Coupling Having Angularly Oriented Key Surfaces Field of the Invention

[ 0001] This invention relates to nechanical couplings for flexibly joining
pi pe 5el evorbsi/ioms76énd t o end rel ati on. Background [ 0002pcChhsh@niocedo pi pe
couplings provide various advantages over other techniques for joining pipe
el ements 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
flame or 10arc, which are not practical or safe in every environment.
Mechani cal couplings may al so be designed to afford a degree of flexibility
at the joint, unlike welded joints which are substantially rigid.

Flexibility is desired beca it facilitates desi apd assenbly of the
pi pi ng network, all ovmg:r?gl]lp ‘85%5#“&?‘“%‘%‘%‘@%%‘5*8%%%gﬁgau%r tol erances. It
al so allows for greater expansion and contraction under tenperature
15changes w thout conpromising the fluid tight integrity of the various
joints. |t madlod thenrdiaeh ageous to have a nmechani cal pi pe coupling which
is usable with standard groove pipe and which provides for angul ar

flexibi it yomf1) g Rl ORioR! IR S bt A%} cAPTREL: FilckB1 .%ﬁlilflé e tight
integrity g? tAe joint. Sunmary 2 OOOSifﬁ% |%vent|on)@once #@ a coupling
for j oi Ai nglomgnés ieleadtntsl tebiggenher in end to end relation. In one
enbodi ment, the coupling conprises a plurality of segnents attached end to
end surroqui g a central space. The segnents are joined to one another by
adj ust abl y ZVE t%®W4bl e connection nenbers, such as fasteners. At |east one
of the se ts includes. an arcuate extending along the s nt. The
key 918@02? Mec arlf}ca pipe couplings provklﬁg various advantages ovgr otﬂer tec PCFIGS
for joining pipe elements 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 to afford 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 for larger dimensional and angular
tolerances. 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 advantageous to 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 relation. In one embodiment, 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.



25projects inwardly toward the central space. The key conprises two
oppositely disposed side surfaces and a first md surface positioned

bet ween tWe 28iidm2&7arf aces. The first md surface facesPcadiSadtlopeiramar dl y
toward the central space and is angularly oriented with respect to an axis
oriented perpendicularly to a plane containing the segnents. A portion of
the first md surface is engageable with an outer surface of one of the

pi pe el enments when the pipe elenents are positioned within the central
space. 5[0004] In one enbodinment of the invention, the first md surface is
oriented such that the di st ance betmeen it and the axis increases with

| nor easi ng 358 BHONgLOS. SIS rblhedly IS OLRPYaLL 20 L8 7 2

space. In ano md SUI’ ace | orren SUC¥'I t hat

the di st anmebteﬂm&nesﬁecaﬁchntalie cﬁi@n&dlpaqyeﬁa@e&rlwté b piane cemainig wWe st ance
along the axis in a directjon toward the central space. The first 10 md
surface nayCHBGHS af NoFFARI4RS Bﬁtawbﬁlgf%éwé@ﬁg%&?umalaﬁwteaﬁgfwe9 ong may

have an origfa eg@aeﬁl@% él%Il t%ﬁgé ?I%meLQQLP %os tibn H'%ﬂﬂ%th%%@&?dl. eLL% the key

further conpri a secon ace posil |one cont1 guous w the first
m d surface. The second md surface projects radially inwardly toward the
cent r al 5spde@4] Thens embmﬂme;htjofsthw fnycmtians theenfgyst mid syarfhE@i’si cerhied swett thar espect
to the afore ntlo The second nld urface i a eabke with an
buter sr { AEpTgEnGETy o Rang RS aX S e ViR e sty e S ol o
DOSItIOned1Mhhhb&uhh@wﬁﬁﬂﬁﬁﬁbc%ﬁﬁﬂﬁma&QQQ@hmﬁ&Qﬂﬁﬁﬁﬁﬁgmﬂﬂﬁfﬁﬁﬁ&ﬂce may have
an orientation angle wth a sl ope opposite to the slope of the first md

surface. Therfaewosadentpdiswhrihaidlec dapnesebapyeamt eetl dgekistipgreases with

increasing distance along the axis in a direction toward the central space. The first
10 mid surface may have an orientation angle between about 1° and about 5°. It may

have an orientation angle of about 3°.

[0005] In another embodiment the key further comprises 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 direction away from the central space. In another embodiment, the second mid
surface is oriented such that the distance between it and the axis increases 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°.



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 nerw9 20hig0gssond m d surface is oriented such tharCrhs2aiossance
between it and the axis increases with increasing distance along the axis
in a direction toward the central space. The second md surface may have an
orientation angle between about 1 and about 5. It nmay 25have an orientation
angl e of about 3. [0007] In an alternate enbodi ment, the coupling
according to the invention conprises a plurality of segnments attached end
to end surrounding a central space. The segnents are joined to one another

by adjusta i ti f e . of the
segment s pdodert s8th SBARLE oFRBAREHL IR CRERTE a5 aBS LEThRIOT B s et o
The keys prgjl@atityrdfdeghints htwhedibnd foandstrrbitrligentdnalal spaeeTheldwgnkaws of
each pair are in spaced apart relation to one another. Each of the keys
conpri ses tifoloHSHdS PRttt bygdBgtadydeshienablecoaneatign Mombes pughiag sur f ace.

Fach of tneydlded! Bl of Uil REaend RalNOMl Bf dbhul LSRR EAMbEBIRBC LR an
axis oriented perpenaicularfy to a ptane contal nmng the-segrents. ortions
of each5of stgmerfts.r She kayd psajedtanbslyamevaidly envgad dabdeatrali fphcco The ket aces of

t he pi pe el enent.s when th i pe el enents are siti.gned within the central
space. [poﬁgéﬁw Yhidt mR3ce ?@5&6}?@%}0 %%WO&GTF@%@W@_@@W? EHBPTIEOMYP i ses a
second m d 3PsdiRGLIANIE LiQOSELBOAADHAIE M bl tdcBe EhéH St th8ihekisHnf ace. The

second md surfaces ‘are angularly oriented with respect to the axis. The
second mi d ssdadeacemgatalyemgatgd abihercgichiotdn axms @iengd repehdicelagfy tone of t he

pi pe el ements when. the, pi pe el enent.s ar OSiti dwthin the central
Bbace. [oodueraainnie HhabEats o i S BE L P i trEnt at§ on angl
with aigl oRAgARAOIS with dulerisifrasds@Pencqfipd iIembhtk Sthefiitich d;iidé tRERnakd) Which it
is contiguous. I n one enbodi nent, eac% of the second md surfaces is

ori ented suwektipht withia thg eangrakbapace.
[0008] In another embodiment, each of the keys further comprises a second mid
surface positioned contiguous with the first mid surface. The second mid surfaces are
angularly oriented 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 comprise 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



20 between each of the second md surfaces and the axis increases wth

i ncreasing distance along the axis in a direction away fromthe central
space. | rweanotihwes7énbodi nent, each of the second m d suPCaAS01WH6TPI ent ed
such that the di stance between each of the second md surfaces and the axis
increases with increasing distance along the axis in a direction toward the
central space. 25[0010] The coupling may further conprise connection
menbers positioned at opposite ends of each of the segments for adjustably
connecting one coupling segnent to another. The connection nenbers are
adjustably tightenable for drawing the first md surfaces into engagenent
with the oyt . s of th i pe.ele The fiir 1 S

subt end an%gﬁéfé%%%%ﬁélGRFH%%SHQE(%%%SH%%%%%f%Fﬁﬁ%%ﬁfﬁéﬂghghgﬂk%ﬁﬁgature

greater thaorfide simeihdisn AfglCol KatHAL]1 SU° dhbBa@d Biinifkihf AARISQT chivatpd pe
el ements. Each of the segnents is deformabl e upon adjustable tightening of

t he connectgreicribarbe sadivs Gayrvapirs gbtcantar apifyeccd icopips elesicatsr Faelupe of a
port1 o of faghyhi08hlishs Do R RTETplSubas B hnaH oL AATeRI L e, PLPe

el enent s. he i nventi 0 enconpass jorning pipe
el ement s i nsenshibs@nest; daf@hi hostivaturd ba paiibe Al el itsekst m(dgurfpeavi di ng a
coupling fornmed of a plurality of segnments joined end to 10end by a
plurality &0 thedjuiessumises of fistbpragpactiast eners, the segnents surrounding a
central space, at |east one of the segnents including an arcuate key

ext endi ng fft@ﬂﬁ]l THI&n RGHBE Biso 3RS a@ie‘%‘%%é’:ﬁ?ds gi:’)}ggfgﬁ%?ih@%ﬁ%ﬁﬂﬁ RN 1 al

space, the key conprising two oppositely d e surfaces and a first
m d surf acenpodationshipd Tthi encthat wegmises:he first 15m d surface facing
radially inwardly toward the central space, the first md surface being

angularl'y ori ent ed W fy S90S ok Bl fid oPh bRANAY PEIRRAN SHkALhY.d ©

10 end by a plurality of adjustably tightenable fasteners, the segments
surrounding a central space, at least one of the segments including an
arcuate key extending along the segment and projecting inwardly
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 from opposite

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 to end relation. Each of the pipe
25  elements has a circumferential groove located adjacent to each end. Each of the

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



(b) inserting the pipe elenments into the central space from opposite sides
of the coupling; 20(c) tightening the fasteners so as to draw the segnents
t oward orwoanuttes7sand t her eby engage a portion of the fPCratS2emosesar f ace
with an outer surface of at |east one of the pipe elenents. [0012] The
invention further includes, in conbination, a pair of pipe elenents and a
coupling for joining the pipe elenents together in end to end rel ation.
Each of the pipe 25el enents has a circunferential groove | ocated adjacent
to each end. Each of the grooves conprises a pair of oppositely disposed
sides and a floor. The coupling conprises a plurality of segnents attached

her . d ' . : f th
segnont o 1 RArBHSS i R PR s S Rl PRE R it PR T T

proj ects i rwakdlsyadeowanehst e afehd segmcapdadudcihg diaptcClayicdmhgtaldng
oppositely disposed _side surfaces and a first md surface positiaoned
t her ebet wedhf seggietrhd he kg projgedp igwardie tovvangd g GerulaPRse- i R ICOMPHRSr d t he

central s . i X i i : i 1 ect to
The 1 oor " aFBiopddticl igfostl dae Wil RECyl Ly ARPHIERINETLERMER MtBGESREC |
with thé flThorfirsteid sutfeceplapss redielty ntvaardly eopadithd comerdl ydatdi Tind fust méht r al

space. Brief scription of the Draw ngs _ 10] 001 Figure 1 is an.jisonetric
view of a CBUMS et RAHiTHEE Wit Frépmg%%%m 0? %@ﬁaﬁgovei GuREln PEthg cr osss
sectional ir@WhigalfRcedt chiddatde 4i@fth&hOs $hek thE g%%lenféngéﬁrg gsilisncd detail ed
partial cross sectional view taken fromcircle in Figure B and i s shown

on an enl arvgsun $ealeatral space. [ 0016] Fi gures 3a, 3b, 4, 4a, 4b, 5, 5a and 5b
show partial cross sectional views of

Brief Description of the Drawings
10 [0013] Figure 1 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 1;

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

2 and is shown on an enlarged scale;

[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 to the invention;

[0018] Figure 8 is a detailed sectional view taken from 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] Figures 10 and 11 are partial cross sectional views showing the embodiments

of Figures 4 and 5 respectively engaged with pipe elements;



15addi ti onal enbodi nents of the coupling according to the invention. [0017]
Figures 6 and 7 are |longitudinal sectional views illustrating assenbly of a
pi pe j oi 'wousim@2&rscoupl i ng according to the invention; PCOAB3j10B6ga¢ e 8 i s
a detail ed sectional view taken fromcircle 8 in Figure 7 and is shown on
an enl arged scale; 20[0019] Figure 9 is a longitudinal section view
illustrating the flexibility of the coupling according to the invention;
[0020] Figures 10 and 11 are partial cross sectional views show ng the
enbodi ments of Figures 4 and 5 respectively engaged with pipe el enents;
[0021] Figures 12 and 13 are cross sectional views of a deformable coupling
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Figure 1 shﬁm&d@gt@&@ﬂﬁ%ﬁﬁbnymﬁM/of a coupllng 10 according to the
invention. Coupling 10 conprises a plurality of segnents 12. In this
exanpl e two re used, it be ng under nore than two

segnent s ar{g(f neég’r}rgégéﬁ%ﬁ?‘:}%‘?%ﬂﬁ“b %F”élhpeerﬁ‘%f%%@:e‘é ‘a certain dianeter.

Each segment 12 is cast fromductile iron, but may alternately be nachi ned

from net al lﬁ!thh&iﬁe&hp@i@h%ﬁtnﬂ;od@h@ﬁﬁ' c resin. 10[0024] Segnment 12 has an
arcuate housing 14 which defines a recess 16. Recess 16 receives a ring

seal 185 (nGbomiaNak FLOUEEidnbole GLAGHE Loy 60U BReSo (ingllich, engages

t he plpe elene ts being Jjoined to create a tight joInt. 18 is
formed of dhmphagﬂ@nnmpﬂushpﬁsdﬂ&ﬁﬁbqamﬂud32fhﬂkmhkanahdwbasghmﬁmmeto

accommbdat e | enment irreqularities to seal th oi n Two .l ugs 20 are
attached t 6J,S$CL ét%ﬁ&e)ttgslfqﬁiﬁrsﬁ%)déﬁa% more than two segments are %tejn usec[ fo join pipe g

elements exceeding a certain diameter. Each segment 12 is cast from ductile iron, but

may alternately be machined from metal billets 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 fluid tight joint. Seal 18 is 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 segments 12 in end to end relation using the
fasteners as shown in Figure 1. When assembled the coupling defines and surrounds a
20  central space 26. A reference plane 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 10026] 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



150pposite ends of the segnent 12. The | ugs have openi ngs which receive
fasteners, in this case bolt 22 and nut 24. The fasteners are adjustably
ti ght enabwe 200/wesrd t he segnents toward one anot her as @esarsedessiyed ow.

[ 0025] Coupling 10 is fornmed by joining segnments 12 in end to end rel ation
using the fasteners as shown in Figure 1. Wen assenbl ed the coupling
defines and surrounds a 20 central space 26. A reference plane 28 may be
defined as a plane which includes the segnents 12. A reference axis 30 may
al so be defined as an axis extendi ng substantially perpendicular to the
plane 28. It is advantageous to position axis 30 at the center of the

cent ral SP3GgidPon LR 83091 1€ AR LN KIBORAL AL AKT S O

pi pe el enent’s j ol né e CoupPrng By conpari ng

Figures 1 apste26 zﬁ,ﬁd@—:lﬁteﬁ&gmﬁgtthelﬁ’oum@ lddeswedn thealsds adnRegmdéitti 2prsftesabl y a
pair of keys 32. Keys 32 of each pair are in spaced apart _relation on each
segnent 12 Shewy Elzuﬁr?o,e@@x keyat comyisehonpogitsly dispased stdseuriasrsdiandghce 26

and extend aﬁhg%i Hﬁa& E@é‘ d BEWEEThCLRR s‘ﬁﬁgéesoﬁvlg%gﬁﬁw%?]ﬁ d%As best

shown in Flgure eac conpri ses oppositely dispose surfaces
34 and 36 amtally mivxclrcﬂwcimé t18Bcoposh stpammlarbbhmﬂmwmhéﬁglrdé sungdeds. M d

surface 38 face Sradi al | y towa t.he central .spac and, as
shown in Fi"é‘&‘P@ Fthy rgspfﬁb‘él V@ gJ 8%088&1%?%“% QSE‘E‘Eta’tl%‘P ﬁ}&?%g@ﬁ%rlqﬁor
practi cal b 10 and
bout 50, v e RS R R ageous,

[ 0027] As sdomradenudsi gure 2, md surface 38 is oriented such that the
di stance 42 10bet ween t he nid surface and the axis 30 increases with

| nereasi ng g sance el ongiax s 30 L2 8 LSSLLOR SRl FOTLESRLEE! Space 26
10 between the mid surface and the axis 30 increases with increasing distance along axis
30 in a direction away from central space 26 as indicated by arrow 44. This may be
seen by a comparison between distances 42 and 42a, 42a being further away from

central space 26 in the direction of arrow 44 and longer than distance 42.

[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 orientation angle 41 of about 3° being advantageous.

25 10029] 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



seen by a conparison between di stances 42 and 42a, 42a being further away
fromcentral space 26 in the direction of arrow 44 and | onger than distance
42. [ 0028)O0I2n11zmes78er enbodi nent, shown in Figure 4, m @#CTASE@om6380i s
oriented such that 15the di stance 42 between the md 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 conpari son between di stances 42 and 42a, 42a being closer toward central
space 26 in the direction of arrow 44 and | onger than distance 42. Simlar
to the enbodi mrent shown in Figure 2, md surface 38 faces 20 radially

i dly t t. tral 26 . h j Fi o4, .t id
B e M T AT
the slope af tﬂl@df%fa@n@@%@?ﬂgﬁﬂh@@@oﬁdﬁ%idis%f&b%%?tbta%stﬁ thdiAhc@hscffugnt ati on

angl e 40 shown in Figure For practical designs the orientation angle 41

vari es bet wemeasaigolistad@® aa\md fedmo thte B0tral spadehoramcroase enthanceasiandisendd  of
about 30 bein vant ageous., 25[0029] In t ., anot her, odi ment, ,shown in
Flaure 5, SaLfrRty AaAPSEHs adRb e SRt B s, IRQRF BT B0 0s i th
the first RAERArdS dhsUbpAELhS8ecokil vBd ktv@adeidbst oppdidits W thacst thS BEPRAd M d
surface 46 is angularly oriented with respect to axis 30. The second md

surface mapuEhesc dhdteopnesie slepe wimeant epnyisie USsigerag docsaipb prean thghtheabout  50.

The di stance 50 fromth econd m surface 46,t 0. axi s i-ncrease with
e one oo SerBrabratisklly PRORAR, & AeRHbhRsg, dRud ) 8hE mdofRGumege>e o 1o

di st ance t et differcaefbmahe sfat@iontdnglel 48t dfehe RLbAGMId Sursdce abedth the Fi gur e

5. In the exanple shown, 5 in Figure 5 the slope of the second md surface
46 is opposlapes Pyng ARROSHE It HENf i rst nid surface 38. By opposite slope is
meant opposite in sign, and does not nmean that the slopes are necessarily

the sang, ]ﬁﬁoi()‘?efh%rnhiﬂ%ﬁ’éée%} SRS 3@%11%“48?1% ﬂétrb%tﬂamgﬁtrl%]égfrééﬁ)ﬁ of8 my be

different fromthe orientation angle 4 e secon surface 46 with
t he sl opes abeivag4applosit & Figusk g+, bliOhOYBHle cohecxwrtostavieanevature suthisaces 38

and 46 need.not be .flat inp the directi of. arrows 44 as shown in Figures
T, bur e i ar BV LA UETek B0 40t R Rl R R T 9

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 passes through the end points 43 and 45 and a line
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 of the surface 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



direction. Figure 3a shows a md surface 38 having convex curvature, the
convex curve 39 of the surface being best seen in cross section and havi ng
end poi ntwo4811zame8745. The orientation angle 40 of the ceaovaskyrovarved m d
surface 38 is nmeasured 15 between a chord Iine 47 which passes through the
end points 43 and 45 and a line parallel to the axis 30. Figure 4a
simlarly shows a convexly curved md surface 38 having a sl ope opposite to
that of Figure 3a, the orientation angle 41 again bei ng neasured 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

i th rospeceril ob) R B GAMRY RS5O Fue SRR dabeh BEfRa, ™ ©°

respecti ve cahetdéehilistgsceBR @anthgXlslamcbppokitd® thandFigie 816 thxdsendfionChord |i ne
47 passes through end points 43 and 45 of curve 39, and chord line 51
passes t hr 308l 4 fgapdicHigsmepsured peaeegtheghoye lis563 (wygh passes hroughiles nat e

enbodi ment ’enﬁg&\ﬂ% 4l fy (Quéﬁhgggfa%?’%tcﬁiewgsﬁ?' ?ﬁ@& ﬁggﬁeﬁgﬂ% to 4%is 38BN ER Lo

curvature, t concave curve ace est seéen Ih cross
sect i on5andbhavivangn embogoient Isava: tsrdcoffiguotiseoncavelytcatvedmidrsgtfecedB38of t he
convexly cur ag m.d surface.38 is HEFS% ed ggtmeen a cQgrd line 63 (which
passes | hr OGO P TEMFCRE] TSN AE s 1) SBhASL9Fh HEBEFLITEFT o t he axi S

30. Fi gure Abestivd dndfd e B3WRd 35 M & A6 irafbir ¥ @disTBod (Hotd ReEoBFasb@vi ng a
sl ope opposite to that of Figure 3b, the orientation angle 41 again being

measur ed béhmegnendpointsSPdnil bhef 6@V Whi ald ghaskles G3passaghihohgh embtip@uoisnt s 59
and 61 of tggﬁﬁ§3fﬁ§e's gurve 57) and a line parallel to axis 30. Figure 5
5b shows an iOh&HYC9dvi ng two conti guous concavely curved mid surfaces
38 and 46 with respective orientation angles 40 and 48, each neasured

bet weenor eqp@32] iIvQured@ a7 ilNBEa6 3 AdBo®S( jafiih@pibt BRnfRalsa2l ld stdn axd & 30.
Chord line 63 passes through end points 59 and 61 of curve 57, and chord
line 65 pas¥e&litanuasgprdaedosls myentsy. Lyphne b9 isqupvidedyith thy wgsEptsf2gur es 6

and 7 illu FOL i im.end to end
ol'ation adsgrh e oot 19aR AEbEhETTRD 15BN DI e
segnment s 12ldnfens p2caidsaedriiitonied antrahsphse?d Whoeriecribhgandalt tse Noodttsp@2 only

| oosely fastened,_ Pipe elenent 52 is ipserted into fhe central space 26
where it ef >$ iipserigd figay the gppplicalieideR Mbncqndral 1aes £eas o3 Bhe

opposi 1§ dir@Gt s@MHIYife QBREABY iRPRGFin&Perac SHAWNiYsc PR, N2 ord he pi pe

elenent is Inserted into engagenent with seal 18. Bolts 22 are then
ti ght ened dmuoh tsghdpmediasd $&names r awdravowandrdoe anodtchdprcifgthe kg 3hetkeys 32

into engagenent wifh.the outer surfaces of pi el nts 52.and 54_as shown
i gur e premrieglvish O ARt TRE s S T Rede aif Bl ont o
grooves 58 TaaGuld sifaeh of e ipeeeléhigntK % Bdumiidrehtsal BRIREs shald édwenirur f aces
form ng the grooves are al so 20considered to be part of the outer surface

of the pi pecehertbakeys 3Bs Ihsgotosbairihg 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 8, 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



Figure 8, groove 60 has oppositely disposed sides 62 and 64 and a fl oor 66.
(G oove 58 may be simlarly described.) In this enbodinent, the floor 66 is
subst ant iaDI2g1p@ess| el to the remai nder of the pipe out eCTASRd1a061768. Sea
18 is al so conpressed within the recess 16 between the segnents and the

pi pe outer surfaces and acts to 25ensure a fluid tight joint. [0033] As
shown in Figure 8, the angular orientation of md surface 38 permts a gap
70 to form between floor 66 and the md surface. This gap extends
circunferentially around the key, increases with increasing distance from
the central space 26 and provides flexibility between the coupling and the

pi pe el ene .al | ow f lL.ative,.def ti I e ts 52 and
5" see Fi oty RAERS RO SR b RUAE TR QhbigaBhPRRIRERF .
Furt her nor eleflti®naighd gipe lecments 3Riaad 59f(sdegurt 8) suthb@dep3&ng oigsaifivait
significantly induce straightening of pipes which start out angularly
oriented. 5iovsatharennliag. Frghsrpiofs. the Heplie ercntpdonpiibe BGpEHCE 38nd t he
coupling i . . i j i I: s 4 and
10, "wher ei nofHI s RHRC HRicy NGB DepBEDQHICRRY QR AMEIR, SiahieS
between the md surface and the floor 66 which increases with increasing

di st ancé t 40@¥d Simdaciexibifity spece B6 pipewtdanmmtsnandshe thwpliog ipdlsngffedbddi ment

shown in Fi es 5.and 11.., having first and ond anqul ar] Oori ent ed
o sur £ acdd tECaRiRE Erbadinsatsioatyn Tidtes it FE oSt Bl 5 R Feon
the md sunhagedy snchitd® iﬁfrﬁ%\g%f)ﬁb%@fwe@ﬁ theOmRI Qi¥fad€ahd @%ifol 66 Which the
joint formed between the pipe elenments by the coupling. [0035] As shown in

Fi gure 12, macgseowithenasessingaligmecddwanddheecntiet speen2eebwtimrmon2thehen t hey
are_connected L9 SNBANGHIELWA f #RAGSd 1813 1han, 89y NRY <L AS, B AR, &) eTent s
52 15and 54 W%ygbe INsert &d° Vit Bhe® eéht rar Spate %é’mn?ﬁou |sé§senbling
the coupl i rEicdRdintidiserfady aRhageouspédiablyl PR vided tid BapFsarl dnd 7fbeowisanat ure 78
of the md surfaces 38 of keys 32 Be reater than the radius 80 of the
floor 66 ofthe mil griasceandshe aWGV%60@rﬁ<?q9é°r@\rlé%ﬂ@pb%h&<>sthequﬁ fermegd t her

advantageQ%%E&QERN;@ge@@E#gmgﬁﬁﬁyaﬁﬁﬂqu by the keys 32 be | ess than 180.

As shown in gure I guratton of md surface radius and

[0035] As shown in Figure 12, to provide sufficient clearance between segments 12
when they are connected to one another in spaced relation so that the pipe elements 52
15 and 54 may be inserted into the central space 26 without disassembling the coupling
10 it is advantageous that the minimum radius of curvature 78 of the mid surfaces 38
of keys 32 be greater than the radius 80 of the floor 66 of the grooves 58 and 60 on the
pipe elements. It 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 84 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 to 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 to substantially conform a portion 88 of the mid surface 38 to the outer

surface of the pipe elements (that being the floor 66 of the grooves) as shown in

10



20 subtended key angl e provi des cl earance between the pipe el enent outer
surface and the ends 84 and 86 of segnents 12. This end clearance permts a
cl oser spaoi2ng/wwE878he segnents while still all ow ng i nsecriuseoiofict’ne pi pe
el ements which, in turn, allows fasteners 22 to be shorter and thereby
yields a practical design. Wen the fasteners are tightened to draw the
segnents toward one anot her and effect engagenent between the 25groove
floor 66 and the md surface 38 of keys 32 (see Figure 13) the segnents
deformso 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) ag;sHoR pligRiU Enddeic kNN AP SIACAIS SREFY TS SLEREL BY Y
around t he ‘segfents 2put  d0es hot rict ude ' the entir e ar ea-of the i d
surfaces 38pcludeethgamiré@raitdfithe D&l N@fapeLIR e dap 7ONSillrRidd R¥dehi foi dnyurand

permt deflections of the pipe elenents 52 and 54. The angul ar orientation
of the m d flsgiilyendgenyldeliacierssofitheripesisaralr Frandnd: ddrEnEwaT e coupl i ng

Sto stiffen bhgbolfihe 8030l MRDuIREAL e RANBIS FRER AL ApARYeS the

angularly oriented md surfaces e coupling 10 according to
i nventi 6n po ewfifatetht gsinta si gni fi cant degree of angular flexibility w thout
conprom sing the fluid tight integrity of the joint. Wat is clained is:

1. A coupli [ Oi ni.n i pe .el enents together i nd.to .end rel ation,
sai d coupl G Sp st R B TR erd S8 fing e oieh Bt Eadit achea
to one anotdiefec @NliAL1EAGoRHAE RUAEIN@ntion provide for a significant degree of

angular flexibility without compromising the fluid tight integrity of the joint.

11



5a central space; at | east one of said segnents including an
arcuat e key extending along said segnent and projecting inwardly toward
sai d centweal2osp@esss sai d key conprising two oppositely @#cCTassedoside
surfaces and a first md surface positioned therebetween, said first md
surface facing radially inwardly toward said central space, said first md
10surface being angularly oriented with respect to an axis oriented
perpendicularly to a plane containing said segnents, a portion of said
first md surface bei ng engageable with an outer surface of one of said
pi pe el ements when said pipe elenents are positioned within said central
space. vaniﬁéaﬁJQP coupling according to aim1l1, wherein said first

md surface I's 8%ented such that the distance between said first md

surface and said axis increases w.th jncreasi di stance .along said axis in
2 direction away- {3 GHAEE CCBRIERIPS sfgelgms togelibr i .enf%eenéae}aﬁlﬁg%galgccor di ng
to Caim1l, wherein said first md surface is oriented such that the

di st ance bepwlEg eoaindisiigi st mid surface and said axis increases with

i ncreasing distance along said axis in a direction toward said central
space. 204. The couplaiphgrabtycdrsdgments attached o dne anhtheeemd waind sfurowtding d
surface has an orientation angle between about 10 and about 50 .

5. The soupldef@alaps@rding to A aim1l, wherein said first md surface has an
orientation angle of about 30

at least one of said segments including an arcuate key extending along
said segment and projecting inwardly toward said central space, said key comprising
two oppositely disposed side surfaces and a first mid surface positioned therebetween,
said first mid surface facing radially inwardly toward said central space, said first mid
10 surface being angularly oriented with respect to an axis oriented perpendicularly to a
plane containing said segments, a portion of said first mid surface being engageable
with an outer surface of one of said pipe elements when said pipe elements are
positioned within said central space.
2. The coupling according to Claim 1, wherein said first mid surface is
15  oriented such that the distance between said first mid surface and said axis increases
with increasing distance along said axis in a direction away from said central space.
3. The coupling according to Claim 1, wherein said first mid surface is
oriented such that the distance between said first mid surface and said axis increases
with increasing distance along said axis in a direction toward said central space.
20 4. The coupling according to Claim 1, wherein said first mid surface has an

orientation angle between about 1° and about 5°.
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: 6. The coupling according to Claim1l, wherein said first md
surface is curved, said first md surface having an orientation angle
measur ed wetesaern2grschord |ine 5t hrough end points of saiPdTfuseew/omizdo sur f ace
and said axis. 7. The coupling according to Claim®6, wherein said
first md surface has a convex curvature. 8. The coupling according
to Caim6, wherein said first md surface has a concave curvature. 109.
The coupling according to daim1l, wherein said key further conprises a
second m d surface positioned contiguous with said first md surface, said
second md surface projecting radially inwardly toward said central space,

sai d second m d surface bei ngul 3 rj ed. w S aid axis,
said second md 53 mhfeg&glelp & E{r;&goe%&géﬁeP’v&/l?%‘glg%al\éﬁuftrgtrl{l@usr%%g%eeﬁ%faﬁone of
said pipe el enments when said_ pipe el ements 15are positioned within said
central spa&gigntation angle ghabophd”.coupl i ng according to Claim9, wherein said
second md surface has an orientation angle with a sl ope opposite to the

sl ope of said fi6r Stherwodplsng dcacmling to Claim 1, lwhcFhie seidfphtimig sadeor dicngyetlo C ai m
9, wherein said second md surface is oriented such that the distance

bet ween saisgidReand st fdcShivimcs @it fidhAngkinseadfcdGERRSLE cWbildNidencr easi ng
di stance along said axis in a direction away fromsaid central space.
5  through end points of said first mid surface and said axis.
7. The coupling according to Claim 6, wherein said first mid surface has a
convex curvature.
8. The coupling according to Claim 6, wherein said first mid surface has a
concave curvature.,
10 9. The coupling according to Claim 1, wherein said key further comprises a
second mid surface positioned contiguous with said first mid surface, said second mid
surface projecting radially inwardly toward said central space, said second mid surface
being angularly oriented with respect to said axis, said second mid surface being
engageable with an outer surface of one of said pipe elements when said pipe elements
15 are positioned within said central space.
10. The coupling according to Claim 9, wherein said second mid surface has
an orientation angle with a slope opposite to the slope of said first mid surface.
11. The coupling according to Claim 9, wherein said second mid surface is
oriented such that the distance between said second mid surface and said axis

20  increases with increasing distance along said axis in a direction away from said central

space.
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12. The coupling according to Claim9, wherein said second md surface is
oriented such that the di stance between said second md surface and said
axi s i ncreazes/mR878 i ncreasi ng di stance al ong sai d axi sPCH/US2@i00erbé on
toward said central space. 513. The coupling according to Claim$9, wherein
said second md surface has an orientation angle between about 1 and about
50 . 14. The coupling according to Claim9, wherein said second md
surface has an orientation angle of about 30 . 15. The coupling
according to Caim9, wherein said second md surface is 10 curved, said
second m d surface having an orientation angle nmeasured between a chord

l'i ne_through end,pgint. ?ﬁ ngta%c%‘dﬁl%ctg rldgeuflq V\% wshlér&ﬁlgﬁd c%na%!ugs fﬂace is

16. The coupling accor erein sal secon surface has

a convex curvat The ou [in ording to daim15,
wher ei n saioale%@awdl thiithg G%SfaaE%%ﬂ%%% ee&ﬁe%mgd sutarsend gal axis 18. The

coupling according to Caim1l conprising two said segnents. 19. The
coupl i ng ade@easchyith nasraging distangsataigriarlzxe waghmatien tovardsaidesdnlt o one
anot her in spaced apart relation. 20. The coupling according to
Claim1, wspaein each of said segnents has a 20cavity therein, said cavity
on each said segnent extending | engthw se al ong said
5 13. The coupling according to Claim 9, wherein said second mid surface has
an orientation angle between about 1° and about 5°.
14. The coupling according to Claim 9, wherein said second mid surface has
an orientation angle of about 3°.
15. The coupling according to Claim 9, wherein said second mid surface is
10 curved, said second mid surface having an orientation angle measured between a
chord line through end points of said second mid surface and said axis.
16. The coupling according to Claim 15, wherein said second mid surface has
a convex curvature.
17. The coupling according to Claim 15, wherein said second mid surface has
15  aconcave curvature.
18. The coupling according to Claim 1 comprising two said segments.
19. The coupling according to Claim 1, wherein said segments are attached to
one another in spaced apart relation.
20. The coupling according to Claim 1, wherein each of said segments has a

20  cavity therein, said cavity on each said segment extending lengthwise along said

segment and facing said central space, a seal being located within said cavity.
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segnent and facing said central space, a seal being |located within said
cavity. 21. The coupling according to Claim1l, further conprising:
connect i omOrzeniwesySposi ti oned at opposite ends of said PEFMESREIS/ 061700

adj ust abl y connecting one coupling segnent to another, said connection
menbers being adjustably tightenable for drawing said first md surface
into engagenent with 5said outer surface of said pipe elenent; and

wherein said first md surface subtends an angle of |ess than 180 and has a
m ni num radi us of curvature greater than the radius of curvature of said
outer surface of said pipe element, at |east said one segnent being
def or mabl e upon ,adjyst.ab ti in j n 1l0on nmenbers so as to
substantially cgﬁf glrﬁ%"?%@%f Sg‘%}a JP?%{“ g%@?‘%%%ﬁ%m aid first md
surface to the outer surface of said pipe elenent. 22. The coupling
according to Claim 21, mhgrein iﬁid s&&gggts are at ed to oggg%nother in

PG o SES e

spaced apart rel ati offonnection Memoerspos El enent s
together in end to end relation, said 15coupling conprising: a
plurality efiusehhyesonsecing eapseuplBespsmende perthernsnid somsatiguMedbedi ng a
central space; each of said segnents having a pair of arcuate

keys ext endiemg adjustalyetaghtterablesfar drasegmend Srsamad pur6jce citb eggagathieal With i nwar dl y
toward said central space, said 20keys of each said pair being in spaced
apart rel atshidroutes? s@ifeccToLIdgipe @aabntoindai d keys
wherein said first mid surface subtends an angle of less than 180° and
has a minimum radius of curvature greater than the radius of curvature of said outer
surface of said pipe element, at least said one segment being deformable upon
adjustable tightening of said connection members so as to substantially conform the

10 curvature of a portion of said first mid surface to the outer surface of said pipe

element.

22. The coupling according to Claim 21, wherein said segments are attached

to one another in spaced apart relation.

23. A coupling for joining pipe elements together in end to end relation, said
15 coupling comprising:
a plurality of segments attached to one another end to end surrounding
a central space;
each of said segments having a pair of arcuate keys extending along
each of said segments and projecting radially inwardly toward said central space, said

20  keys of each said pair being in spaced apart relation to one another, each of said keys

15



conprising two oppositely disposed side surfaces and a first md surface,
each of said first md surfaces being angularly oriented with respect to an
axi s ori empedipwesyéndi cul arly to a plane contai ni ng sai ®#C3aEN06179QO0rt i ons
of said first md surfaces being engageable with outer surfaces of said

pi pe el ements when said pipe elenents 5are positioned within said central
space. 24. The coupling according to Caim23, wherein said first md
surfaces on each of said pairs of said keys are oriented such that the

di stance between said first md surfaces and said axis increases with

i ncreasi ng distance aI ong said axis in a direction away fromsaid central

space. 1025 §¥i§lmg?vv 1t%f§fccﬁ£p chﬂae S %a%éﬂt%%i ﬁﬁépl%rcféugfa%gl %ac ' rf%clufiwed

sur f aces on e pal rs O Sald eys are orilen suc
di st ance b ];\ ajd flrst m d surfac tgnd said axis increases with
i ncr easi ng f ?té’tl e a%qS&ﬁtjlgsaagwlaﬁmwl?tﬁ WiGTPWEEi B AN AEROFENESi d cent r al

space. 26. The coupling according to Claim23, wherein said
first md damcadieslafgziea pBas C@trtﬁlémgétaldﬁﬁg@ﬁg%elﬁ%é@mﬁa@tf&a‘tmtd sfldcegbout 50
27. The coupling according to Claim 23, wherein each of said first
i d surf acésingasgagrableivarit atteronrianglod saifl pairotlém&0s when said pifg&lenidngs coupl i ng
according to Cl aim 23, wherein each of said keys further conprises a second

m d surBacqr%httdn@@%h@rpmdmssp%éh said first md surface, said
20second m d surfaces being angularly oriented with respect to said axis,

sai d second 24. The coupling according to Claim 23, wherein said first mid surfaces on

each of said pairs of said keys are oriented such that the distance between said first
mid surfaces and said axis increases with increasing distance along said axis in a
direction away from said central space.
10 25. The coupling according to Claim 23, wherein said first mid surfaces on
each of said pairs of said keys are oriented such that the distance between said first
mid surfaces and said axis increases with increasing distance along said axis in a
direction toward said central space.
26. The coupling according to Claim 23, wherein said first mid surfaces have
15  an orientation angle between about 1° and about 5°.
27. The coupling according to Claim 23, wherein each of said first mid
surfaces has an orientation angle of about 3°.
28. The coupling according to Claim 23, wherein each of said keys further
comprises a second mid surface positioned contiguous with said first mid surface, said
20  second mid surfaces being angularly oriented with respect to said axis, said second
mid surfaces being engageable with an outer surface of one of said pipe elements

when said pipe elements are positioned within said central space.
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m d surfaces being engageable with an outer surface of one of said pipe

el ements when said pipe elenents are positioned within said central space.
29. The cwopbim@2siscordi ng to C aim 28, wherein each of peaius2es100617d0 m d
surfaces has an orientation angle with a sl ope opposite to the sl ope of
said first md surface with which it is contiguous. 30. The coupling
according to Claim 28, wherein each of said second md 5 surfaces is
oriented such that the distance between each of said second md surfaces
and said axis increases with increasing distance along said axis in a
direction away fromsaid central space. 31. The coupling according

Claim 28, wh [ . Of ' ! - I.S: QLI : h th
the dr st ance betwedneeatn he-S0 eI COE: 1% Qrlilis BRERARGIR SR S T

i ncreases with increasing distance al ong sai d. axi in adirection . toward
sai d cent r aPrfagssdias an oricntatiogzng h"élﬂb%ﬁlﬁg? H@P%E%&%FHG’P?BE @f‘lrﬁt?“ssl wher ei n

each of said second md surfaces has an orientation angle between about 1
and about 5orfeeegrélewhich it is contiguoug3. The coupling according to O ai m 28,
wherein each of said second m d 15surfaces has an orientation angle of
about 30 degrees0. The coupldy actdrdingao @llaingl G edweradi saghtod séldasero@Bméebnpri si ng
two said segnents. 35. The coupling according to Caim 23, wherein

each of ssaisgrsedieaitdiasci it distdite Riwben $a¢Ho TR de¥oRmAPGIfas&d d
segnent extendi ng | engthw se al ong said segnent and facing said central

space, a sggl élﬂ 08 éé&@eﬁ%@@ﬁﬁ’iiﬁ&édh lidaf @Vl s safl03s in HfircAYPLY A
according to Caim23, further conpfising:
from said central space.
31. The coupling according to Claim 28, wherein each of said second mid
surfaces is oriented such that the distance between each of said second mid surfaces
10 and said axis increases with increasing distance along said axis in a direction toward
said central space.
32. The coupling according to Claim 28, wherein each of said second mid
surfaces has an orientation angle between about 1° and about 5° degrees.
33. The coupling according to Claim 28, wherein each of said second mid
15  surfaces has an orientation angle of about 3° degrees.
34. The coupling according to Claim 23 comprising two said segments.
35. The coupling according to Claim 23, wherein each of said segments has a

cavity therein, said cavity on each said segment extending lengthwise along said

segment and facing said central space, a seal being located within said cavity.

20 36. The coupling according to Claim 23, further comprising:
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connection nmenbers positioned at opposite ends of said segnents for

adj ust abl y connecting one coupling segnent to another, said connection
menber s bwoOregl1zi@psrst ably ti ght enabl e for drawi ng sai d fiPCItUSR010/061796 aces
into engagenent with said outer surfaces of said pipe elenents; and
S5wherein said first md surfaces subtend an angle of |ess than 180 and have
a mninmumradius of curvature greater than the radius of curvature of said
outer surface of said pipe elenents, each of said segnments being deformable
upon adj ustable tightening of said connection nmenbers so as to
substantially conformthe curvature of a portion of each of said first md
surfaces to the outer rf. s..Qf sai d. pi I nt 3 caoupling
according to Clain13§?%%ﬁé§%§ﬁnggﬁ ggﬁﬁ%ﬁ%éggggﬁﬁ?&ggﬁggzgﬁigﬁgigﬁother in
spaced apart.relation. . 38... A nethod of joinin i pe elenents in end
to end rel &USHER; PNNSLing RECAGRINESHBPPYiLAgRoL ‘?TOWQISWB@E“%‘E}B‘[P“TEW@ formed of
a plurality of segnents joined end to 15end by a plurality of adjustably

t i ght enabl dcingsdantably tigherabledgnenmingsind Bishailhsuriaceeinte engagpaed Wikt | east
one of said segnments including an arcuate key extendi ng al ong said segnent
and pr oj ectshidgutanwarfadey of sndipgpesdintbneennd al space, said key conprising two
oppositely disposed side surfaces and a first md surface positioned

t her ebetween, said first md surface facing radially inwardly toward said

central sspace, said fjHepdin BAid fir§iWhitiAGEaRE sMte@NEH AR ¥F 1085 BA EZh Wt h
respect to an axis oriented perpendicularly to a plane containing said

SegTent ! vove 4 minmugy KORRTCDA AL RloP Rt RIRIRS ot Dt ot GRIGE Space
from opposite’ sides of sald)coup In
surface of said pipe elements, each of said segments being deformable upon adjustable

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

a portion of each of said first mid surfaces to the outer surfaces of said pipe elements.

10 37. The coupling according to Claim 36, wherein said segments are attached

to one another in spaced apart relation.

38. A method of joining pipe elements in end to end relationship, said method
comprising:
providing a coupling formed of a plurality of segments joined end to
15  end by a plurality of adjustably tightenable fasteners, said segments surrounding a
central space, at least one of said segments including an arcuate key extending along
said segment and projecting inwardly toward said central space, said key comprising
two oppositely disposed side surfaces and a first mid surface positioned therebetween,

said first mid surface facing radially inwardly toward said central space, said first mid
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5tightening said fasteners so as to draw said segnents toward one anot her
and t hereby engaging a portion of said first md surface with an outer
surface obVoavillwasts one of said pipe el enents. 39PCirruseaivsriae i on, a
pair of pipe elenents and a coupling for joining the pipe el enents together
in end to end relation, each of said pipe elenents having a
10circunferential groove |ocated adjacent to each end, each said groove
conprising a pair of oppositely disposed sides and a floor; and wherein
sai d coupling conprises: a plurality of segnents attached to
one another end to end surrounding a central space; at |east one of said

segnents includi,ng an arcuate key .extendi ng al ong. sal d.se nt and
or o ect ng P arye Paflary e s R Rb IR A e SRBARERIT b o1 o
oppositely disposed.side surfaces and a first md surface positioned
t her ebet we@FNCSANGIRG $4d 388ty f ace facing radially inwardly toward said
central space, said first md surface being angularly oriented with respect
to said floor of saidnsgrigwseld pippelemicals P saigdicdntidlspaceriFam oppdsie sideei ng
engageable with said floor when said pipe elenents are 20positioned within
sai d centr alf ssipaoepling;
5 tightening said fasteners so as to draw said segments toward one
another and thereby engaging a portion of said first mid surface with an outer surface
of at least one of said pipe elements.
39. In combination, a pair of pipe elements and a coupling for joining the pipe
elements together in end to end relation, each of said pipe elements having a
10 circumferential groove located adjacent to each end, each said groove comprising a
pair of oppositely disposed sides and a floor; and wherein said coupling comprises:
a plurality of segments attached to one another end to end surrounding
a central space;
at least one of said segments including an arcuate key extending along
15  said segment and projecting inwardly toward said central space, said key comprising
two oppositely disposed side surfaces and a first mid surface positioned therebetween,
said first mid surface facing radially inwardly toward said central space, said first mid
surface being angularly oriented with respect to said floor of said groove, a portion of

said first mid surface being engageable with said floor when said pipe elements are

20  positioned within said central space.
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