
2145490 THE MANUFACTURE OF END FITTINGS. FOR FLEXIBLE CONDUITS This
invention is concerned with improvements in or relating to the manufacture
of end fittings for flexible 5   conduits,  such  as. the  well  known
plastics  coated, helically wound, metallic conduits used commonly to house
electrical wires and cables. One  well  known  construction  of  end
fitting  is described in GB patent specification No. 1 345 737.  The 10
fitting comprises three basic coaxially arranged tubular components: a
metal connecting member comprising a screw- threaded end portion arranged
to .be screwed into an end portion of a conduit, a metal 'mounting member
comprising a screw-threaded end portion arranged to be screwed 'into 15   a
threaded receiving aperture in a conduit box or other support, and a
plastics ,sealing collar which surrounds (at. a distance)  part at least of
the screw-threaded portion of the connecting member in order to seal
against an outer surface of a conduit mounted on the connecting 20  member.
The connecting member extends right through both the mounting member and
the collar, the two being located on the connecting member between an
out-turned end of the connecting member (remote from its threaded end
portion) and  a  ring  of. circumferentially  spaced.  external 25
projections.'of the connecting member positioned between the out-turned
end.'and the threaded end. portion.   The projections  serve  also  to
lock  the  collar  against rotation on 'the connecting member, the
projections being interengaged with internal projections of the collar. 30
This allows the collar to be used as a hand-grip for screwing the
connecting member into a: conduit, whereas the mounting member is freely
rotatable on the connecting member to enable the fitting to be connected up
to a 



conduit box without rotation of the conduit.. *    2 It is well known in
the art for relatively rotatable inner and outer coaxial components of an
end fitting to be expanded/contracted to achieve the coupling of the two
together.      However,   the   processes   employed   have 5  customarily
involved  spinning  the  components  whilst outwards/inwards radial roller
pressure has been applied to achieve the required deformation. It is an
object of the present invention to provide 10 an improved method of
manufacturing an end fitting. The invention provides,  in one of its
aspects, a method  of  manufacturing  an  end  fitting, comprising  a
tubular connecting member and a tubular mounting member 15 comprising an
outer end portion whereby  the fitting can be secured to a support, the
connecting member comprising an externally screw-threaded. outer end
portion arranged to be screwed into an end portion of a flexible conduit
and there being associated with said connecting member 20 tubular coupling
means whereby said mounting member is held captive relative to said
connecting member in such a manner as to' permit relative rotation of said
mounting member  relative  to  said  connecting  member  and  said coupling
means,  the method comprising introducing in a 25 contracted condition one
of said coupling means and an. inner end portion of said mounting member
into the other of  said  coupling means and  said mounting member and
forcing a mandrel through a radially inner one of the two components of the
assembly to cause  radial expansion 30 thereof from the contracted
condition to a condition in 



which said mounting member is held captive. By use of an expansion mandrel,
as now proposed, it is not necessary to spin the components,  which saves
35 time,  but  even  more  importantly  it  enables  greater accuracy to be
achieved, we believe, under production    3 conditions; the circularity and
final dimensions of the expanded component can be virtually guaranteed by
the mandrel.. Furthermore, it is necessary where a spinning technique is to
be. employed for the portions of the 5   components which are to be
deformed to be relatively thin walled, whereas .n use of an expansion
mandrel, as now proposed, substantially greater' wall thicknesses can in
practice -be  accommodated.    These  factors: combine  to enable  an  end
fitting  to  be  produced  which  is 10  manufactured  to  close
tolerances,  provides  a  strong coupling, and can be expected to have a
long working life. even under arduous conditions.   A more efficient and
generally improved method of manufacture is provided:. As is illustrated by
the detailed descriptions of 15  two embodiments hereinafter, the coupling
means may be provided by a coupling portion of a. single, component
providing also the connecting member, or alternatively the  coupling  means
may  be  provided  by  a  separate component, for example a collar
non-rotatably secured to 20  the connecting member. Preferably, in
performance -of the invention as set out in the last preceding paragraph
but two, the radial expansion by the mandrel' results in a flange of the
radially inner component becoming positioned behind a 25   shoulder  of the
radially outer component to..prevent 



withdrawal of the inner componen.  The arrangement may with advantage be
such that after the expansion by the mandrel a peripheral edge of the
flange- is arranged to make substantially line contact with the shoulder.
30.      In manufacturing  a  preferred  construction  of fitting, the
coupling  means  is  expanded  within the mounting member, and most.
preferably within an inner end portion of the mounting member.  A
disadvantage arises    4 from   the   arrangement   of   fitting
described   in specification No. 1 345 737, hereinbefore referred to, in
that the connecting member extends right through the mounting member.
Upon introduction of a plastics guard 5  bush into that portion of the
connecting member within an outer end portion of the mounting member, as is
commonly required for the protection of cables leaving the fitting through
the mounting member, the effective bore of the fitting becomes still
further reduced  which reduces the 10   amount of cable which can be passed
through the fitting. By arranging that the coupling means be secured within
an inner end portion of the mounting member, the bore of the fittingat the
outer end portion of the mounting member can be maximised  for a given
outside  diameter  (e.g. 15   thread diameter) of the fitting at chat
point. Preferably,  where the coupling means is expanded within the
mounting member, the mounting member is also rotatably  mounted  on  an
inner  end  portion  of  the connecting member. 20        In performance of
the invention as set out in the last preceding paragraph but five, the. end
fitting may comprise a tubular' sealing collar which surrounds at a 



distance part at least of the length of the threaded end portion of the
connecting member, whereby a seal can be 25'  formed by the collar with an
outside surface of a conduit mounted on the connecting member,  the collar
and the connecting member being non-rotatably secured together. To prevent
rotation o-f the connecting member within the collar, a portion of the
former can be an interference 30   fit. in a bore of the latter.   Further
resistance to relative rotation could be provided by knurling, or other
roughening, of one or other of the engaging surfaces. Alternatively the
connecting member may be bonded (e.g.    5 by  welding  or. soldering)  to
the  collar  to  prevent relative rotation. As an alternative to the
arrangement referred to at commencement of the last preceding paragraph but
two, the 5   arrangement may be such that the inner end portion of.the
mounting member is expanded within the coupling means. Where the fitting
comprises a sealing collar, as referred to in the last preceding paragraph,
the coupling means can comprise a coupling portion of the collar. 10
There now follows a detailed description, to be read with reference to the
accompanying drawings, of two end fittings and their manufacture, the
manufacture of each illustrating the invention in its various aspects by
way of example. 15      In the accompanying drawings:. Figure 1 is a side
view of a first fitting; Figure 2 is an end view-of the fitting; Figure 3
is  a  view  in. axial  section  on  the line Ill-III of Figure 2. 



20        Figure 4 ..is  a  view   similar  to  Figure 3  but illustrating
use of a mandrel. to expand an end portion of a mounting member to secure
the member within a collar in.assembly of the fitting;' Figure  5 is  a
view  similar. ..to  Figure 3 'but 25      illustrating the-fitting in use;
. and Figure 6 is a view similarto Figure 3 but showing a further
construction of fitting.    6 The two end fittings shown in the drawings
are each for use in coupling helically-wound  flexible metallic conduit 10
to a conduit box 12  (see Figure 5).   The conduit 10 may be so-called
liquid-tight conduit which 5   has  a  plastics  covering  presenting  a
substantially uncorrugated outer surface. The  first  fitting  (see,
especially,  Figure 2) comprises   three   basic   coaxially  arranged
tubular components.     First,  a  connecting  member 14  which 10
comprises   an   externally   screw-threaded  outer  end portion 16
arranged to be secured into the conduit 10. Secondly,  a mounting  member
18  which' comprises  an. externally screw-threaded outer end portion 20
whereby the fitting can be secured in a receiving aperture of the 15
conduit  box 12.    The  connecting. member 14  and  the mounting
member'.18 are arranged end-to-end, with inner end portions 22 and 24,
respectively, of them positioned adjacent to one another within the third
component of the fitting, which is a sealing collar 26.  Coupling means of
20  the  fitting  comprises,. a  coupling  portion 28  of  the collar 26,
the collar comprising also a nut 30 .and a sealing element 32, :as will be
described hereinafter in 



more detail.   The connecting member 14, the mounting member 18, the
coupling portion 28 and the nut 30 are all 25   of brass, though other
materials, including other metals (e.g. aluminium  or  steel),  might  be
used, in  other embodiments. As will. now be described,. the inner end
portions 22 and 24 of  the connecting member 14 and the mounting 30.
member 18 are :held captive within the coupling portion 28 of the collar 26
in such a manner as to permit rotation of  the mounting  member 18  but
riot  the  connecting member 14 relative to the collar 26.    7 The inner
end portion 24 of the mounting member 18 comprises a radially outwardly
extending end flange 34, a peripheral  portion  of  which  is  positioned
behind  a shoulder 36 of the coupling portion 28 of the collar, so 5   to
prevent withdrawal of the mounting member from the collar in a direction
away from the connecting member 14. The peripheral. portion of the flange
34 is retained. in a circumferentially-extending    groove 38    within
the collar 26, the fit of the flange in the groove. being *  :10
sufficiently loose to allow free rotation of the mounting member 18. The
inner end portion 22 of the connecting member 14 similarly comprises a
radially outwardly extending end flange 40 which is positioned behind a
second shoulder 42 15  of  the  collar 2'6,  so  to  prevent  withdrawal
of  the connecting member from the collar in a direction away from the
mounting member 18.. :To prevent rotation of the connecting member 14.
within the coupling portion 28 of the collar 26, a shoulder 44 of the
connecting member 



20  which  is positioned  immediately  adjacent  to the end 'flange 40, and
is of a diameter between those of the flange 40 and the remainder of the
member 14 comprising the outer end portion 16, 'is an interference fit in
the bore of the second'shoulder 42 of the collar 26. 25        Positioned
betweenthe inner end portion 24 and the outer. end portion 20 of the'
mounting member 18 is a gripping portion 46 of the member 18, whereby the
member can be gripped and rotated by means of a spanner.  An .30   0-ring
seal 48 retained in a radially inwardly facing ..30  recess adjacent to an
end face of the collar. 26 acts against a shoulder of the mounting member
18-immediately adjacent. to  the gripping portion 46 of the mounting
member, so to prevent the ingress of moisture between the    8 collar, and
the  inner end portion 24 of the mounting member. Positioned in an enlarged
portion of the bore of the mounting member 18, leading inwardly from the
outer end 5   of the member,  is a guard bush 50 of an electrically
insulating plastics material.  The bush 50 is arranged. to protect  cables
from  chafing,  where  they  leave  the mounting member, and  has a. bore
substantially equal'to that of the remainder of the mounting member and of
the 10   connecting member 14. The sealing collar 26 surrounds at a
distance the whole .of the length of the outer end portion 16 of the
connecting' member 14,  extending  from  the  coupling portion 28 to beyond
the outer end .-of the connecting 15  member, whereby a seal can be formed
by the collar with the outer surface of the conduit 10.  The collar is, of 



course, radially distanced from the connecting member to permit
introduction of the conduit 10 into the annular space therebetween.-   An
outer end portion 52 of the 20   coupling  portion 28  of  the  collar  is
externally screw-threaded to  receive  the  nut 30.     The. sealing
element 32, which' is an annular element of a resiliently deformable
material,  is  retained  between  generally axially  opposed. surfaces 54
and 56 of  the  coupling 25   portion 28 and the---nut 30, respectively
Both of'. the opposed  surfaces 54 and 56  face  in directions  having
radially  inward  components,  whereby by screwing  the nut 30. along.  the
coupling. portion 28 the  sealing element 32 can be compressed and caused
to be deformed 30   radially inwardly against the outer surface of a
conduit mounted on the connecting member 14. The fitting is' assembled in
the following manner. First, the connecting member 14 is. introduced into
the    9 coupling portion 28 of the collar (from left to right as seen  in
Figures 3  and 4),  the  threaded  outer  end portion 16 of the connecting
member leading and being passed through the collar 26 until the end flange
40 of 5  the connecting member abuts the associated shoulder 42 of the
collar..  Final positioning of the flange next to the shoulder 42. is
achieved  with 'some  axial  force,  the connecting  member 14  being
driven  axially into  the collar 26  to  achieve  the  interference  fit
of  the 10  shoulder 44 in the bore of the shoulder 42.  The inner end
portion 24  of  the  mounting  member 18  is  then introduced in a
contracted condition (see Figure 4) into the coupling portion 28 and passed
along the latter until 



in substantially correct axial position .relative to the 15  collar'26.
The inner end portion 24 is then expanded radially by means of a mandrel 58
forced axially through it,  from .left to right. as indicated by an arrow
in Figure 4, so causing the end flange 34 of the mounting member to be
increased in diameter and become. positioned 20  behind the associated
shoulder 36 of the collar 26.  In its contracted condition, the. inner end
portion of the mounting member has. a tapered bore, and the mandrel 58 has
a  suitably  tapered' portion to  achieve. a 'smooth expansion. 25.
Use of the fitting is illustrated by Figure 5.  To mount the fitting on to
the conduit 10, the threaded end. portion.16 of the connecting member 14 is
screwed into an end portion of the conduit by means of the collar 26, an
inner end portion 60 of the coupling portion 2'8 being 30.  provided with.
flats whereby the collar can be gripped and rotated by means of a spanner.
The conduit so enters the annular space between the collar 26 and the
connecting member 14.  The nut 30 of the. collar is then rotated by means
of a spanner (the nut being provided with suitable 35. flats)' further' on
to the coupling portion 28 to cause    10 compression .of the sealing
element 32.   The element 32 becomes compressed and urged radially inwardly
against the outer surface of the conduit to form a seal.  The fitting can
then be coupled up to the conduit box 12 by 5   securing the threaded end
portion 20 of the mounting member 18 in the receiving aperture of the box
by means of a nut 62. A spanner may be applied across flats of the gripping
portion 46 of the mounting member. The mounting 



member being free to rotate relative to the collar 26 and 10   the
connecting  member 14 can  assist in securing  the fitting to the conduit
box.   Cables C can be passed. through the conduit 10, and the fitting,
into the conduit box 12. An alternative construction of end fitting is
shown 15   in Figure 6.. This fitting is in many ways very similar to the
first fitting, and will only be described herein insofar as it differs
significantly.   With reference to Figure 6, the alternative fitting
comprises a connecting member 100, a mounting member 1.02 and a collar 104,
which 20   correspond with the parts so-named of the first fitting.
However, although the mounting member 102 is rotatably secured relative to
the connecting member 100 and the collar 104, which are 'themselves
non-rotatably secured together,the coupling arrangement of the components
is .25   different, as will now be described. The mounting member 102 and
the collar 104 abut one another end-to-end, with an "O"-ring 106 arranged
to seal between opposed end faces.  The connecting member 100 is
non-rotatably secured within the collar 104 by means of 30   an
interference fit of a cylindrical head portion 108 of the connecting member
in a bore defined by a shoulder 110 of the collar.   A flange 112 of the
connecting member projects radially outwardly beyond the head portion 108
to  abut  an  axially  facing  annular  surface  of  the    shoulder 110 of
the collar to limit passage of the connecting member through the collar in
assembly. Formed integrally with the connecting member 100 is tubular
coupling means 114 of the -fitting, the coupling 5   means being in the
form of an inner end extension from 



the head portion 1.08 of the connecting member.    The coupling means
comprises a radially outwardly extending end flange 116' of which a
peripheral portion is engaged . in a groove 118 behind a shoulder within
the mounting 10  member 102.   By engagement of the flange 116 in the
groove 11.8 the mounting member 102 is held captive on the connecting.
member 100,   the  mounting  member  being rotatable on the flange and
further supported in rotation by  means of  an  innermost  end  portion
o.f the. head 15   portion 108. of the connecting member which is located
in an innermost end portion of a bore 120 of the mounting member (shown in
Figure 6). Assembly of the fitting is achieved by means of an expansion
mandrel in a similar manner to.that employed in 20   assembly 'of the first
fitting hereinbefore   described, except  that  for  this  alternative
fitting  it is  the coupling  means 114' associated  with  the  connecting
member 100 which is expanded, rather than the mounting member which is
expanded. The collar 104 is first of. all: 25   driven  axially  on- to
the  head  portion 108  of  the' connecting member, achieving the. required
interference fit between the components, until the shoulder 110 of the
collar abuts the flange 112 'of the connecting member. The  sub-assembly
of  the  connecting  member 100  and 30   collar 104  is  then   assembled
with  the  mounting member 102,  the innermost  end  portion  of. the  ead
*       ' portion 108 of the connecting member sliding within the bore 120
of the mounting member until the end flange 116 of the coupling means 114
abuts an end face 122 of a    12 reduced diameter portion 124 of the
mounting member 102. 



The coupling means 114 is so introduced into the mounting member in a
contracted condition and an expansion mandrel is next driven through the
fitting (from right to left as 5   seen in Figure 6) to expand the coupling
means 114 and, in  particular,  to  increase  the diameter  of the  end
flange 116 thereof in order. that the flange enters the groove 118 of the
mounting member 102. In an. alternative arrangement the head portion 108 10
of the' connecting member 'and the shoulder 110 of the collar 104 may each
have a small degree of taper (not more than about 7).   Also the seal 106
may be moved inside to act between the coupling means 114 and the mounting
member 102 within the bore 120. 15        As shown in Figure 6, upon
expansion of the coupling means 114  the  end  flange 11.6  thereof
becomes  turned. slightly from a plane normal to the fitting axis, with the
consequence that a peripheral edge. 126 of the flange makes substantially
line contact with a wall of the groove 118   in   retaining   the
rotatable   mounting member 102.  A similar arrangement could, of course,
be employed with the first fitting. It will be appreciated that whilst
assembly of both the fittings has been described as two stage processes, 25
assembly could be achieved simply by a single pass of the *   mandrel.
That is to say, in assembling the first fitting the axial force applied by
the mandrel could be used to * drive the connecting member 14 into its
interference fit with the collar 26, or could even be used to expand a 30
contracted portion of the connecting member to achieve an interference
fit.     Similarly,  in  assembly  of 'the alternative fitting (Figure 6)
the interference fit and    



13 the expansion of the coupling means 114 could both be achieved .by a
single pass of the mandrel. The mounting member 102 of the alternative
fitting may be formed as an elbow, rather than a straight fitting 5   as
shown in Figure 6.   In that case, the use of an expansion mandrel for
assembly of the fitting becomes even  more   advantageous   over
traditional   spinning. techniques.    14 CLAIMS 1.   A method of
manufacturing an end fitting comprising a tubular connecting member and a
tubular mounting member 5  comprising an outer end portion whereby  the
fitting can be secured to a support, the connecting member comprising an
externally screw-threaded outer end portion arranged to be screwed into an
end portion of a flexible conduit and there being associated with said
connecting member 10 tubular coupling means whereby- said mounting member
is held captive relative to said connecting member in such a manner as to
permit relative rotation of. said mounting member relative to said
connecting member and said coupling means, the method comprising
introducing in a 15 contracted condition one of said coupling means and an
inner end portion of said mounting member into the other of said coupling
means and said mounting member and forcing a mandrel through a radially
inner one of the two components of the assembly to cause radial expansion
20 thereof from the contracted condition to a condition in which said
mounting member is held captive. 2.   A method according to claim 1 wherein
the radial 



expansion by the mandrel results in a flange of the 25 radially inner
component becoming positioned behind a shoulder of a radially outer one of
the two components of the  assembly  to  prevent  withdrawal  of  the
inner component. 30 3.   A  method  according  to claim 2 wherein  after
the expansion by the mandrel a peripheral edge of the flange is arranged to
make substantially line contact with the shoulder. 35 4.   A method
according  to  any one of claims 1 to 3 wherein said coupling means is
expanded within said mounting member.    15 5.   A method according to
claim 4 wherein said coupling means is expanded within an inner end portion
of said mounting member. 6.   A method  according  to either of claims 4
and 5 5  wherein the mounting member is also rotatably mounted on an inner
end portion of the connecting member. 7.   A method according to any one of
claims 4, 5 and 6 wherein the fitting comprises also a tubular  sealing
collar which surrounds at a distance part at least of the 10   length of
the threaded end portion of the connecting member, whereby a seal can. be
formed by the collar with an outside surface of a conduit mounted on the
connecting member,  the  collar  and the  connecting  member  being
non-rotatably secured. together. 15  8.   A method according to claim 7
wherein in assembling' the fitting the connecting member is driven axially
into. the collar to achieve an interference fit whereby the -two
become.secured together. 



9.   A method according to any one of claims 1, '2 and 3 20   wherein said
inner end portion of said mounting member is expanded within said coupling
means. 10.  A method according to claim 9 wherein the coupling means
comprises a. coupling portion of a tubular sealing collar which surrounds
at a distance part at least of the 25   length of said threaded end portion
of said connecting member whereby a seal can be formed'by said collar with
an  outside  surface  of  a  conduit  mounted . on  said connecting member,
the collar 'and the connecting member being non-rotatably secured together.
16 11.  A method according to claim 10 wherein in assembling the fitting
the connecting member is driven axially into the collar to achieve an
interference fit whereby the two become secured together. 5   12.  A
method   of   manufacturing   an  end   fitting substantially as
hereinbefore described with reference either  to  Figures 1  to 5  or  to
Figure 6  of  the accompanying drawings. 13.  An end fitting made by a
method according to any one 10  of claims 1 to 12.    


