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SEEF- TRACKI 'NG-R(!]_'I:"ECR GROOVI NG MALLEABLE PI PE  This gf@/ ti’gw relates to
a‘roll to be.enployed in the grooving of nalleable netal 3?1165 particularly
a short |ength fofissach thin-walled netal pipe, and prefefad W’eﬁgbl i ng
perform ng the gtoove rolling operation Without any need to skew the pipe
axis relativeeto the axis of the grooving roll, the skewing of the axis of
the short |ength of mIERFIRRACHKINGH ROBdr FORNEGROQVINGOMARRERDLEY PIRE
grooving roll itself. - The roll grooving of nalleable netal pipe is

wel | -known in the art, and, has particul ar advantage in tho%e circunstances
in which the roll-grooved thin-walled 'pipe-is to be enployed in conjunction
with a segnment-ed pi pe coupling. This grooving can be acconplished by a
groove rolling machine. One exanple is shown in US-A-3903722 which shows

mal e and femal e g¥jsal I e i Qy ving.Le i yel ¥,.an
annul ar fl-ange a??ihg!n %r"\'%urtg'%hr gggége%e‘?gwege(r%u% é‘% Pﬁe‘*ﬁ%g?% ighﬁi pped,
to form t he ggigeRhiASof N ldabledté€al PPl JPLPSIGIASLY | ReSsAort
roll-grooving arrangenment in which the problem of axi.al creep of tﬁe pi pe
i s addr essedengtangifi sgchithin+walled metall pipe,candi prefexabiyobhabling
.performing the. groove- rolling operation without any need'
to'. skew the pipe axis _telative to the axis of the grooving
roll, . the skewing of the axis of the short length of metal
.pipe being performed automatically by the grooving roll

itself.

The roll grooving of malleable metal pipe is well-known
in the art, -anil,_ has particular advantage in those
circumstances in which the roll-grooved thin-walled pipe is
to be employed in conjunction with a segmented pipe

coupling.

The rcl_l-groovind of such metal pipe -dan readily be
accomplisheﬁ by a tjrcove’ rolling machine, ";-typical exanple
i of such a rbll groo'ving' machine being that <hown in Thau,
Jr. et al U.S. Patent No. 3,903,722 issued Sép'&ember oth,

1975.

Segmented ﬁipe couplings also are well known in the

art, typical examples being those shown in Blakely U.S.
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JP-5A 60/ 177917 describes a gr oovi ng arrangerre_nt for tapered sl eeves using
an inner female roll that is itself tapered to conplenent the taper of the
sl eeve and t hereby prevent axial shifting during working. Segnent ed pi pe

couplings also are well known in the art, typical exanples being those

shown in Bl akely U. S. ; . _ _
3, 695,638 i ssued October 3rd, 1972, in ,V‘ézob uU. S Pat ent No. 4, 601, 495

2 Pat ent No.

i ssued July ol W0 32895 BY80sELucd Boudbak B Sl 1 RARORDS, Ssued

January 27th, ¢ sednented prpe coupli ngs ‘discldse

patents have pate@it2INGAPN j 60D d9s Mdsuedd Iy F3nd, "oseé NadindAVRukgeRE
machi ne cut .grooved, in which event the pipe nust be of . appreciable
t hi ckness i naX,deB.s0 PatentoNet e4(B39¢020i dgsakd Jamayyo@PEthaAndostyQ

mal | eabl e pi pe.in which a groove has been provided by a rolling operat
performed onTheesegmented pipe couplings disclosed in those patents have
equal applicability to pipe or fittings that have been
- machine cut grooved, in which event t_.he- pipe must be of
appreciable thickness in order to accommodate the cutting of
- the groove, apd, to malleable pipe in which a groove has
been provided by a rolling- operation perf._'oémed on the thin~

walled metal pipe. -

Typically, in the groove rolling of long lengths of
thin walled metal pipe, the .pipe is snppbrted on a cradle,
vhich permits rotation of the pipe about the longitudinal
axis of the pipe as the roll-grooving operation prcéeéds.
"z'here_also' exists the possibility of skewing the cradle, and
thus the 1ongitudin_a:.l'.'. aﬁ:ié '.of the 'pipé , relative to the
longitudinal axes of - the iespecﬁive grooving rollers.
Skewing of the axis of the metal pipe relative to the axes
of the grooving rollers is ‘essential in order to inhibit
spiraling of the pipe off the female gx:poving ‘roller, and
-out of .i:he pinch of the _re_spe'ctive male .and female grooving
rollers, which other.wi.se. will 'occui due to, distortion
produced in the pipe end dufixig.the rollihg operation, as is

well known in the art.

While this is less of a problem in the event that a

long length of metal pipe is to be grooved at its end, it

i on
4
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wal | ed netal pipe. Typically, in the groove rolling of long | engths
T thin walled netal pipe, the pipe is supported on a cradle, which
permts rotation of the pipe about the |ongitudinal .axis of the pipe as
the roll-grooving operation proceeds.. There also exists the possibility of
skewing the cradle, and thus the |ongitudinal axis of the pipe, relative
to the |ongitudinal axes of the respectiﬁb grooving rollers. Skew ng of

th ' ft tal pipescelatij 1o th f th ' || '

essent i al in OPSS PSS RRFBIERASHR Ghroptanaes yhere s Sheet dnpetn or’
' |1 INd, .04t s Of ' «th | I s =R
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pipe is to bepgbedded atol thobdd.-thé short length of pipe with its
lcngitudihal axis appropriately skewed rel#tive to. the axes
of r'otation of the giooving rollers, or, it is necessary for
the -short length of metal pipe to be manually held,
positioned and ﬁaﬁipulated ‘during the groove rolling
operation, particularly at the commencement of the groove
rolling operatioh. -

While not limited thereto, the present invention has
particular advantage in the roll grooving of thin walled
metal’ éipe, and is described in that application, the
invention having equal application in the roll grooving of
malleable metal pipe of any selected wall thickness,
including pipes of standard or greater thickness.

-'J.'hin-w#lled metal pipe typically is pipe formed fronm an

"iron or steel, or fofmed fﬁom-copper or stainless steel,
stainleés"steel thinfwalied metél pipe .gxhibiting the
smallest wall thickness of the pipe, and, 4in turn,
exhibiting the greatest tendency to spiral cr! the female
§rdoving roll during the rolling operation, the extremely
.thin'walléd stainless steel metal pipe being more readily
Qaeformable .during the zrolling operation than its; more

substantia;l.. iron, steel countexrparts.
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does pose problens in circunstances where a short |length of netal pipe is
t0 be grooved To effect roll grooving of short length of netal pipe,

either a speC|aI jig has to be provided to hold the short Iength of pipe
with its longitudinal axis approprlateI§ skewed relative to. the axes of
rotation of the grooving rollers, or, it is necessary for the short length

roove 1ol i ng 8pEHap 3Lty bty BOELS e a%%ﬁﬁ%%’né% e e
rol ling op@gainsk. spirallipgj oEf nthe | female greowing okl And Y (thenti on
has parti gyhar odynat ﬁﬂ!nkﬁali@drﬁéfaﬂrﬁﬂyé Nfut bHeéiskewdd arklamivd 4 pe,
2ppl i cat | ofhenaxRs pBI Ehg; BBoPREhg  Foridrs 1478 éugsé‘é’vié@ef“i@'tms

: specification.

A preferred aim addressed herein is to provide a grooving
roll for thin-walled metal pipe that eliminates the need to
‘skew the axis of the metal pipe relative to the axes of the
respective. grooving rollers. Another preferred aim is
permltting roll—groov1ng of short length of thin-walled metal
pipe in an entirely automatic manner requiring no mechanical or
manual intervention during the rolling operation.-

' Aspect’s of the invention are set out in the claims.

In one general aspect, we propose the use of a female
grooving roll that is of gradually dec:easing_radius £from one
end to the other, with the grooving recess at a longitudinally
intermediate location. The roll is typically a generally

.cohical body. It may have a-pluraiity of coaxial cylindrical
segments of gradually decreasing radius, desirsbly with their
circumferential extremities intersecting an imaginary conical
. envelope surface.’

. In another aspect, the invention provides pipe~-grooving
apparatus comprising such a female grooving roll in combination
with a male grooving roll and a method of grooving a pipe end
using 1t.

In a partLCularly preferred wversion, the female grooving
rollgf, instead of being truly cylindrical and axially straight
as in the prior art, is formed as plurality of cylindrical
axially extending surfaces, which each estend at a minor
included angle to the surface of an imaginary frustum of a
cone. On rotation of the female'grooving roll, the linear !
velocity of the reépective.axially'extending cylindrical

~ surfaces progressively decreases in relation to the actual
diameter of the succesiive ax;aﬁly tending surfaces of the
female grooving rol{Jléﬁangaged the pipe in the *
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makl eabl e nmetal pipe of any selected wall thickness, including pipes of

standard or greater thickness. Thin-wal |l ed netal pipe typically is
pipe formed froman iron or steel, or formed from copper or stainless
steel, stainless steel thin-walled netal pipe exhibiting the  smallest
wal | thickness. of the pipe, and,  in _turn, exhibiting the greatest

tendency to spiral and the female groovﬁng roll during the rolling
operation, the extrenely..thin ed-stainless_stegl | pipe bei.ng nore
readily def mﬁ%@gﬂuﬁ/‘r‘r’g"{#ﬁé %H’Fn@"%?)e i %‘t'hg*’teir%g%ﬁﬁg %gb"s?% nti al
iron, steel 0k t.Sria11v & y -he female grdbvi
The reason mﬁggﬁﬁﬁﬁgﬁlﬁ%l’r%& 3?"“6?‘%%“%55‘%" aecersegf rgflﬁe%e%aga? r?sl';o s‘fi‘f?%l ling

of f the femalg1grpriidrekd N1y RecrBiseEraiasradisheyt difenaing ET@igd pipe .

~nust be skewed relative to the axes of the grooving rollers is discussed
later in thi gmieetatetpt a@jacent thepRirgjestd dianetidr esarfaber om tifeto

provi de a grooving _
female grooving roll to that end of the female grooving roll

remote from the radially extending flange.

The radially extendi‘ng flange is provided to provide an
abutment for the end _o:l:‘. the pipe at the t@e it is placed on
the female -g'rb'dving.roll‘, and also, in ofder to restrain the
thin~walled metal pipe from .spirﬁling ~onta the female
grooving roll'duiing a rolling operation.

The inﬁention;will s w2 described with respect to the
accompanying drawi.gs, which illustrate an
embodiment of th: invehtion; and,_in.which: -

Figs. 1, 2 and 3-Are diagranms illustrating the prior
art problem; and '

Figs.,4 and 5 are diagrams illustr;ping the manner in

\ which t_he -_problém of the prior art is overcome.

DISCUSSTON OF OR_A

Pigs. 1, 2 and 3 illustrate the positional relationship

and stresses induced in the pipe during a groove rolling

’
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roll for thin-walled netal pipe that- elimnates the need to skew the axis
of the nmetal pipe relative to the axes of the respective grooving rollers.
Anot her preferred aimis permtting roll-grooving of short |ength of
thin-walled metal pipe in an entirely  automatic. manner requiring no
mechani cal or manual intervention during the rolling operation.
Aspects of the invention are set out in the clains.- In one general
aspect, we propose the use of a fermale geooving roll that is of gradually
decreasing radius fromone end to the other, with the grooving recess at a
- I ongi t udi naldperattiomrperfornedcon i n-Tiad Led| hetzlipjpealand- ampé.mmiaig y
coni cal body. It nay have a pluralijty.of coaxial cyI I ndri cal nment s of
gradual | y demesssing redilss, agroxdins y'bﬂl t ¥he hxiaxn rEEﬁfererﬁl %emale

extremties |ntersect | ope surface
SHOOUNG ERn LB e 407 EheE relh haing A andl £3ame. |
: 2Egtﬂh§rf§rsngl € grQov Eg %Iéﬁ%‘zs |nat ngxmg;f%h Jgf}n?%iﬁ gralo ;;IIW Ingg’a
met hod o gr"‘(?o‘w 391“3 c
ve_rS| on, the f!eﬁaaéiﬁogﬁegﬂléﬂl ]l:he %iagrgk%,gﬁggg&te Ltl o(i-}’li d{:bcgl and

axially str 3 prror —art Ity o cyllndrlcal
axi ally ext i%?%&mﬁﬁhh&hlgaCh extend at a mnor included angle to
t he surface®of "an I nmagl nary ustum of a cone. On rotation of the fenale
grooving roll, the linear velocity of the respective axially extending

cylindrical surf aces progressively decreases in relation to the actual
di ameter of the eessandeinxordéy e tabidiivg as clkareindficatdoncnd the

grooving roll. The | argest dianeter surface is engaged by the pipe in the
posit:.onal relat:.onslups of the respect ve figures, the X-=Y

"and 2 have’ Beén indicated diagrammatically, in order to
jillustrate that Fig. 1 is a diagrammatic cross-section taken
in a horizontal plane; Fig. 2 is a diagrammatic cross-
section ta¥en in a vertical plane; and Fig. 23 is a

diagrammatic cross-section also taken in a vertical plane.

As will be seen in thé' drawings; the prior art female
grooving 'z;oll : is_ comprised of three -axially straight
cylindrical .sgrfaces'.zo, 21 and 22, the cy:l.imirit'.'.a.‘l.i surface
22 providing a groove into which the material of the thin-
‘walled metal pipe 16 .’LS to be ch.splaced during a groove~
rolling operation. The female grooving roll is, of course,

' of lesser - external diameter at its axially extending
cylindrical portions 20 ‘and 21 than is the internal diameter
of the pipe 16, in order to permit removal of the pipe from
the female grooving roll aff_;er the completion of a groove

rolling operation. k

The male grooving roll 14 similarly is comprised' of
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I pedi ate vicinity of the pipe end, and,

axial ly extending surfaces of the female grooving roll progressively

decrease froma radially extending fl ange

di ameter surface of the female grooving roll to that end of the female

"the dianeter of the respective

i medi at el y adj acent the | argest

grooving roll renote fromthe radially extending flange. The
radially extending flange is provided to p,row de an abutnent for the end
of the pipe at the tine it is placed on. the female grooving roll, and

al so, in ordegniger SQEEMP EBgaidiit *@iﬁ&f&é@i ot fhd Y7 3 "k g ONt O

‘the femal e
Dr awi ngs

e 4 e e e

grooving roll "during a rolling operation. Descr | ption of

t he

the whathnandt dixmatér J£rthe cyibhnirival \Wodtics s tbébnd he
acconpanying draw ngs, -which.illustrate an enbodiment of the invention,
and, in whi chsuch thaﬂ:gs can disphace ma’eej;algmhel pﬁpermlhgimtle the or

groove 22 in the female groov:.ng roll upon the application

. of a compressive force to the male grooving roll 14 in the

direction of the arrow A in Fig. 2.

As ytill.. be fully understood, the female and male
grooving rolls 10 and 14 are respective niouni;éd on arbors,
one or both of "which are driven by sui_ﬁahle motor means,
such as elecfric motors, or i:hey may Be manually driven.
The male grooving rbli is supported for movement towards the
fenale _groov:ihg roll in the direction of the arrow A in any
conveniont manner, for example, as is taught in Thaﬁ, Jr.,

et al U.S. patent No. 3,903,722.

The pipe 16 when it is placed over the female grooving
roll 10,.'a-nd as is well-known in the art, of necessity; has
to be placed at a skew angle 30, usually Ib.etween 0.5° ahd
1°, in order to pre'vent;.- sbiraling of the pipe off the female
groovipg roller during the grooving operation. To assist in
this orientotion of the liipe. the side face of the flo,nge. 12

is chamfered at an appropriate angle, such a= 2°.

i

This skewing of the "p'ipe 16 is in the hori_zontal plane

-only, i.e., the x~z plane of Fig. 1. While initially, the

axis 16a of the'pipe 16 j_:ossi'bly will not be parallel to the

axis l10a of the female grooving roll 10 in the X~y piane of
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arg problem and Figs. 4 and 5 are diagrans illustrating the manner
in which the problem of the prior art is overcone. DI SCUSSI ON OF
THE PRI OR ART Figs. 1, 2 and 3 illustrate the positional
relationship and stresses induced in the pipe during a groove rolling

6 operation perforned on.-thin-walled netal pipe, and enploying grooving
rolls according to the prior art. A femal e grooving roll is shown at 10,
that roll having an end flange 12. A ned e grooving roll is shown at 14,

and, a thinypg.l e upotna!tha B8oRicdiS) S %rddnd ¥RV kAL WA o 1°

the pipe 16 by the male groovirig Toll 14, the axes i6a and
'10a will be forced into parallelism with each other in the
plane of  the 'x and z axes, while the skewing of the
respective axes in the x-z plane as 111ustrated in Fig. 1 is

malntamed.

| However,.and és _iliustrated in lfig. 3', as the pressure
 exerted by the male grdo{ring roll 14 progressively increases
| in the dirécﬁibn’ of the arrow X, displacements will oi:ctir in
the pipe wall at the line of engagemeht of the pipe wall by
" the male. gré_év-ing roll 14. This is par_t.i.cularly so when
roll—grpoviné- a short 1ength of pipe that has not been
‘mechanically held a_gainst movement. At that time, the axis
16a of the pipe 16 will assume, as can be manually sensed by
~ a manual operator, an acute angle relative to the axis 10a
of the female rolling die, and, that portion of the pipe
that -ié engéged by the cylindrical p,é::jtion 26 of the male

grooving roll will be depressed downwardly-

This causes the immed:.ately adjacent port:.on of the
pipe to assume a somewhat com.cal cond:.tlon as indicated at
16b in F:Lg. 3. i.e., a condition s:.mulat:.ng ar; increase in
dlameter of tha pipe 16, which, in turn, has a ha.gher speed
of 1mear_movement than does the pipe itself. - Tnis in"rease'
in: tﬁe speed of linear -mb‘vém_ént of the surface of the pipe
at the location 16b as rélated to the pipe itself, .ther_x acts

to cause the pipe to sbiral off the female grooving roll 10.
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pexsformed is shown at 16. _ Al'so, ‘and in order to obtain a clear
I ndi cation of the positional relationships of the respective figures, the
X-Y and Z have been indicated diagrammtically, in order to illustrate
that Fig. 1 is a diagrammatic cross-section taken in a horizontal plane;
Fig. 2 is a diagranmtic cross- section taken in a vertical plane; and
Fig. 3is a diagramatic cross- section®al so taken in a verti cal pl ane.
As will be seen in the. dramﬂgﬂy% t he r|or art female grooving roll is

[
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than is th ‘ﬁf@é]tfgﬁetﬁe. OhotheiRi Bt 1z bﬁ.aﬁédeénhoaﬂéénlﬁ &5goval

of the pi p enal e grooving roll after the conpletion of a groove
X~y plane. _ _ . r

'I.'his effeetiveiy prov‘ides screw thfead pitch angle,
and, the pipe.. will then respond to that screw thread p:u:ch
angle in the same manner as if it was actually screv-
pthreaded, the” pitch angle of” the screw thread being in a
direction to move the pipe 16 in a r:.ghtwards direction in
Figs. 1, -2 and 3, which, if unrestrained, will result in the
. pipe completely spiraling off the female grooving ré 1 upon

commencement of the grooving operat:.on.

As previeusly mentioned, this does not poee a major
particular problein when foll-_grooving long lengths and
relatively heavy sections of metal pipe which have been

" supported in a eradle. | -Iﬁ d_oes, hoﬁever, cens_t_i.tute a most
pressing problem when roll-grooving relatively short :‘jl.engths

f 'of thin~-walled metai pipe. Unless that pipe is meehaﬁieally
held, it wi-ll :‘.nimediately spiral off the female 'gi-oeving

- roll. If it is manually held, then the opeizor must apply .’
suffic:.ent foz'ce to the pj.pe to force it leftwards into |
_engagement w::.th the flange 12, in orxder to prevent the

spiraling off of the pipe from the female grooving roll.

This in itself is a skilled operxation in that the pipe
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rolling operation. The mal € grooving roll 14 simlarly is conprised
of 7 three axially straight

cylindrical portions 24, 25 and 26, the width and di aneter of the
cylindrical portion 26 being such that it can displace nmaterial of the

pipe wall into the groove 22 in the female grooving roll upon the
application of a conbreSS|ve force tothe male grooving roll 14 in the
direction of the arrow Ain Fig. 2. As will be fully understood,
the femal e hﬁd1ﬁalmtat;|rm)\ﬂmgamdahgulﬂramlm1&Ye defigymmined bypurtthed on
ar bors, one or both of which are dr.iven by suitable notor neans, such.
as electrlcsﬂﬁﬁérgf EPtPﬁé9ﬂnﬁ§ S@emﬁﬁmﬂhﬁ/Q§QQRi¥g roll, and thus,
-cannct merely be held hy ‘the operator. - Instead, the

operator must exerciee-dexterxty to ma;ntain the grooving-
operation on track and prevent the spiraling effect of the

pipe 16 off the female grooving roll. . .

In tnrn, this can result in a rolled groove, the sides
of wh;ch deviate from.a.plane perpendicular to the axzs 16a
of the pipe, l.e., the. qroo?e produoed w:.ll not necessarily
be spaced an exact distance from the end 'wall of the pipe

- throughout its*circumferenﬁial extent.

This problem in the prior art is overcome by configuring
the female grooving roll 40 to have a generally conical form,
‘which may be formed by a pluralxty.of cylind:ical-eegments tha
interseot-the-surfacetof a'frustom of a cone, indicated by the
chain lines 46 in Fig.w4,aFig-e4 being a-diagrammatical cross-
section taken in the X=2z" plane, and Fig. 5 being a{
diagrammatical cross-section taken in the x-y plane.

| Referr:.ng now to hg. 4, it vill be seen that the pips

16 does not need to be.skewed.in the x-z plane, and, that in
-'that.plane-the axis 40a of the-female_groovxng.gpll 4o.are
truly'coincident, i.e., the piteh angle'referred'to with

respect to Figs. 1, 2 aod 3 has been eliminated.
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The male grooving roll is supported for novenent towards the fenale
gfooving roll in the direction of the arrow A in any conveni ent manner
for exanple, as is taught in Thau, Jr., et al U S patent No. 3,903 722.
The pipe 16 when it is placed over the female grooving roll 10, and as is
wel | -known in the art, of necessity, has to be placed at a skew‘angle 30,
usual Iy between 0.5[err] and 1[err], in qQrder to prevent spiraling of the
pi pe off the female grooving roller duri t he grooving operation. To

assist im this origgg agéﬂleo%g%ggig%gﬁo% f% abdfgf,ﬁffsav érﬁ’.qs‘jxlil%, é’%of i s

chanfered at an appropriate a err ske (
the pipe 16 i cyTiddieidu | 2actdond| 409 28| Y43i,. and W4y, wiidch apRafk the 1.
VWhile initially, the axis 16a of the pipe 16 possibhly will not be parall el
to the axis lithvantiondlermtaows cn/imdab&idlo natédial-of pthecwalll of

the pipe 16 is to be displaced during the rolling operation.

The male groo'viné’ roll 14 is the same as the grooving
roll described with reference to the prior art, the male
grooving roll 14, as shown in Fig. 5 being comprised of
.axially_‘ -straiéht truly cylindrical sections 24, 25 and 26,
the hale grooving roll 14 in 'I:hé same manner being moved in -

the direction of the arrow A.

Referring more particularly to Fig. 5, when the male
_grooving roll moves into compressive engagement with the
pipe 16, the pipe 16 and its axis 16a automatically are
forced into an angle of-indlihation relative to the axis 40a
of the female Igrooving r_,oll 40 _o'p_pos_ité"::o_ that which occurs |
in Fig. 3. The cylindrical'portion 26 of the male gréoving
roll 14 then initially engages fhe exterior surface of the
. pipe 16, and will éttempt.tb'ride down the inclined surface
of the pipe 16. prevérl.as the roller 14 cannot move
axially, any forces generated by this engagement of the
: cylindrical portion 26 of themale grooving c».l 20 with the
pipe 16 will act to move the pipe 16 axially in a leftwards
direction and will maintain the end of the pipe 16 in
- compressive abutting'rélaéi:m éfith the juxtaposed syrface of

the flange 12.




Fig: 2, upon the application of pressure to the exterior of the pipe 16 by
the male grooving roll 14, the axes 16a and 10a wll be forced into
parallelismw th each other in the plane of the x and z axes, while the
skewing of the respective axes in the x-z plane as illustrated inFig. 1
IS maintained. However, and .as illustrated in Fig. 3, as the
pressure exerted by the male grooving rol|l 14 progressively increases. in
the direction of the arrow [err], dlsplaéénents will occur in the pipe

T2, ?tr].tsh?slbgret.%ﬁe@?%erg?"'fﬁngﬁ A3 BeT Rt o Brasnsier SRt FOF St
Lhat has nol. Gecmue TEshanie ol e il A0 b cga&sﬁ%%alﬁom e

axis 16a of assune, as can manual |'y sense a
manual oper atgfa @macnsn?aglra reiati \maﬁtbatﬁ&ralwainoftﬁ@eﬁaeﬁ@ze

rolling die, and, that poriion of the pipe
111ustrated in Fig. 3, but, this is of no- consequence in '
| that the skew angle 30 illust_rated in Fig. 1 has been |
eliminateﬁ, and thué., the eylindrical' portion 26 will merely
traverse the extei-ior .s.'.urface of the pipe 16 along a truly
linear pa.th J.ying in a plane perpendicular to the axis 40a

t
of. the female grooving roll 40.

Thus, while the pipe 16 must be manually held until
eueh'time as th‘e. cylindrical portion 26 of the male érooving
roli 14 coﬁhressiﬁely-engagee'the'sﬁrface of the pipe 16,
then, the uperatoi' can release the pipe is. and, the
grooving operation.'ﬁill continue without any need for
intervention by the operator, who can then immediately
release the.pipe 16, and, then peérmit the roll-grooving
.operation to proceed-under its own control without any need
for manual J.nterventlon by the operator, in that med:.ately
‘the pipe 16 has been compressively engaged by the female
grooving roll - 40 and the male groov:ng roll 14, the
operation of the respective grooving' rolls 14 and 40 becomes
selfetracking, ‘and, self—adjusting. . For example, if the ¢
_operator 1nadvertent1y J.nserts the pipe 116 between the
_grooving'rolls 14 and 4o.without 1t.peing in engagemsnt with

| the-fiange 12,.upon-eh§agement of the pipe 16 by the male
grooving o'.'oll 51.4, which will be attempting to run down the
inclined surface of the éipe 16, will immediately force the
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that is engaged by the cyI'i ndri'cal"porf-i-on 26 of the male grooving roll

w Il be depressed downwardly."- Thi s causes the i nmedi ately adj acent
portion of the pipe to assunme a somewhat conical condition as indicated at
16b in Fig. 3, -i.e., acondition sinmulating an increase in_ dianeter of

the pipe 16, which, in turn, has a hi ghe'r speed of linear novenent than
does the pipe itself. This increase g,b he speed of |inear novenent of the
surface of the pipe .at the location 1 as related to the plpeltself

then acts pAaca¥SenkhBipbPes! onkdi tnd Pidpdh esd TS ENQEYbdsn .
9 The portion 16D, dug ?o I ts- higher Iélﬁr-\e%r vel’ omtég}, vﬁ then %e act| ng

to drive theheanead dlamgentin hlmeaﬁ:pe@ﬂ ﬁhanﬂ:.i)ar ulsera.ttéxﬁptmq)etam S .
16a has then becone displaced-in - -
thread  or spiral off the remale grooving roll 10 in the
d:.rection of the arrow B in Fig. 3, the axial forces imposed .

- on the p_ipe 16 ~w5.11-_ be in the reverse direction and in the
direétion of _thé arrow C in Pig. 5. '

. _ | | ,
The female grooving roll, which is. power-driven, will

have the further beneficial effect of forcing the pipe C
leftwards in £hé direction of ‘the arrow C in Fig. &, this
being due to the slight difference _in linear velocity
between the cylindrical portion 41 and the slightly lower
linear velocxty of the portions 42, 43 and 44. This
-diff.erence in linear ve].oc:.t:.es will initially éause a
skewing of the pipe in the x~z plane in the event that there
is no. manual restraint inposed on- the pipe, in the same
.. manner as that delibarately imposed in Fig. 1 by skewing at
the acute angle 3(5,‘ the genei'ation of that ;ﬁino.r skewing
 action having the beneficial effect of 'foreing the pipe
leftwards in the d'irection. of the arrow C in a similar.

'manner to that intended in Fig. 1, but with a cunulative
eff.ect of caus:,ng the pipe 16 to sp:u:al onto the . female

5 groov:,ng roll 40.

|  The female grooving ' ' d
ro"l-l.4.p could in fact. be formed as. a frustum of a cone as
- indicated by the chain lines 46. This, howeVar, ‘would cause .

: com;_ilicai:ions in the desired knurling of the surfaces of the
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two directions, i.e., both in the x-z plane, and also in the x-y plane.
This effectively provides screw thread pitch angle, and, the pipe wll
then respond to that screw thread pitch angle in the sane manner as if it
was actually screw threaded, the pitch angle of the screw.thread being in
a direction to nove the pipe 16 in-a rightwards directionin Figs. 1, 2
and 3, which, if unrestrained, will resxdt in the pipe conpletely
spiraling of f the fennl e grooving roll upon comencenent of the groovi ng
operation. oylindrisalrporbiehy 4Bnti Medwhihhsisloeelatn.vmye emsye| 1y .
particul ar problemwhen roll-grooving long, | engths and relatively heavy

" sections ofPRevifepigie ahieyiindricadensustasest &t nis Gifficult des,

however, constifute a n&é reSS| "g) robl em en rol] ?roow ng relati veI y
short | engtPEOVide qn & kapex n%‘?? ‘f; R Ehe "?9%’%1’& ichangedf cal | y
held, it w of f,__t female grooving roll. If it is

: manual | y he‘#%am?n{% ?*1 %B%Fa? rﬂ’rﬁjsﬁa gl y _

In Piq._ 4, the female rolling die 40 is s_hoim as a

frustum of a stepped. .-'cyl_indri;al pyramid, in which the

stepped. edges of the-re.spectivé. cylindrical portions 41 - 44

'éach lie on- thé,-sur-fa.ée_ of a strajight-sided imaginary cone

" 46. Other éoﬁf’igﬁrafion‘s are'possiblé » in which the stepped

- edges of the cylix}driéal.portiéns 41 - 46 lie on the surface
‘"of a frustum of # cﬁne having curvilinear sides.

!‘hé majér requiremenf of. the female rolling d,ie 40

. is, of course, that it be of greater diameter

“at its end adjacent the flange 12 than it is at all

positions intermediate the end adjacent the flange 12 and

the opposite end of the grooving roll, this constituting a

major difference from the prior art grooving roll.

As will bé easi-ly' understood, if a s'olid. cylinder of
constﬁni: radiﬁs-{:hrcughbut i'ts.'axial lengfh is placed within
a tube, the solid cyl:mder [ignormg frictional restra:mts]
w:.ll come to rest with its longJ.tudznaJ. axis extending truly
parallel to the axis of the hollow cyl:.nder._ If now the
pos:.t_:r.c\_n pf the scl:._d cyl:.nder is fixed and thus the

; 1o_ngitudinal akis of the cylinder, then, the only
possibility of moving the axis of the hollow cylinder oﬁt of




sufsficient force to the pipe _td force.it leftwards into engagenent with
the flange 12, in order to prevent the spiraling off of the pipe fromthe

femal e groovi ng roll. This initself is a skilled operation in that
t he pi pe ' S 10 16 is rotating at an
angul ar vel oci. ty deternmined by the - speed of rotation of the fenale
grooving roll, and thus, cannot rrer;eljf-’ be held by the operator.

(st cod arg ORY lafll BAFRCASE S B L TR LA 4 900
the femal e 00V B¢ 'fbleing the AdedUldy HALS Kapd@sild kiian gd
groove, the sides of whi'ch”deviate froma plane perpendi cuI ar tot axi s
16a of t haedilgi@s. ieath dthRrg wema&d !ﬁﬁﬂtwthle %&iaeeyiaﬁatel-.—y will
only engage the :mterior of the hollow cyl.mder At the
respeci_:ive_ ends of the solid cylinder.
- If, now, as'i's conceprﬁelized by the present' inventor
the solid cyl:mder is re—f.ormed as a’ frnstum of a cone,
" then, w.tthin the extent of reduction in the diameter of the
small ‘end of tHe frustum, the hollow cylinder can pivot
| ahcut.‘.. the pcint of 'engegement .of the lerge ‘end of the
- frustum w:.th the :.nter:.or of the hollow cyl:l.nder, and, the
hollow cylmder is free to skew relative to the axis of the
solid cylinder, in the manner illustrated in Fig. 5 of the
drawiﬁds. '
Such a skewing of the axis of the hollow cylinder
relative to the axis cf_: the _sblid- cylinger, - occﬁre in a
‘ eingle plane,- i.e'. -, the. y-y ‘plane,. to the total exclusion of
any skewing cf the 1cngitud;mal axis of the hollow cyl:.nder
in the x-z plane. ‘rhus ’ the male groov:.ng roller 14 "sees"
_only a c1rcumference on the pipe 16 that lies in a plane
perpendicular to the axis 16a of the pipe 14. E l&s that
circumferences lies .in a sxngle plane, there are no ';.forces '
' prcduced ‘that s.mulate a. thread p:l.tch angle. In the
presence of such a thread pitch angle, the pipe will spiral '
off ‘the g_rooving rollers. A reversal of the thread pitch
w .i.e produced mechanically or manually in Fig.
eet Has Been Replaced _ : e
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be spaced an exact distance fromthe end wall of the pi pe throughout

circunferential extent.

This problemin the prior art is

its

overconme by configuring the female grooving roll 40 to have a generally

coni cal

t ha _
lines 46 in Fig. 4, Fig. 4 being a.diagg@mmtical- cross- section tak

the x-z plane, and Flg 5 being a diagrammatical cross-section taken in
the x-y pl :
pi pe

form which may be fornmed by a plurality of cylindrical
I ntersect the surface of a-frustum of a cone, indicated by the

ewould have Reheréffset @F teithedd refoviinglitle trriRaicy et

16 doeés not need.to be skewed in the x-z plane, and, that in t

segment s

chai n
en in

the -
hat

pl ane the athe pdpeofta hepimadkileffr thel rglﬂ-et‘ls,4@narmossxhly doi reoment

. €.

- the pitch angle referred to with respect to Figs. 1, 2 and-3-has
been el i m netxeumstances, act to cause the pipe to spiral even further -

onto the rollers. This can be further visualized as the’

' effects on a straight steel rule if passed through the pinch

of a pair of ;-511'31;-5-. ~ If the sides of the rule are truly

beipendic_ular to the | axes of the _respective rollers, then,
. the rule will proceed on a-truly straight line pass between
the respe'ctiire' rollers. If, however, the sides of the rule

are not truly perpendicular to the axes of the respective

-rollers, then,  the 1ead:|.ng end of the ru}e will

progress:wely ‘move in a direction axially of the rollers,

. that portion of the rule located within the pinch of the

rollers remaininq axx.ally fixead. Proceeding further, i

_ one then bows the ‘ends of the steel ruler about a oylmder

having J.ts axis parallel to the axes of the roll, then, the
ruler will end up in the form of a spiral- siiulating the

spiral of a screw thread. - If the pipe tlhen simulates a

screw thread, the rollers then simulate a nut threaded onto"

the scre_w thread, relative movement batween the pipe and the

‘rollers then-acting in the manner of either unthreading the

screw thread from the nut, or, nnthreading the nut from the

screw thread. - ' - e

In the rolling of a tha.n-walled metal pipe of four

:mches or more, i. d. ’ typicauy a female grooving Toll of
3.5 inches nomnal diameter will be employed, u:at dJ.ameter

_ representing the diameter of the cylindrical portion 41.




The femal e grooving roll 40 conprises a plurality of cylindrical sections
41, 42, 43, and 44, which flank the conventional groove 22 into which
material of the wall of the pipe 16 is to be displaced during the rolling
oper ati on. -The mal e grooving roll 14 is the sanme as the grooving
roll described with reference to the prior art, the male grogving roll 14,
as shown,in Fig. 5 belng conpri'sed of .Eklajly straight truly cylindrical
sections 24, 25 and 26, .the male groeoving roll 14 |n the same manner being
moved in  t hesdi Fhetrespestive Wiafrical surfacepertieRsnbte barandul arly

L fhe™ e che L S BN, he R4Sl S ST RS L0 ™
- inches and 3. 460 inches, _the axial width of the respective.
cy],indric_al ..port::.ons 41 - 44 being 0.20 “inches. These
dianeters are,"-‘ of ' course, . the nominal diameters of the
respective cylindrical portions prior to knur].ing. After
knurl:.ng, the respective diameters w:.ll vary slightg.y from

the init:.al diameter. the main diameter rema:.n:mg constant.

Tl Various modifications in the -grooving roll
desor:.hed above as a preferred embodment can be made
without departing from the scope of the appended claims.

' For example,’ while four knurled cylindrical portions 41 -~ 44
‘have be_en'_ iliustrated, if grooving is to be _affected on
larger d:.ameters of pipes, .obviously, more than fo';";r- such
cylindrical portions 41 - 44 can be ‘employed. In fact, the
cylindrical portions 41 -~ 44 could be eliminated in the:.r
entirety, a-nd,_ the female groov;mg roll be made exactly in
the form of a fr_tlstum of a cona. This, however, then would
require 'different techniques in providing Xnurling on the
exterior surface of the fenale grooving roll, which could be
effected, but at far greater expense by machine engraving of
" the - external surface of . the female grooving roll. . An i
' alternat:we to knur:l.ing would be the. provision of ax:.ally-
extend:.ng teeth on the exterior surface of the female
groov:.ng roll, which could he effected by a broach:.ng '
operation. Such an operation is, however, encumbered with

~the same ‘problems as knurling a surface which is other than
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forced into an angle of inclination relative to the axis 40a of the female .
grooving roll 40 opposite to that which occurs in Fig. 3. The cylindrical
portion 26 of the nale grooving roll 14 then initially engages the
exterior surface of the pipe 16, and will attenpt to ride down the
inclined surface of the pipe 16. However, as the roller 14 cannot nove
axially, any forces generated by this engggenent of the cylindrical

portion 26 of the nale groovi ng coal 20 wi the pipe 16 will act to nove
the pipe -16 a>gaJ ‘J\ﬁfgb\aeefd -direction and will maintain the end of
the pipe 16 in conp €ssi t'i ng relatlon wi th the juxtaposed surface
of the flange 12. ‘ 12 As the

groove rolling operatlon proceeds, that portlon
: ‘While, in the illustrated embodiment, the flange 12 has

been shown as inteqral with the female grooving roll 40, the
flange 12 cén be entirely independent of the greoving roll,
and also, can be freely rotatable relative to the grooving
‘roll, such as by mounting it on an anti-friction bearing.
as it is not mandatory thét the flange 12 rotate in unison
-with the roll 40, the rlange.lz,'at‘the-expense of increased
ffictional restraint on ﬁpvemeﬁt of the pipe, could in fact
be a fixed guide secured to the frame of the groove rolling
machine. '

The actual dimensions of the forming groove will, of
‘course, be dictated by the dimensions of: the form-rolled
- groove, aﬁd, the wall thickness of the thin-walled pipe that
is to be rolled. '




of the pipe 16 internediate the cylindrical portion 26 and the end flange
12 wll HWE manner. illustrated in Fig. 3, but, this is
of no consequence in skew angle 30 illustrated in Fig. 1 has been
elim nated m lindrical portion 26 will nerely traverse the
exterior mm’m’gj iﬂ 16 along a truly .linear path lying in a plane
perpendlcular fo th of the f | e grooving rol | 40. Thus,
whil e the pipe 16 nust be rranually hel d til such tinme as the cylindrical
portion 26 of the nmale grooving roll 14 conpressively engages the surface
of .the-pipe 16, then, the operator can rel ease the pipe 16, and, the

gr oovi ng ope&hl & W I | continue wthout any need for intervention by the
oper at or, V\ho—ca'n“t hen i medi ately release the pipe 16, and, then pernit
the roll-grooving operation to proceed under its own control wi t hout any

need for manual intervention by the operator, in that imediately the
pi pe 16 has been Loma gelEverickifgifendle idrodvimy £oldr soxiwse rin k) and

the mal e grooving rell 14, the
' roll-grooving of mall_eable metal pipe, said female grooving
roller including:

"a e¢ylindrical body having a first axial end, an
opposite second end axiai end, and longitudinal axis of
rotation; -

-sai:i cylindrical body providing a first body portion
extending from said first end to a position intermediate
said first and second ends; .

a_ second body portion éxtending ‘from said second end to
a position intermediate said first and second ends; and

- a third po:i‘.ion providing a groove in. said cylindrical
body at a _ﬁosition intermediate sald first and second

portions; o

said first body port:.on being of decreasing rad;us from
said longitudinal axis at all posit:.ons intermediate said
first axial end and said intemedi;a_t_:e third portion;

said second hody portioﬁ being of decreasing radius
from said iongitudinal axis at posi_.t’ions intermediate said
intermediate portion -and said second axia-i end., and, at; all

_pos.itioﬁs being of lesser radius from said longitudinal axis

than the maximum radius of said first body portion.

&

This Sheet Has Been Rerllace




operation_of the respective grooving rolls 14 and 40 becones

sel f-tracki ng, -adjusting. For exanple, if the operator

i nadverte ts the pi pe 16 between the grooving rolls 14 and 40

wi t hout nw m ment with the flange 12, upon engagenent of the
pi pe 16 by t hre ing roll 14, which wll be attenpting to run down
the . inclined surface of t he pi pe 16, vw%% I medi ately force the

13 - end of the pipe 16 into the proper ating engagenent with t he end

fl - 12. I nstead ff
the female grooviay Fuq E45ePEPimting 26ibta Sobbing FOFRRioRiAd oy
the axial fosgem IPosednid <l Pipar!foty | doderdn itrﬁﬂ.tfd@éera%%a@érﬁ:ct'on

and in the - direction of the arrow Cin
axially-straight cylindrical surface portions which

' progressively decrease in diameter from said first axial

end.

3. '.f:'he_ self-tracking female grooving xoll of claim 1,
in .whi.c:h'r said second portion includes adjacent axially
streiqht c;lindrical surface portions progressively
decreasi?ng in diameter from said intermediate portion to

-said second axial end.

4. The; self-tracking female grooving roll df-cla.i_.m 1,
in which said first and second portions each have suiface
portions pos-i;tic-ned within £he surface of an imaginafy cone
having its '16n§itudina1 axis coincident with said
'longitudinai axis éf said female grooving roll, the base of

sald imaginary cone extending perpendicular - to " said
longitudinal axis at said first end of said cylindrical

S. The self-tracking female grooving roll of claim 2,
'in which said first po_rﬁion has surface portions positioned
within an imaginary cone having its longitudinal axis

coincident with said longitudinal axis of said female

grooving roll, and having ‘the base of said imagingry cone

s

extending perpendicular to said longitudinal axis at said

first end.
: This Sheet Has Been Repl
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'i'he‘female grooving roll, which is power-driven, will have the further
beneficial effect of forcing the pipe C leftwarda in the direction of the

arrow C i eing due to the slight difference in linear
veI OCIty|!I Imlu IIII:" l JII ndrical portion 41 and the slightly |Iower I|inear

cherpontions 42, 43 and 44. This difference in |inear
veIOC|t|es will initially cause a skew of the piple in the x-z plane-in
the event that there is no;rranual restraint i rrposed on the pipe, in the
sane manner as tat el S FlrSlaleid ?Eﬂai& éa)i.o_ilie%g rag_n ?ﬁ
acute -angl e 30, t he generatlon o m nor eW| n action havi, na e

benefici al eEfLSiin 8f, ifr Ghient Q&J.a' Qécoh&f bBPE SN | Mad *ﬁ:ﬂfé@étp&&i?énéhe
arrow Cin a simlaf manner to that intended in Fig. 1, but with a

cumul ati ve Pﬁéiﬁloﬁédcﬁﬂﬁhﬂﬂ Al eindiginalrsy conePhatingniPs t Tend POEdEnal
groovi ng rol The femal e grooving
axis coincident with said longitudinal axis of said female
‘grooving roll, and having the base of said cone extehdihg
perpendicular to said longitudinal axis at said intermediate

portion.

7. The‘.self—tra'cking female grooving roll of claim 1,
in wluch said first and second portions of said cylindrical
i::ody each include a plurality of cylindrical portions
arranged in stépped'relationship. a said. cylindrical portion
adjacent sajd first end being of greater radius from said
iongitudiﬁal axis than each of said .other -cylindrical

portions.

8. The self-tracki.ng female groov:mg roll of clam 7,
:I.n which saiad cylindrical portions are arranged in the form
of a frustum of a stepped cylindr:.g:al pyramid.

9. The self-tracking female grooving roll of claim 4,

in which said imaginary cone is an axially rectilinear cone.

10. The self-tracking female grooving roll of claim'-a,

in which said imaginary cone is an axially durvilinear cone.

[

a
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roll 40 Mmd as a frustumof a cone as indicated by the

chain lin | s, however, would cause conplications in the desired
knurling ! &m E ’H’f t he _ 14

cyllndrlca 44, which is relatively easy to provide on a
cylindri cal surface but S dlfflcult to provi de on a tapered surface due
to the continuous change in di anetricagypitch of the taper. I n
Fig. 4, the female rolling die 40 is shomm as a frustumof a stepped

cylindrical pyramd, izheVdied®-tlackifberoralleivoving p81NCSBCEIAYA 1,

cylindrical portions 41 - 44 each Iie on the surface of a straight- Si ded
i magi nary cope whifch Gsaga @iixistgupedyoporiomoandblsaid nsebond iy
st epped edges of the cylindrical portions 41 - 46 lie on the surface of
a frustum ofpertior, hixicoplhinatiomedefingcan axially straight frustum

of a cone.
! el A

12. The self-track:.ng female grooving roll of claim 1,

in which said first body portion and said second ' body

' 'portion, in combination, define an axially stepped frustum
of a conica]_.mstepped pyramid.

| 13. The self-tracking female grooving roll of claim 1,
in which said first body portion and said second body
portion, in,; combination, define an axially curvilinear

* frustum of a cone.

14. The self-tracking female gfooving roll of claim 1,
- in wh:i.ch sa;d first and second body portions are of

substantially equal ax:.al 1ength

This Sheet Has Been Replaced:




The maj or requirement of the fermale rolling die 40 is, of
course, that it be of greater dianeter at its end adjacent the flange 12

than it is at all positions internediate the end adjacent the flange 12
and the opposite end of the grooving roll, this constituting a major
difference fromthe prior art grooving roII As will be easily
understood, if a solid cylinder of con%%ant radi us throughout its axial

l ength is placed within a tube, the sol 3 cylinder [ignoring frictional
restraints] w.l come to'rest with its |ongitudinal axis extending truly
parallel to the Bxis of the hollow cylinder. If nowthe position of the

solid cylinder is fixed and thus the Iong4tud|nal axis of the
cylinder, then, the only possibility of noving the axis of the holl ow

cylinder out of ABSTRACT

'SELF-TRACKING ROLIL FOR GROOVING MALLEABLE PIPE

A female grooving roll (40)-for use in the.roll-gfooving
of malleable metal pipé‘has the capability'of bging self-
tracking, thus eliminating the need for mechanical or manual
skewing of the pipe durihg'the rolling operation to prevent
spira'_ning of the pipe off the female g:r:'oov-in'g réu, the female
-grooving roll (40) being in the form of a frustum of & cone
having either axially straight, sxially stepped or axially

curvilinear sides.

tFig. 5]
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paral l el alignment with the axis of the solid cylinder is by neans of
forcing the axes of the respective cylinders towards each other, at which
“point the solid cylinder will only engage the interior of the hollow
cylinder at the respective ends of the solid cylinder. If, now, as
I's conceptualized by the present inv'zgt or the solid cylinder is re-forned
as a frustumof a cone, then, wthi he extent of reduction in the
dianeter of the small end of the frustum the hollow cylinder can pivot

about. the point of eng : erered—of—iire At
interior of the hollow --iMMMMAﬁ

rg.lativeftothe axis of solid cyI‘indEr,.intPe Eanner iILueraLelin
E;/?i_nge(r) tIFﬁ@:M,Igs.-_ — S __._"_e_\i\bng of the axis of the hofl ow
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relative to the axis of the solid cylinder, occurs in a single plane,

ive., the x-y plane, to the total exclusion of any skewi ng of the

| ongi tudi nal axis of the hollow cylinder in the x-z plane. Thus, the nale
grooving roller 14 "sees" only a circunference on the pipe 16 that lies in
a plane perpendicular to the axis 16a of tBF pi pe 16. As t hat
circunferences lies in a single plane, thg/ are no forces proddced that
sinmulate-a thread pitch angle. In the presence of such a thread pitch
angle, the pipe will spiral off the grooving rollers. A reversal of the
thread pitch angle, such as is produced nechanically or manually in Fig.

Amended on 26th July 1995 3 16 1 would
have the effect of either renoving the tendency of the pipe to spiral
off the rollers, or possibly in sone circumstances, act to cause the

pi pe to spiral even further

25 @

F163 0 :
" PRIOR ART -




»

onto the rollers. This can be further visualized as the -effects on &~
straight steel rule if passed through the pinch of a pair of rollers. If
the sides of the rule are truly per pendi cul ar to the axes of the
respective rollers, then, the rule will proceed on a truIy strai ght
| i ne pass between t he respective ro.us I f, however si des of the
rul e are not truly perpendicular to axes of th eﬂflve
rollers, then, the leading end of the rule nro Lyely
nove in a direction ag o) eAL0 S rt/on h 'rule
| ocated within the pi Tning axialjy |xe '
Proceeding further, i -~ one then bows the ends of the stgeel rule
a cylinder havi ng i 3] s of the 6. thegn, the
ruler will end up in m Hal sinulating the splral
screw thread. [|f thejpi [ h i at Sf screw thread, ’
then sinmulate a nuﬂﬁLdr b crew thread, relative no
bet ween the pi pe and. fh rqllefsgh §ing in the manner of eit
unt hreadi ng the __sqJ f & s —tHrtir-eadi
t he screM/threﬁf. _ lh the oII|ng of a thin-walled net
B fypf c

jm

of four I nches _( |y 6 femal e grooving roll of
7 121 |
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(3.5 inches) nomnal diameter wll be efrpl oyed, that dianeter
répresenting the dianeter of the cyI indrical portion 41.
Anmended on 26th July 1995 - 17 The =«

respective cylindrical surfacegggr!tellogszgé! J43 ii]_%-s' 44, then w Il have
respective external dianeter o 87.88nm (3. 493 inches,
3. 467 I nches and 3.460 inches the axial wdth of the respective
cylindrical portions 41 - 44-being 5.1nm (0. 20 inches). These di aneters
are, of course, the nom nal dianmeters of t respective cylindrical

portions prior to knurling. - After knurlThng, the respective djaneters

will vary slightl wefil@Thavé end drreat kagbiir reioving ntﬂéaﬁsﬁ&éngfnafm ng

const ant . - Various nodifications in the grooving roll escri bed
above as a pref eheed:iapd)d:i: repiradaefife thedolderss uoxd gumstihly firmnsdhe
scope of the appended clainms. For.exanple, while four .knurled cylindrical
portions 41 - 44’5-1'%%1 I%Fﬁaﬁ@!ﬁe %P&%r spirad swensfurtheron.

onto the rollers. This can be further visualized as the
effécts on' a straigh_t ‘steel rule _ir passed through the pinch
of a pair of rollers. If the sides of the rule are truly
perpendicular to the axes of the respective rollers, then,
the rule will proceed oh a truly sti:aight line pass between
the respective xrollers. If, however, the sides of the rule
are not truly perpendicular to the’ axes of the respective
rollers, then, the leading end of the rule will
progressively move in a direction axially of the rollers,
that portibn of the rule located withm the pinchi of the
rollers remainmg ax:.ally fixed. Proceeding further, if
one then bows the ends of the steel ruler about a cyl:.nder
having its axls para.llel to. the axes of the roll, then, the
ruler will end up in the fom of a spiral simulatinq the
spiral ot a screw thread. If the p:l:pe then smulates a
screw thread, the rollers then simulate a nut threaded onto
. the screw thread, relative movement between the pipe and the
. rollers.then acting in the manner of either unthreading the
screw threa-ql. from the muk, or, unthreading the nut from the

screw thread.

In the rolling ‘of a thin-walled mef.al pipe of four

inches or more, i'd'.', ’Eypically a female groov:Lng ‘roll of

€ om (3 5 inches)nominal diameter will be employed, thai: diameter
representing the d:.ameter of the cyl:.ndrical port:.on 41.




-

| arger di anmeters of pipes, obviously, nore than four such cylindrical
portions 41 44 can be enployed. In fact, the cylindrical portions 41 - 44
could be elimnated in their entirety, and, the femal e grooving roll be
made exactly in the formof a frusidepued off 5 Thla however then woul d

require different techniques in pr exterlor surface
of the female grooving roll, which could b ef fected, but at far greater

expense by machine engraving of the external surface of the ferale
grooving-roll. — Anm t:%.@rgﬁéc %&i&ﬂl\/&%ﬁé@ ﬂ&iﬁ:ﬂ%@“ﬁ 0330 ng
axially extending teeth on theg L orgeaaf Acegel ObhR LS @;,Qow ng
roll, which couly hmedf foﬂqlleﬁa E£Aal! ddansbarvs an4ssSiﬁ&h&& ,PBSLRH On
IS, however encUnbered W th thejsame probl ems as k ling a surface whi ch
is other than inches and 3. 460 inches) the axial width of the respective

cylindrical portions 41 - 44 bez.nJ@ 20 inches). These
diameters are, of coufse, the nominal diameters of the

respective _cylindrica_l portions prior to knurling. After
knurling, the respective diameters will vary slightly from
the initial Qiameter, the main diameter remaining constant.

St Various modifications in the grooving roll

described above as a preférred embodiment can be made.

For example,' vhile fanr knurled cylindrical portions 41 - 44

_have bheen :.llustrated. if - grooving is to be effected on
larger diameters of pipes, obviously, more than four such
cylindrical portions 41 - 44 can be employed. In fact, the
cylindrical portions 41 - 44 could be eliminated in their
entirety, and, the f.enale groav:.ng ro'IZ.I. .be made exactly in
the form of a frustum of a cone. This, however, then would
require different techniques in providing knurling on the
exterior surface of' the female grooving roll, which could be
effected, but at far greater expense by machine engraving of
the external surface of the-female grooving roll. An
alternati.ve to 'knurling' would be the provision of -axially
extend:.ng teeth on the exterior surface of the female '
grooving roll, vhich could be effected by a proaching
operation. Such an operation 15, however ‘ encmnbered with

the same problems as knurling a surface which is other than
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a straight cylinder. VWiile, in the |IIustrated enbodJ%m—t—he_Ll_anga__

12 has been shown as integral with .the female grooving roll t he

flange 12 can be entirely i ndependent of the grooving roll, U m HIIJLM““"I
be freely rotatable relative to tmngé‘pq,y,l Pk h r}QMa’r %
on an anti-friction bearing. As theflange

rotate in uni s&AINSh the roll 40, the flPange 12, at the expense of .
increased frictional restraint on novement of the pi-pe, could in fact be

a fixed guide secured to the frane of the groove rolling nachine.

by the di mensi & of AR-T-SEaceL fetbRa: Ta" bt o SREH TSy  EasescLar
the thin-vall e¢dyiniy Hbund ﬁ:l{eo w1’ QF @0cylindrical malleable metal
S pipe {16) adjacent its end, comprising '
| (a2) ‘positioning the pipe end (16) over a rotatable female
grooving roll {40) having a pipe-engaging portion which |
engages the p:’!.pe interior, and comprises a first pipe-
engaging body portion (41,42) positioned towards the pipe
10 end, a second pipe-engaging body portion (43,44)
positioned towards the pipe interior and a longitudinally
‘intermediate circumferential grooving recess (22) between
the first and second body portions (41,42;43,44); '
(b) pinching the pipe wall between the female grooving
1s roli (40) and a male grooving roll (14) disposed outside
the pipe (16)- and having a circumferential grooviné
projection (26) wiﬁ.ch complements the grooving recess (22)
of the female roll (40), and ,
(c) rotating the pipe wall through the pinch of the male
: 20 and female rolls (14,4b} to 1lndent the annular groéve
around the pipe wall,
éharacterised by | ,
using a female grooving roll (40) in which the lfirst
.pipe-~engaging body portic:i (41,42) has a larger radius
.25 than the second pipe-.eng.aging'body portion (43,44) to give
a radius decrease past_-the grooving recess. (22) whereby
during grooving the axis (16A) of the cylindrical pipe
(16) inclines away from the axis (40A) of the fema.;]'.e

grooving roll (40) causing the pipe (16) to tend to spiral




»

Amended on 29th January 1996 . CLAI MS:
roII-grOOV|ng met hod in which an annul ar groove is for
wal | of a cylindrical malleable netal 5 pipe (16) adj acegﬂnlmﬂm “Inlm”lllll
conpri sing (a) positioning hﬂ% Di 16) ove .a rot &t abl et f etralse »
grooving roll (40) having a pipe- ‘ : engages the

pi pe interior, and conprises a first pipe- engaglng body portion

(41, 42) positioned towards the pipe 10 egd, a second pipe-engagi ng body
portion (43,44) positioned towards the pipe interior and a

l'ongi tudi nal | yonto theciceR@ilal §robivsHE! 8680t (8b) OT i rEFEeR. )
bet ween thgnffrst and secoﬁd bodyggortFogs }%fﬁﬁ% ﬂg 44); ﬂ§§b§rom

pi nching the pepehwepiradldagnbyhenfaganengr edvh g rdscraiting dbuthene
mal e grooving roll (14) disposed outside the pipe (16)- and having a

ci rcunferential(1@)opriovdded adjacpatt tbe tzﬁytmpxpérengagingﬁbsdyhe
grOOV|ng recess (22) of the female roll (40), and -
portion (41,42) of the female grooving roll (40)

2. A method according to claim 1 in which the female
grboving roll (40) has a plurality of Qoaxial-cylindrical
segments (42,43) oé decreaéing radius, to provide said
radius décrease past the grooving recess (22). E

10 | . - : :
3. XA method according to claim 2 in which the first body
portion (41,42) has plural adjacent axially-straight
cylindrical portions whose respective diameters decrease
towards the grooving recess (22).

15
4. A wethod according to claim 2'oi claim 3 in which the
second body portion (43,44) has plurél adjécent'axially-
straight cylindrical surface portions whose respective
diameters.decrease away from the grooving recess (2?).

"o . c ; |
5. A method according to any one of the preceding claims
iﬁ which plural pipe-engaging circumferential extremities
of ‘the female roll (40), distributed aloﬁg.its pipe-

N _engaging portiﬁﬁ,-intersect an imaginéry conical envelope..

25
6. A method according to any one of the preceding claims
in Wthh the female groov;ng roll (40) is power-driven in

. rotation.




rotat| ng the p| pe waII t-’hrough t he pi nch of the

(c)

rol f " the.annul ar groove around the p| ml ’Iu Ill ulm”"l
chara " u using a femal e grooving roll (40)

flrst ing body portion (41§42) has a Iarger radi us han

the second pi pe- engaglng body p 96 a radlus
decrease past the grooving recess (22) \M?Zireby dur| ng grooving the
axis (16A) of the cylindrical. pi 16) inclipes away fromthe axis
(40A) of t he7iemaieTmethodyasaan nﬂof"—P FJPU) opguef nkheprefedingsfladmeend

|
20 “P' " onto SRevRi FHp SHRRTSTEAITEIBFTIOR PE FRS FEPALA FPVR (40)such
spiralling b hen%aqg‘% d’“éurf%cfee%rhi@hn 'egt%.f@%gt gﬁgt pipe interior.

5 8. A wmethod according to any one of the preceding claims
in which the pipe (16) is of iron, steel or stainless

steel.

9. A female groova,ng roll (40) as defined in claim 1 and
10 suitable for use 1n the method of claim 1, having a
plurality of coaxial cylindrical segments (42,43) of
decreasing radius to provide said radius decrease past the
‘grooving recess (22), and comprising an end flange (12)
adjac;ant the first body portion (41,42) to .provide said
15 re_straining abutment to stop the pipe (16) from ridingl

further over the female roll (40) as grooving progresses.

10. A female grooving roll according to claim 9 in' which
the first body portion (41,42) has plural adjacent
20 axially-straight cylindrical portions whose respective

diameters decrease towards the grooving recess (22).

11. 2 female grooving roll according to claim.9 or claim
1.0 in which the second body .portion (43,44) has plural

25 adj acent axially-straight cylindrical surface portions
whose respective diametiers' decrease away from the grooving

recess (22). T ) .

12. A female grooving roll according to any ome of claiws
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(12) provided adjécenffthe fi rst pi-pe--engagi ng body porition (41 A7) of _
- the female grooving roll (40). 5 2. A met hod accor di '
- in which the femal e grooving roll (40) has a plurality: $Hm g’ﬂ" ””",

cylindri cal segnents (42,43) of decreasing radius, to:provi

radi us decrease past the grooving recess (22). 3. A nethod

according to claim2 in which thdmehded oh®@Bth JanuaP@ridogn (41, 42) has

pl ural adjacent axially-straight “Wrmrﬁms whose respective
~ diameters decrease towards-the grooving recess (22). 15 4, A

met hod accor dgngot aackiai which theacylindpichl chegihents have Qandrbedy

portion (43,44) has plural adjacent axially- straight cylindrical

surface porti surfacese tocepgagey ehe pipdi anberierdecrease away fromthe

grooving recess (22). 20 5. A nmet hod according to any one of the

precedi ng cl ai ns
| 13 .- Pipe-grooving apparatt_:s suitable for carrying out the
5 method of any one of claims 1 to 5, comprising
a female grooving roll (40) as defined in s‘uch.; claim,
the female grooving roll (40) having a plurélity' of
coaxial cylmdr:.cal segments (42,47) *of decreasing radius
- to provide said rad:.us de.'crease past T:he grooving recess
10 (22), in combination with a male grooving roll (14) and a
flange (12) mounted adjacent the first body portion
{41,42) of the female grooving roll (40) to provide said
restraining abutment to stop the pipe (16) from ridfi.ng
further over the female roll (40) as grooving piogiiesses

1S in use.

This Sheet Has Been Replaced
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I n which plural pipe-engaging circunferential extremties f the s
female roll (40), distributed al'ong its pipe: engagi ng por g =
intersect an imaginary conical envelope. 25°° 6. A nmet hod accordi ng
to any one of the preceding clains “in which the fenmal e grooving rol
(40) is power-driven in rotation. 1

21 7. A nmethod according to any one of the preceding claims in

whi ch t he pi pe-engaging portion of the female roll (40) has a knurl ed

surface Whi gy RIBIROUERI NG CROLLEFOR GROOVING MALLEABDEt BDEEaccording to any
one of the preceding clains in whi ch the pipe (16) is of iron, steel
or stainless steel. '

This invention relates to a roll to be employed in the grooving

of malleable metal pipe, particularly a short length of such
thin-walled metal pipe, and preferably enabling performing the
groove rolling operation without any need to skew the pipe axis
relative to the axis of the grooving roll, the skewing of the
axis of the short length of metal pipe being performed
automatically. by the grooving'roll itself.

The roll grooving of malleable metal pipe. is well-known in the
art, and, has'particular advantage in those circumstances in’
'which the roll-grooved thin-walled pipe is to be employed in
conjunction with a segmented pipe coupling.

This grooving can be accomplished by a groove rolling machine.

One example is shown in US-A-3903722 which shows male and
female axially parallel grooving rolls having respectively an
annular flange and an annular recess between which the pipe
wall is nipped to form the groove.as the rolls rotate.

US-A-2975819 describes a roll-grooving arrangement in which the
problem of axial creep of the pipe is addressed by angling the

axis of one roller relative to the other.

JP-A-60/177917 describes a grooving arrangement for tapered
‘sleeves using an inner female roll that is itself tapered to
complement the taper of the sleeve and thereby prevent axial
shifting during working.

Segmented pipe couplings also are well known in the art,
typical examples being those shown in Blakely U.s.

This is the replagement sheet
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9. Arotatable female grooving roll for form ng an annul ar groove
around the wall of a cylindrical nalleable netal pi pe (16) adjacent
its end, conprising a pipe-engaging porti on which engages the pipe
interior, having a first pi pe- engagi ng body portion (41, 42)

posi tioned towards the pi pe end, a second pipe-engagi ng body portion
(43, 44) positioned towards the pipelPnterior ard a longitudinally

i nternedi ate circunferential groqying.recess (22), bet s e:fifst
and second bpayaddeli idopre: 3"5%, L ke 3Kds 6 i):hgoérré(’\pilgéi?1361Jélrr}dtea%dl%I{'31 ge

(12) adjacent the fi %stfcl))rc_)%%;%g the PQLJ isonog':-41ﬂ?1%) L& pAOPitae By PEnddf)

fromridi ng PgRAMNFer© femal™e roll 0) as groovi ng progresses;

characterised in_t a%&% %ﬁﬁ&e fid ShnPé eggggeggﬂg ReAY Pl OadA L #2)

has a | ar ger towards an the second pI pe-engagi ng body portion

(43, 44) ﬁo g‘ievga(?erqgiéjsiq§g£.§g§e HASkhleNen 81 Do Y ¥ AERES @22) the
govFig™ 7ol

10. A femal e® | "according to claim9 i-n-which the
respective ends of the solid cylinder.

If, now, as is conceptualized by the present inyentor
the solid cylinder is re-formed as a frustum of a cone,
then, within the extent of reduction in the diameter of the
small ‘end of the frustum, the hollow cylinder can pivot
about the péint_ of ‘engagement of the large end' of the
frustum with the inte;ior of the hollow cylinder, and, the
hollow cylinder is free to skew relative to the axis of the

solid cylinder, in the manner illustrated in Fig. 5 of the

drawings.

Such a skewing of the axis of the hollow cylinder
felative to the axis of the solid cylinder, occurs in a
single plane, i.e., the X~y plane, to the total exclusion of
any skéﬁinq of the longitudinal axis of the hollow cylinder
in the x-z plane. Thus, the male grooving roller 14 "sees"
only a circumference on the pipe 16 that lies in a plane
perpendicular to the axis 16a of the pipe 16. As that
circumferences lies in a single plane, there are no forces
produced that simulate a thread pitch angle. In the
presence of such a thread pitch angle, the pipe will spiral’
off the grooving rollers. A reversal of the thread pitch

angle, such as is produced mechanically or manually in Fig.

This is the replacement sheet
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first has plural adjacent axially- strai ght

cyllndrl se respectiive dianeters

Iim NMEW“% t he grooving recess (22). 11. A female
grOOV|n Ing to claim9 or claim 10 in which the second
body portion (43,44) has plural adpacent axially-straight cylindrical
surface portions - whose respecti.ve dianeters decrease away fromthe
grooving recess (22). 12. A female grooving roll according to any one
of claims 9 . to 11 in which the cylindrical segments have knur|ed
surfaces tqg eng@QQﬁéﬂTﬁ)@laﬁ:dn‘ﬂﬁ{g dfo any one of the preceding claims in

which the pipe-engaging portion of the female roll (40)

' has a knurled surface which engages the pipe interior.

8. A method according to any one of the preceding claims in

which the pipe (16) is of iron, steel or stainless steel.

9. A rotatable female groofing roll for forming an annular
groove around the wall of a cylindrical malleable metal
pipe (16) adjacent its end, comprising a pipe-engaging
portion which engages the pipe interior, having a first
pipe-engaging body portion (41,42) positioned towards the
pipe end, a second pipe-engaging body portion (43,44)
positioned towards the pipe interior and a longitudinally
intermediate circumferential grooving recess (22) between
the first and second body portions (41;42;43,44); and
comprising. an end flange (12) adjacent the first body
portion (41,42) to stop the pipe (16) from riding further
over the female roll (40) as gfooving progresses;
characterised in that
the first pipe-engaging body portion (41,42) has a larger
radius than the second pipe-engaging body portion (43,44)

to give a radius decrease past the grooving recess (22)

10. A female grooving roll according to claim 9 in which the
first body portion (41,42) has plural'adjacent axially-

straight cylindrical portions whose respective diameters

This is the replacement sheet
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13.Pipe_iigavrﬁﬁ‘éﬁpafa%us‘suitable for carrying out the met hod of

any one o conpri si ng a rotatable fenale grooving rol
(40)" havi QH ngagi ng portlon whi ch engages the pipe interior
and conp?lgesna plpe engagi ng body portion (41,42) to be
positioned towards the pipe end and a segpnd pi pe- engagi ng body
portion (43,44) to be positioned towards the pipe interior, with a

| ongi tudinal ly internediate circunferential grooving recess (22)

bet ween the first and second body portions (41, 42;43,44); and a
mal e grooving :T?Q':rééé)e tewhead eReSgsoontsidecdesspi(®2).  (16) and
having a circunferential grooving projection (26) which conpl enents
t he grooving recess (22) of the female roll (40), characterized

in that
11. A female grooving roll according to claim 9 or claim 10

in which the second body portion (43,44) has plural
adjacent axially-straight cylindrical surface portions
whoée respective diameters decrease away from the

grooving recess (22).

12. A female grooving roll according to any one of claims 9
to 11 in which the cylindrical segments have knurled

surfaces to engage the pipe interior.

13. Pipe-grooving apparatus suitable for carrying out the
method of any one of claims 1 to 5, comprising
a rotatable female grooving roll (40) having a pipe-
engaging portion which engages the pipe interior and
comprises a first pipe-engaging body portion (41,42) to
be positioned towards the pipe end and a second pipe-
engaging body portion (43,44) to be positioned towards
the pipe interior, with a longitudinally intermediate
circumferential grooving recess (22) between the first
and sécond body portions (41,42{43,44); and
a male grooving roll (41) to be disposed outside the pipe
(16) and having a circumferential grooving projection
(26) which complements the grooving recess (22) of the
female roll (40),
characterised in that

This is the replacement:sheef:
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23 them?\gmovi\nwlnl (40) has a plurality of coaxial cylindrical
segnents ( 7) of decreasing radius to provide a radius decrease past

t he grgoviﬁﬂl’iﬁ“ﬂ’ﬂqﬂ# and a flange (12) is mounted adjacent the first
body porti=one ("2 {’{he‘ femal e grooving roll (40) to provide a
restraining abut nen? to gtop the pipe (183 from riding further over the
female roll (40) as grooving progresses in use.

the female grooving roll (40) has a plurality of coaxial
cylindrical segments (42,47) of decreasing. radius to
proVide a radius decrease past the grooving recess (22),
and a flange (12) is mounted adjacent the first body
portion '(41,42) of the female grooving roll (40) to
proﬁide a restraining abutment to stop the pipe (16) from
riding further over the female roll (40) as grooving

progresses in use.
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