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SELF-TRACKING ROLL FOR GROOVING MALLEABLE PIPE
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This invention relates to a roli to be employed in the

grooving of ‘malleable metal pipe, 'partiéularly a short
' _le_ngtii-of such thin-walled metal pipe, and éreferably enabling

.performing the. groove- roiling-oper;tion without any need'

to'. skew the pipe axis _felative to the axis of the grooving

roll, . the sk;wing 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 can readily be
accomplished by a tjrcove’ rolling machine, '%-typical exanple
i of such a rbll grooving machine being that <hown in Thau,

Jr. et al U.S. Patent No. 3,903,722 issued Sép'éember 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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Patgnt No. 3,695,638 issued October 3rd, 1972, in Webb U.S.

Patent No. 4-,,601,49'5 issued July and, 1986, and, Rung et

al, U.S. Patent No. 4,639,020 issued January 27th, 1987.

The segmented pipe couplings disclosed in those pﬁtents have

equal applicability to pipe or fittings that have been

- machine cut grooved, in which event the 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 perfoémed on the thine

walled metal pipe. -

Typically, in the groove rolling of long lengths of
thin walled metal pipe, the pipe is supported on a cradle,
vhich permits rotation of the pipe about the longitudinal

axis of the pipe as the roll-grooving operation prcéeéds.

‘¢here also exists the possibility of skewing the cradle, and

thus the 1ongitudin_a:.l'.'. axis '.of the pipe, 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 grooving roller, and

-out of .i:he pinch of the _re_spe'ctive male and female gruvoving

rollers, which otherwise will occur due to. distortion
produced in the pipe end during 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
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doeg, pose problems in circumstances where a short length of

metai_. pipe is to be grooved: . To’' effect roll grooving of

- short length of metal pipe, either a special jig has to be

provided to hold -the 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 ﬁaﬂipulated ‘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
naile‘ahle. 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 formed from copper or stainless steel,

stainless steel thin_-walied met.a'l pipe exhibiting the

‘smallest wall thickness of the pipe, and, in turn,

exhibiting the greatest tendency to spiral cr! the female
grooving roll during the rolling operation, the extremely

thin 'wallé.d stainless steel metal pipe being more readily

deformable during the xolling operation than its more

substantia;l.. iron, steel countexrparts.
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The reason why- thin-walled metal pipe must be restrained

) aga;nst spiralling off 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 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
permitting roll-grooving of short length of thin-wélled metal
pipe in an éntirely automatic manner requiring no mechanical or
manual intervention during the rolling operation.-

' Aspects 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 decreasing radius from one
end to the other, with the grooving recess at a longitudinally

intermediate location. The roll is typically a generally

conical body. It may have a plurality 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 :|.1:.

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 eﬁ%end 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 reépe'ctive axially extending cylindrical

~ surfaces progressively decreases in relation to the actual

diameter of the succesiive ax;aﬁly tending surfaces of the
female grooving rol{Jls gaged by the pipe in the *
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immediate vicinity of the pipe end, and, the diameter of the

respective aiciaily extending ‘surfaces of the _ferﬁale grooving

| roll progressively decrease from a radiaily extending flange

immediately adjacent the largest diameter surface of the
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 time it is placed on
the female -g'rb'dving.roll‘, and also, in ofder to restrain the
thin~walled metal pipe from .spir-;aling -onta the female
grooving roll duiing a rolling operation.

The izivention will oow a2 descr’ibéd with respect to the
accompanying drawi.gs, which illustrate an
embodiment of th: inveri‘t:’ion , and, in .which: -

Figs. 1, 2 and 3 .are diagranms illustrating the prior
art problem; and

Figs. 4 and 5 are diagrams il‘lustra}:ing the manner in

which the '_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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operation péffomed én thin-walled metal pipe ,' and employing
grooving rolls according' to  the prior art. A fémale_
grooving roll is shown at 10, that roll having an ez:nd flange
12. A male groovimj roll is shown at 14, and, a thin-walled
metal pipe 6n which the roll'-—groovir;g operation is to be

performed is shown at 16.

Also, and in order to obtain a clear indication of the
positional relationships of the respective figures, the X-Y
and 2 havé' 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 the drawings, the prior art female

grooving roll. is_ comprised of three -axially straight

. H
‘cylindrical surfaces 20, 21 and 22, the cylindrical surface

22 providing a groove into which the material of the thin-

‘walled metal pipe 16 is to be dispiaced-_during a groove~

roliing dperation. 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.

The male grooving roll 14 similarly is comprised' of
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thxee axiallif straiglit .cyiind,rical portions 24, 25 and 26,

' the width and diameter of the &ylindrical portion 26 being

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

groove 22 in the female grooving 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
cbnven'i.ént 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 orient;ition of the liipe. the side face of the fl;ange. 12

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

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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Fig, 2, upon 'i:hg applicatibn of pi'essure to the exterior of

the pipg 16 by the male grdéviﬁg TOoll 14, the 'axes-_. i6a and
‘102 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 il_lustrated 'in Fig. 1 is

maintained.

However,.and as illustrated in lfig. 3, as the pressure

 exerted by the male grooving roll 14 progressively increases

in the dirécﬁibn’ of the arrow X, displacements will occur in

the pipe wall at the line of engagement of the pipe wall by

" the male. g{ré_ov-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 is engéged by the cylindrical p,é::jtion 26 of the male

grooving roll will be depressed downwardly-

This causes the immediately adjacert portion of the
pipe to assun_t_'e a somem_\af- .c.oni'c_al condition as indicated at
16b in Fié; 3, i.e., a condition simuiating an increase in
diameter of -ﬁh_a pipe 16, which, in turn, has é- higher speed
of linear_niévement than does fhe pipe itself. -.This irf;.: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, .then acts

to cause the pipe to sbiral off the female grooving roll 10.
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‘l‘hq port:.on 16b.. due to its higher linear velocity, will
then be actlng to dr:.ve the nale roller at a higher speed

and further, -the pJ.pe ax:.s J.Ga ‘has then become displaced in'
- two dJ.rections, i.e. » both in the x~z plane, ‘and also in the

x~y plane. . _ . .

'I.'his effeétivéiy prov‘ides screw thfead pitcﬁ' 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 previously mentioned, this does not pos;e a major
particular problein when foll-_grooving long lengths and
relatively heavy sections of metal pipe which have been

" supported in a cradle. It does, hoﬁever, cans_t_i.tute a most

pressing problem when roll-grooving rélatively short lengths

" of thin~walled mgtai pipe. Unless that pipe is mechanically

held, it wi-ll inimediately spiral off the female 'gi-odving

- roll. If it is manually held, then the OpEeLu&OY must apply

suffic:.ent foz'ce to the pj.pe to force it leftwards into
_engagement w::.th the flange 12, in oxder 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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16, is rotating at an ;aﬁoular 'velocity determined by the
speed of rotation of the femald grooving roll, and thus,
- cannot - merely be held by the operator. - Instead, the
operaior must exercise -deiterity to ma:.nta:m the grooving-
operation on track anci ' pré.vent the spiraling effect of the

pipe 16 off the female grooving roll. . .

. In turn, this can result in a rolled..- groove, the sides

of 'wl_;-:i'.ch g.iéiriate from afi:_larie perpendicular to the ax:.s 16a

| of the pipe, l.e., the qroo?e prcdﬁced'will-- not necossarily
‘be spaced an exact. distance from the end wall of the pipe

- throughout its -'circumferenﬁial extent.

'rhis 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 plurality .of cylindrical -.aegments tha

intersé_ct the surface ..of a 'frustom of a cone, indicated by the
chain l'ines 46 in Fig. 4, - Fig. 4 ‘being a diagrammatical cross-
section taken in the X=2z" plane, and Fig. S5 being a ;
diagramnatical 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 s]sewed in the x-z plane, and, tha.t in
- 'that plane the axis 40a of the female groov:.ng roll 40 are
truly .coinc:.dent i.e., » the p:.tch angle’ referred to with

respect to F:I.gs. 1, 2 and 3 has been el:.minated.

vy
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The female grooving roll 40 j.e‘compriseﬁ a plurality of
cylindrical sections 41, 42, 43, and 44, which flank the
conventional groove 22 ;'.ntb' which material of the wall 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 -i.ndliziation relative to the axis 40a

of the female Igrooving r_,oll 40 _o'p_pos_ité"::o_ that which occurs |
in Fig. 3. 'rhe cyli_ndr'ical'portion 26 of the male grv.;oving
roll 14 then initially engages i:he exterior surface of the
. pipe 16, and will 'attempt. to ride down the inclined surface
of the pipe 16. prevér,_ .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 t_o 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.
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« As the groove z:ol'lir'\_g operation proceeds, that portion
of the pipe 16 intemediat'mthe‘ cylindrical portion 26 and

the end flange . 1ﬁ will flare dhtﬁardly in the manner

111ustrated in Fig. 3, but, this is of no- consequence in

that the skew angle 30 illustrated in Fig. 1 has been

el;uunated, and thus, the cylmdrlcal portion 26 will merely
traverse the exter:.or sur-face of the pipe 16 along a truly

linear path J.ying in a plane perpendicular to the axis 40a

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
roil 14 com'i:res_siirely- engagee' the surface of the pipe 16,
then, the uperatoi' can release the pipe is. and, the
grooving operaﬁon 'ﬁi_ll continue without any need for
intervention by the operator, who can then immediately

release the pip‘e 16, and, then peérmit the roll-grooving

.operation to proceed undexr its own control without any need

for manual J.nterventlon by the operator, in that med:.a‘l:ely

‘the pipe 16 has been compressively engaged by the female

grooving roll - 40 and the male grcov:mg roll 14, the
operation of the respective grooving' rolls 14 and 40 becomes

self;tracking, and, self-adjusting. .= For exam_pie,_ if the

operator inadvertently ihserts the pipe 16 between +thLe
grooving rolls 14 and 40 without it being in engagement with

| the flange 12, upon -ehdagement of the pipe 16 by the male

grooving roll 51.4, which will be attempting to run éown the
inclined surface of the pipe 16, will immediately force the
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endof the pipe 16 in’t:o'-th.e"pi-oper' seating engagement with

the end flange 12. Instead of the p:.pe 16 attempt:.ng to’

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 will be in the reverse direction and in the

direction of the arrow C in Pig. 5.

4

,

The female grooving roll, which is. p_éwer’-driiran, 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 cause 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 30, the generation of that minor skewing

 action having the benaficial effect of forcing the pipe

leftwards in the direction of the arrow € in a similar

'manner to that intended in Fig. 1, but with a cunmulative

eff.ect of caus:,ng the pipe 16 to sp:u:al onto the . female

5 groov:,ng roll 40.

|  The female groov:.ng ' ' d

roll. 40 could in fact. be formed as a f.rustum of a cone as

- indicated by the chain .1:mes 46. This, howevm:, would cause .

: com;_ilicai:ions in the desired knurling of the surfaces of the
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_ cyﬂ.indriéa-i portidné 41 - 44, vwhich is re‘latiVeljr easy to

_ provide on a cyllndrlcal surface, but is difficult to

provide on a tapered surface due to the cont:.nuous change in
_diametr:.ca]. pitch of the taper._

In Piq._ 4, the f_emele rolling die 40 is s_hoim as a
frustum of a stepped. fcylindrieal pyramid, in which the
stepped. edges of the-respective cylindrical portions 41 - 44
'each lie on- the,-sur-fa'ee_ of a straight-sided iﬁag—iﬁary cone
46. Other éoﬁf’igﬁrafion‘s are'possible » in which the stepped

- edges of the cylindrical portions 41 - 46 lie on the surface

"of a frustum of a cone having curvilinear sides.

The majer requirement of the female reliing' die 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 be easily understood, if a solid cylinder of
constant radius-{:hrcughbut its axial length is placed within

a tube, the solid cyl:mder [ignormg frictional restra:.nts]

w:.ll come to rest with its longJ.tudznaJ. axis extending truly
'parallel to the axis of the hollow cylinder. If now the

posit_'ien of the scii_‘d cylihder is fixed and thus the

- longitudinal akis of the cylinder, then, the only
possibility of moving the axis of the hollow cylinder ocut of
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. areliel alig'nnent viith'- thé axis- of. the solidcyl.znder is by .
means of forcing the axes of the respective cyl:mders
'tawards each other, at wh:.ch paint the solid cylinder w:.ll |
only engage the :mterior of the hollow cyl:mder At the
respective ends of the solid cylinder.
- If, now, as'i's conceprnelized 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 1'ai.-§e ‘end of the
- frustum w:.th the interior 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

draw:.ng's .

Such a skewing of the axis of the hollow cylinder
relative to the axis ef_: the _seiid- cylinger, - occnrs in a

‘ 'eingle plane,- i.e'. -, the. y-y ‘plane,. to the total exclusion of
any skewing of the 1ongitud:.na1 axis of the hollow cyl:.nder
in the x-z plane. ‘rhus ’ the male grccv:.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 'As that
circumferences lies .in a single plane, there are no ';.forces '

' preduced ‘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 rol;l.ers. A reversal of the thread pitch
w is produced mechanically or manually in Fig.
et Has Been Replaced | - e

i,
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3 would have the"effeoi:' of either removing the tendency of
the pipe to spiral of.f 'Ehe rollers, or- poss:.bly in some.

circumstances, act to cause the pipe to spiral even further T

onto the rollers. This can be further visualized as the’
' effects on a straight steel rule if passed through the pinch
o: a pair of rollers. . XIf the sides of the rule are truly
'perpendic_ular to the axes of the respective rollers, then,
. the rule will proceed on a-truly straight line pass between
the respective rollers. 'If,. howevér, the sides of the rule
are not’ truly perpendicular to the axes of the respective
-rollers, then,  the lead:.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 axxally fixead. Proceeding further, i
_ one then bows the ‘ends of the steel ruler about a cylmder
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
s_pir-a.l of a screw thread. - If | the pipe then simulates a
-screw thread, the rollers then simulare a nut thredded onto’
the scre_w thread, relative movement between the pipe and the
‘rollers then: act__:'ing in the manner of either ﬁntl‘;reading the
screv thread from th_e nut, or, unthreading the nut from the

screw thread. - ' - S

In the rolling of a tha.n-walled metal pipe of four
:mches or more, i. d. ’ typically a female grooving Troll of
3.5 inches nomnal diameter will be employed, u:at dJ.ameter
_ representing the diameter of the cylindrical portion 41.
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« The respective cylindrical surface portions 42, 43 and.

44, then wil]. have external diameters of 3.493 J.nches, 3.467

- inches and 3_..460 inc_hes, _the axial width of the respective:

cylindrical ',.port:ions .41 - 44 be:.ng 0.20 “inches. These
dianeters are,"-‘ of ' course, . the nominal diameters of the
respect:ive cylindrical portions prior to knur].ing. After
knurling, the respective diameters w:.ll vary sl:.ghtg.y from

the init:.al diameter. the main diameter remain:mg constant.

Tl Various nodifi’ca-tions in the -grooving roll
descr:.hed above as a preferred embodinent can be made

without departing from the scope of the appended claims.

' For example,’ while four knurled cylindrical portions 41 -~ 44
‘have been illustrated, if grooving is to be _affected on

larger 'diameters- of pipes, .ohviously, more than fo';";r- such
cylindrical portions 41 - 44 can be ‘employed. In fact, the
cylindrical portions 41 -~ 44 could be eliminated in their

entirety, a-nd,_ the female grooving roll be made exactly in

" the forin of a frustum of a cone. "rhis, 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
' alternative to knurling would be the provision of axially.

extending 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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a stwaight cyil.inder.

‘While, in the illustrated embodiment, the flange 12 has
been shown as inteqral with the female grooving roll 40, the
flange 12 cah 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 flange .12, at the expense of increased
f.ric'tional restraint on ino_vemerit: 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, and, the wall thickness of the thin-walled pipe that
is to be rolled. '
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CLAIMS:

‘1. A self-tracking femals grooving roll for use in the
ro'll-‘grc:oving of malleable 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;

said first body port:.on being of de-c;e.asing 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.

&
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- 2. The self—t,facking female grooving roll according to
claim 1, in which said 'f.'_i.rst body portion includes adjacent
axially—straight cylindrical surface portibns which
' progressively decrease in _diamet’er- from said first axial

end.

3. i'he_ self-tracking female grooving xoll of claim 1,
in .whi.c:h'r said second portion includes adjacent axially
stréiqht 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.;:_.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 '16ngitudina1 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

body-

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 longitudihal axis
coincident with said’ 1ongitud1nal axis of said female

grooving roll, and hav1ng the base of said imagingry cone

extending perpendicular to said 10ng1tudma1 axis at said

first end.
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6. The self-tr'acking female grooving roll according to
'claim 3, in which said second- portion has surface por;tions
positioned within an imaginary cone having its longituainal
'a.x'is. coincident with said longitudinal axis of said female
.grooving roll, and ha'vin_g- 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
iongitudinal axis than each of said .other -cylindrical

portions.

8. The self-tracki.ng female grooving 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

This Sheet Has Been R

* Wi Illl




\’\

R

22

11. The self-tracking female grdoving roll of claim 1,

~in which said first body portion and said second body

portion, in combination, define an 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 conical stepped pyranid.

| 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
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