;e3e*F*D'6TFch  SHAPI NG TOOL AND METHOD FOR SHAPI NG CURVED SURFACES ON
WORKPI'ECES BACKGROUND OF THE | NVENTI ON The present invent i wm
geyerally to a tool for shaping curved surfaces on vvorkpimmumm mmm
particular the upper curved surfaces of the fore and aft rails,Qf, a gas
turbi ne engi ne shroud section. The present invention further relates to a
nmet hod for shaping these curved surfaces with this shaping tool. The
turdines andsaaPNGSROOE ANDMETHYIPFOR AIAPIRS CUIEVEBSUREACRS!IGIes each
include one or nore circuntferentially extending rows or stages of rotating
rotor blades which are axially spaWORKME@ESn rows or stages of fixed
stator vanes. Each rotor blade has a bl ade root nmounted to the rotor disk,
and an airfai i i rdly fromthe root which term nates
at a bl adeE&#gﬁﬁﬁmg’%ﬁ@gﬂﬁwﬁﬁﬁﬁg. ne designs, a nunber of abutting,
circunferentially extendi ng shroud segnents or sections are carried by the
turbi ne or | i S

cylindri ca}rgés)[?gépsg gﬁ’re acer‘gﬁtgﬁge%@%Q§ﬁa:?t%c%lg%¥ %)%1 Ql?ﬁ% cpgk?gr Slgfag?jsegn

t angent i al ivprkpiexss, dnddh pafticutaeske sppeo cdrnedcurfaces dfrthé fitte andnftoatleof hace,

and an inner, arcuate-shaped face along which the plade tips pass pposite
end porti ofs WHIRHSRHRR Qm sectiPAc e REFSCBtEVERHan [HEeL:ts t%pta&@af@ﬁde

mount i ng r gj.l i QUL j s on the casing of the

t ur bi ne angilrgiriaco ﬁllraséssor sd.ﬁﬁfa&esg‘ﬁgg{e}ﬁs[éﬁapﬁqgﬁbodi ment of one such shroud
assenbly 10 is disclosed in comonly assigned U. S. Patent 5, 165, 847

(Proct or eThaturbines sndecbrioressotseof gad turbiRZngies stchvas jehergings eacloinchide
Procter et al patent, shroud.assenhly 10 inc]udes.a shroud |n.the form of
o annul ar o PEOB Ol e RPN I98 SBEN 1O SORE PRIFTBIE 1] on
by an annubar, Biika%aQl REGHALBWE IR IBEeSSCtited RardvadpPRELER Dbl LN I Ne
out er case&%Ga.x ng:%aés%hrou‘g sec?vlgonggagei S provi (}ed wth an arcuate or curved
base 44 hawiblglearobtidioahied touhevastdt Wiskx busd din ragrfdibertending rddialiyh dutwardigi al | y

outwardly extending aft rail 48 that are connected by a pair of |aterally
spaced si dHOMAiE SoBVhigh fminalescatiaghiadeotie Immany gas Wirbipe Gngiag dgiigns: &
forwardly dj ang G r I

ext endi ny Fonotnoh Ao MIELO RIS ERE e Seinclt FYLANE e |
rear war dl ycariednishi rthe ftochines horooempmesdor ocasaf to faimh a8 esseatihliyp contihdousanger

fl ange 58 that, extends, from hanger sectigon aft rail 30. Flanges 58 and 60
are held iﬁ;]t’}ﬁ‘%aloi%épqdaﬁg&ﬁ aﬁ@gawl?lslh ﬂtfytla%of;\%ﬁdm bfadgﬁmel%faimaﬁ%ng ring
62. The Upgﬁ{)h f RORShRAI RS %gcg@dek aﬁ@ t%P?acH,%ﬁranfihﬁé?%c@aQe-Qﬁapéﬁ fackai | 48
t hat exten etween side rails 6ach have & convex arcuate of curved
shape. Shr alodg seltith s biade htipsspdsbosppasitovendi portities Rhivht sbut evitlaladjpatrent are

often made from hard to, machi ne,(fickel,all ys and axe typically turned or

ground to HEAEY agctiophand PPPesed sidegpaynting @t MOURfciR SERHONRRY hageerSand af t
rails. BecgligR &Eﬁﬁﬁgf rt%%es:ﬁﬁ?dr%ﬁlp gEXposed to el evated tenperatures
in an oxidizing atnosphere, they are often provided with environnental
protection in the formof netallic coatings. Methods for applying such
nmetal | i ¢ cdatréprggeniativt Lebodiperti 6f oge asuehpshrowd assembdy Ioie dchised tinve

e e ERSRSU pall sSR! e T S bRl e g €
protective AgQRbWR% F%’.Cﬁofﬁleqi?oééﬂ%f'dl‘rﬁt%nﬁ QRYobf dssehibly YPirfcRldey ]g'?;ﬁfouﬂequ' red
for the curved surfaces of the upper anges of the fore and aft rails of

t he shr oudirmséet form ofHameanenlar iatray ofuscsEtd yhood secionsn2Z athich fmwabelBlie t o

selectively nmask these surfaces _to prevent them from bei ng coated during
the coat | nBOPHOL K En a8BBlar SEAY Pf pifhis hageer RPN 2 §’t‘pﬁ‘ﬁtegth¥ht%5c?é‘ﬂ"ﬁg

met hods,  { BeiefOALIB0 Hdth GKREASCARM B Bublille il Bl arbibfie YOG pUPHRRIYI ONS Of
As a I't, the

t he shroud secti on. result coated shroud section can be becone
over si zed. 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

UMM

*G00002*

-



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 dinensional
skape of these rails. Besides variations in coating thickness, the

di mensi onal shape of the upper flanges of the fore and aft rails can becone
distorted as a result of the heat used in the coating process. Wile these
variations in dinensional shape of the fore and aft rails are usually

rel ativel Yo J¥i, Ak ot ' BAR tegt he
shroud SEBC{.?I ons }ggﬁ%@{%gﬁﬁl&e?ﬁ 8‘3@? %&ggcat?t %? ﬁdégr 5§err]{?ﬁt§o t @gélg%%%%psrglt ate
hanger sechdtosxtendRdedm iangerodectidreatt 1ile30si Feahgan 88 ainddé® tagy held imhthisud
sections typically requires the renpval of relatively mnute anmounts of
materi al (E¥eRappingyslation by 3 anner Crshapedyeaipingring pbt ihe BPpep Henge 34 ofm t he
curved suigaces 48lanNolPRfle! dANORP 0l af fifs LR BOLBH bideBhlis s The, amount
of material require 5 be  FEnove romthese curved surraces tTo achieve
the desi r édve eshek agcuate driepivedishapeon the order of a fraction of a

t housandth of an inch, i.e., a fraction of a mlli-inch. Conventional
machi ni ng processes typjcally canno{ renmove such smal|l anpunts _of material

ef f ect i velSProud SeREPITSULR @ thosp shewa dpther Ryosteheh @l natrah ateneltan mads fem of
i al ¢ | i t t i j t | d
e Gesi 1 abiR 7 Bikchitie HHORTHING: A0S b€ SRy RS o Broull G0 Bl el 1 VO

tool and retibaldodating sexsivep)suich hdthe fpeemdaify railsl Bedduss thescodhrblibseeoms and aft
rails of a gas turbine engine shroud section that has becone oversi zed,
di st ort ed 3% cspesed \ip sde tempsTateres 4p ang Oxidizing airposphers, Beydersi ofign e t o

P A Bl BRSSEENSL B0 LR O Pl g o

gas turbi ngplhg sueh sdutallicl cotitigh divdudecdeposi€ifig badpei06¥ dr@lsrahbeprotBtiver
DESCRI PTI ON OF THE | NVENTI ON The present .inventjon relates to a shaping

tool for ansiRleRphigk Eempeyatiigs.dor examnle elygminum oF allexs of ghurigumytomravidar f aces.
The shapi %é&%@lcm{dﬁﬁﬁlﬁ cg&}qga qq\gég?rgﬁ@g%rﬁggpr securing the workpiece;

(b) a shaping er novabl'e re ase nenber and havi ng one
shapi ng el enent for each curved surface of the workpiece, each shaping

el enent be peptéaive rcahting, Spetc aglam atinginkletdoating] is eypidallvendt aequlirdrfos giect i ve
curved surface to permt shapipng of that curved surface as the shaping
menber i s SHEXPdFurfagestqfvibe pgpernidangss ef thenfors ang alt raily of the shepmsbpecieBoci at ed

wi th one : : ; menber
associ at od e (s CaTRari FeffertipAZieagkEa TERHRa bk Bend ML
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 various

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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-3 (e) the guide nenber and the foll ower nenber cooperating to guide the
shapi'ng nenber through a path as the shaping nenber is noved relative to
the base nenber such that each of the shaping el enments of the shaping
menber shape the respective curved surfaces of the workpiece. The present
invention also relates to a nethod for shaping the curved surfaces of the
wor kpi ece with this shaping tool. This nethod conprises the steps of: (a)
secur i ng L3I WPbAR) &k e hRRARAAECARIAR updeP HaRRSIdriRIT0 ahd g SHRP1 N
menber relative to" the base nmenber so that each Shaping el ement of the
shapi ng nEhbanours of apadriad rafuireth apbe cenidved femp thesé mevelisurfadestordchizee of t he
wor kpi ece;, (c), novi ng, the shapi ng nber i n_a path such that each of the
shapi ng ethéesired reshaping 1§9§’b‘faﬁ§ "l’?égg@ide%ﬂ Eagtipn (;}é‘s‘g@‘&afl@ ofgpyach. sur f aces
of the woyKkpi " ( reneatd Ut i gﬁ%ee of
shapi ng ogé("t hee{fagg?@& asg%l}lalggg tcﬁolﬁtg ﬁrg&o\%glr p%lg(}:lgltgi }J%rog%ﬁ?sg@gggﬁgﬁe shapi ng
tool of tkeqgveeuehismallvandunis ofinthterial réfdctfely s Grindignreworlo pretessea taunber of
benefits in shapi.ng workpi eces that having a plurality of (i.e., at |east
two) | at efesqvg sughngarll amewEsokmatekalsan ainsﬁ%@ﬁa@sn@ ang dgdieys to 5et U esent

invention is relatively sinple, inexpensive and easy to use in effectively

r enovi ng | I f ]Jgg{g rq : j f
mlli-i ncﬁg&?gfgésléﬁtr ?/vggﬂdsgﬁ acegl%o Dor gidegééaggx%{}?s%nﬁl]&gg&l@ gﬁvggn ghape
curved suedsptesseabolmmdknetkod for restiapihg tha wppeacureed suafacemdfahe frs andaftcan be

used to shape curved surfaces that lie in either the same _or, substantially
the sanme @Us\wE apgasfurbing enging shyoud seciion thel hasesomp gversized; disigrted erent |

| ati tudi Nhltyibd xGquired SRR Vit RBAICHSE eV GeoRbBIRES: prblfteSH3RafAger} 00! and
nmet hod of e present inve on can al so allow controlled renoval of
rel ativel simpiaylihexpensivé andkeasyafoctiseatool admidieodcfor whapiag rok aeshapiag thbe
wor kpi ece such that the desired degree of shaping of the curved surfaces of
t he wor kpfwred purfaggs ahather sorkpieqes hesidesceas| tyrbipricneinreshraed gechions tyad. -4
BRI EF DES THE DRAWNGS FIG 1 is an exploded view of an
enbodi mn@gﬁgtk%i%%ﬁhg tool of the present invention that shows the
wor kpi ece to be shaped.

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:
(a) a base 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 positioned 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;



FIG 2 an isonetric front view of the shaping tool of FIG1. FIGS. 3A and
3B, together, are a view of the shaping tool of FIG 2 in an open
configuration showi ng the upper shaping nenber and the | ower base nenber.
FIG 4 is a front elevational view of the shaping tool of FIG 2. FIG 5 is
a sectional viewalong Iine 5-5 of FIG 4. FIG 6 is a sectional view al ong
line 6-6 of FIG 4. FIG 7 is a sectional viewalong line 7-7 of FIG 6.

DETAI LED EQSSCR{IBTQM QEmFHEaﬂd\{}{EPﬂh&J}érﬁﬁm%&dcoBgéﬁﬁﬁg 1d Bfdé MeRhapink” 1S
used in the conventional sense of referring to 0.001 in- (0.0254 . As
used herein, thentber thréughng pathiasghe skapigg mamben s movgbretativs to dheebasat s,

capabilities and/ gr steps can be conjoint enpl pyed. in the present

i nvention. ACCH}CH}%ﬁbFV,% "ﬁﬂeﬂafn]é pﬁ]the gg‘%’fﬂ?@ﬂgé‘ﬁﬁa@% mceﬂﬂ’eﬁﬁliaé’e
restrictive tefifes ol Girtdd% el h¥rkefeke, @and "consisting of . "
Referring to tLe 8Srp§W| ngs, Fl &ﬂ%:%%shows arrllcgeen%odi ment of the shaping tool
of the present invention indicated generally as 10. Tool 10 conprises a

| ower basé&herpresent invahtiontabso rglatesrialal methed for shaping theippeed sirfgeengf tenber

i ndi cat ed nerall,y as 18 that is, novaple relative to base nenber 14. As
al so shO\AAW%F%?PI?—QF(‘;‘J‘&*.L",%‘%#SEP&éo"tloghlsmetﬁgf‘ﬁfg’éﬂlsl%ﬂ?f%ﬁ?é° ' wor kpi ece havi ng
at least two laterally spaced curved surfaces, such a shroud section of a

gas turbipg engicifing i vakpidcORNRE Badendifbes2. While the fol I ow ng
description of tool 10 of the present invention and the nethod of using

tool 10 will be with reference to shroud sections 22, it should be
under st ootb)t hapositiening ¢he shapitg membee nelative ite thes dhsel meinblar so ihateeaghri ety of

wor kpi eces have a.pluralit f (i.e., at |east lLatera] |y spaced curved
sur f aces that St de ety 8e shavifie ielhen s SanehlecaratBbdh the HspRIGECH 1 he
present invent p@Red SurfiR€biitheiworkpiegd;ng (or reshapi ng) workpi eces made of
nmetal (e.g., such as shroud section 22), wood, plastic or any other

material or conbination of nmaterials that can be abraded to renove the

excess or (Qndesioving theshaning membsnin ahathesuetn that dacheefi the sharinghelsmants| ural ity
of convex curved, surfaces that .are shaped.by tool 1 it.shoul d be
Cnderst od t hat! HBSPAREE TEmBRt SBieE SR eartive nrrt atisst Of B ke ¢ o
shape wor kpi ecggd having a plurality of concave curved surfaces, or a

conbi nati on of convex and concave curved surfaces.

(d)  repeating step (c) until the desired degree of shaping of the curved surfaces of

the workpiece is achieved.

The shaping tool of the present invention and method of using 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 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.



As shown in FIGS. 1, 2, 3B, and 4, base nenber 14 is conprised of a
plurality of conmponents or elenents, including, in the adjacent order
indicated, a |lower left outside cover plate 26, a |lower |eft guide bearing
bl ock 30, a lower center block 34, a |ower right guide bearing block 3 8,
and a |lower outside right cover plate 42. These elenents are secured
together in an assenbled relationship to form base nenber 14 by a plurality
of suit abRRIFRBIRIPTIGNOF THRBRAMNGS of bolts 46 as shown in FIG 1,
that are inserted through respective aligned bores or holes 50 in each of
the el enments, as shown by arrows 54. A plurality of suitable el ongated

al i gnment Fkenbaés en explpded avigpmiof anf erabodiymeemof fienshapgawok bbvie preséitG. 1,
are inserted thr utgh reiﬁective align d bpres or holes 62 in each of the

el errents,mignté%&ﬂ o ws thewarkgisee f0q,haR¢di n the el ements in proper
alignment relative to each other when secured together by bolts 46. As
shown i n Fi(E anlisoetridAront Vdwhof tRO b BEIRFIGYS IS al so conprised of a
plurality of conmponents or elenents, including, in the adjacent order

i ndi cated, an upper |eft outside cover plate 70, an upper left follower
beari ng bFK#k 34 and3Byppeathérepre guiiere of|the shatdng ool wfpllG. 1 22fin aspepeer pl at e
82, an upper. |l eft shaping, el enent 86, an,u r, center block 90, an upper

ri ght sha ?ngﬁuéqtlgﬁﬁﬁ?g@ggh%ﬁpﬁfﬁﬁ qping laﬁ?’bgrpp%géve ’;eﬂwe?f gasggperaherupper ri ght
gui de plate 102, an upper right follower bearing block 106 and an upper

ri ght out BiGlet i§ @\ffint Bledtfonall Piew UT@SEsHapRERGSI Df FIG, Bl SO secured together in
an assenbled relationship to form shaping nenber 18 by a plurality of
suitable fasteners, e.g., three pairs of 114 bolts as shown in FIG 1, that
are inser P&y ilﬁﬁéwwnﬁgﬁﬁwcﬁhﬂ%m&li@ﬁ@BKbdr es or holes 118 in each of the
el ements as shown by arrows 122. A -6 plurality of suitable el ongated

al i gnnment o i I of ! nt pins 126 as shown in FIG 1,
are inserfietgrgﬁ%rla%ﬁcgtﬁmrglevslﬁ‘g(??olq{\gelmglél'gh{é jof es or holes 130 in each of the
el enents, as shown by arrows 134, to maintain the elenments in proper

al i gnnment FiCel7ait asectionakview atdrigdineWh2of BEL. 6. ed t oget her by bolts |114. A
gripping nenber in the formof handle 138 for manual ly graspi ng shapi ng
menber 18_i i to the upper surface of center
bl ock 90 Bﬁéﬂiﬁﬁﬁﬁﬁ&&%ﬂh@@‘;ﬁﬁﬁi@ﬂ&ﬂg r of bolts 142. This handle 13
8 allows the user of tool 10 to manually nove shaping nenber 18 relative to
base nmenmbrg uddi hdrineHRternt AmAR iRhdeR iR d MRVERA] SERGL pﬁef&ﬂﬁ%é%g.oo@

mechani sm coul d be provided for mechanically noving sﬂapl ng er 18

rel ative no(Be2d menber 14. As shown in FIG 1, lower center block 34 has a
general |y square shaped recess indicated as 146 for receiving the base of
shroud segti on 2%. As ho¥vn in FIGs. 1, 5 and 6, |ower center block 34 al so
has a conft gtic8dngetk oE o™ Bc c SUNAIETING o MMGBE Y ATTOHY FOURRANCESo SCMBYS: havi ng
an el onga¢abiliBes shdOr SEHOEN RS corjoRMYY ernplved &l RS bredBik RiveRGos UpPpOr t
162 is provided with one typically rounded edge that fits within and is

sli dably Ae¢wdingly, bihesiteym 1Bempfising? ¢nwompasses the simroutestitive oter@? t o
support apd secure tl%e end of.,shroud section 22. As shown in FIG

A fore rajl
1, the ot HEPSIERCSSET ?Hﬁﬁgr?“d?bcﬂn?l M&%ss fit into a curved slot 170 formed

in bearing block 30. A convex curved right workpiece support 174 is al so
provi ded Réfefrirpn® theRir§wingy, FIGUNdg@dwid@eehbalimbht 8f MetdhbpingdN6oli F ki dably
received by slot 178 of the aft rail of shroud 22 to support and secure the
aft rail piegendinventienindicatedgenerally and0.s foahlG poraprises 3 loweebasd geendfer suppor t

174 is press. fi,t into a rved slot 182 forned in.bearin | oc . The
shr oud gel }cgl?dzgzn?rgﬁ)( ?Spﬂgﬁ?f?n g@?ﬁﬁﬁé@@%“ﬁg@gr Elﬁmg&%ﬁep%aﬁ& ag Eéﬁf re and
aft rail sis(iibvabs Rlaivé 86 badkdmbmBir LNt As LRSRAGWH FwPQ%Bﬁ?_é@é’olqu 174 and
against a stop in the formof shoul der 184 of recess 146. Typically,

support s ussd teslppe pawerkpisce havingsideast two laterdlly spaced owred sirifaghs,Isyclabove t he
mai n surfgce of recess 146.,.As shown in EIGS. 1, 3 and. 6,. toal 10 is
al so pr ovﬁ’(ﬁ%‘ﬁ{)@ﬁc{lﬂn gfﬁgﬁ%glﬁlgﬁ? CReing H’éhc%erdrﬁel}?raéy QEE%T %I}I"{)l’ the Spllgydngci anp

i ndi cat edddgrigdh §faboll Wy $BE prBtRASRIRL NN RS el MEhSIEOUThSRG! 1OWiIRBei N a
relatively fixed and stationary position. Clanp 186 generally conprises a
shorter awithlgfrened to Slmogdrseations183, itChlambd t86undeaustoad Ithatpiheopesalbout 7
an axis defined by one of the alignnment pins 58 that is inserted into a
bore or hole 190 forned in arm 187. Arm 188 of clanp 186 includes a curved
flexible tongue or latch 194 at one end thereof that fits into and is

rel easably secured by groove 158 of |atch block 154 when clanp 186 is

pi vot ed about to secure shroud section 22. Arm 188 of clanp 186 al so has a
resilient or flexible first spring tab indicated as 198 that contacts, and
urges or biases against, the upper surface of one side rail indicated as

NN PN Y I o ~ o - e - o -



Li ke grooves 222, grooves 242 allow for the evacuation and renoval of

mat eri al abraded by the action of shaping elenents 86 and 94. As shown in
FIG 3B, the laterally spaced apart pair of bearing blocks 30 and 38 have
respective upper convex curved gui de bearing surfaces 246 and 250. These
gui de bearing surfaces 246 and 250 are also provided with a plurality of

| ateral |y spaced recesses or grooves indicated as 254 (typically along the
entire suffyamon WkeRl wih a&bmaflay%f%rﬁﬁbcéshawe e&ﬂ@aﬂg dfaneyer Redty and
across bearing blocks 30 and 38. Like grooves 222 and 2, grooves 254

al | ow f or twd)datexadly spaded curved snémalhatméqumtseaplag (abteatdaedlgbyln additet,i on of

shaping e and. 94. G earin urfaces
334" and 2980 10 e i eeBin gviefitn B SRt iF shoiie s epp8b boliecs Pyt e sane)
di stance @Pme@dl‘%%ocﬁ%ﬁ aak%h}‘téddhsecﬁ@ﬁ @Qytw&‘d %lbéif% &eaty Bthes W&t or246 and
250. As shaping nember 18 i's noved relative to base menber 14 in either the

forward deombinatom ef matetiatatled day twuabrededata com@te Sie excesther ruedmusé or

backward direc as. I ndi cat ed rved, arrow,.262, foll qwer. be
St f aces Pelerah (R BaGvEHS THEHbIEHON 2 ot PRBHIE RE Comiex sarved 6P it ant act

wi th, fol i e e Ui e C earing
surfaces éﬁG a Jlggbﬁg)nghe@qg?gﬁ% Ioweg;t rE?tggﬁggdhggﬁa gg gdges 226
and 230 (obdificatien, pﬂaatbemsé’thcas&mhpéG;ﬁ)rkplbads lmxztr@mjplurﬂlny tolﬁeogmnercatvlegt

U shaped central slot, or chapnel 266 defi ned r bl ocks 30, 34 and 38
are | at er $Hrfaces 95 2 spmbimation gf convern agd t%@vqrw%’a%ﬁe% the respective

| ateral |y spaced apart vertical sides 270 and 274 of the pair of blocks 30
and 38. Aas%hseﬁ%tmgw d? 3, 3hgs wseﬂfén;w? 14 4§ LORDrighdl Stea ?Rﬁ‘&lh{}%fm?”ber
18 as it is noved in the forvard (or backward) direction refative to base
menber l4comparienti oy eleinentsi znoigdlng, ine gter ad;acermg drégreindicatedy amwter déftshapi ng

R
. L PSS YR LA K By, QISRETI 2, it

particularly i re rail shrou as a
hor i zont atletnentstaee sécnepdctopether mwmmiemblpé relatioshipeto2fddm balse hentbee 14f t rail

of shroud section 22 has a horizontally exte |ng onyex Gu du
surface 2bvzaphﬁtlltr§%ﬂata§teatart9ne§;§cged 450 oF B ovnin EIG b | ngced,
as shown L ;hld ﬁggﬁ%fﬁtﬁ?‘?ﬁsg&tﬁé%ﬁﬁ&fbﬁﬁs BPHordd 58 ﬁehtfar{an‘ ﬁllel emBREed apart

the sanme (or su stance as surftaces 2 8 and g_ 282
such t hat s}&imnb;mrrcﬁﬁs ﬂ(tmpdi&allrtgruf Eaietbid d:lyngatted dgneenemembersydgt apairal |y t he
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FIG 7, curve surface 278 [1es on a hori onta carve plane 'S

| ati t udi nad prgpdrialignmemerclaticatd earh sthec etiem pautedriegeahérby tolts #e corr espondi ng
hori zontal curve plane that curved surface 282 l'ies on, i. e., curved

surface 278 does | ] t he sane horizon urv e_.as. cutved
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86 lies on a horizontal curve g hat 1S |atitudinall ed apart
rel ati ve oasidheogarpletspidndn n@photeftzbﬂbwbr bearing hdbcakné4 tehatppxb leftlignigesur f ace

218 of sh element .94 lies . the %% zqont cur | ane of
b ag e Bia B Ginoapar 15T, pacE R, S ATPPRR AFE ChaTG leRGL K BLRBRET ol ane of
abr adi NG gl A0S0 an LBpatl kkpin@ BEARAYS, SHAEBES ot YncRPlye LAk hve

correspondi ng and conpl enentary rvatures rela o curved surfaces 278

and 282 sopms right puide iptige aﬁhrampmpmt eighthmbiongr béaringeblods p@fc bad/an oppered
surfaces 278 and, 282 as a nber 18 i s noved (forward, backward or

bot h) r el Heht,Quisidecover gse glementsy are alse seswai RECthenBeAn1g i s
d | b
Ty o bog MskifBlelideRASRATES **ﬁ e%t %‘%&t%@?@gtﬁf [ Spfkfebl Qabdabaies by

di recti ons}y,, tlxbe pdirngf 514 baleseasZhéwinsindtiGe 1} thatpieriagtricd tthdoygls kaspective
corresponding curved surface 278 of shroyd section 22, while t he sane
time abr adtigngd shﬂrrSaeteﬁQIfa 1§ inraghtaf thp FlTpINinee SPOYR Hyeazews zéaonfai ng
curved surface 282 of shroud section 22. In addition, the curvature of
abradi ng surfaces 214 and 218 is typicdally 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 bl ocks 74 and 106) is
typically conplenentary to the degree of curvature of guide bearing
surfaces 246 and 250 (of |ower bearing blocks 30 and 38). In addition, the
center p0|nt of the radlus of curvature of QU|de bearlng surface 246 |s the
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menber 18 (and especially shaping elenents 86 and 94) noves in repeating or
reproduci ble path relative to base nenber 14 in shaping the curved surfaces
of the workpiece. Because tool 10 is relatively easy to take apart and
reassenbl e, shaping elenents 86 and/or 94 can be readily replaced as
abradi ng surfaces 214 and 218 becone worn or wear out, or if elenments 86
and/ or 94 becone broken or danmaged. In addition, the particular

conf i gur ati,Rh; i 1Becan be
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slots 166 AN section 22 is positioned
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surfaces 278 and 282 of shroud section 22. After shaping nenber 18 is

posi t i onedlotl 6GrndddR8) ertp respaetivgsuBRqrtsnl 62aandtli7¢ and agaiasi @ stapripdhe foam t he

user grip S | [ j nber 14
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i ndi cat ed slﬁbua@mwnae%ligmdy ahove Be raQiABUTadd dMtedeks f45.war d 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 pr ocatiSriorashitdfs. hot onansy 6. eletbistalyo provided willhd comporsat 81 theor war d

and back i N . i | r shapi ng
the upper Tt Pha SRS LERMGRERD hAcRES oF fBo S0P 9BAR) HAE Rty ST hel y
smal |  anouhioad Géctivat 2 indd relatively, fikddoaid amsomafy posifidn. €leip $86 faredly278 and
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usual |y s@Pmpesesri shogenamt Beandyelongey aradl &e orlampok8ogpisalhgpivats gbedt | y, t he
amount of material removed from surfaces 278 and 282 to achieve the desired
degree of shaping is in the range of ffom about 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 (fromabout 0.0025 to about 0.013 nm). The degree of contact

bet ween foll ower bearing surfaces 234 and 238 (of upper bl ocks 74 and 106)
and gui de bearing surfaces 246 and 250 (of |ower blocks 30 and 38) is
typically |ower at -13




t he begi nning of shaping, but becones greater as nore and nore material is
renoved 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
achi eve the desired degree of shaping. The achi evenent of the desired
degree of shaping is usually signaled or indicated by the | ack of contact
bet ween abradi ng surfaces 214 and 218 of shaping elenents 86 and 94 and the

respecti vgh s e by Chedfthedtnfentping 98l tisue & inSétteddnto\Wbdre€ oS REIEI1DD C _
embodi ments of the nethod of the present invention have been described, it
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surfaces, the shaping tool conprising: (a) a base nenber for securing the
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foll ower me ssoci at ed_ w t he ot of, th ase nenber, and.t he
shapi ng. nEORTOr SE eI g WHERSGAMED (e e16S FBOR Lo FeHBER BOSRat i ng ¢ 0
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relative to ase nenber such that each of the shaping el ements of the
shapi ng n%lrtsdceptheq)mlaﬁvelyrfbeﬂand|staaonary\peslt19n nbeardy bpileft suppaniribpiaede. 2.

The tool qf claim er |nthefollovver nber conprjs Iy
spaced panshtoqurﬁilimwg 4RI BRPIETE pEtPny FRTR téﬁ% f@%é@é €68 at ed
with the g@&\é\@gg r conprises a laterally
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cooperatin th the second | ower bearing surface. 3. The tool claim1l
or 0 ner 1S et Biieofergrite lrRr Shachys (T e o AnE FHeS A A 216 5

These abrading surfaces 214 and 218 are typically coated with or have otherwise
adhered thereto a suitable 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.



4. The tool of claim3 which conprises a pair of laterally spaced shaping
el enments. 5. The tool of claim4, wherein the base nenber has a generally
U shaped central channel having laterally spaced apart vertical sides and
wherein the shaping nenber has a pair of guide plates that are laterally
spaced apart to fit wthin and extend into the channel. 6. The tool of any
one of clains 2 to 5, wherein the | ower bearing surfaces have a concave
curved Shame @BehesECighodVae MBPAlow §8 {neSeviiidiBfCihadRARVE EPRBKiALT Ve
shape and wherein the uUpper bearing surfaces have a degree of curvature
that is canpdeditpyrthangtidneofishapideeementsB6and 94t ure of the | ower bearing
surfaces to control the degree of shaping of the shaping elenents. 7. The

tool of claim4 ' he abr.adi f f t hapi
el amont s 8 AR A e el SoReRn Bk Y e aciorad S eiecea T om
the curverghige téx?ﬁérl dieRRUARH '@_i&iﬁéﬁﬁgbs?gfgiééégzﬁ %h]fd; 25012 PrHage ﬁhi%@‘?”_t lies

in. 8 The tool claim 7, wherein the ce of each shaping
el enent hberiag corfacese246uande25G hmpalso provided wishla pliratityabfiideralih epaied t he
abradi ng surface of each | ment red, thereto_an abrasive

hapj n | e has adhe
mat er i al . TeEBSSETAR BIORYFS dpdicat aﬁé(?éf(%p_rf@llﬁr @@dﬂﬁgermr%iw?cmm St he
shapi N9 KR inGA0, 96) BAPLILRNGMSIELE biiades RErDABRRPIPEIY A Mk ¢ he
appropriate orientation for shaping the curved surfaces of the workpiece.
11. A net prodvésd222samip24?y grdvees R54/ ellows doff theeyaafatian \wad kghevxt ofintdterial shapi ng
t he wor kpi ece
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respect i veano) rdistahcs as,famd@obperte with, respéetive guide bearing surfaces 246 and 250.
As shaping member 18 is moved relative to base member 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 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 result, 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

-



shapi ng of that curved surface as the shaping nenber is noved relative to
t he base nenber, the nmethod conprising the steps of: (a) securing the

wor kpi ece to the base nenber; (b) positioning the shaping nenber relative
to base nenber so that each shaping el ement of the shaping nenber is
capabl e of shaping the respective curved surface of the workpiece; (c)
novi ng the shapi ng nenber in a path such that each of the shaping el enents

of the shagd aghTRARKMENBBxidAEs h@ﬁﬂﬁﬁéﬂy\’lﬁ tﬁ@gaf@(&%ﬁﬁﬁﬁﬁfall?&hé Sine)
wor kpi ece; and (d) repeating step (c) until the desired degree of Shaping

of the cuvm’a@hlsplmﬁea@eseudhcet RE8 virizonelle dxterdshinewddle ¢l2meiih84 netérdd of

ool 1L el o RS B SR ST e bk SOARGSETHhY,

from1 t Oh(ﬁlzro‘ﬁfh'llpreﬂfeﬁaé 0 APYREBAkRularly shown in FIG. 7, curved surface 278 lies
on a horizontal curve plane that is latitudinally (i.e., vertically) spaced apart relative to
the corresponding horizontal curve plane that curved surface 282 lies on, i.e., curved
surface 278 does not lie on the same horizontal curve plane as curved surface 282, but
is, instead, vertically lower than curved surface 282. Similarly, as also shown in FIG.
7, abrading surface 214 of shaping element 86 lies on a horizontal curve plane that is
latitudinally spaced apart relative to the corresponding horizontal curve plane that
abrading surface 218 of shaping element 94 lies on, i.e. the horizontal curve plane of
abrading surface 214 is vertically lower than the horizontal curve plane of abrading
surface 218. In addition, abrading surfaces 214 and 218 have corresponding and
complementary curvatures relative to curved surfaces 278 and 282 so as to provide
appropriate shaping of the respective curved surfaces 278 and 282 as shaping member
18 is moved (forward, backward or both) relative to base member 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 corresponding 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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14. The method of claim 11, 12 or 13, wherein the anmount of materi al
renmoved fromthe curved surfaces of the workpiece during steps (c) and (d)
is in the range of from0.1to 0.9 mls (from0.0025 to 0.023 mm). 15. The
met hod of claim 14, wherein the anount of material renoved fromthe curved
surfaces of the workpiece during steps (c) and (d) is in the range of from
0.1 to 0.5 mls (from0.0025 to 0.013 mm. 16. The nethod of any one of

clainms 11 : [ Ak ' bl o siRfAGed
convex curc\gltge ?}? acgg.ﬂﬁagg&ll\éq{@lfﬁgpﬁgﬁﬁtgge gﬁi&({:rlvgé Fr‘ih?%g 2\%Ee&rfel n the

wor kpi ece secioa 23aA s anebilt)@as shigpingemsmbaulB saendved forvard,tackwirds €orrtaith) Wi th a
convex curved upper surface and an aft rail laterally s&gced fromthe fore
rai| and Feldtiysgtoabasgipember 4, dhe depyes te uvhigh shaping elementse8%,88d 94 @y one of

claim 11 4oklor AELShAANARUAGIBIRE CultiSs 374 BhE O bY 15038 ekl Of

first and second concave curve surfaces an

menber hass eontralled sb hy tsgrhiced thafihalafesitéd sHapea ol coefigunationasf\saifacdsr278d
bearing surfaces, the first concave beari ngtsurface cooperati ng with the

first conga2BRaln pastietlan teedegrrg oficuratie alithegptnerivakesring gnd abreding |
cooper ati agpict d 18, AEQLAEMON AP B0 AUIELAGC b pREATHIRG. O claim
In e CO X a curva

18, where e earing surfaces ve~d degree o urethat is

conpl enenbadrihgt urfabes 23dama 238 f(oLupéabedrigHlodklT40m0 0BG alPalil O Befithpf aces so
as to control the degree of shaping by the shapi ngwel enents and to indicate

g,
when the gedaqes 24Getiided5®i(ok s opasing thhecks Il ead S3§) fhesemesn reates andr kpi ece
has been %%Q{e?,v ﬁl%'degree of contact between abrading surfaces 214 and 218 (of shaping

elements 86 and 94) and respective surfaces 278 and 282 of shroud section 22
becomes less and less. Indeed, the lack of contact between abrading surfaces 214 and
218 and surfaces 278 and 282 of shroud section 22 is typically the signal or indication
that the desired degree of shaping of surfaces 278 and 282 has been achieved. In this
way, shaping tool 10 automatically, reproducibly and repeatedly controls the desired

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 blocks 30
and 38 could be replaced by other cooperative .combinations for controlling the
movement of shaping member 18 (and especially shaping elements 86 and 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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20. A shaping tool for shaping a pair of laterally spaced horizontally

ext endi ng convex curved surfaces of a workpiece, the tool of conprising:

(a) a lower base nmenber having: ( 1) a |ower center block for securing the
wor kpi ece; and (2) a pair of laterally spaced apart |ower bearing bl ocks,
each | ower bearing bl ock having an upper convex curved bearing surface; (b)
an upper shapi ng nenber novable relative to the base nenber having: ( 1) a

pair of shaghhg £ qw%gpécﬁu?r@hbmgsaaﬁ&ﬁswaﬁd hshensi il fegeét Tl

di stance that the curved surfaces of the workpi ece are space rt, each
shapi ng elrepreducibla\patiy redativevterbase nemvker ddrinestiaping dbé arvedi shidiaes oﬁmhb -18

(2) a pair okp.u er bearing blocks laterally spaced apart substantially the
sane di st & lﬁg'the | oner bearing bl ocks, each upper bearing bl ock having
a |l ower concave curved bearing surface; (c) wherein one of the upper

bearing SlHJcﬁﬁs%Sto@lOHP%r&Iaﬁ%IWefaEy ek hpdrend AYELenide" hsiﬂngur ffsSg@nd

wherein the other of the uppeéer bearing surfaces coopérates W th the other
of the | omd/ObQ&rqangl;)esraad‘iblaeplas@ ashatiradihg swifteps A4 amdBe8 becnmpiivderdot hr ough

a path as the sha nmenbe rel o .the bas nber such t hat
Sanh 0 5 MEAE D AR T Breiean: s HurdF Bedesre ok e dum i 0 45 | ve
curved Surﬁaﬂ&%&r%nﬁ@ﬁaﬁ@f&ﬂ'é}&ﬁ% t%fbéée?nérﬂ&ir IQfanﬁlsﬁéd?ﬁgz em%efse the
abradi ng surface of ©one of the shaping elenments lies I'na orlzont curve

pl ane t hatbeiaitetedt drtahanged! toypespi ¢l sHapong dﬂwonkprevﬁ vingediffesnt sizes alt adi ng

surface of the other shapi elenent Lies in . The tgol of cIa| m20 or
31 hor oITHTERE 3 CURFA GO SEaUGE RS &b & SHERY HEGcoadhe

thereto any@beRSidptedtoChirfiture? diffelf LpRd g%Lth : 1%%12  arflLth@like?

further conprises a pair of supports secur se nenber an wherel n
t he wor kpiezempleasoch 10adan t&faﬁpmlﬁraadly maiidakth fhape aaddembte slattial freach
support havi ng an eggs tIhat i dabl y re%el ved by one of fhe

concave curved surfaces, suc as, or example, 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 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 above recess 146 of the base member 14.
As shown particularly in FIG. 7, because supports 162 and 174 extend outwardly at
different 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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slots of the workpiece for securing the workpiece to the center block. 24.
The tool of any one of clains 20 to 23, wherein the base nenber has a
general |y U shaped central channel having laterally spaced apart vertical
sides defined by the | ower bearing blocks, and wherein the shaping member
has a pair of guide plates, each guide plate having a |ower guide edge, the
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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 (ie.,
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
guide bearing surfaces 246 and 250 (of lower blocks 30 and 38) is typically lower at
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10% u& () as sur a?cé% %%8(2ndl\48]200f sl‘fr-(l)-ug s%cotlon begm to aLcjhleve the desired degree of
shaping. The achievement of the desired degree of shaping is usually signaled or
indicated by the lack of contact between abrading surfaces 214 and 218 of shaping

elements 86 and 94 and the respective surfaces 278 and 282 of shroud section 22,

While specific embodiments of the method of the present invention have been
described, it will be apparent to those skilled in the art that various modifications
thereto can be made without departing from the spirit and scope of the present

invention as defined in the appended claims.

-14-



10-u; 10% u& ()-17s10% u& ()- 93 10%-& ()-1 10% u& ()-!*

10%U& ()-X?O [ 9TI > 10" 14! 10%b& ()-!'0 10%b& ()- !0

109%b& () - FFGLO%E& ()- 109%& ()-!>Y 109%b& () - OSHWEXHYHZH| ###bC

10" 14s10% u& ()- 10% u& ()-Y10% u& ()- 10b 10b 10by; 10%& ()- %

109%& () - #9$$$% %-96EDC 10" ! 4S10% u& ()-10% u& ()-10% u& ()-sz10% u& () -
10% u& ()- @10% u& () - ~9BBO&A&V ) dEbC 10" !4- 10% u& ()- @

10% u&' () u& ()-" 10% u& ()-10% u& ()-10% u& ()-))))),0333bC8" 10by;
10%& () - & ()-@10%& ()-yY 10%& ()-- 10-u 10-u 10-uy;
10% u&' () - 3336<g=k=l =men=nbW." 10b 10<

1. A shaping tool for a workpiece having at least two laterally spaced curved

surfaces, the shaping tool comprising:
(a) a base 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 positioned relative to the respective curved
surface to permit shaping of that curved surface as the shaping member is

moved relative to the base member;

(c) 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;

(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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4. The tool of claim 3 which comprises a pair of laterally spaced shaping

elements.

5. The tool of claim 4, wherein the base member has a generally U-shaped central
channel having laterally spaced apart vertical sides and wherein the shaping member
has a pair of guide plates that are laterally spaced apart to fit within and extend into

the channel.

6. The tool of any one of claims 2 to 5, wherein the lower bearing surfaces have a
concave curved shape and wherein the upper bearing surfaces have a convex curved
shape and wherein the upper bearing surfaces have a degree 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
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shaping of that curved surface as the shaping member is moved relative to the base

member, the method comprising the steps of:
() securing the workpiece to the base member;

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

surface of the workpiece;

(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; and

(d) repeating step (c) until the desired degree of shaping of the curved surfaces

of the workpiece is achieved.

12.  The method of claim 11, wherein steps (c¢) and (d) comprise at least 1

reciprocating movement.

13.  The method of claim 12, wherein steps (c) and (d) comprise 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 during steps (c¢) and (d) is in 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 during steps (c) and (d) 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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spaced from the fore rail and having a convex curved upper surface.

18.  The method of any one of claims 11 to 17, wherein shaping member has a
laterally spaced pair of first and second concave curved bearing surfaces and wherein
the base member has a laterally spaced pair of first and second convex curved bearing
surfaces, the first concave bearing surface cooperating with the first convex bearing
surface and the second concave bearing surface cooperating with the second convex

bearing surface.

19.  The method of claim 18, wherein the convex bearing surfaces have a degree 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) 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)  anupper shaping member movable relative to the base member having:

D a pair of shaping elements 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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substantially the same distance as the lower bearing blocks, each upper

bearing block having a lower concave curved bearing surface;

(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 surfaces 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.

21.  The tool of claim 20, 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.

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, each 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
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radius curvature of the convex curved surfaces of the left and right lower outside

plates is such that the shaping member can be positioned relative to the base member

only in the appropriate orientation for shaping the curved surfaces of the workpiece.

26. The tool of any one of claims 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 the respective shaping elements and the respective bearing

blocks.
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