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ends of each pipe element and cooperates with the segments to provide a fluid-tight seal. The
segments have connection members, typically in the form of lugs which project outwardly from
the housings. The lugs are adapted (o receive fasteners, such as nuts and bolts, which are

25  adjustably tightenable to draw the segments toward one another.

To ensure a good fit between the couplings and the pipe elements, the arcuate surfaces on
prior art couplings have a radius of curvature that is substantially matched to the radius of
curvature of the outer surface of the pipe element that it is intended to engage. For couplings

30 used with grooved pipe elements, the radii of curvature of the arcuate surfaces are smaller than
the radii of curvature of the outer surfaces of the pipe elements outside of the grooves so that the
arcuate surfaces fit within and engage the grooves properly. For couplings used with shouldered
or beaded pipe elements, the radii of curvature are sized to engage the outer diameter of the pipe

adjacent to the bead or shoulder.
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the Invention 25The invention is drawn to a method of manufacturing
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30The micbOgarGIRRY h8:@Swhen the coupling has more than two segments) and must totally
20  disassemble and reassemble the coupling. Significant time, effort and expense would be saved if
the technician could install a mechanical pipe coupling without first totally disassembling it and

then reassembling it, piece-by-piece.

Summary of the Invention

25 The invention is drawn to a method of manufacturing an installation-ready pipe coupling
for joining pipe elements in end-to-end relation. An installation-ready pipe coupling according
to the invention arrives at the work site preassembled and is configured to permit the pipe

elements to be inserted without disassembling it.

30 The method comprises:
(a) providing a plurality of segments, each of the segments having a pair of contact
surfaces adapted to interface with the outer surfaces of the pipe elements, the contact surfaces

being in spaced apart side by side relation, the segments subtending an initial angle; and



(a) providing a plurality of segnents, each of the segnents having a
pair of contact surfaces adapted to interface with the outer surfaces
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initial distance apart from one anot her; and 20(b) deform ng each of
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20 (b) deforming each of the segments into a deformed shape wherein the first and

second ends of the contact surfaces are positioned at a final distance apart from one another, the
final distance being greater than the initial distance, the segments maintaining the deformed

shape.

25 In a particular embodiment, deforming of the segments may comprise:
(2) providing a tool having at least one surface engageable with each of the segments;
(b) engaging each of the segments with the tool; and
(¢) forcing each of the segments and the tool against one another such that each of the
segments deforms to subtend the final angle and/or have the final radius of curvature when the

30 segments are removed from the tool.

In another embodiment of the method, deforming of the segments comprises bending
effected by:



30segnents are renoved fromthe tool. I n anot her enbodi nent of
the nethod, deform ng of the segnents conprises bending effected by:
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Preferably, the initial and final angles and the radius of curvature are measured at the
contact surfaces, which are preferably arcuate in shape.
15

Brief Description of the Drawings

Figure 1 1s a flow chart illustrating a method of manufacturing an installation-ready

coupling according to the invention;

20 Figures 2-4 and 2A-4A are schematic illustrations depicting an embodinent of a method

of manufacturing an installation-ready coupling according to the invention;

Figures 5-9 are schematic illustrations depicting another embodiment of a method of
manufacturing an installation-ready coupling according to the invention;

25

Figure 10 is a flow chart illustrating another method of manufacturing an installation-

ready coupling according to the invention;

Figures 11 and 12 show a pipe coupling segment deformed according to the method

30 described in Figure 10;

Figure 13 is a partial sectional end view of an installation-ready coupling; and

Figures 14-17 show assembly of a joint using an instaltation-ready coupling.

4



Figures 5-9 are schematic illustrations depicting another enbodi ment
of a nmethod of manufacturing an installation-ready coupling according

to the i nventzooniiLd Figure 10 is a flow chart ilfaisis2enviosgses
anot her nethod of manufacturing an installation-ready coupling _
according to the invention; Figures 11 and 12 show a pi pe

coupling segnent deformed according to the nethod 30described in
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capabl e of deform ng again without failing, although not necessarily

pl asti cdfty, when in use. The segnents have portions which
subtend an initial angle and/or have an initial radius of curvature.
As noted in box 12, the segnents are deformed so that the subtended
angl e decr ea?é% sepE®AEMaye phtonsatiicissubfend am ndtialpeglé arsterdwesan ittil radius of

segnent I f pne ha ‘B%i

e st SuEGp AR oy Y3 BC b bR MR BF SReA 8 bRl
set land aadsuthe ratdhe of matvhigre isubisen dBe sapgées angtotantily defdrged if @4dki US

of cur V%a‘ﬂﬁer meaning that they are stressed beyond their elastic limit so that they take a permanent

set and assume the smaller subtended angle and/or the larger radjus of curvature.

In box 14, the segments are assembled into couplings by attaching the segments in end-
20 to-end relation using tightenable fasteners. The segments are assembled and maintained in
spaced apart relation, for example, by using a seal to support the segments. The spacing between
the segments is chosen to allow pipe elements to be inserted between the segments without
having to disassemble the coupling. Once the pipe elements are positioned properly within the
coupling, the fasteners are tightened. The segments are drawn toward the pipe elements and are
25 engaged with them. The segments deform as a result of the tightening of the fasteners and
engagement with the pipe elements, the deformation now increasing the subtended angle and/or

decreasing the radius of curvature.

Figures 2-4 show one method of deforming a representative segment 16. A tool 18 is
30 provided, the tool having a radius of curvature 20 which is larger than the final radius of
curvature desired for the segment 16. The tool radius of curvature 20 may be somewhat larger to
compensate for spring-back from the deformed shape, which often occurs when an elastic
material is deformed plastically. There is almost always a portion of the material for which the

stress induced by the deforming forces does not exceed the elastic limit. This portion of the

5



In box 14, the segnents are assenbled into couplings by attaching the
segnents in end- 20to-end relation using tightenable fasteners. The
segnent s awe 2apeni ed and naintai ned in spaced apart rrelTaiS2009/033368
exanpl e, by using a seal to support the segnents. The spaci ng between
the segnents i s chosen to allow pipe elenments to be inserted between
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2009/ 111464PCT/.US2009/ 035865 nat erjal , does not deform plastically and
its el agﬁ?rgerd'?%}ﬂ%?zgiu S ?Lﬁﬁ’tt ?%‘bFeggfﬂng{eﬂ’@C%‘fjﬁBh‘ﬂﬁparti ally toits

ori gi nal undefornmed shape. In Figure 2, the segnent 16 is shown

engaged with the tool 18. In this exanple the 5segnment subtends an
initial angl &5showtindiigue 411e ranyAfiisidisepgaged ans e segmenh 6 isadpased fram ske
its initdfhgragl t [2St: t ' =
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resul t angleciinfeowems aboutt 1176° shibqbeuf78t be fEeidle. Rihbletien gageddtsUndtal
radius of curvature may be between about 5% and about 10% greater than the initial radius of
curvature.

20
Iigures 2A, 3A and 4A illustrate the steps as described above for Figures 2-4, but for a

segment 16 which subtends an initial angle 22 of 120°. A coupling would have three such
segments joined end-to-end. The process is essentially the same as for the 180° segment shown
in Figures 2-4, however, with an initial subtended angle 22 of about 120° 'the final subtended

25 angle 30 will preferably be between about 112° and about 119°,

Figures 5-7 show another method of deforming the segments 16 in the method of making
an installation-ready coupling. These figures illustrate a three point bending method. As shown
in Figure 5, the segment 16, having its initial radius of curvature 24 and subtended angle 22, is

30 supported at each end by supports 32 and 34. As shown in Figure 6, the ram 26 engages the
segment somewhere between the supports, preferably midway between them. The ram applies a
force transverse to the segment, bending the segment plastically and forcing it to assume a
deformed shape having a greater radius of curvature 36 (the "intermediate radius of curvature")

and a smaller subtended angle 38 (the "intermediate subtended angle"). Once the proper angular
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10f orce, the segnent 16 has the sane radius of curvature as the tool.
Because it is forced to assune a |arger radius of curvature, the

subt ended wopgb®/ibeisones snmaller. As shown in Figure 4, ROWUR260%02B63 S
di sengaged and the segnment 16 is released fromthe tool 18. The
segnent (pgs ,beEn def ornmed pl astically and takes a permanent set, with
a final 9E87HAN {18s Reen aclrcrsd uthe rvm 26 isrgrapvedizes Higiee Vhandithy segmantigregfoved
cur vat urrgyneéy izaal : pnitioal
gl o 23 e e e B Py e s T bRl Pk
angl es Jormpraenisenwidibe finaltzduaeituntaout 28 Z8atar har thasiibileadiFoos! qonaatd 24l

segnent i i f vat ur e, be bet n -about S%a
bout 1008 g IRepd bR o8l i et i [Bspoed IFblteRr aRe 3 rdir s
2A, BA andadife 18 hagbe Rtethhiher qaips tlednEesaliddadivabpmeviiae 36idgpnesg on
2-4, but, for a seqment 16 which subtends an initial angle 22 of 120.
A coupl Mol & AEDE btk EresbEnS dimaime by o Gas Hior G ande Spey aio
Pr OCess b grea&s Bh batdudl {oRe HdMRcditesMiedd2® ad 035 QYRR AL SDRWB LI g

Fi gures 2?4, hoyveverd, with an iﬁi tieesll gubt gl%ed ’a%gl e %2 oyggt;outegrfﬁ(?f
t he fi naPringhsclebeseEn®ngl e 30 will preferably be between about 112
and about 119. Fi gures 5-7 show anot her nethod of deform ng the
segnents 16 in the nmethod of naking an installation-ready coupling.
These fi gur efigutd Lishembtaally flhseaepoiotier hethdd nfidafeitioga sddseahdMIn itlis

Fi gure t he .se t 1 having its i.nitial radius,. of curvatyre 24
g subCLHE EREIoss 7wt SR sbihed e ineE HpPeRly e isiporb et g
34. As stdMBrebimby BelEfectod I{yhﬁhu[i@dny_aﬁingmﬁﬂg@ﬁtoEﬁ‘@ig@ﬁﬁqﬁ%}t@&%@/‘ﬁ%@ﬁg
bet ween the supports, preferably m dway between them The ram applies
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It is understood that the radii of curvature 24, 28 and 36 may be measured with respect to
any convenient point on the segment 16. It is advantageous to measure these radii with respect
to concave arcuate surfaces such as 40, which project inwardly and are adapted to contact the
20  outer surfaces of the pipe elements being joined by the coupling as discussed below. Similarly,
it is advantageous to measure the subtended angles 22, 30 and 38 with respect to the contact

surfaces 40. Alternately, there are lugs 42 at each end of the segments which can be used as the

reference datum for the determination of the subtended angles.

25 Figure 10 presents another flow chart which describes an alternate method of
manufacturing an installation ready pipe coupling. As described in box 11, segments having
contact surfaces with ends positioned at an initial distance apart from one another are provided.
An example of such a segment 16 is shown in Figure 11, wherein contact surfaces 40 have
oppositely disposed ends 41 and 43 separated by an initial distance 45. With reference again to

30 Figure 10, as explained in box 13, the segments are deformed, for example by any of the
aforementioned techniques (forced engagement with a tool or three point bending method), so
that the ends of the contact surfaces are at a final distance apart from one another, the final
distance being greater than the initial distance. This is further illustrated in Figure 12 wherein

segment 16 is shown in a deformed shape with ends 41 and 43 positioned at a final distance 47

7



defl ecti on has been achieved, the ram 26 is renoved (see Figure 7)
and the segnent is renoved from supports 32 and 34. The force applied
by the ranwbasiresgdted in the segnent taking a per manaur/iss2009Bisks a
final radius of curvature 28 greater than the initial radius of
curvat ur éﬁAand a final subtended angle 30 less than the initia

subt endé@’ §ereaspthartle ipiigkdistanggidd sheypn wiigure & F-elnzeprastizaln hogiment, fibm
or equalﬁnam;tmeumsetseméen%emrs% tc%oﬁe‘ LoAGAL %5? #e nqﬁmgﬂé&g 49NpL{es
amount of spring back in the segnment Sl

subt endéiFightgl 18 dgerribaythal he stpmegtseat Bmeti lraendetn-ead tEldltldnao thestruct a coupling
i nternme | e 38, agai n dependi ng on the degree of
spring qgéﬁﬁﬁn th%&gg%ﬁ%ﬁ? 10Figure 8 schematically illustrates

anot ber net hod of defornlng a segnent 16. In this exanple, tension

forces 17 ar pppsite ends in oppgsite directions.
Appl i cation gfa]g‘ﬁ*ffh“f 6%‘5%2 rfg Sa@@eé‘isflgc‘tlé]&” Hrmat slakp aje gsserpjed to form
fixtureach@lRBdageht HﬁethHB’%}r&%sMﬁﬁls&r_}Ql\ﬁhﬁleclt QL &H 'S@%ﬂ%en%t ltﬁv\ﬁ a6 AR end

points. Figure 9 illustrates yet anothér deformng nme ereby an
out war dF§alEnRaA 878gnE Biegeo poe protagy pllsuneédjbé@b/lﬁéaht@rm@leetmjsnem‘ sdhieh bolts 44
segnment i r

of f oot | \e/uéclﬁy g‘g@ Phe 1&&91%?{0%&%{12%@;%60{ &HJ g)nl%inllgs 159%@%3 gy% &Ig:foulns%ala{j%g{d
t he 1p adithe fedt thay thﬁa’cgmeltﬁatp n%tametl i’ﬂ&pmy ajeat msmroeﬂlow pipe gleapRefot 0
any conye nt. on the.segnmen It is advan a eou to neasure
these radr |heiEle ?cﬁ L’&lﬁ&‘?é)t% bﬁH%E%?PtebeéW%?ﬂélf%seglﬁFWté l§>W4 ofhe

whi ch pegineats awmafeeubyy AT iR eiHREER atien ﬁgafs@a@hs b&eu(?rfé@ %E@Jeen them.
surfaceéaﬁf t he pi pe el enents being joined he coupli

di scuss&glffé |hawn %il%wlg?qey‘io Which sipgeristhe éﬁ@@@w and MR téem hlespaced apart
subt endegxRR9lRSer %ns%@aﬁﬂgrs 3R M R8P hés§2t {h%wﬁxqg' éﬁé‘httoxﬁ 2’1{15 %} Ssahso

40. Alternately, there l ugs 42 at eac egnent’s
canlpe Uspebitzancd heoppesiereadeef tHatagmenoito pogidd etdditionah alearanceddr Iblb@(’:]ement

subt end I Fi Q_ presents. anot her fl.ow char

coscr i bosei, Feneapl Ot ik BHERS HetucRRE of aealio PR ueVish oty
pi pe cosq:gmeng and\sllaesfor tdsederls of Rasonible IHQGIRNE Paly NBg7,088) G Gibb et al
surfacea WIItJ lgnds ositioned at an initial distance apart from one
anot her “&FB°Gro% US AFPCER O HieS OB ing faf isreacdy ppegtPotaeq by wfseiee herein.
Figure 11, wherein contact surfaces 40 have oppositely di sposed ends
41 and 43 separated by an initial distance 45. Wth reference again
to 30Fi gure ik pr%seé&tﬁpcépmﬁéailanw rosty a8plingis supdivd ps shoamen Fefuoe Hedp use,

for exag@h‘gwgyn ?%ﬁrleM tan(? 1?‘ %e%ﬁén'ts{)ﬂeaqmg%%tbn &?ﬁ&g%m% ﬁ}c s%ﬁmfinhs I6

engagenent wth friee point” ben
ends of witheutdimead [orguy ﬁaess&nhkyehemﬂcs %) ﬂqc:naéfomesltsameese@mnbn fuldotoichees2
anot her

oot o gl 90 0SRE BBl SR bt A A,

in a dehenlipedsiigp@oes!3sendsheivin MTdgttes RPHLTOME astthed (Bd1RAY and nuts 46)

di Sgsa ncgrcé%lzghtened drawing the segments toward one another and into engagement with the pipe
elements. Tightening of the fasteners deforms the segments 16 so that the contact surfaces 40
thereon engage the outer surface of the pipe within the grooves 58 substantially over their entire
arc length. The force applied by the fasteners is reacted by the pipe elements and the segments
are deformed to a smaller radius of curvature and a larger subtended angle as determined by their

30 engagement with the groove surfaces.

In a practical example o[ an installation ready pipe coupling for use with a pipe having a
2 inch nominal outer diameter (2.375 inch actual outer diameter), the contact surface’s final

radius of curvature for the deformed shape (before tightening of the fasteners) is about 1.22
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WO 2009/ 111464PCT/ US2009/ 035865 which is greater than the initial
di stance 45 shown in Figure 11. In a practical enbodinent, the final
di st ance 4woizsosnetaseen about 5% to about 10% greater t lroT/Ush@viosdsss al
di stance 45. Box 15 in Figure 10 describes that the segnments are

joined in_ end- tP-egd r%§at|on to construct a coupling as explained in
det ai | Beghgynd the radiugsviep dightened irpedifoead Snzagpmeny ayshorit 512 @ichésn t hei r
def or mecy1&hARSy, tRE Bra§ Be %@lﬂ:ﬁgd e fuﬁ&mn%f ?}%Lﬁ?étﬁlﬁg Eé@vcen 'ﬁla;ssoq' rf‘fpé ntact
process conprises joining at |east two segnments i'n end-to. e

rel ati ofuddrgs.searwse Wghttfr@ﬂnﬂmn@mealam@tr ldewnetes ipiyg, adhaidtfainied shape (before

tighten 44 a d nut,s.

i nstall 31?!1%%1‘}1? gﬁqﬁég%%%g&%ﬂ?%e coﬁ’ B ac‘nsé’ e <y 8%4(51 n%st% dipanss whep
shape anlt fagitives fradphititaito bHeg hege@mning iafogadwd pldakngeh is2. Faaes apart
relation to allow pipe elenments (for which the coupling is sized) to
be inserted between the segnents as described bel ow. The segnents are
preferably mai sHodteneehniple %Qﬁﬂal[a%bﬁ?éa@ﬁpﬁ% c@up?ﬁél for A8 189%\111’1@5‘@%011

bet ween them Seal 48 has an outer surface B ports

segnent $oBHY! Aertiamelsr @dneh sstunbawterdlizpeten, th@t(ﬁtta%wrfa@t hénalfrmhmsofof
spacer s cgfaudl 01

al so |sgevp85|t|Bﬁg%ﬁgﬁkﬁﬂmgpﬁggﬁéugﬁmn%?@he %@wﬁgﬁt K} %?gypggymm
addilfi o ﬂa:l ragih2whemicghténod nppe;deo phdenzaperhans srabomrﬂ. 16TiRehepr ﬁ&am@telypiﬁns may

notches duces t he. degr ation . required between th

segnent s arPdesg?cf B ﬁll“%)tgmfozétleeqﬁ?lg i??twr‘:@hg %‘I o thesogtant S”UaSeS gt whvith
No. 7, 08, 4liddh hémichRtute ldiddhet @l inh%déf&ﬂﬁﬁ sMael(BéfSreaTRRG g)r(ﬂ{e fidae
couplln%ﬁand i s hereby |ncor§9rated bylreference her ein.

pr easseRBFEEE betpetndhe %ﬂqt%sw geisndsdubl | Hghess Thegipipncsdvhes therfesipneryare
Fi gure 1i3hiehdd (498 g % SSEIMAS i pe el enments 54
and 56 aréelnsertgd bgtgeen ?ﬁgﬁggy E$ﬂTgﬁg%%ﬁ8ﬁ?%the need for any
di sd8senbly thanks to their deforned shape, separation and notches 52

(if present) oj:n qr.00 t he con t
surfaces 40 I I f ?%t:oglhr%qé ip é 9(91 Pn e anadgl\l;\{)c{Lﬁcca?wg‘j%gaeg%etho'&lg dgsﬁB

Fi gures hé.tﬁlnqmdwdﬂa rcibbﬁ i gﬂlthrié—mght(]bm{ whilddaoneh Mutifedbd cBS@FQuired f01

ti ght ened lldraV\nng the segnments toward one another and into
engagem¥ht2ai9™h the pipe el enents. Tightening of the fasteners
deforns the segnents 16 so that the contact surfaces 40 thereon
engage the outer surface of the pipe within the grooves 58
substantially over their entire arc length. The force applied by the
fasteners is reacted by the pipe elenents and the segnents are
defornmed to a smaller radius of curvature and a | arger subtended
angl e as determ ned by their 30engagenent with the groove surfaces.
In a practical exanple of an installation ready pipe coupling for use
with a pipe having a 2 inch nom nal outer dianmeter (2.375 inch actual
outer dianmeter), the contact surface's final radius of curvature for
t he defornmed shape (before tightening of the fasteners) is about 1.22
WO 2009/ 111464PCT/ US2009/ 035865 i nches and the radi us when tightened
in pad to pad engagenent is about 1.12 inches. Alternately, this my
be expressed as a function of the distance between the ends of the
contact surfaces. For use with the 2 inch nom nal outer dianeter

pi pe, in the deforned shape (before



tightening), the final distance between the contact surface ends is
2.44 inches. The distance when 5the fasteners are tightened to bring
the segnents into pad to pad relation is 2.26 inches. I n

anot her exanple of an installation ready pipe coupling, for. a pipe
having a 4 inch nom nal outer dianeter (4.5 inch actual outer

di aneter), the contact surface's final radius of curvature for the
def ormed shape (before tightening of the fasteners) is about 2.36

i nches, and 10t he réfﬁhﬁjésg\lﬁéﬁecﬂsghtened in pad to pad engagenent is
about 2.16 inches. Al Aempthod|of marhifactuayg be iestpliasserads pipef unct i on
of the distance bebuplerg fohpiendpipefcldhentcorhdab-adirélates sador use
with the 4 inch n@lmﬂi@dc@npﬁgmm aneter pi pe in the deforrred shape
(before tightening) rév’i‘rﬁnir'a hraﬁ b 4, WBER of RBIdCRBRRGLs Surface
ends is 4.71 inches’ %ﬁ”&fec Stl Césagaa@ §O ﬁfrfgceghtened to
bring the segnents 'nﬁﬁh‘ﬂ%e 1?‘{8 1 t 15
Instal | ati on-ready pipe ¢ % lbéé Bjrp&]e 8%?’05(& Ccfno t he

met hods descri bed her ? “ %mrS@B paﬂsdqied Y BIGirelatomyht j oi nt
whi | e reducing the t| SUEE e*ﬁ@tﬁﬁllﬂé’&lﬁf Gnglengndl | ation. ~ What
is claimed is: 1. dﬁOmtlebefrﬁmﬁﬁ%mﬂmﬁ o anddfosned shapeon r eady
pi pe coupling for j oi subregdpigefind] engles whemiresud finalemgle Bllassi on, sai d
nmet hod conpri sing: prtha gaidgnaiaphuglal s sefmangMentiainigaedidof said
segnents having a pald‘ef@ﬁnéa(yth@t surfaces adapted to interface with

the outer surfaces me%éih@d@b&ﬁdﬁ BRI 1, WAbELEIN ARlal SHgbaces bei ng

i n spaced apart s e relation, said segnents subt?nding an
initial angle; 3 %e orm ng each of said segnents into a deforned
shape subt endi ng a ¥.iAnakthedgiceqrdittpan elaimsh whet¢inahiddingl angle | ess t han
said initial anglmbe&a«:aﬂlzﬂmgtrﬁﬁ%udwbnual?ﬁ%g sai d deforned shape.

2. A met hod accordi rngtlﬁetﬁbahéeo}mnmea?&nm Sahdleinthididltiapgge is about
180. 3. Arret ala\ |ngt08a|m wherein Saldfl al angle is

bet ween about 17 t 178 tlhod acag{ ng.to claim1,
wherein said ini t| diageoy) ’@lgttof 105‘3“1/3@1 LR cor di ng to

claim 4, wherein 1§bﬁ'ﬁ"-’¢qﬂrﬂé{’|0“hhb3 ‘andabpat b\b%n about 112 and about 119.
6. A method according to claim 1, wherein said deforming
comprises:
providing a tool having at least one surface engageable
with each of said segments;
engaging each of said segments with said tool; and
forcing each of said segments and said tool against one
another such that each of said segments deforms to sub-
tend said final angle when said segments are removed
from said tool.
7. A method according to claim 1, wherein said deforming
comprises:
supporting each of said segments at two support points in
spaced relation lengthwise along each of said segments;
and
applying a force transversely to each of said segments at a
point located between said two support points.
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6. A nethod according to claim1l, wherein said deform ng conprises:
providing a tool having at | east one surface engageable with each of
sai d segnents; engagi ng each of said segnents with said tool; and
forcing each of said segnents and said tool agai nst one another such
t hat each of said segnents deforns to subtend said final angle when
sai d segnents are renoved fromsaid tool. 7. A nmethod according to
claim1, wherein said deform ng conprises: supporting each of said
segnents at two support points in spaced relation | engthw se al ong
each of said segnents; and applying a force transversely to each of
said segnents at a point |ocated between said two support points.

8. A nethod according to claim1l, wherein said deform ng conprises
appl yi ng tension fo‘?rgesleﬂlﬁ’d@pwdmgdoe}admlghlﬁeamsadgiéﬁjmﬁno 9. A

met hod accor di ng eamptizes rapplyingemeion foaied td&i‘ppbsiwgnd“socﬁm'ah&es

appl yi ng an out waseginenéxpandi ng force between ends of each of said
segnents.  10. A Mehhmethadeocatding té elatihal mhéreufl hﬁlaia%forﬁﬁﬁ@“ sing
joining at |east domprm‘es%pplin‘@emﬂﬁwﬁzr&]'j}&@ 4898 eﬂ:‘?‘ét@&é n such

t hat said cont actelﬁybfamﬂagigéal R relation and surround a
central space. 0. 4511%&95’@((;%?&85 b’?:?a L1 Ch@‘ﬂ&%%i rther

conpri sing j oi ni REip:

fasteners. 12. Z&%ﬁoﬁ?‘%@g{a f g e?n% ”p“ sing
mai nt ai ni ng sai dsiﬁg E%c glratr M3 3?] ¥8r4%i ni ng said
segnents. feAﬂﬁ 1138918 P%to cl a E:é%?ﬂ\@ urther conpri sing
ol

posi ti oni ng a rim COMPESING seal
having an outer &fgp%% gglﬁufs Iﬁ(faﬁﬁmfﬁal ning them

in said spaced aga : éF% CCO;ﬁ goto "1ﬁb OQUHEE 6PEIPHGIngo cl ai m 1,
wherein said con A S §e&%€?%5rTlnssﬁa%dcﬁ]’éffé’e@ﬂ@ﬂaﬁémons-al d met hod

further conprisi Hb= metT S.:said initial and final angl es at said

arcuat e surfaces. according to claim 12, further comprising

posmonmU a ring shaped seal between said segments, said
seal having an outer surface supporting said segments and
maintaining them in said spaced apart relation.

14. A method according to claim 1, wherein said contact
surfaces comprise arcuate surfaces said method further com-

prising measuring said initial and final angles at said arcuate
surfaces.
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