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ROLLER TOOL FOR FORM NG GROOVES I N PIPES Field of the
I nvention The invention concerns a roller tool for

wo ovosiongogyr ooves i n pi pes used with couplings POI/US2005010293
joining the pipes end to end and effecting a
substantially rigid or flexible fluid tight joint
t her ebet ween. Background of the Invention Couplings
for joining pipes together end to end conprise arcuate
segnent s #GELER i ToOMT ROR EOENING SEROGVES] T-REPES | v
al i gned pi pes and engage circunferential grooves

_positioned proximate to the ends of each pipe. The
Ei%iém@ingggai%l%ﬁg%—%sed to connect pipes to fluid

conthél i£esRODNeNnt Sosdehnasavabiesy tedlckos, forming grooves

strainers, .restyigc essur atQLS,H;A8sehl d
in L RopRReAt ETD Conpovalt ctoR) fRLigHhRt piB8s"Eh to en
andestfépting ahschst@ntgaélblpé@lér@rdé%EKFbéG fipdg tight
309£? gﬁ89e9¥tw@¥n°f exanpl e only, -the invention herein

no erng 'rmted for use only with plpes per se . It

shoul d al so be noted that the term "pi pe" as used

BaBﬁ&?bﬁnaeéﬁrﬁhéOIﬁbéﬁtgg_ pi pes as well as el bows,
tees an

types_of fit e
conﬁ?PE?ﬁﬂg?hgoﬁg B?Pﬁgg ha@e g?? gﬁge?e%gﬁaFB end comprise
arthateextgndntadthbtycinwamfeyenphatdyt Berpppad Qﬁdaﬂpﬁlly
th th he, s
al%9BF§QPF§SsggggvgﬁgggguggrEnﬁ Qk@ﬁ%laT §rkeyesapesitioned

Sonewha rrower t an th grooves to permt
prokemate £pt thet AhAst Ré §REBVRiPENd BESrcaaaﬂﬁgsstﬁée also

uséHOUEdEBEnEQE”Bngﬁ EBefgﬁQ@V@§nthm0b@mbbﬁeﬁtpeguch as

toget her _agai nst i nt ernal resgure and external forces
valiae, n6gIBEecESpl PE42LBtRe PFFESICEREEr nRFCPEPEEs may
redlil8€08de he Whelnak expapakeansorocoptpactnos . of Aflkbough in

pi pes due _to_ch s dn.te . r S Sgth
enbelEReTiPei e BRASE oP ABTRoBARES hon deECrifed, ey are
usaﬂtaghadytoftbaamp@esonwmhchh@annﬁén§ﬂ@ﬁ|hﬁé&ﬁﬂ figit being

a di r e d e ad | gadgnandd also b
ll?éE% O? %g 0819 %1%% gxggﬁagﬁgy% is advantag;bﬁg °
nothdttpapet@@uﬁﬁrmg§Pb@e§uB§t&ﬁ?ﬂapﬁﬁelanﬁlGrs te straight

plb%%lég [Rehat Lanabole RekR@sanal athee tgpeseof 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 the grooves to permit
them to fit within the grooves and bear against the shoulders
formed by the grooves to hold the pipes together against
internal pressure and external forces that may be applied to
the pipes. External forces may arise due to thermal
expansion or contraction of the pipes due to changes in
temperature as well as the weight of the pipes or components
such as valves attached to the pipes, which can be
significant for large diameter pipes and valves. Wind loads

and seismic loads may also be a factor.



10

15

20

25

30

35

anot her about their Iongitudinal axes, resist axia

notion of the pipes relatively to one another due to
w0 ndosonebs pressure, and resi st angul ar defl ect POnUS£005/010293

pi pes relative to one another. Arigid coupling wll

be less likely to leak, requiring | ess maintenance,

and will sinplify the deS|gn of pi pi hg net works bg )

el i B nbei AgvertadereasthiredbtPRgPhel Hegd Persubstantially
r1§ﬂ&ln§eés tﬁe@ﬁ@@UﬁbtaeioﬁX®ﬂltﬂ@tpppe@fr@l@eﬁventbh@ne

mhen ted o S|g?|f|cant inte

an%f%%%u? Ou%| ﬂ%%l 9d%P d®€otpl TRgs® eﬁﬁ%?% motion of
théemepesumpbatsvebyltq1®nen@nmtb@rd@ﬁéet®|Dnternal pressure,

an{“%é@fé@”é uYékvgéf?QQtP&HeéfCgﬂQQQGPéf WAl ghe gBY e

0 rot te out pOSI 1 ONn ecauset eir center of
angfrkefty Asrigt@nteielingttielpipe bxFs hikelyehd teak,

re @ﬂ?&ﬁg'De@@sm&i@ﬂeQQHCQOtaﬁ@tﬁiﬁla@@ﬂélihﬁ the de81gn of
ongi tudi n when t

nder the pull of_gravit he
DiptHE RO FGooRr ol LUbBREHEF ATy T 1 LHEC NERG ORI FRgshesd
fo%0§ﬁ@ﬂm@@r$ot®hac@®umt B0t awiabtmoeldabdy pipesdént bee
esife
nefigSLk S ot e, ol eholdl Lyotmi Ly, becausenL he usgure

angul ar DSS-SEct T on
Plpewrjmmmedhbﬂ rheldnqohpbingﬁerngcmesfewer shpports to

llﬁfgagﬁwa%ggésdéﬁfgbﬁEQH ”H#uf€§&£&o£@ 'G&P@ébséﬁatother
contact befween the coupling an

CO@@¢@ﬁﬁt$d%hhﬁbhm?YeEeb@a9oaﬁ%t?%¢a??@eogvﬁ%ﬁeﬁ%onfg?cause

th@fﬁn@éﬁteﬂxbﬂ|éyaviﬁyaES??@béﬁt@icaﬂ@UtHé|NﬁpQE&M@ﬁnw1ll
0 | to en re t uc
cepdoed PeRait. ihpanilifh shioves Tefaet) Skt B

1omgrwdenalnaxesrugddrcbnaepulbnoﬁagr@e1tﬂeWhentthe pbpe
forc h [ deS|red di stance from
co L5k Fe? BEpEhLRe fRELY Pl

and grooves are in proper
allgnnent and the pipes are properly spaced. Wen

pf0@§ﬁ§ycéﬁﬁﬁeﬂggpae&orabﬁgpt@etﬁedﬁrgag Lpe geupbtng
cooperate w th sealin nber 03|t|oneg}betmeen t he

re%b®%1Yn@r%ﬁad%h%h%| eSé%eé @%9€% uPe BIFEGFEYLRgRRLY

beé&@ée HH@yn@y@nﬁeysoﬁavhﬁgpr@@Ban@MLhﬁughosﬁabéctLens that

effected as_the ¢ uplln S aéet ngaged mnt ? other
W%%gui dt¥ t

3 S RATHEVBY peiddC ReaEPutp: Pushi Cudh gihosas.

Thbe exedieton may result in inconsistent contact between the
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
the pipe ends apart at a desired distance from one another so
that the keys and grooves are in proper alignment and the
pipes are properly spaced. When properly spaced apart, the
pipe ends and the coupling cooperate with a sealing member
positioned between the coupling and the pipe ends to ensure a
fluid tight seal. The movement of the pipes, although small,
is effected as the couplings are engaged with each other and
the pipe and may required that significant torque be exerted
upon the fasteners used to clamp the coupling to the pipes.

This is especially acute when pipes to be joined are stacked
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upon the fasteners used to clanp the coupling to the
pi pes. This is especially acute when pipes to be
W@ 0008293 e st ackedvertically one above anot hep¢T/asm05/010293
t he acti on of engagi ng the coupling with the pipes
St lLift one f upwa relat vely to the
]1er or oeer%io i tﬁl eapnr%gcergle A ng Qoé/ S ing the
ch_n:é.lplgaevmids:hd:cmmhnmduﬁtgsma toﬁ gt guipes upwardly
req' fflv(‘é.i tth tr}% ICﬁ’!Héﬁ:‘ Vlﬁl&rl&/el.ewr@fftcéla:t Hé.e X er spac1ng
I SO thatp t He

coupl i ngs have been properly instal

e)@ége@ne @i ed’fdcﬁ)ve AUt s ngse sitaded g t
AiFF iAW e HeQ iy ezlaslfﬂlw Gridud 98a .tHd MUPIdi e have

LSS G RUL05,2 SOPILD A PRI grooves

am?ememqmpdso g agedete sgeud iawy quntehie i psends & cEluid
tlgf %{) Asheir proper spacing, and also provides a
5i%e ‘visual indication that the couplings are
properly installed on the pipes. Summary of the

| nvent im1Bed @Mﬂ%é‘dﬁ@%&@x@«ﬁé e d&fghlfr@ that

formng circunfe entl vs ar.ound |p
Progidss dRdrsass eLae FaRGNG d’*}iﬂ if§Fce

ne&ﬁa@éﬁﬁ:‘s}l &cﬁlerrfg.a’@‘eertefai icﬁuﬂlﬂﬁgﬁ&&t&ﬂgﬁ@qﬂp@ wirids tde effect
eflRe T SRS ORI SE% didSlaanTd 38 B W gua

@ﬁr RESE S USRI | y per penc? cul-ar & axi s of
inddtcattiiom thadeddred wmfldow pamns mqwmlmaﬁ@édtadm on the
pi %% aced apart relation to the first surface portion and

is oriented substantially perpendicularly to the axis

of rotation. Aradially facing surface portion extends
sukgiween Q@lefilrrﬁ,terﬁqqmsecond surface portions and is

oriented substantl al'l aral | to the axis o .

r ot dtiSort VAT i & &&%%edh §9 I d it{ﬁFé‘bm
c1&djtﬁ(f@ﬁeritd.aﬂh@rmﬂj a&tmfraib@ mardd .on, THehercdngire ool it is
e por t| on be| n t n RY t

Stﬁ Zﬁles P U8t i an &Sa%n%ljg%n%{f}y %\%’{alrscgi"yfe ential
sugifisfcac engedeiadi.e mrartgieednmf adhpeutfarermetrrises a
£ 1Y C GG Rle %ﬁ%ne SHR drft AP Uil sE R Hi8lAlY e dehdiftfilarly

axis of rotation.
to the axis of rotatlon A second surface portion is

positioned in spaced apart relation to the first surface
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
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

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.
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preferred angle of orientation for the angled surface
portion is about 50 relatively to the axis of

WO odoadm The i nvention al so includes a roll erp¢DUb2009010293
form ng circunferential grooves around a pipe. The

rol Ler tool it |sS at oyt [ ate| ;
andjrﬁgslgvglnrgéﬁﬁf Sgg’%{t ngfghggrg agerg%%gegggg \E/fmgéfhklto‘r%gllr}g _
ciptpefeThatsalf greovempriroesdaaf PARE -suFhgc&opdeli §RCL 1t is

roPLiepted subst ant hakky operpendicHl anblynhke theiaxumfelrential
rotation. A second surface portion is go? tioned in

susfacedenpapeabeFaliiibh 8t REPFi r st PEuPLEEBCFoFPIBR SRS @

fi]ggei ahkygEacbagtaahf agecpeeti snbextendslhet weepenkd cularly

irst and secaon urface ., partions [ L d.

coshhSt antrarty HAPLEPEr ¢4 PReon giafars, Bk gl s

poseeanbdesuthacpaped aparkasedations toethieoddl sr givitace
sel.ect ed ,f Lom. g L$LiRY pBh-+3 oEORUE % nSRARR t

poE B oo s S o S R P b aont Cap o petueen

theodliratcendi RECOBS KETERFENPOSH 1 OFFe 238G fEc £TILTERE

subggﬁgﬁi%QQki%@@ﬁﬂﬂ%ﬁip@ FE%F%X?@TF&CQOmQKHk?n @hiee Bfeend
substanti al.l y perpendicul arly to_the_axi rqtation.

suxfageo REP%&PF‘aE’@Sp Gr CF65S & eﬁ&%loﬂaEn &4 Olfrs';L l% pac 2& %té:ﬁ g{] fxom
t he€ babiupn constifse ifigr sf sucavexpeiheipen and radicaldaye shape.

facing surface portion extends between the first and
second surface portions and it is oriented

substantictiHeyt RaAldiflerto dfhe-caNies @foanotatdcadinBheo the

. second surface partion _has a fi,rrst fac ' [ ;
lné(ﬁ@&llz?ln'oﬁhgntséltr%r&’f%q s FEH o tﬂ%)g %%?g{gqgfs%g { Firse
suk@hrld e raidra deoned aubdtantigld ys eomeraigilarly to the
Qrientation.wth respect to the axis of rotation. In
axdFe CBSTiATET - the slope of the first face is greater
than a sl ope of the second face. In another

e”b%dis’g’c’bt%d the slepe it idhe fd s fratmds drespddan part

sl ope of the second face. Brief Descrl%tlon .of t he cin
rePediong s oFi g & 1St MPAHRITVEVi et d°H Toupl §3 "9
sufr@a COMBAIdH M iiPase ikl atend itde pidesdmidigsurface
pégﬁmﬁﬁgqgﬁﬂgﬂgﬁg1§£§3ﬂ£2é“£§%éééﬁéi§iﬂ%”ﬁ%%%%ﬂéﬁfeG‘%%e
axis of rotation. The second surface portion has a first face
having a first angular orientation with respect to the axis
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.

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;

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

coupling depicted in Figure 1;
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coupling depicted in Figure 1 ;Figure 2 i s an
expl oded perspective view o f the pipe coupling shown
WO mosiogeee 1 ; Figure 2A 1 s an expl oded per speCt/US®05/010293
view o f an alternate enbodinent o f a pipe coupling
according to the invention; Figure 2Bi s a
per spgatieve ﬁbewmoekpaod@ﬂtp@WSertENguwéew sifowireo pipe
coﬁ@l?ﬁla%ﬂg@nsﬁﬂl ig rgure 3i sasideviewo f a
conprising t e coupI| nn g shown in Figure 1
Flgure 41 s a bottomview o f the segnment shown in

Fi ggliguder 2k Qléf @n%xlpao@eal @L@r\ép@wmfe 3 el ‘tﬂf Rat e
enbodiment o f a se havi n e_key and g€,
21 Pnast: AICRALCtaed. BLBEs CoPLERS: Phoerdarg te Ehe

ink&n8iehQss-sectional view taken a t I|ne 5-5 0 f
Figure 1 ; Figures 5A and 5B are cross sectional views

taken at line 5-5 o f Figure 1 showi ng alternate
enb@diomert 8Bo i BheegsPECtiycavdemdioty at popdon of Figure 2

sho@%e% Qn; eRi1gYLes &and,7 are side views o f a roller
ormng a groove in a pipe; Figures 7A- 7G show

S|de views o f various embodinents o f roller tools

for ffigiFeNd as0EORMRld Ridwdidfea Hegietitd dotprising the

cross-sectional W 0 f an alternate enmbodi nent o f
coppd 189y 5PONE: 1A §dP¥YS i's a partial perspective view o

f an alternate enbodi mrent o f a coupling according to

the J.nvention; Fi_gyr 0- 12,28 9Roiddidnigl SRR analr;
V|eﬁg I < enbo ﬁ%%%%ﬁb B%%EschaV|ng c%ﬁtunferentla rgure
3;grooves accordlng to the invention; and Figures 16-21

illustrate various fittings and conponents havi ng

circunferenti al grooves accor t he |nven

Dot GG SDAde i G i ErfbGH Ao DA e A ©F @
seymidin?e Heupld l’dﬁlel@ce‘yorarﬁi)mefdlar@ tfwr mating with flanged

pipes or fittings;

Figure 5 is a cross-sectional view taken at line 5-5 of

Figure 1;

Figures 5A and 5B are cross sectional views taken at
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;

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

embodiment of the coupling;

Figure 9 is a partial perspective view of an alternate

embodiment of a coupling according to the invention;
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pi pes 12 and 14 co-axially end to end. As shown in

Figure 2 , coupling 10 is conprised of at |east two
weegsen2e3 16 and 18 . Each segnent 16 and 18 hesT/Usmss/010293

20 and 22 respectively, the lugs being positioned at

or proximte to each end of the segnents. The |ugs 20

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

each.end of .se n a
recgll%1 ngf@ g are gfoe:g Udm‘ﬁ %e%%or%%&f Q,SJ%I %2
emandimens s26£f @npjeeu ﬁmarvgngherlge:glrrémrentteadnerawmehseraccordlng

end .t tSW0,ouRgi ng the pipes 12 and 14. In one
toeﬁ‘g dqrr%g%tg shown in Figure 1 , the lugs 20 engage the

lugs 22 in what is known as "pad-to-pad engagenent”
Wt ritheelsugs Qqnthh%&gaQ@ev&&Qbh%rfWhQﬁnQEEa&egﬂﬁfmﬁbnents

16 a 18 are pr perI en ed W t the
hal’ﬂrnﬁs Cé%ﬁlug‘lfr‘?é%r’% gr‘ﬂ?e I uﬁ‘sC C%Ia e at tlarl1 V%nglon

to each other in spaced apart relation vvhen t he

pe}ge7ed ;#féﬁg@ it Yee Bl %%Haalmgﬁeid with t Sﬁ pi Sgs
ar e Filgmrgr &f ehoae e iPef @P‘-‘@t]{la@hllﬁ’g fioke copgiestiqg Fwo

piPRe anobher 1andd-@:87d.1y terids troe‘é‘?@n' ze@ tdhtwrl Her Figure 2,
re ot her attachnent rreaj&ts as .Ci rcum‘ erenti ag d 18.
CoREIA9S 30 4 SPHBT LSRR ok Gk e i i, 2 an

Ea@he sdighen®s ad |arde1$ HRat dnigsNRrtb emst ]2254:1e,diﬁalz,t1vely, the
4,313, 2. , 7 79,

1u§r?d]b$ln§6?°s One % fOGr\Mijr]%%anragt ggjejbefqﬁhngéggdégq ated

selgynemefeer efmbe. 1S I2a)r@e: daaretend mifpesaneant g6 align with

20 &Y advanl A0 410 Je%rd@r;thQ.ScoumdgﬂQ 20 ddPm2 are

m)reglt an two segnents.

own in_Figure 2A
adeqisid v X SIHsr ufsaesgc%ntpgelf@ara%ﬁneﬁl Jté}ene»‘fﬁ“b of bolts
24281y Qhher NG di0 REHERY S HB& ek talar Jamd’lﬂdazt Qand to

one anot her. Each segnent__agai h pref abI
ergh U LG SR R dr i egradt Slenip iR
sHowrone aneiier 1endHe laghs 0 fastagrerthes dslysa2 it svhat 1s

24 and luts 6. The foll ,d ' t
knig I, ﬂ %—_ &ocsledqeqbagge\%é}g: q'reﬂxggr}r{p rll.%fs Cf!'kﬁ'xtactlng one
artvadect upmn a:rmomgmegam\mﬁngand/vd%@g@ﬁerR@mnw |gpEagRd with

th% ridz ¥R 110Us; Aspaets i the descrifd inyanty also be
|ca 'e to alternate enbodi nents

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 1lé6a
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regardl ess of the nunber of segnments conprising the
coupling or the manner in which the segnents are
w@rdoaoheos t 0 one another. As shown in Figure 2p¢T/E€8m05/010293
segnent 16 and 18 has an arcuate surface 28 facing
inwardly toward pipes 12 and 14. A pair keys 30
angr ajeectj orimeidaltloy eiamhacdihef rom ttee seomeattes el seel 28b,
al?%yﬁ o:i%e%n t%a%I?le %glgﬁ:?xterar € EfaQ:hS%% rﬁpadrgtalrne l}:ﬁté f(érl‘ably

neé anot her an ne a space bet ween t hem
halsedugsh@in and Ri2g@te esch teé‘-deftfh@éteqfhe & REMSaT S belng

j R GlWeRR, wnrée%n%%h@idelﬁ tl@e)é&&%yemr@rx@\seﬁslﬁéhsa%lts

36 ext endi t || d
z4r@§,§ew@'e{%% e S B SO R Gocis SpipLing 10

1sil;llp}i:o%ﬁcﬁldil3l$iyamalyaldfy endagicdley, Gowhact ktalwq)mmem B2 cantpling
coaxi a t o.qne .anoth d | he
haﬁ{rl&?et%évlpm N eéfletﬁarw&t Tort %2 ?anrkd ecqgct% #hemé%tpl agpects
ofseale g sveriperiof0 are pEgiltiiceddd wia mtesfmic@ Fnhgeiments

h f fs
re%%g\@%%st %%egh%;%gﬁl% &?r%e%%%éﬁss bet vveen n]%? tq{gjpcé%pllng
OI‘.LZh@nd‘aI@e&r Gvi @es Qholtdyeaegmeads iatst iatd lJT?Pg

arididesoupl ing and al l ows pressurized fluid to appl y
hydraulic pressure to the sealing nenber 40 and ensure
a fluid tight seal between the pipes 12 and 14 . As
bestAgshr;mwd nrFilgyres 2 .arhcd segemtkeys 3ndpridt drablan

has a pajl. of rf
a Célaltl?gss%cf' and%%m?m orfd;err\;ﬁ\npagédl ea@fgﬁtd gﬂ?gsadﬂ?% 4. A
pasieq fentss .3 (Camd iy ts i dicdsl i 2 iyrasidliva i 5ot gde arcuate

sud ey dlgy. a"i@ﬂ/g rﬁ“oﬁpaé‘e?ck?’?s & & rangi Eﬁﬂabed apart
ori ent ed, shown in Fig dtj with respect

rebatal o8 Ut (IR PR A A9 RIS T RHYG, them.
A§%esﬂ1%kmnlﬁg siydae es, hayeammgmearccnmmmn dreltveen

1 hat forrrs e 4 d t
pﬁﬁ?%llﬁuraéq We%sﬁgngézﬁei]el e\%@s; are. roug‘%tpé{%lng
cunmﬁnm:;;ﬁgamélrﬂty v tdurgt qoivesss 32 el 38 tueswariecie Wi pe
Eqgad P ot hed gd%ﬁt{ ted Al T GUE, P 36 tABH SR N0 1y
igates (s Ay

ure are the first surfaces to
rigrighge adrenerodves r@@%ﬁhoﬂ GndrHed \iRjEl 6L oGP yanother

a6 LATE 19 S 3Ge S 4 ROV HeShed separation as indicated
by the gap 38. A sealing member 40 is positioned within
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

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.

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 tangential to

the key 30. The camming surfaces have an angular orientation
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a mechani cal advantage which forces the pipes 12 and

14 apart from one another as the lugs 20 and 22 of
weegs®n283 16 and 18 are brought toward one anopdiBUS$2005/010293

preferably into pad-to -pad engagement. This wedging

action ensures that a separation gap 38 between the
as5ptpetefdsmbésaewkigrr e65afljackhtbéoaehicbyédgwhedsphehown in

rigRPRet, L SRel EhETBLoplAcR RECahd 80atE LEotbhECRo

Fe*redu€in orce reEU|re 0 brin e lugs
engageﬁentowath eaehrveshadk. apdgd620caRanpecar B1R6r IF? pipe

14dé@“@lﬁﬁ@@&ﬁtgacHnoFﬁgﬁrQy5t|ﬁhbeabﬁalﬂ t&u%@a@é%e42 (see
gure 1) . The _mechanic advant age t ned b

Figygeop) méaﬁetﬂé sigar fﬁegzﬁFﬁerBUEggaﬁﬁe %8r858%ves 34 and
3sappirhedwkagauts Z6érheddeg thebranginheshuwdsac2@ agddp2@vides
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rations are a particul'ar problem as the
engngemﬁmﬁn oﬂhﬂﬁewﬁéﬁénganEPQHtﬁ€S§F8§v§§a§4 aaf§Pggation

gagu§%3%bE$ﬁEBet%@tb& eW@h@@t @Eethﬁgﬂk@eSDOwﬁQﬂwbEhachleved
ap e

hi ff f
whggst8e, C@P@F&F&%Pybe£¥e§ﬁo :%1%658r ”{hgﬁ%” ﬁ%ected
wh@ﬂbe&%ahbaﬁg45h@ff@&mmlm@qyumhdcas &21D&8tMea§wB@d20 and 22
tow&g %esgeck to ax'%@%BQol% %r%fe%?QJ¥mﬁQ%Hﬁy5dﬂ§Wh toward

£0 "qbout for practic desi gns. “The use
cach kenerhdy g gbaemimg @mtf%éés iseendtadsf ilded (15

me%%kéﬁ)lll'c%qg fd‘?farﬂg%g@ Qﬁ)t%rl%‘ﬁe%ymt@%s us@ foew'd@tel'l@a
e used on practi cal any _co
smmrléng?éwérlﬁ/ w&ﬁUﬁ@Sattheeéﬁr%%e eéoéi?r JUER foeeged to
br‘é_gl :t|1'1ré9 1 ; at5111 lztszteciriua; m-mgmpam atigayemesitmdaar

upling. se n a e to_f
SBPR R O EpSedie AR B 1 hay o RS ay g by
alQ@WE NG re fmt@r ,athesiviyhgripesd. tm@aﬂe@émadéd/ ssgwnected,

h
edéﬁﬂ%%%ﬂtﬁ]re%£{qgﬁ%'%gﬁé kdﬁgygzgﬂ LQdreded tapaent

spect 'to ey 30 and form a wedge 46as
cogtfdiguriat ikingurege) a Rép—’ﬁdsfiltléﬂ% R Qe 2% g s ton of

tl—%ﬁ%#tdgsﬁ{a’c?ﬁ%@ gf@idd\i&b fjfllaﬂﬁﬁﬂ ¥y anddtangeft pilpe.entire
weight 14 gtgle pl%esetcourfeorrry It e agsatpergers t"ll}xat vpe 85 tlfho ungaqces
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.

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
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
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55 as is understood for flanged connections. The

coupling segnent 51 is attached end to end to its
was®enyaved coupling segnment by attachment nmeaPST/US2005/010293

preferably lugs 20 positioned near the ends of the

segnent that align and are engaged by fasteners as is
asuntewat andFigutrke4ar t Oppdsdescthbelieabovea Adapgst 53

sh
<o) £, FROHE" 0pRidn\cakena 20 W ghecgbly pague ame
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osi tione d f

neggclthﬁ 188D RlNREd ts%g,fne%@etcha AQULET a8 baeeerdntled by
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fasheneaspkisng s Iamélﬁmsé@bﬁ ltnhéhlenﬁért Sk é]@écg(}%eéi ove.

orldent ed subs¥ anti al | y per pend| cul ar | y to the axis 48

and outer surface 52 i.s oriented a | at

t he Agx Pgsks S§eWEs i FRGHFSPhe \ﬁé‘&g Z‘ﬁéﬁv? 8’(:()0?5 ferbly

ha%%gtal ;&,:Iha ok ltﬁﬁé& mllTreeffreeitata: wedarigige a1 oreageredhey
radi a W th_resp e key bat

enggpeage 8y ind 4a ﬁnéq S 48%2 er‘%efsd(?L W%;%{%ggmtl%zﬁo%%%r

co&ﬁa@mﬁﬂdgpnmwheﬁdumUﬁm@iﬁ@dm@aﬁ @K@@d@ﬁ‘ﬁhﬁﬁﬁ%ﬁFﬁﬂﬁ?

rang 0 7 I [
Sefg'é-e ; gu&% ?Q)) létre Qiefq_ntelaow a§10 11’1911691r g&rﬂ'&@ 50

al so Al 't hough surfaces 52 and 541
f aliigigr SEBCar @ 25h@in dUF e s3E-Ess@ i5n RS IRgy i vprdly away

£l & g@\@e R-of idy & heyqiray ety SQLquHﬁleglded/&)etween the
concave or have so ot her &I‘Ofl | e sh and staxld

ln@ﬁre@tndaqw PRI Th e Yyraniasity, toward
tHNGhies AhgderY nat &:l’ﬁﬂhihilp’ﬁﬁnig .of H«@l@a:@(‘phﬁ, the inner

ilTustrated in .Figur
s Lﬁé\F&j ?r dss Fe on‘jglSup%ors\(l)%{‘l;l teilalrﬁ‘n t ige%%eer m of 1(Eiiol?wte?( the
axtiadiags artatowienstsantfiald b Dliendslianted a?m%lasltﬂr&f acglative
;kd'le '%%{13410%% dd 4 W & dhn die el Sl408 tcﬂﬂisé r&ctlon

angul ar orientation 44 of camm ng surfacf ll th
a y wi

ofbé@ytsﬁemt i AMe readivie aneel g & 'almec’ﬁﬂﬁﬂ
ré%?é%gfgd‘ﬁhéﬁ%éy Bdtevdeay tad ejutsai fanef ook a2 naas wredhxis

atlvelaf tq the
48 oriented substantially co-axially with the longitudinal
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
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 S5A wherein surface 50 has a curved cross sectional
profile in the form of a convex radius that substantially

blends into radial surface 54.

As shown in Figure 4, it is preferred that the radial

angular orientation 44 of camming surfaces 42 be
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I ongi tudinal axis 48. It is advantageous to match the
radi al orientation angles of the camm ng surfaces 42
wapesohrokey outer surfaces 52 with one anot hePCt/US2005/010293
avoi d point contact when the surfaces engage facing
surfaces of the grooves 34 and 36 as the coupling is
subssant 1 @11y neguakr toot et Fgdi el gaugi hgr ber weehathen 56 of

thiykégcgé?épaéﬁffégét§2f59n%Q9éﬂ£eaor@Pé€iv§ taglthe
refera rooves 34 and 36 that keys engage
h radial

lOMQyEU@l@hﬁp@X%ﬁagsrs EBnpF eABYRAFFISPBSt R ﬂéaﬁ
ori SHeRE1 & 088g 866t bPNL RE &Qﬁmkﬁgssufﬂageﬁenalanﬁtths key
advant ageous t hat tge keys_h e a cross ectlo
oukeBpBU Rt S ubdt WhtTaPl§ #1+F efhﬁog? spgven ghact
whéﬂet?@agesfaéeshengagevéaamdgkeyréaeeﬁoofekhetgyooves 34
0 ene r e. 36 I bed etal
an% ?ga??egﬁgg¥%%§i9§§ 6§|ﬁg§§% zggn?ﬁa #?eglﬁg g%téggte
gongingehetveay bheepurineedesbpfpreponltey 5598 Beips to point
coggg& ed by a first side surface 58 positioned
prOX|nate to end 14a of pipe 14, a second side surface
60 positioned in spaced apart relation to the first

Sid?réEéfé@@y58tﬁ€dgﬁb5bably4faﬁdlBhethad kéws andeagage
floor surfac

t hat t ends_het h
haggcanghePde gaFfé8e§°m$§8%§8§8F§n§§$§P§ gﬁ EESEPQPQ cross
segtoomeoB6the khgskeydnd@ensradhi évedsbpdypnepoeryst keat the
keg'u?ggvéuéf 8988925%*8%%9&' @hgisepehak;l elipk@ahbganagi &hills

orlentlng first side surface 58
theupzbaneEaPVgnpEheen P@uﬁ&PP?StSftﬁ@efBSSPV§uﬁP§c§e¥2are

noga@QaEE§§ suhstanthably .pacabbek te tibedesnetibedr fiacdetail
, and orienting the sec urface

he§9@§F§ﬁv|§FP9V6aﬁélP&PnﬁbSP%SQBEFé?léﬁrFé@éléf Gt

rehhailﬁggul @ébmgta@et e skirapit isur.f aGeodp 36Prief dedbiingd by a
nd t d

B e Lk e e

14¢ngagerent] wiitle sheflaggs 62)2pc>IS1élomeﬁ1 dNERECOH PRart

reﬁﬁ%qo%tQ%rt% $howr quF'%ﬁ&%a%e1S@h%nE9ﬂ§s%@lQ@9&@©m the
fooves 34 such that the keys' outer surface 52 .is

ené|ﬂH@p pggtacéﬁpggtﬁwgfpﬁ@ 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
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
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
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 contacting the

second side surface 60 in what is called "line-on-line

10
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second side surface 60 in what is called
“"l'ine-on-1inecl earance" (see the left half of Figure 5

W0 2005094205 i n spaced relation to the second siPBer/US2005/010293
surface 60 of the groove, as defined by a gap 64 no
greater than 0. 035 inches (shown on the right half of
clmaparcs” | (1=e thlee Meel hadbf rafliBlgsveface &4 is ahsspaced

rélrhteicsrheioldwe @ébéﬂ@esfé@aé@flﬁ& é_Mé@ &Petﬁé Oggfoove, as
left hal f, Figure 5 ) nsp

rface 62
derig]tr%ﬁq W t3 3‘1‘]%0‘?4 s‘EFPf%@‘B‘?r %]%aléie(? i ‘h%%l Wc%e%abs}%‘m on
the giged atalhant ()E‘:ngiﬂré rEheSFlilFttMmcih?éf the @1 R) - surface
5 The | ner ¢ surf g]8{ S nom n cont act, h

th the
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dlgfll]tt%\/\Qilgll?L a1 dar?y ihlgﬁ Var | moaukg ur'lL easceasn%fCp eé/ls P ReHheGtly
rosmemanich tlcr gnhee exactTebitntergsli dyig eieaut:md,hescgrtdm/te there will

beS UGS e RS U VLML LA IR IYP the Keys
prevent rot ati onal dbrﬁpl acenent of the pipes
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mbebac;{l entngté;s are attac dto one anot her

A3 B BT R B 34 e GF Bt ATkt Broject
ouAmialmi}Qusfrmi mhmn@nmlmmdm@ﬂ(%e}@dm@% wgt shown

f Ces QR i t 0 t ed
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en 't not have e conp enen
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Agai n,

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,
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,
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.
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surfaces 54 and 66 may also be in line on line

cl earance or nmay be separated by a gap 62, preferably
wmooogneader than 0.03 0 inches. Alternately, aspchUSzv05/010293

Fi gure 5B, wedging action of keys 30 nay al so be

ensured when i nner surface 50 and outer surface 52

contadderpedely s @ sdeyrsgrafd BOe S pewtdaialgy adiiton of

kehadizal sy fAeR 3 Ie%aurfeaom riglral) %rtf_%éeh%o and outer
groove' s ‘floor surface 62 wt ap he ri ght

S A e UGB BE SRS ALRTS s Bagrl e SRartively,

busurhaces E;f@,rf%&eam %gs armg s@a@ldjétderf@ﬂrdthlﬁrf a:logfttheSIgi%ve s
roove rtTa an r.oove

£k A B it o e et Lt S S W gure 5B

shsm@eva&1@U@us$r539®howad@dbQRWEEM¢ﬁ@ummedﬂbuﬁxa and 54 and

cot 308 122 & 9 4 3 3 S W HECe 0’5833 6 and 62

exanpte mhereln t e shape of the key and thé groove
giydagngthes grocaist isad yh@oﬂﬁWethﬁdﬂy AP lgmearary

shhbeer, suhkage 2 JigesIWriguriher efows de dhvid&kly curved

arIy oriented wi,th respect, to the surface of pipe

I
ouls? SHrEACe SinGOERILENE SEERGAREd e TRCG PR G AT
exdmbﬂee@hbyepadtm@-@adgengégeMEnkeqfam@gshzogam@v%Zane not

subBH a%ng 1%9 J%% %d@% %%% &!%%rface

0
above rOV|des 2@vera a van t% rP:(ii"?he engagerment
6 2] nﬁ;eIShQWfﬂf ace the welly fsildst ts>| @e slmgﬁJa@erlSB orgrepdsd with

reege%% 12 %@ it sybghiqathal ly precise axial

ition relative to one anot her. Because these
surfaces bear agai nst one another when the coupling is

i nstral lied femnidhe hpitpesiet wwﬂﬂedn@bnshightraa&ioaﬂ la¢ fined by

ghen i nt.ernal fluugt pregsure s 8§ﬁl5 Thus, ‘ h
PafssPgREFs SHEBFRGE t ife 150 28c & Ie‘ﬁ’gtcﬁé’ﬁuﬁ‘ﬁ grn wit
thehe ofieriamgenetndik idne te idetsenrride plbessupeottidesy several

adgﬁgFﬁgggrebéE% %%g%g%bvﬁ&i%& q qnsu¥@% re%%tk&%%yflrst

coul'd b&'ze énsu
sidéequatfeCﬁ gigdifoy camd ppicere A excedsi \;@t@n@uﬂoartantlally

pr@b%@%a%§q%ﬁt betiween EQQthQ%St%n@nkh%n%Q%E&'ng%ecause
whil e the tolerances necessary tolimt _the

th@sensHTERE ede SPPEd 2PPAPES QFlleoﬁnPﬁ@et;roM’SiePn& fo CP&P&éng is
ingealfiagt bhedhecpipaiscahky. willlahse ahlides akhelgroawnes

1n£erna§ @iﬂe% p%%g%%%eoﬁsogggﬁied. Thus, designers need not
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)
ensure adequate rigidity and prevent excessive angular
displacement between the pipes and the couplings, while the
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
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 properly
engaged with the pipes 12 and 14.
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fittings to be manufactured econom cally. The gaps

wor k advant ageously in conjunction with the normally
wenmenn2es ed out of roundness of practical pi ppSI/US2005/010293

provide a rigid joint. The pad-to-pad engagenent of

l ugs 20 and 22 provides a reliable visual indication

that the coupling 10 is properly engaged with the

plpqs'kz a&ddb%lﬂéalaolﬁaﬁéﬁalﬁ%%é(%ﬂy%ﬂ%r%lngﬁillng 10 to

f.l exible couplln 10 o .al l ow greater angul ar
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shown in Figure 5. It is also feasible to
begyegngale GRoSveL PAPSRY 196 AR Hbulsa sh@yTurdeF igre 5.

tol erance conditions. This configuration takes

advant age f the we ng action of t keys to rovi de

a r?é % ﬁp QﬁéséghhtcbﬁﬁgFlgng E& pgq IrRvEs 34
antthidg wumhng&rat@a@ wm@eaiadlwabﬂbaame@a@dnmqmméns This

of. _h uas 2 _he S

e B LoD el A o ol Sobu v gy idop, of the
kepispée PéOVH@enécé§§a@yJFGméranééslﬁon@ﬁs@ﬁ@cﬁdﬁﬁlpa@owever

totQaﬂ@dtﬁﬁ@a@%ﬁﬁﬁbu§%Q15%|bngoﬁﬂ%%tm%th%EEe@%a'ﬁg pad
ement. of the k ys and gro qves. For

ga
engsﬁ%wggﬁap|o uﬁﬁeﬁglﬁnﬁagzt e§3&5§n 5géﬁeﬂﬁrﬁédﬁéﬁlCUlt to
ecbﬂﬁmm&bﬂyyhmbﬁufaﬁtﬂh@WQOM@lEhg@renﬂ plpbslichQEGka@ssary

he _|
tol 3 ABRESL 50 FAE i DOTR 5o FRcBsd PlSagiert AN, fig
copRagh segeamfer@ntikd M@dguagpeagagEmegeahfnghFemb@E and
grégvterfgmmgbwtﬁg Qb £ BE,0Ugh 3 %eg@;i%w%%@h%e ai9%nglgement

oint 7i s subjecte I nterna
1Spn@§sapélnnélw|h@é@raﬁédShﬁwpugurgleureg oovéE 36 pyeferred

oaemgmb9gaou§h% ukonAed aby aeehd ﬂ@fkhgglhgezﬁak%fb@bment 16
4 r.red enmbodi nent, groove 36

. In a_pref
th@Bngthegn f Pr $ECEFFe Eﬁr?gééc§?thQlﬂP€n@a Progemaeat 18.
Theotbhguengreteptpeskdliagseenbdrside feonf atewdlg out

th?8ﬁ§hi8”89piﬂe%388%dt%8aiugs Eﬁt 28 58 when the joint.is

subjected to high internal pressure.

As illustrated in Figure 6, groove 36 1is advantageously
formed by cold working the material forming pipe 14. In a
preferred embodiment, groove 36 comprises a first side
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
oriented relatively to the floor at an angle 43 that is than
90°.
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the first side surface and distally to the end of the

pi pe, and a floor 41 that extends between the first
wanaseerend side surfaces. Preferably, the secpamusiod®010293

surface is angularly oriented relatively to the fl oor

at an angle 43 that is than 90 .A roller tool 68 is

used K&/ Flo$d dectiseshhastiage aacrass padtplssral shape
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andishanpepefﬂén1tﬁ@eaimscgconea@hceﬁseﬁebwomhesC@mtahe

beg%%%ﬁcﬁhgs hgdng%§f5%la%@vg ehgn%oqa%&h%acﬂta% that

er ent ear Sp eed for a partlcu ar an%
fo\V@ISoéhfeyaaﬂwlﬁélwopn”érentt@@ SggoNghe1gsi Ky ﬁ&ﬁ‘t kdspf groove

36ff0§bbaaséxh% 8@ &Eé&eﬂhepbaﬁtesbléﬁ% bﬁ%l@@'@h&face 78 are
st to the axis ve t %Fslomest hus, .t here

atvéﬂifﬁrﬁn&.éﬂéFéﬁ€ﬁ§| ZPBng éxéﬁgpéerGPFéeé 9§ of Toller
towfi 6b . caDaeStbhehemmfadéfbeeatlﬁlsebateweﬁyomOthbeax1s 80,

eaéﬁcggdtﬁgdgoﬁggfagg gge surface 78 will move relative to
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
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
roller tool bearing lubricants and make the roller tool too
hot to handle when changing tools for a different size pipe.
The roller tool must be allowed to cool before it can be

changed, resulting in lost time.

14



10

15

20

25

30

35

groove 36 as the roller tool 68 rotates relatively to

the pipe 14 to formthe groove. The rel ative slipping
whedodoenot he roll er tool and the pipe causes tPer/US2005/010293

friction. Excessive heat caused by the friction can

result in a break down of the roller tool bearing

| ubricants and nmake the roller tool too hot to handle

Vmeﬁ‘ochﬁriﬁ_gég:et QQ{es gé?fer%tQ.Jrf Qﬁergxc?észseix@ Q{-aeatThQ;bhe roller |

| er tool st be allowed to cool before it can
o, i

ffed SHBEUIM Fg-IUFS ost 1S meerb tA thqat & tgwoove 84 in

plgxaenemat i qm ofreexeessi,va ealecdie gidld eyurifele 8335 has a
arm

shown re. .t i used t.o r.oove .8
tifes sff aegSDrogéz\}gnSf,% e et(?ond?‘r%q“g‘é_’lq: F fce enat§ the
fl@om st fagpef 2o pord isorseB8® ok |semf@eteam:guitardry 9| aidadec ioned
adé%ctel?ﬁ fdphesunfpase s ARd R SRR g5 tfe%%égo%féadmauy

positioned adjacent to the surface

Pegpeaficd b $Cantt althpreye iedvdiad dhe ¢liae afhdrhepy

an@@igu&u@gotﬂ%ns;gaae é@fcdriaed sﬂ%ubﬁlfﬂﬂéc@ Is%?tte% Q%?ﬂl fting the
Sl de S ace educl n e Sl Z (0] e an e

S1Z Pl ARG R BT S OSSP 61t i3 Ao d UHET tool 82

angr atee g@baviee 8f4r ittte dinricaised cxdamnrsemg duadichgwardicn gvc_txOclng to

£obBf THENS G108V d 5 lfliced. effj;xrssct SUERGe RAIQAN o8,

e| angularly oriente es
beingapnaydardy easentisdd atcvd mwwuqi@s»sésém]@dsaamages as

deSehfiaes 6BovAN rexamplee Rfccad URld %I‘%%C%n%@g.l ng&r@ example
groove 84 iIs shown in Figure 8 . The roller tool

ofhgs CRUBLARGNLEr ERGRIL TSR EOTE Wit i Sa Shoyds in Flgure 8.
sectl onal shape conplenmentary to groove 84 , the shape

Com iRy benolE, bhr SRS Yo wien
a 8tosk lS@|C|t&IOnIadO|Sh&Z>e aogedemd npeniynetlr alroowef #de $Bhe shape
coagn%fl%'l?l%eg 'f& %%q*i'fn l.gLh0n, LG Lhe %Sr&e%‘gr dgretral

ace ented substanti-al'ly "perpendicul ar to
subﬁéaa%pglgty p&rpgaldalcuéapfflarcéow@eeweﬁdprfg rodwdem 80 of

rotiherfkbeh and %e%@@@nae?te&%@%&aqu rsﬁl%tf%%ea@@ ?;Hs%tl%@led in
subst an |aIIy aral | axi s 80, and an ang

SPafiffake i‘69_‘05‘0§?t tORed 126 aOERITES Ter |SH€tf|a§Ie Sér PRCe
orieataﬁd sQbkseahedaangubatbyntio cuharaxos t8@. akhie angl ed radial

su? EE%CEO%O%Xk%n@E%QGE %w%eorlgnt%lrs@ %%da%%%%néoperlmetral
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°
relatively to axis 80, and most preferably at about 50°.
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
pipes can be achieved for groove cross 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

15



10

15

20

25

30

35

relatively to axis 80, and nost preferably at about
50. Surface 102 slopes away fromthe second perinetra
wGewosaers t her eby maki ng contact with the pi pep@ies005/010293
form ng the groove 84. \edging action between the keys
30 and grooves in the pipes can be achieved for groove
ther grooyest | diagursisagds 16t Ivdrow VAT idvss gugests idsef igurations

me@bﬂ\ﬁ% Jﬁ% r&llr&e%lat er ifQRn i@ 1WedgiNg: %C%jr%v‘es 1tihat
the groove at the surface. o pe be

Pag’rtéétléﬁ’ H%“Pﬁe% & 16 tﬂ?étd%‘o\}é‘ Ca AV HE Iaodfronca"'e
crofisheegitaonal Shgipeas raglﬂes tmwS\rwwleas Q@HRONE 118

fi t .z 10
P2 L rdaVe LA B EVA o 001 PREE By A28 AEHORt o TTE
Crb&$|B@C&lcwﬁdawéaGEDSSI@e@ﬂ@mmﬂ L§ha¢@e Brggve 1P2 is
pa%gg‘ﬂa al i Qiré%‘l\ﬁ%dl 1% el by delgned 4b¥ﬁ%vl§fgd%lfi%ftt 0Py

conveéx cross - sectional a n Fi_gure

segpndy ﬁ@gdleéo\p@rf.:}@n% 134t ipad y2d4exi ¢ Egra?tsua@@ led
pol@hibin0n 2424 Hhavinkg of ighrela tard ssepend pgled @Qafddrﬁl Sngled

124a and 24bT,the first an Ied ortlogIzt 4a qgr%_f d
PogFdaer%4Fope THRAT S e SEC8HI 2aFdic8d % sl Getine
byFiagueieel osttdws azgraawanQZ@.ﬁammkawqghadﬂpmmtﬂmp.a28a with

[ rt|o 8 Vigg 34 i I tigRp, 128a

a %l%% Q %ésg gn t g_gé.lﬁgng Qbor?@bn 128b.
CO@@martapln§n§fofraldaGP|Su§D§3n @n@rl@lde@og@rltqn@n@r@r @l@icsdeasible,
asf GaSkH &n 38 gtheWd 4l N WHeGWie LhooiRension iV e k3G s

has a radi us portlon 132 and .an an Ied ortion 13

Popitd@re 133 ANCuSEy AP S5h P&AHIRe AGONE 156 11lustrates
anhé‘klaﬂ@l% wsfdgxeg&{aa@m%d 1<3r6031&v5_e@t laom@dgw—@fhalp@d tdief@

bei.n por f .an |f|canc .as cqyp
seotif SEHEEE SrddUeT e sovE s o A
s1§i;eﬁ|frieadmkr3e alsd@op@raMednsvﬂ:%aLm@tl&&b eocrameﬁiee@rooves The
grBBedl %geévgd HL £12RRCE, 19 NS ARATKEY 1 SR U loriented

any8d agfl vt iwet@r Ferpest tive ODgr PAGE NG -t h@omrq@él it all of the

de@'&%%tse'&st hag tc'ih%r‘éﬂc@e'?: 11:4:@ cOft Hale cgioMetdl ke I a9
groove. Note t al though it is preferred

STORKE B ROGHIBE ey e SHE RIDY g&r SFEER Sro HRE pilse width
14%Ubfag@e igrod®y alts@hke faboredf &%he groove. Note that,

although it is preferred that the floor be substantially
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 floor may also be angularly oriented as shown in Figure
5B.

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

Fi gure 15, which has no floor, the floor w dth being
wes®ent42a8 |y zero. The fl oor may al so be angul Be1/¥S$2005/010293

oriented as shown in Figure 5B. Roller tools for

creatlng grooves as descri bed above are shown in
surifggices FRIAGT IsniHiagis @orA 1iqmplisecansivel Gnd sresults in

t HeOl-dfndfelxe Akiite Biide Ghrantdasm JAdRlY @ Nfire 11.

surface portion 103 flanked by a first surface portion
105 and a second surface portion 107. Roller surface
por tSied 1835 vi,s rarlsfear afalol ardsgnttobwperipemigidariy, tis a

ra%)ilaﬁlgfntl f&|q1 )frzfesst(ultléa ptol}%lo%r g’eggrOf cﬁnqq(_ﬁeltween a

subst vertical groove si ace
regspehddeudairt isowr flasec megdionand 3r @sd tas domvehe ssurfisese

pog'rc‘i%‘ﬁe 15‘3.'5de sSHAAGe kA4 AS phenddn o%'el:lwlt 2 concave

Simlarly, roller tool 109, shown in Figure 7B,
Slﬂ&dﬁ&Fﬁ?cﬁaéﬁﬁga§uﬁ#§%@‘d6¥@P8erlﬂoextend|ng betmeen
a perpendi cul ar surface portlon 113 and a convex

sur e portion |l er _pro cesg a groove
! RS AT Tl PR e, S1h G 1 e G 6
FlQUA@@IUEbH&H 7@, I@mohﬁhaﬁewenE&rfhteamdmtmﬁnlammeﬂuh a

1 7
£ ERIESE A OO 507 DIRYE ) SURSRSE R O 185 eo,
antﬂo aggesosd fase é2§ec@r1{$0f &ogulzs 1valogd eavgd afrutyl respect

too'ébc‘i%t Q0 Wit @SReE fr y@4tS a%Q_,lebut Ifi‘lt & 1didd et 117,
gl e. I'n roller tool 117, the $ | gpe of the first
th§u§f18é’§ R&r tihen figsgr @&Féra%mrttﬁensﬁép@r@raq% than the

slspeond skl &@@oﬁ)l@]f stuthf,a@(ﬂ)otrhIlSmr olaner ltlmﬁ@d liQﬁliear produces
roove o r too 1 ,
e e
slbpe sﬁopéeoﬁlmme segdrdes pofrddenpast iless damant lihe slope of
£ hEOLLeL LA QiGes ca 9h2Q%e 12,8 +HHaviRdg 12 ?ﬂ%ll&éﬁ:re@/a groove

oriente surface 124 as shown in Fi
12Rol héwlp@oanlzngué%\m o iPngefe SZEe 194 teger 4ditaldsy shown
inf @¢ogesunface, an angled surface 129 intersects wth
a surface portion 131 that is substantially
per pendi cular to the axis of rotation 80. Roller too
127rRb3 laegetuwbif a7, shown in Figure 7E, has no radially

facing surface, an angled surface 129 intersects with a
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.

Roller tocl 133, shown in Figﬁre 7F, has a curved
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.

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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creating the groove shown in Figure 15 . Roller too

133, shown in Figure 7F, has a curved radially facing
wewosaerd 35 and an angul arly oriented surfacepdBESH85/010293

wel | as a perpendicul ar surface 137. The curved

surface may be convex, concave, sinusoidal,

hyperbolic, or irregularly curved. As shown in Figure

7G, whhe o @lﬂo%e@%da@eefaa\e% %crhq@;lv%l lsxigfrﬁffl%ftuwe%fg%ng

141 that i's_ angu oriented wth respect to
aACkiPE Wi thotds gﬁ?i@oo £ 3 CO0Pd 189 $RGn he@nFud@ﬁCéf%d s
appll(i@dcﬂé@ wp@@mca t Geich Whridoeregr a@\ye&hl@dﬁmeedldéa fln
e si cant i.ng _action-wt e keys .0
o B s b s HE R5pFEad - o BipE e, Figure
legbbwgramveéhnuyfak&an@elaﬁeﬁawnpgomlmmmmﬁaremuﬂahmgnaoves
145'% IR %h%% @ﬂd @?bd%é%”ﬁh% gg%ﬁ%elgn QIS 31, f oss

|tt|ng 40 having circu rential drooves 1

segt lévrlﬁﬂepr@r#d oG ddve s traE efpy ThAEUARP &f aise 10rdss or

thé@;?t ’vﬁ‘%@btﬁb@xfsl la@s deldotstoedt athole . Fi @qmaa@laynd £ JIFee
their va atiqns _as descri bed above. Siml arl

£13E el Lt SRR SR el guPec: SHRRT s dthfes PERE ST DLy
adpaeéﬁtahbyeadmacénut@oe@d@h ahel proewds, b@hagg@@@¥¢$d to

bei : | [ h
ocBEA, HARSE LouSBICtoP SSIBLN DT R0 L, SO
othereifnttEngsr @slesigandbes bﬁﬁﬁﬂﬂg 1&89@a@iﬁ@ sheedgiang

flgEQB elﬁﬁoh%%lége%tw% fQQ% %Q@o%%dl%ofkéﬂg%e%§26@3d%%eend

ite end. Firtting I487all ows a piping network
an@sﬁnélﬁéeﬁaﬁﬁ@aﬁtc6@ﬁlPﬁ§§5ﬂ69b§?F0|n§dt inghdéfe@llows a

1 @h@omét%ttkl @@m@i ﬂﬂacf}ﬂa&ri@:%& csug)tme@@ort@ 1S jOlned to
kﬁstrated n F| g; 19 an% other QGF
anﬂ ngEt¥RER & 4Sdr91543PEESur e F S8 e 2°
iljlaknrpipés iha\Filg@.Iﬂ!ISf fler emtd dicanetées, ttypea; ifpflie ting s

sugﬁlggrg %géuang ?g%o %@g%&%tlgroggg VE%gj Q%pgﬁgk%ehaving

grooves are Tike those PITus
dlﬁﬁé‘—”é@@crillﬁé‘@t&b‘@ve orhat nippleadé ot HEIgdg R§)adeiyomlso

beRBEWEER HRE HEQUR P %%@t&b% Leevest @ 58Nsne 180!l ReGta are
stiffer or _nore flexi oin dependi ng upon .t he

likg éhaﬁeeéléfwttﬁét@éu5Pﬂn&e§§raé§ér F‘P@Hea%‘\?é increase the

wedging action between the coupling and the groove to ensure
either a stiffer or more flexible joint, depending upon the

tolerances of the coupling as described above.

As further shown in Figure 21, components related to
control of fluid flow, such as a valve 162 may also have
grooves 164 that are like those described above to couple the -
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
the grooves to be formed faster and with lower torque applied
to rotate the pipe relatively to the roller tool.

18



As further shown in Figure 21, conponents related to
control of fluid flow, such as a valve 162 nay al so
whane/ogneoves 164 that are |ike those descri berlCEDS2085/010293
to couple the valve to pipes, fittings or other
conmponent s using mechani cala G i ngs as descri bed
herein. Roller tools accor& ng to the invention allow
grooves to be formed in pipes with reduced friction
Wh%nd.he%hjiggdmggm)the grooves to be forned faster and
Wit 19 Swsr 1St qie applied to rotate the pipe
relatively to the roller tool.CLAIMS Wiat is clained
'St 1L AN dRA AR A0 SULHESISINA grooves
grooves around a pipe, said roll%er too ei ng
arpoyingt #blkd PEbo 2 18h T e o ft adt R9iay aivt @l about an axis
o fCirWH e Rd@hasuipee AnaageRfe tWdih Salifhdd Regageable
.said surface comprjsing: a first surface portion
Wl&?’i éﬁﬂécrjpsl@:%tfﬁﬁ 15 STIRFHSEMY to said axis of

rotationa &isetorsthrdiadeagerdrctn ariposiadd enadtantially
s | at tQ.sai d fir .syrface portion
pe}%%%?%c@ﬁ%g&éﬁgufégﬁr& a\%:fsﬁ o&egjpoet%ttl%olﬁ'sai d axis of
rotation?a @acagidalsurffeas mprducnaeegicricnes! éxt engiaeyl apart
rel@lwesn dhefiid 3t and Seeond YHfacs ReKd 'o_‘%‘l%rf;t'?é?i angularly

oriented substantially parallél to said axis o
witd zEseect2 to RS Beris &l rEESi@Hg to daim 1
vvhe:r ein &air@dgﬁgllgg g&lﬂifr@C_%LﬂltﬂatdeO@)dxiiQﬂ @%t%?ﬁcﬁtngafbetween
angl.e _up ta about relatively.to said axi,s
eBodagein and TRtng bt Bartgrhen gt Sahes
suiiseraitn addiyd pangllde 1s urdf & Perdiisofi satritdrired at an
angl e of about 50 relatively to said axis of rotation.
4 . aroller tool according to daim1l , wherein said
radiftal | p Fadileg $@octlaceqegidiingn tics Cdardwed., Yhergin said

ang2kliesukealcea e didig it0 HidinfPel atWRer @ing 1%k to about
fadially facing surface portion is angularly oriented
70w rhlpespedy to said axis of rotatiion.

3. A roller tool according to Claim 1, wherein said

angled surface portion is oriented at an angle of about 50°

relatively to said axis of rotation.

4. a roller tool according to Claim 1, wherein said

radially facing surface portion is curved.

5. A roller tool according to Claim 1, wherein said
radially facing surface portion is angularly oriented with

respect to said axis of rotation.

6. A roller tool for forming circumferential grooves
around a pipe, said roller tool being rotatable about an axis -
of rotation and having a circumferential surface engageable
with said pipe, said surface comprising:

a first surface portion oriented substantially

perpendicularly to said axis of rotation;
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6 . Aroller tool for formng circunferential grooves
around a pipe, said roller tool being rotatable about

w@amoaxdedf rotati on and having a circunfer ent P@l/US2005/010293
surface engageable with said pipe, said surface

conpri si ng: e%Jdd Sstux?é( %‘}%ﬁ%&ﬂ g{bsgf @MUK in spaced apart

subst anti aI er pen y to axi s of
red@tdaronca S§éé£ rfd- i feaeed g5 tiasit isasi ti oned i n spaced
apart r e'aatridaﬂailQ_ySGEad::ﬂtrig' &iursﬂé{cfea%rﬁﬁrciﬂ Q@Lthdin between

al | C sufface. portion .extendi betvveen t
ne i) e A e e ] |
suhs;hmmallzw pq&arlalldleltd Gasial chxad S)fofrdtﬁitaltdrﬁn arahd

sai d sec Wt 0 OES sect.i onal
profile %e%l ecte ?ﬁ)%‘?{ﬁfa& %‘thlg;ﬁl& St ng? St A Conhvex
sesthdpaadn@reiddec ard eshase fr07ﬂ thﬁa gﬂdtm dqaosidtdmg of a
cowe'a@ G He G &F @lalvdipRyes around a pipe, said
[ er tOol being rotatable about an axis of rotation
and having a circunferential surface engageable with

sai @ pi %e’roﬁﬁleq" Y fla%%xp I‘Pﬁ‘l’ﬁdﬁl %‘11%(5{ eI nﬁ:lir flac@irooa/es

port 1 ONn or| ented subst ant erpen
argying of pi@eat isgid aTOéLé@n(IOQJ-r b@@@gpofrqua&a%ﬁhcnmcan axis

of'%o%%%%%%.%&@r%dﬁﬁﬂg'd“&ﬂf%dﬁ%é}éﬂﬂﬁiL%#ﬁﬁ%&% engageable

portian; radi al | faC| ng surface portion extendi'ng
Wlﬁ@t e ?&IP& f S FPTREASAEY ‘por ti ons and
oriented as&h&tsantsua{ﬂawep@foaidlan Eﬂ'l%alit@da)éwbsﬂ:fantlally
rot atij.on; ﬁ‘ sal ond Sur g__rtlon having a
peffplewlicé%gr v F?g P Sam ulrgr it ation with

respect to seaiothdaxsus fefcer glcattiion g id iseeghd if agpaced apart
reli%\é 3 %S%g%d £angu! %rug‘%f 'c%n&)%tgt% M th respect to

axis of rotation I"I"er t'ool according to
o a| m | whé&rsiigld vsifesd nef sygif@cl Portiare sxf egrddarcebetween

saﬁ@aﬁl%s%lg%@ %%dﬁﬂdjéﬁﬁﬁﬁﬁz&ﬁﬁ%lon% anfl 10@iledft dapol
wher.ej n sl gpe of said first

ccordln
“gééfé”%%a &¥s p@ﬁé‘lJrTﬁzslté’péa&Fi §éﬁl§ ?éc&”ﬁ&aft&&él' and

gsaid second surface portion having a first face
having a first angular orientation with respect to said axis
of rotation and a second face having a second angular

orientation with respect to said axis of rotation.

8. A roller tool according to Claim 7, wherein a slope
of said first face is greater than a slope of said second

face.

9. A roller tool according to Claim 7, wherein a slope

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

10. A roller tool for forming circumferential grooves
around a pipe, said roller tool being rotatable about an axis
of rotation and having a circumferential surface engageable
with said pipe, said surface comprising:

a first surface portion oriented substantially

perpendicularly to said axis of rotation;
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10. Aroller tool for formng circunferential grooves
around a pipe, said roller tool being rotatable about

w@amoaxdedf rotati on and having a circunfer ent P@l/US2005/010293
surface engageable with said pipe, said surface

conpri sing: eQ:Jric{ Sgtu%g ﬁagﬁixﬁﬁr&{ gﬂ:sglr 1%?1%%:1 An spaced apart

subst ant i-al er pen y to axl s
redetdinorkca rfd =8t feaee g5y tHQé??%Slatﬂdor%‘@eiW%aced

sudRaLh thelat) %rtpérﬁﬁﬂcdllfdﬂl%} 4 rsfaalQ:E daﬁrd i @thtion;

ori ented substa rpen cul a to said

rotati on® & f g &lﬁqrbﬁ’%@@d}%&et“’een
theethiren tdnel fsercsindarmhMQbommfomse et tdrdres tard

ri nt e t.ant-i-all t0 | o,f

UPSEAT 1%5}33; ?r%l&ﬁe% )Eéjo q’fé{a%"é{lSorotsiflorgD Sd)gs?)t |’or‘;’1enc§i

adj acent aro agm@dsmrf@@mogbmammmdj aghiglaant to
sailf g%aXIn@rédr@é&e'ﬂ&tqrdrﬁms%Cida%@ﬁrd EurlRld Bﬁ%ﬁr&f&l

sal s of_rotation and sl opin from sai
bed @gio 19 1HEeSL @SB, rfllatAVreém 30 18601 Por o Sningfation
an@l QWHiIeRiWagl O \RS Aldtthd irfaces ot vidd er

tool being rotatable about an axis of rotation and

haV| ng a circunferential surface engageable with said

pe,l .saird rurlfeac & cxdnprdrs ifrigrmiand mstctmfre‘rmve:lwdrtgmves .
[ e t I dipcul ar ly

ar% fl%?‘a% s S e M R e, et A SR, P e
ofvmrutarte—@@ecﬂnd dayAing ax it rsfunfsranteml surface engageable

with said pipe, said surface comprising:

a first surface portion 6riented substantially
perpendicularly to said axis of rotation;

a second surface portion oriented angularly with

respect to said axis of rotation.
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