Coupling Having Angularly Oriented Key Surfaces Field of the
I nventi on [0001] This invention relates to nechanical couplings

for flexibly_joining pipe 5elenments in end to end relatjon.
Backgr ound [B%b&ﬂuwggﬁanical pi pe couplings provide var Folus2010/061790

advant ages over other techniques for joining pipe elenents end to
end. For exanple, they are | ess expensive to install than wel ded
joints, which require skilled welders and the use of an exposed fl ane
or l1l0O0arc, which are not practical or safe in every environnent.
Mechani cal couplings may al so be designed to afford a degree of

Substantialty rigia A ek AR ONIRG NP ¢ ot o

desi gn and assenbly of the piping network, allow ng for |arger

di rensi onal and angul ar tolerances. It also allows for greater
expansi on and Eedtof thetlnwentignder t enper at ure 15changes wi t hout
conprom sing the fluid tight integrity of the various joints. It
woul d be advani08%jédlis mntenselaiss teeraschtnicabgouplings far dlepblviginiRg PR i s

usabl e w t hs st anglardn S5L8 R4 RidAEr.and which provides for angul ar
flexibility of the pipe elenments wi thout conprom sing the fluid tight

integrity of the joint. Summary 20[ 00031The invention concerns a
coupling for j%AKery"Bi pe el enents together in end to

( [0002] Mechanical pipe couplings provide various advantages over other techniques
for joining pipe clements end to end. For example, they are less expensive to install
than welded joints, which require skilled welders and the use of an exposed flame or

10 arc, which are not practical or safe in every environment. Mechanical couplings may
also be designed (o alford a degree of flexibility at the joint, unlike welded joints
which are substantially rigid. Flexibility is desired because it facilitates design and
assembly of the piping network, allowing [or larger dimensional and angular
lolerances. It also allows for greater expansion and contraction under temperature

15 changes without compromising the fluid tight integrity of the various joints. It would
be advaniageous 1o have a mechanical pipe coupling which is usable with standard
groove pipe and which provides for angular flexibility of the pipe elements without

compromising the fluid tight integrity of the joint.

Summary

20 [0003]The invention concerns a coupling for joining pipe elements together in end to
end rclation. In one cmbodiment, the coupling comprises a plurality of segments
attached end to end surrounding a central space. The segments are joined to one
another by adjustably tightenable connection members, such as fasteners. At least one
of the segments includes an arcuate key extending along the segment. The key

25  projects inwardly toward the central space. The key comprises two oppositely

disposed side surfaces and a first mid surface positioned between the side surfaces.



end relation. In onc enbodi nent, the coupling conprises a plurality
of segnments attached end to end surrounding a central space. The
segnents are !O|ned t o one another by adjustably tightenabl e

connecti on WO ch as fasteners. At |east one of PHEUV¥RHAEH!S

i ncludes an arcuate key extending along the segnent. The key
25projects inwardly toward the central space. The key conprises two
oppositely disposed side surfaces and a first md surface positioned
bet ween the side surfaces. The first md surface faces radially
innardly toward the central space and is angularly oriented with

respect to an fl%% f?rst%l{; %‘é}ﬁa%g {a@gs F&a gﬁjy dﬁwlir@{ylté(war&) 1n cQA&%S%g%ﬁoagh%i a@;%lﬂg‘frl.?ft he

seghents. A por
out er surface wofengdevithfrespént topinpeisehenahicspentiariartyite apispecaltanenths ar e

posi tioned wit @ ﬂetit{! ej?#:grﬂé% 81#th§ RAF&id sél[fgcg% %jng%%éaﬁg ?’HE%@?&&T@?&CF gf 01;[ehe

i nvention, the ce1s orient ance
bet ween it andoftthepipxélenéntroviea shepim ddmentsaregmsitied Withiraheenahlopaget he
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may have an orientation angle of about 3. [O I n anot her

enbodi ment  t hesukiage if oriquirdsucighp thegiistange é%@ﬁdl aﬁfidle%wﬁrwésq@o*sﬁht i oned
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projects radially inwardly toward the central space. The second md
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axis. The secopd. M &hiGtibA%G1d oF about 3°.

[0005] In another embediment the key further comaprises a second mid surface
positioned contiguous with the first mid surface. The second mid surface projects
radially inwardly toward the central space. The second mid surface is angularly

15 oriented with respect to the aforementioned axis. The second mid surface is
engageable with an outer surface of one of the pipe elements when the pipe elements

are positioned within the central space.

|0006] The second mid surface may have an orientation angle with a slope opposite to
( the slope of the first mid surface. The second mid surface may be oriented such that
20  the distance between it and the axis increases with increasing distance along the axis
in a dircction away from the central space. In another embodiment, the second mid
surface is oriented such that the distance between it and the axis increascs with
increasing distance along the axis in a direction toward the central space. The second
mid surface may have an orientation angle between about 1° and about 5°. It may

25  have an orientation angle of about 3°.



engageabl e with an outer surface of one of the pipe elenments when the
pi pe el enents are positioned wthin the central space. 100061 The
second m d surface ma¥ have an orientation angle with a slo %E')ﬂ’
opposite to MRAVBES of the first mid surface. The sectfldtsH1§6170
surface may be oriented such that 20t he di stance between it and the
axis increases with increasing distance along the axis in a direction
away fromthe central space. In another enbodi nent, the second md
surface is oriented such that the di stance between it and the axis
i ncreases with increasing distance al ong the axis in a direction
toward the cen The.s d
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t he pipe elenents are
angularly oricnied with respect to the axis. The second mid surfaces are engageable

15 with an outer surface of one of the pipe elements when the pipe elements are

positioned within the central space.

[0009] Each of the second mid surfaces may have an orientation angle with a slope
opposite to the slope of the first mid surface with which it is contiguous. In one
embodiment, each of the second mid surfaces is oriented such that the distance

( 20  between each of the second mid surfaces and the axis increases with increasing
distance along the axis in a direction away from the central space. In another
embodiment, each of the second mid surfaces is oriented such that the distance
between each of the second mid surfaces and the axis increases with increasing

distance along the axis in a direction toward the central space.

25  [0010] The coupling may further comprisc connection members positioned at opposite
ends of each of the segments for adjustably connecting one coupling segment to

another. The connection members are adjustably tightenable for drawing the first mid



positioned within the central space. [0009] Each of the second md
surfaces may have an orientation angle with a sl ope opposite to the
slope of the first md surface with which it is contiguous. |n one

enbodi ment, WV He second nmid surfaces is ori ent ed?SURHIASK S he

di stance 20 between each of the second nid surfaces and the axis
increases with increasing distance along the axis in a direction away
fromthe central space. In another enbodi nent, each of the second md
surfaces is oriented such that the distance between each of the
second md surfaces and the axis increases with increasing distance
al ong the axis
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o end rel ationship. The nethod conprises: (a) providing a coupling

formed of a plurality Of ﬁx%gﬂaﬁl@ta%onhﬂﬁl??&m%‘gfatﬂur}l@&Bﬁsegﬁﬁeﬁs j%h{éﬁ ghd by
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central spHte, at |eastensiw ﬂd’ﬂ“@‘ﬁbO%@th/élghtﬁ%ﬂblfcfﬁsrf@e@rihaﬁe@@a@té key
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central space, the key conprising two oppositely di sposed sid
surfaces and a first m #cuiiflfeyeaiersiing alongiescement apkrrojeeting uWéleu r st

toward the central space, the key comprising two oppositely disposed

side surfaces and a first mid surface positioned therebetween, the first
15 mid surface facing radially inwardly toward the central space, the first

mid surface being angularly oriented with respect to an axis oriented

perpendicularly to a plane containing the segments;

(b) inserting the pipe elements into the central space [rom opposile

( sides of the coupling;

20 (c) tightening the fasteners so as to draw the segments toward one
another and thereby engage a portion of the first mid surface with an

outer surface of at least one of the pipe elements,

[0012] The invention further includes, in combination, a pair of pipe elements and a
coupling for joining the pipe elements together in end 1o end relation. Each of the pipe
25  clements has a circumferential groove localed adjacent to each end. Each ol the

grooves comprises a pair of oppositely disposed sides and a floor. The coupling



15m d surface facing radially inwardly toward the central space, the
first md surface being angularly oriented with respect to an axis

oriented per endlcularly to a plane containing the segnent
i nserting th@’ PO ents into the central space frcwﬁ%m%%§Wé@%”

si des of the coupllng, 20(c) tightening the fasteners so as to draw
the segnents toward one another and thereby engage a portion of the
first md surface with an outer surface of at |east one of the pipe
el ements. 100121 The invention further includes, in conbination, a
pair of pipe elenents and a coupling for joining the pipe el enent s
together in end to en t he nts has a
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respect to the
surface i s engageathkeentiat dpateche f1 oor mhen the pi pe elenents are
(positioned within the central space. Brief Description of the

Draw ngs 10[ 0043} el @iliéh Jr heD@RinksOMeLt ri ¢ view of a coupling
according to the invention;

10 [0013] Figure I is an isometric view of a coupling according to the invention;
[0014] Figure 2 is a cross sectional view taken at line 2-2 of Figure [;

[0015] Figure 3 is a detailed partial cross sectional view taken from circle 3 in Figure

2 and is shown on an enlarged scalc;

[0016] Figures 3a, 3b, 4, 4a, 4b, 5, 5a and 5b show partial cross sectional views of

15  additional embodiments of the coupling according to the invention.

[0017) Figures 6 and 7 are longitudinal sectional views illustrating assembly of a pipe

joint using a coupling according 1o the invention;

[0018] Figure 8 is a detailed sectional view taken {rom circle 8 in Figure 7 and is

shown on an enlarged scale;

20  [0019] Figure 9 is a longitudinal section view illustrating the flexibility of the

coupling according to the invention;

[0020] Figurcs 10 and 11 are partial cross scctional views showing the embodiments

of Figures 4 and 5 respectively engaged with pipe clements;



[0014] Figure 2 is a cross sectional view taken at line 2-2 of Figure
1; 100151 Figure 3 is a detailed partial cross sectional view taken
fromcircle 3 in Figure 2 and is shown on an enl arged scal

[0016] Fi guré‘éo??é”"'%as 4, 4a, 4b, 5, 5a and 5b show par'qusz?:‘%%‘g”“
sectional views of 15additional enbodinents of the coupling according
to the invention. [0017] Figures 6 and 7 are |ongitudinal sectional
views illustrating assenbly of a pipe joint using a coupling
according to the invention; [0018] Figure 8 is a detail ed sectional
view taken fromcircle Sin Figure 7 and is shown on an enlarged

scal e; 2010019 itu sec ill.ustrating
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Figures 10 andm@@ﬂmg&ﬂbathﬂbnﬁmdss sectlonal Vi ews shomnng t he
enbodi ments of Figures 4 and 5 respectively engaged with pipe

el ement s, [00[%612 Fpk Herﬁlsis & €ecAOMI Jidw i€ 2GRS S- 1§%FF gy views of a

defornable coupl 1 ng accor |ng to the 1 nvention; [0022] Figure 14
is a sectional view take at line 14-14 of Flgure 13 Det ai | ed
Description of EWB@&?W@HF?“@F@Gﬁ@fmFﬁﬁure 1 shows an isonetric view

of a coupli ng é cordj Q% to the |nvent { upling,10 cgngrlses a
plurality of {80 2300V R A ‘ﬁ‘?‘%et%%‘élﬁ‘ﬁf’ 3 ‘E%B 1%@ dingjodhe invention.
Coupling 10 comprises a plurality of segments 12. In this example two segments are
used, it being understood that more than two segments are often used to join pipe
elements exceeding a certain diameter. Each segment 12 is cast from ductile iron, but

may alternately be machined [rom metal billeis or molded of plastic resin.

10 [0024] Segment 12 has an arcuate housing 14 which defines a recess 16. Recess 16
receives a ring seal 18 (not shown in Figure 1 for clarity, see Figures 6, 7} which
engages the pipe elements being joined to create a fluad tight joint. Seal 18 1s formed
of an elastomer such as EPDM, and is flexible and resilient to accommodate pipe
element irregularities to seal the joint. Two lugs 20 are attached to the housing 14 at

15  opposite ends of the segment 12. The lugs have openings which receive fasteners, in
this case bolt 22 and nut 24, The fasteners are adjustably tightenable to draw the

segments toward one another as described below.

[0025] Coupling 10 is formed by joining segmenis 12 in end 1o end relation using the
fasteners as shown in Figure 1. When assembled the coupling defines and surrounds a
20  central spacc 26. A reference planc 28 may be defined as a plane which includes the
segments 12, A reference axis 30 may also be defined as an axis extending
substantially perpendicular to the plane 28. It is advantageous to position axis 30 at
the center of the central space 26, the axis being co-axial with the longitudinal axis of

pipe elements joined by the coupling.

25  |0026] As best shown by comparing Figures 1 and 2, each segment 12 includes at
least one, but preferably a pair of keys 32. Keys 32 of each pair are in spaced apart



used, it being understood that nore than two segnments are often used
to join pipe elenments exceeding a certain dianmeter. Each segnment 12

is cast fromductile iron, but nay alternately be machined from netal
billets or nmSYHEYBFE™DI astic resin. 10[0024] Segnent 12PGTALS2Y/061796
arcuat e housing 14 which defines a recess 16. Recess 16 receives a

ring seal 18 (not shown in Figure 1 for clarity, see Figures 6, 7)
whi ch engages the pipe elenents being joined to create a fluid tight
joint. Seal 18 is fornmed of an el astonmer such as EPDM and is

fl exi ble and resi i ent to accommdate pi pe elenent irregularities to
seal the joint S r ttached to .the.housi at
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26, the axis baeilvmgagem:sam al with the |ongitudinal axis of pipe
(el enents joined by the coupling. 25[0026] As best shown by conparing
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[0028] In another embodiment, shown in Figure 4, mid surface 38 is oriented such that

15  the distance 42 between the mid surface and the axis 30 increases with increasing
distance along axis 30 in a direction toward central space 26 as indicated by arrow 44.
This may be seen in Figure 4 by a comparison between distances 42 and 42a, 42a
being closer toward central space 26 in the direction of arrow 44 and longer than
distance 42, Similar to the embodiment shown in Figure 2, mid surface 38 faces

20  radially inwardly toward the central space 26 and, as shown in Figure 4, the mid
surface is angularly oriented with respect to axis 30. In this embodiment, the slope of
the orientation angle 41 is opposite to that of orientation angle 40 shown in Figure 3.
For practical designs the orientation angle 41 varies between about 1° and about 5°,

with an grientation angle 41 of about 3° being advantageous.

25  [0029] In yet another embodiment, shown in Figure 5, each key 32 has a second mid
surface 46 arranged contiguous with the first named mid surface 38. Like the first mid

surface, second mid surface 46 is angularly oriented with respect to axis 30. The



S5radially inwardly toward the central space 26 and, as shown in
Figure 3, is angularly oriented with respect to axis 30. For

practical designs the orientation angle 40 varies between about 1 and
about 5, wﬁtﬁ"gWI%WPgﬁtation angl e 40 of about 3 bei ng BdVERUGEGYs.
100271 As shown in Figure 2, md surface 38 is oriented such that the
di stance 42 10between the md surface and the axis 30 increases with
i ncreasing distance along axis 30 in a direction away from central
space 26 as indicated by arrow 44. This nmay be seen by a conparison
bet ween di stances 42 and 42a, 42a being firrther away from central

space 26 in the direction of arrow 44 and .| onger, than distance, 42.
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m d surface 38ulaees. 29 dppstitabibpe ik MaBH BppssitcOn@izl, dhil @ok bl hah timpace 26
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B
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about 1 and abtiRes BEMEEAPASIEM 8 ent ati on angl e 41 of about 3 bei ng
advant ageous. 25[0029] In yet another enbodi ment, shown in Figure 5,
each key 3P hal®030] She endsunfact @ wifmee’ 84hd 46 naxdgetbedtanini thpuditestion dtfh t he
first nanmed md surfac

_ S| 38. Like the first md surface second. nid
Curface 46 i o SHUNAR JoRRILAENE dp! PR po Y P E Sy SRR e
direction. Figure 3a shows a mid surface 38 having convex curvature, the convex
curve 39 of the surface being best seen in cross section and having end points 43 and
45. The orientation angle 40 of the convexly curved mid surface 38 is measured
15  between a chord line 47 which passcs through the end points 43 and 45 and a linc
parallel to the axis 30, Figure 4a similarly shows a convexly curved mid surface 38
having a slope opposite to that of Figure 3a, the orientation angle 41 again being
measured between the chord line 47 (which passes through the end points 43 and 45 of
the surface’s curve 39) and a line parallel to axis 30. Figure 5a shows an embodiment
20 having two contiguous convexly curved mid surfaces 38 and 46 with respective
orientation angles 40 and 48, each measured between respective chord lines 47 and 51

and a line parallel to axis 30. Chord line 47 passes through end points 43 and 45 of

curve 39, and chord line 51 passes through end points 43 and 53 of curve 55.

[0031] In an alternate embodiment, shown in Figure 3b, the mid surface 38 has
25  concave curvature, the concave curve 57 ol the surlace being best seen in cross section
and having end points 59 and 61. The orientation angle 40 of the convexly curved mid

surface 38 is measured between a chord line 63 (which passes through the end points



second md surface nmay al so have an orientation angle 48 between
about 1 and about 5. The distance 50 fromthe second md surface 46
to axis 30 may increase with increasing distance away fromthe
central spac® O W& 2ase with increasing distance towaPd/¥HEMCEAY al
space, the latter being illustrated in Figure 5. In the exanple shown
5in Figure 5, the slope of the second md surface 46 is opposite to
that of the first md surface 38. By opposite slope is neant opposite
in sign, and does not nean that the slopes are necessarily the sane,
as the orientation angl e 40 of the first m d surface 38 nay be
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(47 (which pass ygp $ﬁ end points 43 and 45 of the surface's
curve 39) and a.ﬁ para to axis 30. Figure 5a shows an

enbodi ment 20 haV|n two contiguous convexly curved md surfaces 38
and 46 wi t 10 r 9P tFrapecs Srand A ilhsirana mpgbeel jai0ing pibe 4Bmeriy Shandsd g erslgo

bet ween respec a i I i@¥h S
30. "Cnord 11 e BRI SR E RN, S B RGRARRLR ACsbenBH

and chord | i neinSpacphapsd selatipndieg Higared) pevl the hole}ZamU 1@86119{88@0?@'/@1@5
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surface 38 has 25 concave curvature concave curve
surface bei ng Yermt Seismnspiteddragside gpRosiicghreeliny ipfa oGl waee Zﬁ@s ployndg and

61. The orjentald,nq, %gbﬁge Qmeﬁt lst lhsengmvoeeﬁgygeﬁluﬁm& galqssﬂslts%%ré8 s
measur ed between a chord whi ch passes through the end points
then tightoned and chmcnls 12 are drawn toward one another, forcing the keys 32 into

engagement with the outer surfaces of pipe elements 52 and 54 as shown in Figure 7.
The outer surfaces of the pipe elements have circumferential grooves 58 and 60 which
receive the keys 32. Tt is noted that the surfaces forming the grooves are also

20  considered to be part of the outer surface of the pipe elements. As best shown in
Figure 8, groove 60 has oppositely disposed sides 62 and 64 and a floor 66. (Groove
58 may be similarly described.} In this embodiment, the floor 66 is substantially
parallel to the remainder of the pipe outer surface 68. Seal 18 is also compressed
within the recess 16 between the segments and the pipe outer surfaces and acts to

25  ensure a fluid tight joint.

[0033] As shown in Figure &, the angular orientation of mid surface 38 permits a gap
70 to form between floor 66 and the mid surface. This gap extends circumferentially

around the key, increases with increasing distance from the central space 26 and



59 and 61) and a line parallel to the axis 30. Figure 4b simlarly
shows a concavely curved md surface 38 having a sl ope opposite to
that of Figure 3b, the orientation angle 41 again bei ng neasured

bet ween the CHOPAII%H2 63 (which passes through the endPPBI$HLOEG% g
61 of the surface's curve 57) and a line parallel to axis 30. Figure
5 5b shows an enbodi ment having two contiguous concavely curved md
surfaces 38 and 46 with respective orientation angles 40 and 48, each
nmeasur ed between respective chord lines 63 and 65 and a |ine parall el
to axis 30. Chord line 63 passes through end points 59 and 61 of

curve 57, and chord dine. 6 asses. throu end ints 59.and 67 .of
curve 69, 1010031l P ER Y RSrobil A 1 e RS A Gy R
pi pe el ement s &dleaivd obtheipipe elethetio Stmdl HdbcaFignre Bedbodiimposing stghificant
i nvention. Couplin O is.previded with th n 2.1.n aced
apart relati on8 gse% t%? %Oﬁlﬁhel%l?u%%gn ?rﬁ’eth%%"lgfl%r %%%%ﬁ%gﬁ%%%léilsy %35 ened.
Pi pe el enment 5&bek sotisigadichrely indutosttaightegimp bf pibessyiddhesta2tGounmgnigrly driented.
engages seal 18. Next, pipe elenment 54 is inserted fromthe opposite
direction intopgelts Al $RAGHLARLAS HIPM d¥etRdd ALeRBling B GisPhRFded
el ement is ?ns%r%géE?%fo eng_gehen? mﬁﬁ%eseg 18. BSﬁ?émig ggéﬂﬁ'%n
tightened and Begmenpnzgnisdisedt hann ingligwres bmd 18nvharir the g sirlage 1&e
keys 32 into CRGAARTER A RrhA%aP¥ hwH {368 SurPice RIDR: ROGEEE WhiknS2
igure 7. f f the

and 54 as shown'in ! ~ The outer surfaces o pi pe el enents
Fave ci r cunf er Beredsat Wik peipesinggBstagelloperdihd eshirdleprse ve Fundelmeps g2, | t

s noted that {6 Huhh3GERnl RO fﬁ%i%%g S%QQY?&vﬂfg%@m?@se&ggg?@hQ@r ed

to be part of the outer surface o _pipe elenments. As shown
in Figure 8 gerisaipd ngdsiitaees 3P pabtq resppciivelyppreeidesd v @apsGe agthb Bhvagnd a

floor 66. (G o@QY&iP&iriaBYa lhé;lgfmcafﬁoy?@ﬁ%adi&%xabnwntgttﬁe intrRAgi ment,

the floor 66 is substantially parallel to the remainder "of the pipe

outer surface Bgveegdhs pipeglqmenisby hesoupiméssed within the recess 16
bet ween the segnents and the pipe outer surfaces and acts to 25ensure

a fluid tight joo3atas shOABRFiASe Bheovide duff@hecl&rarcd BetRE@db@fients 12
orientation of md surface 3% ern‘itgaga‘? 70 to form between fl oor
é‘g Hds R

66 and the ni dVathey@Ee coppyoled (pnednet sdeelatarsadhat e pipe sleBEHe o1 he

key, i ncreasesandistinalybe etk hgo tHeStaRCeatd WWithde: deemBlingsPasRpldfy and
provi des fl exi bet wee nts

allowing for r gql il%\{sitaé‘@“ﬁgﬁqué@ﬁttgemg‘?nl{‘t%%a%glsi% g‘ﬁ%’%ﬁ?@ﬁ% gfe‘ggll i rigces % o
Figure 9) w t henkeyd 7R Skdatr thaihe FddaRBY of the floor 66 of the grooves 58 and 60 on the
pipe elements. Tt is further advantageous that the angle 82 subtended by the keys 32
be less than 180°. As shown in Figure 12, this configuration of mid surface radius and
( 20  subtended key angle provides clearance between the pipe element outer surface and
the ends 34 and 86 of segments 12. This end clearance permits a closer spacing of the
segments while still allowing insertion of the pipe elements which, in turn, allows
fasteners 22 to be shorter and thereby yields a practical design. When the fasteners are
tightened Lo draw the segments toward one another and effect engagement between the
25  groove floor 66 and the mid surface 38 of keys 32 (see Figure 13) the segments
deform so as 1o substantially conform a portion &8 of the mid surface 38 to the outer

surface of the pipe elements (that being the floor 66 of the grooves) as shown in
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stress on the coupling. Furthernore, the angular orientation of the
m d surface 38 does not significantly induce straightening of pipes
which start out angularly oriented. 5[0034] Simlar flexibili %

bet ween t he SIPREIHRnts and the coupling is al so aff ol?%@szw e
coupl i ng enbodi nrent shown in Figures 4 and 10, wherein the md
surface 38 is angularly oriented to forma gap 72 between the md
surface and the floor 66 which increases with increasing distance
toward the central space 26. Furthernore, the coupling enbodi nent
shown in Figures 5 and 11 , having first and second angularly
10oriented m dF Sur QCF I’th 8§8aex%néls cur 1?51 renﬁaly ré{m FH’E:%\S“ de?s 15“:\% c%g‘spg t74
and 76 between aces and % 9 t'0 provide
flexibility tomclhaha t}lmmm'e frew aftick dmldtsm@ees 18hé1e gam@ il ldbaimp pssdny totehgire
coupling. [00 hown | 2 v f

cl earance betm@%ﬁﬁéég i ﬁ?gfm%) f%%@mégég%ﬁnﬁg%P%g tda%lgﬁﬁnother
in spaced rel aﬁneotatusnoﬂtlhfatudtshtéacpBﬁ)eowtemnhestelﬁﬁncﬂyﬁﬂm dstbrmaye doepling
inserted into the.c | space 26 without disassenbling the coupling
10 it is ad%an%a%%%ﬁ@é{ﬁ%t the m ni numradius of curvature 78 of the
m d surfaces 38 of keys 32 be greater than the radius 80 of the floor
66 of the groolB¥] Fphcanseddo comlcnies paving eperethe angujaplyjogeried migspriaces
advant ageous taf, éobﬁn@ngla@coﬁﬁngﬁu%qmﬁﬁonb@foﬁmom{gméi&n%gk@%ﬁ t han
180. As shown in Figure 12, thi's configuration o surface radius
(and 20 subt encrigulg xsbmlgy é/llb@téwra@gm@lnééhea{h@fbug%tmw afihe ippe

el ement outer surface and the ends 84 and 86 of segnents 12. This end
cl earance permts a closer spacing of the segnents while stil
allowing insertion of the pipe elenents which, in turn, allows
fasteners 22 to be shorter and thereby yields a practical design.
When the fasteners are tightened to draw the segnents toward one
anot her and effect engagenent between the 25groove floor 66 and the
m d surface 38 of keys 32 (see Figure 13) the segnents deform so as
to substantially conforma portion 88 of the md surface 38 to the
outer surface of the pipe elenents (that being the floor 66 of the
grooves) as shown in
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i 14. Portion 88 extends circunferentially around the segments
TZgthe does not include the entire area of the md surfaces 38, the
gap 70 still being present to ensure flexibility and permt .
defl ections of the pipe elenents 52 and 54. The angul ar orientation
of the md surface 38 counteracts the tendency of the defornable
coupling 5to stiffenifhgn.eint. 100361 Wen used to ?Ouﬁl e plupFiSn 10
having grooves thenaRg @iy Pig‘-l‘: i ﬂatx.ffs%nﬂ & 1,;{1;;?{%%3“@ dt € COO]E) 9
according to the; i ppeBbhOis REANLGC AL 2t J%Ltgi@f. L O ﬁgr .eet fity of
angul ar f1 exi bi hfdayeo };Qg)égt conprom sing the Trurd tight in e? rre%ts
the joint. Wiat aSushdbMReubfs stubel G0 értepﬁlﬂlelaﬁm pr pe 3 '?0 me
and a coupling forstj;-m,mmtgﬁ‘_sﬂ;rgﬁmc@e el enent's together in en (to end
relation, said ceupletng CQRRL &isﬂig,im{ﬁn'@bﬁt{sﬁtl: [ ﬁ?fszsiﬁe_gnent S atlache
to one anot her endseﬁg@wﬁﬁlGiwer&ij%ElQM?@bzﬂﬁct.ﬁm%@%@ i RACE; conng_cu ?nbl
menber s positi onedmait i9ppasi-t € ends of Said segnents liar a ]UfS a é
connecting one caupkitnge S laidsediMls HAu@ROLAG Bl ) €aSt one ? ﬁgl
segment s i ncl udi ngesasndig @liad Caik €3nRUL KAPHE:1RL ARY ¢ @Ld Segm?Pi s?n
proj ecting i nwar dl ywhdvatdesabidseantshial kepRaeBusindhd, | gy co][rp g
two oppositely di sgpsdeyshipescs i firRQSs aandia ol §t§£hc@1_ sur d.acﬁ
posi tioned t her ebetowsieny! dabidntich Skid g mIWtRGeLREI Ng ra Iba' y
inwardly toward sabdizibemtwaly spagesicahtilhis! s ﬁmgurfaced_ ei Ing I
angul arly ori ent ednwiisttface bsipeatoufatly anewddSiREdentegh per pendi cu a(rj y
to a pl ane cont ai nixigrisaidipersednEnt Sy 11RO :PMndpai d fi rfsg m
surface bei ng engagsabiie anpdrikan!’ et eist Sﬁﬁ[ifﬁﬁﬁc@'ﬁqiﬁg? of said pi pel
el ements when sai d;f_!y-i:-%pd)helviahmmkssacamm‘ap@gsi‘ bicairedidwiipdi n sai d centra
space, said connecidsnismdnbeddyipeilagnadiustiable wilhght enabl e for
drawi ng said firsttifi gnsdripbwe shidt @nergager@mtswbdly sai d outer
surface of said onéiuphigeightenbator dandigshieiien misakgkd i rst md surlitcc
subt ends an angl t .o gigigengst witanidovgosuran (kds og: pigeni num r adi us
of eurvat urc great ékurnamd he radius of curvature of said outer
surfitce a Isai d“*”ﬁﬁ’%@*"ﬂ& laphistid surfaee sliBast asaipth ooles izagneENt  bei ng
def or mabl e upon adftispabise Wighnenting! ofveat gregeninect | on nembers so
as to substantial Fly‘ B 14 e o latametiof ofauiditts on of said first
md surface to th& Bitleit iy sed evopeasundbgipdefotretient. 2. The
conmbi nati on accor PRGN RIF HRtening Whed epmegandichibest nid strike is
oriented such thaf® thesiriatialy e nfenieennsairdofipostonni d surfitce and
said axis incr eas%%s“{ﬁf‘t"ﬁ nith#cagip ty weies puheolsiid pipes ai daxis in a
direction away friv8di d central space. 3. The conbination | )
accordi ng to cl afmhscomketen presuling 16 ¢lnist], whateinwsif Aee i s oriented suc
that the di st arft8 sWétchdermioni ducthi thig thondidsubfiaeen @andd sai d axis
i ncreases with fi‘%\é#“éas’iangwissi&amémahmg-hhémﬂmaxg gisin a direction
toward sai d certacgp logzpa‘é gxis in a direction away from said contrul

space,

3. The combination aceording 1o claim 1. wherein said first
mid surface is oricmed such that the disiice beiween said
first mid surface and said axis increases with increasing dis-
tance alang said axis in a direction wward suid contal spuce,

4. The combination aceording to claim 1, wherein said first
mid surfuce has an orfentation angle hetween sbout 1° and
shout 3°,

3. The combination according to cluim 1, wherein suid st
mid surface has an erientation angle of ubout 37,

6. The combination according to claim 1, wherein said Tirst
mid surfhce is corved, said frst mid surface havi ng an orien-
tation angle measured between u chord fine through cnd

points of said {irst mid surface and said axis.
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4. The conbi nation according to claiml. wherein said first md
surthee has an orientation angle between about 110 and about 5".

5. The conbi nation according to claim, wherein said first md
surface has an orientation angle of about 3'. 6. The conbi nati on
accordina to claim1, wherein said first md surihce is curved, said
first md surfitee having an orientation angle nmeasured between a
chord line through end points of said first md surface and said

axi s. 7. The conbi nation according to claim®6, wherein saidfirst
m d surface has a convex curvature. 8. The conbi nati on according

toclaime, wherein said ‘5,iifa@tonmixﬁﬁ&wc&&&%n RAsi@ sCORCAY Qi vat ure.

9. The combi nation accor dynde£0,El, e thgter b s 6 KBy Lt her
compri ses a sec_ond md SU R Snlbinliod z%@c?rgi\n& url'Ea'izgldﬂgﬁerVJ\qx&sm gl d first
i d surface, said second i SUCKACd O OLEEILNG radial Ty 1 nviar dl y
toward said central space, 3ol dseho Jufla jiih A9, PRLOGANGY! arly
oriented wth respect to sald dxia-, 3 nﬁg GO gs‘ﬂkﬁbﬁ &ﬁ!i@?' ng )
engageabl e with an outef, SUrl ate AGAE «Hhaalei DR BlARRALSphen sai d
P! p€. el enents are positronal .\, shi'n{f\l-'n%@' lév:ﬁ@&}i& @1}11@9@&% said sedl 0. The
conbi nation according ty,ehai Mt bg‘.‘ﬁ?g?{r&bﬂr]?@:’ia@wﬁ@ﬁ@@&l‘péﬂtQ)sﬁikif fice has
an orientation angl e w E:.hs.,@aiﬁ LORG: SRROTIE BeibPorbhiRa Bl AR uPhwgal d first
md surlhce.  IL The cQibiRatdOBr3RGHdlhnt L6l AldRiR cldf@Rer ei n
said second md suribcea&%mg&&@gggqmgmgngmagmag di stance between
sai d second nid surface afyd Bk @%b nl0RNBAS REHMY Rubliare@si ng
di stance al ong sai d axi §echili tidlkfr@6d h@moaMalisomganedh cendpeal space.
12. The conbi nati on accepkittetie &pabMma fiy ereatnesai d second md
surthce is oriented such fshahe tdashighiss aregiihetwhen dsahdvaeacidnd md
surface and said axis i ggbeBsRSuMick B otitEERsl gt Bhanckeetradeang sai d
axis in a direction towgfidsgaidhidentkabndspidassincreadSwitliirereosnbi nat i on
according to claim?9, wagrdimesaiody séd¢osidinm dirsting acey hras saki
orientation angl e betweesmabgut:. 1" and about 5'4. 14. The
conbi nation accordi ng to tl dhe@pbimibien eqnrdsai i chén dnd herivid ssidr f ace has
an orientation angle of sabmUhid30face is ofiSntedHuch banbi dcobrtaessor di ng to
claim9. wherein said seddsdomirddsenfcavs siid agishwedses §4b desstond md
surl bee having an ori entatdisomeariyglzeaidesis iretrepanieend gidioird | i ne
t hrough end points of sapdesecond md surface and said axis, 16.
The conbi nation accor di ngt¥ dhe fembingisn agheiing 1 chin . sBesHER d
surl hce has a convex cugscandmid surface has an orientation angle between gbout 17
and aboul 37,
14. The combination sccording to claim 9, wherein suid
second mid surface has an otientation angle of about 3%,
15. The combination according to elaim 9, wherejn suid
second mid surfsce is curvedh said second mid surfuce having
an orientation angle measured between a chord line through
end points of said second mid surface and smid axis.
16. The combination according fo claim 15, whereia said
second mid surthee hus o convex curvature.
17. The combination according to claim 15, wherein said
second mid surlace has 4 copcave cunvare.
18. The combination according 1o clain T comprising two
suid sepments.
19. The combination according 10 claim 1, wherein suid
segments are attached o one another iy spaced apart relation.
20. The combination aceording to claim L, whercin cach of
safd segments has a cavity therein, said cavity on vach said
segment extending lengthwise wlong soid segment and fucing
said central space. o seal being Jocated within said cavity.
21. The combination according o claim 1. wherein suid
seaiments wre attuched to one onother in spaced apart relation.
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17. The conbination according to claim15. wherein said second md

surlitice has a concave curvature. 18. The conbi nati on according
to claiml conprising two said segnents. 19. The conbi nation
according to claim1, m hereiiossidined Q@.@ LSen@lf "?‘Er;x ﬁ&ﬁﬂr {'!8 on_e
another in spaced apart p@lpgHel®ihents 1o mrn 9{!?{ AN ARE Ing to

claim1l, wherein each of 1§,§u(dm @gnent’s has a caV| ty t hérei n sal d
cavity on each said segnentyis 1Bl hepalil s, ahang, ﬁ(mnéegnem
and liking said central spagemuiisflenal Rige:l ocat ed In said
cavity. 21. Me conbi natmmnuaﬁaqmzﬂkﬂqukmwd% HHN{.;“}:P@ el sai d
segnents are attached to ongeaees ket zd;hzﬂa&wp@(‘iﬁgczsﬁ@%, uﬁa‘?«iﬂ Lgn. 22.1n
conbi nation, pipe elenents ;@&duamgg,upl ing it

joining pipe elenments togeihersiidbegihidtAvianshRl &kl Qe sakdacoupl i ng
conprising: a plurality of xsegn‘@tmﬁh at RGRS -;;L%n@ﬁa%y.@ﬂﬂ.lé}&ﬁ!ie”d to
end surrounding a central spaadily rmn-ﬂaﬁtilc@ﬂmn%ﬂ&ekﬁdl@t@@&Ihﬁ&e at
Opposite ends of said segmeakiguaireeingdh yséabbyt RENAEELIRIQRE. coupling
segment to another: each ofeasianithRagrerhg:iiay tRgo@opialy’ 1igfos@r cuat e
keys extending al ong each ofdesaifgtesagnemsonand-iReoder bi o figdi al |y
inwardly toward said centr ahidspéce,besabshukely srigficdegghesahieh Hai r being
in spaced apart relation t@t\mneuaﬂmr.h-endme,&ﬁhumfvl 1Bdothiak@ySagonpri si ng
two oppositely di sposed si desutsbeesionnd! sid ifies tniidi driatsfirag, each.

of said first md surfaces cheigapiangubart yubes efitgad pyetdemi@spect to
an axis oriented perpendi c ohar sy pipe derpinane: redntaikdniing saicd,-segnent s,
portions of said first m dtslirbacesd Ige;mgmemmgaeahimwvmtthbuter
surfaces of said pipe el emEgtenaitlselir slaivdngizpe lielt engntuslzas énposi t i oned
within said central space. ‘—Iwi:‘émwbhﬁfb@w@nwmmiaehswlbaurpgmatﬁ; ust ably
tightenoble for draw ng safd™ri4dt mid surfaces into engagement with
said outer surfaces of sd’i’tﬁl“‘gi‘p}éﬁf@‘é‘f‘fﬂbﬁﬂt‘@v‘%aﬁtﬁﬂwﬂtlh@peliwsiand first
nmd surfaces subtend an andf'e ¢ NvEssminfamm x€ivs af duitiatyr gacatdrni mum
radi us of curvature great el Rafdisel sugitneobrideurvariiveofidsai d
outer surface of said pi pelBf EfBits sdatfibreagiubdugivEnmsblbei ng

del lirmab | e upon adj ust ab'l’flé’“t" &’#Et‘l nitg '“6?‘-“éal“bc‘t’ﬂﬁ&"rr‘i%tﬂr@h‘»‘frrenbers S0
as to substantially con hu ﬂ | g ‘u‘ﬁ’é‘ P1§1“p6‘r"ti‘|"b‘t‘\"di’“*@a’é:h of said
first mid surfaces to the oCI{ il f‘(j‘r“'éb'ﬁ’si desHp eppsesietgeht s, 23.
The conbi nation accor di ng; o) : ‘1 wh reln said first md
surfaces on each of saig D (;l’”§ "‘éﬁ”‘d“‘k’ I‘"é“‘Br‘r’“eglf' d" stk h t hat

t he di stance between s (i If ""{’“fi”}e L ] “‘ Hd DG S KRGS ner eases

with increasing dist an?” ”‘ré’““- il ol 1%*“ zﬁ“:@‘l‘i@' et ’?‘tﬁlﬁ"‘é\ftb from
nall ol g Wg“’t'B“i"cT“ m 22.

il gi\?l LIY
said central space.
wherein said first m dds}:f 9 ﬁuﬁgﬁ"% d keys

¢ |
Wiy TPony aic (.é‘l[ i!
are oriented such that FF;\PE%: g‘?%ﬁ%mg wn%?i; gé" # @(}”’Fﬁ ?fl‘adsurfaces

¢ m o f,h u S Qs u! ﬂu

and said axis incr ease%n%t&nutIpﬁm!?l?esdiﬂgmpﬁu% tan xmdlarslm]% st%%ang: axis in a
direction toward sai d ggAtLi@l«iSBRRSses with ; Increasing distance along said

axis in a direction (oward said central space.

25. The combination according to claim 22, whereln suid
firstmid surfaces have an orientation angle between about 1°
and aboyt 5°,

26. The combination according to claim 22, whercin uu.h
of said first ptid surfaces has an orieniation angle ofobout 3,

27. The combination according to ¢laim 22, whereln cach
ol said keys further comprises a second mid surface posi-
tioned contiguous with said first mid surface. said second mid
suriaces bung anguiarly oriented with respect to said axis,

said second mid surfaces being engngeable witl an outer
surface af one of said pipe elements w huz saidd pipe elements
are positioned within said central space.

28. The combination sccording ts claim 27. wherein cach
of suid second mid surfaces has an orfentation angle with
:s"h'.:pe oppusiteta e slopeofsaid first mid surfzee with w hich
s contiguous.
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25. The conbi nation according to claim?22. wherein said first md
surfaces have an orientation angle between about |a and about 50.

26. The conbi nation according to claim22. wherein each of said first
m d surfaces has an orientation angle o f about 3". 27. The

conbi nati on accordine. to claim?22. wherein each of said keys I|inber
conprises a second md surface positioned contiguous with said first
m d surface. said second md surfaces being angularly oriented with
respect to said axis, said second md surfaces being engageable with
an outer surface alone of said pipe elenments when said pipe elenments
are positioned within said central space. 28. The conbi nati on

according to clai m27. whebgi-f.eaqh,of on%@anﬁhﬁ%%m'(q\ﬁ;«& [agps has
an orientation angle wt h)f@dﬁ Bk x%F?iRQé‘E&?;d>%hbﬁxr§i hR& i.m%u

first md surface with v.y tﬂ%h dhlh LB 5@ Uch Y QKT amljdws Gxl suk

conbi nati on accor ding t o jGLaism ifh iRk S RRC R s Sk u?‘??a?c@d m d
surfaces is oriented suchw%QQ&‘hgg&gu§g§quugetmébn each of said
second mid surfaces and sangl @xbanbiRAREARSREW b 01l R$1.838)0008{ St ance
along said axis in a diregti@ncand¥ilhemsebdsankdal o #RELmee 30
The conbi nation accor di Ngek@eflRMEZhia WRELEMY §RERe0fnaS asadm%econd

md surfaces is oriented jgyeRedialindBRindlunlARCHRBLIVRSH uﬁﬁ&&cp sai d
second m d surfaces and Sﬁhqn@mjﬁmhgﬁﬁﬁaﬁgg with |ncrea5|ng di st ance

along said axis in a dlreq$| nto : saldmgggtﬁaljgpaég g 1. The
conbi nation aceordina to, Z %ﬁh o ~davkFrgeeshd i d
surfaces has an orlentat”mit gP{h aﬁ,(EQHBU?“ﬁmﬁéﬁ&ﬁdeU%HS )
degrees,  32. The conbihy Iﬂc» 1§3 i el 6;Lahgh%%6}mherelg each
of said second mid st mn S ﬁg hod) PHofacs”
degrees.  33. The conbf%qu%ﬁngc ‘Hﬁ%@ B“EP@?W@?“@ PPyt wo
Sal d seenents. 34. The QQ@LQ%RIL l?hlﬁg 10 7!(1]3) é(?(adl l ail TS 12 mer el n
each Isaid setunents has, A Cz0l1y ST H W0 FOPPIEHESER D sai d

segnent extendi ng Iengthmnse a ong sai d segnent and theing said
central space. a seal being1hoeahashish kbR Hah Bu®eys Whercincdadr  The
conbi nation accordint t @r&hidicEmeds i el lhekdl, thid@LIBA! ScRlg att ached
to one another in spacedcapal t\lcﬁﬁiuﬁﬂdn@ﬂ]mxc along said segment und facing
satd central spuve. a seal belng Joe ated within said eav ity,
35, The combination aceording 1o ¢laim 22, wherein suid
segments are attached to one another in spaced apart relation.
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