13 June 2005 SHAPING TOOL AND METHOD FOR SHAPI NG CURVED $SYREACKSsON
WORKPI ECES BACKGROUND OF THE | NVENTI ON The present invention relates
generally - to a tool for shaping curved surfaces on workpieces, and in
particul ar the upper curved surfaces of the fore and aft rails of a gas
turbi ne engi ne shroud section. The present invention further relates to a
- method for shaping these curved surfaces with this shaping tool. The

turbines andrOPNETOVISARD SETHOD TR SENHINESCERVEIRSURPACBWONes each
include one or nore circunferentially extending rows or stages of rotating

rotor blades which are axially sPpOREPBiEEH®en rows or stages of fixed
stator vanes. Each rotor blade has a blade root nmounted to the rotor di sk,

and an airf oj i 1i. al twardly fromthe root which term nates
at a bl adéi“gdé.(}ﬁaﬁgﬁn@gm;EMngi ne designs, a nunber of abutting,
circunferentially extendi ng shroud segnents or sections are carried by the

turbine Ormoﬁﬂéééliﬁﬁﬁen‘ﬁ%ﬁerela%sf Qéd%l@@' RSaeebl &l éhaﬁﬂ%télﬁw.fmrfaces on
cylindrical a surface along which the tips of e rotor bl ades

t angent i aIqukplaw, and=hcpartiéulathibs aippen aurded siwfacemef hhﬁ(ﬂnl@cﬁ@d ahraplgtodra f ace,
and an i nner cuate-s d face | ong which.th tips pa

opposi te &ﬁahggirﬂﬁ eBﬁ’éle\ﬁH{ SEEAN- T RS PEGE T dLyepition Hr@&ﬁ? 00?15133‘??61 opposed
si de noun A R $hRlshaiRg dollangers on the casing of the
t ur bi ne atrfbdl;%lab rrt%ersggglgrgg rse%?ﬂelsent at'i ve ngbOdl ment of one such shroud

assenbly 10 is disclosed in commnly assigned U.S. Patent 5, 165, 847
(Proct or dtheahibines snd edmpessord of g&dmrlﬁﬁ@@agmMuslhm@t pgims@ach ingludehe

Procter et al patent royd. asse 10 in es a.shroud._.in t f or m of
an annul arP?g°f %P%F“‘?H“&tg g@h E‘%@%EQ‘Y%?FSS ﬂﬁ?"@‘t’nﬁr@mﬁé’ia& Sl Iilncﬁ'o& tion
by an ann P ngi ne
outor caseToiaRl kol hAREHTHRIA ks SE R Biof GukuP POl KoMl ved
base 44 haobladgravt maslingdd to thetretr disk, et emdiirfgil feateadingi radidBy amtwardlyadi al | y

outwardly extending ~aft rail 48 that are connected ai r. of Iaterally
spaced si dm Hig woEphi cbﬁ%waatg%mgﬁde o 15 Ty gas turbihe SnBfe ded

number of abutting, circumferentially extending shroud segments or sections are
carried by the turbine or compressor case to form an essentially continuous
cylindrical-shaped surface along which the tips of the rotor blades tangentially pass.
Each of these shroud sections includes an outer face, and an inner, arcuate~shéped face
along which the blade tips pass, opposite end portions which abut with adjacent
shroud sections and opposed side mounting rails which mount to stationary hangers

on the casing of the turbine and/or compressors.

A representative embodiment of one such shroud assembly 10 is disclosed in
commonly assigned U.S. Patent 5,165,847 (Proctor et al), issued November 24, 1992.
As shown in FIG. 1 of the Procter et al patent, shroud assembly 10 includes a shroud
in the form of an annular array of arcuate shroud sections 22 which are held in
position by an annular array of arcuate hanger sections 24 supported by the engine
outer case 26. Each shroud section 22 is provided with an arcuate or curved base 44
having a radially outwardly extending fore rail 46 and a radially outwardly extending
aft rail 48 that are connected by a pair of laterally spaced side rails 50. Shroud section
fore rail 46 is provided with a forwardly extending flange 54 which overlaps a flange

56 rearwardly extending from hanger section fore rail 28. An underlying flange 60
-




fore rail 46 is provided with a forwardly extendi ng fl anggs54,MMpeh
overlaps a flange 56 rearwardly extending from hanger section fore rail
28. . An underlying flange 60 -1 13 June 2005 rearwardly extending from
shroud section aft rail 48 overlaps with hanger flange 58 that extends

- from hanger section aft rail 30. Flanges 58 and 60 are held in this
overl apping relation by an annul ar C-shaped retaining ring 62. The upper
flange 54 Rhrwahlhxteatling 4fond RBroul Reétidn ADEE! H8 otdrlaph twitlthingdS fladiat 58Xt end
between side rails 50 each have a convex arcuate or curved shape. Shroud
secti ons sthahexiendshizem hangemsaction ét Rilodd.erFlagealS8pandeV ane dicldf methisrade

from hard ta machi ne, ni.ckel alloys.and are.typically, turned, or ound to
gener at o (PETAERTE foLion g A anAL=C yrehaelsorcnjia,Aag B St Bpe disdesf oF i |
Because t h@ser8heoatl i N9R%: 6RbLaRXAPES thak CxRh$ VakRen LRIINGNE5Y e | N an
oxi di zi ng at nosphere, 'they are often provided wth environnental

pr ot ect i orhava atchevexarenatf orroptaldishapecoat i ngs. Met hods for appl yi ng such
nmetallic coatings include depositing a vapor of one or nore protective

metals at fjigh tenperatyres, for exanple alum nymor alloys of .alLum num to
rovi de. - SPGB Heh 35 Those sho B 1 G TR0 AL Hrietean A A BRIS foma
protective, 3} UGk 4rd 0168 AR R od i equired
for the ?Ja?ved r@%ﬂngces o?al{éﬁséadil}pper tﬂﬁgngeis of ?igr&fl%ﬁreeﬁg%%ﬁh}e;i | s of
t he shr oudcritieal locating shidaees.csuch s thedforesardl dftyrailnt Becansothesattrpud setods e t o
sel ectivelr% mask these surfaces to prevent, {hem from being coated during

the coati e KBRS0 Hevalrk Irmaerafiies 4 Bhexidizing almespheren tIGYCHeciiam ng

nmet hods, t : ' Aal cﬁ?ﬂi P ' ic EOWRin%ar | tions
ofi the shrﬂgﬁ‘c’iﬁg{gﬁtﬁ%ﬁm aﬁa;i?gu t,ﬁtlﬁglég%ﬁl?g s@%ﬂ% seélg'i %%H?élrsl@ e becone
over si zed.apblyimgistich insallit beatinpatinahgdd dépokitieg 2 vaport dfcoreusracregpiokeetes of t he
upper flanges of the fore and aft rai]ls _can vary enough to alter, the

di mensi ondnetals ahhigh fenppesatures.Jfor examppe lumigury oF Allgys of aluminiwsa g PIEVide ckness,

t he di ne”%?% %??MP?O%i%ﬁne&hgﬂ%&S& iont he fore and aft rails can

becone disto resu eat used In the coating

A protective coating, such as an aluminide coating, is typically not required for the
curved surfaces of the upper flanges of the fore and aft rails of the shroud section.
However, it is usually not economically feasible to selectively mask these surfaces to
prevent them from being coated during the coating process. Because of variations that
exist in such coating methods, the coating thickness can also differ over the v;mious
portions of the shroud section. As a result, the coated shroud section can be become

oversized.

In addition, the coating thickness on the curved surfaces of the upper flanges of the
“fore and aft rails can vary enough to alter the dimensional shape of these rails.
Besides variations in coating thickness, the dimensional shape of the upper flanges of
the fore and aft rails can become distorted as a result of the heat used in the coating
process. While these variations in dimensional shape of the fore and aft rails are
usually relatively minute, they can be enough to require reshaping so that the shroud

sections can be connected to each other and to their appropriate hanger sections.

Reshaping of these oversized and/or distorted shroud sections typically requires the

removal of relatively minute amounts of material (e.g., the coating, the underlying
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process. Wile these variations in dinmensional shape of thgjfrsognd aft
rails are wusually relatively mnute, they can be enough to require
reshaping so that the shroud sections can be connected to each other and
to their appropriate hanger sections. Reshaping of these oversized and/or
di storted shroud sections typically requires the renoval of relatively

m nute anmounts of naterial (e.g., the coating, the underlying 2 13 June
2005 net r ) 3pgefs.of the

- fore and a %taroaritq&@ ﬁ&rrﬁgﬁga%ﬁ%fb%qﬁ%a%% ﬁe:refgc{&g%éggﬁtﬁg% Jrntelrmveds'from

t hese cur vidg amouhacBmateraleluieateto Uehremdesi fred these lbapied guifaces ypachidvey on the
order of a fraction of a,thous ndtltthf an igi(‘:h a fraction of a

. i,e.,
mi | 1 - i ncHhe desfrod rrshaning istapisally oryths osda of adraclion ebp Mipusandtivet anigtlbve such
smal | anmoynt ter]al. cty : indj 0 &3nd renove .
such smal ﬁ%arsrdoﬁ%?t@o&ém%g?%ﬁﬁ cgﬁﬂa g%%g%%%?%g%ﬁgwg‘%ﬁgus t(g set up.
Accor di ngl¥moved siwbUdngalb emdastsrafhstetisl ¢ffectively. aGrisding irsvedrk [rocEstes,to
i nexpensive and easy to use tool and nethod for reshaping the upper curved
surfaces @¢emeyrsuehs@alhgmonnts of material egn alsqbpsexpaniyhanddgdiphstosst Md secti on
t hat has becone oversized, distorted or otherw se requires reshaping. It

woul d al s i I, PL.QVI . at ] i o i ye and
asy to Py niid So eGHae oS phndl b ¥atcly IR, b HEHRRRSRA, 200
of other waikpiues®wl Aabindthoddasreshuphigithe apir Barved sarfisbes 6Lthe d6s ahd aft
desired configuration. BRI EF DESCRI PTI ON OF THE | NVENTI ON The present

i nvent i on rails off & gas Birbine ieaging Fhrayd) septinn thatybascbrcoms oveized. distariedor two

| aterally aced cur.ved rface Th ing f onprk $€S: base
member f ol g‘@ﬁ?irﬁ%m{eﬁefeg\m“ﬁ'eﬁg ;wc”_% %ggg%ag?s%gir?er?%g}r%‘;#%v%brf:{é‘ﬁ%%i ative to
the base RRMNGS inBREnbiRY iaNd QBPE to ISR GnE IEBA froshapidghorCieshepthestef ace of
t he workpi ece, each shaping elenent being laterally spaced and positioned

rel ati ve wcorvetsurfacspof oither warkpieees tegidenges tubipe engine shigpd sections that cur ved
surface ag t.h sgﬁ inﬁ; menber is
esired confighiration,

BRIEF DESCRIPTION OF THE INVENTION

The present invention relates to a shaping tool for a workpiece having at least two

laterally spaced curved surfaces. The shaping tool comprises:
(@) abase member for securing the workpiece;

(b) a shaping member movable relative to the base member and having one
shaping element for each curved surface of the workpiece, each shaping
element being laterally spaced and posiﬁoned relative to the respective curved
surface to permit shaping of that curved surface as the shaping member is

moved relative to the base member;

(¢) a guide member associated with one of the base member and the shaping

member;

| (d) a follower member associated with the other of the base member and the

shaping member;




noved relative to the base nenber; (c) a guide nenber associated with one
of the base nmember and the shaping nmenber; (d) a followed3 o]
associated with the other of the base nenber and the shaping nenber; 3 13
June 2005 (e) the guide nmenber and the foll ower nenber cooperating to

gui de the shapi ng nmenber through a path as the shaping nmenber is noved
relative to the base nenber such that each of the shaping el enents of the

shapi ng fRnbethesgradromember anssihe dollomercuember enaperaties toguidpshawiaRpgece. The
present | “Ve”He%%ethr udieh gatﬁsasttﬂe endPRd h&%ﬁ;{?% i S&%Béd‘%g&d%ﬁ t54he GekeSur f aces
of the workprece w I S shapl ng o0t e ssnapl ng tool ‘conprises a base

menber for  Sgeiibien ndhhthatatck pf GReshap@galanan: ootherhlsing Muntier ehdpel ative to
t he base nmenber, the shaping nenber having one shaping el enent for each
curved surf acthegespepiéve qusyadsneaces of theverkpiscng el enent being lateral ly
spaced and positioned relative to the respective curved surface to permt

Shapi 9. She bk SHfotfdn 3! A6 35 ollEnSD IR Bin O Biryb siFBLIE e | v L0

t he base ne conpri ses e steps securing the

wor kpi eceotkpiddeewhnghkis nshatiag ; todlb JThp ashiaping nooly cohprissh apbing member forel ati ve
to the base nenber so, that each  shaping el epent. of the shapi ng nmenber can
shape t h&eHERHES VO wﬁﬁg@aimm&@@r@wwa rglsixe & ﬁ*&rhfsge)e%rmi ng the
shapi ng o c 'u@,?ede GiRat f the
shapi ng _%ﬁ%ﬁlﬂgﬁgggﬂﬁgaﬁgg&g%%gﬁgug\?@gnigﬁf%@fe}g&o the wgr p}hgce unti |

t he desi wetkpikegy exeh chapihg piengnobeitd iaterally ephced ufid pestiofedthlative tdkhicece i s
achi eved. According to i nventi O@’&PI here is
c

not her aspect., of the present
provi dedreépeaqaﬁi%a/eéo%nr&? 9 PR (SHEPISE 9 R EPragqcyass ng
hori zont glel e £ HERH REaGRITS e HH4E YREhbRH FIRGRShA comprises the steps of:

(a) securing the workpiece to the base member;

(b)  positioning the shaping member relative to the base member so that each
shaping element of the shaping member can shape the respective curved

surface of the workpiece; and

(c) moving the shaping member in a path such that each of the shaping elements
of the shaping member shape the respective curved surfaces of the workpiece
until the desired degree of shaping of the curved surfaces of the workpiece is
achieved.

According to another aspect of the present invention, there is provided a shaping tool
for shaping a pair of laterally spaced horizontally extending convex curved surfaces of

a workpiece, the tool of comprising:
(a a lower base member having:

(1)  alower center block for securing the workpiece; and




a workpi ece, the tool of conprising: (a) a | ower base nenber having: (1) a
| ower center block for securing the workpiece; and 4 13 J@M?é@@f’g (2) a’
pair of laterally spaced apart | ower bearing bl ocks, each | ower bearing

bl ock havi ng an upper convex curved bearing surface; (b) an upper shaping
menber novable relative to the base nenber having: (1) a pair of shaping
elenments laterally spaced apart substantially the sane distance _that the
curved surfacdd) of anw afd#rigllzsracsd apaplopvss bagmeblocksaeash Jovetibeaieg enent
having a | ower con ' . 2) a pair of upper
beari ng bl ocks | at %ﬁ%lhg%éggﬂpéﬁp?&sﬁ%g%@%ﬁp%?'%C(ﬁ’e sanme di stance as
the | ower bearing bl ocks, each upper bearing block having a | ower concave
curved by i ngnsppérabasing (rembehmwoeable celaivafto tincbasp pembeehmviimgy sur f aces
cooperates with one of the | ower bearing surfaces and wherein the other of

t he upper bearing surfac cooper at Wi t he, ot her. of the ] ower bearing
surfaces so tldﬁ tﬁ&?@%n%m%%tﬁﬂﬁac%ﬁﬂb%Mt@yﬁi“aa?mfehe

shapi ng nmenmber is pRyade tRitatht \@rded dufacRASE HEWBADIRY e tPRlcdefrR, of the
shapi ng el enments of the shapi ng nenber shape the réespective curved surfaces
of the workpiece. et¢h shabingiehemnt bavinge lswaptogavoairvet atirading sedanct

I nvention and a nethod of using the sane provides a nunber of benefits in
shapi ng wor kpi eces aflﬁat having a plurality of (i.e., at |east two)

| ateral |l y spaced curved surfaces. The shaping tool of an enbodinment the

present inveni2pn iaSpaicdRhppét hartigBlotks 1aRe@XIPE BSdcY® apitel seSantiuly Wise i N
effectively renoving relatively small amounts of material (e.g., fractions

of a milli- inch) smeemdistangedsshe fawebestingbloghs.censh upper betingelodked to
shape curved surfa%lg%ggglmﬁmgrc%&i:a%%awe %argﬁgosn& acélsari ety of materials and
can be used to sha ve ’

{c) wherein one of the upper bearing surfaces cooperates with one of the lower
bearing surfaces and wherein the other of the upper bearing surfaces cooperates with
the other of the lower bearing sﬁrfaces so that the shaping member is guided‘ through a
path as the shaping member is moved relative to the base member such that each of the
shaping elements of the shaping member shape the respective curved surfaces of the

workpiece.

An embodiment of the shaping tool of the present invention and a method of using
the same provides a number of benefits in shaping workpieces that having a plurality
of (i.e., at least two) laterally spaced curved surfaces. The shaping tool of an
embodimenf the present invention is relatively simple, inexpensive and easy to use in
effectively removing relatively small amounts of material (e.g., fractions of a milli-
inch) from curved surfaces of workpieces. It can be used to shape curved surfaces of
workpieces made from a variety of materials and can be used to shape curved
surfaces that lie in either the same or substantially the same curve plane, as well as
curved surfaces that lie in different, latitudinally (i.e., vertically) spaced curve
planes. The shaping tool and method of the present invention can also allow
controlled removal of relatively small amounts of material from the curved surfaces
of the workpiece such that the desired degree of shaping of the curved surfaces of the

workpiece is automatically, reproducibly and repeatedly achieved.
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surfaces that lie in either the same or substantially the;530& fasve pl ane,
as well as curved surfaces that lie in different, latitudinally (i.e.,
-vertically) spaced curve planes. The shaping tool and nmethod of the
present invention can also allow controlled renoval of relatively snal
amounts of material fromthe curved surfaces of the workpiece such that
the desired degree of shaping of the curved surfaces of the workpiece is
aut omat i cERIEF DESCRAMTON OF 3 DRReedEy achi eved. 4a 13 June 2005 BRIEF
DESCRI PTION OF THE DRAWNGS FIG 1 is an expl oded view of an enbodi nent of

t he shaping tool of the present invention that shows the workpiece to be

shaped. FIRG. 2 igran explededi vewrefnan embadiofent o€ thehslisiping tosblof dhe present. FI Gs.
3A and 3B, together.,, are,a vi.ew of the shaping tool of FIG 2 in an open
confi gur atlﬁ“(’)er‘i‘gg‘f‘lgﬁtﬁbovf eWBbl@ecgﬁ%b?ﬁlbapﬁ@nber and the | ower base nenber.
FIG 4 is a front elevational view of the shaping tool of FIG 2. FIG 5
I's a sectippgal av isoeicomehtvidveobthe sRdpifg feol SFFIBI G 6 is a sectional view
along line 6-6 of FIG 4. FIG 7 is a sectional view along line 7-7 of
FIG 6. DETAILED DESCRIPTION OF THE I NVENTION As used herein, the term
"ml" ois iGs 34 ande3Botegether, grak Wewisef the shaping toelgof BI®. Ddn ani epen( 0. 0254
nm . As used.herein, the term"conprising" S, various copponents,

el errent s COMIIEHI Proaiiehepher SRENAS RetPer MEENE I POInERBod i n ¢ ne
present invention. Accordingly, the term"conprising” enconpasses the nore-
restricti VeG!#isBfront@Rivatisial dwestBOsiaplgtoslfof RGMR," consi sting of . "
Referring to the draw ngs, FIG 1 shows an enbodi nent of the shaping tool

of the present invention indicated generally as 10. Tool 10 conprises a

| ower bas &lGehisarsectiongl vigvedongling HP 0§ FE3. 44 and an upper shapi ng nenber

i ndi cated general 'y as 18 t hat
FIG. 6 is a sectional view along line 6-6 of FIG. 4.

FIG. 7 is a sectional view along line 7-7 of FIG. 6.
DETAILED DESCRIPTION OF THE INVENTION

As used herein, the term “mil” is used in the conventional sense of referring to 0.001

in. (0.0254 mm).

As used herein, the term “comprising” means various components, elements,
capabilities and/or steps can be conjointly employed in the present invention.
Accordingly, the term “comprising” encompasses the more restrictive terms

“consisting essentially of” and “consisting of.”

Referring to the drawings, FIG. 1 shows an embodiment of the shaping tool of the
present invention indicated generally as 10. Tool 10 comprises a lower base member
indicated generally as 14 and an upper shaping member indicated generally as 18 that
is movable relative to base member 14. As also shown in FIG. 1, shaping tool 10 is
. used to shape a workpiece having at least two laterally spaced curved surfaces, such a
shroud section of a gas turbine engine indicated generally as 22. While the following
description of tool 10 of the present invention and the method of using tool 10 will be

with reference to shroud sections 22, it should be understood that the present

-5-




I's novable relative to base nmenber 14. As al so shown in Fh?%uﬁezdﬁpaping
tool 10 is wused to shape a workpiece having at |least two [aterally spaced
curved surfaces, such a shroud section of a gas turbine engine indicated
generally as 22. Wile the followng description of tool 10 of the present
I nvention and the nethod of using tool 10 will be wth reference to shroud

sections 22, it shoul.d be understopod fhat the present _-5 June 2005
i nvention ipkentionds, psfi ity JideY %1%‘9'0 1656+ |e&£'¥%%tléep%§3?ti ty of
(i.e., at heesheraliyPactdbiial é&faéaaﬁ%egmtwhggg r(t)@fe%’iﬁ%ﬂe@.t I §@i&:E Shapi ng

(or reshaping). In addition, tool 10 o r ésent tion 1s useful in
shapi ng ( drolr Hsbfthi madseninkgitivods usefolein shipingt(ad refleaping) veoukpieces nsddeoud
section 22), wopd, plastic or any other material ,or conhination_ of ,
mat eri al s ‘%fﬁg?taﬁg%g'béu ?Saaigam? 6‘%/‘?"@902?& PH8%eR op any, Qthst imaterial (gt er i al |
Al'so, whilg.shr FEGE h [ r arfraces
“that are c:ﬁhapea(élﬁ’d y to%ﬁeﬁ%&%ﬁ?’tt é@hg%%f&biga l}%ﬁg‘%&%’%g@é’? %3;5 é'toiégﬁd%g{eﬁw th
appr opr i atmateriald iAflscs athile shrotid Bedtion 22dehs a@pluwhhiye\wonvex cews snefhides gha
plurality of concave curved, surfaces, or a conbination of convex and

concave ¢ sBarsdr Pudedl 10sitsshopid jbs wdegstoad that wpl 19, gvith appreptifenber 14
IS conpri : plral J f : LS, el i in the
adj acent . 21?%1&?&}@81 J(::ié&t 'Zéd{,lsteg t?é@ i e? aﬁ@'(g)slsjlil‘fis}]rimoéLl ?g{géﬁﬁﬁf(gﬁ Igéagg ,c{hgre? ower

| eft gui deuifess, org dolnbidatidf of eodvexvand caithes cliveddurBdes.a | ower right guide
bearing bl ock 38, and a | ower outside right cover plate 42. These elenents

- d ther | led relationship to f b mher 14
by. a pl ur % P96 ICoabi & 1heandibrigse gegnber i s Gomarired o2 BRFAILY 6 s

h in E i-nsert ed | t i

holes 50 compornes BPiclenfs, BARKRES it MO UBoGPHEE Iifaltel ARAPIED O

sui t abl e eutilgaioeer phte @6ne weidsfbguide bearthg, blecko3l, 2 lowér @&dnieg bloekB4pans 58 as
shown in FIG 1, are inserted through respective aligned bores or holes 62

in each ofowdidight guidabearingblogl 3B, ad & lowsroutside sightrover plats 42hellissenent s
! . : ot
2. " asP o SibHleUEp redfePlopUfes i SPRERGAIE rMAGTRRERLE R J00RERBE PY PO (2

of a pl ur dkiatpjurality of suitable fasteners, e.g., three pairs of bolts 46 as shown in FIG. 1, that

are inserted through respective aligned bores or holes 50 in each of the elements, as
shown by arrows 54. A plurality of suitable elongated alignment members, e.g., a pair
of alignment pins 58 as shown in FIG, 1, are inserted through respective aligned bores
or holes 62 in each of the elements, as shown by arrows 66, to maintain the elements

in proper alignment relative to each other when secured together by bolts 46.

As shown in FIGs. 1, 2, 3A, and 4, shaping member 18 is also comprised of a plurality
~ of components or elements, including, in the adjacent order indicated, an upper left
outside cover plate 70, an upper left follower bearing block 74, an upper left guide
plate 78, an upper left spacer plate 82, an upper left shaping element 86, an upper
-center block 90, an upper right shaping element 94, an upper right spacer plate 98, an
upper right guide plate 102, an upﬁer right follower bearing block 106 and an upper
right outside cover plate 110. These elements are also secured fogether in an
‘assembled relationship to form shaping member 18 by a plurality of suitable fasteners,
e.g., three pairs of 114 bolts as shown in FIG. 1, that are inserted through respective

aligned bores or holes 118 in each of the elements as shown by arrows 122. A
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of conponents or elenments, including, in the adjacent ordegyjindigated, an
upper left outside cover plate 70, an upper left follower 6ear|ng bl ock
74, "an upper left guide plate 78, an upper |eft spacer plate 82, an upper
| eft shaping el enent 86, an upper center bl ock 90, an upper right shapi ng
el enment 94, an upper ri ght spacer plate 98 an upper right guide pl ate

102, an uppe | 1 rin bIo 106 and .an er out si de
cover plat é’ é’l? Tﬁ?é’? |n§edn T fried? P%Qf%%t h]éésenbl ed
rel ations hds%h&@nf‘nPFfG SNaR! MSerRTRSH #Béu@e Blighea!okes d?fholéé'l?,@'ﬂi Each
fasteners, e.g., threé pairs of 11 ts as hovvn In FIG 1, that are

inserted tofr thegtlemesiseas i shewnaby grreds btﬂﬂe o omaintdie shd Ierhente dn hpropert he

el ements ag, shown by arrows 122. 6 13 June 2005 urality of suitable
el ongat ed ng‘ﬁlﬁ%ff?g thentgesach cébeg vﬁw& i‘;avl}eﬂdﬁg ‘?1'91%@&1‘5 Pho A 280028 snown
in FIG 1, | AS@kt t 430 in
each of trﬁ%ﬁ re%eﬁlt sﬁﬁgs&;w E?gﬁ:%lm&i 4%95,[{1 %{t ekgl%ements I n

proper alatgeirdntr othbatisy sedueedectheoipper sufiee cfeautes cblbekgB0 fbgr suitbleol t s

114. A gripping mber in the form of handl e 138 for manually grasping
shapi ng Atfeners gichsas apiine BeitSoWotFl@ﬁ\bﬁgtﬁ éé%@?lewsm tlw&olﬁmﬁﬂq 0dar face of

cent er gﬁ@uﬁﬁxgﬁl‘%\%gﬂ{&gﬁk%?@é fﬁ‘gegﬁ;tv%%rbaéé 1107 el 1 an, THi S

handl e 13 nanua y nove shapi ng nenber 18
relative taftehnatiee embbditeidof fdolvbd, e me¢haniath coulld be privided forrhrdhamioally of -t ool
10, a mechani;sm_coul d be provi ded for mechanical | y novi ng shapi ng nenber
18 rel at i VBOViRE shapigacmbst 1$4clative todgsgmembenld. 17 | ower center block 34
has a generally square shaped recess i ndicated as 146 for receiving the

base of s ﬁ“: 2 _ ha%/yggr ter

bl ock 34 r:ff‘("s)o has a g?)nglié)t‘ﬁ%g lé))?g reces?&%glf@&wﬁ cel inrg?&% atch

bl ock 154 ilidivitedyastefon nereiviuk thecbe&Sof(Bhrcgrd(mn‘lﬁ)nlBB AS showw &xFRGs: el | ef t
vvorkpleces with gne typically rounded edge that fits
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workpiece support 162 is prowded with one typically rounded edge that fits within -
and is slidably received by slot 166 of the fore rail of shroud section 22 to support and
secure the fore rail end of shroud section 22. As shown in FIG. 1, the other edge of
support 162 is press fit into a curved slot 170 formed in bearing block 30. A convex
curved right workpiece support 174 is also provided with one typically rounded edge
that fits within and is slidably received by slot 178 of the aft rail of shroud 22 to
support and secure the aft rail end of shroud section 22. As shown in FIG. 1, one edge
of support 174 is press fit into a curved slot 182 formed in bearing block 38. The
shroud section 22 is typically secured to base 14 by sliding the fore and aft rails (via
slots 166 and 178) onto respective supports 162 and 174 and against a stop in the form
6f shoulder 184 of recess 146. Typically, supports 162 and 174 keep the base of

shroud section 22 slightly above the main surface of recess 146.

- As shown in FIGs. 1, 3B, 5 and 6, tool 10 is also provided with a component in the
form of a generally L-shaped clamp indicated as 186 for further releasably securing
shroud section 22 in a relatively fixed and stationary position. Ciamp 186 generally
comprises a shorter arm 187 and a longer arm 188. Clamp 186 typically pivots about
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support 162 is press fit into a curved slot 170 formed ind ge%{ JHhsbl ock 30.
A convex curved right workpiece support 174 is al so pI’OVI de vmtﬁ one
typically rounded edge that fits within and is slidably received by sl ot
178 of the aft rail of shroud 22 to support and secure the aft rail end of
shroud section 22. As shown in FIG 1, one edge of support 174 is press

E:Z‘iL”Eﬁp?@%%ﬁﬁ%@%%a%%f%‘” R Mo ahee o Bofigdpec o
166
;Snot ?le form o@a%m der&ﬁg (%fér{%g 329%%&6%%@9%%%%’%%@?@% gnzt ?7)4

keep the Hfdetohe end thersbf sleat fitoinid And s whdabablpmurdttyegromien] Bucff lach of

recess 14 shown in F and 6, tool 10.is_also provided with
a corrpone qun1§4h‘€henf‘8ﬂlﬁi’635b9I@}@W@Eéb‘l"iﬁtﬁﬁ%‘w&b%o W gegHon Ad M‘%&f 186 for

furt her ha?@ f?(% Xlséﬁ%%ﬂg%ﬂilgzx? TRNES fs’c é&ﬂlgztgl? {ditei Bk 308 Wik Yordthoted_and

statlonary a genera I'ses a shorter arm 187 and a

| onger ar mld&&ge@ﬁhiasek%amyplmahppermw@és oﬁbﬁelTSIde7raﬂ3ndlant’ted 20092 ofn axi s
defined by one of .the alignnent pins 58 that is inserted into _a bore or

hol e 190 Sheudesgction 2% ﬁMe?esﬂmhoxéEXBﬂe 89oaR sniee fahdndigatsd gs 206 e
f1 exi bl , i
|APSLoLe) SR, Bl LB bARyBlnERe BB UBRE0 dEThel Whe riThRRd | o

pi vot ed akertoidskead setish2uUdVE@ciamp 188 is pivoled @8owtfto ackaurpd Ib&ﬁu@i so has a
resilient ;or flexible first spring tab indicated as 198 that contacts, and
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a relatively fixed and stationary position not only by left support 162 and
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and 94 each have respective lower concave curved abrading surfaces 214 and 218.

These abrading surfaces 214 and 218 are typically coated with or have otherwise

adhered thereto a suifable grit or abrasive material such as cubic boron nitride,
diamond or silicon carbide. As shown in FIG. 3A, abrading surfaces 214 and 218 are
provided with a plurality of laterally spaced recesses or grooves indicated by 222
(typically along the entire surface thereof as shown in FIG. 3A) that extend
transversely and across shaping elements 86 and 94. These grooves 222 allow for the
- evacuation and removal of material abraded by the action of shaping elements 86 and
94. As also shown in FIG. 3A, the laterally spaced apart pair of guide plates 78 and
102 each have lower concave curved guide edges 226 and 230 that extend beyond the
lower concave curved follower bearing surfaces 234 and 238 of the respective
laterally spaced apart pair of upper follower bearing blocks 74 and 106. These
follower bearing surfaces 234 and 238 are also provided with a plurality of laterally
spaced recesses or grooves indicated as 242 (typically along the entire surface thereof

* as shown in FIG. 3A) that extend transversely and across bearing blocks 74 and 106.
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Referring to FIGs. 2, 3A, and 7, the laterally spaced apag}y '%ng shapi ng
el ements 86 and 94 each have respective | ower concave curved abradi ng
surfaces 214 and 218. These abradi ng surfaces 214 and 218 are typically
coated with or have otherwi se adhered thereto a suitable grit or abrasive
material such as cubic boron nitride, dianond or silicon carbide. As shown

in FIG 3A. abradin urfaces 4 _and_ 218 are rovided with lurality of
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beari ng bl ocks 30 and_38 have respective upper convex curved gui de bearing
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grooves 222 and 242, groaqves 254 allow for the evacuation and renoval of
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the same (or su
upper blocks 74 and 106 are in contact with, follow, slide along, and are guided by the

respective guide bearing surfaces 246 and 250 of the pair of lower blocks 30 and 38.
Guide edges 226 and 230 (of guide plates 78 and 102) that extend into the generally
‘U-shaped central slot or channel 266 defined by lower blocks 30, 34 and 38 are
laterally spaced apart such that they fit between the respective laterally spaced apart
vertical sides 270 and 274 of the pair of blocks 30 and 38. As a resuli, guide plates 78
and 102 further guide shaping member 18 as it is moved in the forward (or backward)
direction relative to base member 14, including minimizing or restricting lateral
movement of shaping member 18 transverse or perpendicular to the forward or
backward directions indicated by curved arrows 258 and 262. Guide plates 78 and

102 also serve to center the shaping member 18 relative to the base member 14.

As shown particularly in FIG. 3B, the fore rail of shroud section 22 has a horizontally
extending convex curved upper surface 278, while the aft rail of shroud section 22 has
a horizontally extending convex curved upper surface 282 that is laterally spaced apart
from curved surface 278. Indeed, as shown in FIG. 7, shaping elements 86 and 94 are

laterally spaced apart the same (or substantially the same) distance as surfaces 278 and
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same) distance as, and cooperate with, respective guide bganjshd4r f aces
246-and 250. As shaping nenber 18 is noved relative to base menber 14 in
either the forward direction as indicated by curved arrow 258, or the
reverse or backward direction as indicated by curved arrow 262, follower
bearing surfaces 234 and 238 of the pair of upper blocks 74 and 106 are in
contact wth, follom/ slide al on and are quided by the respective guide
bearing s#8aweh thag el eaeat &@sx'@nd& aﬁaﬂym%e@mp (pt W@%IYAE@IS@BE) Gui de
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pl ane t hat g ved s ace é 'tes on, i.e.,

18 is moved (forward backward or both) relatlve to base membcr 14. As a result,
when shaping member 18 is moved relative to-base member 14 in the forward
direction indicated by arrow 258, the backward direction indicated by arrow 262 (or
both directions), abrading surface 214 is able to appropriately shape corresponding
curved surface 278 of shroud section 22, while at the same time abrading surface 218
is able to appropriately shape éorrespondjng curved surface 282 of shroud section 22.
In addition, the curvature of abrading surfaces 214 and 218 is typically flatter than that
of surfaces 278 and 282 for ease of shaping:

The degree of curvature of follower bearing surfaces 234 and 238 (of upper bearing
blocks 74 and 106) is typically complementary to the degree of curvature of guide
bearing surfaces 246 and 250 (of lower bearing blocks 30 and 38). In addition, the
center point of the radius of curvature of guide bearing surface 246 is the same (or
substantially the same) as the center point of the final desired radius of curvature of
curved surface 278 of shroud section 22, while the center point of the radius of
curvature of guide bearing surface 250 is the same (or substantially the same) as the
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surface 278 does not lie on the sane horizontal curve plapeas ved
surface 282, but 1is, instead, vertically |lower than curved surface 282.
Simlarly, as also shown in FIG 7, abrading surface 214 of shaping

el enent 86 lies on a horizontal curve plane that is latitudinally spaced
apart relative to the corresponding horizontal curve plane that abr adi ng

surface 218 sh nt 94.lie t he,hor.i z urvie plane
of  abr adi RS eDpL a6 8 fnd FGed a5 Riaube PR i SNt SRR 0
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(or both) ) A
degree of shaping of surfaces 278 and 282 of shroud section 22.

It should also be understood that surfaces 278 and 282 for different workpieces could
also lie on the same (or substantially the same) curve plane. In such a case, the
abrading surfaces 214 and 218 of shaping elements 86 and 94 would also lie on the
same (or substantially the same) curve plane. In an alternative embodiment of shaping
elements 86 and 94, abrading surfaces 214 and 218 could be respectively replaced by
grinding wheels, or other abrading devices. In another alternative embodiment of tool
10, the upper follower bearing blocks 74 and 106 and lower guide bearing blncks 30
and 38 could be replaced by other cooperative .combinations for controlling the
movement of shaping member 18 (and especially shaping elements 86 nnd 94)
through the desired path for shaping the curved surfaces of the workpiece, such as, for
example, a component or element having a curved slot (as the guide member) within

- which moves a pin (as the follower member). However, it has been found that the use
| of upper follower bearing blocks 74 and 106, in combination with lower guide bearing

blocks 30 and 38, provides a more stable configuration for ensuring that shaping
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rel ative to base nmenber 14, the degree to which shaping egggﬁggg) 6 and 94
.can renove or abrade material fromthe upper surfaces 278 an g of
shroud section 22 is controlled so as to achieve the final desired shape
or configuration of surfaces 278 and 282. In particular, the degree of
curvature of the respective bearing and abrading surfaces are typically
sel ected such,that,, as the. degree. of .conta be n fol l.ower _..bearing

sur f aces zlggnggd?‘és(gnfﬁpeﬁ grShﬁglélgi ﬂ&nwtﬁg‘%és%\ﬁgﬁ@%@%fn FREFYDE LB beari ng
surfaces %ﬁroﬁﬁéib@d%bﬂ{ aflathRWBIbake aidnttr 14aaKBariRy a033Ad ARRREEST Beat er
and greater, the degree of contact between abrading surfaces 214 and 218
(of shapi rijorkpieegrent s 86 and 94) and respective surfaces 278 and 282 of
shroud section 22 becones |ess and | ess. Indeed, the |ack of contact

bet ween aht adi ng s aces .214 and, 218 and surfaces. 278 and ,282 of, shroud
section Zgﬁchus[e%f)féiﬁ fsyrefaﬂgélg igWalo Bre P%F%@Teﬁeni}?atg PHE HEOFIE FOdegr ee

of shapi ngn@for Mrdaf @RS RNdccd84 dRAIIRE SRLREN BY &l 219bdcBhR wifdYor Shapi ng
tool 10 automatically, reproducibly and repeatedly controls the desired

degr ee of vedaapuhgrdf ekmehiscissartli@ Hhtec®@d? wbkehondanaged:t ilnad@ition) theshoul d

al so be understood that.surfaces 278 .and 282 for djfferent rkpi eces coul d
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case, the peafieRd RFLharddias $ormit thePdpi é%_fQ»lfror Bfs avink YBALS $Rsand 94

woul d also lie on the ~sanme (or subs?antl a Iglht he sarrg) curve plane. In an
al t er nat i \numbetsodf§ verved chrisdeapeqyring Ishaging,sasS&el g Qdyedaburfites hagingf aces

214 d 218 | b ti [, ) | dpb i.ngi .S, th
by adi ng. AUUEHSSeeTEs A ERGH LRt E ccrlgpRsiees seddre ity Hore upper
fol I ower Qﬁﬁh‘)@?t&h g@l%%n]:é Pﬂ)gﬁg%gfﬂﬁdlfﬁmgosg éjﬁ‘upf%ﬁ{o'v? ndtbfiKPor30 and

38 coul d be replaced by oth 0 ative, nations tor controlling the
novenent eobnsivapingd verfives, sugh aarfdr esngde,aht ypedrapheaye etmved stufad®s ofind 94)

SUch a5, - A ORI AR 06 AnBHBBABAHL St bl HRORASTING - our ved ol of (a5t he
gui de nenber) within which noves a pin (as the foll ower nenber). However,

gui de member . ‘ . | ‘ v
It has begq ofifaehl Spbfiaibn,! ﬂnle sHRRd REGIHPPLYs Eééukéav?{)%ags%énﬁ&rgz;g%fﬁs& an

106, in conbination wth |ower guide bearing b s 30 an ~ provides a
mor e st abkespedivei fgue mtill aml 4 raié sk 166G ahd d78 shaghideghroud section onto the

respective rounded edges of supports 162 and 174 such that the base of shroud section

positioned against shoulder 184 and slightly above recess 146 of the base member 14.
As shown particularly in FIG. 7, because supports 162 and 174 extend outwardly at
différent heights from blocks 30 and 38 (due to the different respective heights of fore
rail and aft rail slots 166 and 178 of shroud section 22), shroud section 22 is
- positioned automatically in the appropriate and correct direction or orientation for
shaping when secured to base member 14. Clamp 186 is then pivoted about to secure
latch 194 in groove 158 of latch block 154 and thus urge spring tabs 198 and 206
against the upper surfaces of side rails 202 and 210. As a result, shroud section 22,
and especially curved surfaces 278 and 282, are secured in a relatively fixed and

stationary position for shaping,

The shaping member 18 is then positioned with respect to base member 14 so that
guide edges 226 and 230 extend into channel 266, i.e., between sides 270 and 274,

and center shaping member 18 relative to base member 14. This allows follower
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-11 ------- T 13 June 2005 nenber 18 (and especi ghly,s I ng

el ements 86 and 94) noves in repeating or reproducible path relative to
base nmenber 14 in shaping the curved surfaces of the workpiece. Because
tool 10 is relatively easy to take apart and reassenbl e, shaping el enents
86 and/or 94 can be readily replaced as abrading surfaces 214 and 218

beconme wor ar if.elements nd/ or becone braken or
damaged. Il?:ea%é%ls'ﬁfagﬁﬁ%@do{)ggr(f’fmegse%ﬁ%?%%ﬁg#i %?Q?Pcfog’leg WSBI base
menber 14 @angbnflepitg foTRWedlidd hiGaNandoBe 3hided 89 BE redRBRIghide BeiiHgt t he
shapi ng of workpi eces having different sizes and nunbers of curve
surfaces reuaresi24g asthapl fef lowsr beaking dlpckud® enld 33 Bpésiiyathe nurvatiid éfer ent

d f t di ff t I it dthe like. F
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from conc@yQuidhySdf e EAR@PondhE ovis cofiQive QLA GirficdSobRISILpSORRAY e

curved surfaces of the forerail slot 166 and/or the aft rail "slot 178 of
shroud sectovenpla®. 70, whily ghe arvaiper et the mppérenséw curded swfficer292 dfilswarecur ed

to base nemher 14 in respective fore rail, and aft rail ;slots 166 and
178 to sl ifge@l?gﬁ%a@(%@% QRIS 0 RN theCATERSEO e deWeupport s
162 and 17 ﬁ&ﬁr@n‘&% i L.tq j st
shoul der 1%3%?%@5‘%#%%@3%@%%55 ?I%e%]bt ead asg’ %ﬁ%rﬁg%ﬂ%% shown
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shroud secty b b b ' ' liat nd
cor roct ol 208 Mhaifiy nfiel 10 BEEhCH AR Echuie (pbal R PPEIPIEURT] L
14.  d anp apppriste tand ropestodisedtian ot britmatiec fur ahapiag ¢hrvk8 4uificegr278\vuad 158 of

t hus_urge spring tabs 198 and 206 agai nst the upper

| at ch bl og):é 1?%%
surfaces 2 of shuoydsaciondd. and 210. As a result, shroud section 22, and
especially curved surfaces 278 and 282, are secured in a relatively fixed

and After shaping member 18 is positioned in the correct configuration relative to base
member 14, the user grips handle 138 to move shaping member 18 relative to base
member 14 in the forward direction indicated by arrow 258, the backward direction
indicated by arrow 262, or any of combination of forward and/or backward
movements to achieve the desired degree of shaping of surfaces 278 and 282 of
shroud section 22. Typically, the shaping member 18 is moved in a reciprocating
fashion, motion or movement (i.e., a combination of forward and backward motions
or movements) to achieve the desired degree of shaping the upper surfaces 278 and
282 of shroud section 22. In removing relatively small amounts of material (i.e.,
fractions of a mil) from surfaces 278 and 282, at least 1 and typically from 1 to 5
reciprocating movements is usually sufficient to achieve the desired degree of
shaping. Typically, the amount of material removed from surfaces 278 and 282 to
achieve the desired degree of shaping is in the range of from about 0.1 to about 0.9
mils (from about 0.0025 to about 0.023 mm), and more typically from about 0.1 to
about 0.5 mils (from about 0.0025 to about 0.013 mm). The degree of contact
between follower bearing surfaces 234 and 238 (of upper blocks 74 and 106) and
V_guide bearing surfaces 246 and 250 (of lower blocks 30 and 38) is typically lower at
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stationary position for shaping. The shapi ng nenber 18 islghggsﬂmgitioned
W th. respect to base nenber 14 so that guide edges 226 and 0O extend into
channel 266, i.e., between sides 270 and 274, and center shapi ng nenber 18
relative to base nmenber 14. This allows follower -12 13 June 2005 bearing
surfaces 234 and 238 (of upper bearing blocks 74 and 106) to be
cooperativelg .in contact with, follow, slide along and be gui ded hy the

respect i vehebeaianipg 9F shapings bk brcames grsaigh as more sk mpignteriddp ir%m@ﬂ%c ks 30
d 38). j : 286
of 1 oner 1t SaEtcks 258 SpESEXBY Webfilding Aol BF Sfap iGNl BY Bl BW/R7D

COr I S pondis wrfacescI78CARE A8E of Whiowd ssbtidrbeyir 99 aGhicvP ey déstell degRealf pl ate
70, while the curvature of the upper convex curved surface 294 of | ower

ri ght covehapingt dheachicvemant elhibatdesijed degrer of shaping isevwyelly wignalsd ri8spondi ng

t he | ower . ur ved sur 298 of el Loy pl ate ol |

i ton, BECAEELY IR e haBF beriPl, AR RO R AN pabile, o
conbi nat i eentdntsS88 drRicRSanddhe ARPectiVe siufaced Y18 £l 480 dfishiodd 8&dtiohrgm t hat  of
t he correspondi ng curve conbi nati on of surfaces 294 and 298, shaping

menber 18 can be positioned relative to base nenber 14 only in the
appr opr i atW¥hilth@peciti¢ estbodiments jof nthe rmethpd fathe apresest isyrnbion ghavar hesa

surfaces ) X f i A t I: A . is
posi ti onec%i@%%ﬁl%?%eﬁ%%rﬁrﬁe)ec?ﬁﬁc%%?ﬁ%jﬁ%ei%ﬂler%e a %\?gfl%p%%g@% Igg e‘rrltlo%g, t he
user gri pshdi@odlaa B3%dde wiiksutsdupaiting frembme %ﬁiﬂ ghdistopR 6O RAsRserieMbEr 14
in the forward direction indicated by arrow 258, the backward direction

i ndi cat ed inxenten esdefimed innthe anpended elatms.nat i on of forward and/ or backward
novenents to achi eve the desired degree of shaping of surfaces 278 and 282
of shroud section 22. Typically, the shaping nenber 18 is noved in a

reci procating fashion, notion or novenent (i.e., a conbination of forward
and backward notions or novenents) to achi eve the desired degree of
shapi ng the upper surfaces 278 and 282 of shroud section 22. In renoving
relatively small anpbunts of material (i.e., ' :
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fractions of a ml) fromsurfaces 278 and 282, at |east 1,ang,dymically
froml to 5 reciprocating novenents is usually sufficient to achieve the
desired degree of shaping. Typically, the amount of material renoved from
surfaces 278 and 282 to achieve the desired degree of shaping is in the
range of fromabout 0.1 to about 0.9 mls (from about 0.0025 to about
0.023 mm, and nore typically fromabout 0.1 to about 0.5 mls (from about
0.0025 t @rabpwus: 0. 013 mMm). The degree of contact between follower bearing
surfaces 234 and 238 (of upper blocks 74 and 106) and guide bearing
surfaces 246 and 250 (of |ower blocks 30 and 38) is typically |lower at -13
13 June 2005 A Reapiwgytoohifeaga oforkpiags hayingut [tret bre dateralptspacedscurmede and
nore material is renmpved  from surfaces 278 and 282 by the abradi ng action
of shapi sefagesibashapRe taPlFouwrislgd as surfaces 278 and 282 of shroud
section begin to achieve the desired degree of shaping. The achi evenent of

the desired d reeag6 eshealﬁ' ngfoi S, usua%ﬁvoskﬁréal,ed or indicated by the |ack
of contact be en T sar T5CH%e AR %18 of shaping elenents 86
.and 94 and the respective surfaces 278 and 282 of shroud section 22. Wile

- speci fic enbogiyrentshafing BRni¥et Redatde rdidif eRb Rehtke hidMBRE hNhAAYEokkeen

described, it Will be apparent to those skilled in the art that™ various
modi fi cati ons shdphey elemmenarfobeeacndarved t Supfate dapiet wokpfecemeadhe slsgping t and
scope of the present invention as defined in the appended clains. -14
------------ tmpohbeigg bgeralty spavBl and posigeredimigtivetd the gespactisr @svesce havi ng
at least two laterally spaced, curved surfaces, the shapjng tool |
conprising: (&Yyrfaceaspermintiepingpf g’é&ﬁ?’i"ﬁ% spracengt Kisi l,ng(’alfm§% Kapi ng

menber novabl e relative tﬁlthe base menber and havi ng one
. moved relativeé to the base member;,

(c) a guide member associatéd with one of the base member and the

shaping member;

(d) a follower member associated with the other of the base member and

the shaping member;

(e) the guide member and the follower member cooperating to guide the
shaping member through a path as the shaping member is moved relative to
the base member such that each of the shaping elements of the shaping

member shape the respective curved surfaces of the workpiece.

2. The tool of claim 1 wherein the follower member comprises a laterally spaced
pair of first and second lower curved bearing surfaces associated with the shaping
member and wherein the guide member comprises a laterally spaced pair of first and
second upper curved bearing surfaces associated with the base member, the first upper
bearing surface cooperating with the first lower bearing surface and the second upper

‘bearing surface cooperating with the second lower bearing surface.

3. The tool of claim 1 or 2 wherein each shaping element has a curved abrading

surface.
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shaping el ement for each curved surface of the workpiece, ;¢ Sdpi ng

el ement being laterally spaced and positioned relative to the respective
curved surface to permt shaping of that curved surface as the shaping
menber is noved relative to the base nenber; (c) a gui de nenber associ ated
wi th one of the base nmenber and the shaping nenber; (d) a follower nenber
associated with the other of the base nenber and the shaping nenber; (e)

- the gui dg. mentyae tasld of fgaimoB| GhkRh s@fiEes COPpRT Gt ladgallp sPudedestiaping shapi ng
menber through a path as the shaping nenber is noved relative to the base
menber selsmentsat each of the shaping el ements of the shaping menber shape
the respective curved surfaces of the workpiece. 2. The tool of claiml

wher ei he fqll b ' | | | [ ffi d
second | Suer  GhF PEOGRAT A BPRdbE B By ien™ HrReRD O LB S0 mermher
. ner CUP ¥ eI SUGETATeY" Hr i imemer
cecona uspare it ARl Rgted AR LESSu B R Sl R R Mg Bl helhere, L

first uppgla thﬁ%"fi me?m@ﬁﬁt GRARREAlY P dgart Bt Wb dn@WREenB A NY
surface and the sécond upper bearing surface cooperating wth the second

| ower bed#d ¢h@nadly face. 3. The tool of claim1l or 2 wherein each shaping
el enent has a curved abrading surface. -15 13 June 2005 4. The tool of
claim3 which conprises a pair of laterally spaced shaping_ elenents. 5.
The tool 6of cIThg tacdof smeonsi of claves Bds &, whatser thhdewer hyares sirfages haygaped

central channel h(?v' ng | gt erally sgaceqﬁgjgart ertjcal sides and wherein

the shapFPRfaNeRBP shps pehereipfthe ypRrs hopapesuriacst hayea caReairyPdspaced

apart tosﬁa{pte é,llmldt thre%ng'leeﬁ%p%Q q)elar%é) Su}fgc%s %Qi%] r!ieldt-‘:gree of curvature that is
complementary to the degree of curvature of the lower bearing surfaces to control the

degree of shaping of the shaping elements.

7. The tool of claim 4 or 5, wherein the abrading surface of one of the shaping
elements lies in a horizontal curve plane that is latitudinally spaced from the curve

plane that the abrading surface of the other shaping element lies in.

8. The tool of claim 7, wherein the abrading surface of each shaping element has

a concave curved shape.

9. The tool of claim 8, wherein the abrading surface of each shaping element has

adhered thereto an abrasive material.

10.  The tool of any one of the preceding claims, wherein the shaping member can
be positioned relative to the base member only in the appropriate orientation for

shaping the curved surfaces of the workpiece.

11. A method for shaping the curved surfaces of a workpiece with a shaping tool,
the shaping tool comprising a base member for securing the workpiece and a shaping
member movable relative to the base member, the shaping member having one
shaping element for each curved surface of the workpiece, each shaping element being
laterally spaced and positioned relative to the respective curved surface to permit

- 16 -




6. The tool of any one of claims 2 to 5, wherein the |owelsheardong surfaces
have a concave curved shape and wherein the upper bearlng surfaces have a
convex curved shape and wherein the upper bearing surfaces have a degree
of curvature that is conplenentary to the degree of curvature of the |ower
bearing surfaces to control the degree of shaping of the shaping el enents.
7. The tool of claim4 or 5, wherein the abrading surface of one of the
shapi ng skdpaigeot thal c@sed Burfads akithe shaing miei®episanovédadative tb ahé basdi nal |y
spaced fromthe curve plane that the abrading surface of the other shaping
el enent megher, the yethyh eompasing thesteps 9f:7, wherein the abradi ng surface of
each shaping el enent has a concave curved shape. 9. The tool of claimS8,
wherein the a rad|Q% surlgce f e cg¥l E in elenent has adhered thereto
an abrasive mfteri Scuriigtheierkpiges 1o ﬁgnb %f the preceding clains,
wherei n the shapi ng nenber can be p05|t|oned relative to the base nenber

onl |nthea ro es of the
Y Pda ggﬁ%@ ggo r g Iﬁaser oRabt RYbhdemEMbMed Gl EaR

wor kpi ece. e curved surfaces of a workpiece with
a shapi ngh eleméﬂl%fﬂibaéhbﬁﬁgtnmhbe@@ﬂmmaphﬂﬁsIasﬂb%ﬁﬁe eBveesurfaoe oftheur i ng t he
wor kpi ece and a shaping nenber novable relative to the base nenber, the
shapi ng wweripaecehandi ng one shaping el enent for each curved surface of the
wor kpi ece, each shaping elenment being laterally spaced and positioned
relative to the respecti urved suyrface to permt 6 ne, 2005

shapi ng of (@ cuPPEtRes Ffﬁ@i&nww@r%&w Hﬂhﬁ‘éﬁeﬁé}‘ H%gl@ds heging i ve to

he b th d f: h
wor kpi oce 1o TREeRads HENBEIE f b'ﬁ%'@‘? e RSPRATe S AERLRL B8l AT ve
to base ”e”beﬁvoﬁé[fuécg%u?@l‘fé‘des?@ Rie fe%%ﬂnhégif thD uRRARILPECARHPEE can

shape the respective curved sur rkpr ece; an
workpiece is achieved.

12.  The method of claim 11, wherein the step of movmg the shaping member

COHIpl’ISGS at least 1 remprocatlng movement.

13. The method of claim 12, wherein the step of moving the shaping member

comprises from 1 to 5 reciprocating movements.

14.  The method of claim 11, 12 or 13, wherein the amount of material removed
from the curved surfaces of the workpiece by the step of moving the shaping

member is the range of from 0.1 to 0.9 mils (from 0.0025 to 0.023 mm).

15.  The method of claim 14, wherein the amount of material removed from the
curved surfaces of the workpiece by the step of moving the shaping member is in the

range of from 0.1 to 0.5 mils (from 0.0025 to 0.013 mm).

16.  The method of any one of claims 11 to 15, wherein the workpiece has a pair of

laterally spaced convex curved surfaces.
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(c) noving the shaping nenber in a path such that each of ;thg,Shgi ng

el enents of the shaping nenber shape the respective curved surfaces of the
wor kpi ece until the desired degree of shaping of the curved surfaces of the
wor kpi ece is achieved. 12. The nethod of claim 11, wherein the step of
novi ng the shapi ng nmenber conprises at |east 1 reciprocating novenent. 13.
The method of claim 12, wherein the step of noving the shapi ng nenber

conpri seg7f r omhd ntethddl dfatdipy 06 atheftdn (RWeskpicse isldgas Tabinednne shfowd ai m 11,
12 or 13, wherein the amount of material removed fromthe curved surfaces
of the wesedtiphédewingyz foheralt with afcompex eugvedneppsh awifang andewmiodt raildatetadlyr ange of
from0.1to 0.9 mls (from0.0025 to 0.023 15.  The nethod of claim 14,

wher ei n shased fgnmhe &re st @1d havingeneonyer Fyed BIRST SEicfed surfaces of the
wor kpi ece by the step of noving the shaping nenber is in the range of from

0.1to 01% (r)n' ﬁe g‘l‘l{/ﬁri'ﬁ)orﬁ Igfr'] glggﬁ%né % gla%%ig 1'1“%- 171QP'Vhe-1|‘-QS gﬂ?ﬁl{'}%%e(%%e? s Gne of

clains 1 ere e Workpiece has ‘& pair terallTy spaced

convex Cyfiyefly §¢ch@ & of fitsl akd scdlig cofllve chrbved HRGMEHRRLeOIndCkREI16,

wherein the workpiece is a gas turbine engine shroud section having a fore

rail wt thetbag®fMémbet bisveltaiflBespased panCef Mrdtiaraisedbid caivex batved Bédring spaced
fromthe fore rail and having a convex curved upper surface. 18. The net hod

of any osefasks,dhaifmy cbhcave WEZringentasiecosherpiing) withnthe firsfagonsex bedrmgal | y
spaced pair, of first and second concave curved bearing surfaces and wherein
the baseSyassandibg S%?onétcemwye%b&;%faﬁaicpozﬁratm&mfhghrdsesce& RSNV ex
curved bgari ng Etsurfaces, the first concave bearing surface cooperating
with the’fP& EBHvex bearing surface and the second concave bearing
surface cooperating with the second convex bearing surface. 19. The net hod

of claimds, YhehRIRIIRIAANNSWHBRE e Lostixl iafify BaYRALARY &&r&f of
| curvature that is complementary to the degree of curvature of the concave bearing
surfaces so as to control the degree of shaping by the shaping elements and to indicate

when the desired degree of shaping of the curved surfaces of the workpiece has been

achieved.

20. A shaping tool for shaping a pair of laterally spaced horizontally extending

convex curved surfaces of a workpiece, the tool of comprising:
(@ a lower base member having:
(1) a lower center block for securing the workpiece; and

2) a pair of laterally spaced apart lower bearing blocks, each lower

bearing block having an upper convex curved bearing surface;
(b) an upper shaping member movable relative to the base member having:

(1)  a pair of shaping clements laterally spaced apart substantially
the same distance that the curved surfaces of the workpiece are spaced
apart, each shaping element having a lower concave curved abrading

surface, and

-18 -




curvature that is conplenentary to the degree of curvaturq3q{_‘ﬂé sconcave
bearing surfaces so as to control the degree of shaping by the shaping

el enents and to indicate when the desired degree of shaping of the curved
surfaces of the workpi ece has been achieved. 20. A shaping tool for
shaping a pair of laterally spaced horizontally extending convex curved
surfaces of a workpiece, the tool of conprising: (a) a | ower base nenber

- having: (1) a Iowegz)centaerpabl QfK ubpér SRGHAE NBldcke WRiTKP) egRicedngpA2) a pair
of laterally spaced apart |ower bearing bl ocks, each | ower bearing bl ock
havi ng an upper conrvistantially 8¢ sswgrdistgnosas flaclower pegringrbloghseeachhwpeihg menber
novabl e relative to the ba menber having: (1 ai r of. shaping el enents
| ateral |y spaced a aﬂﬂ%ﬁﬁéﬁe@m%%y’ﬂ F%g‘é%l%gz'ﬁf@ﬁaﬁﬂﬁémf??gt the curved
surfaces of the workpi ece are spaced apart, each shaping el ement having a
| ower concave Gur veaeal 8 BE theSifer bRari Girfabs dodpd4RS WilDBne bE)he pai r of
upper bearing blocks laterally spaced apart substantially the sane

di stance as t hewdrovearingaarfaceg dnll ogkexeinethe rothgrpef the hgpet hearhgonicfabevi ng a

| ower concave curved bearing surface; (c) wherein one of the upper bearing
surfaces coopé&peresaeswith Baothr affhe lpyaebeasingrsunigeasusx tabdhasapiier ei n t he
other of the u r bear.ing.surface coopgrates wih .the [, t he | ower
beari ng surfaggegneos%lﬁ %ngec?%ousgﬁ}aa aﬁ% as ?rheer?r%eapmigsm%rﬁ%’%'el(gj I?%%Bogglﬁugé %’at h as
the shapi ng nggbghise mcBLEJudte iRl i d4eh tdT the NPaPmseclbmeRgrofSthehsHapaig each of
t he shaping el enents of the shaping nenber shape the respective curved
surfaces of t hemierkikpedee re@dectifheurvedburticecdizherwdtkpiateer ei n t he abr adi ng
surface of one of the shaping elenents lies in a horizontal curve plane

that is Latituydinall f h .
'S 2?. ! Lf‘ﬂ:a tool %/f g@?xﬁ 62%, V\I;hoegéi;[l tﬁe %H;a\c/i?ng surface of one of the shaping

elements lies in a horizontal curve plane that is latitudinally spaced from the curve

plane that the abrading surface of the other shaping element lies in.

22.  The tool of claim 20 or 21, wherein the abrading surface of each shaping

element has adhered thereto an abrasive material.

23.  The tool of claim 20, 21 or 22 which further comprises a pair of supports
secured to the base member and wherein the workpiece has a pair of laterally spaced
fore and aft slots, cach support having an edge that is slidably received by one of the

slots of the workpiece for securing the workpiece to the center block.

24,  The tool of any one of claims 20 to 23, wherein the base member has a
generally U-shaped central channel having laterally spaced apart vertical sides defined
by the lower bearing blocks, and wherein the shaping member has a pair of guide
plates, each guide plate having a lower guide edge, the lower guide edges being
laterally spaced apart so as to extend into the channel and fit between the vertical sides

thereof so as to center the shaping member relative to the base member.

25.  The tool of claim 24, wherein shaping member further comprises a left and
right upper outside cover plate, each having a lower concave curved surface, and
wherein the base member further comprises a left and right lower outside cover plate,

each having an upper convex curved surface, and wherein the radius of curvature of
-19-




pl ane that the abradi ng surface of the other shaping elenq?guhé sin. 22
The tool of claim20 or 21, wherein the abrading surface of each shaping

el ement has adhered thereto an abrasive material. 23. The tool of claim 20,
21 or 22 which further conprises a pair of supports secured to the base
menber and wherein the workpiece has a pair of laterally spaced fore and
aft slots, each support having an edge that is slidably received by one of
t he sl ottle cénchtxecuwwek pirées b theskuaridngelit hppaositgide patdsoreldtiee aetlicer bl ock.
24. The togl of any one of clainms 20 tgQ 23, wherein the base nmenber has a
gener al | yadiug ﬁ%@ﬂlfﬁemh%ﬁorewawedhw?%s et ef spdspighlelpwep oMfsiGker ti cal

si des defyinedis ¥ A HeWESinp SRHY BQE iR FRBVE I bt RkBg Terber
has a-pa&r 0 ISgu%ﬂ%ﬂe g#at 1?Eeac gS?ge ﬁ%ﬁe hé@?ﬁg éﬁﬁome? gul de edge,

t he | owemnnbuindie gghgyesiabedrivgtatioatfer shaping siaardeduaiatessd thesworkpeeceend i nto
the channel and fit between the vertical sides thereof so as to center the

shapi ng nenber_rel ative to the base nmepber. 25. The tool of claim 24,

wher ei n Rapi r’r&eﬁ%ﬁﬁéﬁny &P¢ REFlaEBHA? 13 &% Véhqr@fltth%%aémggﬁiffaifﬁa@#t tsi de
cover pl : Vi C d in the
base. monBeRiisines bl pibvs 3 BhRD R 6 AT Rl Bifvel U WP T N
each havigswiselPRQI aGORY the Rupacade SHifIRE Clenith MICTRI fespdieve daritgy Of
curvature of -19 13 June 2005 the concave curved surfaces of the left and
ri ght upplcksut side plates relative to the radius curvature of the convex
curved surfaces of the left and right |ower outside plates is such that

t he shapi ng nmenber can be positioned relative to the base nenber only in
the appropriate orientation for shaping the curved surfaces of the
wor kpi ece. 26. The tool -of any one of clains 20 to 25, wherein the
abradi ng surfaces and the bearing surfaces each have a plurality of a

| ateral |y spaced grooves that extend transversely and across the
respective shaping el enents and the respective bearing blocks. -20

-20-




SHAPI NG TOOL AND METHOD FOR SHAPI NG CURVED SURFACES ON W§§§$&§§§§
ABSTRACT A tool (10) for shaping curved surfaces (278, on a

wor kpi ece (22), in particular upper curved surfaces (278, 282 of the
forward and aft rails of a gas turbine engine shroud section (22). The
shaping tool (10) includes a base nenber (14) for securing the workpiece

(22) and a i er, 1 W r(14)
and havi ng m&%mﬁﬁﬁﬁé@ﬁﬁ%gﬁ@@?&ﬁgw%@ﬁwwzm 282)
of the workpiece (22). The shapi ggkrRPIECHS) al so i ncl udes cooperating
follower (74, 106) and guide nenbers (30, 38) to guide the shaping nenber
(18) through a path as the shaping nenber (18) is noved (258, 262)
relative to the base nmenber (14) such that each of the shaping el enents
(86, 94) of the shaping nmenber (18) shape the respective curved surfaces

(278, 282) of the workpiece (22). g@gT?gg#r(lo) can be wused in a nethod
for shaping the curved surfaces (2783, of the workpiece (22) where the
shapi ng nenber (18) is noved in a path such that each of the shaping

el ement s (&6001?1402) fof sKdpghoStiapddGirfieesn@78(38) oahawerkblee (Eyp@giari@laur ved
surfaces (278, 282) of the workpiece (22) and repeating this step until
t he desir adpereepreed surfaceh (378 g82af thp domvard end gliredt ef a (@ay ubing BnZHE t he

wor kpi-ece sin%%}i sE&io%C&bfV%He sh'fiipﬂig ol (10) includes a base member (14) for securing
the workpiece (22) and a shapiﬁg member (18) movable relative to the base member
(14) and having one shaping element (86, 94) for each curved surface (278, 282) of
the workpiece (22). The shaping tool (10) also includes cooperating follower (74,
106) and guide members (30, 38) to guide the shaping member (18) through a path as
the shaping member (18) is moved (258, 262) relative to the base member (14) such
that each of the shaping elements (86, 94) of the shaping member (18) shape the
respective curved surfaces (278, 282) of the workpiece (22). The tool (10) can be
used in a method for shaping the curved surfaces (278, 282) of the workpiece (22)
where the shaping member (18) is moved in a path such that each of the shaping
elements (86, 94) of the shaping member (18) shape the respective curved surfaces
(278, 282) of the workpiece (22) and repeating this step until the desired degree of
shaping of the curved surfaces (278, 282) of the workpiece (22) is achieved.

Fig. 1
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