
SELF-TRACKING ROLL FOR GROOVING MALLEABLE PIPE   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.                                      2   Patent No.
3,695,638 issued October 3rd, 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 issued
January 27th, 1987.   The segmented pipe couplings disclosed in those
patents 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, and, to
malleable pipe in which a groove has   been provided by a rolling operation
performed on the thin- 



walled metal pipe.        Typically, in the groove rolling of long lengths
of  thin walled metal pipe, the pipe is supported on a cradle,  which
permits rotation of the pipe about the longitudinal  axis of the pipe as
the roll-grooving operation proceeds.  There also exists the possibility of
skewing the cradle, and  thus the longitudinal axis of the pipe, relative
to the  longitudinal axes of the respective 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 the pinch of the respective male and female
grooving  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 length of metal
pipe is to be grooved at its end, it   



does pose problems in circumstances where a short length of  metal 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  longitudinal axis appropriately skewed relative to. the axes  of
rotation of the grooving rollers, or, it is necessary for  the short length
of metal pipe to be manually held,  positioned and manipulated 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 pipe,
and is described in that application, the  invention having equal
application in the toll grooving of  



malleable metal pipe of any selected wall thickness,  including pipes of
standard or greater thickness.        Thin-walled metal pipe typically is
pipe formed from an  iron or steel, or formed from copper or stainless
steel,  stainless steel thin-walled metal pipe exhibiting the  smallest
wall  thickness  of the pipe,  and,  in  turn,  exhibiting the greatest
tendency to spiral and the female  grooving roll during the rolling
operation, the extremely  thin walled stainless steel metal pipe being more
readily  deformable during the rolling operation than its more  substantial
iron, steel counterparts.                                       4
The reason why thin-walled metal pipe must be restrained against 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-walled metal pipe in an entirely 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, desirably 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 it.      In a particularly preferred
version, the female grooving roll, instead of being truly cylindrical and
axially straight as in the prior art, is formed as plurality of cylindrical
axially extending surfaces, which each extend 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 respective axially extending
cylindrical surfaces progressively decreases in relation to the actual
diameter of the successive axially extending surfaces of the female
grooving roll. The largest diameter surface is engaged by the pipe in the



immediate vicinity of the pipe end, and, the diameter of the  respective
axially extending surfaces of the female grooving  roll progressively
decrease from a radially 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 extending flange is provided to provide an  abutment for the end
of the pipe at the time it is placed 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.    Description of the
Drawings         The invention will [err] a described with respect to the
accompanying  drawings,  which illustrate an  embodiment of the invention,
and, in which:       Figs. 1, 2 and 3 are diagrams illustrating the prior 



art problem; and       Figs. 4 and 5 are diagrams illustrating the manner
in  which the problem  of the prior art is overcome.          DISCUSSION OF
THE PRIOR ART        Figs. 1, 2 and 3 illustrate the positional
relationship  and stresses induced in the pipe during a groove rolling
6  operation performed on thin-walled metal pipe, and employing  grooving
rolls according to the prior art.   A female  grooving roll is shown at 10,
that roll having an end flange  12. A male grooving roll is shown at 14,
and, a thin-walled  metal pipe on which the roll-grooving 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 Z have been indicated diagrammatically, in order to  illustrate
that Fig. 1 is a diagrammatic cross-section taken  in a horizontal plane;
Fig. 2 is a diagrammatic cross-  section taken in a vertical plane; and
Fig. 3 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  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 displaced 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 after the completion of a groove



rolling operation.        The male grooving roll 14 similarly is comprised
of                                         7   three axially straight
cylindrical portions 24, 25 and 26,   the width and diameter of the
cylindrical 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 will be fully understood,
the female and male   grooving rolls 10 and 14 are respective mounted on
arbors,   one or both of which are driven by suitable motor means,   such
as electric motors, or they may be manually driven.  



The male grooving roll is supported for movement towards the   female
grooving roll in the direction of the arrow A in any   convenient manner,
for example, 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
well-known in the art, of necessity, has  to be placed at a skew angle 30,
usually between 0.5[err] and  1[err], in order to prevent spiraling of the
pipe off the female  grooving roller during the grooving operation. To
assist in  this orientation of the pipe, the side face of the flange 12  is
chamfered at an appropriate angle, such as 2[err].        This skewing of
the pipe 16 is in the horizontal plane only, i.e., the x-z plane of Fig. 1.
While initially, the  axis 16a of the pipe 16 possibly will not be parallel
to the  axis 10a of the female grooving roll 10 in the x-y plane of        



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 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 illustrated in Fig. 1
is  maintained.        However, and as illustrated in Fig. 3, as the
pressure  exerted by the male grooving roll 14 progressively increases  in
the direction of the arrow [err], displacements will occur in  the pipe
wall at the line of engagement of the pipe wall by  the male grooving roll
14.  This is particularly so when  roll-grooving a short length of pipe
that has not been  mechanically held against 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 engaged by the cylindrical portion 26 of the male  grooving roll
will be depressed downwardly.         This causes the immediately adjacent
portion of the  pipe to assume a somewhat conical condition as indicated at
16b in Fig. 3,  i.e., a condition simulating an increase in  diameter of
the pipe 16, which, in turn, has a higher speed  of linear movement than
does the pipe itself. This increase  in the speed of linear movement of the
surface of the pipe  at the location 16b as related to the pipe itself,
then acts  to cause the pipe to spiral off the female grooving roll 10.
9  The portion 16b, due to its higher linear velocity, will  then be acting
to drive the male roller at a higher speed,  and further,  the pipe axis
16a has then become displaced in  



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 will
then respond to that screw thread pitch  angle in the same manner as if it
was actually screw-  threaded, the pitch angle of the screw thread being in
a  direction to move the pipe 16 in a rightwards direction in  Figs. 1, 2
and 3, which, if unrestrained, will result in the  pipe completely
spiraling off the female grooving roll 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 metal pipe which have been  supported in a cradle. It does,
however, constitute a most  pressing problem when roll-grooving relatively
short lengths  of thin-walled metal pipe. Unless that pipe is mechanically
held, it will immediately spiral off the female grooving  roll. If it is
manually held, then the operator must apply  



sufficient force to the pipe to force it leftwards into  engagement with
the flange 12, in order to prevent the  spiraling off of the pipe from the
female grooving roll.       This in itself is a skilled operation in that
the pipe                                      10   16 is rotating at an
angular velocity determined by the   speed of rotation of the female
grooving roll, and thus,   cannot merely be held by the operator.
Instead, the   operator must exercise dexterity to maintain the grooving
operation on track and prevent the spiraling effect of the   pipe 16 off
the female grooving roll.         In turn, this can result in a rolled
groove, the sides  of which deviate from a plane perpendicular to the axis
16a  of the pipe, i.e., the groove produced will not necessarily 



be spaced an exact distance from the end wall of the pipe  throughout its
circumferential 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 plurality of cylindrical segments
tha  intersect the surface of a frustum of a cone, indicated by the  chain
lines 46 in Fig. 4, Fig. 4 being a diagrammatical cross-  section taken in
the x-z plane, and Fig. 5 being a  diagrammatical cross-section taken in
the x-y plane.         Referring now to Tigq  4, it will be seen that the
pipe  16 does not need to be skewed in the x-z plane, and, that in  that
plane the axis 40a of the female grooving roll 40 are  truly coincident,
i.e., the pitch angle referred to with  respect to Figs. 1, 2 and 3 has
been eliminated.    



The female grooving roll 40 comprises 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
operation.         The male grooving 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 straight truly cylindrical
sections 24, 25 and 26,  the male grooving roll 14 in the 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 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 male grooving  roll 14 then initially engages the
exterior surface of the  pipe 16, and will attempt to ride down the
inclined surface  of the pipe 16.  However, as the roller 14 cannot move
axially, any forces generated by this engagement of the  cylindrical
portion 26 of the male grooving coal 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 relation with the juxtaposed surface
of  the flange 12.                                       12    As the
groove rolling operation proceeds, that portion  



of the pipe 16 intermediate the cylindrical portion 26 and  the end flange
12 will flare outwardly in the manner.  illustrated in Fig. 3, but, this is
of no consequence in  that the skew angle 30 illustrated in Fig. 1 has been
eliminated, and thus, the cylindrical portion 26 will merely  traverse the
exterior surface of the pipe 16 along a truly  linear path lying in a plane
perpendicular to the axis 40a  of the female grooving roll 40.        Thus,
while the pipe 16 must be manually held until  such time as the cylindrical
portion 26 of the male grooving  roll 14 compressively engages the surface
of the pipe 16,  then, the operator can release the pipe 16, and, the
grooving operation will continue without any need for  intervention by the
operator, who can then immediately  release the pipe 16, and, then permit
the roll-grooving  operation to proceed 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  grooving roll 40 and
the male grooving roll 14, the 



operation of the respective grooving rolls 14 and 40 becomes
self-tracking, and, self-adjusting.  For example, if the  operator
inadvertently inserts the pipe 16 between the  grooving rolls 14 and 40
without it being in engagement with  the flange 12, upon engagement of the
pipe 16 by the male  grooving roll 14, which will be attempting to run down
the  inclined surface of the pipe 16, will immediately force the
13   end of the pipe 16 into the proper seating engagement with   the end
flange 12.  Instead  of the pipe 16 attempting to   thread or spiral off
the female grooving roll 10 in the   direction of the arrow B in Fig. 3,
the axial forces imposed   on the pipe 16 will be in the reverse direction
and in the   direction of the arrow C in Fig. 5.  



The 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 in Fig. 5, this  being due to the slight difference in linear
velocity  between the cylindrical portion 41 and the slightly lower  linear
velocity of the portions 42, 43 and 44.   This  difference in linear
velocities will initially cause a  skewing of the piple in the x-z plane in
the event that there  is no manual restraint imposed on the pipe, in the
same  manner as that deliberately imposed in Fig. 1 by skewing at  the
acute angle 30, the generation of that minor skewing  action having the
beneficial effect of forcing the pipe  leftwards in the direction of the
arrow C in a similar  manner to that intended in Fig. 1, but with a
cumulative  effect of causing the pipe 16 to spiral onto the female
grooving roll 40.                 The female grooving  



roll 40 could in fact be formed as a frustum of a cone as  indicated by the
chain lines 46. This, however, would cause  complications in the desired
knurling of the surfaces of the                                       14
cylindrical portions 41 - 44, which is relatively easy to   provide on a
cylindrical surface, but is difficult to   provide on a tapered surface due
to the continuous change in   diametrical pitch of the taper.         In
Fig. 4,  the female rolling die 40 is shown as a   frustum of a stepped
cylindrical pyramid, in which the   stepped edges of the respective
cylindrical portions 41 - 44   each lie on the surface of a straight-sided
imaginary cone   46. Other coifigurations 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 major requirement of the female rolling 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 throughout its axial
length is placed within  a tube, the solid cylinder [ignoring frictional
restraints]  will come to rest with its longitudinal axis extending truly
parallel to the axis of the hollow cylinder.  If now the  position of the
solid cylinder is fixed and thus the  longitudinal  axis  of  the
cylinder,  then,  the  only  possibility of moving the axis of the hollow
cylinder out of         



parallel alignment with the axis of the solid cylinder is by  means 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
is conceptualized by the present inventor  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 point of engagement of the large end of the  frustum with the
interior 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  



relative to the axis of the solid cylinder, occurs in a  single plane,
i.e., the x-y plane, to the total exclusion of  any skewing 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.
Amended on 26th July 1995                                 16     1 would
have the effect of either removing the tendency of    the pipe to spiral
off the rollers, or possibly in some     circumstances, 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 rollers. If
the sides of the rule are truly     perpendicular to the axes of the
respective rollers, then,     the rule will proceed on a truly straight
line pass between     the respective rollers. 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 portion of the rule
located within the pinch of the     rollers remaining axially fixed.
Proceeding further, if     one then bows the ends of the steel ruler about
a cylinder     having its axis parallel to the axes of the roll, then, the
ruler will end up in the form of a spiral simulating the     spiral of a
screw thread.  If the pipe then simulates 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 thread from the nut, or, unthreading the nut from
the     screw thread.           In the rolling of a thin-walled metal pipe
of four    inches or more, i.d., typically a female grooving roll of 



(3.5 inches) nominal diameter will be employed, that diameter
representing the diameter of the cylindrical portion 41.
Amended on 26th July 1995                               17        The
respective cylindrical surface portions 42, 43 and   44, then will have
respective external diameter of 88.72mm, 88.06mm and 87.88mm (3.493 inches,
3.467   inches and 3.460 inches the axial width of the respective
cylindrical portions 41 - 44 being 5.1mm (0.20 inches). These   diameters
are, of course, the nominal diameters of the   respective cylindrical
portions prior to knurling.  After   knurling, the respective diameters
will vary slightly from   the initial diameter, the main diameter remaining
constant.        Various  modifications  in  the  grooving  roll  described
above as a preferred embodiment 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 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 female grooving roll 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  alternative to knurling would be the provision of
axially  extending teeth on the exterior surface of the female  grooving
roll, which could be effected by a broaching  operation.  Such an operation
is, however, encumbered with the same problems as knurling a surface which
is other than            



a straight cylinder.       While, in the illustrated embodiment, the flange
12 has  been shown as integral with the female grooving roll 40, the
flange 12 can be entirely 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  with 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 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.      



Amended on 29th January 1996     CLAIMS:                   19       1.   A
roll-grooving method in which an annular groove is      formed around the
wall of a cylindrical malleable metal   5  pipe (16) adjacent its end,
comprising      (a)  positioning the pipe end (16) over 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) 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  15  roll (40) and a
male grooving roll (14) disposed outside      the pipe (16)- and having a
circumferential grooving      projection (26) which 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 (14,40) to indent the annular groove      around the pipe wall,
characterised by           using a female grooving roll (40) in which the
first      pipe-engaging body portion (41,42) has a larger radius  25  than
the second pipe-engaging 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 female      grooving roll (40) causing the pipe (16) to tend
to spiral                                Amended on 29th January 1996
20     onto the female grooving roll (40), but is restrained from     such
spiralling by engagement with a restraining abutment  



(12) provided adjacent the first pipe-engaging body     portion (41,42) of
the female grooving roll (40).  5      2.   A method according to claim 1
in which the female      grooving roll (40) has a plurality of coaxial
cylindrical      segments (42,43) of decreasing radius, to provide said
radius decrease past the grooving recess (22).        3.  A 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
method according to claim 2 or claim 3 in which the      second body
portion (43,44) has plural adjacent axially-      straight cylindrical
surface portions whose respective      diameters decrease away from the
grooving recess (22).  20      5.   A method according to any one of the
preceding claims  



in which plural pipe-engaging circumferential extremities      of the
female roll (40), distributed along its pipe-      engaging portion,
intersect an imaginary conical envelope.  25      6.   A method according
to any one of the preceding claims      in which the female grooving roll
(40) is power-driven in      rotation.
21    7.  A method according to 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 grooving 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 grooving 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
22        decrease towards the grooving recess (22).    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      whose 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 second 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),      characterized
in that        



23    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  provide a
restraining abutment to stop the pipe (16) from  riding further over the
female roll (40) as grooving  progresses in use.    


