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The segments comprising the couplings have
circumferential keys that extend radially inwardly toward the
pipes and fit within the grooves around the pipes. The keys
are typically somewhat narrower than the grooves to permit
them to fit within the grooves and bear against the shoulders
formed by the grooves to hold the pipes together against
internal pressure and external forces that may be applied to
the pipes. External forces may arise due to thermal
expansion or contraction of the pipes due to changes in
temperature as well as the weight of the pipes or components
such as valves attached to the pipes, which can be
significant for large diameter pipes and valves. Wind loads

and seismic loads may also be a factor.
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angularly, between the pipes. It is also difficult to ensure
that such keys properly engage the grooves. Couplings which
provide a more rigid connection may be ineffective to force
the pipe ends apart at a desired distance from one another so
that the keys and grooves are in proper alignment and the
pipes are properly spaced. When properly spaced apart, the
pipe ends and the coupling cooperate with a sealing member
positioned between the coupling and the pipe ends to ensure a
fluid tight seal. The movement of the pipes, although small,
is effected as the couplings are engaged with each other and
the pipe and may require that significant torque be exerted
upon the fasteners used to clamp the coupling to the pipes.

This is especially acute when pipes to be joined are stacked
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projecting radially inwardly toward the pipes. Each key is
engageable with the circumferential groove of one of the
pipes. The keys are positioned in spaced apart relation from
one another and define a gpace between them. At least one of
the keys on cne of the segments has a first camming surface
positioned adjacent to one end of the segment. The first
camming surface is engageable with one of the grooves to
force one of the pipes in an axial direction a predetermined
distance away from the other of thg pipes when the segments

are forcibly engaged circumferentially around the pipes.

Preferably, the first camming surface is angularly
orienfated with respect to an axis oriented substantially
tangential to the key thereby forming a wedge to provide a
mechanical advantage when the first camming surface engages

the groove. The angular orientation of the camming surface
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to provide a mechanical advantage when the camming surfaces
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The wedges are engageable with the grooves for forcing the
pipes into spaced relation to one another when the segments

are forcibly engaged circumferentially around the pipes.

The invention also includes a coupling portion
attachable to like coupling portions for forming a coupling
joining pipes together end to end, the pipes each having a
circumferential groove proximate to their ends. The coupling
portion comprises an arcuate segment positionable
circumferentially engaging the pipes. Lugs are positioned at
each end of the segment and project outwardly therefrom, the
lug facilitating attachment of the coupling portions to one

another. A pair of keys extend lengthwise along the segment
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F| ure 4 is a bottom VI e\g of the (\;’rrent shovp
gg@regz is an explod perspec view the pipe

coupllng shown in Figure 1;

Figure 2A is an exploded perspective view of an
alternate embodiment of a pipe coupling according to the

invention;

Figure 2B is a perspective view of a portion of Figure 2

shown on an enlarged scale;

Figure 3 is a side view of a segment comprising the

coupling shown in Figure 1;
Figure 4 is a bottom view of the segment shown in Figure
Figure 4A is a side view of an alternate embodiment of a

segment having one key and a flange for mating with flanged

pipes or fittings;



Figure 4A is a side view of an alternate enbodi nent of

a segnent having one key and a flange for mating with
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Figures 16-21 illustrate various fittings and components

having circumferential grooves according to the invention.

Detailed Description of the Embodiments

Figure 1 shows a pipe coupling 10 for connecting two
pipes 12 and 14 co-axially end to end. As shown in Figure 2,
coupling 10 is comprised of at least two segments 16 and 18.
Each segment 16 and 18 has lugs 20 and 22 respectively, the
lugs being positioned at or proximate to each end of the
segments. The lugs 20 at each end of segment 16 align with
the lugs 22 at each end of segment 18. Lugs 20 and 22 are
adapted to receive fasteners, preferably in the form of bolts
24 and nuts 26 for joining the segments to one another end to
end surrounding the pipes 12 and 14. In one embodiment,
shown in Figure 1, the lugs 20 engage the lugs 22 in what is
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the connection between
is provided by way of example, and is based upon a coupling

having two segments with lugs at either end. Various aspects
of the description are applicable to alternate embodiments
regardless of the number of segments comprising the coupling
or the manner in which the segments are attached to one

another.

As shown in Figure 2, each segment 16 and 18 has an
arcuate surface 28 facing inwardly toward pipes 12 and 14. A
pair keys 30 project radially inwardly from the arcuate
surface 28. Keys 30 on each segment are in spaced apart
relation to one another and define a space 32 between them.
As best shown in Figure 5, to effect the connection between
pipes 12 and 14, keys 30 engage grooves 34 and 36 extending

circumferentially around pipes 12 and 14 respectively.



pi pes 12 and 14, keys 30 engage grooves 34 and 36
extending circunferentially around pipes 12 and 14
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a mechanical advantage which forces the pipes 12 and 14 apart
from one another as the lugs 20 and 22 of segments 16 and 18
are brought toward one another, preferably into pad-to-pad
engagement. This wedging action ensures that a separation
gap 38 between the pipe ends (see Figure 5) will be achieved
when the connection between the pipes 12 and 14 is effected
while reducing the force required to bring the lugs 20 and 22
toward each other. ILugs 20 and 22 are normally drawn toward
each other by tightening nuts 26 (see Figure 1). The
mechanical advantage obtained by the use of wedge 46
gsignificantly reduces the torque applied to nutg 26 needed to
bring the lugs 20 and 22 into pad-to-pad engagement to
separate the pipes 12 and 14 by the gap 38, and thereby

allows large diameter, heavy pipes to be manually connected,
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near the ends of the segment that align and are engaged by

fasteners as is understood in the art and described above.

As best shown in Figures 5 and 5A, keys 30 preferably
have a shape that will effect a wedging action when they
engage grooves 34 and 36. Figure 5 illustrates one
configuration wherein keys 30 have a wedge-shaped cross
section. The keys 30 are defined by an inner surface 50
facing space 32, an outer surface 52 facing outwardly away
from space 32, and a radial surface 54 positioned between the
inner and outer surfaces and facing radially inwardly toward
the pipes engaged by the coupling. Preferably, the inner
surface 50 is oriented substantially perpendicularly to the

axls 48 and outer surface 52 is oriented angularly relative



engage grooves 34 and 36. Figure 5 illustrates one
configuration wherein keys 30 have a wedge-shaped
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when the surfaces engage facing surfaces of the grooves 34

and 36 as the coupling is installed in order to mitigate
gouging between the surfaces that results from point to point

contact.

Preferably, the grooves 34 and 36 that keys 30 engage
have a shape that is complementary to the wedge-shape cross
section of the keys. 1In general, it ig advantageous that the
keys have a cross sectional shape that substantially fills
the grooves even when the shapes of the groove and key are
not exactly complementary. Groove 36 is described in detail
hereafter, groove 34 being substanﬁially gimilaxr and not
requiring a separate description. Groove 36 is defined by a
first side surface 58 positioned proximate to end 1l4a of pipe

14, a second side surface 60 positioned in spaced apart
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contact. Preferably, the grooves 34 and 36 that keys
30 engage have a shape that is conplenentary to the
woedgosebape cross section of the keys. | n geP€r/ab2005/010301
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50), and orienting the second side surface 60
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54 fgtgléguaﬁlé¥yher line on line clearance with the floor
surface 62 (left half, Figure 5), or in spaced relation to
floor surface 62, as defined by a gap 66 no greater than
0.030 inches (right half, Figure 5). The inner surface 50 is
nominally in contact with the first side surface 58 as shown
in Figure 5, but there may be a gap there as well for certain
tolerance conditions. As a practical matter, however, it is
Aifficult and costly to make pipes and couplings perfectly
round and to the exact dimensions desired, so that there will
be intermittent contact between various surfaces of the keys
30 and grooves 34 and 36 circumferentially around any pipe
joint, creating an effectively rigid joint. Joint rigidity
may be further augmented by the use of teeth 31 that project
outwardly from the various surfaces of keys 30 as best shown
in Figure 2. Teeth 31 bite into the groove surfaces of the

pipes, augmenting friction to help prevent rotational
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surface 62 (left half, Figure 5), or in spaced
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respect to the surface of pipe 12.

It is found that the preferred configuration defined by
pad-to-pad engagement of lugs 20 and 22 in conjunction with
the tolerance conditions as describe above provides several
advantages. The engagement of inner surface 50 with first

side surface 58 forces pipes 12 and 14 into substantially
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surfaces 52 and 60 preferably be 1/2 of the size of gap 38

between the ends of pipes 12 and 14 as shown in Figure 5.

It is also feasible to have keys 30 engage grooves 34
and 36 without a gap under all tolerance conditions. This
configuration takes advantage of the wedging action of the
keys to provide a rigid joint. It is not practical, however,
to have this configuration and also maintain pad to pad
engagement of lugs 20 and 22 because it is very difficult to
economically manufacture couplings and pipes to the necessary
tolerances to ensure both pad to pad engagement and full
contact circumferential wedging engagement of the keys and
grooves. For the configuration wherein pad-to-pad engagement

is not nominally held, as shown in Figure 9, it is preferred
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roller tool. Preéferably, a back-up roller 72 engages the

inner surface 74 of the pipe 14 opposite to the roller tool
68. The pipe wall 76 is compressed between the roller tool
68 and the back-up roller 72. Use of the back-up roller 72
provides a reaction surface for the roller tool. The back-up
roller also helps ensure that accurate groove shapes are
achieved by facilitating material flow during roll grooving.

During cold working to form the groove 36 having the
angularly oriented second side surface 60, it is found that
significant friction is developed between the roller tool 68
and the pipe 14. The friction is caused by the contact
between the angled surface 78 on the roller tool 68 that
forms the angularly oriented second side surface 60 of groove

36. Because it is angled, points along angled surface 78 are
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oriented relatively to the floor at an angle 43 that
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havi n oriented second side_surface
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grogme B6 78 F%ﬁnaO%gﬁr t@Pénﬁﬁué@ﬁﬁtﬁﬁuéﬁﬂaﬁ1V§1Y to the
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heatheaaﬁgdlhylyherfemtedoﬁecandrsbdétsmnfacbréakoﬁown of the
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hotdt@fhaedﬂedwbeancbsngnagltﬁ@léxﬁ§roﬁ defierentseige pipe.

ThefQEhfér tagh ﬁﬁstDHs beibhelr tdi bhbenepk rdi-et arcesdf am
axis 80,  each of the points on the surface 78

Chaﬂﬂ?ﬁ nbeEULBILEE VB QSStoﬁémﬁnother at a different
i near speed for a particular angular vel ocity of the
roller.tool 68,. The poin s farthest fromthe, axis 8
move PhEL 935?e§?eaﬁ8gFﬁ 8-p8nts 8Fo§§§%vFoheﬁﬁé t%e Toller
toohn8R, t hroghomesFiglihas7,t her esis aovébamnaygroove 84 in

differenti n th n u e IC
pief) (L oPh. BLofl g ey e e ees L o ayees
firstr sucéa6o D@rtgP606§ 961§§t?ﬁeaﬁ@PﬂéK1Vo6ﬁ1@$%Wﬂzﬁga¥he

f1068! atib¥gky 66,th8q B Recdhdat auk-eumet bergieave2, Thsitioned
rel ative slipping between
adjacent to the flodr surface 90 and oriented substantially
perpendicular to it, thereby reducing the size of the
angularly oriented second side surface 86. By reducing the
gize of the angled surface regions on both the roller tool 82
and the groove 84 the friction caused during cold working to
form the groove is reduced. The first surface portion 88,
being angularly oriented, still provides the advantages as
described above for the second side surface 60. An example

of a coupling 10 engaging a groove 84 is shown in Figure 8.

The roller tool 82 has a circumferential surface 94 with
a cross sectional shape complementary to groove 84, the shape
comprising a first perimetral surface 99 oriented
gsubstantially perpendicularly to the axis of rotation 80 of

roller tool 82, a second perimetral surface 98 positioned in
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the roller tool and the pipe causes the friction.
Excessive heat caused by the friction can result in a
whe@akogteswn of the roller tool bearing | ubri cRet/ESBNE010301
make the roller tool too hot to handl e when changi ng
tools for a different size pipe. The roller tool nust
spapedalriedwed dro tacddle Hefrante petr:magtm shenged, 96 ang
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groove 84 th Fctron caused durin
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g84.88, being angularly oriented, still provides the

advant ages as descri bed above for the second side

surface 60. An exanple of a coupling 10 engaging a
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c uprf. er Lal 4s rface 94 wi SS_ S ct on
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ted b tiall di e o the axis
meet L or B 8 FFRER 100, bt BRERng OhErREn Sy RESAVPs lng

parisezbhy gefinetiral assiﬁacpsramdnougenhagmgb?t aphicakley
0 rface
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croé@zsééti’éﬁéf@ﬁéﬁeo“ ent pd 4P tezabeg& 42 Lel abhvely
to axis_80, and Tnost refe? [y at 88
partially defined by a 81de portion 124 having first and
second angled portions 124a and 124b, the first angled
portion 124a having a greater slope than the second angled
portion 124b. Figure 13 shows a groove 126 partially defined
by a side portion 128 having a first angled portion 128a with
a slope less than the second angled portion 128b.
Combinations of radius and angled portions are also feasible,
as shown in Figure 14, wherein groove 130 has a radius
portion 132 and an angled portion 134. Figure 15 illustrates
an example of a groove 136 having a wedge-shaped cross
sectional profile, there being no floor portion of any
significance as compared with the other example grooves. The
groove 136 1s defined by side portions 136a and 136b oriented
angularly with respect to one another. Common to all of the
designs is the characteristic that the width 138 of thé
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Surface 102 sl opes away fromthe second perinetral
surface, thereby making contact with the pipe when
w0 o00smg93 he groove 84. Wedgi ng acti on bet weePCT/182005/010301
keys 30 and grooves in the pipes can be achieved for
groove cross sectional shapes other than those
grodescetbetlecabavéacthermhe @riipkerisOrieatcWeddiaigd the width
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ance as co I “exa
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characterlstlc t hat the width 138 of the 16 WD
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e 1S reater an w d t he
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poré#cg%t ggE'CﬁL \'s;%ﬁahpgg%hi'ert RrHBEREPE FYLEREE Wil T oncave
gide surface 116 as shown in Figure 10.

Additional roller embodiments 117 and 119, shown in
Figures 7C and 7D, each have a surface portion 121 with a
first face 123 angularly oriented with respect to axig 80,
and a second face 125, also angularly oriented with respect
to axis 80, but at a different angle. In roller tool 117,
the slope of the first surface portion is greater than the
slope of the second surface portion, and this roller produces
a groove 122 as shown in Figure 12. In roller tool 119, the
slope of the first surface portion is less than the slope of
the second surface portion, and this roller produces a groove
126, having an angularly oriented side surface 124 ag shown

in Figure 13.
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shown in Figure 10, or non-existent, as shown in

Figure 15, which has no floor, the floor w dth being
wez®enyd293 |y zero. The floor may al so be anguPEr/U§2005/010301

oriented as shown in Figure 5B. Roller tools for

creating grooves as descri bed above are shown in
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irrebodimrily kugurel 10. Additional roller enbodi nents 117
and 119, shown in Figures 7C and 7D, each have a
surface portion 121 with a first face 123 angul arly

or Rensbowni tim rFEspect 1) ates I8ﬂ,le1&rILdBSﬁ T&Ef ok d ace
a <Al or4i,en d mnth res to a
rad%%&lffi%&?%ge@%ﬂta}/can 4el n roJ1S| &9 r]ﬁ_prlﬁrh’%eg with
resppEpetor tiige aPilrSstOfsmdt@@e-Ogm&Q .on A gynyrcesd efs tdieswn hin

Flgﬁk@pggoﬁst@%og%ggﬁﬁ rf.RGL PYIJ0n, and this roller
produces a groove 122 as shown-in Figure 12. In

roller tool 119, the slope of the first surface
powhi.ne g&ob@%% ol tidde 9 @@%ﬂ@be1§¥§ﬁ%¥¥8§£éﬂwé&§¥hg

wcoRShL 450 B30 103, 191 LeT RLANIGES. 8 9I00MC 120,
applme§|ggrp1p3 ehﬁsWDsﬁ@&SQ@&é%&& E@@f@&%@ﬂikﬂl&%@ﬂln
confEhbeLhoRl 42 Luck MU B BT, 9010 L0 Dt
16 %hogﬁrﬁﬁcélb@Wtiéﬁtlgg ﬂﬂ@thaylggbsuaWMM@drpntlal grooves
142 P&t penehey! ahdt 0 Grooves 142 may have any of the cross
sectional profiles illustrated in Figures 5 and 10-15 or
their variations asg described above. Similarly, the Tee
fitting 144 shown in Figure 17 has grooves 146, preferably
adjacent to each of its ends, the grooves being adapted to
develop wedging action to couple the fitting to pipes or
other fittings as described herein. Figure 18 shows a
fitting 148 having a wedging groove 150 adjacent to one end
and a flange 152 at the opposite end. Fitting 148 allows a
piping network using mechanical couplings to be joined to
another network coupled using flanges. Furthermore, as
illustrated in Figures 19 and 20, other types of fittings
such as a reducer 154 (Figure 19) used to join pipes having
different diameters, or a nipple 156 (Figure 20) may also
benefit from having respective grooves 158 and 160 that are
like those illustrated and described above that increase the

)
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the axis of rotation 80. Roller tool 127 is useful for
creating the groove shown in Figure 15. Roller too
wad®sostzeswn in Figure 7F, has a curved radi al PET/USOFIE0301
surface 135 and an angularly oriented surface 135 as
wel | as a perpendicul ar surface 137. The curved
wedgghéaﬁetﬂaﬁ B@t%@@ﬁe%he0@6%§!§ngsbﬂ@SQh@abroove to ensure

erbol i irre ri urved. shown .in Figure
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axis of rotation 80. A groove as shown in Figure 5B
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CouBiEPgﬁnﬁﬁ E?EFFCE§8¥5F6§€Pated in Figures 5 and 10-15

or their variations as described above. Simlarly,
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descri bed herein. Figure 18 s fitt

' PropgyiHgeaIReasi HB%P&B@@ IeoeééFSEeﬁt f@&lgng%@m Jgidta
Thef banpeiA§e @ﬁ:obmaeoapﬁ@cihanﬁﬁdl Edtmmggm&lwdmmmws

usi.ng ni c Qup S e 4;Qi nex

manfg? Al aPRbE EEwa R e Ry oG arng ot Pagoant1al® disheL
desﬁmtéhéhﬁmreweaghtiIIw@Erabe@lungﬁl@awestbgamamqa$ allowing

ther, Ly cer (Figure
the% ES bg Qggngﬁlghﬁﬂg g§ﬁg§%gﬁ gg Fgggﬁt§gféggf%rs or
SubatﬁnbpﬁélYSElengUPéHZOPeﬁW?e@I@épe§enef|t fron1haV|ng

respective grooves 158 and 160 that are |ike those

illustrated and descri bed above that increase the 18

WO 2005/ 094295 PCT/ US2005/ 010301 wedgi ng acti on

bet ween the coupling and the groove to ensure

eit
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either a stiffer or nore flexible joint, depending
upon the tolerances of the coupling as described
wW@bwse4288 further shown in Figure 21, conmponeP@BUS2005/010301
related to control of fluid flow, such as a valve 162
may al so have grooves 164 that are |ike those
descri bed above to couple the valve to pipes, fittings
or other conponents usingLREMBani cal couplings as
descri bed herein. Pipe couplings according to the
i nvention incorporate the advantages of a rigid or
Wwhatf iextbbkémeanneection with a reliable visual indicator
for confirmng that the coupling properly engages the
pipes to effect a fluid tight joint. The couplings
ptovi decaupigthgnifoal catdnerntage Whioc pinklsowsgeardnsualend to
end, aééﬁﬂb%XPEE HEQEHg ngggﬁkﬁrgktigﬁsbﬁgbbél ABMRe to
ei r wel gh he coupl i ngs "have tolerances
eachaen@w. Agldt RerPLénPe CORBESRT-EH] Py Ppraaddéy Qid segments
posi¥i8hdpde 8HBStanthal by rbugird eaicAt1het weerp &%ﬁd Bpes,
WO 2005/094295 PCT/ US2005/ 010301 C%F M5 What
eachopfj faddi se9ReniS: Ba¥IPHg 2f BRICoRG VﬁgpFWQﬁﬁ
radlamg?tEEWaeddytﬁowamd ssaddppipes bawhngey for engagement
circ nferent e r t e [
Wlthc%ﬁﬁ é on%?rggn & §F§r§ g% % f %%HdE%%pégicéald
keyspbsungopabhelenddt@neﬁ@aeedca@ﬁéﬁewﬁﬁaﬁmpna@mmmjQnﬁ(j

anotREPESna §aEHALT gsg'gpé%g”%ﬁk§e@@¥wggna Rl ne@fstkef of
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3not gg}and def i ni.n
flrsEpS@@mﬁﬂgr§B§Fﬁ€§n SAf9) ERFAIEREEF VILH ¢ ReyE SIS e
groootssabdfeegaenhe bavisaddapfipest icarm mgisdudiacetion a
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cammng surface being engageable wth one
saldsaegmegtsoagg i@rﬁ@bé@'@n@agﬁds@n@CMm&§?an¢%ﬂikﬁu%¥0und
dj ion a redeterm ned di stance away fromthe
d ek, P ! y .
sai o?%gr of said pipes when said segnents are forcibly
engaged circunferentially around (
2. A coupling according to Claim 1, wherein said first

camming surface is angularly orientated with respect to an
axis oriented substantially tangential to said key thereby
forming a wedge to provide a mechanical advantage when said

first camming surface engages said groove.

3. A coupling according to Claim 2, wherein said first
camming surface has an orientation angle up to about 10° with

respect to said axis.

4. A coupling according to Claim 2, wherein said first
camming surface has an orientation angle of about 5° with

respect to said axis.

5. A coupling according to Claim 2, wherein said

camming surface faces away from said space between said keys.
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said pipes. 2. A coupling according to Caiml1,

wherein said first cammng surface is angularly
woeiosneaved with respect to an axis oriented PCT/US2005/010301

substantially tangential to said key thereby formng

a wedge to provide a nechani cal advantage when said

first canm ng surface engages said groove. 3. A

cogpllngcaapmnﬂgngcb@rahagnt% cabefeinn sakegefin $ach said
n or.i ent at.i

5eoRB0PWiER LPEEpaE| SROTosnH aRPel JUTR Addgting ALH one

anoteor dndgbeong afapledwher eeresaied fhistehersafmimgoining
sai&“&é@ﬁ@n?@stén AL 2%@&&9%%%8 af,gabout S with

respec sai d axis A coupling accordlng to daim
2, wherein said camm ng surface faces away from said

space Retwegnis 'QC&@%&lngZQom@laqg5ﬁ09¢%9§her comprlslng
PCT/ US2005/ 03 1 A cougggng@accor
I

mea%eF@FnaE’ééﬁ éﬁgds%énﬁﬁﬁmﬁ s &t é‘&@%h@ﬁd e”?altd’ end.

l ugs aligning with one another and being adapted to
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to §§8€E§L5e58 8gfsaﬂatgégméﬂﬁ t%aﬁ@dsec%ndAc%ﬂHﬁlbn%urface

according t aiml er conpri si ng a secon
bel?@ﬁnﬁﬁﬁ@Q@ébﬁ-éc‘élEBsﬁ?Fén@éeoﬁr§Ql’\’@ Gie toEFeadifdtepne pipe

in égzlanakiﬂs& gndeetisai g P@@@{@:&tﬁxm&@g@ a@@@@@c@ama@g from
e W sal

surface ei ng. engageab
Sal@OPEEegaPapﬁn%hEPpﬁg a S§§W&n§fliFed|P 83?§g-§ngaged
cirpurdetrenatnddydasbande sawdy pfipes. sai d ot her pi pe when
said segnents are forcibly engaged circunferentially
around said pipes. 9. A coupling according to Caim S8,
f ubt heR conphiisgingccohiditgate ﬁ@@ﬂﬂhSGaﬁWﬁﬁ@e§Uﬁpmﬂ¥§Slng

thlgaséhaoﬁggreg é%ﬁhgﬁﬁ %hrf%@b@ %%%%tg%n%@!@no%%other of

) gmsnt sal and fourth Camm.n SUI' aces each
saigekAySpesi Erefe@NEdPETEREY 0 S84 tendigt &8y fowgth camming
sur8868BNtachabdihbi pesandochedr b jeammitngos if ages dfeisa@d one

ag eabl th anoth%r of .sai d gr ooves to fo&ge t he
seg@§ﬁgr Sﬁl and fourth camming surfaces
engageable with another of said grooves to force the other of
said pipes in an axial direction a predetermined distance ’
away from said one pipe when said segments are forcibly

engaged circumferentially around said pipes.

10. A coupling according to Claim 9, further comprising
fifth and sixth camming surfaces positioned on one of said
keys on another of said segments, said fifth and sixth
camming surfaces each being positioned adjacent to respective
ends of said other segment, said fifth and sixth camming
surfaces being engageable with said one groove to force said
one pipe in an axial direction a predetermined distance away
from the other of said pipes when said segments are forcibly

engaged circumferentially around said pipes.

11. A coupling according to Claim 10, further

comprising seventh and eighth camming surfaces positioned on
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said pipes in an axial direction a predeterm ned

di stance away from sai d one, pi pe when said segnents
wa@e@shonrei bly engaged circunferentially ar ounPCHEEEZH05/010301

pi pes. 10. A coupling according to Claim$9, further
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each bei ng posifioned adj acent to respectlve ends of

saidsgpAmenHe FUsEgRERt 1Ss andudevant prardtest ghth &eaRSRF to

an asysf @@@&nla@an@u@@@&@@aallawtta&g@mtﬁqr tef ssdid key on
rooves to force the other of gal S |n an. axi.al

whicl Baif; GATE Bl GHreRREndE @R et S 2
wedgai pe pwbalid&aiadm&e@nimitcalalaeivmmgd whemgagadl camming

Surfgccor ] % %gtl % %r%f%%d :L§1a's%1%f %?%&)e .2' A coupl ' ng

Whérein ea sai d camm ng
surfaces is angularly oriented with respect to an

WEBS op %%h@(iﬁgb%tc%tqul lyy daraent] alo t qisaldd ke an of
ich said canmng surfacé is positioned.thereb

saidf GG Ia SUREAGESt BT GV B IETHECHAR CRI & ahtgyebout

10° w@gg §@g eggngbngal§u5§gges engage sai d grooves in
sal . A coupling according to Caim12,

mhereln each of said camm ng surfaces has an

ofzent at i-eRANGLe bR A idROWo i e r esReM i i bf
axis. 14. A coupling according to C aim 12, wherein

saidegehmng suirdacamitng Sur Cadsd tRds cin a1 léntk ighput 5°
w:l.tha!}glsf)e%ft %golétal% axis.

15. A coupling according to Claim 11, wherein said

camming surfaces face away from said space between said keys.

16. A coupling according to Claim 2, having a
longitudinal axis oriented substantially coaxially with said

pipes, said first camming surface having a radial angular

orientation up to about 70° relative said longitudinal axis.

17. A coupling according to Claim 2, having a
longitudinal axis oriented substantially coaxially with said

pipes, said first camming surface having a radial angular

orientation of about 50° relative to said longitudinal axis.
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with respect to said axis. 15. A coupling according to
Claim1ll, wherein said canmm ng surfaces face away
wo csnsadsl space between said keys. 16. A coupti/mgR005/010301
according to Claim2, having a |ongitudinal axis
onisent gd t.anti_al | gaxi,al ly with said I pes, .
said o s2u g%i]&cscﬁ%’lcfdg'@@ i g8 Fjadia% r‘éﬁ%&%?mprlsmg
a segdilagt Menderuposd tdleowtb 1720 widdhatdadel saiatbd drstiversh nedid
keys@Xis$i dl be A 16U Rl ACC1T] A vifg, a
e¥slongﬁtudfhaﬁ'gﬁis“%%ﬁe%%gﬁggﬁ%g{%%%éyﬂﬁg%ﬁégz%g$® around
saldypipesait® Paoydse gaifd UHid fiabdmaasy fatwesn eaddgipe
endgr.adi al angular orientation of about 50 relative to
sai d |l ongitudinal axis. 22 WO 2005/ 094295
PCT/ US2005/ 010301 18. A coupling according to Caim
119 ur Bheoupdipg Siong consealtiing rerberigeesiddgstaide end to
' sal p b ai i.d-sealin
end, e D pe s At A & e R LW pes
proxgpageofdéhgifl endsti gl ds emlupddngeswngeadic igiqgre  ends.
19. A equkl Bad BeceaiNAcilag d W plRRS LROBINGI BN eng

to end, said pipes each having a“circunferentia
to epfogvecupisreritie ity PROMeRdsd ®4®toupl i ng

conpri ai 1@y bbest ianedsegore ar eudt &Se@®Ntshid segment,
.dpgsi ti gnabl ede%d o0 _end citr g)um‘ner ent i.%l.lgyéﬁ r.ound sl@i d,
SALCHIpES; 4 PRI positiroNET S "e &EHEnd 5t 1 ¢-7 tacing
relasegnmemtith said [Lugs om saild fiecsinds eguprinthei ng

posi t1 angble bR £agkagere! ablon it 0% Anqing

said second segment; a pair il .asteners, each sai d
betwegnt Eier oéxsandi A§Ishérwe el tewbion saild lugs fioy facing

relaBtbachbngnsabdokugs;in facing relation to one
anot her; a, ai% gf keys extendi ng | engthw se al ong
n

each &eBReht CandeYFordteig FadPRotyWinRardiqng $adh
segméfySatld pachecsegpertdialng HAwaRdIe] elidt ke d drorfach
each ei ng.enga eablog with a groove

seam Sl e Br° I Boprhas FAPe PR AEnPRE Ard s AT o iF
key begnenesgagrdbaepaiithob gamwivegosuchaces pesid icdmed dor
reta@ﬂﬁﬂgogaid pipes to said segments; and

a pair of camming surfaces positioned on each of
said keys adjacent to each of said lugs, said camming
surfaces being angularly orientated with respect to an axis
oriented substantially tangential to said keys thereby
forming a wedge at each end of said keys, saild wedges being
engageable with said grooves for forcing said pipes into
spaced relation to one another when said segments are

forcibly engaged circumferentially around said pipes.

20. A coupling according to Claim 19, wherein said
camming surfaces have an orientation angle up to about 10°

with respect to said axis.

21. A coupling according to Claim 19, wherein said
camming surfaces have an orientation angle of about 5° with

respect to said axis.
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sai d keys adj acent to each of said lugs, said canm ng

surfaces being angularly orientated with respect to an
wW@z2008/090290% ent ed substantially tangential to saPdI/ks3085/010301

thereby formng a wedge at each end of said keys,

sai d wedges being engageable with said grooves for

forcing said pipes into spaced relation to one

anQQhﬁ;Amhe?piaFg &@@6&@&&93&6 chlanei hloy @%@%@ﬁ& said
Icu eren a aro | cou I n
cam§LRSUTLERENLL ALl ¥ around 531 d ol pes. 20c Aeolpl 109

have an orientation angle up to about 10 wth respect

t°2§a'dAaébgplﬁﬁﬁn§c88%83F§9t%0%85§hng9 01 AL

wher éi n sal ces veé an~odrienta on
longhgrdinnlapsie Qrmﬁﬂhedrégbééant@aééwdcaﬁkgalzy'v@th said

p1p8905éQ@&ZggmHQEQU§§Q@§bgéoﬁg%ln%2a Aae94P! LRGu1ar

according to Caim19, wherein Said canm ng Surfaces
orignbat soRwWAPdEy RbeHESP] weghenespeck3toAsaddplliongitudinal
axid@ccording to Caim19, having a longitudinal axis

oriented substantially coaxially with said pipes,

said camm ng surfaces having a radial angul ar

orz@ntaAleaupmlhg ab@@kdzﬁthbhcuaaaeQb gga&aw@
ccordain

Long §PL bSO 8t s kS epfia, ArEE Y Pet i dN Bh S fin paid

pipesaxsalycamnhhngasdrfpipeshasand aam&dﬁglsam@aﬂe&
havi n di al ulbar, orientatjon of t 50 w
orifatpelet 6EsaPauFonlr ik Rarsoharh “CassaA0coupprAyaLRal
axigortion attachable to |like coupling portions for
form ng a coupling joining pipes together end to end,
sai d pi pes each having a circunferential groove
przilnaAecbOplhagrpendipnsatdachapﬂbngopddkbonoupling

porgfgﬂénfbggf écgaggugfgﬂgn gﬁﬁhs gggggetogether end to

Circu eren engagl ng-s
endposaxdapeﬁeateéa hhéﬁdngfasaﬂ@cgééﬁﬁﬁntaﬁ& ggp@W@ctung

proPthMerdiy thefef £arRk, sahdgl ugubashhi bakkR8n comprising:
an arcuate segment positionable circumferentially
engaging said pipes;

a lug positioned at each end of said segment and
projecting outwardly therefrom, said lug facilitating
attachment of saild coupling portions to one another;

a pair of keys extending lengthwise along said
segment and projecting radially inwardly, said keys on said
segment being in spaced relation to one another, each said
key being engageable with a groove on one of said pipes for
retaining said pipes to said segment; and

a pair of camming surfaces positioned on each of
said keys adjacent to each of said lugs, said camming
surfaces being engageable with said grooves to force said
pipes in an axial direction a predetermined distance away
from one another when said segments are forcibly engaged

circumferentially around said pipes.
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attachnment of said coupling portions to one another; a
pai r of keys extending |l engthw se along said segnent
wa@easpspecting radially inwardly, said keys oPCHEEZH05/010301

segnent being in spaced relation to one another, each

said e e bl £Qo0 Qn e of

s%%d % ¥oB§iQQg g%%?%?n g§§%631“8e §i§ MY TSegREein
Saldan@malpausu@fa@aﬁnang sugﬂéGQQYposnen@aeedomueacnegmect
to a§aaﬁlEe%§1@9téee§hbggaﬁ@9919? §§hgghEQ§1 $ai dgamy i 3%

surfaces, bei ng engageab sai rooves to
therehy topppes ?nwaﬁgaxP5|eaFFeePﬁoﬁfasaﬂédgﬁaﬁnnﬁ@dd wedges

belngl@ﬁ@@g@aamayw1tho@h@aegaaabearfb@emo&auﬂ S @@RRINGS Al
" forcibly eiggg tC|rcum‘er tla|5¥ aroy g sai d pi pes.
into ;P FI0E8 863985 PCTNTSIBOEABTOYHER 561 ASEGTEFNG S
forcjpolyi engagedr dingutndeCeat imlly whehekaisapdpeanm ng
surfaces are angularly orientated with respect to an
axis oriented substantially tangential to said keys
thérebd FovmlhgJarasligenapceatfiaadtef Cdaia Réyswheaiedn

said WegaRsng belhngae89ag83b! envbihe88h6d18H0Q¥ES f 0L E%rawa&t
said pipes into spaced relation to one another

107 vkl wespret 8 saddciBly- engaged C|rcunferent|ally
with said pipes. 27. A coupling portion according to
Claim 26, wherein said cann1ng surfaces have an
o¥$ent%t?%ﬁpahﬁgeaGEOFélﬁﬁoE? loiwi BA.r vbpEednt §addl d

cammﬁi(g? dsug§acéscﬁé!9!e' 89 99 ondLpgoho, gﬁ%%@ \B!ﬂ%r %'o with

camm ng surfaces ave an orlentation angle
respedouto 5saidhaxie@spect to said axis. 29. A coupllng
portion according to Claim25, wherein said canning

surfaces face outwardly from said segnent.
c%%p||%g0%%9%%6ﬁ B@EBFGPn@CFﬁr@?QEnFQSCIHéW|HéraWhereln

said | enghingli galraxes eatenbedwsulsiapibal kyicoasgakhy .
with said pipes, said cammi ng surfaces having a
radi al angular orientation up to about 70 with
respeck tousaidgl pagtiodi aatordxng. t31ClAimoapl,i hgving a

longf%ﬁéiﬁ@la§§9£d599e£9eglQﬁﬂ%géntEQYEQQCBaxially with said
pipes, said camming surfaces having a radial angular
orientation up to about 70° with respect to said longitudinal

axis.

31. A coupling porﬁion according to Claim 25, having a
longitudinal axis oriented substantially coaxially with said
pipesg, saild camming surfaces having a radial angular
orientation of about 50° with respect to said longitudinal

axis.

32. A coupling for connecting two pipes together end to
end, at least one of said pipes having a circumferential
groove proximate to an end thereof, said coupling comprising
a plurality of segments positionable end to end
circumferentially around said one pipe, one of said segments
having a key projecting radially inwardly for engagement with

sald circumferential groove qf said one pipe, said key having
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| ongi tudi nal axis oriented substantially coaxially
Wth said pipes, said camm ng surfaces having a
wo 2ebsad429gul ar orientati on of about 50 with rBGSPES100%/@10301
said longitudinal axis. 32. A coupling for connecting
e 0 | east one of_ sai,
= caliBo ! B OB oo ReT AP er, 550 205 Srmatte 0
Segm@ﬁﬂ tﬁé#éoﬁam@ang @@Hﬁﬁpﬁgbe@ngresgngeablplwu&hn&wuﬂ
groo§§9ﬂﬁ@ﬁ3599§'Eb%ﬂ@ﬁkg gpd E8r6991y0b5§§§%%Fe”t'a"y
around sai d_one pi pe, one of said havi ng a
Clrc%@§eﬁ?6Fé%%ﬂﬁgaFQHPgl??lﬁnR&PdP9Pﬁor engagement with
sald C|rcunferent|al groove of said one pipe, said key
|ng V[ﬁ2005/0942 5 C%/UéiOOS/ 10301 a .cammn
fac% B38Pt - BHed 50f GLBAt “Po oRéMend ol REESGR =3t
cammsmgnsurfasaldscanghhgréyrbamenbatag elgageakbbecy th an
S 0 hel s e for Gl I n
et B e D I T e Ak S 81 s S8 e ST Ry
Formypgor dVagIeot ol arﬁvsée Wh@e@hﬂnsaag adaﬁmtﬁgeswhﬁaceald
cammiﬁga@@ﬂfé&éVeﬁéh?EéaEstmgkboﬁéspeCt to an axis
oriented substantially tangential to said key thereby
form ng a wedge to provide a nechani cal advant age when
s d Rmasvuplisgrbacer&nNgages saadmgegovezhe%mAsald
coup Ilng according to, O aim 33, wherein said camm
camming { Heei fge BﬂsoﬁpeﬂFé?PBﬁtéﬁﬁl@naﬁetBPaEGU?bPGtwﬂph with
respé@§p@@tsg@d5§kgsaX|s 35. A coupling according to
Caim 33, wherein said first camm ng surface has an
orientation angle of about 5 wth respect to said
a3 s. Bbcodplingl bagoadtngdiagClaifil aBm dRerkint badid
., conprising a flange nounted,on opne of said segnents,
Firs g G g0r B LB ARG aat APy SbaPRar iRy Cans BEPHG 5
with pessépéenedo eppashkesto said key, said flange being
engageable with a mating flange for connecting said
coupling to a flanged pipe. 26
36. A coupling according to Claim 32, further

comprising a flange mounted on one of said segmentsg, said
flange extending radially outwardly and being positioned
opposite to said key, said flange being engageable with a

mating flange for connecting said coupling to a flanged pipe.
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