DEFORVABLE MECHANI CAL PI PE COUPLING Field of the Invention This invention
concerns nechani cal pipe couplings that are deformable to conformto pipe
el enents, allowing the couplings to be pre-assenbled and installed as a
unit. Background of the Invention Mechani cal couplings for joining pipe

el ements together end-to-end conprise interconnectable segnents that are
positionable circunferentially surrounding the end portions of co-axially
al i gned pipe elenents. The term"pipe elenment” is used herein to describe
any pipe-like itemor conponent having a pipe like form Pipe elenents

i nclude pipe stock, pipe fittings such as el bows, caps and tees as well as
fluid control conmponent sDEEFORMABLEaMECEANIEALCPIPE COUPRILNEr s, restrictors,
pressure regulators and the |like. Each mechani cal coupling segnent conprises

a housing ving arcuate surfaces which project radially inwardly from the
housi ng and?’{EIL 14702 TpXghnien el ements or circunferential grooves that .
extend around eathisef inkrenpiipe celnewemiss nieghbe tjcailngd peErngagdiegts dtakeen
the arcuate, SURLacERARd LRE LRS! EAPRLRPLIUIRE STEChABIARl, (o8l rai nt
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to the join?ra “ensures that 't renai 1 coupled even under
hi gh i nt er ngbupilésgar boahe pxeepsgenbiedcesd Ihsthddsidngs defindd .an annul ar
channel that receives a gasket or seal, typically an elastoneric ring

whi ch engages the ends of each pipe elenent and cooperates wth the
segments toB IL St | e . The segnments have connection
menbers, typically in the formof |ugs which project outwardly fromthe
housi ngs. The | W&chaBieaidSprRdingss £6&i Valfa8PcRePs, S46ERTES FOOSTRRT |

bolts, whighdare-adfusbapkysti ghtenabhactoaBlawstiResegments heward one
anot her. pogitionable 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 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 presgssure 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



To ensure a good fit between the couplings and the pipe elenents, the
arcuate surfaces on prior art couplings have a radius of curvature that is
substantially nmatched to the radius of curvature of the outer surface of
the pipe elenment that it is intended to engage. For couplings used with
grooved pipe elenents, the radii of curvature of the arcuate surfaces are
smal | er thaqrthquagi% gf curvature of the outer surfaces qé thftg;pe
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This geometrical relation between the arcuate surfaces
of the couplings and the outer surfaces of the pipe elements
in prior art couplings results in a tedious and time
consuming installation process when mechanical couplings are
used. Typically, the coupling is received by the technician
with the segments bolted together and the ring seal captured
within the segments’ channelg. The technician first
disassembles the coupling by unbolting it, removes the ring
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 messy 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



and engagi ng the arcuate surface within the grooves. As evident fromthe
previ ous description, installation of mechanical pipe couplings according
to the prior art requires that the technician typically handl e at | east
seven individual piece parts (and nore when the coupling has nore than two
segnents), and nust totally disassenble and reassenble the coupling.
Significant tinme, effort and expense would be saved if the technician could
instal | a fEERAANEaFEEMBELEOLAIARE WNEhBlPtheEst COBPERPSLIADsEbserBRing it
and then reaggeahhhfonyt thei 8e8uRYePLBEEacSWITRRYNOEnENgrbBYERL I On The _

I nvention concerns Interconnectable pipe coupling segnments. Each segnent is
positionable straddling facing end portions of a pair of pipe elenents for
securing the pipe eredentstrogetherprevendsteesdipeioni onsbtpl1Iheornd
portions of the nggielgnents have. an_out er sgrface ofh substantially
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The invention concerns interconnectable pipe coupling

segments. Each segment is positionable straddling facing
end portiong of a pair of pipe elements for gsecuring the
pipe elements together in end-to-end relationship. The end
portions of the pipe elements have an outer suxrface 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 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
conform the curvature of the'arcuate surfaces to the outer
surfaces of the pipé elements.

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



inwardly fromthe segnents. The connection nenbers conprise a pair of
projections extending outwardly fromthe ends of each of the segnents. The
projections are adapted to receive fasteners for adjustably connecting the
segnents to one another, the fasteners being adjustably tightenable for
drawi ng the arcuate surfaces of the segnents together into engagenent wth
the outer surfaces of the pipe elenents. Preferably, the projections
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pipe elements have an ocuter surface of substantially
cylindrical profile. The pipe coupling compriges first and
second coupling segments. Each coupling segment has a pair
of arcuate surfaces adapted to interface with the outer
surfaces of the pipe elementg. The arcuate surfaces are in
spaced apart relation to one another. The arcuate surfaces
subtend an angle of lesg than 180° and have a radius of
curvature greater than the radius of curvature of the outer
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, regilient
seal. The seal is preferably a substantially circular ring
having an inner diameter sized to receive the pipe elements.
The geal ig positioned between the arcuate surfaces of the
first and second coupling segments. The seal has an outer



first and second coupling segnents. The seal has an outer 4 dianeter sized
to position the first and second coupling segnents in spaced apart relation
fromone another far enough to thereby allow the pipe elenments to be
inserted between the first and second coupling segnents into end-to- end
rel ati onship. The seal is deformable when the connection nenbers are
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arcuate surfaces and the grooves to provide rigidity about all axes of the

joint. In another enbodi nent, a pipe coupling conprises an arcuate band
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in facing relation with the angularly oriented surfaces on
the other segment. The angularly oriented segments engage
one another when the segments are drawn together and cause
the segments to rotate relatively to one another about an
axis substantially perpendiculﬁr to the pipe elements. The
drawing together and rotation of the segments forces
engagement between 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 secound ends in substantially
facing relation. The ends are spaced apart from one
another. The band surrcunds and defines a central space.
Firgt and second arcuate surfaces are mounted lengthwise
along the band on a side therecf. The arcuate surfaces are
in spaced relation alongside one another and project
substantially radially inwardly into the central ePace, The
arcuate surfaces have a radius of curvature greater than the
radius of curvature of the outer surfaces of the pipe
elements. The end portioms of the pipe elements are
insertable into the central space. Connection members are
mounted on the first and second ends of the segments. The



el ements. The end portions of the pipe elenments are insertable into the
central space. Connection nenbers are nounted on the first and second ends
of the segnents. The 5 connection nenbers are adjustably tightenable for
drawing the first and second ends toward one another. The band is
deformable, allowing the first and second ends to nove toward one anot her
upon adj ustadatesdi Ot andmige104 ahhﬁ a&jlmlemiprtm&rmﬁ{&lél'i’ﬁaﬁr@wﬁi§urfaces
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surrounding a central space, the coupling segments having arcuate surfaces
adapted to interface with the outer surfaces of the pipes; (B) inserting
t he end porti onDeffornta ipirperfeltdre Mand inEyo Hehe leentigl patd.c ard (rr@)y
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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) 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 surfaces of the coupling
segmentg 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 Figqure '1;



invention; Figures 2 and 3 are partial cross-sectional views of the pipe
coupling shown in Figure'l; 6 Figures 4 and 5 are perspective Vi ews,
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 | ongitudi nal
sectional views of pipe coupling enbodi nents according to the invention;
Figure 14 is a perspective view of a pipe coupling according to the

invention; Figureicbrds @ Hldles ViRw rddhadiiRe Wil | NS euthi gure
14; Figure 16 |sé§;cro S- sei%%onal Vi ew taken at |ine 6 16 |n Fi gure 14;

Figure 17 %"y WSS H IRARS, (COWRNE NG 3555 ’é}ﬁjﬁ%q % mbodi nent
accordi ng timddecidwvention; Figure 18 is an axial view of a pipe coupling
enbodi ment according to the invention; Figure 19 is an axial view of a pipe
coupling enbodi nent according to the invention; Figure 20 is an axial view,
partially cut awgumds & ~PDigrel G e raagcmii)@djamtofamrlduum piwet he

i nvention; %%11§i EHRE% I pi pe coupling
shown in fi gdrﬁif% a.aéscozf(ra?&gf rEI% Vi ewvyng;aer %nly cut away, of a

pi pe coupling embodi nent according to the invention; Flgure 23 is an axi al

view of a pipe GOURlJJY merga\failmr&t aﬁt%cq_'b(illg‘lQutcﬂnta'le SINRRHAN 3R [Foure
24-26 are axjal vitews of e couplin
pipe coupling embo ments accordlng 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 is an axial view, partially cut away, of a
pipe coupling embodiment according to the invention;

Figure 21 ig a partial sgectional view of the pipe
coupling shown in figure 20;



enbodi nents 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 fornmed from coupling segnents 12 and 14 which are
i nterconnectable with one another to straddle end portions 16a and 1Sa of
pi pe elements 16 and 18 to secure the pipe elements together in end-to-end
rel ati onshi p. Thg.end pg%tLons of thf Qige elenentf havet respective outer
surfaces 20 and 5298f%stBstantlaPFy L cYFPRUrPERr 1 HroYi F&C FHRESr cOhn@cti on of
t he coupl i ngipegrenpsihg emdoddmest etéerdengbyo commetthventhenbers,
preferably in the formof |ugs 24 and 26 best shown in Figure 2. The |ugs
are preferably positioned at each end of each segnent and project outwardly
fromthe segnentBigeugs224ianan2exsrk vpesiof onaplips ¢eephingel ation to one
anot her ande@ggagﬁgngoacégggiﬂg fastgpey fﬁﬁraggd in the formof bolts
28 and nuts 30 wh are adjustably tig ten e and cooperate with the

| ugs 24 and 26 for adjustably connecting the coupling segnents to one

anot her as di scupsgeré iUzt here dgkail vhelows As pasd shoynidg Figure 1,
each segnent 12_and 14 %c%%§é|ses a palr of arcuate surfaces 32 and 34. The
[

arcuate suUFTRRRLMSRES 9 Jpar'the el B8N one anot her and
preferably project radially inwardly tomard the pipe elements 16 and 18.

The surface ron1a.hou5|n- idewalls 38 joined to a
backwal | 405 ﬂﬂéa% channel 42 that receives
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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
pogitioned in facing relation to one another and adapted to
receive 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. The surfaces extend from a housing 36



sealing force between the seal and the outer surfaces 20 and 22 of the pipe
el emrents 16 and 18. As shown in Figure 5  seal 44 may al so have a tongue 48
positioned between the |ips 46, the tongue extending circunferentially
around the seal and projecting radially inwardly. Tongue 48 provi des a

stop surface that engages the ends of pipe elenents 16 and 18 to ensure

proper posi,tionin seal 44 re] ativel he p|p el enent
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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 Pigure 2, arcuate surfaces 32 and 34
have radii of curvature 50 greater than the radii of
curvature 52 of the cuter surfaces 20 and 22 of pipe
elements 16 and 18. Furthermore, the arcuate surfaces 32
subtend an angle 54 of less than 180°. Angles 54 between
about 40° and about 179° are practical. As a result of this
arcuate surface gecmetry, 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 plece. Joining of the pipe ends with a coupling 10
according to the invention proceeds much more smoothly and
gquickly than with prior art couplings because the technician
handles fewer pieces and does not have to thread nuts onto



dianeter 58 is sized to receive the end portions 16a and 18a of the pipe
el ements sinply by pushing the coupling over the pipe elenent or by

i nserting the pipe elenents into the coupling. O her enbodi ments having
different features for supporting the segnments in spaced relation are
described below After both pipe elenents 16 and 18 are inserted into
coupling 10 as shown in Figure 1A, nuts 30 are tightened (see also Figure
2). The nut,s 30 coo er te with their bolts 28 to draw the arcuate surfaces

32 and 34 PLEHment? 120€ (FREUTHYs S RANS SgrdrIUe i e rReRy F4 RS nut s
exerts a fof couttdr tdieakatgsr X a2 i edl Drimgsedifl ISR Eeddd 02

gaghagharﬁ%ﬂ% hﬁ%5ﬂge elﬁgfnts %g%ﬁighfﬁmégeéfe%negt3632 andé%f t o, deform
subst ant i alénde dnd drersinaetterl amdiascofbaliralatueg.e Theofsedie jpinpar eI errent S
16 and 18. h.'—.ll’l?et téé)rﬁ%%lbéeldj%cf%{ ecdeRYe CCQ{Q)aerﬂdqgao@t%.% %S 126 a%%dg lasnd 1A

and 1B, mhere I'n the Stween the arcuate sur faces and pl pe “out er
surfaces diafi rﬁ@epslm Etltftm%’rtcﬂj@tlempslﬁf it e shimy tt;mgmuplnm @mya:gélmt

with the OLglfgf%ﬂénazﬁﬁ_s S ¢ g%né%ﬂ%% £ e %ﬁ @%}én%@l Qf ithHe, segnents 12

and 14 is erably substantially elastic OW ng t e seghents to

spring bacl@ askicht | AUReR eResimentgihaningh i€ fspentt featines Fotar e

| oosened, thgiint Ry MHd idtgmidit: £ aupldgigel) red ather edeedddt tipRaranner
according.to the invention as described herein. The segnents may al so be

desi gned t HLE significant plastic deformation; wherein the deformation
I nparts a permanent set to the segnents. For practical couplings, there

ol generall Y, b 30T 9015 ol PR 200 laglip, PR O

Addi t i onal logupdtiery 1@ wmesﬁ@gnennsthnamdlﬂ4 g S ﬁotheeumd@mmema@ state

(Figure (see also Figure 2). The nuts 30 cooperate with their bolts
28 to draw the arcuate surfaces 32 and 34 on gegment 12
toward thoge on segment 14. Tightening of the nuts exerts a
force on the lugs 24 and 26 which brings the segments into
contact with the pipe elements and caugses the segments 12
and 14 to deform such that the radius of curvature 50 of the
arcuate surfaces 32 and 34 sﬁbstantially conforms to the
radius of curvature 52 of the pipe elements 16 and 18. This
action is illustrated by comparing Figures 2 and 3 and 1A
and 1B, wherein the gap 60 between the arcuate surfaces and
thé 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
nuts 30 are loosened, thereby permitting the coupling 10 to
be reused in the manner according.to the invention as
described herein. The segments may also be designed 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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2), the lugs 24 and 26 may be angularly oriented in relation to one
another. Relative angles 62 up to about 100 are practical. As shown in
Figure 3, the relative angular orientation of the lugs 24 and 26 is reduced
as the segnents are defornmed, and the geonmetry may be desi gned such that
the lugs are substantially parallel once the arcuate surfaces 32 and 34
substantial |y conformto_the Quter surfaces 20 and 22, This is preferred
because, %ef'ﬁ?we’fli:ﬁh%%néﬁd iheafol HeadinARLFkRedi $take (Rigure

subst ant i al by, fth mggagg mahzstrhgyly@sﬂ@hﬁﬁby SvDegt 8@ imdusesh benpdi ng
rmrrentsmthe bolts, wh g cause$£ nggt def or tlon of the bolts.
The seal ?soﬁ?s%n‘a{élfl%’fmd ‘Bg thYS Poee aP SHOWRPIWE ¥ guRES 1B, with
the Iips 46prawtngal nt oA$ uthoengin eRbgt & 3h tméler@iqntelﬁ edifent 1 Hpit er
surfaces 20 an Caps h 1.5, S I ressible, it
must be prow dg%@gt%ﬁq %%a@éélg%%g\?\# %ﬂdtfsrrai?ex vmélesn tE(}ﬁz';)errp e%lt%y t he
segments. Tares depbewned, p@@@l@]@@ moraeicbmcwﬂ;e Gﬂasmdlfmrdd it Hehe

backwal | 40 éV\@P@ é@@séaﬁ@ ig §»§ra1 C&ifdé Ye1fd 4B, @éeslyfféé@é' > any
I‘ olune C

practical shape and _ al | ows | of the seal when It eat ed
or exposed®® 34u$‘é|1§5¥%‘?b%y Hi%‘?@f%’ifﬂi%’% Qe Y Rrest ZQH@%eaI nor e

evenly overaits @M@um epeRESrPed Waddwad J Rehert %1@10& éHed hq—.h%al to
ext rude out dI et ween he seg nt s bet éﬁﬁ )
concavity apl pﬁl n‘?% n"ﬂfon‘ﬁ:hjel 1% %‘ thg"‘:f "b’é"tk\’rveen
t he ends ofthé hBug%m petlﬁémm;ﬁtav@mhnblngmﬂdmd cfeldl)\lbéff&:rrﬁj h:rcﬁm@{ts Am e in
Figures 2 an or .t he preasse e up 0]

hol d nuts %der%s Wh:b%lgl?l on” %%S%o??%m%%(% %%W OEHBOIht aC%"i“ﬂsnts 12
and 14 in The sesl ret Spaxbsb apafermed dty dhiss Edﬂi@‘ﬁ'ﬂ,ﬂ&(‘o‘ tghomnrntract
between th % ﬁghr@ G T I d by
def or m ng '?Er'] reads% h&%ﬁ égréfdgalbrfc@by a’%%a& % |“;n3ﬂfhe

bol ts hi nddégke pipe element outer surfaces 20 an Because the seal

44 is substantilially incompressible, it must be provided with
gpace into which it may exband when compressed by the
segments. This space is provided‘by a concavity 64
positioned in the backwall 40 between the sidewalls 38.
Concavity 64 may 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 advantageous to hold nuts 30 in a
position on bolts 28 that will maintain the segments 12 and
14 in the desired spaced a?art 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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the rotation of the nuts and prevents them fromunscrewing 11 fromthe bolts
under the effect of vibration, for exanple, during shipping, and keeps the
coupling in the preassenbled state with all of its parts together prior to
installation. The staking is readily overcone when the nuts are tightened
with a wench. The bending stiffness of the segnents may be tuned to

control the amount of force necessary to deformthemin order to reduce the

requi red asiseimblihe drghie dian tihmtal fapdl 19t g ibaakden + femexaamda.he | ug.
As shown i ni#l &ibippiSRE! 1808 1@ledWRASRAIEHY NG tHXididdddenff smy be
formed in the housing 36 of the segnents 12 and 14 by reducing the area
monent of (i§fétS & tohe Qgrdiit Pahs tsetdbEoRLIer ﬁtoeflé‘rsé:ﬁ\]aaéfémneved by
addi ng one The EH=kitly -Gt K8 I owiddifle ahadpotthet M@ tkackwaldi Al card t he
arcuat e surfages 32 agg 34. Alternately, as shown in Figure 7, the segnents
may have arcuat® Euitdtes 32 and 34 (not shown) conprising inwardly
projecting teeth 69. Teeth 69 engage outer surfaces of the pipe elenents to

provi de mechani A : ci_al v 0 used

N ih ol ain end e SERiRE et M B RCRantn B0 ARLRR, el Relons. s
shown on seprmoli£heommonwndr Wi thomce ascessowy 60 defeum them diongl e teeth,
preferabl e §fe ST lre RN IHHM e RiG-ed $QskfiBINOEBroh %B@“’]@li't@. egure 7A,

teeth 69 may al so_be arranged I n pairs_on oppgglte si des of th segnent to
increase t g2 Hddamataeae fheainit @nslitded 189 -t hds ebapmi 4§ FABUEGuGh
;:OUDI I ngs ?,%Qriﬁz!dwdfo biH&éa@éQIf"l:ie@i&li@arge fl@;&i%’i%%@?l _@l@omay?becgas&h%eaed ?f
Wo segmrent,s, is is by way _of exanple only. pl.i ngswi myre than two
segnents aré tﬁ’@ai’!%sé“ngn&mptoéf e FLBENE S é@r a&ﬁaljrét g’ly vIn l&ﬁet‘?l& t he
area moment of inextia of the segment. This reduction is
preferably achieved by adding one or more cut-outs 68 in
either or both the backwall 40 and the arcuate surfaces 32

and 34.

Alternately, as shown in Figqre 7, the segments way
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. 8Single teeth, preferable for small
couplings, are also feasible. As shown in Figure 77, teeth
69 may also be arranged in pairs on opposite sides of the
gsegment 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
feagible 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 acturing costs, as reducing the size of the segnents is economcally
advant ageous. A further advantage is that the 12 spacing 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 having four segnents 74 simlar to those

descri bed above, Couplings have thus far been-shown wherein all of the
arcuat e surfrR@EIhdvetwedst bt i Yy theredimedadiamiioting fawaariwarvher eas

such a configurial i Qi | SnRPPEOPFd At TOE . | A PIRgS AV A Selpi@nt i al |y
the sane dianeter to one _another, Figure 9 shows a coupling enbodi'nent 76

for coupl i MEHPE o ctasi IOF I f Feslent 13 ikt erBLOWHRUA I HPWS 3% s f or med

of two segrexdp /8 &hds 8miel 1 Ughbdd it hay eaviie Adan devnsagien s) .
Each segnment, h agir t _arcuate .SUéfal?ce 82 having a first radius of
curvature SHMHHY O SR TR AIAL

Ce 86 having a second radius of
curvature 88 smaller than the first radius of curvature 84. This all ows

coupling 76 to jAQi ol elergalm 90 havi ng | ar ger  di anmst-er pi pe
el ement 92 havi n‘gé‘%@nfg?ﬁ%“%i ane el%r %ﬁeael ogs%hos‘"mt ﬁ}eﬁ'ﬁee%loup ]1 nogésocggescri bed
above, the araubits frfagesmthaee Substarisaldry thren sawe nediioss off curvature

of the out B5E. of il | &|nt ﬁ-%q] A adi !.ij;ﬁ-ra 88 is
greater t h:‘frnufﬂgeé rad usW 0 fg?E:%rvat uraegc(%?t e %ﬁeo eﬁcegnel% 9c> : \%L%C%onet ric
rel ati onshijrEingpines gipeine| ehshianoeld 9e e disisdgeda R a

pr e- assenbl fthapup) iGN andrael e &ddift i rf\w@aberef 1h&dnvention. The
coupling segnents 78 and 80 deform upon the application of_ force by
adj ust abl e Ccﬁébrfé’hq iRAP e 1D % i r‘ﬁﬁ“}‘at@frscur\f:é’["{ﬂlemcgo e
outer surfage Rfridi ¢ pave| SyRMes 178 and after (8t herdadiitemay aemn in
Figure 10’£é¥% 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 radius of
curvature 88 smaller than the first radius of curvature 84.
This allows coupling 76 to join a pipe element 90 having a
larger diameter to a pipe element 92 having a smaller
diameter. Analogous to the couplings described above, the
radiug of curvature 84 is greater than the radius of
curvature of the outer surface of.pipe element %0, 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 projeéting arcuate surfaces 32 and 34 of coupling
10 engage grooves 94 formed in the outer surfaces 20 and 22
of pipe element end portions 16a and 18a. Interaction
between the arcuate surfaces 32 and 34 with their respective
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I nwardly projecting arcuate surfaces 32 and 34 of coupling 10 engage
grooves 94 forned in the outer surfaces 20 and 22 of pipe elenent end
portions l16a and 18a. Interaction between the arcuate surfaces 32 and 34
with their respective 13 grooves 94 permts the coupling to provide
relatively high end restraint to wthstand forces caused by internal
pressure or external |oads. To obtain higher end restraint, it is found
useful to ad8CaVeEcoAdPeETiEF BheuaPePrsiRg atesPrehbde | Febakivelwthighsecond

set of grooygs rastheiptPeo RLEABRLAG FHisc8NbLGLE®NLy i snidlysirated in
Figure 11, wherein a cou conpri sed of seggents 98 and 100, each

ling.96 i :
segment havPﬁ%S?HBepa?r§xg?r g%u%?%§§urf Re2PUPI FrtThap LR ¥ e Pt bR Rk /
i nwardly from ibersegdeassfuThes asddad eseseiid aset P&f rSraiftd Nogubstaatial |y
parallel, s ced.rﬁlation Lo one another angdgaﬁgge pai r

. of grooves 106 in
the surfacEd3bf Phe’prhearBn2n?eC988 Shb 4 %stﬁ%fgﬁ%ﬂﬁgQ? t oget her .
| n anot her ehdwosentent , Tshowembod Fneutr el d 211 bosfatarnegd imceoywireaagiip the .
i nvention s 1 S , t L pe | e S 11 i ng
rai sed ci rc‘ﬁﬁ e?férrllt‘?a s%%ﬁlll%egg X\%lgorﬁélgjfs%(?eogﬁ%é eg}‘}%sya%%ea (?c%@é
surfaces 32each SAqofnt tieviegnewe spalram ldrcwternatiioss a0 e in
Fi gure 13, 164 COMBE | o Jd&c ALRALATY £ forh Nond TWERd AN, AV

s 120
and 122 with respective arcuate surtfaces 124-and 126 1s used wth pjpe
el ement s 12815FCa 302 Fe%i L f Harad ernt bkl diarabbe hnFpered Nt in

the exanmpl ec@rdiosi HEdt Ser SHRMendhde PH B8 b Jrdhaserls 4h hase t he tongue
48 which 1is effectively used to position the pipe ends within the coupling
upon insert?‘bﬁ%a?% ? n'éi']% RARS iy SRRt §i P fip 1 "g'f’cFviﬂfrF BEHIHFEThe
pi pe ends atoddichgar oper depth within the couplings. Another coupling
enbodi nent 136 is shown in Figure 14. -
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
portions 132 and 134. Note that in the example embodiments
shown in Figures 9-13, the seal 44 has the tongue 48 which
ig effectively used to position the pipe ends‘within the
coupling upon insertion, the tongue acting as a pipe stop to
aid in locating 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-148, 150,
each preferably projecting radially inwardly from the
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Coupling 136 is conprised of two segnents 138 and 140 from which [ugs 142
and 144 extend, the lugs cooperating with fasteners 146 to act as
connection nmenbers for adjustably connecting one coupling segnent to

anot her. As described above, each segnent has a pair of arcuate surfaces
148, 150, each preferably projecting radially inwardly fromthe 14
segnents. The arcuate surfaces subtend an angle 152 |l ess than 180 and have
a radi us of segmeatsre Fos greupgr shafacekesnbtend ef enpglet 46 dfsshe pi pe

el ement s uhicelant 180-Coupl i 3 110N okOgGLhEE - ANs Lar ghatiap Legth 70 are

posi ti oned adjacent o the arcuate surfaces an iro ect y 1nwardly
to engage t kBepirpeidisepéncarypdupeortdehet BippoR ﬁm?PEEdWh9ChA§h§est shown

in Figure ldougach gS@&wgat 1538 aRdeifdr. haﬁn@19§b&a9§oﬁ“9§é€h'Vooék@nted
surface portions 1 58 | ocat ed adjacent to _each of .the lugs 142 and

144. As il PRStrdrEgd 8rdaseabetor tiar pacEatpoPtr6ACe563REyPERIBFBosi te to

the sl ope Oi‘a&ﬂéﬂ.d@’elﬁﬂéﬁ.’d@@’ t58eﬁga§éCBhesﬁﬁlﬂ@néleﬁ@ﬁtb sdaf peesiaeul d al so
be sl oped i tion as well.) This opposite slope relationship

bet ween theg?ﬁﬁﬁggggEEﬁgédégénent results in surfaces having conpatible
sl opes being positioned in facing relation in a pre-assenbled coupling as

shovn n Figure A5 pWen-the, 1aSkeners 140 AusntLabheneds gontar ghgo the

arcuate surfaces he~out er sur enen e angul ar
surface porhaens ms@rand QseuéﬁréﬁcﬁrseghéﬂtS@n@ag@ podtiengdeseepndi vely to

one. anot her 155kAGehNEa3 SOERR Bol Bacl B¥ LAGCLNSE 309 £ARALEsTClgkivel Y Lo

one another In osite ®irections about an axis oriented substantially
perpend|culaﬂﬂVSFﬁaFﬁ@ra%h§ 8LOPReOHI BrﬁﬁﬁﬁeﬁP§tb@Fnb561%?Kehe These

notions of pRBosesReRbSthdBsaBge148 5aVEREe bBPrdbRURLS SH'éaers 148 and 150
to engage grog%&ﬁt'” &Egth 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-assgembled ccupling 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 to 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 couplings move along the
pipe in opposite directions relatively to one another with

similar effect.
As 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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pi pe elenents and adds rigidity to all axes of the joint as previously
descri bed. For coupling segnents having surface portions with the sane

sl opes, the couplings nove along the pipe in opposite directions relatively
to one another with simlar effect. As 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 forned froma back 15 wall 166 and
sidewal | s 18811lahd6rasdi Fédewatbal 1470 akd credsives zadseal pbdf t wahch hes

segments 138;2g4 ééoﬁbﬂléﬁéﬁeghépééémeﬁﬁé aii@”aﬁc@ ﬁ@otmaéﬁg%anéga&on of
pi pe elenents into t pre-assenbled coupling shown in Figure, 14

concavity 1¥% aFé°Br69|ﬁ%dtPna%%@Wbé%%eﬁk}¢nt%fp?%@?d%l%m%%%%el$%? 9%¢unn

change of tb@esgabembwdléouﬁlbﬁgtgﬂo@ﬁ £ d 014 | vidlscascavety as2to
prevent tongue 48 f{ e. el ements

ng forced n ends of th
PG pede £F B bheneing Bublie dRBCR L R Ebnes dutreiasre rerce aro | FSHRE ner
coupl i ng enbhahgentf shewseah ﬁhgmrﬁtlﬂs hédteed oupl exappddd agat hulds as
d of
compried el LE2Eb USSR SETENLE DA Eol IR 560000
arcuat e sueﬂ@aeef18@8haMEen@l@M@staaﬂubmﬁmmﬁhwﬁknW|thﬁxb%hrqm@@sdme ends.

The not ches 38ﬁoﬁgge§$fbﬂr | g CLgaf ance at the 3 o'clock and 9 o' clock
positions o¥ e coupling ere it 1s nost needed to permt pipe elenents

to be inserted into the pre-assenbled coupling 174. The availability of
i ncreased clearaﬁﬁea@étﬁ@@sc@oﬁﬁpﬁsg%@din@a&t@h&ﬂypiﬂ r%ﬁgérm 176
| ed

and 178 to be spaced, cl oser to ‘one, anot her <§§ pre- asse
r

confi gur at i BRe t FAPP W gL b FFR1IR LR ?quF%ﬁe%I afhckeails R RHRIEF e at
the ends of sédifents f BTESandy17HAvédeh ey Beg aiwardly theopseabsenbl ed
coupling Closerateoggtg céstfgbeggnﬁgscrlégg(gﬂggé(M]ﬁoég%é§¥iéféégwforn1the
surfaces 180 have notches 182 and 184 positioned at opposgite
ends. The notches 182 and 184 provide clearance at the 3
o'clock and 9 o'clock positions of the coupling where it is
most needed to permit pipe elements to be inserted into the
pre-assembled coupling 174. The availability of increased
clearance at these locations allows the coupling segments
176 and 178 to be spaced closer to one another in the pre-
agsgembled configuration than would be the case if the
clearance 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 accorxrding 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 relatiocn
to one another. Ends 198 and 200 are in gpaced relation in
the pre-assembled coupling and have connection members
mounted thereon, preferably in the form of projecting lugs
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arcuate surfaces to the pipe elenent outer surface is reduced and thereby
the energy required to tighten the fasteners. Another coupling enbodi nent
192 according to the invention is shown in Figure 18. Coupling 192
conprises 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 and 200 are in spaced relation in the pre-assenbled coupling and
have conneciGdmurkritfd sadamhatd acb titverasiors grisfsreatslyy durh hes floylh of06

rojectin a el : ﬁﬂﬁp bol t
206J an:j %u%ﬂkg&l?tﬁ%%?bo%%%ﬂ?ﬂfaq%ggb%?a%e%%’aﬁce?r%lﬁ s'to efﬁgérmthe
band 194 arfefisthdienhdasit sl o gngh o t%r@dﬁ)ﬁégar%ﬂ%é%o%fﬁt‘é‘fa@ pe

el enents ha kepitHdseydad: igl td1ensfil alvespRes LM dHef AHHd Nhd N
end-to-end rel ationship. . Band 194 has a pair of arcuate surfaces 210, only
one of \Ahi“c‘?%“i@lvisﬁalff)ee %P i f‘?‘%jt??’e%ngrﬂél S QW ireded ISP - spaced

rel ation | engichwise infs eneasinotderamsiddd usinices 210 Figilne oH: aw

descri bed aQﬁgﬁbLor thggremboq#peqﬁ%i The rcuate surfac 210 have a
greater radiuSHrTdrVvatin%e Yhar'® th& Bt er PHEET T HIRE M Yhat

t he coupl i mpaced aeljadgiion dgetddmisEhics geenetndthegorfs gudatstomteahdrt he
separ ati on of e e i o] | nserted
i nto cent reﬁigspaceleoggg—{dl%ﬁeﬁﬂﬁibée%eaﬁdr%vﬁowt%%%te%@t%zltb%nd 4 is

def or ned swoteuat® surfaced &l bfhavsury gnged eof 1HEd usr ofats ryartiiae$H210 ar e

forced to copf e radi | el YR R HRe Rl SW fece of
the pipe qungﬁgéamhichathey eﬁgﬁbgﬁiﬁgf% that% n the p?ggég%nbled state,

proj ect i ng Jigs tREEAYRT 204 Hhrse desmetarichISPrHg=atieor iFdt &dewi th respect
to one anotfgyarathiayi RE dHeCledids/a BRI 202 vl llow=Akoidl pA®e Hidhieeitishg of
the Tastengl, §Lavs it ed'dh e 23 it o M 23 3t ening of

the nut 208 the band 194 is deformed such that the radius of

curvature of the arcuate surfaces 210 are forced to conform

with the radius of curvature of the outside surface of the

pipe elements which they engage. Note that in the

preassembled state, projecting lugs 202 and 204 are

preferably angularly oriented with respect to one another,

having a relative angle 212 up to about 20°, Tightening of

the fasﬁener draws the lugs toward each other, and results

in decreasing the relative angle 212, preferably to the

point wherein the lugs are substantially parallel to one

another. 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 boltg, 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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I n decreasing the relative angle 212, preferably to the point wherein the
| ugs are substantially parallel to one another. This is particularly
advant ageous for a flexible coupling which does not depend upon the pipe
elenments to forma reaction point to cause the deformation in conbination
with the bolts, the friction incurred at the reaction points inhibiting
flexibility. Coupling 192 includes a seal 214 positioned within the band
194 between t he Fheubtrdsugf texiBiDitBealf 2ddphiygbeo?2 shay|be is1djthosé

1L ustrat edy) i EhQULRS €8N8 208 shZ 0 S EOEI NP hhegpi e el gEats for

creating a seal e band 1S |ng
flexibili tya‘éfﬂu@’é‘ﬂ%@?ﬁgméEZbﬁwfﬁ%Cé@‘}iu@YeﬁOSbVl@ém|%’gtt%@tfar%h‘f nbAent of

nertia of bAOGudQd. SHEHerAdkbRy gL SHR b OF [G6EELDY PORIGON10

cut-outs 216 in the band, Alternatel shown i ure 19, hi nge 218
may be prov"P%Ifédb%eP’v'\BEhd?ﬂeb%ﬁ‘dgeligﬁh%n‘an‘%@9%‘i‘ﬁ% %‘l sHl%ﬁi%f%:F%b’r§
posi ti oned pﬂ@f@t&bﬁﬁtpééﬂmtbﬁ@d%@ﬁl@isﬁ&h@t barshn Bine élﬁ@syltd@sthé\f}béhhcﬁe

bendi fl I t d t f to d th

onds 198 arfPIoBroT IR dohbTO R L et Lot Aol (Tl 1S deibr m ae t he
ar cuat e surtccese 2Zdedadage tihe manwrﬁ@@&wftm pendsel e ndsd taogonf or m
Lhe radii ofobligsSULlagescHbLn THEL RLnq 16, PLPEL CLEIPIGOHLAL Sur{gces.

When t he hlnge I'S prese I'S” sl Zed o Tl ntain T he | ugs
202 and 204r¢mabpazedfacdat 2Dh s@ga%ttl]m: pwieetlemféam e piperted. For

gswat Qesnlr%]g%g% pr e%%%%?g%%{%?%g a# hﬁ%%\/\%fdﬁf&% rom h%%tara]%@;ﬁd Enra];
have diff erleif H’h}éﬁlﬂ%"fte?@r%‘%%ﬂ? eSYFERFRRAch Iﬂﬂ%rth%shw%sw RERPERL Fi gur e
9, to allowdhgagpupld NOs 192-4@ HE Hseeh tai Mt DIDES hayd Moo didd ez ent

di amet ers. in spaced relation so that pipe elements may be inserted.
For both the hinged and hingeless versions of the coupling
degcribed above, the arcuate surfaces preferably project
radially inwardly from the band and may have different radii
of curvature from each other, as illustrated in Figure 3, 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
elements such as 228. Coupling 220 has spacers 230 that
extend between segments 224 and 226 and maintain the
segments in spaced apart relation. In this example
embodiment, the spacers 230 comprise collapsible tubes 232
that are positioned between facing lugs 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 or a polymer material such as
polypropylene and may have score lines 240 in their surface
to create weakened regiong that facilitate collapse of the
tube under compressive loads applied by the fastenexrs 238.
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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 naintain the segnments in
spaced apart relation. In this exanple enbodinent, the spacers 230 conprise
col | apsi bl e tubes 232 that are positioned between facing |ugs 234 and 236
that exten@thesninakeriedmentychTabesazdboard pnéf snhbey ehenalaml | ed and

circular |nf§é@§§1%9CtT9@ %ﬂﬁe@rErérﬁéegﬁﬁedcﬁéxb@|EXréH@rgﬂBQQHthhe
fasteners 238. The tubes may be  made of “|ightwei ght netal or pol ymer

mat eri al su€HPE§rtp5F?pﬁSEV?Bﬁé aﬁdSRageﬁaveléséPe duﬁéggzablpalaaelr

surface tOhéﬁaiiﬁﬁwﬁﬁ&eﬂﬁgtéﬁmheﬂénhhBﬁtféé&hh?ééeaﬁob|?Eéée@érﬁbﬁedtUbe
under conpressive e, fasteners 238._.18 O h al s

oads.a d b
Such as. cor GBBRFSSATr A0B0r CARE &I LOCHPERSRD) BaY TREPLHneRTaTETABLY GREG 1 o
be strong enmnatghlile tsuhpentinghehsegarbeseirs ®pahed wekathon during
shi pping, handling and installation, but coll apse at a predeterm ned
conpressive |load that a technician may apply, preferably by manually
tightening the fastese;spipthedenesnshtol beuseinpipendteoeatd sovebe | oi ned

end- Lo end_ 3hgetDaepLedels! 8ns&§§eﬁ€g"§9as 2847980 2805 EAstensss 238"

are then ti nts tomar each ot her
engagenent @Fehthaa pigbtenedehoss ranhh@nsﬁgm@ntStﬁ@waaét@ﬁ@hsobhgtes t he

tubes 232 Uﬂﬂérlﬁtéogﬂééééméﬁt|Q?@h tﬁ@dp%BE éyéﬁén980k|ﬁléﬂgeﬁfﬁ a@fehas

shown in Figure 21 whe t he predeterm ne i_.s achi eved to. al
segnents to hﬁoﬁéSFﬁﬁﬁFﬂ Bﬁécﬁﬁthértﬁhﬁse%éégﬁn@ﬁé Bi pemeresehye {82deffect

the joint. $pacens pabkki BeR1behM@enol Nepse9aENEEoWRY iREFUGeFe 24 tWhany
type of ”EChﬁ”'S?Ldegggkiﬂgd Ebtg Egagc Qegg ! gsallow the segments to
move toward one another and engage the pipe elements to

effect the joint.

Spacers positioned between the segwents way be used
with any type of mechanical coupling. Note that in Figures
20 and 21, the segments 224 and 226 have arcuate surfaces
242 with a radius of curvature that is substantially the
same as the radius 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
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 comprise
tubes 260 again positioned coaxially with fasteners 262 and
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20 and 21, the segnents 224 and 226 have arcuate surfaces 242 with a radius
of curvature that is substantially the sanme as the radius of curvature of
the outer surface of pipe elenent 228 which they are designed to engage. To
provide clearance between the pipe el enent 228 and the segnents allow ng
the pipe elenent to be inserted into the coupling while still maintaining a
reasonabl e fastener length, . notches 244 and 246 are positioned at
opposite en8stBeephfacansudtgssabrasad 246 rsohestivtodmonntBegure 20. The

not ches proykgregkear AGHcA! ztshehéve ebesﬁgge@oﬁs%sbom»ilcﬁoséabwﬂﬁ F’é the
coupling to ernlt ilge elepents to be _inSerted,into the _pre- assen%

coupl i ng 226 eFFgEP ESPIWH@Fr§P@§r§ﬁﬁﬁﬁér1@6@p#?n@PEﬁ%6@|hﬁnt 254 havi ng

spacers 230tbghm@ﬁmngegﬂenfas%ﬁea@d 2§8téom@at5tng s&BReROYPLEHUand N this
exanpl e, gégpacers 23 tioned coaxially with

2% ai n posi
fasteners 262°afH®18 B ﬁEe g?ﬁﬁ 5Ea§ré ad %B°§%6WbFBJE€FPﬁ§th%n1the
segnents. TEbgar2601haxd 29rwhgaénnn6hé68rmhac@ facfbcbatef their col |l apse

when conpr essi S ap ht epi ng_t f astene Note that the
segnent s 25%ég%§n£§5§ag?e sgké g? Ba?hggeoﬁe%§¥V%§%r%b%€%nmf?% PRPect to
Figures 1 aste®enterein the arcuate surfaces of the segnents have a
greater radius of curvature than the pipe elenments. Another exanple of a
spacer for maintaining coupling segnents in spaced relation is shown in

Fi gure 23. CouplAngtheroekampbapef sedsprceegheht B2 27ba iping 740 dald 1

out war dl y Qégd@%sngnlggéc@éﬁrémt:?@@ positbenets FiglAsi 9. r &d@ldDihg When

t he coupllng i s, pre-assenbled, The segnents are held ™~ together by fasteners

280 ext endi Obb?m%‘é‘ﬁp{fh%e‘liu@g Se@ﬁ%%?sz@%zan‘%r%?‘ér%ijngno‘{‘%‘@“f‘%ﬂﬁfn of
bl ock- shapegrbpsltesng 28dgs ar 66 pasdt 2 oneso et Ieerd t he fagbnd 6 BEi@&68. The

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 bodiegs made from such
materials provide adequate strength and stiffness to
maintain the couplings in spaced apart relation during rough
handling but may 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- 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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bodi es 284 are renovable from between the lugs to allow the fasteners to be
tightened and draw the segnents into engagenent with pipe elenents being

j oi ned. Bodies 284 may be rel easably attached to the segnents, for exanple,
held by friction between the lugs 266 and 268. Flexible, resilient
materials are.particularly advantageous for form ng the bodi es because
bodi es nmade from such materials provide adequate strength and stiffness to
mai nt ai n t helebRipt$ MHaY | be spasedt ea@abet vetmt floem din i e rptrge sdeintéd ng but
may be read} e d f r V SOM I y. rials
are used toé¢%$%1%%%?%bdig§uﬁ?ﬁ%% %gg,%%sg%%ééed t%gt.g %E§§£b€§%%g?é$using
or by adheshdlesPHpyiFe oFertance ef eBhhbl &L beg di bee ek e kil @BentHd t he

segments. Hgd ead td | &isd I P& BSE PoROPe Epd O NBI s £QHBhd 10 peThadi 1@t 286

t hat uses spacers 288 to naintain couplin segnent s, 290_and 292 in spaced
apart rel atTdh FPATHR EPp@r§51é?eﬁ%ﬁf%ch%9tb% PR 1YY Tt v&BAYHSN i n t he
pr eassenbl esllesta@ics shorine Spoapdisg2286mdashaos ol thescorciosder features
that provide clearance facilitating inserting pipe elenents into end to end
relation be %&ﬁﬁﬁb?é!%%§§ﬁ%hts, but relies on the spacers to provide
sufficient separation for adequate clearance. The spacers 288 may be

simlar to thos i . r ' t LNV } on may
al so be used w %QCS%% o%gg% gﬁfﬁt%%g%?%ff%\g%ﬁ{%gga}%ga%ﬁm%@ﬁ% gure 19,
a spacer 288irmyvdriasediien tyres ofepuplingng Amtddivwrenin Biuxe keep
the lugs 2 a ' :%g?qﬁg, r | i | Eﬁyents may be
I nserted. %gt'ho%g%%:éj{]u ul ar sgg%e‘"rrm?ds%ﬁ%‘gﬁéa&al, |c%.wid§&)ulﬁ’derstood t hat

any of t heemhriierantyckds | ped<err dibe abeos o7 pnd f7R4 ude FRaed mRart

coupling. relation so that pipe elements may be inserted. Although a
tubular spacer is illustrated, it is understood that any of
the spacers described herein are feasible for use with this

coupling.

Figure 25 illustrates an adapter coupling 294 for
joining flanged pipe to non-flanged pipe, for example,
grooved or plain end. Coupling 294 comprises coupling
gegments 296 and 298, each of which has a radially extending
flange 300 on one side and a arcuate surface 302 on the
opposgite 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 epacer
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 spacers allows for fine
control of the forces required to draw the segments toward
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Figure 25 illustrates an adapter coupling 294 for joining flanged pipe to
non-fl anged pi pe, for exanple, grooved or plain end. Coupling 294 conprises
coupling segnments 296 and 298, each of which has a radially extending

fl ange 300 on one side and a arcuate surface 302 on the opposite side.
Segnents 296 and 298 are held in spaced apart relation by spacers 304,

whi ch may conprise a col]apsible tubular spacer 306 or a_renovable spacer
308, or ot ALEHRAGD IS IFEdritFdEshéds Feusicgefe the covpdingises
further tym&rpftr&pa;reeﬂomamw ENtthe3 Hprfieas idiletmen®ls TR RidIgHaMG 1GAUR | N
segnents %§g$314 in spaced apart relation. Spacers 310 conprise spring
el enent s 'orm preferably substantially .elastically, when subjected
to a conpre55|on force by the fasteners 316. Spring el ements nmay take any

of a nunber of r, for rubber I|nd r,318 el spring
320. The use of f'sprl‘lrgrslgame n&rﬁ%rg%%rha%p%%rgmﬁ 1p§3 a@oﬁ%ﬁ& of the
forces reqmnuimda)ﬁh&ﬂmnﬁaa&ﬂqhn&ﬁsﬂknmam@u21a@deraneshedlaadan§01n

faci|itatey e st Mod.N GOURIdeI08ndRER cble 4ol arimabkan of the spring

el enents is substantially i's anti éi pate at def or mabl e
coupl i ngs mﬁﬁqmpﬂiaqeﬁcMGG@lmeét@ﬁ@@e§ﬁcﬁsa§lﬁﬁé0ﬁ@ﬁga§ Hné -r Baésutdi scl osed

in US. Pxcent New, 760701985 it Golfiteld: cout absnotna%pg&»%@@swthl n a

segnent as di'scl’osed in ‘U t ent in_end coupllngs t hat

do not use 3§ GEwcdossed &Fb&ﬁé%eEQQﬁnG §°SPa?eﬁP9N8§9t234§§49?§ +3, 024, 046,
5,911, 446 an®iq,, 302, 490 56;I3Iozqf4stohe&e_1p@tfelﬁh&saepagehe@ebgémgnﬁ@mbﬁzat ed by
ref erence hereln nable chani pi pe couplings according to the

i nventi on 4%%3 frdt S&\5e eﬁ?ﬁ&ilatlon creating a pipe joint

whi |l e av0|d|ng the need to partlally or totally

Deformable mechanical pipe couplings accoxrding to the
invention provide for rapid and sure installation creating a
pipe joint while avoiding the need to partially or totally
disassemble and then reassemble the coupling and handlie the

individual piece parts.
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di sassenbl e and then reassenbl e the coupling and handl e the individual

pi ece parts. 22 CLAIMS What is clainmed is: 1. Interconnectabl e pipe
coupling segnents, each positionable straddling facing end portions of a
pair of pipe elenents for securing said pipe elenents together in
end-to-end rel ationship, wherein said end portions of said pipe elenents
have an outer surface of substantially cylindrical profile and wherein each
sai d segnent conprises: a pair of arcuate surfaces adapted to interface
with the outer surfaces of said piperatsgents, said arcuate surfaces being
in spaced apart relation to one another, at |east one of said arcuate
surfaces subtending an angle of less than 180 and having a radius of
curvat urgnhgreateri1thaad i{Be radius of curvature of said outer surfaces of
said pipe elenents; and connection nenbers for adjustably connecting one
coupling segnent to another, said connection nenbers being adjustably
tightenable for dmmeﬂgoﬁﬂédtabwapfpéU@émﬁsn@fse@aéﬂt§egé@éﬁs t oget her,

d b d | t abl t f d
conneor L BRPHEIREFBLEo S hen PR EanEraing (Y Rors I ITE RUREE B of said
ar cuat e pipéaedsmetbst herosteunr oy f sebd pipaa&lbm&mﬁse&eg&ﬂh&r n
segnent s aieco Raf, RE1PYBhLADe . BOHERLEn BEE 00 Tl pO Ly Be ol AT D pe
coupl i ngpspgrreﬂae@ea&aoh@lvﬁgant@uwrau wnfa@me@@wl@@t@n@e@hﬂem s are
SUbSta“tb?iiﬁdr@béitbféfiYed@ﬁ@rﬂﬁgféin2§aéh éé&&”éé&ﬁéﬁ%E%Bﬁbf&é@bCOUp|'”9

segnment s accordi ng
a pair of arcuate surfaces adapted to interface

with the outer surfaces of said pipe elements, said arcuate
gurfaces being in spaced apart relation to one another, at
least one of said arcuate surfaces gubtending 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; and

connection members- for adjustably connecting one
coupling segment to ancther, said connection members being
adjustably tightenable for drawing said arcuate surfaces of
said segments together, said segments being deformable upon
adjustable tightening of said connection members so as to
subsgtantially conform the curvature of said arcuate surfaces
to the outer surfaceg of said pipe elements.

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.
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to Caim1, wherein said arcuate surfaces project radially inwardly from
said segnents. 5. Interconnectable pipe coupling segnents according to
Claim 1, wherein said arcuate surfaces subtend an angle between about 40
and about 179. 6. Interconnectabl e pipe coupling segnents according to
Claimd4, mherein said arcuate surfaces are substantially continuous al ong

said se ments, t erconnect.abl e pi pe co i ng_segnents according 'to
Claim 4g wher & n oﬂ SHroRArEt %?aﬁ%a?gp%u??%ﬁn%g%egg g %‘Eﬁmﬁiﬂeﬁ‘%?n sai d
cut - out tac€easing, t ikebendi agid| axchite tyurtdcsai prspgmentadBally
Intercongg&;g@ig Pi-B§ ggy@l%éghfﬁggents according to Claim4, wherein each

of said segnents conprises and second sidewal | s positioned in spaced
relation to one another and extending radially inwardly, said arcuate

surfaces being. po%ﬁéggggngmﬂe%%d@élécongségm|§CC<§¥§‘<§{ ing a

channel positioned between said fir arcuate surface 9.

| nt er conh@cthBIB bi pEheBebl | PR & @M e vehares) suhtendian &ngwRerei n each

of sai d peguesh Sabaet Ules and camsayidyo posi ti oned bet ween sai d sidewal | s.
10. Interconnectabl e pipe coupling segnents according to Caiml, wherein

one of said arcuate surfaces has a snumller radius of curvature than the
other of sai deéar cliatercsméeicaisle Jﬂlpé rﬁcﬁipﬂﬁ’t‘i@(ﬂ@jﬂe&at{ﬁ pecashindng segnent s

accordin aj ere c ecti or ri.se air 24
of proj eg?i 9“ #%]\é@%%t%%% ?lf’%@ he e%%es o%lteeacCb antslaall segnent s,
sai d pro?enttmwsubeah@xa&mﬁdxbagmemm%lve fasteners for adjustably
connecting said segnents to one another, said fasteners being adjustably

ti ghtenabl e for ‘
7. Interconnectable pipe coupling segments according

to Claim 4, wherein one of said arcuate surfaces has a cut-
out therein, said cut-out increasing the bending flexibility
of gaid segment.

"8. Interconnectable pipe coupling segments according
to Claim 4, wherein each of said segments comprises first
and second sidewalls positioned in spaced relation to one
another and extending radially inwardly, said arcuate
gurfaces being positioned on said sidewalls, said sidewalls
defining‘a channel positioned between said first and second

arcuate surfaces.

9. Interconnectable pipe coupling segments according
to Claim 8, wherein each of said segments includes a
concavity pogitioned between said sidewalls.

10. Interconnectable pipe coupling segments according
to Claim 1, wherein one of said arcuate suxrfaces 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
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drawi ng sai d arcuate surfaces of said segnents together into engagenent
with said outer surfaces of said pipe elenents. 12. |Interconnectabl e pipe
coupling segnents according to Claim1ll, wherein said projections are
angularly oriented wth respect to one another. 13. Interconnectabl e pipe
coupling segnents according to Claim 12, wherein said projections are

orient ed,at o] b t S
Interconngc?ggFgég?%gsC%ﬁgg?%gngegﬁ%%%Pd%%c%?%ﬁ B e dﬁéé f%%%uﬁslereln at
| east on&2éf SETHSPEB) etR @nsron@ﬁ’pw@@sb@msmgamw@ =) aep@e;tme

ther et hr pygh-Adapt E@thgdjﬁsesbw é@hﬂeé@ V\i”&hd ISeghdth € CONNGEL abl e pi pe
coupling segnents according aiml erein said arcuate surfaces

conpr i se@@P F%EstSabﬁef§%5?%65$oP%%%$n@aﬁﬁ%%ﬁ%&wl%ﬂggtﬁ%éﬁ%ﬁI§0¥nwardly from
sai d segaBsksng S84 ddt 98t Hage | PRI FPcSAI SIF O3 B4 Mﬁeﬁ@@ hgesidd DIRS

el enent s andﬁ%rovkdlng chgnlcal restﬁaint. % % ey connect abl e pi pe
coupl i ngSREFHBAERE a¥EhRdPAYY PBERF aF i 12 Phefat rﬁﬁ?%léﬁ%@F?ﬁ%rallty of
teeth positioned on said segnents adj acent to said arcuate surfaces sai d
teeth projecting r n gen ortions of
sai d pipe el efrlrgnt sﬁq\/\%g% sal Jmaré%p%r%o éae oérta% t‘_"oc thlg%tl ally
conform to Clagmcityavheredf 5@1@ Bn®B¢CBu¢m©0@seodngml@rhyper2¢mmm®ts 17.

| nter congectaple,plp %8ogﬂélggo§ﬁggents according to Claim1l, wherein each

of said segnments further conprises 25 a pair of angularly oriented surfaces
posi ti oned adjacent to each of said connection nenbers, said angularly

oriented surigcesiffefabindérapid ﬁfﬁéﬁééépiﬁﬂg*ﬁbéﬁﬁﬁﬁétébé% sai d
angul arly oriented surfaces pne sal nment being in fa0|q9 rel ation
wi th saiéoaﬁ§ﬁ¥@r¥§ oVP%ﬁ?éH %ﬁ%@a&%@J%ﬁFléhﬁn?Eﬁ APy Rnta D sai d

angul ar | ¥ngléest edp segnebdst 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.

15. Interconnectable pipe coupling segments according
to Claim 1, wherein sald arcuate surfaces comprise at least
one tooth projecting substantially radially inwardly from
gaid segments, said tooth gripping said outer surfaces of
said pipe elewments and providing wechanical restraint.

16. Interconnectable pipe coupling segments according
to Claim 1, further comprising a plurality of teeth
positioned on said segments adjacent to said arcuate
gsurfaces, said teeth projecting radially inwardly for
engagement with said end portions of said pipe elements when
said segments are deformed so as to substantially conform to
the curvature of said outer surfaces of said pipe elements.

17. Interconnectablg pipe coupling segments according
to Claim 1, wherxein each of said segments further comprises
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engagi ng one anot her when said segnents are drawn together and causing said
segnents to rotate relatively to one another about an axis substantially
perpendi cular to said pipe elenents. 18. Interconnectabl e pipe coupling
segnents according to Claim1l, wherein one of said segnents has a section
of increased bending flexibility positioned between said connection

menbers, aqls%%t 'aB fl@& m? ga-agﬂeeaega&g}ﬂpgst gos;eagnéaggaggféﬁe ggnform ng

t he curvat sal subst ant outer aces of said
pi pe eleﬁ@ﬁﬁsOfl@alﬁnp@m@@ﬁﬁé@mame@bgrge @@mélaﬁguéeghﬁnpylauéedduhg to

C ai m 189u%%rc@sno§ateac§egtfl galaf sbgﬁéﬁ9§6Hab§ﬂgl egpoéheé' ang&& s ach' eved
by reducing the area_nonen ineftia of sald segnent between Sai

connect i 6R1AeABENLATIY. °Fﬁ?€F€énﬁ€€ﬁ85F§ ﬁPp@néoﬁﬁFﬁnﬁeg@@ﬁﬁnP§l§Ecord|ng

to O ai mih8fawhageialagidnseethosall aﬂgﬁmaﬁmg benghngd Ehexhbiki b
conprlses out, .posi tio Intercongectable pi pe

ut p ed in.s nt. .21
coupl i ng2&& §%§Ht§a&9 SF&Pﬁ&@rtEaéﬁaﬁﬁgﬂiagg§tHﬁieEBﬁﬁrﬁégﬁa Ssecond pair of
arcuat e eagabamgsoaéapnedhbm wheer baté weghehbs anéeﬁraunfaogethér sai d pipe

el enent s guglgga%glau%ggﬁgﬁtgf ga gtgggogglag?v%a ng |n spaced apart

relatlonaFo SRe>an arcuat & aces d-geB6hd pair
subtend|n@oaheangbeu@fanlesisthabstantaaalyapEngeadLadlas bb saidature
greater R ius of curvature of said outer surfaces of said pipe
elenentsbgg%eeguﬁﬁg?gre of said arcuate surfaces of said 26 second pair
bei ng substantially conformable with the outer surfaces of said pipe

el enent s UpO”l@dJUih%@&%ohhﬁb&%ﬁuagpre §6hﬁ1§ﬁ§n§é§MQﬁtQEQEébﬁdlﬁé A pipe
coupl i ng p05|t|onable stradd acin ortbons of a pair gf pi pe

el enent s tPof §é@u?vnyh§§ﬁanppﬁg °5I€ﬁéﬁt§egﬂﬁgFﬁe a?naeﬁﬁchoﬁnﬁ
rel ati onshicpeawldr Befdsagdflexibility positioned between said

connection members, said section facilitating deforming of
said segment for conforming the curvature of said segment
gsubstantially to the outer surfaces of said pipe elements.

19. Interconnectable pipe coupling segments according
to Claim 18, wherein said section of increased bending
flexibility 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 increaged bending
flexibility comprises a cut-out positioned in said segment..

21. Interconnectable pipe coupling gsegments according
to Claim 1, further comprising a second pair of arcuate
surfaces adapted to interface with the outer surfaces of
sald pipe elements, said arcuate surfaces of said second
pair being in spaced apart relation to one another, said
arcuate surfaceg of said second pair subtending an angle of
lesg than 180° and having a radius of curvature greatef than
the radius of curvature of said outer surfaces of said pipe
elements, the curvature of said arcuate surfaces of said
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end portions of said pipe elenments have an outer surface of substantially
cylindrical profile and wherein said pipe coupling conprises: first and
second coupling segnents, each coupling segnment having a pair of arcuate
surfaces adapted to interface with the outer surfaces of said pipe

el ements, said arcuate surfaces being in spaced apart relation to one

anot her, sai r te.surface ubt endi ng _an_an of lLess,.than_ 180 and
havi ng a§§g§F§s%§ rc8§&§ u?gﬁéﬁgg %?ggﬁaﬁo?ﬁgrgég% uglgﬁ EBPVEEEFE of said
out er suphadesesf ofardipi pépeckérmanss apdneadhushadleoupyhhgnsegnefit havi ng

connecti @i gmepbeLschan ag&#%}gply connecting one coupling segnent to
anot her, said connection nenbers being adjustably tightenable for draw ng

said arcuate surfaces of said segnents together, said segnents being

def ormabl e upen. adj yshabbeupl@hbepbBgt 9bnsBild §0PREE11RG FEADRES.SQ as to
substantial ly conf%rn1the curvature if said arcuate surfaces_ tD the outer

surf acesPBFT8NE BEp@ BRekeREsPIPS. cAeBeREs cbobl FRAGUEEEYr BRAY PEPE ai m 22,
wher ei n ejaménsegregkshareigubaianbi-ahiyreiasibsahly, dgheravhl €aid24. A pipe
coupling_ a cordkmaﬁto glair.nd221 mheiein €aig segnents, are_su stant%ally

ol asti caFlyl HEFbAHABI 8T 5983 RIBFLE EBARFS 24t coh dPREST o= B Rt 29E wher ei n
sai d arcpabetantfiatéy pydiadricadi pkbfilavand| yhéreimsanid segaents. 27 26.

A pipe c kRg_a l to claim22, wherein said arcuate surfaces
subt end §§B§%ggg %@ﬁégégggbout 40 and about 179. 27. A pipe coupling

according to d ai nE2sstwandesacondchoupling dssenering s eanpreseslingst and
second sidepahlSnaR9aLt LOPSY ' BrSRREEYcLeLaLEQRL a6 890 er and extending
interface with the outer surfaces of said pipe elements,
said arcuate surfaces being in spaced apart relation to one
another,  said arcuate surfaces 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; and
each said coupling segment having connection
members for adjustably connecting one coupling segment to
another, said connection members being adjustably
tightenable for drawing said arcuate gurfaces of said
segments together, said segments being deformable upon
adjustable tightening of said connection members so as to
subgstantially conform the curvature of said arcuate surfaces
to the outer surfaces of said pipe elements.

23. A pipe coupling according to Claim 22, wherein
sald segments are substantially elastically deformable.

24. A pipe coupling according to Claim 22, wherein
said segments are substantially plastically deformable.

25. A pipe coupling according to Claim 22, wherein

gaid arcuate surfaces project radially inwardly from said

segments.
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radially inwardly, said arcuate surfaces being positioned on said
sidewal | s, said sidewalls defining a channel positioned between said first
and second arcuate surfaces. 28. A pipe coupling according to Cl aim 27,
wherein each of said segnents includes a concavity positioned between said
sidewal I s. 29. A pipe coupling according to Caim?27, further conprising a
flexible, resilient seal, said seal being a substantially circular ring
having an i nner dianmeter sized to receive said pipe elenents, said sea
bei ng positiodéd W Bipe seuplingnaccerdingakd Flasm 3Rd wheuﬁdncoupllng

Segment s ¢33l @ reR@kNavrFacal Qubekndl aAPLAG1S! E@éwégn QBéhE' @ausaha first

and second coupllng segnents in spaced apaft relation fromone another
t her eby abryki Ad2sai d pipe elenments to be inserted between said first and
second coupling segnents into said end-to-end relationship, said seal

bei ng def ormahl_e when,said connection nbers ar ,ad'ustaﬁl¥ tightened to
draw sai d arcddte SUuPFREeSOUBEPRePCCRRELPEnFEr MRAE éBr vEREFELBf said
segnent s eschsbdntsiadkd peymentke conpetsesr Fages aﬁdsaédoﬁ&pslaéﬁﬁbnés 30. A

I , di 2 f | ud
P Pe, COURlEa0 AR SerBbRoE BLTES 8T SuD (AL B S BRLARgES | ol e
prOV|d|ngadahééwadm@atdﬂYhnsandlamcuﬁtsasdrﬁapesebemngtgobetmeaadsand first
and Secoﬁglgegqﬁg%%llé8 §£1dAsRHB§a§9$phb@9n§ﬁ§ dbﬂgn£81C#§éﬂE%3Pe&here'“

one of said ségnen I'on Of Increas bendi ng exi rty
p05|t|onb@tB@ﬁWeéﬁlﬁaﬁdr§§nﬁédtﬁ@ﬁoﬁénﬁéﬂ§at§aﬁurf§@@$ron facilitating
deform ng of said segnent for substantially confornlng the curvature of

said segnent to the quter surfaces of said pipe_elenents. 32., A pipe
coupl i ng accor@i-ng® §iBrarRIBLinghaFeprding to Claim 27, wherein

each of said segments includes a concavity positioned
between said sidewalls. )

29. A pipe coupling accoxding to Claim 27, further
comprising a flexible, resilient seal, said seal being a
substantially circular ring having an inner diameter sized
to receive gaid pipe elements, said seal being positioned
within said channels of said first and second coupling
segments, said seal having an outer diameter sized to
position said first and second coupling segments in spaced
apart relation from one another thereby allowing said pipe
elements to be inserted between said first and second
coupling segments into said end-to-end relationship, said
seal being deformable when said connection members are
adjustably tightened to draw said arcuate surfaces together
and conform the curvature of said segments substantially to

the outer surfaces of said pipe elements.

30. A pipe coupling according to Claim 22, wherein
said arcuate surfaces include first and second notches
positioned at opposite ends thereof, said notchesg providing
clearance for insertion of said pipe elements between said
first and second segments.
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sai d section of increased bending flexibility is achieved by reducing the
area nonent of inertia of said segnent between said connection nenbers. 33.
A pi pe coupling according to Caim 22, wherein one of said arcuate surfaces
on each of said first and second segnments has a smaller radius of curvature
than the other of said arcuate surfaces on said first and second segnents.
34. A pipe coupling according to Caim22, wherein said connection nenbers

conprise a pair of pggkections extending outwardly fromthe ends of each of

sai d segment s31-safdPpPBj EEHPSHBINBFRGTSLUPt B8 FH2+BCe? veWwhaEeERePBES or

adj ust abb¢ sendeskigngnsasi Hasegneatsibn ofeinnpeheed Bahdingast eners being
adj ust ab i.ght enabl e for. drawing said_ _arcuate surfaces of said segnents
together%¥ﬁ%5gé%6§§é9§ﬁFglﬁp?ﬁmgﬁggeﬁﬂtﬁ?lgu??ﬁﬂ%gtﬁ?ns@?ﬁb%Fﬁe g&fttent s.
35. A pi pectoopl Eagiddtatdnggdebothinm 84, sabhdrsemuestai Hoproj ections are
angul ar | ' it o I n r.36.. ' upling
accordinéuggkgﬁgggggg,Baﬁg§gﬁghg$gpg_%?€j%géggn%fa%%lg}géﬁﬁ%%gagoan angl e of
up to abdhe eoberwsukfpespeef saidneinfothemenis. 37. A pipe coupling
according to Claim34, wherein said fasteners conprise nuts threaded onto

bolts, said bolts _haying threads that are deforped so as to tenporarily
hold said nudé-i nRaPpPEdEPBPHLREJZPEITELRE ERnPhR 1B 1 wi ¥Re¥eE spaced

apart regaifopebtRoff ofai dobbhsbdapen8es§nEl sRUM 108y S804BRISvegaby Nuts

bei ng adj ust abl jghtenable fromsaid redefernined position for draw ng
sai d arc%ﬁé@céﬁén%hgsarﬁﬁtBogﬁﬁﬁgﬂﬁeﬁ?eﬁgfﬂ Q iﬁaﬁﬁt%? o RS sai d pi pe
el ement ssal8. cAnpepeioaupbihgraccording to Caim 37 wherein said threads
are defornmed- by staking said threads.
33. A pipe coupling according to Claim 22, wherein one

of said arcuate surfaces on each of said first and second

segments has a smaller radius of curvature than the other of

said arcuate surfaces on said first and second segments.

34. A pipe coupling according to Claim 22, wherein
sald 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
arcuate surfaces of said segments together into engagement
with gaid outer surfaces of said pipe elements.

35. A pipe coupling according to Claim 34, wherein
said projections are angularly oriented with respect to one
ancther.

36. A pipe coupling according to Claim 35, wherein

gaid projections are oriented at an angle of up to about 10°
with respect to one another.

29



39. A pipe coupling according to Claim?22, 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 elenents when said segnents are
defornmed so as to substantially conformto the curvature of said outer

surfaces of spjd pipgi el B BindGedk Rl GURYING, according p O aim 22,
wherein each of sai'd Tirst "and second segnents further conprises a pair of

angul ar ISP i T ERNSKR fERMRE IR N toh ddh negjdack At baddeh gfaishikelddhnect i on

nenber s, hawi ity el Bdd Yelit e te FofnledC @ QY AR tSMbrRBIMBAthIgI NG i N
facing rééié;(”]VMIh sai d_angul ar oriented surfaces on another said

|
segnent , i hght IV%@W@&%M@%M% MdthdSwhen said
segnent sspacedrapyuri ageldieiomsl £ aSigag S did-segnintsecdr@ i lrielqatively to

on "ot e S B s ISR SR BHE Sl et Csai d
angul ar Ipregie et eslnieridsian feacmivise dasymuistehdegreppesi t e sl opes,
sai d angyla 'éh%?&ge%%orpcgr@%ﬂ acH o%!'t%gg's”u%ﬁ%%sa%%t @%ricit"%ﬂlfia sai d segments

are drawn toget causing sald segnents to rota giatively to one
anot her SBRNEH. axi s substantially perpendicular to said pipe el ements.
42. A pipe coupling positionable straddling facing end portions of a pair

of pipe elenments for securing said pipe kB elenents to _one_another in
end-to-end reltti dhPARRAUPEAY acsr P itoh $1eAms 374 hiereia &t s have

an out ereisr{ds e dsithaiantdyldnakivd rdnic annyeld.l e, said coupling
conprising: a plurality of coupling segnents, each coupling segnent having
a pair of arcuate surfaces adapted to interface with the outer surfaces of
sai d pi pe el @®nt A pipe coupling according to Claim 22, further

comprising a plurality of teeth positioned on said first and
gecond segments adjacent to said arcuate surfaces, said
teeth projecting radially inwardly for engagement with said
end portions of said pipe elements when said segments are
deformed so as to substantially cqnform to the curvature of

gald outer surfaces of said pipe elements.

40, A pipe coupling according to Claim 22, 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 oriented surfaces engaging one another when
gsalid segmentg are drawn together and causing said segments
to move relatively to one another and engage said arcuate

surfaces with said outer surfaces of said pipe elements.

41, A pipe coupling according to Claim 40, 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
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said arcuate segnents being in spaced apart relation to one another, said
arcuate surfaces subtending an angle of |ess than 1800 and having a radius
of curvature greater than the radius of curvature of said outer surfaces of
said pipe elenents; and each said coupling segnent having connection
menbers for adjustably connecting one coupling segnent to another, said
connecti on ,nenhers being adj ust enaﬁ£e for_draw ng said arcuate
sur f aces B gg?ﬁlngeaﬁéﬁtge E 3tseh ﬁ?%V%%YnEOdggﬁrnable upon
adj ust abbrothght ehong ah azid sohseantoalhynperpesoleﬁlaﬁ tsubaiantially
conforn1é§§ Cgigﬁéﬂﬁﬁ of said arcuate surfaces to the outer surfaces of
said pip Feren 3. A pipe coupling according to C aim42, conprising
four of said coupling segnents. 44. A pipe coupling according to O aim 42,

further conpghsing lﬁéeéb@%fln%eﬁbéi€ﬂ$néﬁgé’Sé@é&dfl dgg%ﬂgggcelve sai d

substantial |y C|rcul rin avi an I nner anet er
pi pe eleﬁﬁﬁté0n§aP€ éeﬁ@lﬁePﬁng9§|@l%ﬂ%@tsb@@me%ﬁc@é}@ga?@uﬁtﬁlﬁﬁrfaces of

sai d segapghentsatd sgal anb@ﬂéfglﬁne@ali@é Sh@BE BA ¢ 864 S0whOrLO81 4 0A sai d
coupllngegéegnen s in pace art rel atjon fromone anot her thereby 31

al | owi ng °5Fb8§3t6 b8a# s@ P%de%%W%%E% kayy ZouprFeE s%%%%%%tofnto sai d

end-t o- epdbeebatiabipi pylinddi senl pbef hle, ded dd nebhg) Whencsapdi gdRagect i on
menbers are adj ust ab| raw sai d ﬁécuate urfaces toward one

another and subst AnPLETRY 2B T br AP RL Rh SETPaL el SA7A CeRRLRE to the
out er suséguwestohasind pipasr 45.arcuzbabsuniions adgppedcoopl ing and a pair

of pipe 18L8§§$E gﬁhdtﬂépﬁuégypéhfﬁagéé”QfpQ&i&éﬁgﬁg'Sléﬁé@gg"”9 faci ng

end portlons (6] nment s securi |pe e nénts to one
anot her snlénarcuabﬁdsegmontonbﬁi@g in spaced apart relation to one

another, said arcuate surfaceg 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; and

each said coupling segment having connection
members for adjustably connecting one coupling segment to
anocther, said connection members being adjustably
tightenable for drawing said arcuate surfaces of said
segments together, 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 elewents.

43. A pipe coupling according to Claim 42, comprising
four of said coupling segments.

44. A pipe coupling according to Claim 42, further
compriging a flexible, resilient seal, said seal being a
sﬁbstantially circular ring having an inner diameter gized
to receive gaid pipe elements, said seal being positioned
between said arcuate surfaces of sgaid segments, said seal
having an outer diameter sized to position said coupling
segments in spaced apart relation from one another thereby
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wherein end portions of said pipe el enents have an outer surface of
substantially cylindrical profile, said coupling conprising: a plurality of
coupling segnents, each coupling segnment having a pair of arcuate surfaces
adapted to interface with the outer surfaces of said pipe elenments, said
arcuat e segnents being in spaced apart relation to one another, said

arcuate Te endi gl l.gs and having a radius
of curva?g}%%gﬁ'a%é?%t%gh%%hgg ?gdkﬁgggFeguggg%ggg %SQQaFSuggﬁgﬁ surfaces of
sai d pi péedBediennse gaddegon-toapndcoapriagnshinensahdvisrglcbriegt i on

menber s B@Eo@@h%&ba%bénc%QE@CEEBEeQE§0ﬁ0H9h58955Qggeﬂgghgtaﬁﬂ ther, said

connecti on ggnbers bei.ng adjuystably tightenable for awl ng Said arcuate
sur f aces tdPhEENgd §8yREANs SBdgetkEHAteaPHrSRERENESWBERNGREeRBPERBIFe upon

adj ust abkadt abkeanigadiysabdfeennesbi eQryREGLEScE0:a84dt BeghRebanbi al Iy
conforn1%%§ curvature_of said arcyate surfaces to the outer surfaces of
sai d pi p&l&| BREREs SWEE2CRSBhbFAAH BAPSEcording to O ai m 45, wherein said
pi pe el enments have circunferential grooves positioned proximte said end
porti ons, saig arcuate surfaces  projecting radially.inwardly gronlsaid
segnent s and E‘inggrgpﬁﬁ%ﬁagﬁfPhiﬁ éépﬁ SEBB@éggfﬁ d; 3i RPhG 85 BLBFpe
eIenentseiameaté,eagidopépd cehpﬂing.béingAposhbigaabbe atraddlhggpo.CIaim
45, whereLBingd AnaPpBecebalPRESsARUC,EHLCUILRLARL! 2byshaUldehs Bash! | oned
proximate to Said e Egrtlons, sald arcuate surfaces_ "projecting radially
i nwar dl yPRPenedamgnseghenpaeantcthgigingendatd-shdurgdrsienehipi ni ng said
p! pe e'eWB@E%ihUeﬁalBo%ﬁﬁon%obﬁngaﬁélﬁib@neléﬁenéscﬂﬁbénéﬁ'Qﬁtéﬁcordlng,tO
Cl ai m 45, wherein said , . ) o ) .

surface of gsubstantially cylindrical profile, said coupling

comprising:

a plurality of coupling segments, each coupling

segment having a pair of arcuate surfaces adapted to

interface with the outer surfaces of said pipe elements,

gaid arcuate segments being in spaced apart relation to one

another, said arcuate surfaces 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; and

each. gaid coupling segment having connection

members for adjustably connecting'one coupling segment to

another, said connection members being adjustably

tightenable for drawing said arcuate surfaces of said

segments together, 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.

46, A combination according to Cla¢m 45, wherein said
pipe elements have circumferential grocves positioned
proximate said end portiong, said arcuate surfaces
projecting radially inwardly from sald segments and
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pi pes have flared ends. 49. A conbination according to C aim45, wherein one
of said pipe elenents has a snmaller dianmeter than the other of said pipe

el ements, and one of said arcuate surfaces has a smaller radius of
curvature than the other of said arcuate surfaces. 50. A pipe coupling
segnent connectable to other pipe coupling segnents and positionable

straddl i ng. £agk pg; £0d,4 [ 0 Lr I pes el.e S securing said
pi pe eleﬁents tgée he%gﬁ%ﬁeggi?oégﬁ%pgglg?%oﬁéﬁﬁﬁﬁﬁw%§$%i%i§éid end
porti onsSbfMEALa pRpeatfeppitsohend Balatien.surface of substantially
cylindrical profile and wherein said segnent conprises: an arcuate surface

adapted to interface with the outer €¥rface of said pipe elenents, said

arcuate surfaté: sHbFEHRIRICLAN AGFREEFNG kR THadm 1490 Wher ey FA1@ radi us

of curvpip&eelepehts hioa tiectimbebsnoiaTushablderofpsaitionégr surfaces
e.elements; nnection nenbgie or adjustg%l connecting said

of said Bi and ¢ s f
coupl i ng Egﬁﬁﬂﬁ 1 50 B o RE PO hPRY SRYTeRt SUatqi ST LBRTRct i on menber s
bei ng adpusjabtingi pdeahbyeifwardipwinom sald segmatics saud aewgadging

being. sactst o ABPaS R ohEE SR LET o P4 R B¢ LB B B o™ e «

so as toteudsdaneélatignconformthe curvature of said arcuate surface to the
outer surfaces of said pipe elenments. 51. A nmethod of securing facing end
portions of pige el enents together in end-to-end rel ationship, wherein said
end portions $%-sahdephpinar o mecordtnantoufbrin 4f acéhereinugaidntial ly

cylindrigaheprrbibesrisptd &gadod conprising the steps of: providing a pipe
coupling having a plurality of
49. A combination according to Claim 45, wherein one
of said pipe elements has a smaller diameter than the other
of saild pipe elements, and one of gaild arcuate surfaces has
a smaller radius of curvature than the other of said arcuate

surfaces.

50. A pipe coupling segment connectable to other pipe
coupling segments and positionable straddling facing end
portions of a pair of pipe elements for securing said pipe
elements together in end-to-end relationship, wherein said
end portions of said pipe elements have an outer surface of
gubgtantially cylindrical profile and wherein said segment
comprises: .
an arcuate surface adapted to interface with the
outer surface of gaid pipe elements, said arcuate surface
subtending an angle of lessg than 180° and having a radius of
curvature greater than the rgdius of curvature of gaid outer
surfaces of said pipe elemenés; and

connection members for adjustably connecting said
coupling segment to said other coupling segments, said
connection members being adjustably tightenable for drawing
said arcuate surface into engagement with said outer
gurfaces of said pipe elements, said segment being
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coupling segnents attached to one another end-to-end surrounding a central
space, said coupling segnents having arcuate surfaces adapted to interface
with the outer surfaces of said pipes; inserting said end portions of said
pi pe elenents into said central space; and deform ng said coupling segnents
so as to conform the curvature of said arcuate surfaces of said coupling
segnents to said outer surfaces of said pipe elenents. 34

deformable upon adjustable tightening of said connection
members so as to substantially conform the curvature of said

arcuate surface to the outer surfaces of said pipe elements.

51. A method of securing facing end portions of pipe
elements together in end-to-end relationship, wherein gaid
end portionsg 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
surrounding 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 gpace; and

deforming said coupling segments so as to conform
the curvature of said arcuate surfaces of said coupling
segments to said outer surfaces of said pipe elements.
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