfoil.

30. The fixture for use in disposing a ‘egion of material at the shroud location
for a rotor blade as claimed in claim 12 wherein the assembly for urging the pad
into engagement with the flow path shroud having jaws which engage the rotor
blade, does not extend laterally beyond the ~pad and does not extend radially from
the pad a substantial distance in a region between the platform of the blade and
the flow path surface of the shroud such that the radial extent of means in that

region is less than one fourth the length La of the airfoil.
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31.  The fixture for use in disposing a region of material at the shroud location
for a rotor blade as claimed in claim 13 wherein the assembly for urging the pad
into engagement with the flow path shroud having jaws which engage the rotor
blade, does not extend laterally beyond the pad and does not extend radially from
the pad a substantial distance in a region between the platform of the blade and
the flow path surface of the shroud such that the radial extent of means in that

region is less than one fourth the length La of the airfoil.

32.  The fixture for use in disposing a region of material at the shroud location
for a rotor blade as claimed in claim 14 wherein the assembly for urging the pad
into engagement with the flow path shroud having jaws which engage the rotor
blade, does not extend laterally beyond the pad and does not extend radially from
the pad a substantial distance in a region between the platform of the blade and
the flow path surface of the shroud such that the radial extent of means in that
region is less than one fourth the length La of the airfoil.

33.  The fixture for use in disposing a region of material at the shroud location
for a rotor blade as claimed in claim 15 herein the assembly for urging the pad
into engagement with the flow path shroud having jaws which engage the rotor
blade, does not extend laterally beyond the pad and does not extend radially from
the pad a substantial distance in a region between the platform of the blade and
the flow path surface of the shroud such that the radial extent of means in that
region is less than one fourth the length La of the airfoil.

34.  The fixture for use in disposing a region of material at a shroud face
location for a rotor blade a claimed in 1 wherein the fixture includes a base

which engages the rotor blade.

35.  The fixture for use in disposing a region of material at a shroud face

location for a rotor blade as claimed in claim 34 wherein at least the portion of
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the pad adjacent the substrate is formed of a material having a thermal
conductivity which is greater than the th=:mal conductivity of the molten material
and the shroud at operative temperatures to conduct heat away from molten
material adjacent the line of faying contact between the shroud and the pad to
cool the molten material at the line of faying contact to cause the molten material
to become more viscous at that location to block the leakage of molten material
to the flow path surface of the shroud.

36.  The fixture for use in disposing a region of material at a shroud face
location for a rotor blade as claimed in claim 35 wherein the material of the pad
is at least four times the thermal conductivity of the molten material and the

shroud at operative temperatures.

37.  The fixture for use in disposing a region of material at a shroud face
location for a rotor blade as claimed in claim 36 wherein the pad has a thermal
capacitance which is less than the thermal capacitance of the shroud to avoid the

pad acting as a heat sink and cracking the molten material as it cools.

38.  The fixture for use in disposing a region of material at a shroud face
location for a rotor blade as claimed in claim 34 wherein the pad rotatably
engages the assembly for urging the pad into engagement with the flow path
shroud

39.  The fixture for use in disposing a region of material at a shroud face
location for a rotor blade as claimed in claim 38 wherein the assembly for urging
the pad into engagement with the flow path shroud has an opening bounded by a
first surface having the contour of a portidﬂ of a sphere and a cylindrical surface
disposed about an axis A,, the axis A, extending through the center of the sphere
and wherein the pad has a cylindrical shaft having an axis of rotation As and
alignable with the axis of rotation Ar such that the shaft is disposed in the
opening and spaced radially from the cylindrical surface of the arm, the pad
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further having a spherically shaped surface from which the shaft extends, the

spherically shaped surface rotatably engaging the spherically shaped surface of

the assembly for urging the pad into engagement with the flow path shroud and

wherein the pad is rotatable about the axis As and the axis As is tiltable through

the engagement of the spherical surfaces on the pad and the arm to enable the

second surface of the shroud to accommodate minor variations in the orientation

of the shroud with respect to the fixture and enable the second surface to engage
the flow path surface of the shroud.

40.  The fixture for use in disposing a region of material at a shroud face
location for a rotor blade as claimed in claim 34 wherein the assembly for urging
the pad into engagement with the flow path shroud is a housing having a
passage, an elastic element disposed in the passage having a first end which
engages the housing and a second end which is adapted to engage a bar and a bar
disposed in the passage which engages the elastic element, the bar being attached
to the pad to urge the pad into engagement with the flow path surface of the
shroud.

41.  The fixture for use in disposing a region of material at a shroud face
location for a rotor blade as claimed in claim 40 wherein the bar has a first end
which engages the spring and a second end extending beyond the passage having
a channel which adapts the bar to receive an arm and wherein an arm extends
through the channel in the bar to slidably engage the bar and has an end spaced
from the bar-which is attached to the pad.

42.  The fixture for use in disposing a region of material at a shroud face
location for a rotor blade as claimed in claim 34 wherein the base has a passage

which adapts the base to receive the firs. =nd of the rotor blade.

43.  The fixture for use in disposing a region of material at a shroud face

location for a rotor blade as claimed in claim 42 wherein the fixture includes a
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the rotor blade and means for urging the ground and the rotor blade into abutting

contact.

44.  The fixture for use in disposing a region of material at a shroud face
location for a rotor blade as claimed in claim 33 wherein the pad is formed of a
material having a melting point greater than the melting point of the shroud

material and the hard face material.



