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(54) METHOD AND APPARATUS FOR FORMING SMOOTH BELLS IN THERMOPLASTIC MATERIAL 
PIPES

(57) Method and apparatus for forming smooth bells
in thermoplastic material pipes (3), according to which
the free end (2) of a pipe (3) is inserted between an outer
matrix (26) and an inner spindle (37) so as to define a
first variable-volume chamber (57) with the inner spindle
(37) and a second variable-volume chamber (58) with

the outer matrix (26), and which is shaped against the
outer matrix (26) by a fluid under pressure supplied to
the first variable-volume chamber (57) by means of two
supply circuits (53, 59) connected to the first variable-vol-
ume chamber (57) at different distances (D1, D2) from
an end face (39b) of the inner spindle (37) itself.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims priority from Ital-
ian patent application no. 102023000008151 filed on
April 26, 2023, the entire disclosure of which is incorpo-
rated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to an apparatus
for forming smooth bells in thermoplastic material pipes.
[0003] The present invention is particularly advanta-
geous for use in the forming of smooth bells in pipes
made of thermoplastic material, such as polypropylene
(PP) and high density polyethylene (HDPE), and used to
convey fluids or to protect electrical cables, optical fibres,
or artesian wells, to which the description below will refer
explicitly without loss of generality.
[0004] Moreover, the present invention is particularly
advantageous for use in a machine for belling pipes con-
figured to be installed at the outlet of a pipe extrusion
unit, to which the following description will refer explicitly
without loss of generality.

BACKGROUND

[0005] In the pipe belling field, it is known to provide a
machine of the type comprising an inlet station connected
to an extrusion unit to receive a succession of pipes fed
longitudinally in a first direction parallel to the longitudinal
axes of the pipes themselves; at least one heating station
aligned with the inlet station in a second direction trans-
verse to the first direction; at least one belling station
aligned with the heating station in the second direction;
and an outlet station obtained on the opposite side from
the inlet station relative to the heating and belling stations
in the second direction.
[0006] The machine further comprises a conveying de-
vice for moving each pipe in the second direction from
the inlet station to the outlet station through the heating
and belling stations.
[0007] The belling station comprises a clamp provided
with two jaws, which are movable between a clamping
position and a release position of the free end of a pipe,
a carriage, which is mounted in order to carry out recti-
linear movements in the first direction, and an apparatus
for belling pipes mounted on the carriage itself.
[0008] The apparatus comprises an outer matrix with
a tubular shape, which has a longitudinal axis, is config-
ured to receive a heated free end of a pipe, and compris-
es, in turn, two semi-cylindrical shells which are movable
relative to each other transversely to the longitudinal axis
between a closed operating position and an open idle
position.
[0009] The outer matrix is delimited by a shaped inner
surface comprising a narrow portion with a cylindrical

shape, a wide portion with a cylindrical or truncated-cone
shape, and an intermediate portion with a truncated-cone
shape which is arranged between the narrow portion and
the wide portion.
[0010] The apparatus further has an inner spindle,
which is movable inside the outer matrix and the free end
of the pipe, and which is delimited by a shaped outer
surface comprising a narrow portion with a cylindrical
shape which is configured to engage the pipe, a wide
portion with a cylindrical or truncated-cone shape, and
an intermediate portion with a truncated-cone shape
which is arranged between the narrow portion and the
wide portion.
[0011] The apparatus further comprises an intermedi-
ate sleeve which is movable between the outer matrix
and the inner spindle and is delimited by an end face
axially facing the free end of the pipe; a first variable-
volume chamber which is at least partly delimited by the
inner spindle and by the free end of the pipe; a second
variable-volume chamber which is at least partly delim-
ited by the outer matrix and by the free end of the pipe;
a first supply circuit which is at least partly obtained
through the inner spindle and is connected to the first
variable-volume chamber in the area of the narrow por-
tion to supply a fluid under pressure to the first variable-
volume chamber and shape the free end of the pipe
against the outer matrix; and a second supply circuit
which is at least partly obtained through the outer matrix
and is connected to the second variable-volume chamber
to supply a fluid under pressure to the second variable-
volume chamber and shape the free end of the pipe
against the inner spindle.
[0012] By combining the action of the fluids under pres-
sure supplied in the two variable-volume chambers with
the axial movements of the inner spindle and of the in-
termediate sleeve relative to the outer matrix, the free
end of the pipe is shaped so as to form a bell having,
normally, an inlet segment with a cylindrical or truncated-
cone shape, an outlet segment with a truncated-cone
shape, and a seat which is obtained in the area of the
inlet segment to house therein a gasket.
[0013] The known apparatus for belling thermoplastic
material pipes of the type described above have some
drawbacks, mainly deriving from the fact that, wishing to
manufacture a bell that is smooth and does not have the
seat for housing the gasket using an outer matrix with a
wide portion that does not have a corresponding slot for
forming the seat itself, the first supply circuit is unable to
ensure fluid-tight coupling between the free end of the
pipe and the outer matrix, which is essential to ensure
correct pressurisation of the first variable-volume cham-
ber and correct forming of the bell.
[0014] In fact, in known apparatus for belling thermo-
plastic material pipes of the type described above, the
fluid-tight coupling between the free end of the pipe and
the outer matrix is ensured by combining the axial pres-
sure exerted by the intermediate sleeve against the free
end of the pipe with the action of the fluids under pressure.
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The axial pressure exerted by the intermediate sleeve
against the free end of the pipe plastically deforms the
material of the bell being formed inside the slot for shap-
ing the seat for the gasket.
[0015] Consequently, when the bell is smooth and
does not have the seat for housing the gasket, known
apparatus of the type described above are unable to en-
sure the plastic deformation of the material of the bell
being formed and, therefore, the fluid-tight coupling be-
tween the free end of the pipe and the outer matrix.

SUMMARY

[0016] The object of the present invention is to provide
an apparatus for forming smooth bells in thermoplastic
material pipes which does not have the drawbacks de-
scribed above.
[0017] According to the present invention, there is pro-
vided an apparatus for forming smooth bells in thermo-
plastic material pipes according to what is claimed in the
appended claims 1 to 7.
[0018] The present invention also relates to a method
for forming smooth bells in thermoplastic material pipes.
[0019] According to the present invention a method is
provided for forming smooth bells in thermoplastic ma-
terial pipes according to what is claimed in the appended
claims 8 to 10.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The present invention will now be described
with reference to the accompanying drawings, which il-
lustrate a non-limiting example of embodiment thereof,
wherein:

Fig. 1 is a schematic perspective view, with parts
removed for clarity, of a preferred embodiment of the
apparatus of the present invention mounted in a ma-
chine for forming a bell in pipes;
Fig. 2 is a longitudinal section of a pipe produced
with the apparatus of Fig. 1;
Fig. 3 is a schematic longitudinal section, with parts
removed for clarity, of a detail of the apparatus of
Fig. 1;
Fig. 4 is an exploded perspective view of a detail of
Fig. 3;
Fig. 5 is a longitudinal section of a detail of Fig. 4; and
Figs. 6 to 11 are six schematic longitudinal sections,
with parts enlarged and parts removed for clarity, of
the detail of Fig. 3 illustrated in six different operating
positions.

DESCRIPTION OF EMBODIMENTS

[0021] With reference to Figs. 1 and 2, the reference
number 1 indicates, as a whole, a machine for belling
ends 2 of pipes 3 made of thermoplastic material, such
as polypropylene (PP) or high density polyethylene

(HDPE).
[0022] Each pipe 3 has, in an initial configuration, a
cylindrical shape and a circular cross section and, in a
final configuration, a smooth bell 4, which is obtained in
the area of the end 2, and comprises, starting from a free
end face 5, an inlet segment 6 with a truncated-cone
shape, an outlet segment 7 with a truncated-cone shape,
and an intermediate segment 8 with a cylindrical shape
arranged between the segments 6 and 7.
[0023] The machine 1 comprises a base 9 of elongated
shape extending in a horizontal direction 10, and has an
inlet station 11 connected to an extrusion unit (not shown)
to receive a succession of pipes 3, which are fed into the
station 11 parallel to their longitudinal axes 3a and to the
direction 10 itself.
[0024] The machine 1 further comprises, in succession
and in order, a first heating station 12 of known type, a
second heating station 13 of known type, and a belling
and cooling station 14 aligned with one another in a hor-
izontal direction 15 transverse to the direction 10.
[0025] The machine 1 further comprises an outlet sta-
tion 16 arranged on the opposite side of the station 11
relative to the stations 12, 13, 14 in the direction 15.
[0026] Each station 12, 13, 14 is provided with a sup-
port unit 17, which extends in the direction 10, and com-
prises a plurality of support devices 18 configured to re-
ceive the pipes 3.
[0027] The machine 1 is further provided with a con-
veying device 19 of known type to move the pipes 3 from
the station 11 to the station 16 and through the stations
12, 13, 14 in the direction 15.
[0028] Each heating station 12, 13 is provided with an
oven 20 which is movable, relative to the base 9 and in
the direction 10, between a forward operating position,
in which the oven 20 engages and heats the end 2 of the
pipe 3 arranged time by time in the station 12, 13, and a
withdrawn idle position, in which the oven 20 disengages
the end 2 itself.
[0029] The belling station 14 comprises a clamp 21
which is provided with two gripping jaws 22 coupled in a
sliding manner to the base 9 in order to move, relative to
the base 9, in a vertical direction 23 orthogonal to the
directions 10 and 15 between a clamping position and a
release position of the pipe 3 arranged time by time in
the station 14 itself.
[0030] The station 14 is further provided with a car-
riage, known and not shown, which is coupled in a sliding
manner to the base 9 in order to carry out, relative to the
base 9 and under the thrust of an actuating device, known
and not shown, rectilinear movements in the direction 10.
[0031] The carriage (not shown) supports a forming
unit 25, which is moved by the carriage (not shown) be-
tween a forward operating position, in which the unit 25
engages the end 2 of the pipe 3 arranged time by time
in the station 14 to form the bell 4, and a withdrawn idle
position, in which the unit 25 disengages the end 2 in
order to allow the conveying device 19 to transfer the
pipe 3 from the station 13 to the station 14 and from the
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station 14 to the station 16.
[0032] According to what is shown in Figs. 3, 4, and 5,
the forming unit 25 comprises an outer matrix 26 with a
tubular shape, which is mounted on the carriage 24, has
a longitudinal axis 27, and comprises, in turn, two semi-
cylindrical shells 28 coupled in a sliding manner to the
carriage 24 in order to carry out, relative to the carriage
24, rectilinear movements in the direction 23 between an
open position (Fig. 6), in which the matrix 26 is inserted
over the end 2 of the pipe 3, and a closed position (Fig.
7), in which the shells 28 are coupled in a fluid-tight man-
ner to the end 2 of the pipe 3 through the interposing of
gaskets 28a mounted in corresponding slots obtained on
the flat coupling surface of each shell 28.
[0033] When the two shells 28 are arranged in the
closed position, the matrix 26 is laterally delimited by an
inner surface 29, which extends around the axis 27, and
comprises a narrow portion 30 with a cylindrical shape
having a diameter slightly larger than the outer diameter
of the pipe 3, a first wide portion 31 with a cylindrical
shape, an intermediate portion 32 with a truncated-cone
shape which is arranged between the portions 30 and
31, and a second wide portion 33 with a cylindrical shape,
which is connected to the portion 31 in the area of an
annular shoulder 34 substantially perpendicular to the
axis 27.
[0034] Each shell 28 is further provided with a cooling
chamber 35 extending around the axis 27 and with a
cooling circuit 36, which is at least partly obtained through
the shell 28 to feed a cooling fluid through the chamber
35 itself.
[0035] The forming unit 25 further comprises an inner
spindle 37 of elongated shape, which extends in the di-
rection 10, is coaxial to the axis 27, and is coupled in a
sliding manner to the carriage 24 in order to carry out,
relative to the carriage 24 and to the matrix 26 and under
the thrust of an actuating device, known and not shown,
rectilinear movements in the direction 10.
[0036] The spindle 37 is laterally delimited by an outer
surface 38, which extends around the axis 27, and com-
prises a narrow portion 39 with a cylindrical shape, which
has a diameter slightly smaller than the inner diameter
of the pipe 3, and which is provided with an insertion tip
39a axially delimited by an end face 39b.
[0037] The surface 38 further comprises a first wide
portion 40 with a cylindrical shape, a first intermediate
portion 41 with a truncated-cone shape, which is ar-
ranged between the portions 39 and 40, a second wide
portion 42 with a cylindrical shape, and a second inter-
mediate portion 43 with a truncated-cone shape, which
is arranged between the portions 40 and 42.
[0038] The spindle 37 is further provided with an an-
nular shaped cooling chamber 44, which extends around
the axis 27, and with a cooling circuit 45, which is at least
partly obtained through the spindle 37 to feed a cooling
fluid through the chamber 44 itself.
[0039] Finally, the forming unit 25 comprises an inter-
mediate sleeve 46, which is mounted between the matrix

26 and the spindle 37 coaxially to the axis 27, is engaged
in a sliding manner by the spindle 37, and is coupled in
a sliding manner to the spindle 37 in order to carry out,
relative to the matrix 26 and to the spindle 37, rectilinear
movements in the direction 10.
[0040] The sleeve 46 is inserted onto the spindle 37,
and comprises a wide portion 47 which is coupled in a
sliding manner to the wide portion 33 of the matrix 26
and to the wide portion 42 of the spindle 37 and a narrow
portion 48, which is delimited by an end face 49 perpen-
dicular to the axis 27, and which is coupled in a sliding
manner to the wide portion 31 of the matrix 26.
[0041] The portion 47 is provided with a draining cham-
ber 50, which has, at least partly, an annular shape, which
extends around the axis 27, and which is selectively con-
nectable to the outside environment.
[0042] Operation of the forming unit 25 will now be de-
scribed with reference to Figs. 6 to 11 and starting from
an instant in which (Fig. 6):

a pipe 3 is arranged in the belling station 14 with its
end 2 heated in the heating stations 12, 13;
the jaws 22 of the clamp 21 are arranged in their
clamping position of the pipe 3;
the unit 25 is arranged in its forward operating posi-
tion;
the shells 28 of the matrix 26 are arranged around
the end 2 and in their open position; and
the spindle 37 is arranged outside the end 2 itself.

[0043] At this point, the shells 28 are moved into their
closed position to couple to the end 2 in a fluid-tight man-
ner by means of a pair of annular gaskets 51 mounted
on the narrow portion 30 of the inner surface 29 of the
matrix 26; and the spindle 37 is moved, relative to the
carriage 24, in the direction 10 so as to engage the narrow
portion 39 and the intermediate portion 41 in the end 2
of the pipe 3 and to couple the portion 39 to the inner
surface of the pipe 3 in a fluid-tight manner by means of
an annular gasket 52 mounted on the portion 39 (Fig. 7).
[0044] Insertion of the portions 39 and 41 into the end
2 of the pipe 3 is facilitated by a fluid under pressure, in
this case compressed air, supplied on the outside of the
portion 39 by a first supply circuit 53, which is at least
partly obtained through the spindle 37 and which is se-
lectively connectable with the outside environment or
with a device for supplying the fluid under pressure,
known and not shown.
[0045] The circuit 53 comprises an annular chamber
54, which is obtained through the portion 39, extends
around the axis 27, is connected to a duct 55 for supplying
the fluid under pressure, and which communicates with
the outside through a plurality of outlet holes 56.
[0046] The holes 56 are obtained through the portion
39, are distributed around the axis 27, and are inclined
according to an angle between 0° and 90° relative to the
axis 27 itself.
[0047] The spindle 37 is moved further forward, relative
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to the matrix 26, in the direction 10 so as to engage the
wide portion 40, the intermediate portion 43, and an initial
segment of the wide portion 42 in the end 2.
[0048] When the spindle 37 is stopped, the intermedi-
ate sleeve 46 is moved forward, relative to the spindle
37, in the direction 10 so as to move the end face 49
preferably, but not necessarily, into contact with the end
2 (Fig. 8).
[0049] The fluid-tight coupling between the spindle 37
and the sleeve 46 is ensured by at least one gasket 37a
and the fluid-tight coupling between the matrix 26 and
the sleeve 46 is ensured by at least one gasket 26a.
[0050] In this operating condition, the end 2 and the
spindle 37 at least partly delimit a first variable-volume
chamber 57 and the end 2 and the matrix 26 at least
partly delimit a second variable-volume chamber 58.
[0051] The chamber 57 is supplied with a fluid under
pressure, in this case compressed air, both by means of
the circuit 53, and by means of a second supply circuit
59, which is at least partly obtained through the spindle
37.
[0052] The circuit 59 comprises an annular chamber
60, which extends around the axis 27, is connected to a
duct 61 for supplying the fluid under pressure, and com-
municates with the outside through an annular opening
62 which is obtained on the portion 40 of the surface 38
coaxially to the axis 27 itself.
[0053] The opening 62 is obtained at a distance D from
the intermediate portion 41, measured parallel to the axis
27, that is at most equal to a length L of the wide portion
40 also measured parallel to the axis 27 and in any case
greater than half the length L itself.
[0054] Consequently, the supply circuits 53, 59 are
connected to the chamber 57 at respective distances D1,
D2 from the face 39b, of which the distance D2 is greater
than the distance D1.
[0055] With reference to Fig. 9, the wide portion 42 of
the spindle 37 engaged in the end 2 of the pipe 3 and
the thrust of the fluid under pressure supplied in the
chamber 57 by means of the circuit 59 allow:

shaping of the end 2 against the inner surface 29 of
the matrix 26;
fluid-tight coupling of the end 2 with the matrix 26 so
as to ensure the seal of the chamber 57; and
discharging the fluid under pressure contained in the
chamber 58 along a supply circuit 63 which is ob-
tained through each shell 28 of the matrix 26 and
which can be selectively connected to the outside
environment or to a device for supplying a fluid under
pressure, in this case compressed air, known and
not shown.

[0056] With regard to the description above, it should
be specified that, during belling of the end 2 against the
surface 29:

the sleeve 46 is moved, relative to the spindle 37, in

the direction 10 so as to maintain the face 49 pref-
erably, but not necessarily, in contact with the end 2
and so as to offset the contraction of the end 2 itself;
and

the end 2 is cooled by the cooling fluid fed through
the cooling chamber 35 by means of the cooling cir-
cuit 36.

[0057] At this point, the supply of the fluid under pres-
sure along the circuit 59 is interrupted; the fluid under
pressure contained in the chamber 57 seeps between
the spindle 37 and the sleeve 46 and is discharged into
the outside environment through an annular opening 64
which is obtained on the inner surface of the sleeve 46
and is connected to the draining chamber 50; and the
supply of the fluid under pressure along the circuit 53 is
interrupted.
[0058] According to what is shown in Fig. 10, the drain-
ing chamber 50 is closed; the supply circuit 63 is activated
to supply the fluid under pressure to the chamber 58,
shape the end 2 on the spindle 37, and form the bell 4;
the end 2 is deformed and held in contact with the face
49 of the sleeve 46 so as to ensure the seal of the cham-
ber 58; and the circuit 53 is connected to the outside
environment to discharge the fluid under pressure con-
tained in the chamber 57.
[0059] At this point, during the supply of fluid under
pressure to the chamber 58, the spindle 37 is withdrawn
so as to disengage the wide portion 42 and so as to define
the configuration and sizing of the inlet segment 6 and
complete forming of the bell 4; and the end 2 is cooled
by the cooling fluid fed through the cooling chamber 44
by means of the cooling circuit 45.
[0060] Finally, the face 49 of the sleeve 46 is separated
from the end 2 and the draining chamber 50 is connected
to the outside environment in order to allow the fluid under
pressure contained in the chamber 58 firstly to seep be-
tween the spindle 37 and the sleeve 46 and then to be
discharged into the outside environment through the
opening 64 and the chamber 50 itself (Fig. 11).
[0061] After the bell 4 has been formed, the supply of
fluid under pressure in the chamber 58 is interrupted, the
discharge of fluid under pressure into the environment
through the chamber 50 is interrupted, the spindle 37 is
disengaged from the bell 4, the sleeve 46 is withdrawn
in the direction 10, the shells 28 are opened, the unit 25
is moved into its withdrawn idle position, and the jaws 22
are moved into their release position.
[0062] According to a variant, not shown, the inlet seg-
ment 6 of the bell 4 is eliminated, disengaging both the
wide portion 42, and the intermediate portion 43 from the
end 2 during the supply of fluid under pressure to the
chamber 58.
[0063] According to a further variant, not shown, the
wide portion 40 of the spindle 37 is eliminated and re-
placed with a portion with a truncated-cone shape and
the intermediate segment 8 of the bell 4 is eliminated and
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replaced with a segment with a truncated-cone shape.
[0064] The forming unit 25 allows smooth bells 4 to be
produced in a single belling and cooling station 14 of the
machine 1.
[0065] The forming unit 25 also has further advantag-
es, mainly deriving from the fact that the engagement of
the initial segment of the wide portion 42 of the spindle
37 in the end 2 of the pipe 3 and the supply of fluid under
pressure to the chamber 57 by means of the supply circuit
59 allow the end 2 of the pipe 3 to be coupled to the
matrix 26 in a fluid-tight manner and the production of
bells 4 with a smooth inner surface.
[0066] In particular, the operating mode of the forming
unit 25, distinguished by the step of expanding the end
2 against the portions 31, 32 of the inner surface 29 of
the matrix 26 followed by the step of contracting the end
2 against the portions 40, 43 of the outer surface 38 of
the spindle 37, allows the production of smooth bells 4,
the inner dimensions of which are calibrated by the spin-
dle 37, exempt from, or little influenced by, the effects of
post-shrinkage due to elastic memory of the smaller di-
mensions of the pipes 3.
[0067] In other words, the forming unit 25 allows the
production of smooth bells 4 which, in normal conditions
of storage and installation of the pipes 3, maintain stable
shapes and dimensions over time.
[0068] The manufacture in polypropylene (PP) and
high density polyethylene (HDPE) pipes 3 of smooth bells
4 having the aforesaid features of precision and dimen-
sional stability, make the bells 4 also suitable for a sub-
sequent integration, inside the bells 4 themselves, of an
electrical heating coil to produce electrofusion welded
bell joints.
[0069] The forming unit 25 further allows:

the production of bells 4 with or without inlet segment
6;
the production of bells 4 with a cylindrical or conical
segment 8; and
selective control of the position of the spindle 37 in
the direction 10 and, hence, of the length of the inlet
segment 6.

Claims

1. An apparatus for forming smooth bells in thermo-
plastic material pipes (3), the apparatus comprising
an outer matrix (26) with a tubular shape, which has
a given longitudinal axis (27) and is configured to
receive a heated free end (2) of a pipe (3); an inner
spindle (37), which is movable inside the outer matrix
(26) and the free end (2) of the pipe (3) and comprises
a narrow portion (39) with a cylindrical shape, which
is configured to engage the pipe (3), a first wide por-
tion (40) with a cylindrical or truncated-cone shape
and a first intermediate portion (41) with a truncated-
cone shape, which is arranged between the narrow

portion (39) and the first wide portion (40); at least
one first variable-volume chamber (57), which is at
least partly delimited by the inner spindle (37) and
by the free end (2) of the pipe (3); an intermediate
sleeve (46), which is movable between the outer ma-
trix (26) and the inner spindle (37) and is delimited
by an end face (49) axially facing the free end (2) of
the pipe (3); and a first supply circuit (53), which is
at least partly obtained through the inner spindle (37)
and is connected to the first variable-volume cham-
ber (57) at a first distance (D1) from an end face
(39b) of the inner spindle (37) in order to supply a
fluid under pressure to the first variable-volume
chamber (57); and being characterized in that it
further comprises a second supply circuit (59), which
is at least partly obtained through the inner spindle
(37) and is connected to the first variable-volume
chamber (57) at a second distance (D2) from the end
face (39b) of the inner spindle (37) in order to supply
a fluid under pressure to the first variable-volume
chamber (57), couple the free end (2) of the pipe (3)
and the outer matrix (26) to one another in a fluid-
tight manner and shape the free end (2) of the pipe
(3) against the outer matrix (26); the second distance
(D2) being greater than the first distance (D1); the
inner spindle (37) further comprising a second wide
portion (42) with a cylindrical shape and a second
intermediate portion (43) with a truncated-cone
shape, which is arranged between said first and sec-
ond wide portion (40, 42).

2. The apparatus according to claim 1, wherein said
first and second supply circuit (53, 59) are connected
to the first variable-volume chamber (57) in the area
of the narrow portion (39) and of the first wide portion
(40), respectively.

3. The apparatus according to claim 2, wherein the sec-
ond supply circuit (59) is connected to the first vari-
able-volume chamber (57) at a distance (D) from the
first intermediate portion (41) that is at most equal
to a length (L) of the first wide portion (40) and at
least equal to half the length (L) itself.

4. The apparatus according to any one of the preceding
claims and further comprising a first cooling chamber
(44), which is obtained through the inner spindle (37)
around the longitudinal axis (27), and a first cooling
circuit (45) to feed a cooling fluid through the first
cooling chamber (44).

5. The apparatus according to any one of the preceding
claims and further comprising a second cooling
chamber (35), which is obtained through the outer
matrix (26) around the longitudinal axis (27), and a
second cooling circuit (36) to feed a cooling fluid
through the second cooling chamber (35).
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6. The apparatus according to any one of the preceding
claims and further comprising a second variable-vol-
ume chamber (58), which is at least partly delimited
by the outer matrix (26) and by the free end (2) of
the pipe (3), and a third supply circuit (63), which is
at least partly obtained through the outer matrix (26)
and is connected to the second variable-volume
chamber (58) in order to supply a fluid under pres-
sure to the second variable-volume chamber (58)
and shape the free end (2) of the pipe (3) against
the inner spindle (37).

7. The apparatus according to claim 1 or 6, wherein the
intermediate sleeve (46) comprises a draining circuit
(50), which is obtained through the intermediate
sleeve (46) and has an inlet opening (64), which is
obtained on an inner surface of the intermediate
sleeve (46) in order to discharge the fluid under pres-
sure supplied to the first variable-volume chamber
(57) by the first supply circuit (53) and/or the fluid
under pressure supplied to the first variable-volume
chamber (57) by the second supply circuit (59)
and/or the fluid under pressure supplied to the sec-
ond variable-volume chamber (58) by the third sup-
ply circuit (63) into the outside environment.

8. A method for forming smooth bells in thermoplastic
material pipes (3) in an apparatus comprising an out-
er matrix (26) with a tubular shape, which has a given
longitudinal axis (27) and is configured to receive a
heated free end (2) of a pipe (3); an inner spindle
(37), which is movable inside the outer matrix (26)
and the free end (2) of the pipe (3) and comprises a
narrow portion (39) with a cylindrical shape, which
is configured to engage the pipe (3), a first wide por-
tion (40) with a cylindrical or truncated-cone shape,
a first intermediate portion (41) with a truncated-cone
shape, which is arranged between the narrow portion
(39) and the first wide portion (40), a second wide
portion (42) with a cylindrical shape and a second
intermediate portion (43) with a truncated-cone
shape, which is arranged between said first and sec-
ond wide portion (40, 42); at least one first variable-
volume chamber (57), which is at least partly delim-
ited by the inner spindle (37) and by the free end (2)
of the pipe (3); and an intermediate sleeve (46),
which is movable between the outer matrix (26) and
the inner spindle (37) and is delimited by an end face
(49) axially facing the free end (2) of the pipe (3);
the method comprising the step of:

supplying a fluid under pressure to the first var-
iable-volume chamber (57) by means of a first
supply circuit (53), which is at least partly ob-
tained through the inner spindle (37) and is con-
nected to the first variable-volume chamber (57)
at a first distance (D1) from an end face (39b)
of the inner spindle (37) ;

and being characterized in that it further com-
prises the steps of:

moving the inner spindle (37), relative to the
outer matrix (26), in an insertion direction
(10) so as to engage the first wide portion
(40), the second intermediate portion (43)
and an initial segment of the second wide
portion (42) in the free end (2); and
supplying a fluid under pressure to the first
variable-volume chamber (57) so as to cou-
ple the free end (2) of the pipe (3) and the
outer matrix (26) to one another in a fluid-
tight manner and shape the free end (2) of
the pipe (3) against the outer matrix (26) by
means of a second supply circuit (59), which
is at least partly obtained through the inner
spindle (37) and is connected to the first var-
iable-volume chamber (57) at a second dis-
tance (D2) from the end face (39b) of the
inner spindle (37), which is greater than the
first distance (D1).

9. The method according to claim 8, wherein the appa-
ratus further comprises a second variable-volume
chamber (58), which is at least partly delimited by
the outer matrix (26) and by the free end (2) of the
pipe (3);
the method further comprising the step of:
supplying a fluid under pressure to the second var-
iable-volume chamber (58) so as to shape the free
end (2) on the inner spindle (37) and form a smooth
bell (4) by means of a third supply circuit (63), which
is at least partly obtained through the outer matrix
(26) and is connected to the second variable-volume
chamber (58).

10. The method according to claim 9, wherein the supply
of the fluid under pressure to the second variable-
volume chamber (58) deforms the free end (2) of the
pipe (3) so as to hold it in contact with the end face
(49) of the intermediate sleeve (46) and ensure the
fluid-tight seal of the second variable-volume cham-
ber (58).
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