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 a .a r of laterally
spaced si dom the wotyhi CQHF@HHa@%Ett?gﬁdeF‘Br dnmgny g%tqrg%ﬁ 8L R a

forwar dl'y Gxhen A NBufilnd W6 caftrebbhtEly OMGLdd3RS sfolid 3B@Rents 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
-




56 rearwardly extending fromhanger section fore rail 28. Ay, Hoseys yi ng
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 overlapping relation by an
- annul ar C-shaped retaining ring 62. The upper flange 54 of fore rail 46
and upper flange 60 of aft rail 48 that extend between side rails 50 each

have a conpgpvaadl léﬂfeﬁdﬂg fFath \Rrbud Redteon 430 A8 SQ&ap RetS HatkeR Hakdeosse shown
in the Procter e patent are often made from hard to nachi ne ni ckel

al | oys andthak extclybl &emll;angerr sastiowrafigralud@ thdangen S8aarsl 6 are dieldt mcﬁlls

| ocati ng surface ch,as the fore.a rai.l s ause these oud
sections B%Eﬂi 10p by gnanaylag fsé'ﬁBeg]rIQ{aHF’é‘%nP%G%\n ?PBPeZifﬁﬂ %1§ phere,
they are ozfo}eefalumaﬂ r Yhddd Wyfaimnems aiateﬁeh&%ﬂv&en sitiet s 50 e
metal lic coatings. Methods for applying such netallic coatings include

deposi ti ncghaweaapovexaircuatecoreurvedrsbappr. ot ecti ve netal s at hi gh tenperatures,
for exanpl e aI um numor alloys of alumnum to provide, for exanple, an

al um ni de .on th oud, sect,i rotective co ch as an
Sl i e SR HaSRlh o MR ShaRE i Sik pReRF P Rerat afk pbemads f a@es of

t he upper el h S

However, |]§dr?g&3§€ﬁ:§h yﬂﬁl(()e{lqg% %%dg%% W?Algsﬁ%rfég t@roﬁﬂf ggttol %rey mask t hese

surfaces taiticprlevating stifaoes fsuolnab therfgrecandtafidrailsir Beguusdithesostirombseptiansess.

Because of variations that exist in such coating nethods, the coating
thi ckness #@FXayssd- @i glewiedy trapperatures dp; a1 exidizing phmespBere; eysMeoRRFisect i on.

As a resul S
addi ti on, ﬁrﬂehgtg‘gtﬁﬁngﬁ% ?ﬁée! g&gﬁfolnhq{elﬂg%r%\?g?f gggoéaﬁgg h%ﬁtfjbpper fl anges

of the fcupplyﬁ’(gjsmhhndtﬂhb sotings \navlydeedupositing a wabcb:easf driveordhoRaoetile shape
of these ral | s. Besides variations in cQating thickness, the dingensional

shape of tAdalsaphigh tempematuressfor example pluminym of alloysiof alwminumetogravide.st or t ed
as a resul ocess. Wiile these
for agiphnénm onaﬁggg%tglgz)@%gg%wgemg aft [

variations i n ore an rails are wusually
relatively mnute, they can be enough to require reshaping so that the

shroud 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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sections can be connected to each other and to their appr@pyiimoganger
sections. Reshaping of these oversized and/or distorted shroud sections
typically requires the renoval of relatively mnute anbunts of material
(e.g., the coating, the underlying 2 13 June 2005 netal or both) fromthe
curved surfaces of the upper flanges of the fore and aft rails. The anount
of material required to be renoved fromthese curved surfaces to achieve

t he desir ' j ' [

housandt frcir SRR Tk thd UEBVESqrlachlof e upbd Sharhs 91 RS B B el o
machi ni ng Theaomasesf mytpriakdelyirabiortetrempestofv@n thesh carvet lsudaes i schidvenat er i al

effectively. Ginding.rewrk processes to_  remgve such smgll amounts of

mat er i al éﬁmdeérr%r%ﬁam%mwbmthe@a@%@g affpeden Og% thousgnd of aa)gm&l it

woul d be -desir t Lot dera i: [ ' NS c@ﬁﬁ% easy to -
use t ool g’r%d a@%@g (?fo? n@éig a%}i ng&%‘%&elh%r%%é?a%%ﬁr?ﬁ ﬁardsgﬁgﬁg’?%? t etf ore and
aft rail gebveasighssnhdll Bindanis i Matedlr effedtiselp.t i Grindib@rew@® froesss to

oversi zed, distorted or otherw se requires reshaping. [t would also be
desi r abl e remoys wwh gaal amenatsiof apajerial papAle by gxpepdyaddediaus 02640 use t ool
and nethod for shaping or reshaping the curved surfaces of other

wor kpi ece I : i ne: i Y .0 L QNSHik O r

confi gur a?}%ﬁ%@?égwpﬁﬁlﬁwwe@% I "e‘%’r lélgxe%eggi?%vagﬁti on
rel ates tQasy t&fma@fdaﬂaﬁd)ﬁabthbdrfoﬁregl&pmgith@&pﬁwuﬁmd giirfaces 6f the \fere ahdbRr al | y
spaced curved surfaces. The shaping tool conprises: (a) a base nenber for

securing t#ils ofoz Bps Bekine epging shrawdi segtionethabhasbrrapiecoversized; distorigdtdie base

nmenber and,havi ng one s . N ene ry € rye Uy f ac he

wor kpi eCe,oﬂ:be egfﬁ%'ﬂ‘feﬁgr_eg%% ntEﬂ B‘@l"% afsgtbeer §§$ufgls%pi§)c§5& (_iﬁ:dgprglsaﬁ??i ned

rel ative tpnplBeinkQSRSivt iand &by (@ thse 8401 fadg @ndtRod EsriHapmagt Rchadingt hat curved
surface as the shaping nenber is noved relative to the base nenber; (c) a
gui de nentsurved suddades tod dthar twiorkpiecestbesides passwirhinerpeging glrout seationping

menber ;

desired configuration.
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;




(d) a follower nmenber associated with the other of the base nenber and the
shapi ng menber; 3 13 June 2005 (e) the guide nenber and tRduHLIN0§wer
menber cooperating to guide the shaping nenber through a path as the

shapi ng nenber is noved relative to the base nenber such that each of the
shapi ng el ements of the shaping nenber shape the respective curved
surfaces of the workpiece. The present invention also relates to a nethod
for shaplalg t the gnidemgmber anscis followeranembergsioperating theeidp shesshapingg t ool .

The shabi g { Sl CoRLIAEP a8 SFe THINERL abiiher RORHIL g dpigoe, and 2

shapi ng menber nmova 4se ferb

havi ng one shaiibgr ddhrit eablp of GRCIhafing\Bem&its bhgR s dplhgenenvm Is}i)alzﬁece each
shaping el enment being laterally spaced and, positioned relative to the

respective cuthgaespsetiveevadsupfasasiof therserkpigcedf t hat curved surface as the
shaping nmenber is noved relative to the base nenber. The nmet hod conpri ses

the st i i
€ s ep?h@i){eﬁ&ﬁ)lﬂ\?&%%'a&gn%ﬂ?es‘r%glr g-ﬁétﬁ&? ;%O%h%@ﬁgase Y Faced BY the

posi ti oni ng I'ng ne Ive er so that each
shapi ng elspiste with tths shhpipg rtgolmirhbeuhapmg tobla pemprises ree becemberc forved

surface of the workpiece; nd (c) noving the sha |ng in ath such
t hat eacﬁpcanngﬁ@%ﬁwﬁaag arhaniag memhes gmayghls; reigti %%% E |
respecti f Kk n é"l?ﬁﬂfj gQr ee of
shapi ng g)f% &ﬁgi‘ﬁ?ur ve ?‘?iageosnggﬁ %@Eﬁﬁ gdéle(lédl({‘l achi eve Accor ding to
anot her mﬂm@epéach h;hap)ng slentent bninglaterally sjpeecé and ppsmomedetdlaavs tafhicng t ool

for shapi ng a pai r of erally sp ced h r'zonta xt endi,.ng ,convex curved
sur f acesTeSPECtiye \GYFYEd %Lr@ce thoetd|Shgping Pfsplﬁ’g 2cg $olle; HRDE nenber

having: flhwer fsWed?&Qﬁx?er to%@%eh&&nb%ﬁ%eixﬂ&hw&dﬁﬁ{é&’ﬂﬁ%%ps 3pd 4

(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




13 June 2005 (2) a pair of laterally spaced apart |ower beari ng bl ocks,
each | ower bearing block having an upper convex curved belériuﬁﬁ @% face;
(b) an upper shaping nmenber novable relative to the base nmenber having: (1)
a pair of shaping elenents laterally spaced apart substantially the sane
di stance that the curved surfaces of the workpiece are spaced apart, each
shapi ng el enent having a_| ower concave curved abrading surface, _.and (2) a
pair of upper (Bear iamginitdarually spaced ppart lovecs bearijpdhlocks gash GWSTHEPYNE he same
di stance as the |l o [ i.ng bl ock having a
| ower concave cur v%%%gﬁnh%ggﬁbgﬁéég?fﬁg?e%%ﬁég%‘Jg’ of the upper bearing
surfaces cooperates with one of the |lower bearing surfaces and wherein the
ot her of (bhe upmepershapinggesibef moesble cadpteread dse dse mentbeehotier of t he | ower
bearing surfaces so that the shaping nenber is guided through a path as

t he shapi ng er is.myved .relative to e base nmenber. such that each of
the shapi ngnzgneﬁtf?“g% sﬁmmg ﬁ%ﬁeﬂ .IWF?EE’rSPé?FQp@aFWB%t%}S‘@&t%‘%W%r ved
surfaces of the WQdtRicE8GRat the BRRANRBLs 8f R oipiRt NBe tspRled Ofpatthe
present invention and a nmethod of using the sane provides a numnber of

benefits in shapi ngashoshapingedemant havingwilogemcqicaveadurvgd abpading serfaccat | east
two) laterally spaceﬁ curved surfaces. The shaping tool of an enbodi nent

the present inventi®®h is relatively sinple, inexpensive and easy to use in
effectively renmoving relatively snmall amounts of material (e.g., fractions

of a mlli- iggh) farpum ethpRe beaidabREkOlatMIIK Bh:RES Spart bulstdhtiaRy Wised to
shape curved surfaces of workpieces nmade froma variety of materials and

can be used to shapemedisfange agihe Jovesr hesrng bleckp.neashtupper bersingdteckor
substantially the saue c$§aj/§,£hane | | curved surfaces that lie in
1€,

enfig MRk 28 .
different, latitudi ﬁ‘ngf} Ca\ygrcfufvggl F?fr)m%%%@g%f’cur ve planes. The

shapi ng tool and nethod of the present invention can also allow controlled
removal ¢f) r ehdictent loyie 9iffthd upwep WahSn® burfiies cbaperdted MithnsheCoft thedowur f aces

of the workpiece such that the desired degree of shaping of the curved

sur f aces begringnairfaces 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.

-43 -




wor kpi ece is automatically, reproducibly and repeatedly aghigueshos4a 13
June 2005 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is an exploded view of
~an -enmbodi nent of the shaping tool of the present invention that shows the
wor kpi ece to be shaped. FIG 2 an isonetric front view of the shaping tool
of FIG 1. FIGs. 3A and 3B, together, are a view of the shaping tool of FIG
2 in an open configuration show ng the upper shaping nenber and the | ower
base menb@RIEFIESARIFEIIEON OPTHEDRW VNGRSl Vview of the shaping tool of FIG
2. FIG 5 is a sectional viewalong line 5-5 of FIG 4. FIG 6 is a
sectional -:view along line 6-6 of FIG 4. FIG 7 is a sectional view along

line 7-7 SHGFIlds ap expbiiedl Yiew efcsCrRmbydiarnte! theeshagimnmobt Abe peesenther ei n,
the term"m|". iﬁ@gghed itg th con\{eBtiﬁ)nal sense of referring to 0.001 in.
(0. 0254 niyverign i 18 worknigeeda PeuapEty i i ng” neans vari ous

conponents, elenents, capabilities and/or steps can be conjointly enpl oyed
in the pre3ent ah BefRtkORent v 6f Gik BBdping loBEof FIGM." conpri si ng” enconpasses
the nore restrictive terms "consisting essentially of' and "consisting

of ." Referring to the drawings, FIG 1 shows an enbodi ment of the shaping

t ool of tW&Gs.piasadt3B.negethennre aaviewt efdthgeshaping Itgolaef B3, Zdwlanigpesonpri ses

ndi oat ed QUMOPATH heb B hEper SRS tratioR s R BB B er 1 Ac.

al so shown in FIG 1, shaping tool 10.is wused to shape a workpi ece having -
at | east G, 4 BlLhidltlclevaiaze dieGLo MBS sitpinsa6eslof BE@CH a  shroud section of a
gas turbine engine indicated generally as 22. Wiile the foll ow ng
description of tool 10 of the present invention and the nethod of using

t ool 10 wiFl@. bis a sgrtiepal wewralenglineS-8 9 5@ Secti ons 22, it should be

understood that the present -5
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
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13 June 2005 invention is useful with a wide variety of KR RPES have a
plurality of (i.e., at least two) laterally spaced curved surfaces that
require shaping (or reshaping). In addition, tool 10 of the present

i nvention is useful in shaping (or reshapi ng) workpi eces nade of netal
(e.g., such as shroud section 22), wood, plastic or any other material or

Undesi r eq ORISR FReR S o i Sty ofHoBeiert s PUGL B (Faf Eyelor
convex curygllissailpefsed fabed ﬁﬁ%c%\ﬁ@ﬁ@gﬁ)‘e é&ﬁiggj(gr réshaptiy Uil a{}'ﬁti&ﬂ der st ood

that tool 10, wth appropriate nodification, n be used'to shape

wor kpi ecedobiald ofjtha podsemtainientionfis osafalaimeshaping €or reshapim) emrkmiecea neadbi nat i on

of convex d concave curved surfaces, As sho in FIGs. 1, 2, 3B, and 4,

base menbdlt bl & o N SearaRd 3500 )i WO& Y’\ﬁé‘%ﬁrﬁbﬁ%?@eéﬁn@?‘@i@’it s,

1 ncl udi NG, sobdiy; ] I pdi , I ' over
ol at e 26, StutEn ¥ e IiCkon BEIoBAKER 19 3ehBWFing Bhiess BEWAUIRRAACSS! &

| ower . ri ghhatepiald e ldae avhile ghfohid Géctisgd , 22dnd agliraligrof@uhedxdanvadghhtface\deat pl at e

42. These el mantsyare secureduio ether in an assepbl ed relationship to
for m base ¥eBaped1hy tggl 40,1t shauid %eomiemt?%ﬁ@tf 96l dlervgth @pproprigtar ee

pairs of : i re | 1 spective

BT gned. bapalfiedn n SENRAD shurk wiriplebB bl PRBGRY A bR e N e
A pl ural i tsurfades,satiatcabibénatibn 0 esrex ahd getvavd cureedhanticess. 9., a pair of

alignment pins 58 as shown in FIG 1, are inserted through respective

al i gned bore or, | es. 62 In each of the elenents, as shown by, arrows 66,
to maintai %sfw@memgﬁﬁat & ii#,ﬁ@pﬂerbaaﬁf msathehd 4 ig campyiged: of 2 RRWAIRY KEr when
secured tQq 1Y R 4 h | Dy; : : n api ng
menber 18 ?@ba 0 c%rr%lrlﬁezlgdqg?lﬁ%n 1 uraiél tggl'g&c%? Ogoﬁp%r%c% g’ %rggl%{arlrﬁts,

i ncl udi ng outsidetdoeerailita @64 lovved deft puide bedrirgt, bleck 3 pdowkeddnter bldckiddea cover
plate 70, .an upper Jeft fol]ower bearing block_ 74, an upper |eft guide

pl ate 78, laweryight gudgbearing plock 3B aand slowesputsidronghtqorersplaisiddy Hrsseent 86,
an upper roRl phe | Q&Eig I _ per
right spaggeg{é% aa}[rg Sg , (gﬁge%grpglr&r‘{wé ljf]glghﬁir‘?ile p g&e%l@g?,a rﬂgﬁegﬁigglgr@r r‘?ght
fol | ower bgarpluglitylofekitablbfasteterare.glpthede pairs 9hbolUdGasthosa e FIGl 1atiet 110.
These-el enents are al so secured together in an_assenbled relationship to

f or m shapfgnpwieddhrongh gsspectiye aligned horss ox hples 5P an each elibe slements, 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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e.g., three pairs of 114 bolts as shown in FIG 1, that ajeg &ﬂﬁﬁb@ed

t hrough respective aligned bores or holes 118 in each of t%e el enments as

shown by arrows 122. A 6 13 June 2005 plurality of suitable el ongated

al i gnnment nenbers, e.g., a pair of alignment pins 126 as shown in FIG 1,
are inserted through respective aligned bores or holes 130 in each of the

el enents, 3s 0 by, arrows 134, to maintain the elepents in pr r

21 gnent MEFIS: Qe g @ Al hes cA 2o THURLTS & G-obBth el Syt PEs 128 A

gri ppi ng  JRAbeh ik PId.Ne afomBrRb tﬁ%ﬂ@l Fesﬂe%ﬁvé %gﬂ@%?és'df h9l3380 Westhari ng
menber 18 1s attached or otherw se secured to the upper surface of center

bl ock 90 tof thei tlatmests, fimsshewar by srrolvs ak34a tpamaintdfin bt tederfid?s i hprepdrand| e
138 all ows .t he user of tool, 10 to  manual .y nove shapi er. 18 rel ative

|
to base netgEIeRyrelqlgtoa5ach gther hey %e@vﬁqgttpg%h%n%ﬁgﬁﬁgﬁ%ﬂgﬁ EZHBPNg0 4

mechani sm I @M Q@HJy ' : "n{b% 18
relative tlgagg%egen%lﬁb%}&hg@éh%@es%mﬁ?ﬁ % ii o%;\glrl center %%5334 has a
gener al | y atgclsdeors bthpprise secmss] to the i wypbe durdivce 1etbedntar blecke PE ibygsuithblebase of
shroud section 22. As shown_in FI and 6, | ower center bl ock 34

. 1, 5
al so has d2¥eners % paik of befts: L2 shis handle 138 ellaws itheyuser &f ol d0dek 154

havi ng an r . _ ryve . kpi ece
support 1é§ I'S %&%&edﬂj%ﬁ%gtlﬁé%ngoﬁly%l%@lgltgpl?a%g%eg}ébegglgé ?lr?lgfe%rr tleg%vi thin
and is sl ialtelative embodiamnbyf ©bb10, kofechanishecduld be providedf fos hfeokthicadlgt | on 22
to support and secure the fore rail end of shroud section 22. As shown in
FIG 1, tHeodagghapiggacraper 18uplaliyetobgse mempetelds fit into a curved slot 170
formed in bearing block 30. A convex curved right workpiece support 174 is

al so provi ] YRIGal _ g Qgép,f' Ayl S
sl i dably r‘%ﬁ%"%i}bgﬁgw E)’t %g c(l#[e{ ﬁ}éﬁg% Ir?%i ? gg#l S rggl%éagh%%dqgg%gort and
secur e t handiédted ad 146efod radeindly the baseaft shevudA2ctids2R hAwshown i FGsl 1, Sne edge

of support 174 is press fit into a curved slot 182 forned in bearing bl ock
38. The <&Bf Sulpvess centshblogk B4 aisyrhaéawppﬁ&lge@m@he)teé 1Beese 120 fogyrecqiying ng t he

Lore, 209 iAoy B8, 0 PR RS SHRISE S 12
Typi cal | y,wakyiper suppdfid 6anid picidddiesih ohe thacdlyofounded 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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shroud section 22 slightly above the main surface of rece shown
in FIG. 1, 3B, 5 and 6, tool 10 is also provided with a ziﬁ%ﬁﬁﬁﬁﬁsin t he
formof a generally L-shaped clanp indicated as 186 for further rel easably
securing shroud section 22 in a relatively fixed and stationary position.
Clanp 186 generally conprises a shorter arm 187 and a | onger arm 188.

Clanmp 186 typically pivots, abouyt 7 13 June 2005 , axi s defi y one of

the ali gnr@ﬁﬁlﬁ#@e@)ﬁy pRcef gaﬁﬁ%«?&f@&lﬁﬁ@ﬁ% H@P%%Pt%%ﬁ‘éfefé@‘%ﬁé’ med in
187. i ! 1 | at ch

164 ot ondotihdPh i (72 ' Pk S{MadfT86 Iuckilek BtubleHlepltfe foABALG: flon’ 100

158 of | atl®d atbheekd fizbecofitieat fitd Autp addB 6 tekapibhoteedredtiyudrotve Exlcefi letchhr oud
section 2@). Arm 188 of clanp 186 al so has a resi I%ent_ or flexible first

spring t alPloskdl ¥ayhen ddamp d 86 {3pivoted aboutite secugs, shropdyiestion 23 As@sI88di nst
th b i |l ' e : f [ 22
b oy osicpitn, PEEaI% nASERER o Hethftf Bl B et og 198 Bl orpRd! O"

cont'acts, aaddirgésgesbiaseshigainets thgappstsurfabe of ppesideunfl dadicatéd bhaoptdfer si de
rail indicated as 210 of shroud section 22. Wen clanp 186 ismgi vot ed
about to a&heawd seelipnddprd agesilignt or feyihde sgoand |spring tabsindisated ag 20P thatn gr oove
158 of | at oGk . ) ] t.d | k&qi | . ] fixed
and stati 8%@?&%%@ lgr?%ngrn 6%8%%%%%&]?%? &é ll#pf%%er %é&gﬁﬂ&g%ﬁﬁyﬁé%%por t

174, but ak 900 dfshrbad bdtfioR22S Wigknagtap186is pivbicd abbwhs ak8&urad Posifden, of
clanp 186 :agai nst the upper surfaces of side rails 202 and 210. Referring
to FI Gs. 2e.3hendaigh 194 i eecped syithin greqyscldd afdaich blpgckrlSds shepad peeoB| enent s

86 and 9 jve [ CO . i rfaces 214
ond 1. R IERGIRK T TRRE A PUBha S TS ok G RN AELOA 18D, 2
have ot hekighs @upp;@ﬁhl_?ﬁl‘? dut ﬁl_@cﬁ du® t@ ﬂ’EeUbihﬁhg Qctdd bf eri@bﬂ’aw 9% an® o6 iofll such
as cubic boron nitride, dianond or silicon carbide. As shown in FIG 3A,

abr adi ng slanimbiSsagaingt the ypper surdncss opside rails@0%ianth280.pl ural ity of laterally
spaced recesses or grooves indicated by 222 (typically along the entire

surface t oMM 4 I t r acr oss
shapi ng e%%%%@%h%%ﬁ@é@%&%@%@a%ﬁgﬁ ng%vo? (%]?a\éﬁgzaé%?/@gggt I on and
renoval obnd®Hedachhatdiaapativd Yowdeeaehv tu9éd shaging Gutth@IEITYSand62 11 d

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.




94. As also shown in FIG 3A, the laterally spaced apart §|&K§£éQU|de
plates 78 and 102 each have | ower concave curved gui de e ges and 230
that extend beyond the |ower concave curved foll ower bearing surfaces 234
and 238 of the respective laterally spaced apart pair of upper follower
bearing bl ocks 74 and 106. These follower bearing surfaces 234 and 238 are

al so provided with luralit |aterally spaced recesses or gr.ooves
hdt car od HEe BPVER ?&?c aafwe%ﬁé?ﬁgﬂm Rk Fredionend FrRREol AE iR i n
FIG  3A) thaidedd E%&bﬁ%@g&?z e\Iexﬁélﬁs §4bear| ng bl ocks 74 and 106. 8

13 June 2005 Like grooves grooves 2 allow for the evacuation and
renoval of material abraded by t he actlon of shaping el enents 86 and 94.
As shown iAs §Ho@n iBEIGt BB, ﬂhaﬂaicrall}' ypasq:xhqmdt minamﬂbqaﬂhg biwckbz@rndg8 binecks 30
and 38 have respective upper c x curved |d rlrg faces, 246 and
250. Thesereﬂl‘?f’ﬁ UPREE PR ’8 94’8%5 dz gro FeBWdt h a

PLural 1Y Rarib GRS 148080930 @%fs% 5vided gvggoygﬁnalﬂ?'mg%@@gsg% 4

- (typicall entire surface thereo own’in
ext end tr aneossassal groavet mdicated d3e24i (tgpibdllyc klon@ Gha eatifdSsurfack ehergpfommves 222

braded b S%é%igfc?éw%#an°{mé£‘§p§ﬁ§ s Frprios DRk 300 T e 2,
fol I ower ?ﬂ% has %952&3 A% e &gﬁ:&mm‘ aﬁa%e&l%@ ARakkudine same

(or subst nt a I stance as, respective
gui de bearabruged byft]@s:mioﬁltﬁ“ shﬂpin@&ﬁmen%GSdiﬂpﬂmgAﬁem uiLBI(Trsz foNederr el ati ve
to base nber 14 in ejther the forward direction as indicated by curved

arrow 258 vegiing Hefaces 2iad38 e katerally apaced epashthessame{gr sehstaigly 6r ved

arrow 262, e f er
- bl oc\livs 74 Sgéligj qg%ﬁ%r% %\dé(}g) ?%Eet@ﬁﬁstﬁ%%éh% a%%%tsﬂﬁ? 0%312'&6 a?tgpgw ded
by the r espdepingemeubeie] Hiamong ﬁalutfvacteSaaaetlﬁlembér Zacinm“lthblhﬂlepmm:ﬂf | ower

bl ocks 30 and, 38. . Guide edges 226 and 230 (of guide plates 78 and 102)
that ext eirestinnoas indicgted daguryed @r@ﬁa?é&dorc@ﬁtr@éﬁm%mbbwamndw 10N 286

0o 0, DU oG4S ol 25, 30 e AR LIPRGE AR 1T
and 274 ofuppéreblguki 174 @hd bb@%ﬁn&&mﬁdmaﬁ folR$w,alide alohg, and el uidédbethe 78
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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and 102 further guide shaping menber 18 as it is noved inghg.djgeard (or
backward) direction relative to base nenber 14, including mnimzing or
restricting lateral novenent of shaping nmenber 18 transverse or

perpendi cular to the forward or = backward directions indicated by curved
arrows 258 and 262. Guide plates 78 and 102 also serve to center the
shapi ng nenber 18 relative to the base nenber 14. As shown 1particul arly in

FIG 3B, t# fughéhat glemest 86 pxisnds kasizonigly apthesemg (Rosubsientiallyl the samedendi ng

has . norterdsel By Beutie,27E ol S8R LI VT b FRERTL *°
lateral | y pesdilppaithe shh®Nof eiibsbmhtialy HRC Sande)Overtitl §fishe a5 swhRwmsen FI G

7, shapi nglel enents 86 and 94 are laterally spaced apart the sanme (or

subst ant i aidrizontally exterds idi Ssalepcpaicarhyf howm in FGahdurved sugfagd 1305 282

h that e t t ends hotizontal v .in t bstantjally th
sane) | vert SamAgniAha Rt PBR ARl BERURel Gistoisniol Dl pataeril FERTA el Snrent
94 ext endsihe Bordspotiiag hiprizdhtdl Ar&aTEnd @bt GRRSE fifal @lbky lib$16n, S Rurnedr ti cal

e
pl ane as surface 282 horizontally extends in. As also particularly shown .
in FI G 7,sutface/28 dogs haldéc @ thelsams honromallvorviezdmtcads comved sufhcardd2s bt i s

| ati t udi nal |, i.e.,. vertically) spgced a t yelative o . the, .
 corres pondF’H‘éSt%ﬂslr ?’%Fﬁl& lowigt f}@ﬁﬁf’ﬁﬁg S\”&%ﬁe%ér \gé‘&ﬂ@‘iiﬁ”faé@gofg%wﬁl il e,
curved su asi«aaingéarfg&ezsmaltshhpﬁ QLenidhe 86 HELoN A HOAOHHA cufttH MEndthaf'g as
curved surface 282, but s, |ns§ead, vertical l'y lower than curved surface
282. Si mi |latithinalls spdced aphdmlative Ko Gie catrespimding hgrisentdlageve plnofthathapi ng

el enent 86.li.es on.a i zgntal curve pl.ane that i datitudinally spaced
Sparer ol bt e DB pf St e SIS Roete bt berigsbial GhvEanelE; g o

surface 218ainSheRbdg14 lis?V&ﬁEalRAlolvdief%aﬂrlhe iho{';izorftﬁl‘i‘cﬁl!?ﬁar bBAObRLbasinye Pl ane

of abrading surface 214 is vertically lower than the horizontal cUrve
pl ane of abrfaati 2. dwmflditien? d@rading saddidsi 214, amb2b8libage saméspording kddand 218

have correspondi ng and conpl enentary cyrvagur relative to curved
surf aces Z¥8PEMEN C%a%é?’&?%%\i?& eﬁﬁB&%ﬁ?ﬁ&?ﬁ@"é‘ﬁiﬁ& oo Efﬁfél%e

respectiv : : prApA ' [ ed
(forward, %B%Eﬁgﬁ%b;ﬁ%ot r%i‘f %erz%le%{viéve tg%@g&g@g@%@ﬁ%g%@grﬁﬁw when
shapi ng nd#tiemdvad i(forwande daclevad ior doth) rdatie toebdse rmdmbérni 4 hAs facreswlt, d

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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direction indicated by arrow 258, the backward direction ipgjcafpRd 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
sanme time abrading surface 218 is able to appropriately shape
correspondi ng curved surface 282 of shroud section 22. In addition, the

curvature of . abradi r face 218 i s n t hat
of surface® F7d° H‘g&’?%ﬁy?%dé 3&‘@8“?%8138‘8 acgfﬁ?uﬁfgf e of

fol | ower beafiéhe SHE ha&aR, A3ha ﬂgim%ﬁﬁaef 0f iURBRId foRMrd NEhckWhids (st both)and 106)
Is typically conplenmentary to the degree of curvature of guide bearing

surfaces 2htizpdo bege (Immbbb\l\é,rﬂlbehgrelagowmkssh&ﬁngn&nm;s 6 mand i ¢anon, t he
center point of t

Come Sl of %' BingRt of Abiafe ot rofuthe Bk R thest Dzf SpBR% o il betia ge'sisrtege
radi us of gLb¥@EdIdS s to GeHikRchS EnbPERirdd h Eo?%ﬂitﬂnétﬁﬁltdﬁﬁd%ges Mgile the

center point of the radius of curvature of gui de bearing surface 250 is
‘the sane (@d 283bdo patticalat,\the deereccofenrature o€ the kEpetBve) beaeing @08 abmdimiger poi nt
of the flnal desired, raﬁlc}jr of c rvature of  curve surfgce 28 f shroud

~ section 225UriAESS AP Lepip cteﬁasa &%%@F degreecotrpopiagt PERER dOLBEEkviar ds
(or both) AR r el enent s
86 and 94 bcegﬁﬁg%ﬁeﬂ)r;at‘;c\‘S/Ste93o4r3 ab r%gapﬁgtegrgfa frlgﬁt&tﬁgangggg?%@gggésﬁgl% and
282 of shrsoufdcese246 amd 230 (bf leveart beatihg blscksa30) tand B8} ibevemeh gratenadnddesi r ed
shape or config lon of surf es 27 nd 282. In part ul t he degree
of curvat e Ltiiehé ?@sﬁé&?ﬁ% n%’ %Eﬁﬁgél&?f%‘{?? ‘JF é%afrﬂ'%aﬁmgypl cally
sel ected Sgih f i ng
surfaces 2 and%gBagﬁ( %) ﬁ%%g%bﬁ&‘é’?.sr‘n‘gﬁg‘%%gzs g. and figiéé)og %‘%Fgg beari ng
surfaces MSomeuieMd(leés Indeed, themck ngchﬂtmkﬂn@éénabmdﬁ@suﬁémrmg apdeat er

t he degree urfaces 214 and 218

?2? sﬁ;;??r?gsaeﬂéh@?@ﬂ ﬂlﬁ%@%s be%%@%?%@%%egn@m%%ﬁ%z of
et woen atriiqht déckAEASPSE yfHe YOy RS 278 B IR hl Vo AR SRR, 1

section 23vays shapiigctabl Y0 timematigatia] reprodudibly aid espeatedigitcohtrelsdhs dest@ddegr ee

of shapi ng, of surfaces 278 and_282 has been achieved. In this
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 blecks 30
and 38 could be replaced by other cooperative .combinations for controlling the
movement of shaping member 18 (and especially shaping elements 86 end 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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way, shaping tool 10 automatically, reproducibly and repquﬁgk%%ﬁ@ntrols
the desired degree of shaping of surfaces 278 and 282 of shroud section
22.7 1t should al so be understood that surfaces 278 and 282 for different
wor kpi eces could also lie on the sanme (or substantially the sane) curve
pl ane. In such a case, the abrading surfaces 214 and 218 of shaping _
o lLie on.the . substantially the sane)

| ts 86 d | d al .
Curve s antdomPr 28 AR sShied Shafipd it 3 B, 3, 3508} Hurbtifg oy og.
abr adi ng suplodfEiblelddh AtI1S Kad nbnhiRr rlﬂ%ﬁ%ﬁ&%?(?'tﬁé ERPLRGRFHCLY of Bl Ndi Ng

wheel s, or ot her abrading devices. In another ernative enbodi ment of
tool 10, workpigpper fol | ower bearing bl ocks 74 and 106 and | ower guide
beari ng bl ocks 30 and 38 could be replaced by other cooperative,

mbi nat i f | 1i.ng th hapi nmber, 18 d
copoct al 1 Peru i skt €els 956 Ghs TP oL AL BT Pk RN R,
shapi ng t h@dewMedn e bAGHSeMhcdd B WRAIRY SifaceS VB2 18 Blconfe* Aol de: @

conponent or elenment having a curved slot (as the guide nenber) w thin
whi ch noveseas opt, ror (ifi sletrientsf & drolimr Y4drbedoare) brokione damaged. Hasdbigien, fheund t hat

the use of upper follower hearing blocks 74 and 106, |n conpination with

| ower gui d’@nﬁglgaficﬂﬁgg%fm%%% asf Mg é%gﬁn‘frg}a@mgtl’%p Ig%rﬂapgurat i on
for ensurigibhatorsdhaficd%o perkdit the stiaph g‘o‘f'wdrl‘r%iéées :h'évrﬁg NerratitSizdieRier 18
(and especially shaping el énents 86 and 94) ves I n repeating or

r epr oduci mumbesst bf cwived isudades roq@uengeshiysing, 146 vall dsapirmgl suracesihaeidgsur f aces
of the tkpi ece. Because t ool Is relatively . easy to, take apart and
reasse nb@}é%ﬁgp&%%& @rﬁé‘ﬁ‘f@“"ﬁﬁdl%%w SHrplang, P%%tl?%%%l And, the E'}(%IC ®Tas

abradi ng syshaeeiotlt ARG &9 Tmdtbrift RNt s 86
and/ or 94 becg%’e br oken of%%gﬁge%g’allnn afgegﬁtbisg , tdgf&n;?gfgtnll%{eﬁgr

confi gur atouravecdrved endades, suth bg dor axamiyde, thd uppeat coheye rgrved shefaces®fcan  be

altered or, changed,t ermt the shapi of .wor kpi eces having different

si zes and FFo'gﬁs"'l%aﬁgﬂP %ﬂ’gﬂﬁf@l@g@t P‘&tﬁﬁ[ﬁhﬂw&%ﬂ%% as well as curved
surfaces having different degrees of curvature, different curve plane
posi ti oni g +eachl tdperakibk Cthe KBFoud section 22 is secured to base member 14 by using

respective fore rail and aft rail slots 166 and 178 to slide shroud section onto the
respective rounded edges of supports 162 and 174 such that the base of shroud section
positioned against shoulder 184 and slightly ﬁbove 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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exanpl e, tool 10 can be appropriately nodified to shape anq ; gmyg materi al
from concave curved surfaces, such as, for exanple, the upper concave
curved surfaces of the fore rail slot 166 and/or the aft rail slot 178 of
shroud section 22. In typical operation, the shroud section 22 is secured
to base nenber 14 by using respective fore rail and aft rail slots 166 and

169 and 1P iR RS EF ARE BT Pubulf pedifRBREG 17 on g HOOKTP AR S Raglivelt O ' ©
shoul der  1i34coandt Sithg il oy, a4k ealdRCRRBbd 46idedl by@e hagRcH He JeéaﬁnglAs shown

particularly in FIG 7, because supports 162 and 174 extend outwardly at
di ff erent tvshaegst246fand 250 efikwerbeasing bBrks 30end 38) IEypiiafly cthe vorvamspelct i ve

hei ghts of ;fore rail and aft.rail, sl.ots 6 and . 178 af shrpud section 22),
hr oudsect Ghfes soRiex R LmiaAs iReEr oo it B sireieas ng
correct diheehvatrdof &d &sttabbRilng Rwer TARVBLWWRANERELPOH dFrQiBasriMeENber

14. Canp 186 is then pivoted about to secure latch 194 in groove 158 of
| at ch bl octovérspateiid, whils the garvatprd ofgthe abperk®8van dur26d surfgai29d toftitneerupper

surfaces of ,side rails 202 and 210. a result, shroud segction 22, and
especi al | YR FOEG Pl 72, Sccomlemeiry s e cariatite o8& cqTresgo %@N@W fixed
and st atiQnag caRel shiike 23 b \Gver i i

positioned wth cr espect teo base e?r lglgte?gﬁfhlg?d&%&?g%ecé%ge@e ié%lgﬁand 230
ext end i ntof aireature| of2h6, carrespondirgt vearee combimtidd Cofanufa2dst 286 aind 298niser

shapi ng nmenh se nmenber, 14. This allows fol|lower -12 13

er, 1 elative.to
June 2005 el qifferent é%e@atz%éif%aﬁaﬂmn%g U sombunationPisuEaes 294 and

106) to b -' | YY) ' be
i ded by ha P B Rlctobek 18 CALhElsik relpfe B¥gschibh RO LEBI Bhe 2,
beari ng blapplopri®® aaddof¥8yt. difeefioe at byicnthtien fourshapitg eunied sutfaces[HF8randonvex
curved surfsc? 286 of | og,er | eft cover plate 26 is conplenentary to the
cur vat ur e 28 of fEoedssctianétdi ng | oner concave curved surface 290 of upper
| eft cover plate 70, while the curvature of the upper convex curved
surface 2 f | : : ' | .

curvat ur egﬁ&tsﬁﬁeﬁ%%he{aﬂsﬂggggilgg%tﬁ F}lg&ildggleetrhé%gg%%t;{\%gm urvg qépétfl?ggip%% of
upper covemengheatld, theGuser gripadbantdio b3’ emavs ahafling netibes 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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of curvature of the correspondi ng curve conbination of sunkaggs @6 and 290
is - typically different fromthat of the corresponding curve conbination of
surfaces 294 and 298, shaping nmenber 18 can be positioned relative to base
menber 14 only in the appropriate and correct direction or orientation for
shapi ng curved surfaces 278 and 282 of shroud section 22. After shaping
menber 18 |s pqsitioned in the correct configuratjon relative to base
menber 14,he hegiorjag of shaping, hulghesomes eteateray morg s mereraasdsl is gemeyedt i ve to
base ne ' [ 1.00.:-ndj e
backwar d |(¥néc FAC?ES ﬁlﬁg |cg%¥%%5gg1§ a%r?a(rﬁ%d\% %ggﬁ] gggﬁéﬁl% ég%(m%%éng%%ﬁ% ?%’na&lgf

forward ang/sarfabsaciigodntl 28D \0€ shrtud deeti@c bég Qo tabkictke she 8ehird@ glege ff shapi ng
of surfaces 278 and 282 of shroud section 22. Typically, the shaping

rrerr:ger 18 Shépi?gavélalei &?@W@éﬂp@ﬁ;@&td@ﬁ@ed flegen oh shaping iﬁnuwllmi@ﬁ@ﬂ_tor(i e, a
dosi e adgpied B e % ffct Bl dfRe ST AT RN S ARG Cect on

22. 1'n rendpthdhts $RAnE94VRIdMhé FRpdctivbBetficss DF8 4RI 28I oFishioud ectionfRact i ons of a
ml) fromsurfaces 278 and 282, at least 1 and typically from1l to 5

reciprocatin% movenments is usual ly sufficient to achieve the desired degree
er

of shapi nhileryspecifi¢ |embodivecndsrodrthe onethed «fi e presamb davantiom hayefkeeas 278

and 282 t chieyve. . ' ee..of . [ .S | : f from
about 0. 1 e PREL SgligR APy 3RER iR R8P ea itdsofglBRaRS g
nmore typi gdréty dahobe a@et withdut! @paftid@Uro. Biedpirst 4dd QEORDELtheDplGet t O
about 0.013 mm). The degree of contact between follower bearing surfaces
234 and 23®epuen ypdedined indr appendad glaimys) and gui de bearing surfaces 246
and 250 (of |ower blocks 30 and 38) is typically lower at -13 13 June 2005
t he begi nning of shaping, but becones greater as nore and nore material is
renmoved from surfaces 278 and 282 by the abrading action of shaping

el enents 86 and 94, and as surfaces 278 and 282 of shroud section begin to
achieve the desired degree of shaping. The achi evenent of the desired
degree of shaping is usually signaled or indicated by the |lack of contact
bet ween abradi ng surfaces 214 and 218 of shaping
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elenments 86 and 94 and the respective surfaces 278 and 283;q{,shspud
section 22. Wiile specific enbodi nents of the nethod of t%e pr esent

i nventi on have been described, it will be apparent to those skilled in the
art that various nodifications thereto can be nade w thout departing from
the spirit and scope of the present invention as defined in the appended
claims. -14 ------------ 13 June 2005 CLAIMS: 1. A shaping tool for a

wor kpi eceThemving at least two laterally spaced curved surfaces, the

shapi ng fool conprising: (a) a base menber for securing the workpiece; (b)
a shapi ng nenber novable relative to the base nenber and havi ng one

shapi ng @l enert shapingtioh foun weakpiaed hadngfat titrst two kpseralip spacedhcwsebi ng

el enent being laterally spaced and positioned relative to the respective
curved Swifacgs.dhe shapmetpel coRmpisig: of that curved surface as the shaping
menber is noved relative to the base nenber; (c) a gui de nenber associ ated

with one of t base nmenbe d the hapi nenber; (d) a follower nenber
associ ated w ?ﬁ th8%8§$18Fm%?ra$ﬁ%ecﬁﬁ%ﬁ]ﬁrs‘ﬁ%gﬁe%end t he shapi ng nenber; (e)
. the guide nenber and the foll ower nenber cooperating to guide the shaping

- menber througipa Pathafse kambeh@ABl e PRIIRR o % BHIRY Rfinibel Ald N&idPond he base
menber such that each of the shaping el enents of the shaping nenber shape

the respecti vehapingy etbnsant ffac @sclnicuived slfakpicfcthe Rorkpleeet eadh sifapigai m 1
wherein the follower nenber conprises a |aterally spaced pair of first and
second | ower elemestibéing laterglly spaced end peddeicdirelativg tohthe espsetinsi ewgvednenber
and wherein the guide nenber conprises a |laterally spaced pair_ of first and
second upper é‘éﬁf%d"b%?’ﬁnﬂ‘agﬁlgf‘gz@ét 8‘%@6@58’6%?? # e PReMELEmBEfer | t he

firs t. UPPEr 1 oved relative 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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beari ng surface cooperating with the first |ower bearing §Fﬁ£ﬁg§bognd t he
second upper bearing surface cooperating with the second I ower bearing
surface. 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 claim 3 which
conprises a pair of laterally spaced shaping elenents. 5. The tool of
claim4, wherein the base nenber has a generally U shaped central channel

- having | &t eralThy tsphe€dlamast whikht taaprises e pamnel Wieraky nphded stphigng nmenber
has a pair of guide plates that are laterally spaced apart to fit within
and ext eel¢nientso the channel. 6. The tool of any one of clains 2 to 5,
wherein the | ower bearing surfaces have a concave curved shape and wherein

t he upper beargn urfaces have a, convex cur sha erejn the
ool ehdaimd o

ed n
upper bedring I eEelamy §oVhetginghe BaGMRRY Ha%iR 8R4y Yﬁ'sgg’a P¥ent ary to
t he degr f.curvat ur f..the | [ Eln I t e
dogr e of e A ERERL ekl A PR HlAGE e QebBRpBbTT o
wherei n hhe, abh Hleé}l'it?:@ﬁﬁ_t Be 19271 sphb&l SRR wihiR MRl ektdnlditol N 2
hori zontal curve plane that 1s latitudinally spaced fromthe curve plane
t hat t hetigldhagaddlg surface of the other shaping elenent lies in. 8. The tool
of claim?7, wherein the abrading surface of each shaping elenent has a
concave curved shape. 9. The tool of claim8, wherein the abrading surface
of ‘each $éhapi Mhe tlobntany onesof claimeRdd 5 waersinothe fovegsrbgsiingsuraces haye a2 10. The

tool of any one of the precedin | ai ns,, wherein the shapi ng nenber can be
posi ti onéericaR syved shaperand e ﬁﬁ%@?ermﬁw purfaces Ew %ﬁ?‘?‘%ﬁ‘e"“ﬁY entation
for shaping the curved surfaces.of the rkpi ece. h f or shapi ng
the cur vaumts, inBYely theWinef HREREE shiticel SeE s et 5 ArRLO el L o0l

conpri si RGmAleRRRGVRTRE HefBE of BGYAIuRTof 8 INPERLARE s Bitef 1> ERoN 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
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menber novable relative to the base nenber, the shaping ng - J)%i ng one
shapi ng el enent for each curved surface of the workpiece, each shaping

el enent being laterally spaced and positioned relative to the respective
curved surface to permt -16 13 June 2005 shaping of that curved surface
as the shaping nenber is noved relative to the base nenber, the nethod
conprising the steps of: (a) securing the workpiece to the base nenber; (b)
posi ti onkipitghef thanpiraed swifeerasrtk shidpne membas i MBvhErelgivettbahe baseh

shapi ng el enent of the shaping nenber can shape the respective curved
surface ofembes thegwethpd eempriging thesjepgedi ng t he shapi ng nmenber in a path such
that each of the shaping elenents of the shapi ng nenber shape the

respective curyed surf.aces of  the rkpiece .until the desired degree of
shapi ng of th@cur@eé’ﬂn% eav&‘ggplc‘f?ettoﬁgeg%ﬁﬂeﬁbee&e i s achieved. 12. The

met hod of claim11l, wherein the step of noving the shaping nmenber

compr i ses at _|y9ast pddGEADIRCAbIAG HBNKISativd o bIRenERbUOD By oA M 12,

wherein the stéep of noving the pl ng ne r conprises fromlto 5

r eci pr ocghdpitg di@ueiteitis sh&ﬁin%-ﬁli@nmbﬂ%hapé tied @bpeclive clkdedsurfade ofMier €i n t he
anount of material renoved romthe curved surfaces of the workpiece by

t he st epvwoftkpierej aigl t he shaping nenber is the range of from0.1 to 0.9 nils
(from0.0025 to 0.023 mm. 15. The nmethod of claim 14, wherein the anount

of material renpoved fromthe _curved surfaces of the rkpiece by the step
of noving t he{dhapMeyingeihp shanias menhes 0 apath sugh thap g .?P the BN | s (from

0.0025 to 0.013 mm . . Jhe nethod of a one qof clai 11 to wher ei n
Dho nor ki oect e ortRs stibind BBy Mok e HBedive ol ytfot ol e < 5y
13 June 2005 workpiece until the desired degree of shaping of the curved surfaces of the

workpiece is achieved.

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

comprises at least 1 reciprocating 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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17. The nethod of claim 16, wherein the workpiece is a gagsids engi ne
shroud section having a fore rail with a convex curved upper surtace and
an aft rail laterally spaced fromthe fore rail and having a convex curved
upper surface. 18. The nethod of any one of clainms 11 to 17, wherein

shapi ng nenber has a laterally spaced pair of first and second concave
curved bearing surfaces and wherein the base nenber has a laterally spaced
pair of fi7rst TheehesiemiostttladmnMeg whettiy ¢ waRpicogis sgHsitabat erglie shiowdt concave
beari ng surface cooperating with the first convex bearing surface and the
second ceentiandabiagra foge sl Witk e convgreruavédgpper strfadseand eontdratldateestly bear i ng
surface. 19. The nethod of claim 18, wherein the cqonvex bearing surfaces
have a dépacedtrem the forg siland having a CONVEREHTEFRMIRS jUTaSet he degree of
curvature of the concave bearing surfaces so as to control the degr ee of

shaping by thay.shapno. eLENERL Seandl )10 £3eMNER DG G 1ed dear ee of

shapi ng urve sur %n8es %o e mnrkple eved 20. A

shapi ng ia@é}b 0} 91{] aced] £ik '89 ﬁ?stlfaﬁ& Eec%d lah&kalchwed PR Bﬂfa'césoéﬁdadvhé&eﬁﬂ endi ng
convex curve a workpiece, the tool of conprising: (a) a | ower

base rrerrﬂ@”oab@meﬁ@er hds)a I&tdr&lll}esfpaﬁﬁ‘ﬁﬁf otfirecind @combednven guitvBe bemingpi ece;
and (2) a pair of laterally spaced apart |ower bearing bl ocks, each |ower
beari ng blrfaks, the ifmss @ncmdmﬁn@am&cewnp@dtil@mmr@e éim;tfcamaecx b@'rm)ngan upper
shapi ng nenber novable relative to the_ base nenber ving: (1) a pair of
shapi ng swéemnd thesesend iconaaye desrng i face &B@Mﬁmgamfg the Fréog%ﬁ%mtﬁxst ance
that the,curved surfaces of the workpiece are spaced apart, each shaping
el enent h 'éts fwer concave curved abrading surface, and -18 13 June
2005 (2) a pal r of upper bearing blocks laterally spaced apart

substant § @l | yh 6B rUaAhMARE Ghdkid M€ chNE bRRAE bilfadid REKS: dRE bruPPer
| 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
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bearing bl ock having a | ower concave curved bearing surfaqggu£§émﬁmerein
one of the upper bearing surfaces cooperates with one of the ower bearing
surfaces and wherein the other of the upper bearing surfaces cooperates
with the other of the | ower bearing surfaces so that the shaping nenber is
gui ded through a path as the shaping nenber is noved relative to the base
menber such that each of the shaping el enents of the shaping nenber shape

~the respective curypd surfragesfofuppéte bwariipi 8hkks 2lterdine épaokd Ofipad ai m 20,
wherein the abrading surface of one of the shaping elements lies in a
hori zontal curve plsastantinty tHessamgtdistantiersa|the/ losysa beatineridosksheacbupper  pl ane
that the abrading surfa f. the ot her shaping elenent lies in. 22. The
Lol of i ai m 20° oDeHiE Pk e b POA Iy Gt CRRBRG FUEeh shapi ng

el enent has_adhered t hereto an abrasiye material. 23. The tool of claim 20,
21 or 22 whi choyf ur GhRFei £ 8APbF ﬁﬁsulﬁ)epﬁbe{rilfgf SRRBROESPeraRBCMiIEdnt Bf ke base

menber and wher'ein the workpiece has a pair of laterally spaced fore and
aft slots, eaddwaupptng shaideagndnwietgia thhaithdérsofSthie deipky beazing stefictsy one of
the slots of the workpiece for securing the workpiece to the center bl ock.
24. The tool &PoRsRteonahdhe athar af the lpwen beariggesusiapes; e thohdle shap® has a

general ly U shaped cent.ral .channel haying, aterall|y space . ertical
si des defi ned ™ BT et %vetrhr%u r %agtﬂtﬁl 6}(‘; Ssh,apglrgcfn%e?rell rr]nc{v%gel%s 611%? %rég menber

has a pair of ggubfe mRhdkLSuclCath QbhdT MkahapiavélBledts! FVBle SHabd edge,
the | ower guide edges being laterally spaced apart so as to extend into

t he channel antkniber shgeweerspdetve enrved airfasedefthe wodipeesk. so as to center the
shapi ng nenber relative to the base nenber. 25. The tool of claim 24,

wh i hapi fart i left d i gh .outsid

cover ol aber dderonact FBT Tomdierabibe e, STEE AT b AT SR | he

base nen?ﬁ[neh’férﬁ&eiﬁ £ R&?ﬁdn?a?%uﬂrel Ta e giJ la@mdi a@é&tﬁ ﬁjxeth(é e pl ate,
sur an elp |

each having an upper convex curv ace, eln the radius of

curvat ur gla@é that i absadint@rRGOSF tht Behet Sldpaipecl @biént ¢ids sur f aces of the left and
ri ght upper outside plates relative to the

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-




radius curvature of the convex curved surfaces of the I|eft ;agf s4ght | ower
outside plates is such that the shapi ng nenber can be positioned relative
to the base nenber only in the appropriate orientation for shaping the
curved surfaces of the workpiece. 26. The tool of any one of clainms 20 to
25, wherein the abrading surfaces and the bearing surfaces each have a
plurality of a laterally spaced grooves that extend transversely and
across t hiee carpectirved sivéyrien of dieclfindmsl Bgld vphber swesipe plataserchiae itghe bl ocks.
-20 SHAPI NG TOOL AND NMETHOD FOR SHAPIhg%CURgED SgSF CES ON WORKP] ECES
ABSTRACT radigs coipturq f theosonyieasunirdetnriaces ofifhiealessanconght logrey ot

wor kpi ec e apil i : r : f , he
Forvar d_ Shdegkeb HRE ) FEbiBE matfRFeal Ve KEtu o BT ko et melbs! T
shapi ng tabl in{tiddppreyeiatdetensativager shapingthd ddyed smrfasescufthergorkipieeewor kpi ece
(22) and a shapi ng nenber (18) novable relative to the base nenber (14)

and having one_shaping el enent, (86, 94) for each curyed suyrface (278, 282)
of the »%grkpiTé]e@@z%l)aPWH%ogﬁlamaOf%éﬁ, Whas§in AR BOrAGRE sHaces @B dheat i ng

fol | oner ' S [ hap) menber
(18) "t nr Seie, s 2eh HLES BRAHES orl £ el So By e Fug "8G u00

rel ati ve tlafsvehelbase adfoshte fedgectise Ghapiad @lenfAhaddl tHeh@sSdraipe dRardigement s
(86, 94) of the shaping nmenber (18) shape the respective curved surfaces
(278, 28bJocks. t he workpi ece (22). The tool (10) can be wused in a method
for shaping the curved surfaces (278, 282) of the workpiece (22) where the
shapi ng nenber (18) is noved in a path 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) and repeating this step until
the desired degree of shaping of the curved surfaces (278, 282) of the
wor kpi ece (22) is achieved. Fig. 1
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