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Field of the Invention The invention concerns a roller tool for formng
groowes woOizmpoPpss used with couplings for joining the P@I?&%O&Qﬁoisv? end
‘and effecting a substantially rigid or flexible fluid tight jolnt
t Her ebet ween. Background of the Invention io Couplings for joining pipes
together end to end conprise arcuate segnents that circunferentially
surround co-axially aligned pipes and engage circunferential grooves
positioned ' proximiperkq hB6reReR PbRAZNG BRBBVEEN®NCUREJS are al so
used to connect pipes to f control conponents such as 1s valves,
reducers, strainers, restrictors, pressure regulators, as well as conponents
‘to conpoHéeid.om theudhvbntibhe description whi ch follows pipes are
described, th ar.e b X I nI e invention herein not
being limte nﬁ’seg‘%g% %v?n%@érnspés%?é}%se O?étl tsf}rgfouljEn A 5F B ot ed
t hat st helhepmpé[iﬂ pe'edaylmbe@toh@rlamsr dioer gotimisugr dihghtpipsipenidatavednd as
el bows S al itt T f r he
coupllngéS avg%%F?gﬂ eréﬁt%&%kk all?ﬂg?gégtgﬁd%ﬁgﬁﬁa %yqﬁﬁ§%%313§F%mard t he
pi pes andlofipt wiheweketweegr-ooves around the pipes. The keys are typically
sonewhat narrower than the grooves to permt themto fit wthin the grooves
and bear against the shoulders formed by the grooves to hold the pipes
t oget her Bagkgeund; pfeLhs ESLHOE and external forces that nmay be applied
to 3@ the pi p%up@shgrsn@brf gbﬁﬁin@ab1®"elss‘€o§@%hte& el TR erfX RIAPrABON
contraction of the pipes d to .changes in ; nperature as mell t he
wei ght OPrFHQtﬁlﬁgngPtéO ﬁeﬁﬁ§cu§&€He§§1@ eSSV, (TQY?%W%ﬁﬁipes
WZI ch cag)hgnesi g;ﬂpfelsC&hH Eagalgar @qx@uatfetxemplape@r@we\ml .t \9ed | oads 35
d seism c |.oads e a fact 0051094293 PCT/US 005/ 010293
It is ad9£ﬁf&&€5@st9hgg Bg CSEpﬁﬁﬁ pBEeSUb EntGOAR Y %, C resist

rot at i onuekdt e mbpﬁ&ctebapeweUH)ﬂMMad control components such as

15 valves, reducers, strainers, restrictors, pressure
regulators, as well as components to components. Although in
the description which follows pipes are described, they are
used by way of example only, the invention herein not being
limited for use only with pipes per se. It should also be

20 noted that the term "pipe" as used herein refers to straight

pipes as well as elbows, tees and other types of fittings.

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

35 and seismic loads may also be a factor. o>



anot her about their |ongitudinal axes, resist axial notion of s the pipes
relatively to one another due to internal pressure, and resist angular. -
def | ecti WO 205094285 rel ative to one another. A rigid colrpriusgoosiord29be | ess: «~
likely to leak, requiring |ess maintenance, and will sinplify the design of
pi ping networks by elimnating or at |east reducing the need 10 for
engi neers to account for axial notion of pipes_in the network when
subj ected to Bt ght faduantraeeraathpEepéneecouplpags| bensdbgk antgial aoupl i ngs
require }fg}f‘f‘&, SUPPOrt pebPst | fatstyawaafeéhée%hgey Q81 Jeyniheidmyfe val ves
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that are narrower. than the wdth of _the oves_t hat e ngage. . This
Condi t | AR TR 458 i e ereRaPe: b8y ShE BETRAAA Y. HESSREAN 9y and ¢ he
pi pes whp iy | eswdols nig hel ieeénpt aygand atellabbre redverimgt t Heomedanpl e,
axially,_.rotationally or ngul ar tween the pipes.. Lt i.s also difficult
to édsur Ort?ﬁglgﬁﬁﬁgk%@sa%?%%%gl%ggnggbe tﬂ%Eé?goeesPlegupﬂfhgnghich
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that signifdcedtrdis tneiRepsxeris aH@ORot heotastenpbatusdd to clanp the
coupl i nglto the pipes. . This_ is especially_acute when pipes to be joined are

st acked 1onYA ybs boasts wedeshpspwibo98 gravity when the pipe

couplings are substantially rigid.

20 Many couplings according to the prior art do not
reliably provide the desired degree of rigidity mainly
because they use keys having rectangular cross-sections that
are narrower than the width of the grooves that they engage.
This condition may result in inconsistent contact between the

25 coupling and the pipes which allows too much free play and
relative movement, for example, axially, rotationally or
angularly, between the pipes. It is also difficult to ensure
that such keys properly engage the grooves. Couplings which
provide a more rigid connection may be ineffective to force

30 the pipe ends apart at a desired distance from one another so
that the keys and grooves are in proper alignment and the
pipes are properly spaced. When properly spaced apart, the
pipe ends and the coupling cooperate with a sealing member
positioned between the coupling and the pipe ends to ensure a

35 fluid tight seal. The movement of the pipes, although small,
is effected as the couplings are engaged with each other and .
the pipe and may required that significant torque be exerted
upon the fasteners used to clamp the céupling to the pipes.

This is especially acute when pipes to be joined are stacked



vertically one above another, and the action of engaging the- coupling with
the pipes nust |ift one of the pipes upwardly relatively to the other in
order towerffmsv9#dse proper spacing between the pipe ermsI/uS2005/@ 0D
couplings, it is also s difficult to reliably visibly ensure that the -
coupl i ngs have een properly installed so that the keys engage the grooves
ond’t ho B pESCandyepaBe doaRE! AREL HECquArEy - BRcaPE 26 IS it hesea 10
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axi asof popasi.on. 3 WO 2005/ 094293 PCT/ US2005/ 010293 The invention al so
includes a roller tool for formng

Summary of the Invention

The invention concerns a roller tool for forming
circumferential grooves around a pipe. The roller tool it is
20 rotatable about an axis of rotation and has a circumferential
surface engageable with the pipe. The surface comprises a
first surface portion oriented substantially perpendicularly
to the axis of rotation. A second surface portion is
positioned in spaced apart relation to the first surface
25 portion and is oriented substantially perpendicularly to the
( axis of rotation. A radially facing surface portion extends
between the first and second surface portions and is oriented
substantially parallel to the axis of rotation. An angled
surface portion is positioned_adjacent to the second surface
30 portion, the angled surface portion being oriented angularly
relatively to the axis of rotation and sloping away from the

second surface portion.

The angled surface portion may be oriented at an angle
35 up to about 70° relatively to the axis of rotation. A
preferred angle of orientation for the angled surface portion

is about 50° relatively to the axis of rotation.



circunferential grooves around a pipe. The roller tool it is ‘rotatable
about an axis of rotation and has a circunferential surface engageable with
t he pi peWOM9sBUR93ace conprises a s first surface porti eotashe@Rloesdes , v
substantially perpendicularly to the axis of rotation. A second surface
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second surface portions and s oriented substantially parallel to the

axi s of Ro¥kiewn. AhErderbhd $aFfHGe SHELRFENPRAS 18T ErSENtic PetiAhg a
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r ot a0 orPURFE IR AL RFFRA St R SPSpaXef P FASE O cdhes r than a
sl ope ofsﬁﬁﬁaé@cmﬂtianehas naaopbbsr senbmdnaenprotfheesls@aect@‘d tﬁmmfi r st
face is Iessthanas ?e secondfaﬁ. % %E‘SCI’I tion of the
Dr awi ngs-#§ 3% /U1 ‘F%n%lg%%%eﬁ? Fe TP 0P 8PE00 Bfll ﬁlg O VCoimERS ng two
pipes end to end, the pipes being shown in phantom |ine; 35 Figure lAis a
perspective view showing a detail of the__coupling depicted in Fi gure 1, 4
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of tBe pifention, the surface of the roller tool comprises a first
surface portion oriented substantially perpendicularly to the

axis of rotation.

A second surface portion is positioned in spaced apart
20 relation to the first surface portion. A radially facing
surface portion extends between the first and second surface
portions and it is oriented substantially parallel to the
axis of rotation. The second surface portion has a first face
having a first angular orientation with respect to the axis
25 of rotation and a second face having a second angular
orientation with respect to the axis of rotation. 1In one
embodiment, the slope of the first face is greater than a
slope of- the second face. In another embodiment, the slope

of the first face is less than a slope of the second face.

30
Brief Description of the Drawings
Figure 1 is a perspective view of a coupling for
connecting two pipes end to end, the pipes being shown in
phantom line;
35 -

Figure 1A is a perspective view showing a detail ,of the

coupling depicted in Figure 1;



coupling showmn in Figure 1; Figure 2A is an expl oded perspective view of an
5 alternate enbodi nrent of a pipe coupling according to the invention;

. Figure 280 3003/0889%pecti ve view of a portion of Figure BCTRS2M&000298N
enlarged scale; 10 Figure 3 is a side view of a segnent conprising the.
coupling shown in Figure 1; Figure 4 is a bottomview of the segnment shown
in Figure 15F3gufieggr és4An £xplsiddd wegwpsictarvealwiewaife tdrebgrlipeent of a

segnent BBM%QQn%“%h@JYl and i fdrdnge for mating with flanged pipes or
fittings, 20 Figure 5 is a cross-sectional view taken at line 5-5 of Figure

1;. Figures SA and 5B are cross sectional views taken at 25 line 5-5 of

Figure 1 showrngnalet onnate aemeagiiials pofr e t iGRURIIRNY sl di ng to the
invention; Figures 6 and 7 are side views of a roller tool forning a groove
in a i p@;ltge“nﬁit&ureé‘?ogﬂt-m?étsI‘?cf\Nasipdé’evicé’\}&’léFlg\/é’lqct%@%M et s of

roller teal&ntqbnf;orm ng a groove in a pipe; Figure 8 is a cross-sectional
view of an alternate 35 enbodinent of the coupling; Figure 9 is a partial
perspective view of an alternate enbodi nent of a coupling according to the
invention; 5 WDg2@e5L894293 PElisg82@A5e010293 o fFiagpioas ithr Bf &ikyure 2

| ongi tudi_pal secti_onal ,vie of,_enbodi nents of pipes having circunferential
grooves 5@8‘6’Pd|°rrfgant Sntlﬁgg;g%/gﬁtaﬁgn; and 5 Figures 16-21 illustrate various
fittimmgs and conponents having circunferential grooves according to the

I nvention. Figure 3 is a side view of a segment comprising the

coupling shown in Figure 1;

Figure 4 is a bottom view of the segment shown in Figure

15 3;

\

_ Figure 4A is a side view of an alternate embodiment 6f a
segment having one key and a flange for mating with flanged
pipes or fittings;
20
Figure 5 is a cross-sectional view taken at line 5-5 of

Figure 1;

Figures SA and 5B are cross sectional views taken at
25 line 5-5 of Figure 1 showing alternate embodiments of the

coupling according to the invention;

Figures 6 and 7 are side views of a roller tool forming
a groove in a pipe;
30
Figures 7A-7G show side views of various embodiments of

roller tools for forming a groove in a pipe;

Figure 8 is a cross-sectional view of an alternate
35 embodiment of the coupling;
Figure 9 is a partial perspective view of an alternate

embodiment of a coupling according to the invention;



Det ai |l ed Description of the Enbodinents 10 Figure 1 shows a pipe coupling 10

for connectin

two pipes 12 and 14 co-axially end to end. As shown in-

*

Fi gure 2O 23%‘8‘31‘%939 10 is conprised of at |east two sedifdift$20a%018203 18.
Each segnment 16 and 18 has lugs 20 and 22 respectively, the |ugs being

positioned at or proximate to each end of the is segnents.

each end of segnent 16 align with the lugs 22 at each end of segnent

Lugs 20

and 22 qin%s AAPIPhio 1868 Meaimo! caeseioRh el g1aky en the form of
bolts 24 and nuts 26 for joining the segnents to one anot

er end to

The lugs 20 at

-18.

end

sur r oun@RedimeniH&d PLRGR having oHeEmRmR ekl 2DOSHeEnaFAOFAgage 1,

the | ugs 2@ NGageddiod ugsnd2 in what is known as "pad-to-pad’ engagenentﬂ

with the lugs contacting one another when the segnents 16 and 18 are

properly engaged with

al so be
segnent
iIIustr

attaching the segnments to one another end to end it is recognized that 30

there are otqe Q}t rEhesﬁﬁﬁbéi c%{ unferentlal bands, axi al

pins, a

ag t mgﬁ&séw R ch Cﬁt]fﬂfﬁsttflatﬁé)agzﬁdlcﬁf]@rfhltftﬂﬁés oanuheamb?geaés
an ar r er en ed Wt I he as
i G PR T A, ST C A HES FarEhe oanRBaRLSor

sclosed in U S Patent

Nunbers 1, 54Figfiire 2, (“.é'_'thVBS_I.:ﬁ PR8It n®, BY L dO2corngéRing4twa, 113, 791,

and 4, 5
| ar ge di

PArae 12 alrlg oy W Céklaéﬁ)beé&é)ytéivmgggﬁés *EhOin! ehepegige 30

pes, 1t 1Is sonetinmes a orm

from nDrO@Lmi&mq\M) deymonnrised ohath leadt dine fi@gmenbe toupniingsio
conpri seg 3f 16 %n@l@%Q%ﬁQ Wér&@@?%@é}?&%wéw 16Qej 0i ned to

each other an o} segnents 18a and

segment

SegRENt SRpldMts J OiiRd 1t éﬂﬁbiﬁﬁﬁéﬁﬁhfﬁﬁhtét &Whﬁaﬁéeaﬁiﬁnswﬁhhas bol t's
5 24 and nuts 26. The follow n sc&gﬁtlon of e couglln i s provided
by way &heexdids & é}td%af*ba%feg Qfgo'ﬁe and 22 are

20

25

30

35

alsoaé0|ne 0 one _anot her.

PeImEF AOHI BLONRE FtudRr RFGHdNSE o0 2R ePRdt AEr BBE, t he

adapted to receive fasteners, preferably in the form of bolts
24 and nuts 26 for joining the segments to one another end to
end surrounding the pipes 12 and 14. In one embodiment,
shown in Figure 1, the lugs 20 engége the lugs 22 in what is
known as "pad-to-pad engagement" with the lugs contacting one
another when the segments 16 and 18 are properly engaged with
the pipes 12 and 14 as explained below. The lugs may also be
attached to each other in spaced apart relation when the
segments 16 .and 18 are properly engaged with the pipes 12 and
14, as illustrated in Figure 1A.

Although lugs are the preferred -means for attaching the
segments to one another end to end, it is recognized that
there are other attachment. means, such as circumferential
bands, axial pins, and latching handles. These means are
disclosed in U.S. Patent Numbers 1,541,601, 2,014,313,
2,362,454, 2,673,102, 2,752,174, 3,113,791, and 4,561,678,

all of which are hereby incorporated by reference.

For large diameter pipes, it is sometimes advantageous
to form the coupling 10 from more than- two segments. As

shown in Figure 2A, pipe coupling 10 comprises segments 16a

For

Each

r

the pipes 12 and 14 as expl ai ned bel ow. The |ugs may

coupling 10

A



havi ng two segnents with-lugs at either end. Various aspects "of the
description are applicable to alternate enbodi nents regardless of the
nunber ofWOaHIM223conpri sing the coupling io or the nmaR€EYUS200501029B t he
segnents are attached to one another. As shown in Figure 2, each segnent 16
and 18 has an arcuate surface 28 facing inwardly toward pipes 12 and 14. A
is pair Iaef@ BUDpJQ)}I@%Ci tacadh yotihewarang teoseghentscliteandri8be 28. Keys

30 on ea rt?o'éhépé}%é‘ﬁa”saéﬂéééHQnEOaQQEnaB%?EEaBT define a
space 32 etvveen t As best shown in Figure 5, t0 effect t nnecti on

bet ween h#sHesaAP %Qmﬁrlch 2k Ats strempadethebevts Bhean@gBenNERt BAdNEg 20

cireunt eriitdd | to A5RINEhN MSS rtd aPd éAdrs?psggtgﬁéys Engagggesbiet keys 30
W th grooves 34 and 36 substantially connect the pipes_12 and 14

coaxi al | P4 Ahaddrdtder R ﬁ%ﬂ‘f?‘&’r%gt %%FE%P'élﬁ’Peﬁét ERfi AedPsépdr 4Pi on as

i ndi cat ed s PrdPRIGRDLBEvaA Seadkdiio T Thend 49si Bapeai tpened wbhpifn 5 space
32 and between the arcuate surfﬂge 1'128 of se nts 16 and. 18 and t pi pes

12 and 14'@VARE dHP PG W'Y PRt 1?1 8T 1979r ovV AELOHS %?8?1855
facilitatdmg Heuddsagi pfidheare cupbl hgabbadeal hdvsrpaessanbad@idméhtisd to
apply hydraul i res etothe selln mepber 40 and _ensuyre a fluid tight
30 seal ﬁ(ﬁ%cﬁlef 1ispel'ée uher 191 g%%%gbs‘ﬁ%\?\ﬂrjrﬁlln—?ggﬁgscﬁuabﬂ N9 each
key 30 proaf erl&blrganﬁms in peiichft lvansegesus f acesadRapbedt tonedeadj acent to
l ugs 20 anohgg)for ot herwi se near the ends of the segnents. 3s Cammi ng

surfaces Zfﬁjpr erably face outwardly away fromspace _ 32 and are
angularly oriented, as shown in Figure 2B, with respect to an axis 43

oriented substzgspté}%vj,ry {@%ﬁféﬂ o4 b8 KeymdRe THeaRg@MIBngasuifaces have
an angul ar orientation 2005/ 094293 P IU82005/010293 45 that fornms a

wedge 46 afjuaiehtsuifasr R vrc g olrfyAly ntoragdreinesas2taed ségnehts 16

and 18 ang for 3mt§r@j@agqr@a&am%hlﬁ&99ag§ §ﬂoaneh§6a£eu§@enect pl pe 12
to pipe 14 as | ustrated in ure he camm ng surf gs 42 (see

Fi gure 2)S‘Ja"?feaq€he2£f1 r HeXRrFh R ?%C}én%%%‘@e?ﬁeaﬁ?o YeSPagegngpart

relation to one another and define a space 32 between them.
As best shown in Figure 5, to effect the connection between
pipes 12 and 14, keys 30 engage grooves 34 and 36 extending

20 circumferentially around pipes 12 and 14 respectively.
Engagement of keys 30 with grooves 34 and 36 substantially
rigidly connect the pipes 12 and 14 coaxially to one another
and maintain them at a predetermined separation as indicated
by the gap 38. A sealing member 40 is positioned within

25 space 32 and between the arcuate surfaces 28 of segments 16
and 18 and the pipes 12 and 14. The gap 38 between the pipes
12 and 14 provides tolerance facilitating mounting of the
coupling_and allows pressurized fluid to apply hydraulic
pressure to the sealing member 40 and ensure a fluid tight

30 seal between the pipes 12 and 14.

As best shown in Figures 2 and 3, each key 30 preferably
has a pair of camming surfaces 42 positioned adjacent to lugs
20 and 22 or otherwise near the ends of the segments.
35 Camming surfaces 42 preferably face outwardly away from space
32 and are angularly oriented, as shown in Figure 2B, with
respect to an axis 43 oriented substantially tangenti&l to

the key 30. The camming surfaces have an angular orientation



36. The wedge 46 formed by the camm ng surfaces 42 provides a nechani cal
advant age whi ch forces the pipes 12 and 14 apart from one another as the

lugs 20 awo 2#ésmfeeegments 16 and 18 are brought towar de@ResRGN 13593 v
preferably into pad-to-pad 10 engagenent. This wedgi ng action ensures that a
separation gap 38 between the pipe ends (see Figure 5 wll be achieved

when the 4@Wimtmq@%@imaé@n@n@o 18atR fﬁ%?cafgo whbl.g fgduci ng
the force required to bring the lugs 20 and 22 toward each other. Lugs. 20
and 22 aFdRgiEamdl 1 y AfF M (REFP LT sLe R ot e T DyPFPYERENLAEONUt s 26 (see

Fi gure llengHenr@ithanitdlgrsbias ape Dl adetb byohhectsgipé wedgs plépe
significantly reduces the torque applied to nuts, 26 needed to _bring the
lugs 20 dfd @ iltaksd-ih ’egfb’g%e?‘ren'ih‘? CARBIAG 2FRTEACERi HBs ($82and 14
by thleI g e a'ng dreerety 20rsd I@y@fk ,Acaéagetc_ﬁii@ﬁ@al | @ébtheagyo@{regs%mahg ]
manual | y _connegt e eve en stacked vertically abpve one_another. Suc
confi gur ation dedae ré‘l‘e%%\bltg?ﬁ a2 TS n%‘é’f??%‘ﬁsogz PReVEESS 30

i nt o the aghe@temivhlardBhtagt which therent itlee pipeht 12fahlelpi agpatre form
t he gap . The | k 2 | ffort,signific sier.

Pr eferab%?/r,onhs9ns o%%%lh% gsgt;%r%ée ?é‘w% ﬁze(?agr\rbcal%? %ﬁi%‘%\?@%l%% i 3R AR ng
sur f aces a4 brasigidasiowsdrdrarte ragspaeer + preexderal3lyi snpo epadabbypalout 5,

but 9RY B e AOUITH SR IHAUCRn ARl ORes SRadhe UsBafhcKays. having

camming surfaces I1s not confi. to couplTngs for jorning grooved pipes to
one anot lgap 3utbetngerhdhes auing gndet {228 | Eiguwwe cdupvihy beranbéavad havi ng

at | east e HRY oJiiBdE G sltSe R GRIRY1 S SEANBAE Pd YSedrfBeted

conjunction with a simlar coupling segnent to attach grooved 3s pipe to
fl anged mhgde csapiqing S Frauliedritvdtel R@ythgol yge h2@ affifing?
surfaces dala fdditlotdidd:. AL pscio hath Bhovee ASEn&RIY AgawH! f8688amRY be
angularly oriented tangentially wth respect to the key 30 _and form a wedge
46 819D RFSHY (A3 hycﬁgit%mw{ﬂdwss % _ W’r?}u?‘?ghie 4Thepposite the
key is anfdangadld =atlapitedid oRngngsd byathegudé anfewediga d6anged pi pe. The
flanges (szl-‘,ri%nsiefcil’é:ra(?lq:l\ﬁli a}rc-:fcﬁlscteesnetrl'lse tthéfil:t‘qlpéle Sa'lsplgfloéjg htg Orlntltg O£g Sneeded to
bring the lugs 20 and 22 into pad-to-pad engagement to
separate the pipes 12 and 14 by the gap 38, and thereby
20 allows large diameter, heavy pipes to be manually connected,
even when stacked vertically above one another. Such
configurations are a particular problem as the insertion of
the keys 30 into the grooves 34 and 36 must lift the entire
weight of the pipe to form the gap 38. The wedge 46 makes
25 this effort significantly easier. Preferably, as shown in
| Figure 2B, the angular orientation 45 of camming surfaces 42,
as measured with respect to axis 43, is preferably about 5°,

but may be up to about 10° for practical designs.

30 The use of keys having camming surfaces is not confined
to couplings for joining grooved pipes to one another, but
may be used on practically any coupling arrangement having at
least one key. Figure 4A shows a coupling segment 51 used in
conjunction with a similar coupling segment to attach grooved

35 pipe to flanged pipe. Coupling segment 51 has an arcuate key -
30 with camming surfaces 42 at either end. As described
above, the camming surfaces may be angularly oriented
tangentially with respect to the key 30 and form a wedge 46



55 as is understood for flanged connections. The coupling s segnment 51 is
attached end to end to its associ ated coupling segnent by attachnent neans,
preferabI‘Y/OF!ﬂ‘Gém% positioned near the ends of the segREWUSEI0162PI gn and
are engaged by fasteners as is understood in the art and descri bed above.
io As best shown in Eigures 5 and 5A, keys 30 preferabl y have a shape t hat
will ef f 28t Showsddirng 1adheo R -wh&PRaRiFe EhGadeYgricoved 1?41%?(105336 Figure 5

i1l ustrapgsred t@)Oléfnlggilgfeafal @A tehey ElhnkRy ©n3d Rwge Shamféi Cross

section. The keys 30 are defined by an inner surface in pace 32,
an outer %EPfgéc?'eagf FPEGHS lYtJ\ﬁar% SFeRfdy thadmPasscd iﬂ‘gﬁ'h 3”&@1%?1
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radial ly i nwar t Quwar the p ena ytec in reera y, the

i nner  sAFFREBTsF L 45 A C@&dsfﬁ’eﬁs %Iegj? pé‘rtﬁer?cﬁ (FHHESD axi s

48\ ?ndf ouéglhﬁasmr bycatbiaahmenti aetaed, arpgwlf&rﬁa?ohyellaigw@O#pmst@cme& 48 iso

as\to form shap cr cti e Jelatiye angle
h a?]]%s N3 ec%e 2 &%"tt th%% aﬁl #ﬁbyﬁ d sre han%alﬂ o)

56, measur &d y wth Tres syurface 52
and an afast %@r@r Bentied uadlestsaeadaliiny the- attaltng wWetsetifed catgwta),dl nal 25
axes of pipes 12 and 14, ranges up to about 700, although 50 is preferred
(see also Figure 1). Although surfaces 52 and 54 in Figure 5 are shown in

croske sect i onAgs bleai whowns inaiFgigunesofS lead ey kedp B mreferzdlaxanyl e,

convex, (ahea%e Pl g'%a‘t@la%o'ﬁﬁlqt Refr JUOTd b2 FHRE 21d o ilHerefdiRgE @ wedgi ng
action en engaged wth grooves 34 and 36. An alternate enbodi'nment of keys
30 is il EDgRCSt ééFOiONeSFﬁéuPéld&&GMerFéigNr@urSf ddd S 1SS W ved cross

sect i onabonprighira® ich mﬁe%mk@fysa B0 HEE% badﬂe@et-hﬂia;ﬁa)s;‘txaﬁg ally as
wn in F| |t |sfﬁ8:referredthat

blends into radial ace ({%
tlr(le r adi §BCtdRgul aﬁ‘&i ta |or"i‘r2‘?4 fl&’fr‘ﬁnbﬁg
20051@942931E’@T/sk£2@03/201&2193>ut$1bsat1ﬁlﬁac@ I532 efqzu:aJngt (?Dlith&iﬁ’(ﬂ@t alwagngul ar
orientation 56_of e él% 2y QUL Ers Syr fs%(%e% 52 % neas redne(rgle ettlw\éeelry Hot he
| ongi t udfR8® §RASe482% £ | S S dVSHR g SHE TS mitt SO TS
inner and outer surfaces and facing radially inwardly toward
the pipes engaged by the coupling. Preferably, the inner
surface 50 is oriented substantially perpendicularly to the
20 axis 48 and outer surface 52 is oriented angularly relative
to the axis 48 so as.to form the wedge-shaped cross section
of keys 30. The relative angle 56, measured radially with
respect to the key between the outer surface 52 and an axis
48 oriented substantially co-axially with the longitudinal
25 axes of pipes 12 and 14, ranges up to about 70°, although 50°

is preferred (see also Figure 1).

Although surfaces 52 and 54 in Figure 5 are shown in
cross-section as having a straight profile, they may be, for
30 example, convex, concave or have some other profile shape and
still effect a wedging action when engaged with grooves 34
and 36. An alternate embodiment of keys 30 is illustrated in
Figure 5A wherein surface 50 has a curved cross sectional
profile in the form of a convex radius that substantially
35 blends into radial surface 54.
S
As shown in Figure 4, it is preferred that the radial

angular orientation 44 of camming surfaces 42 be



‘orientation angles of the camm ng surfaces 42 and the key s outer surfaces

52 with one another to avoid point contact when the surfaces engage faci‘ng
sur f aces Yo 2008@4gPboves 34 and 36 as the coupling is i PETAIS20M$/010296r der to ~
mtigate gouging between the surfaces that results frompoint to point -
contact. 10 Preferably, the grooves 34 and 36 that keys 30 engage have a
shape t hatbstsarbhpl tyenaguay*te the wnaddelspagylaroeyiegu@tiiom &6 tdfe keys.

In generghe jkdyiSuedvashagaedssbhal hB&suk@rs fRaWR idARPSSH S8 i onal shape
that substantially fills is the_grgoves even when the shapes of the groove

and key HPRI1HeAiRxLcRXYSchfpl edbntr FAVEREEIECYS it MREGH B4 inrH& ki |

her eaf t &by i &Y Eo4ahglag s8bshanthahlihgs slirfalcednNd 2nNaing eRUiKdyg a
separate description. GE ove,36 is defiged by a first side surface 58

posi i orf¥YCPF P RERECF 0 enl 12aCBF BPPENSE 12, YOI Hd Y FO AT ace 60

posi t i ongteh Nt BPasedf apast engabat fanihg she fhicest ofi dtes icrse H84and
distally féo the _end 14a,.and.a tlogr ﬁurface 62 that ex%gnds bet ween t he’
first arftPdetdnd® stife SOPPLLEY 19ndRE5APLEReAPaPY 9SKa® SPEL97ESr oove 36 to
t he keysg@lgisgasdtesed bheosuefbcag that2bebhdas fuomaepeitz subdacinit al |y
parallel to thg radial surface 54, orienting the first side surface 58
substant?%???c perpendicularly to the floor surface 62 (and thus
subswantially parallel to the inner surface 50),. and orienting the second
side surface ti y €h,3 05tkh t @r. S and t hus
angularly to ?ﬁ%f %%?Q'SS?%aggaég%% ?e E?aBFy?h%Eeﬁfg%é3§g%§ﬁg@¥£e | ugs 20
and 22 ahaveizeshap@dthatei@nceipsemeRbarvhEr the mWegger®hape arqssd- t o- pad
35 engagepEpioMi b the k89S 22ini gBnerh, COBL 3Gt A o@D Refat aheshown
in Figure 1, the keys 30 engage tﬁe grooves_ 34 such that _the keys' outer
surface 52Y§shaye mrCyos? e8rtaenphgShare tbabndubrdentdeidde f8dish what is
cal l,ed "iﬂré‘e?f?@owbé@ee‘lQnV‘Qm@ﬁo’éhQQéBSﬁeBC&fUSBQOM@&ndC|k%§'r aee" (see

the left halt of Figure , or is in_spaced ] ) . )
not exactf}gcomp %mentary. Groove 36 1s described in detail

hereafter, groove 34 being substantially similar and not
requiring a separate description. Groove 36 is defined by a
first side surface 58 positioned proximate to end 14a of pipe

20 14, a second side surface 60 positioned in spaced apart
relation to the first side surface 58 and distally from the
end 14a, and a floor surface 62 that extends between the
first and second side surfaces. The complementary shape of
the groove 36 to the keys 30 is achieved by orienting the

25 floor surface 62 substantially parallel to the radial surface
54, orienting the first side surface 58 substantially
perpendicularly to the floor surface 62 (and thus
substantially parallel to the inner surface 50), and
orienting the second side surface 60 substantially parallel

30 to the outer surface 52 (and thus angularly to the floor

surface 62).

Preferably, the keys 30 and the lugs 20 and 22 are sized
and toleranced so that when the lugs 20 are in pad-to-pad
35 engagement with the lugs 22, i.e., in contact with each other .
as shown in Figure 1, the keys 30 engage the grooves 34 such
that the keys' outer surface 52 is either just contaéging the

second side surface 60 in what is called "line-on-line
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relation to the second side surface 60 of the groove, as defined by a gap
64 no greater than 0.035 inches (shown on the right -half of Fi qure 5.

_Fur t her n&Oe20034%429adi al surface 5 54 is also in either RGTAS2H5/019298
clearance with the floor surface 62 (left half, Figure 5), or in spaced
relation to floor surface 62, as defined by a gap 66 no greater than 0.030
i nches (FilgRramgef’ (Fsgutdesyefthbalinat Figudee B0 ioF iforithARarach cont act

with therbikstion ¢e el eee;o'iﬁ a5 gehewr £hd rtoFlogfurceleS,grQiavé hefe may -be a
gap ther t ol erance,. condi ti_ons. ractical matter,

|l for cert
however , SF?'H“\Q?% h’f]al SaF; © n(ﬁl c SEERF o thake Yi%Fes %@%u RAYgs Perfectly
round andhto rtlk_a;ettemmtf difmerigiuaes 5desmue<ihee@1dﬂeat thkenradiidl sdiface
|ntermt gnt. contact, bet\ﬁl)e? arious urfac 83 of the k Séﬁ%%ﬁ and grooves

34 amd 38 circdnter efti round %Ahy ‘B é ea(ﬁar’i’tc,e & ¥ ectivel y
ri gid j oenrfade 62 r(ilgfd:l mlfrraflgetrfeurst)heloralignmrpta@@d)yeﬂbe:me taf teeth 31

"t hat prolfeébr %ﬂttr r%rg tdI%% %rd %ggvsga%a$%3 n%f ﬁ%ﬁs}téo S best shown

in Figurée b te Pnto the gr aces |pes
augnent i AgO0Bi enC@ﬁSt driight predent igowat iSdnal Tdies ginacemmentr fefcet 150 pispes

relati vel il qAURLRGR: TR n TAER liell igushids daetenn Jheap ous

q
sur f aces mentlong above may al so achi eved when the 1ugs are attached to
one @notReF IGMTEpRe e PUkp ShETCc MAY] @ﬁ as 9o ireine Risgiued 1 KOIZSGKMWQOUS

relati onéetesfataeteweﬂdtlttqdﬁey S ef ac?,iae@qctahe nat¥ehaC eDuWeddY i Sitng & he
grooves are contenpl ated even when s do not have a shape

conpl eneﬁtléﬁ}ce&tt REE GOStHY tor BEkE, PAPSShARR ICRURldEEs e@rfmtdty. ngs

haVI ng swelinkeynd 30 toke exap &irdheionRydesshargd kernd@, thehama 1
ar faces, 52, that jg%’[ cont ct the second si.de surface 60 in line on |ine

c ear ancBS( Ilélltferg‘il& D §oP&ask) befwesn VRrdons. Furdpgssortt Fhesdesce 60
(righd sBdeand guoevsA) 34hawdngsaogar¢u6&ehetmmm1yt laercatd aess fideand 60 of

about 0.035 i nches. A ai urf.aces 54 a may sQ.,be.in J.ine on line
cl ear ance® Pt sy i %rnat(% Sy ré?l%d flelrtabl ?Or%(?t FEHE Phan
0. 030 |nmhgsbelfurther augmented by the use of teeth 31 that project

outwardly from the various surfaces of keys 30 as best shown
in Figure 2. Teeth 31 bite into the groove surfaces of the
20 pipes, augmenting friction to help prevent rotational
displacement of the pipes relatively to the couplings. The
same relationships between the various surfaces mentioned
above may also be achieved when the lugs are attached to one
another in spaced apart relation as shown in Figure 1A.
25
i Analogous relationships between the key surfaces and the
surfaces comprising the grooves are contemplated even when
the keys do not have a shape complementary to that of the
groove, as shown in Figure 5A. Couplings having such keys,
30 for example, the convex shaped key 30, may have surfaces 52
that just contact the second side surface 60 in line on line
clearance (left side, Figure 5A), or be in spaced relation to
surface 60 (right side, Figure 5A), having a gap 64 between
the surfaces 52 and 60 of about 0.035 inches. Again,
35 surfaces 54 and 66 may also be in line on line clearance or
may be separated by a gap 62, preferably no greater than
0.030 inches. h
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WO 2005/ 094293 PCT/ US2005/ 010293 Alternately, as shown in Figure 5B, )
wedgi ng action of keys 30 may al so be ensured when inner surface 50 and
outer sWOI20¥0923cont act groove surfaces 58 and 60, reBOEESINENIN293 put
radial surface 54 is in spaced relation to the groove's s floor surface 62
with a gap 66. The right side of Figure 5B shows various straight sided key
surfaces S0, BitgrBatglindascshpwer par Figurs B sieded ng ste urdfaces. 58,

60 and 6Rey8i YbngayNg18608¥ecaBdrble Wil Subehariirdadde CUMRIRIRNIGEY -
shapes. The left side of Figure 5B shows a convexly curved to outer surface

.52 engagthhfacst paj GRPTEGF SEQOKE, SHEEafresSerEnBNd Rler SISFRATE 1318438 of the

key and ple g5Q94® suefaek szubst ant isphlydceenlaeomnt aoy .t Hotg-dhat groove

fl oor SU{L&CG 62_is sggmm.o the |eft si%g to .be an a%gy oriented with
resp8ct ttPPheSURFRGEe fwaBealﬂ?P1§6rt i 0€f SAHAT R3OS IR FreEis et

confi gurshéows deticed byrapgitt eiped &egagemEaicess SloygsS2AmhdL22and
conjunction with éhg tokeh nce cgnd&t%ggssa§ g%scri%e %vae(fr vi des

sever al C%ﬂQEﬁFB@E . StRard gaaéﬁgntgoP & gungcg 30 W tH%Fi%%st 20 side
surface $Bvingcehepgpesevé2aaddthé keyossbishantiadlllyy compdememtaxiyal position
oAt heshgpene MALNELe. BREAUSEr FiERESUE! BRBRPSILAANALAY QIS ARl Ner

when the ' C ) I NSt C i pes they w Il not | axially
wheno | nverenl stirfindepb@sengagingappbtedigihusurdesiegedrs aseam not 25 take

| nto accoupy, {L}E”Q{g@?@hﬂgtﬁg EASpRI BENGnREkWr KndU@ hlO grddhl Ndle RISSSUT €
during use, ? ere sinplitying the design.” The relafively swﬁ | gaps 64
and 66 (Swbshavbupdlpecoepdemerhayye alie§gatbati gracve Ao sufiaascessi ve

angul ar ¢4li 5pl aRePRNEnbehveearthgipbPes BBAahBR162UR bRdented A dipe 30

t ol erances necessa;g tolimt the gaps withinthe desired Ilimts allowthe
coupl i ngrasPeet bEOnbhef Serfired @€oRdRPcAPly. It also allows the grooves in
t he jpi pes, valves or other fittings to be manufactured econom cally. The

aps work advantageousl.y jn copjunction wiith the normally encouniered 35
oot of roundnbbotar EoRas: Fhar BRBeBTEEeRFa: dendiphard 1o AELineth by

pad- t o- pagld engagedeahgafienags 38 ands22opradi des ianconjunction with

the tolerance conditions as describe above provides several
advantages. The engagement of inner surface 50 with first

20 side surface 58 forces pipes 12 and 14 into substantially
precise axial position relative to one another. Because
these surfaces bear against one another when the coupling is
installed on the pipes they will not shift axially when
internal fluid pressure is applied. Thus, designers need not

25 take into account lengthening of the piping network due.to
internal pressure during use, thereby simplifying the design.
The relatively small gaps 64 and 66 (which could be zero)
envsuz;:e adequate rigidity and prevent excessive angular
displacement between the pipes and the couplings, while the

30 tolerances necessary to limit the gaps within the desired
limits allow the coupling 10 to be manufactured economically.
It also allows the grooves in the pipes, valves or other
fittings to be manufactured economically. The gaps work
advantageously in conjunction with the normally encountered

3s out of roundness of practical pipes to provide a rigid joint. -
The pad-to-pad engagement of lugs 20 and 22 provides a,
reliable visual indication that the coupling 10 is praperly
engaged with the pipes 12 and 14. |

12



reliable visual indication that the coupling 10 is properly ‘engaged with
the pipes 12 and 14. 12 WD 2005/ 094293 PCT/ US2005/010293 If it is desired
.to have 3O@ps/0p428%i bl e coupling 10 to allow greater anBul/BP204&P102%% i on,
then the gaps 64 at one or both ends of the coupling nay be nade |arger
than the s aforenentioned linmit of 0.035 inches. For flexible couplings, it
is found advant ageous to have gap 64 between surfaces 52 and 60 preferably

be 1/2 of the 15 z¢ ofs GRib3%d hel WRAR thencardst 0dx i1 Rescddp BiKly 1o aso shown
in Figur 10 It is-also feaab e to have kegs 30 engage grooves 34 and

36 withog‘ﬂé’“géﬁ% afqulag LSy GRS ERehi PR R i YurditS G t akes

advant agdoet tdirisvedyitrtee arfupdnmf ndie bekansid d g dehan rilggd-joint. It is
not practical, however ta have this confiquration and also maintain pad to
pad i3 eRGLFSMSHEIF G g™ é?fg OZ?%eclé’lﬁbe%‘t iésoﬁeﬁsﬁ’aﬁ?f? cult to

econom cabluy Inmaysf,adtturies dopld rghraarhgeiques tto Hahee negesearhetwader ances t o
ensure bqth d .t Syl | ful Q t circunferenti wedgi ng
engagene(r%turgfoa%teﬁe %%&ﬁ%%rpov@@q’ﬁ# t ezccotr;gn%ﬁlgeuréa Zleonoﬁlr%ar%i n _
pad-t 0- phetergpagdrente®® iof motpesoiihardy Helas stwwhowm FigWEigue 9, it is
preferred to enploy a tongue 110 adjacent to the lug 20 on segnent 16 that
fits into a recess 112 adjacent to lug 22 on segnent 18. The tongue

prevents seal ilfg iremdao fBAsidmoitenihay oleys b rfigagyardsetagedtt t he | ugs
20 and 2%ngxh% LRG HRI e igh? ey @0hed J1@ e | RIS orff €S S«

As
illustrated in Figure 6, groove 36 is advantageously fornmed b c?ﬁ d wor ki ng
t he mat eceaif ¥FBREAtAP it em advpntags sfethed wadsbdidartiqn fvss

conpri seked itrqsgnﬁi:i\ﬂi@e?% Sl 18 6 A POS Il ARLhdY Pedtd =410, tHswedRG- of pi pe
14, a second S|é§l,surface, 60 positioned.in spaced apart_relation to the
first si ¢ AR ighFU I IP AR AHEDLMAE HihP2d i B2G | oor 41 t hat
ext engls kelgarpimdnite dfi Nafgsamb seedmP Yadawsrlriftaces. vdreferfhiould e second
side surface 1s a %ul arlr}/f’SS oriented .r.el ativeAy to the floor at an angle 43
that is &fgnoygally manufacture couplings and ‘pipes to the necCessary

tolerances to ensure both pad to pad engagement and full

contact circumferential wedging engagement of the keys and

grooves. For the configuration wherein pad-to-pad engagement

20 1is not nominally held, as shown in Figure 9, it is preferred

to employ a tongue 110 adjacent to the lug 20 on segment 16

that fits into a recess 112 adjacent to lug 22 on segment 18.

The tongue prevents sealing member 40 from blowing out

through a gap between the lugs 20 and 22 when the joint is

25 subjected to high internal pressure.

As illustrated in Figure 6, groove 36 is advantageously

formed by cold working the material forming pipe 14. In a
preferre& embodiment, groove 36 comprises a first side

30 surface 37 positioned proximate to the end of pipe 14, a
second side surface 60 positioned in spaced apart relation to
the first side surface and distally to the end of the pipe,
and a floor 41 that extends between the first and second side
surfaces. Preferably, the second side surface is angularly

35 oriented relatively to the floor at an angle 43 that is than
90°.

*
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13 WO 2005/ 094293 PCT/ US2005/ 010293 A roller tool 68 is used having a cross
sectional shape at its periphery substantially identical to the desired
shape' WP 200390%2%0ove. The roller tool 68 is forcibly eWgHYSROMPYR? t he
outer surface 70 of pipe 14 around its circunference, 5 either by movi ng the

|1 t ool t h t h bout it di nal '
46 1ol alvel P LboR T oF PaE FBor BrBRePatigS B sAORHLsIar IRy iages t he

i nner suif ates 7geniphdaeypspbsﬂ;énap|ad§yt édeatticalr ald e:rhet @Esnﬁﬁi shepei pe

wal | 76 | Ee}ﬁ %eg_be&. egoﬁlgg_rrgloloer tgoql r(g_ﬂL ﬂf‘iacf roller

72. Use D -up ro des a reactlon sur e roller
t ool . Th1ehd=3ac1kt=.e|p suofhee apsofhellpg éﬂsam@umldatlt@cmm@mc@ Shapes are

hi d | d
ok Sre RipLpcbl Aob1ng, Tk cvith ol o Ukl P N, o 19 o

wor Ki B m aving the angu si de
surface t&@e pipé¢ sapouhditBalongigudinadnaxisi é6; e’#llasfrld@ile‘l dped bet ween t he

roller tp ﬁhéﬁ 889 th?r@f@?aﬂaﬁ}y TeebBEkChboa}ouieea%e% (?té%e 3Nt act

bet ween the ang surface 78 onh the roller taqol forns the
angul ar | ynmreﬁweaaeecaﬁdogu BBesﬁﬂpﬁcé‘*GQPBPS@rt@mFé’ t@@ madarsdqal i s

angl ed, @@'nt@h@'%ﬂﬂea@QlEd7§UEEa%©mg§e§%@d eet@e%heewa r1stanagsof rom t he
axis of rotation roller__tool ) Dueto&xpi) ffere%stances

f r ofOt heb @xaRd gohe hack-BP FR&1IBEI Aes oHSehetsGPEabargUR 4o T%l ative
to 25 ongranpdesTr aateactibhesapfakien€al s—.peedoﬂaemtms‘lt | cultRy baanguigar
velocity oi t he iO” r.tool 68. The‘(:l oints farthest m t he axis 80 nove

the fastEetlehd@tf’ BGIRTsCRFBEEsE AFRET |s-9|¥(9\?é’etﬁ WGEHE  Thus;
there i saghvelvedi by flatitdieatialhy abheegitlie fdngl ethrdmd awd 17ynduvdng.auses
the 30 surface to slip relatively to the second side surface 60 of groove
36 as the roller tool 68.rotates relatively to the pipe 14 to formthe
groase. The rehaingeceldpponlibgt weeforthéheoireovieodle dvad ity tligpe causes

o b IR AT BAUE oy sl . onco UG i Dr ek
hot to han@mefmnentcﬁamgthgnt@eléeweﬂoaedubﬁémeﬁe §m@eq&%&@r tool 68

and the pipe 14. The friction is caused by the contact
between the angled surface 78 on the roller tool 68 that

20 forms the angularly oriented second side surface 60 of groove
36. Because it is angled, points along angled surface 78 are
at different distances from the axis of rotation 80 of roller
tool 68. Due to their different distances from the axis 80,
each of the points on the surface 78 will move relative to

25 one another at a different linear speed for a particular
angular velocity of the roller tool 68. The points farthest
from the axis 80 move the fastest and the points closest to
the axis move the slowest. Thus, there is a velocity
differential along the angled surface 78 which causes the

30 surface to slip relatively to the second side surface 60 of
groove 36 as the roller tool 68 .rotates relatively to the
pipe 14 to form the groove. The relative slipping between
the roller tool and the pipe causes the friction. Excessive
heat caused by the friction can result in a break down of the

35 roller tool bearing lubricants and make the roller tool.too -
hot to handle when changing tools for a different size _pbipe.
The roller tool must be allowed to cool before it can be

changed, resulting in lost time.
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The roller tool nust be allowed to cool before it can be changed, resulting
inlost tinme. 14 WD 2005/094293 PCT/ U52005/ 010293 To mtigate the generation
~of excesWi020050H2I3 t he roll er- tool 82, shown in Fi gur £CATU$280/48%3t 0 form a
groove 84 in pipe 14. In groove 84, the second side surface 86 has a &5
first surface portion 88 oriented angularly relative to the floor surface
90, and a second surface portion 92, positioned adjacent to the floor -

surface 90 an@oomiieniyedes st Yehleddry onPfPendicsdidie hHedt!,, tHerepy deduci ng
the size_of _the a&gulaa%¥ orlent%ﬁ second S|deﬁ§urface 86. By reducing the
i 0 size bPOLhEZan§PRYTsdrY &¢8 W Egilons SoMSEst Y KOOI SFARYS 82 1tand t he
groove 8aiphe1fr.i ctinogyroaveed4durtiheg seaothdverildengurdadeom® tHaes G oove i s
reduced. . The first surface .portion 88 i-n ngul ar | r.iented, ,stil

pr ovisdesf%ﬁgtaﬁ\‘/‘§%f3§§e§%arglocrfetggr igﬁfelﬁhé:&%\?@n%&aat%ﬁé’ s?eeé@%&vﬁ §& &% ace 60.
An exanpkiobs elirdaceusiti, ngnitl aesgagindg sargacey @od4 iiog1 SRowpdsi thigged 8.
The rol | gg;Lagl, 82 N3l AlGUTL I 3o S 369 3 M Llpdd 53 8PCt I onal
shape conppenenpary to groove , the shape conprising a first peﬁfnetra
surf ace Perpendicud a0 toulst atthiegieby yedvenaiac ihgr sy zteo afhéhexi s of rotation

80 of rghga&a&q !o%en%e%e%%%lnae@i@%t Il el age 9%3,23%53@?1 Jdy. spaced

relation to the first perinmetral surface 96 and orien ntially

per pendi 8ikar ofo thie 28giledgeurs acsdirgo ioggr Pac &otho the: endiley teded? t he

first angngeepad Rebiverignalihe?¥ r3Wiiidee s adRd 0auenhed HBs tajtikdiadld ke par al | el
to axis 80, and "an angled surface 102 positioned adj acent to perinetral
surface 198MahlCoPrERVED 18nGEANCEY -t o ThRe fAXSS SHTIRKE PoF§ieR $&f ace 102

i s, prefepabhy anyanted yupriiendkayt stQ11r ghratiidelsy the advadQgeandsost

pr(ef erabl’\é at .gb ut b50. %0 Sl% face 102 sl.opes a&zay fr6 m t he secon

peri met r SFSEHAPEEe APVRe FEF kiSTFOGNCACE R e |'peA\ﬁh§ﬁ(af‘5ﬁrﬁ ng the

groome 84. a\\edgpld ngc 0o rn@idieen at lkyadosnes 830 iandhgweoies Figuiriee 83s pi pes

can be achieved for groove cross sectional shapes other _ than those

descri bed above. The main criterion for wedging '
The roller tool 82 has a circumferential surface 94 with

a cross sectional shape complementary to groove 84, the shape
comprising a first perimetral surface 99 oriented

20 substantially perpendicularly to tﬁe axis of rotation 80 of
roller tool 82, a second perimetral surface 98 positioned in
spaced relation to the first perimetral surface 96 and
oriented substantially perpendicular to the axis 80, a radial
surface 100 extending between the first and second perimetral

25 surfaces and oriented substantially parallel to axis 80, and
an angled surface 102 positioned adjacent to perimetral
surface 100 and oriented angularly to the axis 80. The
angled surface 102 is preferably oriented up to about 70°
relativeiy to axis 80, and most preferably at about 50°.

30 Surface 102 slopes away from the second perimetral surface,
thereby making contact with the pipe when forming the groove
84.

Wedging action between the keys 30 and grooves in the
35 pipes can be achieved for groove cfoss sectional shapes other
than those described above. The main criterion for wedging
action is that the width of the groove at the surface of the

pipe be greater than the width of the groove at the floor of
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action is that the wdth of the groove at the surface of the pipe be )
greater than the width of the groove at the floor of 15 WD 2005/ 094293.

PCT/ US2009/ 042983 t he groove. Figures 10-15 show vari oRGI/{B296v€10293 e
configurations neeting this criteria. Figure 10 shows a groove 114 ‘
partially defined by a side portion 116 having a concave cross sectional
shape. Rikgir@eraavehowEilguyesot-158shopararapy gabionved asnid @ikt isurs.i on

120 havige@i fQNWERXs EE0BErsacti pRghrahapesnbsFaou®ole e groove 122 is
partially defihed b d ortiqQn 124 haV|ngﬁf|rst and second angl ed
0

! y_a side p
porti onavuiabhy doginednlys fir §1dgngPEHICBorLFoRYIRS RaFMGAY yr eat er

sl ope t harbddesseepbadnghefel. 0 peghirenii2dhowkl au?fiob?eshqyda‘grﬁpve igg_
I.I's angl e orti on. a

partially defined _by.a side portion 128 havin

Wi thS o Eadoe ] B sde hiednBY s o SRECaRGF bioBol EPoRY38S. @ GHMiaRat i ons. of
radi us antbawgsedt ponal oskapee akaorfgasebhe, the ghoovd N3 gwe 14,
wherein groove 130.has a.radius _i§ portjion 1 and an angl ed porfion 134.
Figure.ﬁ%ﬁ?+%¥f¥a§%€ln f @Xaﬁp?éanpger88vg%ﬁS aN&?ﬁhgqgéhuﬁﬁishaped
cross sasdomdaingledi pertibeselbeangndolfibor tper fiimstofanglyed si gni ficance
as conpared w t exa o] g v ' fiped by
SidG[MNR?% 13 %?%ngéqgé% %rgg% %gE gggéﬁgg §PI§R%i?ﬁ%§§§$2%gﬁfﬁpone
anotther .p@omham 124kl | Biguhe ldeshgus asgrheveharacperitdmild vt ldetf imesd wi dt h

138 of t r S a t heepi LS, at.er .t t 5 140
of the é&gégégg¥gﬁﬁ%r$ %%rH%§ %ﬁggé?ogvggkﬁgtéﬁ?%%?,bgéf?%%ﬂ&ﬁ%%f%%?ﬁl
preferred shepethess| vaanbehgusscand angledsppiraPnel28k -t he pi pe surface,

It my ahSifh DEa CH6NEdo £ 28ad $HEANENafih B i BhsNARL RSP HeadDIFIOWN i N
Figure 15, which has no floor, the floor wdth_being essentially zero. The

floor neds afRWBlRNGLIAFEy1dy i WheEA1RSIXABWA FAOFhgEr& 138iUS0 Roller tool s
for 16r egidgi &k 0OPYESaRg desenybed pbeveoar e34shomigueFiiguURa ubhréEed N
Figure 7A, rolle tgglalo%oége Eg%ahggkg agoggdaétghgoe n%rggz aradially
faci ng SR f&EFPLe 9 9 9 P S
sectional profile, there being no floor portion of any
significance as compared with the other example grooves. The
groove 136 is defined by side portions 136a and 136b oriented
20 angularly with respect to one another. Common to all of the
designs is the characteristic that the width 138 of the
groove at the surface of the pipe is greater than the width
140 of the groove at the floor of the groove. Note that,
although it is preferred that the floor be substantially
25 parallel to the pipe surface, it may also be curved, as
shown in Figure 10, or non-existent, as shown in Figure 15,
which has no floor, the floor width being essentially zero.
The flooxr may also be angularly oriented as shown in Figure
5B.
30
Roller tools for creating grooves as described above are
shown in Figures 7A-7G. In Figure 7A, roller tool 101 is
rotatable about axis 80 and has a radially facing surface
portion 103 flanked by a first surface portion 105 and a
35 second surface portion 107. Roller surface portion 105 is -
preferably oriented perpendicularly to axis 80 and results in
the formation of a substantially vertical groove side

16



portion 103 flanked by a first surface portion 105 and a 35 second surface
portion 107. Roller surface portion 105 is preferably oriented

‘per pendi W@ 20598B axis 80 and results in the formati FFVYSHO¥UBTBantially
vertical groove side 16 WD 2005/094293 PCT/ US2005/ 010293 surface. Roller
surface Eortlon IS ﬁ cave aEd re s in, the convex groove side surface
120 as shoWi2FR-Fi §8 eflsu§'ﬁFFaPP§ 1PBIF§rC988FVfO§n F&LiGT #Fgure 7B,
has a b5thadicahlgxfgebpgessibaceupdatieon2tlisexhend ng Peiguaen 1a .

per pendi cul ar surface portion 113 and a convex surface portion 115. Such a
roll er produces a groove with a concave side surface 116 as shown in Figure
10. to Additi énmilevlyer reddedi tropfls 1097 ashdwhldn Fhgwre 7B,Filgir s 7C and
7D, ch S i i.t.h e larly
orleﬁfedra§¥§l§¥s?3%§ﬁ ogggﬁéggoﬁg}twghalgéc%% hgégg 5%%§’%£g%hngularly
orlentedparphndegpéér éuféaaﬁl9080105uﬂ13taaddafﬁ@n§ﬁw stgif@ace n roller too

117, Lbeid BOE§50f Bﬂ%hfbr§Bl§BEf%98dﬁgéE'Qngk%09%e%ﬁ%% GhaRddige sl ope
of the sgcon surface Rortlon iIs rol produces groove 122 as
ﬁo?ﬁeﬁhPHBIlﬁlﬁlgﬂﬁé 18-0pe of the first surface

shown i nskfguparface| i
portion is less than the slope of the second surface portion, and this
roll er produces a groove 20_126, havi,ng an angularlﬁ oriented side surface

124 35 shown APAiELGHRE TS1LRE| PEPORABFNES711naRA LA Sk §IC¥VED has no
radial | yF1§a¢feag7suaﬁa§eD,ae_aan?hadesur Ea@ﬁa&89pb@tebﬁ1€(112$. Wltt]tﬂl a 25 surfgge
portion i stantially icular to the axis 0] rotation
ol | er ' BoFshogare” nedr anapart Ly eRE PRGN LbRosarsina ARt 15

Rol I er tanll 438ecshdwiake Equral%E ahgslar&yrmede&@eﬁa@uahlyek@@kng surface
135 and an angul grly Al d I S I rpendi.cul ar
sgrface ?37?x$ﬁeg@ur9§§ %Sugfgggfe§§%ge%§§%§e mﬁ%oﬁ%é&%rngﬁﬁsgl
hyperdbol the sidoper pégthar fyrstir settfags peorshown iisn gEegies I@amﬂﬂhawﬂ l er 139

may haveggopkadathy Gaebne sutkace H81ciBal LicaRedlsarly 10y griedhid h
a groove 122 as shown in Figure 12. 1In roller tool 119, the
slope of the first surface portion is less than the slope of
the second surface portion, and this roller produces a groove

20 126, having an angularly oriented side surface 124 as shown

in Figure 13.

Roller tool 127, shown in Figure 7E, has no radially
facing surface, an angled surface 129 intersects with a

25 surface portion 131 that is substantially perpendicular to
the axis of rotation 80. Roller tool 127 is useful for

creating the groove shown in Figure 15.

Rolier tool 133, shown in Figﬁre 7F, has a curved
30 radially facing surface 135 and an angularly oriented surface
135 as well as a perpendicular surface 137. The curved
surface may be convex, concave, sinusoidal, hyperbolic, or

irregularly curved.

35 As shown in Figure 7G, the roller 139 may have a
radially facing surface 141 that is angularly oriented with
respect to the axis of rotation 80. A groove as shown in

Figure 5B is produced by such a tool.
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respect to the axis of rotation 80. A groove as shown in Figure 5B is |,
produced by such a tool. 17 WO 2005/094293 PCT/US2005/010293 Wil e grooves
adapt ed WO 28059898 si gni fi cant wedgi ng action with the PEERES2865/040298upl i ng °
have been described applied to pipe ends, such grooves may al so be used in
5 conjunction with pipe fittings as well. For exanple, Figure 16 shows an
el bow fitting 140 having circunferential grooves 142 at either end. &G ooves

142 may have yy OfghdevEs OsGapst tONAnPE e i begni bl ughtal,edgiAghi gures 5
and 10-15 or their variations_as descrjbed above. Sinilar I%, the Tee 10
fitting 3FAAShIHER iFiE gif %S 19F hasCoRbiRe have Beerergfryibgg acent to each
of its epgsiddea @rpnyesehds Ngsadapyedotes deyehdpovsdgiBgdachi on to couple
t he fittin% to pipes or. other_fittings as dﬁ crihed hereiT. Fkgure 18 shows
o 17t CREIBRERAR g b BRI o B9R AS0VGHT aceht® { 6X8RBLENaF REUERd a

fl ange 1%2 sAouwdhearopalisow ef £indindri 140 nigat#g at 1 pesmAerphpiall gebwoek using
mechani ¢gl.. cqupl.ings to be joined to not her network coupl ed _using fl anges.
Furt herﬁ%@e,a%asewr}%]ﬂs ?(é)lt e ’F%"\‘-‘?Sgu“r%% '&@y:'ﬁ%vﬁoén%tﬂgr Eﬁ?pggoﬁf fittings
such as seatdducer el {(FeguikldSiratsed im Fbgurespesahdvingl20odi f ferent

di aneters, .Qr _a _ninp 56_ (Fi ) al sg: It havi ng

respect it\?fg * %r Sfoavrelsé%%s%’%n%s 1@%59%%3%%}98%? ke ? rggggﬁ‘ UsH’%&%gand

deseoi béd taliowe t4fatshown e eFidrere welghag awedves bed Geepreherablipl i ng and
the gro t ithersa.stibfer . j L Ql dependi ng
upon th%\@f‘:'?%tn&nzér%ﬁ%ae% o?g.thtgs c%llﬁ%%i n%?%sé%%ﬁ%%g%%p}égoégw%df E?t her shown
i n Fi gudevelor wasihidd saqlei eit o terurbatilee bitEingdtel BhPesueh as a val ve

162 may Rh3Q- haue i fOWesadddribad wéfeln ke phgsee degcshbnd above to couple
the' 30 valve to pipes,. fittings or other congonents usi ng mechani cal
f

coupl i nds tdsinge A8 el Hed @ WedRinerIreRrR hetordiagerb FReoRAVERdi on al | ow

grogyes i PEfHJEdin i pese Wphos pedicadd f ri it etngndsbeal 1oak! aWi ng 3s
the grooves to be Torned faster and,vvlih |OV\fl’ t or gue, apg)lol, ed to rotate

the pi p@iddng neiwPYh Y1HERg dreeharberl couplings to be'joined~to

another network coupled using flanges. Furthermore, as
illustrated in Figures 19 and 20, other types of fittings
such as a reducer 154 (Figure 19) used to join pipes having
20 different diameters, or a nipple 156 (Figure 20) may also
benefit from having respective grooves 158 and 160 that are
like those illustrated and described above that increase the
wedging action between the coupling and the groove to ensure
either a stiffer or more flexible joint, depending upon the

25 tolerances of the coupling as described above.

As further shown in Figure 21, components related to
control ef fluid flow, such as a valve 162 may also have
grooves 164 that are like those described above to couple the -

30 valve to pipes, fittings or other components using mechanical

couplings as described herein.

Roller tools according to the.invention allow grooves to
be formed in pipes with reduced friction and heat, allowing

35 the grooves to be formed faster and with lower torque applied
to rotate the pipe relatively to the roller tool. |

*
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18 CLAIM5S What is clainmed is: 1. A device for formng a circunferenti al
groove in a pipe having an inner and an outer surface, said device
conprising: a first roller tool rotatable about a first axis of rotation
and having a first circunferential surface engagable with said outer
surface of said pipe, said first <circunferential surface being defined by
first and second edges oppositely di ¢ §?? said first circunferenti al
surface being oriented substantially parallel to said first axis of
rotation and Wear ng aléimssd imi:d point positioned half way between said
first and second edges; and a second roller tool rotatable about a second
axis of rotation in spaced relation to said first axis of rotation, said
second roller toollhaV¥dgvacge@vndormﬁn@unﬂé#@nmféIe%QWibE@OPE%ihgE%aid

[ nner surface, ol $8Ld.qPLPa ORROSH &t @381 Mle 1 gblsralogle sald second

surface havi irs second ends opposit i'sposed, said second
surface beingxmmneﬁued substantlally parallel to said second axis of

rotation and having a secand g, po foo1Pasi Lianed Biall uayshetysen said

first and second ends, sai first poi nt elng of T set engthmnse al ong
said first aﬂisttetaanQQQIhaylsald E&mﬁjndlnvumﬂﬂﬁﬁntlgélani¢Qﬁ. and second

roller tools cooperaLi g .fiar M58} & I00KCo: 2oy fEyLoesateanding to daim

1, wherein sai poi nt set in a ion toward an end of
said pipe pasnﬂnmﬁedead}abennfagesb@ﬁ%g@@é&@edanKid€V|e@daﬁﬁwmdlng to

Gaiml, whergl S%ggoméf Ftsgdtos%ldf@mflrst Wicbeez: An angul arly

oriented surfa PET onec acent to sai ge and oriented
angul arly vmt$unﬁa§pebein@ Qﬁmamtédrsmbspanilaﬂlyom%nahiﬁl 19 #aidA fdeekce

according 10 Gl me3youher sl nosald, anulacly ord quied shfacsdes oriented

at an angle up 0 sai rotation.
half way between said flrst and second edges and

a second roller tool rotatable about a second
axis of rotation in spaced relation to said first axis of
rotation, said second roller tool having a second
circumferential surface facing said inner surface of said
pipe opposite to said first roller tool, said second surface
having first and second ends oppositely disposed, said
second surface being oriented substantially parallel to said
second axis of rotation and having a second mid point
positioned half way between said first and second ends, said
first mid point being offset lengthwise along said first
axis relatively to said second midpoint, said first and

second roller tools cooperating to form said groove.

2. A device according to Claim 1, wherein said first
mid point is offset in a direction toward an end of said

pipe positioned adjacent to said groove.

3. A device according to Claim 1, wherein said first
roller tool further comprises an angularly oriented surface
positioned adjacent to said first edge and oriented
angularly with respect to said first axis of rotation.
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S. A device according to Caim3, wherein said angularly oriented surface
is oriented at an angle up to about SO relatively to said axis of rotation.
6. A device according to Caim3, wherein said first roller tool further

conprises a perpendicularly oriented surface oriented substantially
per pendi cul arly to* saipd%ieiag? 27 Ear Y P Pendi FUFEFY Sc‘)-"rllgent ed surface
bei ng positi ofefhlaadyacedntied sardaseciondredgeed 7at Amdewgte dmreof orm ng a

circunferential groqve in a pipe hayj an inner and an outer surface, said
devi ce corrpr%é‘? 9. %a FF?% lvréglyloéf) f%locfg’?‘&tga?gb’f%taa 3GUt a first axis of
rotation and having a first circunferential surface engagable with said

outer surface of sai dshgi&%e,. said fi cié'cumc ren ial.surf%ce bei ng
nd°© )

.St
defined by first and ee%l@%osrdéﬁlﬁog?t el Y s pbsed; 1 5ai"d F i r st

ci rcunf er ent i atgulsifacei bmsdguatics sis rirdepoedtatpaesi tingheduthald way

between said first. and second edges;. and.a second roller tool rotatable
about a secon¥PHxi>d ofef%tfla‘feidié’nglgnséb(gcaé( S 8Fat?oH 14 said first axis of

rotation, said second roller tool having a second circunferential surface
facing said inner gyrface of said réf}lﬁlge opposi te to said first roller tool,

sai d second surfac® HaWie¥gCPi #&t° sERoref Ehds 8Ppbett 613 “af shosed, said

second surfaceollaati igod SectHud otppDied poerpendidilallly wayentrst ween sai d
first and second_ends, .sajd.first md point_ bein ffset len i_.se al ong
said first axP¥ P8%Prveryee osub§§iag]°%%]g]ﬁné’eﬁ?%&l%ffarslé’i éof ??g% @gﬁ %second
roller tools agDopemati pgrpendiaiumesay dogirconed. s20fHce Aedeavi pesacicnedi ng to
Claim7, wherein said first. circunferential surface is oriented

subst anti al | ya‘%haf%ﬂnltelto F%lc?isres‘ionéx'rz’gg%f rotation. 9. A device according to
Claim 8, wherein said second circunferential surface is oriented

substantial ly par aI7I el 0 .sai g scejtcond axgs PJch%te%ELQQal 10fooéedleI\1/ié:e
according to Caim7, reic Saf - FirEE = © d

pipe having an inner and an outer surface, said device
comprising:

a first roller tool rotatable about a first axis
of rotation and having a first circumferential surface
engagable with said outer surface of said pipe, said first
circumferential surface being defined by first and second
edges oppositely disposed, said first circumferential
surface having a first mid point positioned half way between
said first and second edges; and

a second roller tool rotatable about a second
axis of rotation in spaced relation to said first axis of
rotation, said second roller tool having a second
circumferential surface facing said inner surface of said
pipe opposite to said first roller tool, said second surface
having first and second ends oppositely disposed, said
second surface having a second mid point positioned half way
between said first and second ends, said first mid point
being offset lengthwise along said first axis relatively to
said second midpoint, said first and second roller tools

cooperating to form said groove.
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md point is offset in a direction toward an end of said pipe positioned
adj acent to said groove. 11. A device according to Caim?7, wherein said
first roller tool further conprises an angularly oriented surface

ositioned adjacent tqQ said first edge and_oriepte anqul arl.y_w th respect
' o of & B oo R e o e s SR Y herern

to said first axis ‘of
sai d angul arditcamntenéeth Hurshagace SiOrdréephedd aduiant aanghel yppdr@allabout 70
relatively tao sai.d axis. of tIOt tion. 13. A device according to Claim11,
wher ei n sai d "argafar?¥ o eﬁ?gat%‘?ﬁface is oriented at an angle up to

about 50 relatively to said axis of rotation. 14. A device according to

Claim7, wherein said first roller . tool further c ri.ses _a_perpendi cul arl
oriented surface ori &nt&d* SUBILEEIEPI §° pcgraﬁ@néi cvgfl1 arly tSSlggf?iP i Y

Irst
axi s, said pefipendfetearial eriréatediswfieneebeiulgtpasitil bpeshraddeacent to

i n . .21 . .
sal d second %gggaié second axis of rotation.

10. A device according to Claim 7, wherein said first
mid point is offset in a direction toward an end of said

pipe positioned adjacent to said groove.

11. A device according to Claim 7, wherein said first
roller tool further comprises an angularly oriented surface
positioned adjacent to said first edge and oriented

angularly with respect to said first axis of rotation.

12. A device according to Claim 11, wherein said
angularly oriented surface is oriented at an angle up to

about 70° relatively to said axis of rotation.

13. A device according to Claim 11, wherein said
angularly oriented surface is oriented at an angle up to

about 50° relatively to said axis of rotation.

14. A device according to Claim 7, wherein said first
roller tool further comprises a perpendicularly oriented
surface oriented substantially perpendicularly to said first
axis, said perpendicularly oriented surface being positicned

adjacent to said second edge.
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