DEFORMABLE MECHANI CAL PI PE COUPLI NG Field of the Invention Thi s
I nventi on concerns mechani cal pipe couplings that are deformable to
conformto pipe elenents, allowi ng the couplings to be pre-assenbl ed
and installed as a unit. Background of the Invention

Mechani cal couplings for joining pipe elenments together. end-to-end
conprise interconnectable segnments that are positionable
circunferentially surrounding the end portions of co-axially aligned
pi pe elenments. The term "pipe elenment” is used herein to describe any
pi pe-li ke itemor conponent having a pipe like form Pipe elenents

i ncl ude pi pe stock, pipe HERORMABSESMEOHANICATL QIPE COPRLANG t ees as
well as fluid control conponents such as val ves, reducers, strainers,
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Mechanical couplings for joining pipe elements together
end-to-end comprise interconnectable ségments that are
positionable circumferentially surrounding the end portions
of co-axially aligned pipe elements. The term "pipe
element” is used herein to describe any pipe-like item or
component having a pipe like form. Pipe elements include
pipe stock, pipe fittings such as elbows, caps and tees as
well as fluid control components such as valves, reducers,
strainers, restrictors, pressure regulators and the like.

Each mechanical coupling segment comprises a housing
having arcuate surfaces which projedt radially inwardly from
the housing and engage plain end pipe elements or
circumferential grooves that extend around each of the pipas
elements to be joined. Engagement between the arcuate
surfaces and the pipe elements provides mechanical restraint
to the joint and ensures that the pipe elements remain
coupled even under high internal pressure and external
forces. The housings define an annular channel that
receives a gasket or seal, typically an elastomeric ring
which engages the 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



recei ves a gasket or seal, typically an elastoneric ring which
engages the ends of each pipe elenent and cooperates with the
segnents to provide a fluid tight seal. The segnents have connection
menbers, typically in the formof |ugs which project outwardly from

t he housings. The lugs are' adapted to receive fasteners, such as
nuts and bolts, which are adjustably tightenable to draw the segnents
toward one s ldstapted to Tocehseriastegeow,f stchetnenut & end daglltisngs
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have a radius of curvature that is substantially matched 10 the

radi us of cUTFatHCPERSEthe outer surface of the pipe el enent that it
is intended to engage. For couplings used with grooved pipe el enents,
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| ubri cat ed gwdoveseprdeelrty accormodate the pipe el ements, an often
difficult and nmessy task, as the ring seal is usually stiff and the

| ubrication nakes panual manipyl ation,of the seal difficult. Wth the
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within the segments' channels. The technician first
disasgembles the coupling by unbolting it, removes the fing'
seal, lubricates it (if not pre-~lubricated) and places it
around the ends of the pipe elements to be joined. _
Installation of the ring seal requires that it be lubricated
and stretched to accommodate the pipe elements, an often
difficult and wessy task, as the ring seal is.usually stiff
and the lubrication maKes manual manipulation of the seal
difficult. With the ring seal in place on both pipe
elements, the segments are tlien placed one at a time.
straddling the ends of the pipe elements and capturing the
ring seal against them. During placement, the segments
engage the seal, the arcuate surfaces are aligned with the
grooves, the bolts are inserted through the lugs, the nuts

are threaded onto the bolts and tightened, drawing the



As evident fromthe previous description, installation of nmechanical
pi pe couplings according to the prior art requires that the
technician typically handle at | east seven individual piece parts
(and nore when the coupling has nore than two segnents), and mnust
totally di sassenbl e and reassenble the coupling. Significant tine,
effort and expense woul d be saved if the technician could install a
mechani cal pipeplingpl seygnasitishautvatir ste taicttar, dic&&@&éﬁbiﬁ@gtﬁé zsce0

then reassembhinghddas i 648 BLREEE Sy SHINRIY g Bge! uentLon

The invention coné% §E%nterco € pipe coup Each
segnent is positionable straddling facing end portions of a palr of

pi pe el ements forasesdend FhenPiRe ﬁ@f%ﬂss de%%&peztohn Bak41083¢n

rel ati onshi p. _The endcf rti.ons of % 6$e e% enent’s ve an outer

o oo ot CopetseR) BiPRraptebi e e B koS bar R ses

a pair of arreatersurtfhadeshadapthoi¢ian ntyerifradéywhthdideabulstst seven
surfaces of ifig PIRAICHARER! 8axIDC (AL YRR WERIERS B561 T BALCHore

apart relation to one e arcuate surtaces su an ang

of less than hﬁﬂ)?ﬂﬂjﬁ¢§vﬁﬁﬁshrr%&ﬁtﬁ#ﬁﬁ tohaddvuiésaresmiale 3gh t he
radi us of cwe/aaésdnenl@‘ thiee coupring. sm:‘fg&ﬁ@s.cahtt Bem®)| p@fﬁize:rmas

Each segnent furt | udes co ne, t er.s
connect tng AP B8 BTt of Aridtn EP T RE B FRE] ot rhers
are adj ust abkachanjieednabbe conplinmiwighoné ficvent eotakucdsasketthding

segment s toget hela chiae $eaEBEKS1 IS A4Sl iaeRl Byuppacadj ustabl e
ti ghteni ng of t.he connection nenbers so as to conformthe curvature
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and the arcuate $Sipef dowenpionecedngsadisalingerconnectable pipe coupllng
segments. Each segment is positionable straddling facing
end portions of a pair of pipe elements for securing the
pipe elements together in end-to-end relationship. The end
portions of the pipe elements have an outer surface of
substantially cylindrical profile. Each segment comprises a
pair of arcuate surfaces adapted to interface with the outer
surfaces of the pipe elements. The arcuate surfaces are in
spaced apart relation to one another. The arcuate surfaces
subtend an angle of less than 180° and having a radius of
curvature greater than the radius of curvature of the outer
surfaces of the pipe elements. Each segment further
includes connection members for adjustably connecting one .
coupling segment to another. The connection wembers are
adjustably tightenable for drawing the arcuate surfaces of
the segments together. The segments are deformable upon
adjustable tightening of the connection members so as to
conform the curvature of the'arcugte surfaces to the outer
surfaces of the pipe elements.

Preferably, the segments are substantially elastically
deformable, and the arcuate surfaces project radially



inwardly fromthe segnents. The connection nmenbers conprise a pair of
proj ections extending outwardly fromthe ends of each of the
segnents. The projections are adapted to receive fasteners for

adj ust ably connecting the segnents to one another, the fasteners
bei ng adjustably tightenable for drawi ng the arcuate surfaces of the
segnents together into engagenent with the outer surfaces of the pipe
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surfaces of the pipe elements. Each coupling segment has

connection members for adjustably connecting one coupling
segment to another. The connection members are adjustably
tightenable for drawing the arcuate surfaces of the segments
together. The segments are deformable upon -adjustable
tightening of the connection members so as to substantially
conform the curvature of the arcuate surfaces to the outer-
surfaces of the pipe elements.

A pipe coupling also includes a flexible, resilient
seal. The seal is preferably a substantially circular ring
‘having an inner diameter sized to receive the pipe elements.
The seal is positioned between the arcuate suxfaces of the
first and second coupling segments. The seal has an outer



Preferably, each of the first and second segnents further conprises a
pair of angularly oriented surfaces positioned adjacent to each of

t he connection nenbers. The angularly oriented surfaces on each
segnent have opposite slopes. The angularly oriented surfaces on one
segnent are in facing relation with the angularly oriented surfaces
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In another embodiment, a pipe coupling comprises an
arcuate band having first and second ends in subgtantially
facing relation. The ends are spaced apart from one
another. The band surrounds and defines a central gpace.
First and second arcuate surfaces are mounted lengthwise
along the band on a side thereof. The arcuate surfaces are
in spaced relation alongside one another and project
substantially radially inwardly into the central épacev The
arcuate surfaces have a radius of curvature greater than the
radius of curvature of the outer surfaces of the pipe
elements. The end portions of the pipe elements are
insertable "iInto the central space. Connection members are
mounted on the first and second ends of the segments. The



(A) providing a pipe coupling having a plurality of coupling segments
attached to one another end-to-end surrounding a central space, the
coupling segnents having arcuate surfaces adapted to interface with

the outer surfaces of the pipes; (B) inserting the end
portions of the pipe elements into the central space; and (O
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Figure'l; connectlon members. The arcuate surfaces are thereby
brought into engagement with the outer surfaces of the pipe
elements, their curvature substantially conforming to the
curvature of the outer surfaces of the pipe elements.

Deformation of the band may be elastic, plastic, or may
be facilitated by a hinge positioned between the first and
gecond ends. The hinge aliows a first portion of the band
to pivot relatively to a second portion of the band for

receiving the pipes within the central space.

The invention also includes a method of securing facihg
end portions of pipe elements together in end-to-end
relationship. The method comprises the steps of:

(A} providing a pipe coupling having a plurality of
coupling segments attached to one another end-to-end
surrounding a central space, the coupling segments having
arcuate surfaces adapted to interface with the outer
surfaces of the pipes;

(B) ingerting the end portions of the pipe elements
into the central space; and '

(C) deforming the coupling segments so as to conform
the curvature of the arcuate gurfaces of the coupling
segments to the outer surfaces of the pipe elements.

Brief Description of the Drawings

Figures 1-1B are longitudinal cross-sectional views of
a deformable mechanical pipe coupling according to the

invention;

Figures 2 and 3 are partial cross-sectional views of

the pipe coupling shown in Figure'l;



Figures 4 and 5 are perspective views, partially cut away, of seals
used with pipe couplings according to the invention; Fi gures
6-7 and 8 are axial views of various pipe coupling enbodi nents
according to the invention; Figures 7A and 9-13 are

| ongi tudi nal sectional views of pipe coupling enbodi ments according
to the invention; Figure 14 is a perspective view of a pipe
coupling according to the invention; Figure 15 is a side view of

t he pi pe coupling; Ln_FEjgur X - | e is . a.
cross-secti onal %F’m?%%kgnagé %i%ﬁéﬁg?fgefﬁftggﬁ+%%%4Pa#%lallﬁi tFe
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accordi ng t oidhredidwent i on; '

Figures 6-7 and 8 are axial views of various pipe
coupling embodiments according to the invention;

Figures 7A and 9-13 are longitudinal sectional views of
pipe coupling embodiments according to the invention;

Figure 14 is a perspective view of a pipe coupling
according to the invention;

Figure 15 is a side view of the pipe coupling shown in

Figure 14;

Figure 16 is a cross-sectional view taken at line 16-16

ianigure 14;

Figure 17 is an axial view, partially cut away, of pipe
coupling embodiment according to the invention;

Figure 18 is amn axial view of a pipe coupling
embodiment according to the invention;

Figure 19 is an axial view of a pipe coupling
embodiment according to the invention;

Figure 20 is an axial view, partially cut away, of a
pipe coupling embodiment according to the invention;

Figure 21 ig a partial sectional view of the pipe

coupling shown in figure 20;



Figure 18 is an axial view of a pipe coupling enbodi ment according to
t he i nvention; Figure 19 is an axial view of a pipe coupling
enbodi nent according to the invention; Figure 20 is an axia
view, partially cut away, of a pipe coupling enbodi nent according to
the invention; Figure 21 is a partial sectional view of the pipe
coupling shown in_figure 20; . _Figure 22 is_an axial view,
partially cut awalr9fe £%ilfe3Boaplrhg EibodRFEARLAY cOYEi 3R .0 athe
invention, pipe Rk 3 dudbodAmait dhedd:RW RS t8 Bheeiceapt i &iY;
enbodi ment according to the invention; and

Figure 23 is an axial view of a pipe coupling

embodiment according to the invention; and

Figure 24-26 are axial views of a pipe coupling
embodiments according to the invention.

Detailed Description of the Embodiments

Figures 1 and 2 show a pipe coupling 10 according to
the invention. Coupling 10 is formed from coupling segments
12 and 14 which are interconnectable with one another to
straddle end portions 16a.and 18a of pipe elements 16 and 18
to secure the pipe elements together in end-to-end
relationship. The end portions of the pipe elements have
regpective outer surfaces 20 and 22 of substantially

cylindrical profile.

Interconnection of the coupling segments 12 and 14 is
effected by connection members, preferably in the form of
lugs 24 and 26 best shown in Figure 2. The lugs are
preferably positioned at esach end of each segment and
project outwardly from the segments. Lugs 24 and 26 are
positioned in facing relation to one another and adapted to
receive fasteners, preferably in éhe form of bolts 28 and
nuts 30 which are adjustably tightenable and cooperate with
the lugs 24 and 26 for adjustably connecting the coupling
segments to one another as discussed in further detail

helow.

As best shown in Figure 1, each segment 12 and 14
comprises a palir of arcuate surfaces 32 and 34. The arcuate
surfaces are in spaced apart relation to one another and
preferably project radially inwardly toward the pipe
elements 16 and 18. Thé surfaces extend from a housing 36



Figure 24-26 are axial views of a pipe coupling enbodi ments according
to the invention. Detailed Description of the Enbodi nents

Figures 1 and 2 show a pi pe coupling 10 according to the invention.
Coupling 10 is forned from coupling segnents 12 and 14 which are

I nterconnectable with one another to straddl e end portions 16a and
18a of pipe elenments 16 and 18 to secure the pipe el enents together
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stop surface that engages the ends of pipe elements 16 and
18 to ensure proper positioning of the seal 44 relatively to
the pipe elements as described in detail below. Engagement
of the pipe elements with tongue 48 also effects alignment
of the arcuate surfaces with the grooves (if present), or
with alignment marks on the outside surface of the pipe

elements.

As illustrated in Figure 2, arcuate surfaces 32 and 34
have radii of curvature 50 greater than the radii of
curvature 52 of the outer surfaces 20 and 22 of pipe
elements 16 and 18. FPFurthermore, the arcuate surfaces 32
subtend an angle 54 of less than 180°. Angles 54 between
about 40° and about 172° are practical. As a result of this
arcuate surface geometry, segments 12 and 14 may be pre-
assembled separated from one another such that pipe elements
16 and 18 may be inserted directly into the coupling 10 as
shown in Figure 1 without first disassembling the coupling.
This feature provides a significant advantage over prior art
couplings which must be assembled onto the pipe ends piece
by piece. dJoining of the pipe ends with a coupling 10
according to the invention proceeds much more smoothly and
quickly than with prior art couplings because the technician
handles fewer pieces and does not have to thread nuts onto



and backwal | form ng a channel 42 that receives a seal 44. Exanples
of seals 44 are shown in Figures 4 and 5. Seal 44 is preferably a
flexible, resilient ring formed fromelastoneric material. The seal
may have |ips 46 that use the internal pressure within the pipes to

i ncrease the sealing force between the seal and the outer surfaces 20
and 22 of the pipe elenents 16 and 18. As shown in Figure 5, seal 44
may al so have a tongue 48 positioned between the |ips 46, the tongue
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illustratedqh qheg@rleezelarﬁ%w élé‘lﬁ’rlﬁ’aé’éfsps%hm @xe lvpup liagi pver the

curvature 5@igecalienehBaprt irﬁiiirltl EHE VL pE G Bdneift of Rﬁt@uizﬁé
surfaces 20 and .22 of §{:§e e rrg}‘ gnd 18. . Furthe £
arcuate sur ftEd39 - s Br R éﬂeél 8?151%5@#%‘?%8 eaﬂ’fﬁ?ﬁs 8%
bet ween abowupt@rindgabbet sdd@erd=e ipy apaceél relst i esel tegbribed
arcuat e surfpgeydeonetry, segnents 12 and 14 may be pre-assenbl ed
separated from one another such that pipe elenents 16 and 18 may be
inserted directly into the coupling 10 as shown in Figure 1 w thout
first di sassenbl pfigetrhecttloyplpenglefbngsf tatam® ¥ evedeasarsegnittscant -
advant age o r.Ar j NQs i st S I he
pi pe ends p:ég)%geghgpllgcées ol ni %gl O}A@J%Q f#bemg’ﬁsd%% A EQ%R{'&?@(E
accor di ng t dsEReaLAQeRITWir Hocedds AIER ADHreoarasetl Vlﬁhdthfémzl@ tS

than W th prigokcaita® oL i NgHeCauseatbbe j@c‘a{am @u;aanhgaglh@ﬁtfﬁﬂver
pi eces and does go%hhave to thread_nuts

Crbod: mont SRORRC FIPRaUPE SEORERE. 24a) BPMAPRY o SPSqTarE Trens =
si zed to holfdrtheosotipt i gss €gnentis 24 2wlaich Tringss pheedegmpants into

relation SUEEh‘éhé@"wiiﬁh %H&‘ﬁlb'&ee@éﬁénéé‘d&ci Q:aj?l%-e'snéﬁété&'gﬁénts 12
descri bed above. i Nné ameter ed to réceive th
end portion§™ 6% a'ﬁ?i ‘i%% é‘ 5}“35 'élli%n"’eafﬂlélsslolﬁz)l‘:&‘rﬁﬁt%% mhPh ﬁg‘
coupl i ng overcthte piypefadcanent and By suissirdritniglillye cphperesd emertis: i nt o

the coupl i ngﬁeﬁg%f oAl Rt § hél\." f’ﬂedé ];g QR feat gé ?‘%& 0er This

supportl ng segnments I n Sp aced are aescri
After bot h ﬁpbé%lvewfﬂtlgl%aéﬁé @8 FPEORRNG FEGUERE02 cansp| 3 rP@'ldiGLAas

shown3b n Fi ghgeldA, wﬁw@ﬁah@r glaial Qgtsﬁélﬁﬁbdrﬁﬁﬁeahﬁéugtﬂ%&@%eg%d
nut s coo rate \Mt bolts 1o arcuate sur

Tt 34 on cBBR A fod! St B e Rl Saftit i £ sl Ui ARG e SIARES 9
nuts exert sauefloredglin inte kugsgeuenrindridg wiiec bubei nger fawe s efimiiies

i Nto cont achi itk dnddie erB:RhENBA! S ANk GUREACLNE, SEUEN] Siol2 and 14

to deform such_that, the_ radius of curvaturé 50 of the arcuate
surfaces 32PEREEEPSFPIREPELRY R oIS t GLLAWIRGAFRR SATRANEFALGr e
52 of the piépeimddrmid substandidBly Tio tirthi origsnal | stdgate@drbyhe

conparing FLgut e Zax%nq.g%sﬁﬂgdl Atﬁé}deﬂef rt?:',xﬂgt Dfe 9%&?@% %‘;E‘HE%B

the arcuate surfaces an e pl pe out B aces dimn
arcuat e surb%o’@%%@@@hmam% FGRpgEmehtowthba Heeduliast asur f aces

of the pi pedsssisibdehefalhl onTRE ddifneir@RAYSaldcapdl debidghed to have
significant plastic deformation; wherein the deformation
imparts a permanent set to the segments. For practical
couplings, there will generaily be some degree of both
plastic and elastic deformation occurring in the segments as
a result of tightening the fastenevs. Additionally, when
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preferably substantially elastic, allow ng the segnents to spring
back substantially to their original shape when the nuts 30 are

| oosened, thereby permtting the coupling 10 to be reused in the
manner according,to the invention as described herein. The segnents
may al so be designed to have significant plastic deformation, wherein
the deformation inparts a pernmanent set to the segnents. For
practical cotbéisegrentreri® wind 1geaes ald ytHee undeéotegd eecaxfe b@ikure

pl astic and gi ?SM& ﬂfgsorﬁafahanaecﬁagé%{%ﬂg\%ﬁggﬁﬁﬁgﬂ&%éd a:fh %fzx%%‘i&%

of tightenin he fasteners
14 are in thE° WRRIBIGHE St aRel ?Fi'-’@%r@gﬂ-)es e UPUES @QO%CILOZGW be
angul arly orpestettdin r@sﬁbhﬁﬂntﬂn%‘@ﬁ@@heth&R@éﬁétiﬁﬁa %}@1&%1152 up

to about 10 t| N F r el ative ang

orientation %’? ?rﬁg igs 54 and ‘}g |s % (ﬁju%Leéd%sr?‘a gar?erﬁhs‘? §?5 g’
def or med, andte Hefpsdiestr pnfdayhe egehs e dayubh dmxgndtb gugys thae the
subst anti al | yuqraradd @ub@ﬁﬁﬁtiﬁfly’arﬁéﬁl@.eiu65§€e§h§2a§élga.1%4 surfaces 32

substanti al | f or uter ur f aces 20 and his iIs
preferred b %%ﬁgﬂ S\H?@&ra‘r“d tﬁBeb‘B‘F’fmﬁéﬂH‘%Snap G
be in substazfi aI'JIl:yLsf ligst pceﬁeamdvbetdauslme whgs, foliky ehigliremiedi, nghe

i nduced bendi %ﬁd‘ﬂuﬁhﬁlﬂPH&§ WPEQB %ﬁ%%ﬁﬁé@%@ﬁ%%ﬁegct with

deformati on of th e seal 4 |sa
process, as EWoviitgsn EhgupRY 19voiding tlﬁéurﬁ?‘asb@ediéwﬂweunﬁﬁomuthe
engagerrent v]zidlh:s macm ﬁanebammtpamfaﬁén&uﬂéﬂ@ﬁﬁau?ibrami 22e Beragse

t he seal tantiall it_must be pr0|ded.vm'th
space i nto |ch%l2't§L i EL%x and n% egzsue% %ro?%ss'sggnen?‘ém i s
space is prQuHEE W:awé‘éhcﬁm tlylrfm 4|§0§Dtﬂi@ﬁe~trl‘¢m e leaghaakendwith |

bet ween t he Widewakl 8138enfonaa (30 rF4c-0BY26 alea thr t U@'eic)ﬁu@@)’the seal
e  Sea

practical shgpe and, a vol unme ch
et et or oddbdsn SbeErat tal Dh e er e Rt iy TR Bor BFTRLSER Bith
t he seal norpaeechhyoowkichts: ciayC exbendnekkemncbmpitesgatl by the

tendency of Jhpepeal tonextd q_lét g/%gg_aeérwnap% g.é_t&h? g Segnent s

bet ween the |Ugs. The concav revents tongue present,

from bei ng W&anﬁéﬁmk’éntlﬁé’aé#ﬂ@léf 49 hee By eRn éﬁ%%@?wa%slfﬁ%ede
fl ow theret ltcaeghity 64 mas ﬁlmmnuﬂwrw a:x&mtl&alf ghapdeand

reassenbl e I t o) t S
BOSI tion onggﬁﬁwg ;@9 %iju“llé I“th%" I ntggl ﬁgghéegasleq’r?%%l 1% h%%éfpl W the
desi red spa&&goapdr torluids itheyelut éitﬁi'—%#éliwgc Gﬁﬁaéﬁfﬁﬁﬁl%@n toHe
segnents andhteheeamhoﬂél evEllY b¥eg0RVE Nt BNt aeaeaPhhg et Rt ing

deformng th tr] % f bol t s Zﬁ efe abl a %ak ng

the bolts hi g‘&e eﬁ@ lic¥o? at |h0n &al 8 %’6 "%P"Eégﬁi?s% rgr#ef

unscrew ng -the segments between the lugs. The concavity also prevents
tongue 48, if present, from being forced between the ends of
the pipe elements and impede flow therethrough.

As shown in Figures 2 and 3, for the preassembled
coupling 10, it is advantageous 'to hold nuts 30 in a
position on bolts 28 that will maintain the segments 12 and
14 in the desired spaced apart reldtion as determined by
contact between the segments and the seal 44. This is
conveniently accomplished by deforming the threads 29 of
bolts 28, preferably by'staking. Staking the bolts hinders
the rotation of the nute and prevents them from unscrewing
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fromthe bolts under the effect of vibration, for exanple, during

shi ppi ng, and keeps the coupling in the preassenbled state with al

of its parts together prior to installation. The staking is readily
overcome when the nuts are tightened with a wench. The bendi ng
stiffness of the segnents may be tuned to control the anount of force
necessary to deformthemin order to reduce the required assenbly
torque and nf#dngate galikbsngndet waen diifecaubs anthtdteidng.£oAs exBRWNe| N

Fi 6, f. bendi fl | it be f
' the housi G 98 EEIPRBSERACRED B8 TRV IS ALY Preoapedioa
nmonment of i refraticawatht Bélseqnihs paRtiss togdticer @ricr hoefimsablyation.

achi eved by BAAIRAKORE 9% H@é&ﬁ“tow%%%méswﬁéh et gy al%@t lel%ﬂ ened
backwal | and the arcuate surfaces 32 and . Al t erna y, as

shown in F| 7 "EfB8egnents may have arcuate surfaces 32 and 34
(not shown) conprising inwardly prOJectlng teeth 69. Teeth 69 engage

outer surfaces ofLhgephpiy ChEfBAls BrPLAY! HeIRAhARLGALE! ERRLAT K.

and are espeC| al | vanta eous en use g
el enents. TESNKYE Fﬂa? Heowrih Hfaforse| g}e'éwam&%d959r§h BamoHn

segnent 14, cﬁtaerntarﬂbaﬁ@@tth@s:eijwwadoas@@wttol»zgueSaﬁal Ritepite
preferable snal shown_in F

fo bl
7A, teeth 6§ﬁﬁ&§ gl%%g%%géﬁg%%d%%r%ﬁgpgg?éfaSIoﬁ%%?ﬁ?gns%ﬂegf%ﬁr?hé ©
segnent to. isectéase ofeinmuraad dendésyr flenilpddvydéd baytbhe formed

coupling. AspheHghneesphd rtgas A GdBgniRr 4 f@ 'a?l\ﬂe'it&' 8Y i\é@uéﬁﬁrﬂ@ed

above as caggrlsed of t nent s, S |s é ang on|

Coupl i ngs REnBrechd %gﬁﬁhﬁﬁtg 31%9 hARGTRRRFRIPRA S or

| ar ger di anptrefepapEs ahhﬂdWEdlhy adding one or more cut- outs 68 in
either or bhoth the backwall 40 and the arcuate surfaces 32
and 34.

Alternately, as shown in FiQQre 7, the segments may
have arcuate surfaceg 32 and 34 (not shown) comprising
inwardly projecting teeth 69. Teeth 69 engage outer
surfaces of the pipe elements to provide mechanical
regtraint, and are especially advantageocus when used with
plain end pipe elements. Teeth 69 may be substantially
continuous, as shown on segment 14, or intermiptent, as
shown on segment 12. Single teeth, preferable for small
couplings, are also feasible. As shown in Figure 73A, teeth
69 may also be arranged in palrs on opposite sides of the
segment to increase the mechanical restraint provided by the
coupling.

Although couplings according to the invention are
described above as comprised of two segments, this is by Way'
of example only. Couplings. with more than two segments are
feasible and preferred for larger diameter pipes due to the
manufacturing costs, as reducing the size of the segments is
economically advantageous. A further advantage is that the
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manuf acturi ng costs, as reducing the size of the segnments is
econom cal | y advant ageous. A further advantage is that the spaci ng
between the lugs is reduced, requiring fewer turns of the nut and
shorter bolts. Standard depth sockets nay thereby be used during
installation. Figure 8 shows an exanple of a coupling enbodi mnent 72
havi ng four segments 74 simlar to those descri bed above.

Cou]pl i ngshhas@a&igigts He?;!%velélﬁeﬁ?ﬁ howgs V!'lﬁr:%!d&cé&:é Qéq&ﬂt@irﬁj e turns
surfaces have stantia e s r adi of. cyryature. reas
such a conf |%%rst 5 &N ?ngpélr%ﬁ??’ét rTcl’:jftfr' j%i‘g‘ﬁflﬂﬁr‘gi%%‘%t%hé’\ﬂ“% § may
subst anti al | ghatedys ee ugkdneteing olngial latdoher , Fiyyer & Sishewsna
coupl i ng pi %{&%{;ﬂ.@%ﬁfsaof:phﬁliﬁé%ﬁin{e% §SOREM Sy %&ageé@@gmée 74

segments). surface 82 having a first 'second arcuate sur
curvature SFHaid%e Ot hRRSe described above.

Couplings have thus far been.shown wherein all of the
arcuate surfaces have substantially the same radius of
curvature. Whereas such a configuration is appropriate for
joining pipes having substantially the same diameter to one
another, Figure 9 shows a coupling embodiment 76 for
coupling pipe elements of different diameters. Coupling 76
is formed of two segments 78 and 80 (although it may have
more than two segments). Each segment has a first arcuate
surface 82 having a first radius of curvature 84, and a
gecond arcuate surface 86 having a second radiusg of
curvature 88 smaller than the first radius of curvature 84.
Thig allows coupling 76 to join a pipe elewent 90 having a
larger diameter to a pipe element 92 having a smaller
diameter. Analogous to the couplings described above, the
radius of curvature 84 is greater than the radius of
curvature of the outer surface of -pipe element 90, and the
radius of curvature 88 is greater than the radius of
curvature of the pipe element 92. This geometric
relationship allows the pipe elements 90 and 92 to be
ingerted into a pre-~assembled coupling 76 and achieve the
advantages of the invention. The coupling segments 78 and
80 deform upon the application of force by adjustable
connection members to conform the radii of curvature to the

outer surface of the pipe elements,

In a preferred embodiment, shown in Figure 10, the
inwardly ﬁrojeéting arcuate surfaces 32 and 34 of coupling
10 engage grooves 94 formed in the outer surfaces 20 and 22
of pipe element end porticns 16a and i8a. Interaction
between-the‘arcuate surfaces 32 and 34 with their respective
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coupling enbodiment 76 for different diameters Coupling 76 78 and 80
(al though it may have Each segnment has a first arcuate radius of
curvature 84, and a having a second radius of the first radius of
curvature 84. This allows coupling 76 to join a pipe elenment 90
having a | arger dianmeter to a pipe elenment 92 having a smaller
di aneter. radius of curvature radius of curvature

grooves 94 permits the coupling to provide relatively high

end restraint to withstand forces caused by internal
pressure or external loada. To ébtain higher end restraint,
it is found useful to add a second set of arcuate surfaces
that interact with a second set of grooves in the pipe
elements. This embodiment is illustrated in Figure 11,
wherein a coupling 96 is comprised of segments 98 and 100,
each segment having two pgirs of arcuabte surfaces 102 and
104 that project inwardly from the segments. The arcuate
surface pairs are in substantially parallel, spaced relation
to one another and engage pairs of grooves 106 in the
surfaces of the pipe elementg 108 and 110 which they connect

together.

In another embodiment, shown in Figure 12, couplings
according to the invention such as 10 may be used with pipe
" elements 112 and 114 having raised circumferential shoulders

116 that are engaged by the arcuate surfaces 32 and 34 of
the segments 12 and 14. Alternately, as shown in Figure 13,
a coupling 118 according to the invention having segments
120 and 122 with respective arcuate surfaces 124 and 126 is
used with pipe elements 128 and 130 having flared end
poxrtions 132 and 134. Note that in the example embodiments
shown in Figures 9-13, the seal 44 has the tongue 48 which
is effectively used to position the pipe ends within the
coupling upon insertion, the tongue’ acting as a pipe stop to
ald in locating the pipe ends at the propex depth within the

couplings.

Another coupling embodiment 136 is shown in Figure 14. -
Coupling 136 is comprised of two segments 138 and 140 from
which lugs 142 and 144 extend, the lugs cooperating with
fasteners 146 to act as connection members for adjustably
connecting one coupling segment to another. As described
above, each segment has a pair of arcuate surfaces-i48, 150,
each preferably projecting radially inwardly from the
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Anal ogous to the couplings described above, the curvature 84 is
greater than the radius of of the outer surface of -pipe elenent 90,
and the curvature 88 is greater than the radius of of the pipe

el enent 92. This geonetric relationship allows the pipe. elenments 90
and 92 to be inserted into a pre-assenbled coupling 76 and achieve

t he advantages of the invention. The coupling segnents 78 and 80

def orm upon iskgmappki cath®m@udter 68rbicas Ugialkle 2608AgeL1 P52 NESRMST S

t f th I o OF t to th t f f th
el omonts, | Chan el Dond i S EHAPRoORE, SeRmR AT LeRgaFE~T:  Ehes

i nwar dl y projtéet ragiascobtensmtiaecsf32hanpiB adfemeobpl whijch the
coupling is to join together. Anti-rotation teeth 70 are

positioned adjacent to the arcuate surfaces and project
radially inwardly to engage the pipe elements and provide

torsional rigidity.

As best shown in Figure 14, each segment 138 and 140
has a pair of angularly oriented surface portions 156 and
158 located adjacent to each of the lugs 142 and 144. As
illiustrated, the slope of surface’ portion 156 may be
opposite to the slope of surface portion 158 on each
segment. (Both surfaces could also be sloped in the same
direction as well.) This opposite slope relationship
between the surfaces on a segment results in surfaces having
compatible slopes being positioned in facing relation in a
pre-assembled coupling as shown in Figure 15. When the
fasteners 146 are tightened, conforming the arcuate surfaces
to the outer surfaces of the pipe elements, the angular
surface portions 156 and 158 on each segment engage and
slide relatively to one another, causing the segments to
draw together and rotate relatively Lo one another in
opposite directions about an axis 160 oriented substantially'
perpendicularly to the axis of the pipe elements being
joined. These motions of the segments 138 and 140 causes
the arcuate surfaces 148 and 150 to engage grooves in the
pipe elements and adds rigidity to all axes of the joint as
previously described. For coupling segments having surface
portions with the same slopes, the coﬁplings move along the
pipe in opposite directions relatively to one another with

similar effect.
Ag shown in cross section in Figure 16, the segments

138 and 140 forming the coupling 136 have a channel 162
defined by a housing 164. The housing is formed from a back
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10 engage grooves 94 formed in the outer surfaces 20 and 22 ' of pipe
el ement end portions 16a and 18a. Interaction between the arcuate
surfaces 32 and 34 with their respective grooves 94 permts the
coupling to provide relatively high end restraint to withstand forces
caused by internal pressure or external |oads. To obtain higher end
restraint, it is found useful to add a second set of arcuate surfaces

t Prgt OIi nt er aczaid t b6 & [RT @idiewal 181 168 OGMRS rictetihespa p@?aei emtuhi chhiis
enbodi nent i s.i r at . igure 11 reip.a upling 96.is
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rel ation to one anot % .and enga%]?v;f)ﬁaﬁrs of groqQves 106 in_the 1
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t oget her. chanden aihditee seabbebemeitt issheanednofi expesd?® toc dlpliidsgas
according t he | ' c e i [ I S
05 and 1 MebE AL RN EhVeR Chofid B HEClPURE] Kk R ReaTRAL

engaged by te¥dfrdudte Pippatbenegtsfnd3ingrdenElas gristaltrpughddee.

Al ternatel y, t@scéiwisibnFogutRe 1skala coupling 118 according to the
i nvention having segnents 120 and 122 with respective arcuate

surfaces 124 and 126 is used with pipe elenments 128 and 130 havi ng
flared end portiords #32thad ¢3plivg embhdiment i hehawany Fiowyedident s -

shown in Fi geRpidngt ﬂ?ésﬁéixf'ﬁéq%w&&@séangﬁeaéalm&Qwios coupling

effectively used tO0 poSitign_the pipe.ends wthin_the caoupling upon
i nsertion, t??@“ledﬁ&ué@cf‘f‘ﬁglﬁ%f aépaﬁlprb@aé’ﬂﬁg tovar Ly rPrloéc?é’Filﬁg t he
pi pe ends atatdimter spefadept iBMWiddidescirébedyugbovgs. Howevelnotlrenate

ends ataitd _ hidestintbedy « theuace
Compr i 860 o via eEyaag: Ry gL, 5P R ot IR e A Sppgetce

extend, the nslfs cEBperatrhes wiih smesL8AeProide tlaattange asnkbeton

(rjrerrberz L orb@d;ilwcalalﬁﬁ goen@m&mg»dyie;i@ﬁupdﬁf n@aéegf@]h'.n]Engha@éhgt.ié\s
escri bed above, _eagh .s as..a pair ar e .sur s.148,

150, each pr“éqsg-‘r 5'%16 éegr gjggﬁ‘%“h% rspé%’lea%lﬁﬁmﬁg%%\%r%}?g G rlgir%etrﬁés %Ieltg%e‘ﬁ}? .

The ar cuat e pner-fegsenbdadt eppbinaigie 15he| aeailakun itg0 candnhyugased

radi us of CY1RkULeelRd SREM ElodtaBnkhel 1S Usho et ALUEE RERt BiE
pi pe el ements which_the c uézg%ir/%%ls Elo Loin t oget her . ‘Anti - gtatlon
teeth 70 ar &780& iéﬂ%dt%gf o SLRESE AT AHFHEES LBnEDrRF et
radi al ly i nwessehpled eogfifputdicion paael eoehd soartheprasiedéft ohsi onal
rigidity.  iearance was not available at the ends of the surfaces. By
having the segments of the preassembled coupling closer
together, the amount of deformation required to conform the
arcuate surfaces to the pipe element outer surface is
reduced and thereby the energy required to tighten the

fasteners,

Another coupling embodiment 192 according to the
invention is shown in Figure 18. (Coupling 192 comprises an
arcuate band 194 surrounding a central space 196. Band 194
has opposite ends 198 and 200 positioned in facing relatien
to one another. Ends 198 and 200 are in spaced relation in
the pre-assembled coupling and have connection members
mounted thereon, preferably in the form of projecting lugs
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As best shown in Figure 14, each segnment 138 and 140 has a pair of
angul arly oriented surface portions 156 and 158 | ocated adjacent to
each of the lugs 142 and 144. As illustrated, the slope of

surface' portion 156 may be opposite to the slope of surface portion
158 on each segnent. (Both surfaces could also be sloped in the sane
direction as well.) This opposite slope relationship between the
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184 posi ti oNeW R ISty CeARTLITHEIH IR &S 2 E‘taﬁﬁ 184 :’pﬁe}mﬁr’c}é@ ©
cl earance aththtastaied driewantdh8 bugs (miwapmslealchnstbért heend argsu g

wh it j nt
the pre- asoiipietanst taeDshILLLIL Renp D ZEQFQ?%‘E?%S%L?% "o
cl ear ance a?o%%s"é‘lqli?é-a*t fﬁgﬁslaﬂﬁo%etﬁ@%@ﬁiﬂﬁﬁ Yseghehtel e omgd 178

to be spacegnétioser t*mu@:nQsapakh@éuianﬂﬂ%d&ra@tagéeﬁbI@@lrc@rﬁlémmtal on
val e at_ the ends

t han woul d beteca a nce was n

of the sur 1 Seuel g RS et §oFRcSRE GHEE Joen Eng, BARe CRETR S0 Fng
cl oser togefdomnm a tm@a:munpomﬁtd@ﬁ (ﬂma drer dglipresition conf ormt he
arcuate surém&&&heuehpehslsm QUHL e S WE§ 8R e1hSuFLLIGRd tmd

t her eby the energy require hten t he fasteners Anot her '
coupl i ng enfRRH trfé%t pf’g?tﬁcéﬁ'flapﬁ 1% GhexibddefYion is shown in Figure
18. Coupling 192 conprises an arcuate band 194 surrounding a central
space 196. Band o] ﬁiféag a

facing relation %%gl%’oﬁg‘ a%gtghgfrlé 3 %@1 3%0}893;9_% I{éé)r?ﬁ(hllcjiﬂ the
rel ation i Pamdk 194 babyenn| bhe carpratey salﬁréaﬁa@e%%nne%q%r?%Mr ke
mount ed t hesR@iNaxief erabbyilDudtieated Mnokigteescd 48 131gHd sized to

receive the pipe elements for creating a fluid tight seal
when the band is deformed.
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202 and 204 adapted to receive a fastener such as bolt 206 and nut
208. The bolt and nut cooperate with the lugs to deformthe band 194
and bring the ends 198 and 200 toward one another after pipe elenents
have been inserted into the central space 196 for coupling in
end-to-end relationship. Band 194 has a pair of arcuate surfaces 210,
only one of which is visible in the figure. The arcuate surfaces are

|1 8 Spgcgd rel gt h or%é Qﬁgidl\ﬁlgsgléﬁclﬁﬁﬁl Q5ﬂ1t@ou§§1h§| us rt@é}?doé ][ad:ll&%a'
and descrjbe r er enboc nt s ur

210 have a g}l%ﬁ% ué) &2‘ %rgﬁrwaql?ﬁ ?r%dﬁletrﬁéaoﬂgeﬁ rjfgzl g?“‘cts"he
pi pe ends th@qumm@mﬁplmam’gbﬁsefﬁeq:mdl hwgmsh&nonihgscg@mmIs 246 in
conf i gurati ofe %& hepﬁ%@%@&é@p ofs té}Fouf%Pg_% %9§u9@21200a a3l fyas oh e

pi pe elements . to be mser% into central ace
tighteni ng of2Y e RACV26EY RECBERR %% ‘?’%dsdéﬂe r Bt €9@n tlﬁtﬂge( K8 1is
radi us of curmefarsblef poeetionsdteqsidifaees ZiBmatke faidedi aheobhadm

th th t I j
ol erent s whi T Egy LS HEPRBLe MM IR, SHE L FEF, NedddBel Be
proj ecti ng liggsnEozegAgdoon bhe Heiaablte dngdl bl yewis dffeandi RS

respect to Oc&ﬁvaaftptdih@’ anb@iefg aT}ﬁ@h@ﬂd/qganghmZé@lw défcﬁelapub 2fe
Tightening of th fast[%ner d%ﬁ{vs t he I ) to

h oth
results in o8t AG-tRESF e Waeﬁ‘f‘g €279 5r%‘f5’$aa%?o‘°y ﬁ(r)ptlﬁg poi nt
wher ei n t he dlgendise toubstboti atiey mpatidl bél the swefayest hdith That 0§

particul arl yadyant-ageapant Oéu@elf’ | R10R <COURKER G M 15 SLO06 S g%sent

depend upon the pirpe el ements to forma reactiop paint to cau
def or mat i on Gh¢ S6adi Rati 4R W??fit% a@oItPs"‘a{LﬂEaWﬁc;?q Jgeneder 8fdag04
the reacti omnp@pabsdl nellhtiomgsd |thdthigibkyelements Gaiiplbiendns@2ted.

i ncludes a [ Eté"@r’ﬁ
arcuate sur ces }j’ogﬂé }ll}"gg%g d H‘Lglésel’hl%sp Jf.&é?(tﬁ’hose %utgtgﬁg%éﬁg _
Fi gures 4 arﬂ?%ﬁr&bédsﬁb@ﬂetoth%caéiwtﬁhéupf@@e%lm@mﬁr pEpéaekng a
;:U|dbt:gPtx%?ﬁblﬂ@eﬂnﬁgﬂd rE&dﬁ5ﬂ$%f%&H?d%nd may havéTGQfEﬁﬂQhﬂgradll
exibility cou uste re e are
nmonent of i " rt°“§vgia g %rci‘@f‘ éﬁ‘%&%j u%’?n’b%f S%%'eﬁié g’f%égf“éﬁ %y wo
posi ti oni ng addowohe 2¢6pling HePhdd beAlsed nae ejgdn gsipsisowaviingFi gur e
19, a hinge #¥3 1Ryt bg; phovéded between the ends 298 and 200. Hi nge
218 is preferably positioned equidistant fromthe ends of the band

and provides infinite bending flexibility, reducing the torque needed
on the fastener Fagdrawt hillendsral@d anprofssenided] avapdnogh2z20 e
band 194 wi |4 _st e u r 1 n

out er surfa?esgob& g%%%ﬁ@ﬁtéﬁt gg%gn?or mclf.{I rfla?l 3 i QFQ Egglg%{l %0%254
with that oﬁntih82§| 75% %m@?ﬁéiuamntere;am%e%nd W‘?@ﬁlﬁ € KPREEVE spipe

present, dt hélléﬁéhtgléuctb? a%sé zedh Solﬁ&pﬂ.:‘:}n@ﬁﬂfﬁ Mk tsﬂfécle%SzQ@Ztﬂ%Qt ﬁ04
in spaced re 1 Qn, SO a e.e nts nser or (0]

t he hi nged Sﬁg 3@%‘%‘&%%%%%‘? gggt ﬁ%dg%%%larrf‘iig %F‘FBeE Above, -
t he arcuat essgméat;esupr@m@blapaptore&athrm allny tﬂinwaﬁdhlypieom t he
band and may.nayendhd f angiicgadhi Qﬁe%«@w@ JJl@EF%@Et@eoiﬁ'ﬁés pico)

|IIustrated|n Figure 9, to.allowthe coup % be used t010|n
pi pes haVIn§ apfpg@epﬁs%ﬁ%ﬁﬁﬁQEp§tween fa01ng lTugs 234 and 236 that

extend from the segments. Tubes 232 are preferably thin
wailed and circular in cross section and are arranged
coaxially surrounding the fasteners 238. The tubes may be
made of lightweight metal ox a polymer material such as
polypropylene and may have score lines 240 in their gurface
to create weakened regions that facilitate collapse of the
tube under compressive loads applied by the fasteners 238.
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Figure 20 illustrates a. pre-assenbled coupling 220 that does not
depend on the seal 222 to maintain its segnments 224 and 226 in spaced
apart relation and ready to receive pipe elenents such as 228.
Coupling 220 has spacers 230 that extend between segnents 224 and 226
and maintain the segnments in spaced apart relation. In this exanple
enbodi ment, the spacers 230 conprise collapsible tubes 232 that are
posi ti oned béthneenméberimld ugsic234sandr@Beatdiandextibbarf apm dheo

segnents. Tu@@ﬁsgﬁfegrggﬂ%qgﬁﬁépg¥etQEQi&@%#ﬁQ}?ﬁgs%%§§§|@ﬁoﬁ@%%ﬁst

section and are arrang oaxl al I'y surroun . st Eners 2. The
tubes may beSHEBerbftie FRAMSH S 1hefarced relptiipreduringr Phireind as -
pol ipr Ogyl enhaﬁﬂﬂiﬁh@y.ax’%ui\&.@?ﬁ@(lﬂ.atB.bﬂlﬁsb@ém:cilfla%ﬁ%i égséri)gé@eﬁéknﬁirrﬁa@ e
weakene regrLons t hat Cl t co se of the tu unaer

Comr essi ve PolREeaBtyY e, PHE FobrdRife g™ Sepfy Mertrraly by
such as car dibsanal nd-alidteeringr éhel Sastfewsichivd thTRewrahek. ar e

designed to be strong enough to support the segnents in spaced

relation during shipping, .handling and installation, but collapse at
a predet er mi ned c%ﬁf%'smel GLEVEREE &Pt ARErgnShRaytapprs ,axe
preferably binsented hetiegit ehengeghentasiznens veth arasesnsdrs 238

I n use, pipe B jokne -1 O- I e et
Y e e S e

t he segment sS2RBvERtP cacRgsnRBE WhEh | o HfgagérrARtS t NTiFhtssiige of
el ements. Tight erdngrdirst RRatast enersupdaces uhaeskubeso sHides 1dad,

conpressive | o and.t he.tubes buckl e .and col | apse_as own i
Figure 21 m%fh‘??%e B:rué)(?é:‘t g?‘ﬁ?ﬁ%daﬁl‘ga%fﬁijsapf@niagvggom 1t rﬁer}l when
segnent s to oy ercslsdnedmdnedahotfels amhisvgdgbot ARl pw pehee| smpenE st bo

effect the bl -towara cPRAGEEERELSLAA etWeep; b0 BGUIRIY T JTBY
be used with any tci/gg Qfo mechani cal coup H?%. Notlgl}%%a? I'n Flgures 20

and 21, the SEGENIEDI#185d 226 have arcuate surfaces 242 with a
radi us of curvature that is substantially the same as the radius of

curvature of the gsgaféE%sBﬁ%%?ggm? a A8 e‘E{E‘\Qts 3(?%%\@% ﬁ%‘é} gféyuﬁéﬁ

designed to enga cl earance between l'enent 228 °
and the segrie¥ils agy SwiPrgofheephdyel eile mowP 1689 - belVokR diiadd imnFaoukes

COUpIhi ngzmiz‘ce ;sig‘lllzh,rrahat aéagthém;%l JpRsehabhe ﬁa?sdé &éfhﬁifudtﬁﬂ@;hﬂ'faces
not ches are_positioned at oppesite,en ‘the.arcuate
surfaces 24 sW&&S& asﬁ8a)hu? n° ica‘lﬁvéat?ﬁ% gﬁaénﬁ' c%"i%s a&gy the

cl earance atsange a3 thel vefiand® olwiadckeposi theonsuidr tshe fagepbEngipe

permt pipe &lHEmt o] 1 i ; - | echC k
220. CO e 228 ‘Jisqt??gtn%gé%%g‘téhe@}e %é%ﬂgfi%g R o Bpavisd

0
havi ng spacér€aF§9°GePREERASR e P2 54 SHAAT 298° Aih G FGIPRBES
coupl i ng. | mllbiwdnexahpl pipt helapatcents 330inseptdd elrdtdahe? GAupldng

posi tioned %ﬁﬁi@aEEXIYA&Qiﬂfggﬁ¥Ha%% %@%S%ﬂgble fastener length,
notches 244 and 246 are positioned at opposite ends of the
arcuate surfaces 242 as best shown in Figure 20. The
notches provide clearance at the 3 o'clock and 9 o'clock
positions of the coupling to permit pipe elements to be
inserted into the pre-assembled coupling 220.

Figure 22 illustrates another coupling embodiment 254
having spacers 230 between segments 256 and 258 comprising
the coupling. In this example, the spacers 230 comprisce
tubes 260 again positioned coaxially with fasteners 262 and
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bet ween facing lugs 264 and 266 projecting fromthe segnents. Tubes
260 have corrugations 268 which facilitate their collapse when
conpressive load is applied by tightening the fasteners. Note that
the segnments 256 and 258 are simlar to those descri bed above with
respect to Figures | and 2, wherein the arcuate surfaces of the
segnents have a greater radius of curvature than the pipe el enents.
Anot her exanpkeweén afspacerluger 288 ahdi MO preoWRiting Seeerhs i n
spaced rel at| ' ho in Bi.gure: 23 i.ng 2 i S, ¢ i sed  of
seqment s, 275odnefitds piluld ZE0 hE & oo SRR s B SR s e
posi tioned i Ahehei srl Fats: vdenwhenprees couploady issappéieddenbl ed. The

segnment s ar egighted DGRty FvcbastanensoBQaxt endi Baghetveed heg
| ugs. Spacer 2, pref, rabI§ I§ﬂ§t he_f or m_of %?ock-shaped bodi es 284,
g

8
are positi onia HE SR | B8 IRFUIEES PREVBOULER BefPegte to
renovabl e frBigipstsveemriche,| whsréin athowtduatkastiefecas taf ithe

ti ght ened angegﬁéwgBlg%‘ﬁée%”g%EétEPtPacf{e@%%m:v%{lﬁe pﬁlgaq} gék{eeh”g)'ibﬁ

bei ng j oi ned es 2 may be easabl'y attache

segments, fo?l¥&Hkf-e, held by friction between the lugs 266 and 268.
Flexible, resilient materials are.particularly advantageous for
form ng the bodies cause _bodi es.made from_such materials proyide
adequat e strengt %nfg:gleért FF‘P'HB%E ?h FaRRAE n TPhe "R OUpT Y iq?? abed
apart rel at i ggomhntisngr epghefarelldrigrbus 'shpwhein ddtiune @ef.or fedplbng

easy renovalzaf il ipedsehf oPolddRind@beni ahs 89€ weedthd %uft%gmi&{)e
bodi es they nmay, be ,adhered %g@t he. | by  heat fui%i% or” by adhesi ves

ugs ]
whi ch af f or PEIEEEEFabHESDh T}éq\/ge%npﬂ?ét%’a?@s Y LEGREMPR.
Fi gure 24 i |vhest taieesoaphing did grreddsesemblipli ngTlesboadimeantts 286 hbahd
uses spacer i i i 92..in spaced
apart relat ?%)n%%?glte?hgg g%gg&%?gewn%g%ﬁgggﬁg%%%g?ﬁg:k%eﬁy\ggn t hem

in the preasRafsred28eat Ergﬁ%‘?ﬁﬁlkt‘,éﬁ'*pltihﬁg%%B phsPReebeped bedéeder
f eat ur ez t haggapr @!‘bdppﬁﬁ.ﬂﬁéﬁwﬂaé‘tﬁﬁiéﬂ taki mgggrm@ertairmlg_zmispe @hﬁrrents
into end to,e re ion t seg ts t relies on e
spacers to &rog\gﬁaehg%fgf%i%}%&gae%&fr %F P%ngggve%%g’éhueatlélggl ear 3?1%%‘7 tka‘ue'(a
spacers 288 inmpfepersi il be tighiwwd dadcdrpedtioiagments into

engagement with pipe elements being joined.

Bodies 284 may be releasably attached to the segments,’
for example, held by friction between the lugs 266 and 268,
Flexible, resilient materials are.particularly advantageous
for forming the bodies because bodies made from such
materials provide adequate strength and stiffness to
maintain the couplings in spaced apart relation during rough
handling but way be readily deformed for easy removal as
required. If polymer materials are used to form the bodies
they may be adhered to the lugs by heat fusing or by
adhesives which afford a releasable bond between the bodies
and the segments.

Figure 24 illustrates a non-deforméble coupling

embodiment 286 that uses spacers 288 to maintain coupling
segments 290 and 292 in spaced apart relation so that pipe
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Spacers according to the invention nmay al so be used with various

ot her types of couplings. As shown in Figure 19, a spacer 288 may be
used with the hinged coupling enbodinment 192 to keep the lugs 202 and
204 in spaced apart relation so that pipe elenents nay be inserted.
Al t hough a tubul ar spacer is illustrated, it is understood that any
of the spacers described herein' are feasible for use with this

coupl i ng. elemdnigume2beal lihgatt et escareaadapiear i60uhé i kit 284 nf0kd :
joining flan i 0 non- e i.-ne, for ex | e ooV r

pl ain end. C%g%f?onsg% i c%&hggg g%ﬁ }Fallsndmsélé)% ﬁgg 356&'%% ?:uggﬁh
of whi ch hasthat agicnide eleandinng fiaahgdadGndoansaet bigleipwl edements
arcuate surfage 304 @ Lhe eBReside HdilRenSe@dREIMIE: ANh2981368 on
hel d in spaced apart relation by spacers 304, whiCh may_ conprise a
Col | apsi bl & EUbARACSIFace: PIBET ST Chfi Rl oBRACRIOBOT ASSEREF
types of spatkraradescri ibd hpaeens 288 wafy fper ei@blat |wstulatses furt her

types of spagsel..eiediLpgols 310 feasible for maintaining coupling
segnents 312 anc(f%314 i%gspaced apart relation. Spacers 310 conprise

spring el enents which deform preferably substantially elastically,

when subj ected t GpaceeBPaessikaing ofs ety ihkentash efgf S 13 beSpEkAY

el emrents may 'ttﬁmke any of E Qunber O%cﬁff ormsl.for exanmpl.e, a.rugber
cyl i nder 318" ¥3ESPPSsBHRY BRES e CT8BLEPIE pr ify B eAf's TFEFTE
spacers al | s forspRicae 2dBtmay lof used Wokbethe dlngest coupdiaw t he
segnent s t ovgngbgifRacangbhes a0 1hRel bbhahks 3de hPuseceh hpsrt

couplings when the deformation of the spring elenents is
subst anti al I’S?q@t&é’f‘i g0 that pipe qlepents; B‘ﬁge e ek or nfFhough a
coupl i ngs nephallse spatedeif edllrsrasedh as idemtdngureocdndhaecesg of

di scl osed i gzhlé §ﬁ.&8§§r§nﬁegpfib§d ]&ﬁé}‘ﬁ%zl aﬂgdf§a§ﬁgle4 Hr Akl G88n this
incorporated wthin a segnent as disclosed 1n U'S. Patent No.
3,362, 730; plo¥PdiBAd couplings that do not use grooves as disclosed

in US Patent Nos. 2,439,979, 3,024,046, 5,911,446 and 6, 302, 450,
all of these pategn bei hg. -her incqorporated by ref.ere erein.
Def or mabl e mechaﬁf%g ep‘?ép]elic%ﬁsgﬁ%ﬁéa ggc%‘ri%?%ggir tcyoo"’tpﬁel n\a/g%t F%Iﬁ
provi de for jodpiidgafitanged pirs 4d aonofilengedimipen Fogeegannlewhi | e

avoi di ng t heReedat 8rPgidialdng . or dRpbakhy fbsassgilfsasdubieny

reassenbl e the Souplipg and Nandle fhge DRl qual PS8 PR Sxcending
flange 300 on one side and a arcuate gsurface 302 on the
opposite side. Segments 296 and 298 are held in spaced
apart relation by spacers 304, which may comprise a
collapsible tubular spacer 306 or a removable spacer 308, or
other types of spacers described herein.

Figure 26 illustrates further types of spacer
embodiments 310 feasible for maintaining coupling segments
312 and 314 in spaced apart relation. Spacers 310 comprise
spring elements which deform, preferably substantially
élastically, when subjected to a compression force by the
fasteners 316. Spring elements may take any of a number of
forms, for example, a rubber cylinder 318 or a coil spring
320. The use of spring élements for sbacers allows for fine
control of the forces required to draw the segments toward
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What is clained is: 1. A nethod of securing facing end portions of
pi pe el enments together in end-to-end rel ationship, wherein said end
portions of said pipe elenents have an outer surface of substantially
cylindrical profile, said nmethod conprising the steps of: providing a
pi pe coupling having a plurality of coupling segnents attached to one
anot her end-to-end surrounding a central space, said coupling

segment s hawnfy angitbest andunisw osrciddyredst bhe nteudacd Wwhehcohplbuger

surfaces of aaifl e FokRgLdh NGF Sl sgwng%ié@éﬁtsoflss%Iu%segﬂelany
el ements intq sai,d central space; and deform ng said coupling

segnents so StdSconform the curvature of said arcuate surfaces of
sai d coupling segnents to said outer surlbces of said pipe el enents.

"It is anticipated that deformable couplings may also
include features such as the tongue and recess disclosed in
U.8. Patent Nos. 6,170,884 and 6,302,450; outlets
incorporated within a segment as disclosed in U.S. Patent
No. 3,362,730; plain end couplings that do not use grooves
as disclosed in U.S. Patent Nos. 2,439,879, 3,024,046,
5,911,446 and 6,302,450, all of these patents being hereby

incorporated by reference herein.

Deformable mechanical pipe céuplings according to the
invention provide for rapid and sure installation creating a
pipe jeoint while avoiding the need to partially or totally
disassemble and then reassemble the coupling and handle the

individual pilece parts.
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What 1s claimed is:
1. A method of securing facing end portions of pipe
elements together in end-to-end relationship, wherein said
end portions of said pipe elements have an outer surface of
substantially cylindrical profile, said method comprising the
steps of!
providing a pipe coupling having a plurality of coupling
segments attached to one another end-to-end surround-
ing a central space, said coupling segments having

- arcuate surfaces adapted to interface with the outer
surfaces of said pipes;

inserting said end portions of said pipe elements into said

central space; and

deforming said coupling segments so as to conform the

curvature of said arcuate surfaces of said coupling
segments to said outer surlaces of said pipe elements.
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