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, allow 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 descri Se any
pi pe-like itemor conponent having a pipe like form Pipe elenents

i nclude pi pe stock, pipe fifdrAgs.ESuebaRRr @ADL W r CRIIPIANE t €es as
well as fluid control conponents such as val ves, reducers, strainers,

restrictors, pressure regulators and the |ike. Each nechani cal
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I nt ernal pressure and external_forces. The housi ngs define an annul ar
channel thatZ nyen , typically an elastoneric ring
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the hOUSinQSPOQ}Eidd&$ie 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 £rom
the housing and engage plain end pipe elements or
circumferential grooves that extend around each of the pipe
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



are' adapted to receive fasteners, such as nuts and bolts, which are
adj ustably tightenable to draw the segnents toward one anot her.

To ensure a good fit between the couplings and the pi.pe elenents, 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 elenent that it is intended to engage. For
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seal, rlcates 1t (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 lubrlcated
and stretched to accommodate the pipe elements, an often
difficult and messy task, as the ring seal is usually stiff
and the lubrication makes maqual manipulation of the seal
difficult. With the ring seal in place on both pipe
elements, the segments are then placed one at a timé.
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 boltg and tightened, drawing the



The invention concerns interconnectabl e pipe coupling segnents. Each
segnent is positionable straddling facing end portions of a pair of
pi pe el enments for securing the pipe elenents together in end-to-end
rel ati onshi p. The end portions of the pipe el enents have an outer
surface of substantially cylindrical profile. Each segnent conprises
a pair of arcuate surfaces adapted to interface with the outer
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portions of the pipe elements have an outer surface of

substantially cylindrical profile. ZEach 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



cylindrical profile. The pipe coupling conprises first and second
coupling segnents. Each coupling segnent has a pair of arcuate
surfaces adapted to interface with the outer surfaces of the pipe
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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 sgeal is positioned between the arcuate surfaces of the
firgt and second coupling segments. The seal has an outer



connection nmenbers are adjustably tightenable for drawing the first

and second ends toward one another. The band is deformable, allow ng
the first and second ends to nove toward one another upon adjustable
ti ghtening of the connection nmenbers. The arcuate surfaces are

t her eby brought into engagenent with the outer surfaces of the pipe
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slopes. The angularly oriented surfaces on one segment are
in facing relation with the angularly oriented surfaces on
the other segment. The angularly oriented segments engage
one ancother when the segmenﬁs are drawn together and cause
the segments to rotate relatively to one another about an
axis substantially perpendiculér to the pipe elements. The
drawing together and rotation of the segments forces

‘engagemenp bétween the arcuate surfaces and the grooves to
‘provide rigidity about all axes of the joint.

In another embodiment, a pipe coupling comprises an
arcuate band having first and second ends in substantially
facing relation. The ends are spaced apart from one
another. The band surrounds and defines a central space.
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 space... The
arcuate surfaces have a radius of curvature greater than the
radias of curvature of the outer surfaces of the pipe
elements. The end portiong of the pipe elements are
ingertable 'into the central space. Connection members are
mounted on the first and second ends of the segments. The



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; Figures 6-7 and 8 are axial views

of various pipe coupling enbodi ments according to the invention;
Figures 7A and 9-13 are |lon itudinq{.s cti.onal, vie f pipe, coypling
enbod nent's SCERHRG FETPRES] AVRTHIRCaPLY CLahiaperts da graving
per specti ve thevigfsta apidpeecongl emdp dooendi wget snthieer nvelits drnd is
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Figure 16 is a cross-sectiona §VI6Mltﬁ en_at Flneﬁq6;1 I n éﬁbure 14;
toward one another upon adjustable tightening of the
connection 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 thHe pipe elements.

Deformation of the band may be elastic, plastic, or may
be facilitated by a hinge positioned between the first and
second ends. The hinge allows 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 pqrtions 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) inserting 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 surfacesg of the coupling
seguments 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'1;



Figure 17 is an axial view, partially cut away, of pipe coupling
enbodi nent according to the invention; Figure 18 is an axia

vi ew of a pi pe coupling enbodi nent according to the invention;

Figure 19 is an axial view of a pipe coupling enbodi ment according to
the invention; Figure 20 is an axial view, partially cut away,
of a pipe coupling enbodi nent according to the invention; Fi gure
21 is a partial sectional view of the pipe coupling shown in figure

20; Fi gur 2 is.,an vi ew, partial I cut a i pe
coupl i ng enbodi nent &&Eordih lf-oa{%epef ShETSh: vi Fﬁ’%ﬂ%l ]g’?/ cé‘%
axi al vi ew ciway piqfe seadpl Lagd ewbolli pigst m@pdwndgagactmztdtelg roce irhieon;

and invention;

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

in'Figure 14,

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

Figure 18 is an 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 1s an axial view, partially cut away, of a
plpe coupling embodiment according to the invention;

Figure 21 ig a partial sectional view of the pipe

coupling shown in figure 20;



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

Figures 1 and 2 show a pi pe coupling 10 according to the invention.
Coupling 10 is formed 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
in end-to-end rel BidwrsHd.isThe erdapoviewnyagitithéypope evappns a
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profile. | nt erconnection of the coupli'ng segnents and 14 is
effected by connection nenbers, preferably in the formof lugs 24 and
26 best shown in Figure 23 ifhanl dgSabr&i ¢y effenapliyepeshpldingd at each

end of each %ﬁgg?gﬁgﬁygﬁg%ghgg put é(HQQ%gEngﬁhgn egnents. Lugs 24

and 26 are p acing relation to one'another and adapted
to receive fasteners, preferably in the formof bolts 28 and nuts 30
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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 each 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
recelve fasteners, preferably in the 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

below.

As best shown in Figure 1, each segment 12 and 14
comprises a pair 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



Exanpl es of seals 44 are shown in Figures 4 and 5. Seal 44 is
preferably a flexible, resilient ring formed from el astoneric
material. The seal may have lips 46 that use the internal pressure
within the pipes to increase 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
lips 46, théavimgueidrtehtls I cjcicied epeat batkyakl dund thike sddalvazbd
proj ecting Al kb tardhiind WWSAGIPLIVEASS ARIRRSU LG hhat
engages the ends of pipe e an t o ensure prope

positioning of the seal 44 relatlvely to the pipe elenents as
described in det @ikhmpBLeVHE Fﬁ@aeermnhref shéen Pip e iharenus anit 5.
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shown in Fi geag dn @f@acﬂﬂﬂgs&aduaaﬁﬁemetmy he Teaynpki ag. pﬂ'tbkf‘iides a

feature provide ni f.i ant advan ri.or. art co

whi ch mict BECReeSHEA R Uito CEARSSPpEhe @18y Bienetts Hhg of
the pi pe end§ wbténsugdplopey m@sat;v;enmmg:ﬁ ctl'teheeaﬂtvéﬁtrehatpwgﬂeect@
much nore SEH@t i Ye alhBHtGK by BB8BrYhiH :H{ iRtaaN0t LEQUR! | NBSgRRGRRE
the technici and] es fewer pi ecea}nand does n t haﬁg to thread nuts
onto bolts® IFl £ RLIRFHSIETENE YhbntProEs Af & f° FRESSEE ai&ﬂ‘ﬁ%?sn%n
outer di ameberthdé staetd curdhdetheichupie nyceegseils dlesemt )14 dm
spaced apary, E'é‘iibgg—gne%g fm'a%c%”&nteh g i esBE:EEcS“gg {0 b;?lzp
inserted as escrl ove. The seal i1nner dianeter Is sized to

recei ve the®efBe®e¥ti ons 16a and 18a of the pipe el ements sinply by
pushing the coupling over the pipe elenment or by |nsert|ng the pi pe

el ements into t er enbodi S, havin |ff
features for su por]ﬁfjﬁl :F% gzglﬁenf%uleh %’E%%é’ agél 3‘%% K-\ e dea cri36'ed
bel ow. haw¢ teadigotdd gupwatherem? oxaitand thenatke i vmdit eaf i nto

coupl i ng 10c@§véﬂﬁ%@‘92“o%‘Hﬁéeo&£Err%ﬁéféﬂesa@@ hhghiﬁﬂﬁﬁdﬁ a|50
Fi gure 2). ?ge nuts 30 coo erate with elr%ggts 28 to w th

arcuate sur tssz:'éném§4 8n s%‘tjﬁelfﬁmﬁet'o d2FRERES o 13 14.
Ti ght eni ng Qt&bfidérﬁi raﬂ angler 5&8 af fsxe iOrprt tteol°ugSAﬁ§1@chaQeoeﬂmaetm
brings the 0 W eI ang (c .

t he segnent%gl and h a5§9?3$%25Lé#%t4¥% g ra %f curvg#ﬁ$§1§0
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radi us of cadamipl aapaf:ate@ ﬂl:cm'f cﬁieeramme%saﬂd tjli?at Biige @Q.tetn?ﬁltfss
er el Ia e

illustrated by arlng ur-e

gap 60 bet \(ileééna’t‘”ﬁ aF&labs grﬁ??’;%%ds Cttﬁe’ mé‘é ?ur’fngc
di m ni shes sipwhdnafFigure §uvitheay af:tersm dagﬁssetmbn@mgret@mwlmgh
the outer stH{AGRStAkel PBoPLESEs endsa rl;ﬁfl%ﬁat a&@aﬁa§$%ﬁgm&a§' a2
and 14 is pref rablyg tant| tll aIIo t he s%%rrents to
spring back |W FFE T‘&gt‘t "Eﬂ 4 © uPSe8H
are | oosenduy ptﬂmbycrpémmgt@flg:heh@np@uphdagwiﬂlta) cb:mpﬂmm@dm n the
manner acc €44, QV S
Ty 4l so beqeitind H0 tf%%v%f*’sfmffé%%% PO R IREE SHBCRSOTRAN, |
t he defor néiqltﬂklﬁfnﬁéﬁﬂswéﬂﬁ)é?%rﬂrtsépup ipge ReqpHas $hepsechnician
practical cpHileRgFewbiepfeddd larGPRedl h¥tbBadO N degiee@ QfutBObhto




the segnents 12 and 14 are in the undeforned state (Figure 2), the

| ugs 24 and 26 may be angularly oriented in relation to one anot her.
Rel ative angles 62 up to about 10 are practical. As shown in Figure
3, the relative angular orientation of the lugs 24 and 26 is reduced
as the segnents are deforned, and the geonetry nay be designed such
that the lugs are substantially parallel once the arcuate surfaces 32
and 34 substantially conformto the outer surfaces 20 and 22. This is
preferred beealise, dmerhbubhyodimghiterdwrt Ha Bogtrdend tard seatl wil has

be in substayialdet fdl%eeg@t%t O:}f&éeb Vé]oh‘?ﬁllﬁgﬁhetgﬂ Pl){mrgﬁa%gqxt 09s 12

i nduced bendi n C_[g nonent s |n the b can caus
def or mat i on B tHfe PorPaced Tapate et oy srésigheny r‘féﬁ aylophithe pipe

process, as afiBvMtd lbeFtLgHéTStécB , adiddrddi®eli QB@G@ COMAeN Gelant @nhubl
engagenent pe.element. outer .surface ecause
the seal 44V415ar}“sf}%§rt g"ralt :Egl ?lzegnctoorrpﬁeé:s?sﬁv Iféﬁ Cr%m%‘?rq:&émﬁr &?ngﬂa\l\ﬁ?\
space into \M"ﬁ dihs Plﬁayebﬁf@@ms e ienp Lo iyt essbth&-‘n)ythme:osu@@,mgt gveThilke
space i s pryi élgmeﬁtcgfwlmge% 'thla fgeléuéﬂ&tga%\e@l tnd0
bet ween t he S|di\§/alls 38. %_&)q;_{% Haﬁ e, virtuall

practical s R al PEYE "éﬁv’é b’égo‘?lﬁ?é"%ﬁeﬁﬁléﬁeﬁf?’é
heat ed or eﬁn@@@d’tungf the dsedneertab i ndisptced ute Ty idie adef depatibad of

t he seal Yenly over its circunference and mtigating the

t endency of e seal to extrude outwardly from between the segnents
bet ween t he Iugs. The concavity al so prevents tongue 48, if present,

from being for Ceﬁfbéi:V\B@tfh thigeeRdemeht Ehes piR® & eRNtiszarded NDeES

fl ow t heret hrou As.'srtoswhmé\_m %.n Fi u%%s 2 tangaos’a fog.%%te

pr eassenbl ed 88u f“r;n 1% A, Had A G etts T hot%d Gt 5T8B° RS
posi tion on {sekt glae rmwzn mihat abhst he cmpenats v2thnthair ibvpliwe
desired spag@digparhvw’hdld A% d8LerBLAES, %c‘f%t aa! sQﬁ&xé‘ﬁ@nlé he

segnent s and the _seal 44. This is convenijent acco

deformi ng t F@¥BRFetiRS O P aemIePs 34 - pT%‘ilétreﬂvz‘l ngbskmbs %E%%@
t he bol ts hifpdeesoh highe dtvatsd @2 ohdt be whiich dndngserént seghem 4 riamo
unscrew ng o Eﬁ{?gb{;‘hﬁ&?'éﬁa 'ﬁ:g%%r eﬁ_gﬁeﬁeé ela CHau‘Qe‘%r Ehhoée Qlts Y

exanpl e, durin R ff I ng e preasse
state with BPA B F6 AT SUGHEREF bt oFRAIGS RSt SHFERFBRE Thet the
staking i s seadity @wefoene 3vhandt be éhh%&aﬂftﬁ.dﬂlghbeﬁﬁdrm ttb ahe

wr ench. stiffne e se rrent t.uned
control t her%%ﬁﬁtggfcq‘} or ggrﬁe%gséﬁr&? ooy (SB(r“;lmmfa e%n?%; de#’nt o) Tth
reduce the aehidrets asklavasirptedr Q}aecgmazmrtg dhitcuregabl m@ hervkdd t he

nut and thea£&913/¥hH€BEMﬁ itReFLEH’ 80 Bbetween the arcuate surfaces and
the pipe outer surfaces diminishes as the arcuate surfaces
are brought into engagement with the outer surfaces of the
pipe ends. Deformation of the segments 12 and 14 is
preferably substantially elastic, allowing the segments to
spring back substantially to their original shape when the
nutg 30 are loosened, théreby permitting the coupling 10 to
be reused in the manner according.to the invention as
described herein. The segments may also be desigued 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 fasteners. Additionally, when
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sections of increased bending flexibility 66 may be forned in the
housi ng 36 of the segnents 12 and 14 by reducing the area nonent of
Inertia of the segnent. This reduction is preferably achieved by
addi ng one or nore cut-outs 68 in either or both the backwall 40 and
the arcuate surfaces 32 and 34. Alternately, as shown in Figure
7, the segments nmay have arcuate surfaces 32 and 34 (not shown)
conprising i nh,arsldagmemtm} act iang teedhe 6t tiretlndefoengager Mk efFiqu

surfaces of LENLS 49 Gp&%%]gat gghggéﬁgggégéiq%&gﬂﬁglon

are especi al y a vant eous e us
Teeth 69 mayt®ePRLHHt Tal | ﬁeé@hwmﬁﬂ@esaﬁsﬁémﬁooﬁb@e@rﬂé}ﬁ aké or

i nterm ttentprase SHOWN QR %ﬂgﬁﬁninlﬁlg@é@ etheekBrapied %rrﬁﬁil%xf or
smal | coupl i nlg TN al S S 4@5 (£% n F| ur teeth 69
may al so be @rt@hged Th Pairs gﬂg%ﬁ% S gpdgsr ? TR %%dﬂﬁhﬁegﬁents
i ncrease t heayne chefivxmed, r emir bhat ggrmmtme dayybe héesbupid rypchAlthhoughe
couplings ac éj'a{ﬂa ts%rsfaanwafm'ﬁa}m%ld%ﬁee' brd gp@y&@% gbsgg

of two seg nt éW; { ¥ exanpl e onl % I Ngs mnt nor e
t han two segﬁﬂéit% SEERELBt& a‘FRPer?’%\F &Py Eef H‘t?’ér@ﬁfﬁﬂ%@f’eﬁn
pi pes due t @1 he THrUlacpuefagred Becars,r etluni Hglline: Ssjmenel, t Bae

tsﬁg”em S 1S SEANYULA LY AY D] PRGOSy RubdtLAEEa PAY AAIG R ab0 s en
the lugs, thereby avoiding induced bending moments in the
bolts which can cause permanent deformation of the bolts.
The seal 44 is also deformed by this process, as shown in
Figure 1B, with the lips 46 coming into full engagement with
the pipe element outer surfaces 20 and 22. Because the sgeal
44 is substantially incompressible, it must be provided with
space into which it may exband when compressed by the
segments. This space ig provided.by a concavity 64
positioned in the backwall 40 between the sidewalls 38.
Concavity 64 wmay take virtually any practical shape and
allows for volume change of the seal when it is heated or
exposed to fluids thereby distributing the deformation of
the seal more evenly over its circumference and mitigating
the tendency of the seal to extrude outwardly from between
.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 advantageoue 'to hold nuts 30 in a
position on bolts 28 that will maintain the segments 12 and
14 in the desired spaced apart relation 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 nuts and prevents them from unscrewing
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spaci ng between the lugs is reduced, requiring fewer turns of the nut
and shorter bolts. Standard depth sockets may thereby be used during
installation. Figure 8 shows an exanple of a coupling enbodi nent 72
havi ng four segnents 74 simlar to those described above.

Coupl i ngs have thus far been.shown wherein all of the arcuate
surfaces have substantially the sane radius of curvature. \Wereas
such a conf i gdmatthen bos taPRheeT | B dfFeciOobRi Mol R hadexample,

subst anti al | the same _dianeter to on anot her j gyr.e 9 shows

coupl i ng pip %ﬂ? PPSi s %r#ﬁﬁ? beuse %Egﬁ%%-EgﬁﬁF%FFﬁéﬁSFmsled
segnents) . ssnaft@cerlgh Braki 0§ B-4 ipssttsséogathar cpratar dur fineéa8bation.
curvature Sgﬂﬁiﬁgdaﬁﬁ EhQQ r&&&&d ’B%é%%%%@'ﬁﬁéﬁ Qﬁ%fﬂutéj'&%eEﬁgﬁtened

di anet ers. /8 and 8 (although it may have Each sggnent
has a first %ﬁ FQHPUS of curvature 84, and a having a second
radi us of the flrst radi us of curvature 84.

The bending atiffness of the segments may be tuned to
control the amount of force necessary to deform them in
order to xeduce the required assembly torque and mitigate

-galling between the nut and the lug. As shown in Figure 6,

. gections of increased bending flexibility 66 may be formed
in the housing 36 of the segments 12 and 14 by reducing the
area moment of inextia of the segment. This reduction is
preferably achieved by adding one or more cut-outs é8 in
either or both the backwall 40 and the arcuate surfaces 32

and 34.

Alternately, as shown in Figqre 7, the. segwents may
have arcuate surfaces 32 and 34 (not shown) comprising
inwardly projecting teeth 69. Teeth 69 engage outer
surfaces of the pipe elements to provide mechanical
restraint, and are especially advantageous when used with
plain end pipe elements. Teeth 69 may be substantially
continuous, as shown on segment 14, or intermittent, as
shown on segment 12. Single teeth, preferable for small
couplings, are also feasible. As shown in Figure 74, teeth
69 may also be arranged in palrs on opposite sides of the
gseguent Lo 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 aré
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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This allows coupling 76 to join a pipe elenment 90 having a | arger
dianmeter to a pipe elenent 92 having a snaller dianeter. Anal ogous to
t he couplings described above, the radius of curvature 84 is greater
than the radius of curvature of the outer surface of.pipe el enent 90,
and the radius of curvature 88 is greater than the radius of
curvature of the pipe elenent 92. This geonetric relationship allows

t he Pl pe (;geg”@a&ﬁx@%e&m@F%Zthg Dﬁ%s n.ﬁ@rﬁfﬁlckﬁzat, Oréq@iﬁlx@gisﬁéﬁéled:urins
coupl i ng a chi eve the_advant.ages o e .inve oupl i ng
segnents 78 %ﬁgj%bqﬁ‘ 8P§1588ﬁt?ﬁeb§§ 7 catT Ha5¥ $ g% F Aol e
connecti on nemrealy te verfofnrihe 1%&hallﬂﬁlenrvafu9@r¢cﬁtﬁhmmME@w
surface of té%hdﬁﬂéad%|ﬁﬂéehﬁllng embédlﬁ%ﬂ@rQ§eﬁ£€gn§nﬁﬂg}@ﬁ@ﬁen%@OW@

in Figure 10,, the inwardl é arcuate surtfaces 32 and 34 of
coupling 10 %ﬁﬂﬁ%ﬁ? GPobhe eQﬁe ?ﬁ i#9%Fe outer surfaces 20 and 22

of pipe elenent end portions 16a and 18a. Interaction between the

arcuat e surfaces C%%€§2 rgg]ilgwglvek}g@fa %%@§C5h¥ }g‘%ro%c%esa]t%ﬁ? gjats

the coupling to provi res ral
forces causearwﬁ%ﬁerﬁapegr@%r@hﬂta@%ﬂéﬂml the atpne ERibSaof

hi gher end rastwaie, lwhéﬁeigmw%efdanf&gu@a&@a&w%@@nai:e for
arcuate surfaqes that _interact wt EE get of r ove% in_the

pi pe el enmentiC 8s PERBB AT REHY i u?ﬁﬁ%ﬁ%ﬁ? d-hn eﬁh&?e?ﬂea
coupl i ng 96anpt@@mprFsgdr@f9sﬁgm5hﬁsc@&pémdg1£mb0¢%mmﬂsé@nénr havi ng
two pairs ofg cREAYALCD p3Hk§ aCame 02 AN Gh; ¥4 LAt o DA QBts | n%hghxnar@@

t he segnents, he arcuate surface pairs are in substantla 5¥
0 YghB¥%es

paral l el , spatd@TPERaPE ohve AP HTotRe A EnB0 e
106 in the siutiviea ¢hanotwb heeqgmgre: £l .enmakch &Q@memﬁiHHH)aMﬂuﬁ@ttheyuate

connect togelfgr &sngaz h%zJﬁIh@@tﬂeEste'P%%HHEQE xle g2 94 Eﬁt%ZDI o

coupl i ngs accor nventi on suc uséd w
el enents 11Zzegeadligcuate rﬁjnr%tcsee&ﬁchﬁmﬁﬁe@eﬁﬁq% QCI'?@&IUGeP§ 116 t hat

are engaged chyvhherar @Qlaérﬁhﬁl&xf atRs IRcabdhrsd widihe oFegirihsutd snd

the tnvent; aniaotiotecmmiun A Sridesd G0l ERRIEObNIN'
surfaces 124 zagdridbanster ysed Hipe pﬂpmeete&ﬂnh&VIHEBaaﬁmaiéerhaving

flared end B‘i&hé@@§ 1%@1}5};&394 eGP I:Bagaliﬁgé hee LxamRke . gabadi pent s
shown in F| B% t he seal_ 44 has the t
1

effectively GgéHs p%%ﬁYqQHFqlﬁﬁ ﬁ?p@rﬁﬁﬁ§r ﬁhﬁhémgﬁﬁﬁl?ﬁg upon
i nsertion, thevhtugeedciie@urera spirfecstop- gipaaiedemankoeal i and ttiee

pi pe ends a!ra[i@ﬁs PSP p&{rvda%%«_’l% \gst Ii'.'sn g&Qgt&p L{H{z{rp e radius of
curvature of the pipe element 92. This geometric
relationship allows the pipe elements 90 and 92 to be
inserted 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 portions 1l6a and 18a. Interaction
betweenAthe_arcuate gurfaces 32 and 34 with their respective
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Anot her coupling enbodi ment 136 is shown in Figure 14. Coupling 136
is conprised of two segnents 138 and 140 from which lugs 142 and 144
extend, the lugs cooperating with fasteners 146 to act as connection
menbers for adjustably connecting one coupling segnment to another. As
descri bed above, each segnent has a pair of arcuate surfaces 148,

150, each preferably projecting radially inwardly fromthe

segnent s. Therasesat ® igfECes tﬁabb@ﬂﬁlﬂﬁg adlgkﬂoir@ae' es¥at 1vdn 180 N
have a radi ug gfrg us,of curyature

re 154 r-than t
of the pipe &f* emsn%l{ a\?&# n tﬁ’étggg ﬁn{ymf%esi fa]u&eﬁ k’ggé?ﬂ%Ifnal
Anti -rot at i opreseire 1 axEepoeilt ilgaéﬁ adfacdreinohigbenrendteestraint,
surfaces and;grog e@éur{c@@ﬂs@fbi Lavasd! ¥ SRAROE LR, Plpe: &£ ! s

and provide torS|pnaI rigid shown 1 n Figure

each segrment *43%8 HHEBAY W&ghaapﬁ??o’ﬁcﬁ %ﬁ%%?oﬁﬁﬁeh?eﬁp%@%e
portions 156ekmmhﬁmﬁi Idmabedmbdﬁﬁmemﬁ is)ﬁﬂﬂﬂ@t@&téﬂelhumamﬁéiJﬂnd
144, As ill sope,ef rLie0 Vo, e

opposite to ope o gl%ir:l a?:g p%r'{(;@q‘%fgg o% %% LI‘ers'arrgeérjlt"’um( BSCH
surf aces COL#%P}aI%“@@tsh@Héﬁgmw‘? hea ke idieresetonswstangs J02Thing
opposi ]Ee sl O:ﬁmrtﬂ{aadl t&bgl bﬁ&l tﬂemsttnafea@etgm@ﬂt@ seﬂf@i‘f Rrdigtel ts
in surfaces ayv, | e. Sl opes oSl Ul I N Tac

rel ation in A pre-adse |358cbﬁpﬂa?@”é§t1£ﬁ PRR gf‘ﬁﬂ'r éng§8d\Aﬁgr]raFFr8n
fasteners 148 are tnglihenednd cemjagenipsgrichefagroates surd deesheo t he
out er Surfacﬁﬁrﬁcéé"%fphﬁé £1 5888 Sherktlf 13R9UKAT 1 581 wy eR%ndaf

and 158 on each ment engage and slide relatively to one anot her,
causi ng the s to draw together and rotate relatively to one
anot her in opposite directions about an axis 160 oriented

sustant a1y perendeuber bibd Bl Afhingl 1hEALRE o CIBICS heLng

j oined. These notions of the se causes arc
surfaces l4@srgdiog te Ehgaag%vgrfdarww:ﬁ BReldipry demerts Akl BipS

rigidity to a’i]dme&t@sslmﬁ aﬂfn@ i0d maﬁszgo&a\is@asd:yrcdﬁ@rerﬁemdalF@houlders
Coupl i ngs. e SEBNG FReRHET PESHEL AT Arp et T SParTUery . OB

coupl i ngs nove a ong opp03|
one anot her tkiet wegmﬁnFarl%fQI@i:tM Altagnghedn, iaf chosn gacﬁagurenll?

Figure 16, tc—h%oﬁ@qaagt §1§3§c@5%1}%0 tfooﬁzme”.gn{ré}?cf&yﬁ‘}a'\ﬂﬂgléégﬂéﬂ@sa

channel 162 L%efl n ousi n @4. The housin for.ned
back  wal | F8638Hd? I’?thé(ﬁdaf‘%%?%e%u ageR 124020 LASi LS
si zed to posiskidowithepipeneEidment3s 128datd013 0. Ispaiced fapaetl eafiation

50,3, L0 2 LAMCABAETLLONOL MPC SRCRLA ! B AU R RLe 808 AHBR Bl

coupling shown 1 n A concavi t
wal | to pro®h@enaisphteures WBumEh@haﬁeé ¢ hame té"é‘aftoﬂﬁéﬁ #8 which

heated or exposgdetoitdly dssarb r_webbsaalbﬁ fhe e oAgURidBihrohe

beingforce%ﬁ ween en Q eelerrets and i npede fl ow
t her et hr oug 8%1?% %é)@ sderécﬁ fe:ﬁlg SRS LBEES L&Y' o
aid in locatlng the pipe ends at the proper 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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I n anot her coupling enbodi nent, shown in Figure 17, the coupling 174
again is conprised of at |east tw coupling segnents 176 and 178,
each having inwardly projecting arcuate surfaces 180 as
descri bed. above. However, arcuate surfaces 180 have notches 182 and
184 positioned at opposite ends. The notches 182 and 184 provide
clearance at the 3 o' clock and 9 o' clock positions of the coupling

where it is ge eﬁesdedm@ HRfEck eugea@+§br@fﬁ§eﬁ@aQeah§§8ri§9 189
aval Lapl |1

t he pre-asse & 174. T i_ncireased

cl earance at éL ﬁ 3?‘? Y%A & lPﬁeOEoﬁ‘b’F‘fE}%‘ JrénFEeaFe= anen 78

to be spacedtbbosedlua ghecianeitivee b the pims aﬂmmmtedwhdmhigmati on

th ld b t b d
an wou o h{:’!%lﬁésfs'éo ncltsggngﬁgg V‘%rp%o%o%‘é%'lbﬁ n%? gﬁcou 4105

of the surfaces By e se reasse |ng
cl oser toget ﬁ@ﬁlt%%E%nﬁrrﬂceéft dgef 5hﬁa@¥w¢%cﬁnrﬁ@§eﬁoa@6nﬁmmqme

arcuate surfagagsal Oyt hgeardle ebegﬁﬁag@u&:@s gifd agenkatbegdbgeshdndie -
therebytheg ﬁg% éﬁ%{ Cﬁtotlgtenthefasteners Anot her
coupl i ng embod t %‘c Olydl ng to the invention is shown in Figure
18. Coupling 192 conprises an arcuate band 194 surrounding a central
space 196. Band 124 has: QPRSI 48 P1GSrd 9% anhcZ0Q.BASHE | :Pf‘@daricf‘ 140

facing rel atbon to one anot heli Ends 198 and 200 are iIn,spaced
rel ation in PA2 %r%a%{ssqﬁﬁnﬁﬁ BRI PREHIRE FAFE2EEnRRE T RE Mg and
nount ed t her 288, 1qrafeat aldjpcentt be éarinadf theojlagti ng2 lags 144202 2and

204 adapted § oy gcelugy A FASLOBEL SHONLARROLL.206,a0d, L, 308 The

bolt and nut Coopérate ‘i gs to e ‘ban and bring
the ends 198°RPRISTTD tv\idied Sdape apbt Hieriaga @orpipe dFemht:adhve been

[ nlserted lhnt@egrh@went(twthsaa@ea&&@ dQI1 T QURL B8 EDogsd- 10 {:Qﬂad same
relationship

arcua rfaces 10 one
of which is @“é? q‘%eorf T I’Q’éalil gurthlﬁ'h é&gt g ggrfﬁ%%% J:af?résq-flﬁjyspaced )
rel ati on | enpetwiase We emefanes hei assagrrle@:i;t reeedts nifi gunfacke daging

descri bed abeyg,dtab1dt Rebpeabedi iy cikacar sHak g siy faces 1210 1haye
a greater radius of &ﬁrvature t han 't he outer éurface of the pi gg ends

that the coupf$TRfH % GPHPLLRR I =PoMR Mg EaMetei o vo
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the band 194 1s rmed suc |us of curvature
arcuat e sur fSEERCR PoxEdonsr 28 an? d&8 eRnmeRFR hS ey @ingagss and

curvature ofsXie awlstdeedyrtacehofanditep, peath i@ nite Mgﬁd&nﬁ:beﬁo
engage. Note thattogeﬁhhe preasse | ed.s PL O] ectin rg)ﬁC L ugs .202 and
I e

204 are pref®rah dafarty orrent &GN tlﬁeﬁgs%ec?mf FrEEndther .
havi ng a re@@qmt@gmcegmom apuwbent azds T6GHewinipdsubssantially

fastener draus :.lc:uqarw% du?éﬂaau%t BEr chengipeSal drferitd %&h@as' ng

t he relatlve nI ﬁ greea y to.the 0|nt'where|nth | ugs are
subst ant i al I%Plﬁ%dal | dpe %ﬂ%l%t%FheTﬁﬁng’ét%a]r%q &R |1I4§’ catses
advant ageous:Heorara:uhtexshréamplqengnwﬂhu.sb toesndaie cga:p:@nésuﬁ)ﬁnthée

pi pe el enen r t u t t LN
onbi nat 1 on “uPth RG-Bor S8 18tk Rlalhsts, €818, BESEEHR! 1BRnk e
poi nts i nhi BReVAQUELExEeseTiked. For coupling degneE hgadng sepfaoaq

posi ti oned \yotrlﬂmnbhmbﬁn@lhel%uﬁetgmgast h@hétrwgﬂeir@w fn@@éSaZéng ﬁ@éﬂ
214 may be ?ﬁmel ar Lo (’gso Ustr D f %J 3:5 Qd Si

to receive tRE pipe B? FEAT o Jfr éP&StFﬁ t’a‘f' t Otlézﬁt 85 ﬁh‘é:h
band is def @iméddar effect. The bending flexibility of coupling 192
may be adj usted by reducing the area nonent of inertia of band 194.

Such adj ustnents maé be effected by EQSI t{onihg cut- Ou%-’ré 216 in the
band. Al ternatel §° S8%€hotih G456 §EFELDD, 11 T 9%5@ P8 HHG BRIPFRHYVF ded
bet ween t he1eadand984antoiithg HhegecidpBing meferwablay chashel ones

equi di stant oLEQNLENGy eNel1dd's RN AR BONISS Bkt £-88nY T Bk
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Figure 20 illustrates a pre-assenbled coupling 220 that does not
depend on the seal 222 to maintain its segnents 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

positioned besweensd %ii&%l'd‘éﬁéli§41@@d ag'ﬁﬁﬁelﬂ.@&véétgngeil Omd h,ﬁnch is
segnents. Tubes 232 are ref e£§ th| Iedng g ﬁl tcul ar Cr oss
F|§ he?

section and SFacrFRriEF CI(?gx g a%’?e‘ﬁ%?%e FPAFne
t ubes may berabaieiwf dd gist wei gﬂlﬂ.oWEinerncm pdl pipe ehteentad Sich tie

pol ypr opyl enﬁré@sé@&bl@iv%oﬁ Q8 fg 'é 240 E‘flﬁu% ekl Suéf@&:?céx&t%} §3he

weakened regions that facil ate co pse o e tube un
conpr essi ve FBINCEHRG & Wet heck a‘%‘%Jelné%% prgyide aﬁe$0%@% Vg lame
such as car dbharge el tihabhealawnezalﬂo ifscariallbd. oFfhexpoded BF €1luids as

dee e Lo BRLPLIPIA SASURlPoRABPOE OB, RO Sedd TR, s

rel ation dur I ppI se at

a predet erni M@@me ebe'elemmtar@ tl@@hﬂﬁcfhﬁwnﬁsewmryough due

preferably byo redistdasitngBEeprhddsddne. fasteners with a wench.
In use, pipe elenents to be joined end-to-end are inserted between

the segnments 224 and 226. Fasteners 238 are then tightened to draw
t he segrrent s towarl;h eachherheouphihg rmbodigagepesiiown tin tFigumepa 7,

el enent S. t

conpresei ve Tond U100, 198 pEShE Y RoREAIERs) PE 18 bttt/ BlpRing
Figure 21 wﬁsﬁ%%ﬁééeeeﬂnﬁrﬁ% fa54d hpy iaghi Byl s RAGIGR RS
segnent s t o amuateowardaose mmtéterdee&dlbe@agboi@e Hpeveremaptaate

effect the J&rr]itaces 130 §89&eﬁ§té%9 t:I_I %”Sgdbfé%@%‘si he Seﬁ%g‘éﬁpgg%%

be used w th any nmechani cal™ coupling
and 21, the es‘eiﬁrenfr ezmtehels e e rmﬂel&rlcna@el@ercfmsar@&za\m thea3

r adi Uf of C;H';eﬁtdékefhhab bfscﬁélh& icabh ¥ @:fe%ﬁegrﬁén\;&ﬁ.lﬁlﬁ!egvhégéu§tois
curvature o e out.er urt ace, .o e- el engn | C

Goe ot ok 28R PUTOAGR iRl &1 EnEIER S A M LA Bl P o
and the segmemt-sisaembhedgeoielipicpd 7dl.enthe avaibabilisyr béd innreashd
coupl i ng_whidi@sskikl gBi Eﬁ@ééﬂmaglbﬁesgﬂmg {15t sheNgLnent s

not ches 244 and 246 _ are sitioned at opposite en cuate
surfaces 243278s3p8st78 nbwPs FoECSHr 61 QEEIT"F% st Fdhgrodngehe pre-
cl earance atasteebled’ configwurnd i$nothhackophsilid alse efaskhafconpling to

DSo * P! Pe cLBlEALS {05 a6d MRENIEHEILE Lhe Al A0SR S SOURL! NGy

220. Fales ano er coupling €
havi ng spacénaglzgotbetmﬁ@@gwntbezeeewr@@dcmpﬂmgclwr

coupling. | r&ogatﬁeexa@m eamddhe e&aaef&]aé%&&pwquieeawescaﬁ@oﬁga&:{b
posi ti oned coaxi steners 26 nd  between faci | ugs 264
and 266 pr of@&?ﬁﬁ %% %? gﬁgnPépe eé%e%é’%ﬁes%fg?ﬁ atfons 268
whi ch facil iredueed haid Woiredys ehehenecgypreessined. toadighteppthed by
tightening hec.fasteners. Note that the segnents 256 and 258 are
simlar to those described above with respect to Figures 1 and 2,
wherein the arcuate surfaces of the segnentss have a greater radius of
curvature than taeofhge upleatSembodiment 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 relation
to one another. Ends 198 aund 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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Anot her exanpl e of a spacer for maintaining coupling segnents in
spaced relation is shown in Figure 23. Coupling 270 is conprised of
segnents 272 and 274 having outwardly projecting |ugs 266 and 268
positioned in facing relation when the coupling is pre-assenbled. The
segnents are held together by fasteners 280 extendi ng between the
lugs. Spacers 282, preferably in the formof block-shaped bodies 284,

are poz: ti ?m belween Ehﬁpﬁéﬂstctg%cﬁsil%ezgﬁfa%h@?@@%%258.—45%{1% 206
renovabl e fro 0 ow the fastener

ti ght ened aﬁﬂﬂ%FﬁﬁyﬁﬁB ghﬁu? 1Fﬁ?§iéﬁ§a§898ﬁfa %ﬁdﬁ“@ﬁéﬁﬁnF§
bei ng j oi nedieform thBobaaé 284 amed/ the nceltéat ba@kylﬁa tachad &t aowaed
segments, f Qi L%aRLey Qe&grbylgé'ecltém%ﬁteem%nbé&? i&%%t%@flﬁee £h8-

Flexible, resilient materials_are.particularly_advan eqQus

form ng the atHas S@@Sﬁs%%o%ﬁ”ésc%énﬂr dfh ga@ht%ﬁ@ |”<ﬁ1§t|c-}|°6€ﬁa@
adequat e st gt hoandast &f pabs of ardhkbikakarfices @y i Rgdy Bnepaced
apart relati ug LN e adily fornme

easy renovalvg{(}sg‘r égu?%égﬂ‘g?fm% g%%%‘era%(?és) %]!r:cglaﬂzsee ufdr%aFSF gf% 0
bodi es t hey sp@feferadihbien l@qﬂwnlsegg)fbynheamoiﬂwsﬁ B¢ dldlpptadhedi s

whi ch af f or drigniel e8sahb eqdame et Weeket hsrbe%@:.s b diRRnE8IMERLS -

Figure 24 illustrates non- def Qr nabl e co n nbodi rent 286 t hat
uses spacer $TFEEEROSHRFATET P b n@‘gﬁﬁﬂg §g§§ﬁl éﬂggfvﬁﬁugﬁa

apart rel atitte sotehasuptpee oiblbéamepb.genmyd@ethatse:ri'tee@tohpﬂ.ﬁmgnmh’eum
in the prea %%bw?eéﬁ%ear Sl e%%ﬂ!x‘ﬁ@gcgﬁ@l 1) Ofaﬁﬁeﬁhf}r ot her

features th t provid acllitatin serting pi.pe el enents
into end toSERAYARLGR| oh Hha s {RE aBgneh sa Llsyts toe 8dpgnetipments
spacers to peopedenseifediario sepaiali spatorisrequplon ehightaniteg dihe
Zocording t 5 ENETE vty 1R, e 39301 8C88EEHRS RS rnat, cyehERElds or
of coupl i ngsurretyhowmt |thqqang@t@gsuaf:sme?lozwerrﬁprbedugedcw@rm
the hinged govnling siQl r@:ntcu%%atﬁ@e k@@&ﬁ@%dttsaaégareaee?&ﬁ dHk
spaced apart .relation so gge el enent s nserted. Although
a tubul ar sBéE%rai%m?qqﬁj % Vte?%a%%deﬁgf %%Fﬁaﬁ NakfSof t he
spacers desprebegetiztesi rstate, f @aefjbbeihgriuge 202 hnthRe4caupl i ng.
Floure 25 | bhuplrabfs a0nadanle e eonpk wgl@%dé ethOl:B' 8 T hanged.,

pi pe to non-flanged "pip¢€,, for exang roove | ai n_end. Cbupllng
294 conpri sB&VERH |‘??&a§'é§{ﬁeﬁf1§129 l%ﬂéPZ-'gB ab@éﬂ(?hz -whTEFhpping of
radi al | y extkadfagrdriaangirad@Othe mﬁgsstdhaﬁﬂuéa&habeuate anidl T e 1302

on, Lo oppoplfe il SPURNL 21200, 878208 Ane BeldclDespared part

relation by sp acers |se a‘c aps r
spacer 306 :@@uat rvedrasedlsl &hepauee m suhstaidnliypparallebdueane

described hgh8iWer. This is particularly advantageous for a flexible
coupling which does not depend upon the pipe elements to
form a reaction point to cause the deformation in
combination with the boltsg, the friction incurred at the
reaction points inhibiting flexibility. ‘

Coupling 192 includes a seal 214 positioned within the
band 194 between the arcuate surfaces 210. Seal 214 may be
similar to those illustrated in Figures 4 and 5 and sized to
receive the pipe elements for creating a fluid tight seal
when the band is deformed.
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Figure 26 illustrates further types of spacer enbodi nents 310
feasi bl e for maintaining coupling segnents 312 and 314 in spaced
apart relation. Spacers 310 conprise spring elenents which deform
preferably substantially elastically, when subjected to a conpression
force by the fasteners 316. Spring elenents may take any of a nunber
of forms, for exanple, a rubber cylinder 318 or a coil spring 320.

The use of springres Qf@{&ﬁng (f&a&@g@ﬂ@yaéﬁ %ﬁl% wg REPLEO! 2 Bfudeiey -
forces reqU|%ed t %

t d
facilitates tHe" ?‘g'ﬂ%léj%ft}{%@r@%ﬁg\“%ﬁg %:ﬁe’r’flet‘%el F’ﬁﬁij ﬁg 2 of thﬁsh
spring el eneadiusiomsniss eyt el Ieﬁfebaedllw p031tlohnngscan{mm$)a1m in

that deformaphe caup! i NS 0 jaclyde ho%a%*flgﬁ%gygh as?sh%{& 218

t ongue and recess di scl.ose n 8. “Pat ent

6,302, 450; OWEY P FTROGASST ReEueqnt Fie epdsedifdnands 280 scl Bse i1 8Uis.
Pat ent No. 3pB&fsriky @cﬁ1ﬁ1&ﬁéd0@@@idi@§aﬁth?ﬂ:od:0tﬂ@tell;l@.@ O G BadS]

di sclosed in t ent 2 5,911 446 nd
6, 302, 450, af a Srq iRy ﬁ?en%éef%m? @Wlﬁﬁg&%m% £hd
reference hepaigue EeedEQeﬁarhhﬁl§a$hﬁﬂﬁﬂﬂb@aHrQWpeh@O@mdsrkﬁﬁenn@oﬁ@nng

to the invents@n-drend deckabr! aprde anthsurR astakhagi Qileﬁfﬁ@ta’é“%h%

pi pe joint while avoidi the_need to rtlaII or total
i Cassenbl o S FIRSALEENTED THALIIN RICaHISHERF S (I Pipe

i ndi vi dual pilemesmar te. coiarmi she | midigd ofsthe éurfaacémnhjmatthan of
! ”tefconnemﬁ{% 8490%1%%%' B0t S£ IR %caNd ﬁhBﬂ' Bigg‘l%e %@Egt,
up i ng facl g en

each said co bei ng positionabl e str
portions of &g éf igi pézed IRt tPoFﬁaéé*éEFFn'@h%a]ﬂprlzﬁ@ and 204

el ement s t ogied m;:radem edlatforNso rMetat igARshkePemdhies ehdyy IR dneRgted.

Oyl i ndr oal Frore d BTRPRY R SR v SR R

groove in sassauibed shefacethofamaiateedrpaces opsefarablvhereinctach

sai d segmentyLAMNLSERwardly from the band and may have different radii
of curvature from each other, asg illustrated in Figure 9, to
allow the coupling 192 to be used.-to join pipes having
different diameters.

Figure 20 illustrates a pre-assembled coupling 220 that
does not depend on the seal 222 to maintain its segments 224
and 226 in spaced apart relation and ready to receive pipe
elementg such as 228. Coupling 220 has spacers 230 that
extend between segments 224 and 226 and wmaintain the
segments in spaced apart relation. In this example
enbodiment, the spacers 230 comprise collapsible tubes 232
that are positioned between facing lugs 234 and 236 that
extend from the segments. Tubes 232 axe preferably thin
wailed and circular in cross section and are arranged
coaxially surrounding the fasteners 238. The tubes may be
made of lightweight metal or a polymer material such as
polypropylene and may have score lines 240 in their surface
to create weakened regions that facilitate collapse of the
tube under compressive loads applied by the fastenerg 238.
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first and second arcuate surfaces adapted to contact the outer
surfaces of said pipe elenents within said circunferential grooves,
said arcuate surfaces being in spaced apart relation to one another
on opposite sides of said segnent, each of said arcuate surfaces

subt endi ng an angle of |ess than 180 and having a radius of curvature
greater than the radius of curvature of said outer surfaces of said

pi pe eIt enent texel mfawgigi_s,staé%m b@cua&a{sgﬁa %n&rr%\b[%.%; a@edalsot t
connection er.s.for st.abl y connecting one coupling segnent to
anot her , sai%eggﬁﬁégtioﬂh%e &5 P& AGE 8T t%%ﬁviﬁ ﬁP@h&Bng?o?o
drawi ng sai dsuppostetserdepentsf izasgasednmenta:ion gurdinpashippihgsaid
outer surfacfangiing! dh! iehiageaba %ﬁ@'&f@d&%ec'aﬁ:cié%ﬁéﬁ tethled

grooves, said segnments elqg def or mabl e upon adj ust abl et ghteni ng of
sai d connect FORPRBABEYS RRALNES gubeFhntcian yiago /Pl t RESEeFat iy

of said ar cumbfruall{ acshidniriae caut €astemdAc enl tof asardnphpe el ements
within said circunferential grooves. 2. I'nterconnectabl e pipe
coupling segnents according to claim1, wherein said segnents are
substantial |y el abtiwsgi ywidsf elgmbhbs 0 bhetierioednevBabbeend pece

coupl i ng segnBBEE LG G tEidiGh ttheCE@Pﬂbﬂtst §ids 92isd SPEHEBLS &£ 5

substantlalIgrglgﬁéﬂ(ﬁ?éﬁééﬁ%%p%gagrgw the segments toward each.other
and into engagement with the pipe elements. Tightening of
the fasteners places the tubes 232 under a compressive load,
and the tubes buckle and collapse as shown in Figure 21 when
the predetermined load is achieved to allow the segments to
move toward one another and engage the pipe elements to

effect the joint.

Spacers positioned between the segwentsg way be used
with any type of mechanical coupling. Note that in Figures
20 and 21, the segmentg 224 and 226 have arcuate surfaces
242 with a radius of curvature that is substaﬁtially the
same as the radiue of curvature of the outer surface of pipe
element 228 which they are designed to engage. To provide
clearance between the pipe element 228 and the segments
allowing the pipe element to be ingerted into the coupling
while still maintaining a reasonable fastener length,
notches 244 and 246 are positioned at opposite ends of the
arcnate surfaces 242 ag 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 comprise
tubes 260 again positioned coaxially with fasteners 262 and
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4. I nterconnectabl e pipe coupling segnents according to claim1,
wherein said arcuate surfaces project radially inwardly from said
segnents. 5. Interconnectabl e pi pe coupling segnents according to
claimd4, wherein said arcuate surfaces are substantially continuous
al ong sai d segnents. 6. Interconnectabl e pipe coupling segnents
according to claim4, wherein one of said arcuate surfaces has a

cutdout t her eetivesai flacitig Ouigs m@@eaﬁdngsgfptdyaaﬁlﬂg Ek@ﬁ'@h&'ty of
sai d segnent nt er.conn e pipe co g cco

to claim 4, \Aﬁgrrn%{l%é eac ot~ %g ?garrgﬁfgu%ag%rﬂﬂsg @z%f %’T"E a %IC%L;‘&%%‘
si dewal | s po§h9i©n@@ﬂ1&p$§xﬂh§m pemareaalve)lnaﬁ.awoabpiladdngtendlng
radially i n"‘@ﬁ.gﬁt’z’enfﬁé Ou?er %tt%m%%f a ﬁanng%ﬂa& F&?@ %bg@é@tg%%'&d

sidewal I s, said sidewal|s definjng osition et ween sai d
first and se%%ﬁdaﬁﬁcﬁkﬂ%?%ﬁnﬁPaE@Qse %SCW¥H%Qé%ﬁﬁ@c?éﬁher%ﬁEﬁﬁt to
coupling segRbmiseacrond] 1y whegkannie aM‘t&IaeJense&QHc@é @@@h@egm&nts '

i ncl udes a CQ ity }pcpﬁggl Qned. bet %g@{;l%ggcfgrgm 3@’? cY’%a tlhe BiESei n

| nt erconnect a plpe coupl i'ng “Segnen
sai d arcuatee%%mﬁQkﬁs subtend an angl-e between about 40 and about

179. 10. Interconnectabl e pipe coupling segnents accordlng to claim
1, wherein one of_ sai.d arcuatngggfaces has .a smal |l er, radi us of
d

curvature than t HEGHFE SRR r%Lﬁﬁ%§§ﬁJﬁpﬁc@§lntalnlng coupling

segments in spaced relation is shown in Figure 23. C(Coupling
270 is comprised of segments 272 and 274 having outwardly
projecting lugs 266 and 268 positioned in facing relation
when the coupling is pre-assembled. The segments are held
together by fasteners 280 extending between the lugs.
Spacers 282, preferably in the form of block-shaped bodies
284, are positioned between the lugs 266 and 268. The
bodies 284 are removable from between the lugs to allow the
fasteners to be tightened and draw the segments 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 wade from such
materials provide adequate strength and stiffness to
maintain the couplings in spaced apart relation during rough
handling but wmay be readily deformed for easy removal as
required. If polymer materials are used to forxm the bodies
they may be adhered to the ligs by heat Ffusing or by
adhesives which afford a releasable bond between the bodies

and the segments.

Figure 24 illustrates a non- ~deformable 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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11. Interconnectabl e pipe coupling segnents according to claim1,
wherein said connection nenbers conprise a pair of projections
extending outwardly fromthe ends of each of said segnents, said
proj ections being adapted to receive fasteners for adjustably
connecting said segnents to one another, said fasteners being
adjustably tightenable for drawing said arcuate surfaces of said

segnment s togelémﬁnusﬂmayeﬁ@ﬁgﬁﬂéﬂte&ﬁEétéﬁﬁdjﬂﬂé&ﬁ&nsﬂﬁéQ§ﬁééé§eﬁﬁyéé
pi pe elenents

Inter onnect a e coupl
according to° <3 & rﬁ é:I%élP 184 gég lgﬁ‘%&‘tci HrSC ié‘f’g %ﬁg‘gﬁqﬁ’f yreatures
oriented wi ttthacteg}mmldm cdrerance hacilitkdingntieseotlny tmipe dligrents

coupl ing Segimy LrRl ey %h&gréﬁ?a&i@ﬁ %é@vae ehe! Qeéﬁéx@t?r G FOLI ‘iﬁ%sagg

oriented at an angle of up to about respe t o ‘'one anot
14. | nt er conreR (RIS 5€ Eaamlﬁgsw‘efgwﬁ@ é@Eé?ﬂFWt@l’claai%uf?re
wherein at |ebsiragee .of Thai dppcerecis ORGyC BRPELRES28 tdIGHg ng an

aperture the é{%JyWﬂg%h ggggted to receive said fastener. 15.
| nt er connect abl € pi pe coupllng segnents according to claim1l1, wherein

said arcuate surfaces conprise at | east one tooth projecting

substantially ragpakkys B&@Bﬂai’né rt%“t%@ d nYBAEEHA Smay &l 1%:d %t Bseq
gri ppi ng sai d quteér surfac sai e el.enents dand provi
nechani cal r APftous gt ?ﬁt@ﬂﬁﬁﬁﬁgg FHPLiERe éﬁﬁﬁﬁFW& §Qgﬁé8P§e

accordi ng td.xl ai spacefuzshenay dnpriseidngiahpthe dbidgedicoupdtihg
posi tioned %nb%@l%eg Qtéoaﬁé%e{l# tl% abdsaLcaal ey %‘ﬁrfs?)gﬁﬁd SBLg:

teeth prolect|ag % I nwar gagenent W t
portions of L& 18Pp§°eF ﬁ%h@%PQWE%?W%%Wﬂ Baynept neprd-edef oPAEROYBR A3
t 0 subst ant italthy acosbaEErt D tmxmﬁr\a&bur elef isantiendt@ibds uh&acgﬁyoéf

sai d pipe e't% %ﬁciré TaebOFALEP %E 0 afe pkggsfpoféjlffo pBEINE RS ey s

according to Erérn eac segnen conprlses
a pair of aﬁ@ﬂ%@#ﬁg oriented surfaces positioned adjacent to each of
sai d connection nenbers, said angularly oriented surfaces on each of

sai d segnents haying opposjte slo sai ularly oriente
surfaces on one Eé?gr§e lﬁﬁ% anaPaﬁ gt %%ﬂ%ﬁ ﬁ;+qﬁ g g?ﬁ
angul arly oricéntied Slahgedspipe dromberf3anded quipent fogakgamphe) arly
oriented Seg%%édegﬂaﬁié% UMy a”%‘& H?eﬁ‘séaé ﬁiﬁvel NESupl gndr awn

t oget her and causi ng sai d s§%$ents t ate re to one
anot her abo§?9§ﬁn§§|%Q§LﬁE§ §altpy p@ﬁp@%%ﬁhnﬁ%ﬁ'atﬁagéﬁalﬁ|?ﬁﬁendln9

el enents. flange 300 on one side and a arcuate surface 302 on the
oppogite side. Segments 296 and 298 are held in spaced
apart relation by spacers 304, which may comprise a
collapgible tubulax spacer 306 or a removable spacer 308, ox
other types of spacers described herein.

Figure 26 illustrates further types of epacerx
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 sﬁacers allows for fine
control of the forces required to draw the segments towaxrd
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18. Intercom ectabl e pipe coupling segnents according to claim1,
wherein one of said segnents has a section of increased bending
flexibility positioned between said connection nenbers, said section
facilitating deform ng of said segnent for conform ng the curvature
of said segnment substantially to the outer surfaces of said pipe

el enent s. 19. Interconnectabl e pipe coupling segnents according to
claim 18, whsreianothed sedtabso cﬁadjﬂoutaaeedthemdémga fdfexihki bbtglisgs

achi eved byy@y@&gdkggrﬁngfoﬁog? 5 SP ?ﬁ{gt éfe&gr%i.s%ll% %%%g%g%tlflllrlﬁj

bet ween sai d connecti on nenbers. connec € pipe coupli
segnents ac ﬁ%& to claim 18, wherein said section of increased
bending flexibility conprises a cut out positioned in said segment.

Bipe. coupl i ng- berty BoBnF i S SRrIFFRErFaLs re g0 PrEnaler

said pair ofqumlpdEefeﬁ'enr@sf@:cls@cmrthagteag‘@ie pipk wlcesentisstbgetedein

in end-to-erfd g epabbARSRLP, 6,170,884 and 6,302,450; outlets
incorporated within a segment as disclosed in U.8. Patent
No. 3,362,730; plain end couplings that do not use grooves
as disclosed in U.S. Patent Wos. 2,439,979, 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 jeint while avoiding the need to partially or totally
disassemble and then reassemble the coupling and handle the
individual piece parts.
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[ [ rface
wherein said end portions of said pipe el ements h?ve ﬁPsog;§L ﬁgving
of substantially cylindrical profile, said pipe efengid ool Poreiong.
a circunferential groove in said outer surfaces of s

. o n
d wherein said pipe coupling conprises: first and ZecongngogPLLa?e
ol ts, each said coupling segment having first and sec arcuat e
seggen ’ada ted to contact the outer surfaces of said plpebe_n n
ar{h?ﬁe:aid Eircunferential grooves, said arcuate surfaces being

. . d
it 1 {.her on opposite sides of sai
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segnents bei ng pel & nfe)d ?5566%%ﬁgr$ﬁ1 ape glanantsctagetheeitber s
ntral space, eacy 'sald CQUDIThY~se . &y of S8
cel &l IRy CBAeredaki ansloipp Iwheraingemdt ericd PRS0 f $31
adj ustably connet . : H ng. sail d
connecti on menbéipe sémgnesdiais ab byitdy ﬁfg’gﬁ&@@{ ﬁ&é A Séﬁgﬂc(yg{lgﬁj-
arcuat e surfacegabbrsfied saRp V\Ilé%éfl‘lllti'é %gaqagﬁ -q\@ggf%pgﬁmlgﬁergamives
surfaces of sai g]rd%\‘?@ g ;’@1 i HUEF b 146050 Of asaidc entlr abrpase angai d
when sai d p1 pe . ern?;nt S ] . t ably l‘ﬁS ht eni ng of said
segnents bei ng &el*\f%fvﬁhﬁﬂ 1 gpishsegipest adie E% rmthe curvature of
connect i on nenber frstoand s‘e@oﬁdbéﬂcr'ﬁ'iﬁ% ?Pﬁ%ﬁ%&é{a"@?ﬁq 10 GRIACE Hhst s
sai d arcuate SUrfaCSﬁtetr%utrﬁl%egg)ﬁgg plpggl%imelgsp@ithﬁumwraumer di ng
Lo ol i m 21, whor o [PrEaial GG Sakt ermuabe santicek lei 38 LBl
to claim21, whereitr SBi'8! BEYMGH §¢ _ : erein said
deformable.  23. Apipeckdiql tnguacaasticr bl 6 g@it@ es 01 %atd
segments are subst asignaéhty dRIcAShE Gald %481 R S: subtending an
angle of less than 180° and having a radius of curvature
greater than the radius of curvature of said outer surfaces
of said pipe elements exclusive of said circumferential
grooves; and
connection members for adjustably connecting one cou-
pling segment to another, said connection members
being adjustably tightenable for drawing said arcuate
surfaces of said segments into contact with said outer
surfaces of said pipe elements within said circumferen-
tial grooves, said segiments being - deformable upon
adjustable tightening of said connection members so as
to substantially conform the curvature of said arcuate
surfaces to the outer surfaces of sajd pipe elements
within said circum ferential grooves.

2. Interconnectable pipe coupling segments according to
claim 1, wherein said segments are substantially elastically
deformable.

3. Interconnectable pipe coupling segments according to
claim 1, wherein said segments are substantially plastically
deformable.

4. Interconnectable pipe coupling segments accordin-g to
claim 1, wherein said arcuate surfaces project radially

inwardly from said segments.
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24. A pipe coupling according to claim21l, wherein said arcuate
surfaces project radially inwardly fromsaid segnents. 25. A pipe
coupling according to claim24, wherein each of said segnents
conprises first and second sidewalls positioned in spaced relation to
one anot her and extending radially inwardly, said arcuate surfaces
bei ng positioned on said sidewalls, said sidewalls defining a channel
positioned between said first and second arcuate surfaces.. 26. A

pi pe coupling according to claim25, wherein each of said segnents

[ ncl udesa_concay i ostapade hEbWeal AL siARuAL 'a%corc?;}g # pipe
I di, ) s q T g fl
osl | ot "ceal Clofnd- sEacreph sl AILIE CHACRR e S SR %nhavi ng

an inner di anettanaisaldngsaidsegweeyai d pi pe el ements, said seal
bei ng posi ti oned guiThieonakdtabiaipbscaiplbag defiesits andosdingnid
coupl i ng segrre_r&t@%nszﬁl\ghégeql O{ﬂ?é’b?gsa?@ 2Uh&le AFIBLIENaS HZER-b%t
support said flé -and” gecond’ Gou 1T n nts 1R.Sha d g a&%
relation whilel ﬁl’t‘dnfWlatmﬁ}’ﬂ}ltsl@@g‘?f&”ggzﬁ’ggfggldé}?‘% ﬁf‘ﬁ’d@%é@ gﬁl ne
anot her therebyeghiaaii ng said pipe elenents to be inserted between
Sa: gt :‘ L:} :L i a”dss?Fq??e&%ﬂﬂbbﬂgalé]ﬁﬁﬁ@rédlﬁlmg saghgemmcbgrcﬁn@ o
;(rae adj ust aEi y Q?‘Ji‘lg%t‘g%iiefé H%"ra%% §g| a. ag‘%‘%@t%m%géﬁgﬁg@t %}%tc edrre and
conform the cuS@aPRfsIGRWaRs posH Bﬂ%ﬁﬁﬁﬁi@ﬂﬁg@m PBeFﬁE“.%ﬁer
surfaces of saiadidpémiendingendinlin ithwardlyj shidi arcuaieseraces bgmgoves.
8 A ggpgugggmgsmﬁ@&@ﬁﬂézﬁa siQewhHs &, siafe%ﬂisraeq’ﬁﬁﬁ%@r chate
pi pe coupling 5&é%55ﬁﬂ§&5%8§ﬁéﬁﬁ?§%gq%ﬁéﬁgﬁﬁgggﬁgggé%ﬁétSFEE% éces
include first and JEERRENAGEENIS NiBSI FHNERE SESBEHLS FCEOBHRE ther eof |
sai d not ches prodximiTygvictrean anck dfaaid segntams indlusles @ gipavélyenent s
between sai d figsttianed SeeREEn SABRIcwalls.
| . 9. Interconnectable pipe coupling segments according to

claim 1, wherein said arcuate surfaces subtend an angle

between about 40° and about 179°.

10. Interconnectable pipe coupling segments according to
claim 1, wherein one of said arcuate surfaces has a smaller
radius of curvature than the other of said arcuate surfaces.

11. Interconnectable pipe coupling segments according to
claim 1, wherein said connection members comprise a pair of
projections extending outwardly from the ends of each of said
segments, said projections being adapted to receive fasteners
for adjustably connecting said segments to one another, said
fasteners being adjustably tightenable for drawing said arcu-
ate surfaces of said segments together into engagement with
said outer surfaces of said pipe elements.

12. Interconnectable pipe coupling segments according to
claim 11, wherein said projections are angularly oriented with
respect to one another.

13. Interconnectable pipe coupling segments according to
claim 12, wherein said projections are oriented at an angle of
up to about 10° with respect to one another.

14. Interconnectable pipe coupling segments according to
claim 13, wherein at least one of said projections comprises a

lug having an aperture therethrough adapted to receive said
fastener.
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30. A pipe coupling according to claim 21, wherein one of said
segnents has a section of increased bending flexibility positioned
between sai d connection menbers, said section facilitating deform ng
of said segment for substantially conformng the curvature of said
segnent to the outer surfaces of said pipe el enents. 31. A pipe
coupling according to claim 30, wherein said section of increased
bending flexibility is achieved by reducing the area nonent of
inertia of said segnment between said connection nenbers. 32. A
pi pe coupling accor%lng to claim?2l, wherein one of said arcuate
surfaces on each It l8s¢reonnestable pipe conglkiggsagmentseaccording faer
radi us of curvatlane ¥ hahetdin scaudhercmitesmrﬁstcamhpn%erfl‘tdégﬁ @fe sai d
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connecting said iégdﬁtﬁmotmeomblapqﬁélebuphﬁlgcbe‘g@ﬁé@t@afc%ob@h to
adj ust abl'y t'gfé‘lﬁ“ﬁ‘tllf FuftBer gbﬁﬁﬁﬁﬁnﬁﬂhﬁfqgﬁb&%@ ﬁsﬁ@gﬂ o%eﬂs 5 d
o pe 6l onents. Saidy szl ﬁﬁﬁ%&z&m fé\ aiCarendls swteres maad Ssier ei n
sai d proj ecti o PEOHICkIngh adlighlyy v yeﬂnrv\ﬁngag@watmﬂb sané endot her .
35. A pipe couplortignacebraliidgpipe @leniwndd, whiar ehnl sebehdlit] &t i ons
are oriented aleasfea'sd &l Id'@uBgta?f?PHh/ Bt t{ae@gea{wgﬁ @
fasteners conprs?’ég ﬁﬁftrss Eﬂ IBPS l?’élelg%tl d bolts having
threads that are aeﬁbﬁerlf@@lll@@:tabla plptbﬂtpnphnglsga hotids secdrdiugsioi n a
p][ edet Sr ][n nefl mzani ﬂQWM@bnbll%%\%% E@%ﬁ%gci%ﬁiﬂﬂaédn ?{;@é lponshi p
of sai st age 3¢ CcaiIGayP h%ﬂ ces io Aﬁ zf t 4o

tably ti 0 n awi ng
‘;‘2{ d arcuat e gé aérﬂs Saigh 60 %éé)rém»nmnﬁ, S84 26E qmm%t@ d of
said pipe el eneumfﬁces on each of said segments having opposite slopes,

said angularly oriented surfaces on one bald segment being in
facing relation with said angularly oriented surfaces on
another said segment, said angularly oriented segments
engaging one another when said segnents are drawn together
and causing said segments to rotate relatively to one another
about an axis substantially perpendicular to said pipe ele-
nients.

18. Interconnectable pipe coupling segments according to
claim 1, wherein one of said segments has a section of
increased bending flexibility positioned between said con-
nection members, said section facilitating deforming of said
segment for conforming the curvature of said segment sub-
stantially to the outer surfaces of said pipe elements.

19. Interconnectable pipe coupling segments according to
claim 18, wherein said section of increased bending flexibil-
ity is achieved by reducing the area moment of inertia of said
segment between said connection members. ,

20. Interconnectable pipe coupling segments according to
claim 18, wherein said section of increased bending flexibil-
ity comprises a cut-out positioned in said segment,
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37. A pipe coupling according to claim36 wherein said threads are
def ormed by staking said threads. 38. A pipe coupling according to
claim?2l1l, further conprising a plurality of teeth positioned on said
first and second segnents adjacent to said arcuate surfaces, said
teeth projecting radially inwardly for engagenent with said end
portions of said pipe el ements when said segnents are defornmed so as
to substantially conformto the curvature of said outer surfaces of
sai d pi pe el elienlis comBatibipipeatoad] pipe ebamerisngnd @ @ipe m 21,
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d
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conform the curvature of said arcuate surfaces to the
outer surfaces of said pipe elements within said circum-
ferential grooves.
22. A pipe coupling according to claim 21, wherein said
segments are substantially elastically deformable.
23. A pipe coupling according to claim 21, wherein said
segments are substantially plastically deformable.
24. A pipe coupling according to claim 21, wherein said

arcuate surfaces project radially inwardly from said seg-
ments.
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sai d coupling segments being connected to one another end to end

surrounding a central space, each said coupling segnent having

connection members adjustably connecting one coupling segnent to

anot her, said connection nenbers being adjustably tightenable for

drawi ng said arcuate surfaces of said segnents into contact with said
e elements wthin said circunferentia
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segments i n Yackdippardupleig@btoordihiy] ® skiich REpiMaghseemML s are
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outor sur{ hie BIERELS BRBLRIGHEI bS8l ol Bt nidSaban

outer surf I pe

el ement s eﬁeﬂpﬁaglsﬁgﬂk@ﬁﬁ Fl?st@rﬁﬂé‘ﬂ @ﬁﬂr@l-e@d sehsionshipisdicseadr surf aces
of said enbepg deformatleivdhenspid coueartiui siagbers are adjust-

ably tightened to draw said arcuate surfaces together and
conform the curvature of said segments substantially to the
outer surfaces of said pipe elementb within said circumferen-
tial grooves.

28. A pipe coupling according to claim 21, wherein said
arcuate surfaces subtend an angle between about 40° and
about 179°.

29. A pipe coupling according to claim 21, wherein said
arcuate surfaces include first and second notches positioned
atopposite ends thereof, said notches providing clearance for
insertion of said pipe elements between said first and second
segments,

30. A pipe coupling according to claim 21, wherein one of

said segments has a section of increased bendlm3 flexibility
positioned between said connection members, said section
facilitating deforming of said segment for bubstantmlly con-
formmg the curvature of said segment to the outer surfaces of
said pipe elements.

31. A pipe coupling according to claim 30, wherein said
section of increased bending ﬂex1b111ty 18 achleved by reduc-
ing the area moment of inertia of said segment between said
connection members.
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first and second coupling segnents, each said coupling segnent having
first and second arcuate surfaces adapted to contact the outer
surfaces of said pipe elenents within said circunferential grooves,
said arcuate surfaces being in spaced apart relation to one anot her
on opposite sides of said segnment, each of said arcuate surfaces

subt endi ng an angle of |ess than 180 and hav radi us. of curvature
- greater than the 32 PBCONRINZ ARCOTEMS D § 568% 2|1 W QNG sai d
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surfaces of sa| tf?()llllnﬂlg &%@ﬁ%a%&sﬂ%@eﬁ’ﬂﬁfts sdaidl @5 of
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wherei n one of é& aneter than the
ot her of said piages Shpipe g n%%' of said arcuate surfaces has a
smal | er radius of34uAvpipe eoulang taceood ey totlaial @ Jareberesn said aces.

projections are angularly oriented with respect to one another.

35. A pipe coupling according to claim 34, wherein. said
projections are oriented at an angle of up to about 10° with
respect to one another.

36. A pipe coupling according to claim 33, wherein said
fasteners comprise nuts threaded onto bolts, said bolts having
threads that are deformed so as to temporarily hold said nuts
in a predetermined position compatible with the spaced apart
relationship of said first and second coupling segments, said
nuts being adjustably tightenable from said predetermined
position for drawing said arcuate segments into engagement
with said outer surfaces of said pipe elements.

37. A pipe coupling according to claim 36 wherein said
threads are deformed by staking said threads.

38. A pipe coupling according to claim 21, further com-
prising a plurality of teeth positioned on said first and second
segments adjacent to said arcuate surfaces, said teeth project-
ing radially inwardly for engagement with said end portions
of said pipe elements when said segments are deforimed so as
to substantially conform to the curvature of said outer sur-
faces of said pipe elements.

39. A pipe coupling according to claim 21, wherein each of
said first and second segments further comprises a pair of
angularly oriented surfaces positioned adjacent to each of
said connection members, said angularly oriented surfaces on
one said segment being in facing relation with said angularly
oriented surfaces on another said segment, said angularly
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40. A pipe coupling according to claim 39, wherein said
angularly oriented surfaces on each of said segments have
opposite slopes, said angularly oriented surfaces engaging
one another when said segments are drawn together and caus-
ing sald segments to rotate relatively to one another about an
axis substantially perpendicular to said pipe elements.

41. In combination, a pair of pipe elements and a pipe
coupling, said pipe coupling being positionable straddling
facing end portions of said pair of pipe elements for securing
said pipe elements to one another in end-to-end relation,
wherein said end portions of said pipe elements have an outer
surface of substantially cylindrical profile, said pipe elements
cach having a circumferential groove in said outer surfaces of
said end portions, said coupling comprising: :

a plurality of coupling segments, each said coupling seg-
ment having first and second arcuate surfaces adapted to
contact the outer surfaces of said pipe elements within
said circumferential grooves, said arcuate surfaces being
in spaced apart relation to one another on opposite sides
of each said segment, each of said arcuate surfaces sub-
tending an angle of less than 180° and having a radius of
curvature greater than the radius of curvature of said
outer surfaces of said pipe elements exclusive of said
circumferential grooves; and

said coupling segments being connected to one another end
to end surrounding a central space, each said coupling
segment having connection members adjustably con-
necting one coupling segmerit to another, said connec-
tion members being adjustably tightenable for drawing
said arcuate surfaces of said segments into contact with
said outer surfaces of said pipe elements within said
circumferential grooves when said pipe elements are
inserted into said central space, said segments being
deformable upon adjustable tightening of said connec-
tion members so as to substantially conform the curva-
ture of said arcuate surfaces to the outer surfaces of said
pipe elements within said circumferential grooves.
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said coupling segments being connected to one another end
to end surrounding a central space, each said coupling
segment having connection members adjustably con-
necting one coupling segment to another, said connec-
tion members being adjustably tightenable for drawing
said arcuate surfaces of said segments into contact with
said outer surfaces of said pipe elements within said
circumiferential grooves when said pipe elements are
inserted into said central space, said segments being
deformable upon adjustable tightening of said connec-
tion members so as to substantially conform the curva-
ture of said arcuate surfaces to the outer surfaces of said
pipe elements within said circumferential grooves.

42. A pipe coupling according to claim 41, comprising four
of said coupling segments.

43. A pipe coupling according to claim 41, further com-
prising a flexible, resilient seal, said seal being a substantially
circular ring having an inner diameter sized to receive said
pipe elements, said seal being positioned between said arcu-

ate surfaces of said segments, said seal having an outer diam-
eter sized to support said coupling segments in spaced apart
relation while said piping segments are attached to one
another thereby allowing said pipes to be inserted between
said coupling segments into said end-to-end relationship, said
seal being deformable when said connection members are
adjustably tightened to draw said arcuate surfaces toward one
another and substantially conform the curvature of said seg-
ments to the outer surfaces of said pipes within said circum-
ferential grooves.

44. In combination, a pipe coupling and a pair of pipe
elements, said pipe coupling being positioned straddling fac-
ing end portions of said pipe elements for securing said pipe
elements to one another in end-to-end relationship, wherein
end portions of said pipe elements have an outer surface of
substantially cylindrical profile, said pipe elements each hav-
ing a circumferential groove in said outer surfaces of said end
portions, said coupling comprising:
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first and second coupling segments, each said coupling
segment having first and second arcuate surfaces
adapted to contact the outer surfaces of said pipe ele-
ments within said circumferential grooves, said arcuate
surfaces being in spaced apart relation to one another on
opposite sides of said segment, each of said arcuate
surfaces subtending an angle of less than 180° and hav-
ing a radius of curvature greater than the radius of cur-
vature of said outer surfaces of said pipe elements exclu-
sive of said circumferential grooves; and

said first and second coupling segments being connected to

one another end to end surrounding said facing end
portions of said pipe elements, each said coupling seg-
ment having connection members adjustably connecting
one said coupling segment to another, said connection
members being adjustably tightenable for drawing said
arcuate surfaces of said segments into contact with said
outer surfaces of said pipe elements within said circum-
ferential grooves, said segments being deformable upon
adjustable tightening of said connection members so as
to substantially conform the curvature of said arcuate
surfaces to the outer surfaces of said pipe elements
within said circumferential grooves.

45. A combination according to claim 44, wherein one of
said pipe elements has a smaller diameter than the other of
said pipe elements, and one of said arcuate surfaces has a
smaller radius of curvature than the other of said arcuate
surfaces.
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