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S!;LF-TRACKING ROLL FOR GROOVING MALLEABLE PJ:PE 

./ . . 

This invention relates to a·rol.1 to be employed in the 

c:irooving of · :malleabie metal. pipe, · particularly a Short 

l~qth. of! such thin-walled metal pipe, and preferably enabl.ing 

perforaing :tJi.e groove rolling operat.ion w.ithout any need 

to Slcev the pipe axis relative to the .axis of ·the grooving -
roll.,.tJie Skewing of the-axis of the short l~ of metal 

• pipe bein9' . p~orined autom.a1:icalJ.Y by the grooving ral.l. 

itself. 

'?he roll groovincJ of mallEral>le metal pipe is we1l-knawn 
. 

in the art, ai'lc:l, has particul.ar advantaqe in those 

circumstances· in whieh the roll-grooved thin-wall.ed pipe is 

to be employed in conjunction with a s~ted pipe 

coup.ling. 

The rol.1-grooving of such metal pipe can reaclil.y be 
. ~ 

accomplished by a groove rolling machine, "a typical example 

of such a :roll groo.vin9 machine being thet· ~hawn in Thau, 

Jr. et al u.s. Patent .No .. 3,903,722 issued September 9th.r 

1975. 

Segmented p.ipe coup1ings also are well known in the 

art, . typical examples beinq thQse shown in Blakely . u .. s. 
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Pat~nt No. 3,695,638 ~ssued October Jrd, 1972; in Webb U.S. 

Patent No. 4,601,495 issued' 'July '22nd, 1986, and, Rung et 

al, u.s. Patent No. 4,.639, 020 i_ssued January 27th, 1987. 

11'he segmented pipe coup;ings .disclosed in those patents have 

equal applicability _to pipe or fittings that have l:Jeen 

machine cut grooved, in which event the pipe ·must be of 

appreciable thiekness in order to accommoclate the cut~ing of 

the groove, and, to malleable pipe in whic:b a groove has 

been provided l:)y a r-011.inq.operationper~ormed on the thin­

wlled Jlletal -p:tpC!.. 

orn>ically, in the groove rolling of long leng ells of 

thin walled mi!tal pipe, the pipe is supported on a cradle, 

~hich permits rotation of the pipe about the 1ongitudina1 

axis of the pip~ as the roll-groovinq operation prcceeds. 

~1lere al.so exists the possibility of skewing the cradl..e, and 

thus the lonqitudina~. axis of the pipe, relative to the 

lonqitudinal axes or the respective groovl:nq rollers. 
. . 

Skewinq of the axis of the metal pipe relative to the axes 

of the groovinq rollers is essential in orcier to inhibit 

sp·iralinq of the pipe oft the female ~~ovinq roller, and 

out of the pinch of the x-e~pective male and femal.e qroovinq 

rollers, which· otherwise will occur due to. distortion 
. \ . 

produced in the pipe end during the rolling operation, as is 

well known in the art. 

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

long 1enqth of metal pipe is to be qrooved at its end, it 
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doe~ pose prohlelnS in circtimstances where a short length of 

metal pipe is to be grooved: , ~o· effect roil qrooving of 

short lenqth of metal pipe, either a special jiq has to be 

-provided to· hold -the. short lenqth of pipe with its 

ionqitudinal axis appropriately skewed relative to.the axes 

of rotation of the groovin9 rollers, or, it is necessary for 

the ·short length of -metal pipe to be manually held, 

positioned ·and mariipulated · during the · groove rolling · · 

operation, ·parti.cul~rly at ·the commencement o~ the- groove 

~olling opera~!on. 

Whi:Le ·not limited thereto, the present invention has 

particular ad\rantage in the -rol.J. grooving o~ thin walled 

J11eta.l' pipe, and is described in that application, the 

invention havinq.equal application in the roll grooving of 

:r.aalleable metal·· pipe of any selected wall thickness,. 

including pipes of standard or greater thickness. 

'lhin-walled metal pipe typically is pipe fonled f'!:'om an 

iron o:i:' steel·, or rormed from ·copper or stainless steel, 

stain1ess · steel thin-walled Met~1 p~pe exhibitinq the 

smal.last wall thicJcness of ·the pipe, and., .in turn, 

exhibitinq the qreatest tendency to spiral e~~ the female 

groov.ing roll dur.inq the :rol.linq operation., the ~em.ely 

thin walled stainless steel metal pipe be:inq more readily 

deformable during the rolling operation than :i:ts · more 

substantial. iron, steel counterparts. 

.•. . . ·· .•• • .• :·.= .. 
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The. reason w~y thin-wa1led metal pipe must he restrained 

against spiralling of£ the female grooving roll and why the 

axis of the thin-walled metal. pipe must be skewed relative to 
. . 

the axes of the grooving rollers is ·discussed later in this 

specification. 
A pref.erred aim addres·sed here:in is to prov.:l.de a grooving 

roll for thin-walled metal pipe that el.iminates the need to 

. skew the ax~s -·of the metal. pipe_ -relative to the axes ·of the 

respective.grooving rollers. Another preferred aim is 

permitting rol.1-grooving of short length_o£ thin-walled metal 

pipe in an entirely automatic manner requiring no mechanical. or 

manual ·intervention during the rolling operation.· 

Aspect!:; .of the·invention are set out in the c1aims. 
. . 

In one general aspect, we propose the use of a £emale 

grooving roll that is of gradually decreasing radius from one 

end to the other, with the grooving recess at a longitudinally 

.intermediate l.ocation. The roll i.s typ.icall.y a general.l.y 

coni.cal body-. It inay have a plurality of coaxial cylindrical 

segments of gradually decreasing radius., desirably with their 

ci.rCWDferent:l,al extremities intersecting an imaginary conical 

envelope surface. 
. In another aspect, the invention provides pipe-grooving 

apparatus comprising such a £emale grooving roll in comb~nation . .. .. . . . .. 
with·a male grooving rol1 and a method of grooving a p1.pe end 

using it. 
I.n a particularly preferred varsi.on, the femal.e groov:l.ng 

roll#, instead of being· .truly cylindrica1 and axial.l.y straight 

as in the prior art, is formed as plurality.of cylindrical 

axially extending surfaces, wl'l.i.ch each extend at a minor 

included angle to the surface of an imaginary frustum of a 

cone. On rotation of the female' grooving r·oll, the linear 

ve1ocity of the respectJ.ve ax:Lal.l.y· extend:i.ng cylindrical. 

surfaces progressively decreases i.n relat:l.on to the actual 

tliameter .of the succes~ve ·-~~~ ~tending surfaces of the 
"1\.. est' "''~ female grooving rol::Jis . gage~ bN ~~e pip~ ~n the ' 

····- .• :: •... :.= .. · 
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i.mmfdiate vicinity of' ·the pl.pe ~nd, and, the diameter of the 

respective axially extending'surfaees.o:t ~e· ~emal.e grooving 

roll p:t'.ogressi vely decrease from a radially extending flange 

immediately adjacent t_he largest diameter sUl:face of the 
.. 

female grooving roll to that end of the female grooving roll 

remote· from the radial.ly extending flange. 

~he radia.lly extending flange is provided_ to p~vide an 

abutment for the end o'I! the pipe at tbe time i.t is p1a~d on 
. . 

the female· grooving roll; and also,· in order to restrain the 

thin-walled metal pipe · from . spiraling onto the ·female 

grooving roll· during a rolling operation. 

PescriPtion of tbe Drawings 

The invention will ~-.. -~- ·.a described with .respect to the 

accompanying draw:.:.4s, which 1llustrate an 

embodiment of th·>t invention, and, in which: 

Fiqs. 1, 2 and 3 are diagrams illustrating the prior 

art problem; and 

Piqs._4 and Sare diagrams illustratinq the manner in 
. -

which the _problem of'. the prior art is overcome. 

pISCUSSION OF THE PJUOR_ART 

Figs. 1,. 2 and 3 i11ustrate the positiona·1 relationship 

and stresses induced- in the pipe durin~ a groove rollinq 

. · .. -:, ... ·. 
. ·-: ..... :·:.· 
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o~ation performed on thin-val.led metal pipe,· and·employing 

qroovinc; t'olls according' · 'bo · the prior art~ A fema1e 

groovinq roll is shown at 10, that roll havinq an end flanqe 

12. .A male groovin9 ~all is shown at 14, and, a thin-walled 

metal pipe on which the roll-grooving operation is to be 

per:ronied is shown at 16. 

Also, and in order to obtain-a clear indication of the 

po~itiona1 relationships of the respective ~14)ures, the X-Y 

and Z have. J:>een indicated aiagrainmatica·11y I in Order to 

illustrate that Fi9. 1 is a diaqrammatic cross-section taken 

in a horizontal plane; Fiq. 2 is a diagrammatic cross­

section· ta'k!en in. a vertical plane; and Piq. 3 is a 

diagrammatic cross~sect.ion also taken in a·vertica1 plane. 

As wi11 De •••n in the drawings, the prior art female 

grooving- roll is comprised of three. · axial1y straight 
i 

cylindrical surfaces 20, 21 and 22, the cylindrica1 surface 

22 providing a groove into which the material of the thin­

walled metal pipe 16 is to be displaced during a groove-
. . 

ro11inq operation. The female groovinq. rol1 is; of course, 

of 1esser .external diameter at its axially extending 

ey.l.indri:cal. portions 20 and 21 than is the int~al diameter 

of the· pipe 16~ in order to permit removal of the pJ .. pe from 

the female groovinq roll after the completion of a groove 

ro1ling operation. 

The male groovinq roll 14 similarly is comprised of 

··· .. · ·;.· ·. ,. 

.1 
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th~e axiall~ strai9~t .cyiin~rica1 portion$ 24, 25 and 26, 

the widt:h and dia~eter of the cy?indrieal portion 26 beinq 

such that ·it can displace material. ·of. the pipe wall into the 

groove 22 in the femal_e grooving roll upon the application 

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

direction of the arrow A in Fiq. 2. 

As will- be fully understood, tha .fmaale and male 

groovin~ rolls 10 and 14 are ~espective mounted on ar~rs, 

one or both. of "whieh ·.~a driven bf suitable motor means, 

such as e1ectric lDotors, or they may be manually driven. 

fte male gl:'OOVinq roll is supported for movement towards the 

female .groovfnq tioll in the direction ot the arrow A in any 

convenient manner, ror exainple, as is tauqht 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, a11d as is well~Jaiown in the art, of necessity, has 

to be placed at a skew angle 30, usually between o.s• and 

1°, in order to prevent spira1inq of the pipe off: the female 

groovi.nq rol~er du.ring the CJZ'OOVinq operation. To as~ist in 

this .orientation of the pipe, the ~ide face o:f the flange 12 

is chamfered at an appropriate an9le, such d.~ 2°. 

This skewing of the pipe l.:6 is in the horizontal plane 

·only, . i.e., the x-z plane of Fiq. 1. While ·.initial1y, the 

axis 16a of the pipe l.6 possib1y wil.l. not be paral1el. to the 

axis 1oa of the female groovinq roll io in the x-y plane of 

.. ·. ·. : ·:·. < "'• ~ '·-. 

:?." . ;;-
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Fiq~ 2, ·upon ~h~ application of pressure to the exterior of 

the pj.pe l.6 by the male groov-irig ·roll 14, the ·axes ;L6a and 

·1oa will be forced into parallelism with each Othel:' in the 

plane of . the · x and .z axes, while the skewinq of the 

respec~ive axes in the x-z plane as illustrated in P'iq. 1 is 

Jnaintained. 

However·, .. and as illustrated in Fiq. J, as the ·pressure 

exerted by.1:he ma·1e grooving roll 14 proqressively J.~creases 
• . . . . l 

in the_ direcfion of the arrow x, displacements will occ:Ur in 

the pipe vall · at the line or enqaqem.ent of" the pipe wall by 

the male . qro~vinq roll. 14. . This is particularly so when 

ro11-gr~ovin~ · a short 1ength of pipe that has· not been 

·:nechanically _held aqainst movement. At that time, the axis 

16a of the pipe 16 will assume, as can be manual.ly sensed Dy 

a manual operator, an acute anqle relative to the axis l.Oa 

of the female rolling clie, and, that portion of tqe pipe 

that-is en9aqed bY the cylindrical p~rtion 26' of the male 

qrocvinq r~l1 will be.depressed downwardly. 

This causes the immeaiate1y adjacent portion. of the 

pipe to ass~e a somewJ:la,t conical condition as indicated at 

J.6):) in Fiq •. ~. i.-e., a ·condition simul.atinq aq ~nerease in 

diameter of the P~P• 16, which, in turn, has a higher speed 

of 1inear_movement than does the pipe itself. ·'This in::rease 

in=tbe speed of 11near movement of the surrace of the pipe 

a:t the loc.ation 16b as re1ated to the pipe itse1f, then acts 

to cause the pipe to spiral off the female qroovinq roll 10 • 

. . : · .. ;..:-. 
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Th._ porti~n· i6b, due to its· higher linear ve1ocity, will 

then ~e actinq to drive_ the'. ma.le· roller at a hiqher speed, 

and furth~, · .the pipe axis 16a ·_has then become disp1aced in 
. . . 

two -directions, i.e., both in the x-z plane, and a1so in the . . . 

x-y pla~e. •' ' 

This effectively prov'i~es screw thread pitch anq.le., · · 

and, tb~ pip~.wilJ. :then tespond to th~t screw tbrea!1 pi~ch 

angle in the same. JlliUU\er as if it was actually · screw-

tbreaded, · tlie· ~itch anq~e or the tacrew thread being in a 
. . 

direction·. to move the pipe· 16 in a rightwards direction in 

FJ.qs. 1, 2 and 3, which, if unrestrained, will resul.t;. in the 

·.pipe comp~et~ly spiralinCJ" off ··the fema1e qroov~ng rdll upon 

commencement of ·the grooving operation. 

As previously mentioned, this does not pose a major 

particular problem when roll-grooving long lengths and. 

relatively heavy sections of meta1 pipe which have been 

supported in a cri1Ldle. ·It does, however, constitute a most 

pressinq problem when roll-qrooving relativel.y short ~engths 
. . . ·i 

ot thin-"811ed metal pipe. Unless that. piP,e. i$ mechanically 

held, ·it wi11 imm~iately spiral off the female ·qroov.in9 

roll. -If it. is Jnanual.ly he~d, then the ope.i.~~ . .>r must apply 

suf~i.cie:n,t. fo~ce to the. pipe to force it leftwards into 

enqaqement w~th. the flange . 12 r in order to prevent . the 

spiraling off of the pi~e ~ram the temale grooving ro.ll. 

This in 1tse1t is a skill.ed· oper<ltion in that the pipe 

...... 

.. -~·.-
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16- is. rotating at an •angular ·velocity determined by the . . . -. 
speed ~f rotation of th~ femala qroovinq roll, and thus, 

cannot . merely be held by the operator. · Instead, the 

op~ator ~ exerci~e dexterity to ~i~a·in tb:e grooving 

operation on track.and.prevent the spiraling effect of the 

pipe 16 off the female cp:oovinq ~oll • 

. zn· t\trn.,. this can··result .in a rolled g1:oove, the sides 

of· "which deviate from a: pl.ane perpendicular to the axis 16a 
. . . . . 

of ·the. pipe·; l.e .. , the -~oo~e- proddced -~ill· not necessarily 

be spaced an exact.distance f:r:om the end wall o~ the pipe 

throuq~out its circumferential extent. 

I 
~ 

This prob1em in the prior art i.s overcome by conf i.guring 

the f~ale grooving roll 40 to have a generally con.teal ;form, 

which may be fo~ by. a plurality of cylindrical. segments tha· 

interse~t the .surface of a frustum of a cone, indicated by the 

chain l.1n~s 46 in F1.g. -,4",- F:ig. 4 be:ing a a.1agrammatica1 cross-

. section ta~en in the x~z plane, and Fig • . 5 being a . . . . . ( 

·. d.iagrammatical cross~section taken in the x-y p1ane .. 
. . . 

"Referring -now to :J'iq .. 4, it vill be 'Seen that the pipe 

16 does .~t need ·to be skewed :in t:be x-z .pl.ane," and.., that in 

that p1.ane the .axis 4.0a 0£ ·tne ~aale grooving roll 40 are 
. . . 

truly coincident, i.e.·, . the pitch anqle ·referred to with 

respect to Fi9s.·1. 2 and 3· has been eliminated • 

;· 
; ·., 

. . •• 
·:·: ... 
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The female grooving roll 40 J.e-comprisell' a plurality of 

cyl.indrical sections 4l., 42, 43, and 44, which flank ·the 

conventional groove 22 into which material of the wall of 

the piP,ie 16 is to be displaced durinq the rolling operation. 

The male groovinq roll. 14 is the same as the grooving 

roll described with reference to the pl:'ior art, the male 

grooving rolJ.. 14, as shown in Fig. 5 being comprised of 

axia1ly straight truly cylindrical sections 24, 25 and 2&, .. 
the male qroovinq roll 14 in the same manner beinq moved in 

the direction of the arrow A. 

Referridq more particularly to Fiq. s, when the male 

grooving roli moves into ·CC>mpressive enqaqement wi1rh the 

pipe 16, the pipe 16 .and its axis 16a automatically are 

forced into.an angle of inclination relative to the axis 40a 

or the· female qroovinq rQ11 40 opposite to that which occurs . .. . . . 
in Fiq. 3. The cylindrica1 portion 26 of the male groovinq 

rol1 14 then initially engages tbe exterior ~urface of the 

pipe 16, and will ·attempt t0·ride down the inc1ined surface 

of the pipe ~6. However'· as the ro11er l.4 cannot move 

axially, any forces qenerated by this enqaqement of the 

cylindrical portion 26 of the111lale 9roovin9 c:.:•-l. 20 with the 

p~pe 16 wi11 act to move the pipe 16 axially in a le~twards 

direction and wi11 maintain the end of the pip.e 16 in .. 
I ·f' • • 

compressive abuttinc; relation with the juxtaposed SQrface of 
I 

the f:tanqe l.2. 
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\ As the 9rQove rol·li~~ operation proceeds, that portion 

of the. pipe 16 intermediate .. the'cyl.in~ical portion 26 and 

the end flange . 12 will flare out~ardly in the manner. 

ill~strated .in Fi9. ~, hut, this is of no· consequence in 

that the skew anqle :lo ill\lStratec:l in Fig. 1 has· been 

eliminated, and thus, the cylindrical portion 26 wil.l. :merel.y 

traverse :th. exterior surfa~e of the pipe l.6 alon9 a truly 

-linear path-.lyinq in a plane perpendicular to the axis 40a . . i 
of the female _grooving roll .40. 

. . .. 
Thus,·11hile the pipe 16 must be JDanUally held until 

such· time as ~e· cylindr.ical .portion 26 o~. the male· 9roovinq 

roll 14 ccm&>ressively enqaqes t:he surface Of the pipe 16, 

then, the operator can release the pipe 16, and, the 

qrooving operation vill continue without any need for 

intervention by the operator, who can then imJnediateJ.y 

release the pipe 16, and, then pentit the roll-qroovinq 

. operation to p_roceed under its own control. without any need 

for manual intervention by the operator, in that immediately 

the_pipe 16 has been compressively engaged by the female 

groovinq roll · 40 and the male groo,;.inq rol1 14, the 

opera,tion of the respective qroovinq rolls 14 and 40 becomes 

self ... trackinq, and., self-adjusting •. For e~a~le,_ if the 1 

. ' .. 
operator inadvertently .inserts the pipe 16 ·betwee·n the 

groov-inq rolls 14 and 40.without it beinq in enqaqement with 

the flanqe 12, upon·enqaqement of the pipe 16 by the male 
.. 

qroovin9' roll 14, which will he attempting to run down the 

inclined .surface of the pipe l.6, will ilnlllediate1y force the 

. !·- ... .~ 

.-:·>~.:· 

... -..... 
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end,ot tb,e pipe ·16 into·the.proper· s~~t.lnq- engageJllent with 

the end. flanqe 12. Instead 'Of_ the pipe l~ ~ttempting to· 

threa~· or spiral off the female qr~ovinq roll 10 in the 

direction of t_he arrow J3 in Fiq. 3, the axial forces imposed . __ 

on the p_ipe 16 ·will be in- the reverse direction and in the 

direction of the arrow .c in Pig. s. 

The femala groovihq rolli. whieh ·is.power-cSriven, will 

have . the ·further benefic~al effect o:f' forcing the pipe c 

ief.twaras· in .. the. direction o:e··the arrow C in Fig •. 5, this 

being due . to the sli9ht. difference . in linear velocity 

bt!tween the cylindrica~ portion_ 41 ·and the slightly lower 

linear yeiod.ity of the portions: 42, 43 and 44. This 

. difference in linear velocities will initially cause a 
. . f 

skmiiri9 of the pipe in the x-~ plane in --the~ event that there 
. . 

is no . manual· restraint illposed on ·the pipe, in the same 
. . 

aanner.as that delibar•tely imposed in Fiq •. 1 by skewinq at 

-the acute· _".angle 30 ,· the qeneration of that lfiinor skewing 

action· bavinq the beneficia1 effect· of · forcing the pipe 

leftwards in the direction of the arrow· c in a simil.ar 

•anner to ~at inten~ed. in Fig. 1. but with a cumulative 

ef~ect of causing the pip~ 16 to spiral onto the ~·female 

. 9ro0v~nq roll . 40. 

'!'he f ~male grooving 

ro11 . 40 could in fact. be rormed as a· frustum of a cone as· 

indicated.by the chain lines.46. '!'his, Jlowever, .. would cause 

emapl.ications in the desired Jcnurlinq of _the surfaces of ·the 
. . 

... ·.· -~· .: 
.-... · ... · .. 

..... _::: . .,..-...::,·~; ... : .. _:_:,_.;,: .. >--
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~indrica1° portion~ 41 - 441 which is relatively easy to 
. . . . . .. . . . ' 

provide on _a cylindrica1 surface, but. is difficult to 

provide- on a tapered surface due to: the continuous c::hanqe in 

diametrical. pitCh of :the taper~ 

J:n Fiq. 4, the femal.e rollinq die 40 is show as a 

frustum of a stepped. ~cylindrical pyramid, in Wh.ieh the 

stepped edqea; ot the respective cylindrical portions 41 - 44 
. . 

each lie on the.· surface o~ a straiqht-sided. blaginary cone 

46. other conflgw:ations are-possible, in Which the stepped 
. .· 

edges· of the cylindrical.portions 41 .- 46 lie on the sUJ:face. 

·a~ a fru.stum or a cone having curvilinear sides. 

fte aajor requirement of the female ro11in9. elie 40 

is, -or course, that it be of! tJreater diameter 

at its end adjacent the t"lanqe 12 than it is at all 
·• 

positions ·i~term•diate the end adjacent the flanqe 12 and 

the-opposite end of.the CJrOOVin9 roll, this constitutinq a 

ma'jor difference from the prior art groovinq roll. 

As will be easily understood, if' a solid cyl·inder of 

co~tant radius thrcugho\Jt its axi•l lenqth is placed within 

a tUl>e, t~e·solid cylinder· [ignoring frictionol.re~traints] 

·. w_i11 come to rest vith its longitudinal axis extend~ tr~ly 

parallel :to the axi-s of th~ hollow cylinder.. . If now the· 

posit·ion of the solid cylinder is · fixed anCI thus the 

'lonqitudinal axis 9t the cylinder, then, the only 

. possibility of- movinq the axis of the hollow cylinder out of 
.. i 

.. 
; : : .·~ 

·· .. :···.:.·. 
:: ~.;., .:. ,, ····: .. · ... .'·:·.:>.·<: .. . :·. 



15 

pai:flie_l .al.ignment w:i:t~· -t;he ~xis. o-t. the ~oi.ia · cylind~ is by . 
. . . . . . . . 

means Of forc=1Jig the ax~-~ Dt the rll:!spective .cy1inders 
. . . 

·towards.each other, at wh~ch point the solid cylinder will 
. . . ·. -

. . 
on1y .enqage the· inter.for of the hollow ··cylinder .pt the 

. . .. . . .. 
respeptive·ends of the· solid cylinder.· 

.If, now, as is ~nceptua~iz:ed by th~ present inven't:or 

the solid .cylinder is. re~foraed ·as a· frustum of .a cone, 
. •' 

then, Within the extent Of . reduction in the diameter' of the 
.. . . . . : 

smal.1. ·ena of 1:!1e frustum, tlre hol:Low cylinder can pivot . . 
. . 

about the . p_oi:nt or · engaqement . of the large enQ of the 

· frustµm with. the int~ior o:f the hollow cylinder, an'.Ci, the 

hO~lOW' cylinder is free to skew :relative to the axi~ of the 

sollcl cylinder, in the manner il.lustrated in Fig. 5 01! the 

dJiawinqs. .• 

such a skewing of the axis of the hollow ~linder 

relative to the axis of the solid cylinder,·;. occurs in a 

sinqle. plane,· ~· e. , the .y-y plane, to the total excl~ion of 

any skewing Of tbe lonqitudinal axis Of the JiollOW cylinder 

in the x-z :plane. -T~us, tbe lDa.1e groovl.ng~:roller 14 "sees" 
. . . 

only a. cir~ference on the pipe 1~ that 1ies in a pl.ane 

perpendicular to the axis 16a of· the pipe t.is.. · As that 
• 

~ircumferences lies.in a·sinqle plane, there are no 1forces 

produced . that . simulate a .. ~ad pitch angle. :rn the 
. . . . 

presence of suC:h.a thr•ad pitch angle, tbe pipe.will spiral 

Off ·the gJ:'-OOViDCJ.rOl1ers. A reversal of the thi-eadp!tch 

·angle, such a~ is produced mechanically or :nranua1ly in Fig • 

...... . · 
'. -::· ··,· >··~-- ..•. ·.: 
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.a. . woUl.d have the · effe¢:' of either· removing the tendency of 

the pipe to Spiral. ofr '~' rollers, or· JJOSSibly in some . 

. circumstances,, act to ·cause the. pipe to spiral even further· 
., 

onto th~ rollers. This can be ~urther visualized as the · 

e£feets on ·a straight steel rule if passed tbrough the pinch 
. .· . . 

01! a pair ot :rollers~ . If the sides of. the ru~e are truly 

perpendicular to the axe~ of the _respective rollers, then, 

· the rule wl.}l proceed on a· trul~ straight line pass between 

.the respective rollers. .xt, however, the sides of the ru1e 

cu:e.not·tru1y perpendicular to the axes of· the respective 

. rollers, then,· the leading end o~ the ru;i.e will 

proqre~sivel,y·move in a direction axially·of the rollers, 

-that port;ion of the :rule located within .the pinch .of the 

rQllers remaininq axially fixed • Proceeding :furth~, if 

. o:rie th~· bow the·ends of the steel ruieJ;:' .about a eylinder 

havi~q its axis parall.el to the axes of the roll, then, the 

ruler will end up in the :torm of a spiral· siJauJ.ating the 
• < 

SJ?iral of a screv thread. · I:t the pipe th"en simUlates ~ 

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

the screw thread, relative ·move1Dent·between the pipe and the 

rollers then· a~inq in the manner of either unthreadinq the 

screw tlU:~ad ·from the nut, or·, untbreading the nut ·from the 

screw thread. .. . 
• 

J:n the rolling ot a thin-walled metal pipe of :four 

inches· or· more,. i.d., typ~cally a remale CJrOovinq f:roll or 
. . . ~ 

3. 5 ·inches nominal diameter will be employed, that diameter 

representing the diameter·ot the cylindrical port.i,on· 41 • 

... . ·-· .. · :· . 

:~ : 
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~~ resp.ct:J.ve _cyJ;~drical S~face portions 42·1 43 and. 

44, then·w:p.1. ~ave externa~ ciiametersof 3.493 .inches, 3.467 

inches .and 3~.460 inches, the ·axial width of the respective: 
. . . 

cyl,.i~ical .·portions . 41 - 44 being o'\' 20 .. inches. These 

diame1:ers ar~, · · of · course, . the nominal diameters of the. 

respective cy1indrical port:;,ions prior to knurlinq. Attar 

Jcn~rlinq, the respective diameters w.ill vary s1igh~y from 
. . . . . . . . . 

. . 

~ initial · 4i~m~ter ~- the main diameter remaining constant • 

....., Various modif icati.ons 'in the grooving rol1 
., 

. . 
described above as .. a 0pr~erre~ embodiment . can be made 

without departing from the scope of the appended claims. 
- . . . .. ~ ·- . . . ·-·· ·- . --
For exanwle,'.wh~le four lmarled cylindrical portions 41 - 44 

·have heen ·. illustrated, if grooving is to be . e:f:fected on 

larger· diameter& ... of pipes.,. obviously, more than toi~. such 

cylindric.al. portions 41 - 44 can he employed. :In faet, the 
. . . . 

cylindrical .portions 41-: 44.could be e1iminated in their 

entirety, and, the :fe~le grooving ro11 be made exaCtl.y in 
. . 

the f~ni of a f~stum o~ a· cone. This, however, then would 

require ·different techniques in providing J:cnuriing on.the 

.exterior surface of the female groov:~9' rt?l.l., whi.Ch ~ould be 
·, . . . 

effect.ct,. hut at far grea~er expe~se by machine engraying of 
. . . .c . 

. . . 

the · extf!rnal s~face of . the faa_ale qroo·.:i.:;q . roll. . An 
. . . . . . 

al:ternati'Vfi! t~ knur1ing . w.ol;lld .. be the provision of axiall.y. 
. . .· . 

· eXtendinq. teeth on. the ~erl.or sur:face. of the female 
. tj.. • • 

grooving' ro1~·, . Wh~ch could. be· effected by a broachinq 

operation~· such· an operation is, however, enCUlDbered with 
. . . 

. the same· problems as· knurlinq a surface· which is other than 

r 
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a st.:'aiqht cylinder. 
. . 

·while, in the illustrated embOdiment, the flange 12 has 

been shown as inteqral with the female groovinq roll 40, the 

flange 12 can be entire1y-independent of-the grooving 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 that the flange 12 rotate in unison 

· vi.th the roll 40, the flange 12, at the expense of increased 

frictional restraint on movement of the pipe, could in :fact 

be a fixed guide secured to-the :frame of the groove r~l.linq 

machine. 

~he actual dimensions of the forming groove wi11, of 
- . 

course, J:>e dictated by the . dimensions of· the forJJl-rolled 

groove, ud, the wall thickness of the thin-walled pipe 't;hat 

is to he ro1led. 
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CLAIMS: 

~ •. A selr~trackinq female. grooving roll for use in the ,. 
ro11~o~ing of malleable ilatal. pipe, said female groovinq 

roller ~ncludinq: 

a cylindrical. body havinq a first axial . endr an 

opposite second end axial end, and. longitudinal axis of 
.... 

rotation; 

said cylindrical body providinq a first body portion 

extending from said first end to a position intermediate 

said first-and second ends7 

a. sec0n4 body portiQn ext:endinq ·from said second end to 

a position intermediate said first and second ends; ar4d 

· a third portion providing a groove in.said cylindrical 

body at · a position intermediate said first and second 

portions; . . . 
said first body portion -being· of decreasing radius from 

said 1onqitUdina1 axis at a11 positions intermediate said 

first axial end and said interntedia~e third portion; 

said second body portion being of. decreasinq radius 

frc;>m said longitudlnal axis at positions intermediate said 

intermediate portion ·and said. second axial em!. and, at all 

positions being of 1esser radius .f"rom said l.onqitudinal axis 

than the maximum radius of said first body portion. . -

. ···:·· .... .·.·. _ _ !_=:{.'.::,·. · .. 
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· 2. The self-~ackinq fema1e qroovin9 ro1·1 according to 

c1aim 1, in which said first body portion inc1udes adjacent 

axially-straiqht cylindrical surface portions which 

·progressively decrease in diameter from said first· axial 
• l 

end. 

I 

3. The se-lf~ackinq female groovinq roll of claim 1, 

in which· said second portion includes adjacent axia11y 

strai9b,t cylindrical surface portions proqress~ve1y 
~ 

decreasinq in diameter from said intermediate portion to 

said second axial end.. 

4.. 'l'he1 self-tracking female groovinq rol.l of claim 1, 

in which said ~irst and second portions each have surrace 
- . 

portions positionedwithin·the surface of .an imaqinary cone 

~aving its · 1onqitwlina1 axis coincident with said 

·1onqitudina1 axis of said female qroovin:q. roll, the .base of . . . 
said imaginary cone ·extending perpendicular to said 

1onqitudinal axis at said first end of said cylindrical 

body. 

s. The sel·f-traclcinq female groovinq roll of claim 2, 

in which said first.portion.has surface portions positioned 

within an imaqinary cone having its lonqi tudinal .axis 

coincident with said· lonqitudinal axis of said female .. 
, -

qroovinq roll, and havinq the base of said i~gin~ry cone 
. I . ' . 
extendinq perpendicular to said lonqitudinal axis at said 

first end. 
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6. The self-tracJc.ing female qrooving roll according to 

claim 3, in Vhieh said second-portion has surface portions 

positioned within an imaginary cone having its longitudinal 

~is ~a.incident with said 1ongitudinal axis of said femal.e 

.grooving rol.l, and havinq tb.e ·base of said cone extending 

perpendicular to said longitudinal axis at said intermediate 

portion. 

7. 'l'he self-tracki"g female grooving roll of claim 1, .. 
in vhi.04 said first and second portions of said cylindrical. 

body each include a plm:al.ity of cyl.incb:ical portions 

arranged in stepped ·rel.ationship, a said cylindrical. portion 

adjac~t sa+d first end being of greater radius from said 

lonqitudinal axis than each of ·said other cylindrical 

portions. 

a. The selr-t:rackinq .female groovinq roll of clalm 7, . .. . 
in which said cylindrical portions are arranged in the· form 

of a frustum of a stepped cy1indr.ica1 pyramid. 

9. The self-traekinq female grooving rol.l o'f claim 4, 

in which ,said imaginary cone is an axia11y rectilinear cone. 

10. The S$lf-:trackinq female groovinq ro11 of cla~m 4, 

in which said imaqinary cone is an axia·11y curvilinear cone • .. . . 

.·-:.,· .. ·.· 
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11. The self-trackinc,i female. groovin9 roll of claim l, 

in Which said ·first body portion · and said second body 

portion, in combination; define an axially straiqht frustum 

of a.cone. . ' 

12 •· The self-tracking female groovinq roll of claim 1, 

in which said :first body portion and said second ' body 

portion, in cOlllbination, d~ine an axially stepped :frustum ... 
of a conical stepped pyramid. 

13. The self-trackinq female. grooving roll of claim l, 

in which said first body port;ion and said second body 

portion, in i combination, define an axially curvilinear 

frustUl1l of a cone. 

14. The self-tracking .. £mna.le grooving roll of cl.aim l, 

in which said tirst and second body portions are of 
. - . . 

substantially equal axial length • 

.. , . 
. ' .. 


