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(54) PROCESS FOR MACHINING WELDED PIPES

(67)  The present invention relates to a process for
machining welded pipes, which consists of an expansion
calibration machining of said welded pipe, where the con-
trolled widening of the inner diameter of the pipe is
achieved and where a radial expansion spindle (1) is
used, consisting of a punch (2) that penetrates coaxially
in a die (3) on whichis inserted the pipe (T) to be widened
exercising an expansion calibration action consequently
to the radial displacement of said radial sectors (5). Said
process being characterised in that it uses a punch (2)

provided with a reciprocating roto-translational incre-
mental movement (F,, F,), with a number of sides equal
to the number of radial sectors (5), which constitute the
die (3), where said radial sectors (5) undergo, after each
step of penetration of the punch (2) in the matrix (3), an
angular rotation that is caused directly by the angular
rotation of the aforesaid punch (2) whose movement is
obtained through an axial advance/return station (10)and
an angular rotation station (20) arranged cooperating at
the end of said punch (2) and commanded by a PLC.
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Description

[0001] Theinventionrelatestoa processfor machining
welded pipes, according to the general part of claim 1,
and to amachine that operates according to said process.
[0002] In many industrial applications it is necessary
to use metal pipes, which must have an inner diameter
with minimal tolerance, of the order of +0/+0.05 mm.
[0003] By way of example, reference is made to the
pipes used in the tubular motors used for the automation
of shutters, shades, roller blinds and the like.

[0004] This type of automation, commonly known by
the name of "tubular motor", comprises a gear motor that
is pushed inside a pipe, where a pipe/gear motor inter-
ference occurs, necessary to ensure that the two com-
ponents are assembled.

[0005] Oncein place, to assure a stable coupling, such
as to avoid overheating that would compromise the elas-
ticity of the locking system, with the consequence that,
when said gear motor operates at full load, it would tend
to vibrate, causing unacceptable noisiness, it is neces-
sary to establish a design interference value between the
inner diameter of the pipe and the outer diameter of the
gear motor that is minimal and highly precise; this is
achieved by making the inner diameter of the pipe to
have a very tight tolerance, of the order of +0/+0.05 mm.
[0006] Inthe current state of the art, the cylindrical pipe
used in tubular motors for the aforesaid automations, as
well as for other similar uses, is obtained from a semifin-
ished pipe of the two following types:

a) cold drawn weldless pipe, normally used to make
hydraulic cylinders, having an inner diameter with
tight dimensional tolerances, which manifests the
drawback of a high cost, not justified for some spe-
cific use, such as that of casing for a tubular motor.
b) welded pipe, obtained from sheet steel in coils,
that is cut longitudinally for the width corresponding
to the development of the section of the profile to be
produced and given cylindrical shape with the lateral
edges placed in contact to allow their welding; it has
the advantage of being very economical but, at the
same time, it has the disadvantage of presenting an
imprecise section, with shape errors (ovalisation)
and wide tolerance (inner diameter of the order of
+0/0.1 mm), which are not tolerable in specific ap-
plications, such as that of a casing of tubular motor.

[0007] Hence, it is necessary to manufacture steel
pipes with an inner diameter having precise section and
tight tolerance (of the order of +0/+0.05 mm) equal to
cold drawn weldless pipes, but at a considerably lower
cost; this is obtained using welded pipes with wide di-
mensional characteristics and hence low cost, that are
subjected to a machining operation that makes it possible
to obtain pipes with tight dimensional characteristics,
equal to those of cold drawn weldless pipes, all this at a
considerably lower and more competitive cost than the
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cost of similar pipes, which are currently produced only
by a few pipe mill.

[0008] Inpractice, this machining operation is connect-
ed with a process that consists of an expansion calibra-
tion action where, through the use of a specific radial
expansion spindle, which operates according to deter-
mined steps, the regular and controlled widening of the
inner diameter of the pipe is achieved, exploiting the prop-
erties of the metal to be deformed plastically, when its
elastic limit is exceeded.

[0009] Constructively, the expansion calibration spin-
dle is connected with a stamping die consisting of a con-
ical punch provided with a die with sectors, on which the
pipe to be widened is inserted, so that, with the advance
of the conical punch inside the die with sectors, a radial
expansion of said die is caused and, consequently, a
radial deformation of the pipe inserted thereon, in partic-
ular the widening of the inner diameter, all known in itself.
[0010] In the current state of the art, there are numer-
ous types of machines suitable for this purpose, com-
monly known with the generic term of "pipe end forming
machines", which operate in the manner described
above.

[0011] By of example, the patent document no. EP 2
167 255 B is cited, where (see its fig. 1 - the references
that follow relate to this application) a device is described
in which a conical punch (ref. 2), which moves only by
reciprocating in the axial direction and hence does not
rotate, penetrates in a die with radial sectors or expander
head (ref. 6), whereon the pipe to be widened is inserted,
comprising radial sectors (ref. 10), commonly known by
the generic term of "jaws", which expand radially at each
step of penetration of said punch.

[0012] Moreover, after each expansion step, the jaws
(ref. 10) are rotated by a determined quantity in the cir-
cumferential direction through the insertion of a rotating
sleeve (ref. 12), whose structure and manner of operating
are shown in figs. 2, 3, 4.

[0013] Specifically, the rotating sleeve (ref. 12) is pro-
vided with inner grooves (ref. 13) in which pins (fig. 14),
with which the conical punch is provided (ref. 2), slide; in
this way, because of the geometry of the aforesaid
grooves (ref. 13), the reciprocating and non-rotating axial
motion of the aforesaid conical punch (ref. 2) is trans-
formed into a rotational motion of the aforesaid rotating
sleeve (ref. 12).

[0014] Also by way of example, the patent document
no. EP 1 938 950 A1 is cited, where (see its figs. 1,2 -
the references that follow relate to this application) a de-
vice is described in which a conical punch (ref. 3), which
moves only by reciprocating in the axial direction and
hence does not rotate, penetrates in a die or expander
head (ref. 2), whereon the pipe to be widened is inserted,
comprising radial sectors or jaws (ref. 20), which expand
radially at each step of penetration of said punch.
[0015] Moreover, after each expansion step, the jaws
(ref. 20) are rotated by a determined quantity in the cir-
cumferential direction through the insertion into the body
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(ref. 1) of a ring (ref. 4), axially mobile, which holds the
jaws (ref. 20) while allowing their axial movement and
the securing on the conical punch (ref. 3) of a drum cam
(ref. 5) that co-operates with the pins (ref. 4) integral with
the aforesaid ring (ref. 4).

[0016] Specifically (see fig. 3), the drum cam (ref. 5)
peripherally has a cam path (ref. 50) alternating longitu-
dinal grooves (ref. 51) of equal depth to diagonal grooves
(ref. 52) of variable depth and appropriately shaped,
while the pins (ref. 42) are extensible under the action of
a spring (ref. 43), so that they remain in contact with the
path marked out on the cam (ref. 50); the conformation
of the grooves (refs. 51, 52) and the manner of co-oper-
ation between the ring (ref. 4) and the cam (ref. 5), to
cause the jaws (ref. 20) to be rotated automatically at
each expansion, are described in the paragraphs from
0028 to 0031.

[0017] In essence, the two devices described above,
indicated in their entirety with the references "A" and "B",
both have two operating characteristics:

- the conical punch (ref. 2 of A and ref. 3 of B) moves
only by reciprocating in the axial direction and hence
does not rotate;

- the angular rotation of the jaws (ref. 10 of A and ref.
20 of B), after each expansion thereof, is obtained
with the insertion of a mobile mechanism (rotating
sleeve ref. 12 of A or mobile ring/drum cam ref. 4 of
B, ref. 5 of B), which is inserted externally and coax-
ially with respect to the conical punch (ref. 2 of A and
ref. 3 of B) and to the jaws (ref. 19 of A and ref. 20
of B).

[0018] Also, according to the prior art, to assure a reg-
ular contact of the jaws when they rest on the punch, as
shown in figs. 1A and 1B, a punch is used that has, at
least in its conical portion, the one that penetrates in the
jaws to cause itsradial displacement, a polygonal instead
of a circular section.

[0019] By way of example, the patentdocument no GB
1524 149 Ais cited, which (see its figs. 1, 2 - the following
references relate to this application) describes a manual
tool used, in particular in the sector of plumbing, to ex-
pand the inner diameter of the end of a pipe, to obtain a
seat adapted to receive a tap, another pipe, composed
of abody (ref. 10) which contains a punch with hexagonal
section (ref. 15) which is made to slide axially, by means
of a ratchet (ref. 20) to be inserted in the cavity (ref. 34)
defined by the jaws (ref. 28) which, consequently expand
radially.

[0020] A purpose of the present invention is to define
a process for machining a device, of the type relating to
a process that consists of an expansion calibration action
through the use of a specific spindle, which is innovative
with respect to known similar processes.

[0021] Specifically, a purpose of the present invention
is to define a process for machining an expansion cali-
bration device, also called "calibrated widening" of weld-
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ed pipes, which is constructively simple while allowing to
expand, precisely and in very short times, a welded pipe
from the initial diameter "d" to the final diameter "D"; by
way of example, a commercial welded pipe is used with
inner diameter "d" = 48.20 mm, with tolerance +0/+0.1
mm, to obtain a final pipe with inner diameter "D" =53.10
mm, with a linear tolerance of +0/+0.08 mm and a shape
tolerance of +0/+0.05 mm.

[0022] This purpose is achieved with a calibrated wid-
ening that is characterised in that it uses a punch with
polygonal, not circular, section, provided with reciprocat-
ing roto-translational motion, instead of only translational
reciprocating, where the circumferential rotation of the
radial sectors that compose the die on which the pipe to
be expanded/calibrated is inserted, after every step of
penetration of the punch, is caused directly by the equal
rotation of the punch on its surfaces, which define the
frustoconical polyhedral surface of said punch, go rest
on the inner surfaces of the corresponding radial sector,
with no need to insert other auxiliary devices and where
the micrometric incremental reciprocating roto-transla-
tional movement of the aforesaid punch is obtained by
means of two distinct stations, one axial advance/return
station and one angular rotation station, arranged coop-
erating at the end of said piston and commanded by a
PLC.

[0023] These and further characteristics of the inven-
tion will become more readily apparent through the de-
scription of a possible embodiment thereof, given solely
by way of non-limiting example, with the aid of the at-
tached drawings, wherein:

- figs. 1, 2representtwo views, respectively, exploded
and assembled, of the spindle of the invention;

- figs. 3-11 represent, respectively, front, lateral and
section views of the components of the spindle of
fig. 1;

- figs. 12-16 represent the steps of execution of the
method of the invention;

- figs. 17-19 represent the steps for making the die;

- fig. 20 represent a sectioned elevation view of a ma-
chine that operates according to the process of the
invention;

- figs. 21, 22 represent, respectively, the detailed and
section view, according to the line XXII-XXII of fig.
21, of the radial sliding guide of the radial sectors.

[0024] Asvisibleinfigs. 1-11, the process of the inven-
tion uses a radial expansion spindle, indicated in its en-
tirety with the reference 1, comprising a punch 2, which
penetrates and support a radial sector die 3, on which is
inserted the pipe "T" to be widened. The punch 2 has
conical configuration with polygonal section, with a
number of sides 4 equal to the number of the radial sec-
tors 5, that constitute the die and that are mutually held
and kept resting on the corresponding sides 4, by means
of the elastic rings 6.

[0025] As shown by the succession of figures 3-11, at
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the beginning of the machining (fig. 12), the radial sector
die 3, inserted on the punch 2, is fully closed, with the
radial sectors 5 mutually mating, so as to form a cylindri-
cal body on which is inserted the pipe "T" that has a di-
ameter "d" smaller than the diameter "D" that has to be
obtained at the end of the machining.

[0026] The machining starts (fig. 13) with the punch 2
that advances axially inside the die 3 of a portion "X" (first
calibrated step), so that it causes a first widening of the
die 3, with radial sliding of the sectors 5, which separate
from each other and consequently cause a first increase
"A4" of the initial diameter, which becomes d,=d+A,.
[0027] Subsequently (fig. 14) the punch 2 moves back-
wards axially by a minimal portion "k", so that the radial
sectors 5, by effect of the containing action of the elastic
rings 6, return radially, detaching from the inner wall of
the pipe that has undergone the first widening "A" of the
inner diameter and going back to rest on said punch 2.
[0028] Subsequently (fig. 15) the punch 2 rotates by
an angular portion "o and, consequently, it sets in rota-
tion by an equal angular portion also the entire die 3 cou-
pled thereto.

[0029] The operation proceeds with the repetition by
"n" times of the steps described above (fig. 16), i.e. with
"n(k+X)" calibrated steps, until the increase "n A" of the
initial inner diameter "d" allows to reach the value of the
final diameter "D" (D = n A + d), with a pre-set tolerance.
[0030] Operatively, with the succession of the com-
bined movement of return-rotation-advance of the punch
2, successive widenings of the die 3 are caused, be-
cause, by effect of the axial advance of the punch 2, there
is a new radial sliding of the sectors 5, which separate
from each other and, consequently, cause a further in-
crease "A" of the initial diameter, which becomes d,=
d4+A. In addition, by effect of the angular rotation, said
sectors 5, extended radially, go rest on the inner wall of
the pipe "T" on portions different from those whereon the
aforesaid sectors 5 rested during the previous widening
step, in order to cancel out the eccentricity caused by the
radial notches present between the sectors 5, when they
are extended, so as to obtain a perfect circularity of the
section of the pipe "T".

[0031] Constructively, the die 3, comprising the radial
sectors 5, is obtained from an element (fig. 17) consisting
of a tang 30, with a diameter "D" equal to the diameter
"D" of the pipe "T" at the end of the machining, which is
divided in radial sectors 5 by radial notches 31 that have
awidth "I" (fig. 18) such that, when the aforesaid sectors
5 are mutually approached, the tang 30 assumes a di-
ameter "d1" equal to the diameter "d" of the pipe "T" at
the start of the machining (fig. 19).

[0032] As shown in fig. 20, the machine that operates
with the aforesaid process, indicated in its entirety with
the reference 100, comprises a structure 101, which sup-
ports the advance/return station, indicated in its entirety
with the reference 10, an angular rotation station, indi-
cated in its entirety with the reference 20, a support sta-
tion of the spindle 1, indicated with the reference 30, and
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a device for locking the pipe "T", indicated with the ref-
erence 40.

[0033] Constructively, the advance/return station 10
consists of a gear motor 11, such as a brushless motor
provided with encoder, which sets in rotation a shaft 12,
which engages in a ball screw 13, that generates the
longitudinal sliding of a motorised axle 14 and, conse-
quently, also the longitudinal sliding (arrow F,) of the ad-
vance/return station 20 connected thereto and where,
through a PLC, the position of the aforesaid motorised
axle 14 is constantly modified, based on the value ob-
tained by adding to the value of the diameter of the pipe
that was just machined, measured, for example by
means of a bore gauge, the nominal value "A", so as to
maintain the value of the measurement of the inner di-
ameter of the pipe within the predefined tolerance values.
The angular rotation station 20 of the punch 2 comprises
a transmission set 21, such as an axial pneumatic cylin-
der 22 that meshes, through a rack 23, with a pinion 24,
splined on the tang 25 of the punch 2 so as to impart on
the aforesaid punch 2 a micrometric angular rotation (ar-
row F,) where the value of the transmission ratio is de-
fined by the PLC according to the value of the amplitude
of the angular rotation to be imparted to the radial sectors
5 of the die 3.

[0034] As shown in figs. 21-22, in the block 30, which
supports the die 3, and the blocking device 40 of the pipe
"T", is inserted a mechanism 50, which constrains and
regulates the radial expansion motion of the radial sec-
tors 5 so as to assure a controlled deformation of the pipe
"T" for the entire axis of expansion of the tongs, in which
each radial sector 5 is provided with a key 51, engaged
to slide in a corresponding radial slot 52, obtained on a
disk 53 inserted in the aforesaid block.

[0035] In practice, with the process and the machine
of the invention it is possible to produce pipes for tubular
motors of the "motor blind" type, which require a pipe
with external diameter 54/54.6 mm with thickness of 0.8
mm, using the commercial welded pipe that is closest to
these values, which has an outer diameter of 50 mm and
athickness of 0.8 mm, widening it from the interior, main-
taining tight tolerances, by using a die 3 with sectors 5,
which expand radially.

[0036] Exemplifying, to obtain a pipe with outer diam-
eter De = 54.6 mm and inner diameter Di = of 53.00 mm,
with tolerance of +0/0.08 mm, the die 3 has a tang 30
with diameter D4= 55.08 mm which, after it is divided in
radial sectors 5, assumes a smaller diameter "di" into
which can be inserted, without interference, the starting
pipe, with an outer diameter De = 50 mm and thickness
of 0.8/0.9 mm.

[0037] Obviously, different embodiments of the inven-
tion are possible and its components can be replaced by
equivalent elements, provided that there is no departure
from the inventive concept defined by the following
claims.
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Claims

PROCESS FOR MACHINING WELDED PIPES, in
which commercial, low cost welded pipes are used
that have an imprecise section, with shape errors
(ovalisation) and ample tolerances of an inner diam-
eter (d), in order to obtain welded pipes that have a
perfectly circular section and a greater inner diame-
ter (D) with considerably reduced tolerances, of the
order of +0/+0.05 mm, and that consists of an ex-
pansion calibration machining operation, where,
through the use of a spindle and exploiting the prop-
erties of the metalto deform plastically, whenits elas-
tic limit is exceeded, the regular and controlled wid-
ening of the inner diameter of the pipe is achieved,
and where a radial expansion spindle (1) is used,
comprising a punch (2) that penetrates coaxially in
a die (3), composed of radial sectors (5), on which
a pipe (T) to be widened is inserted exercising an
expansion calibration action consequently to the ra-
dial displacement of said radial sectors (5),

said process being characterised in that

a punch (2) is used, which has frustoconical config-
uration with polygonal, not circular, section, with a
number of sides (4) equal to the number of the radial
sectors (5), which constitute the die (3) and which
are mutually held and maintained supported on the
corresponding sides (4), by means of elastic rings
(6), where said punch (2) is provided with a recipro-
cating roto-translational incremental movement (Fi,
F») and said radial sectors (5) undergo, after each
step of penetration of the punch (2) in the die (3), an
angular rotation that is caused directly by the angular
rotation of the aforesaid punch (2), on whose surfac-
es of the sides (4) the inner surfaces of the corre-
sponding radial sectors (5) rest and where the afore-
said reciprocating roto-translational incremental
movement of the punch (2) is obtained by means of
two distinct stations, and specifically by an axial ad-
vance/return station (10) and an angular rotation sta-
tion (20) arranged cooperating at the end of said
punch (2) and commanded by a PLC.

PROCESS FOR MACHINING WELDED PIPES, ac-
cording to claim 1, characterised in that the suc-
cession of the movements of return-rotation-ad-
vance of the punch (2), that take place with the fol-
lowing steps:

- at the start of the machining, the radial sector
die (3), inserted on the punch (2), is fully closed,
with the radial sectors (5) mutually mating, so
as to form a cylindrical body on which is inserted
the pipe (T) that has a diameter (d) smaller than
the diameter (D) that has to be obtained at the
end of the machining;

- the machining starts with the punch (2) that
advances axially inside the die (3) by a portion

10

15

20

25

30

35

40

45

50

55

(X), first calibrated step, so that it causes a first
widening of the die (3), with radial sliding of the
sectors (5), which separate from each other and
consequently cause a first increase (A) of the
initial diameter (d), which becomes equal to d,=
d+A.

- subsequently the punch (2) moves backwards
axially by a minimal portion (k), so that the radial
sectors (5), by effect of the containing action of
the elastic rings (6), return radially, detaching
from the inner wall of the pipe (T), that has un-
dergone the first widening (A) of the inner diam-
eter and go back to rest on said punch (2);

- subsequently the punch (2) rotates by an an-
gular portion (o) and, consequently, it sets in
rotation by an equal angular portion also the en-
tire die 3 coupled thereto.

- the operation proceeds with the repetition by
"n" times of the steps described above, i.e. with
"n(k+X)" calibrated steps, until the increase (nA)
of the initial inner diameter (d) allows to reach
the value of the final diameter (D) equal to D =
n A +d, with a pre-set tolerance,

this causing successive widenings of the die (3), be-
cause, by effect of the axial advance of the punch
(2), there is a new radial sliding of the sectors (5),
which separate from each other and, consequently,
cause an additional increase (A) of the initial diam-
eter (d,= d4+A) and in addition, by effect of the an-
gular rotation, said sectors (5), extended radially,
rest on the inner wall of the pipe (T) on different por-
tions from those whereon the aforesaid sectors (5)
rested during the previous widening step, in order to
cancel out the eccentricity caused by the radial
notches present between the sectors (5), when they
are extended, so as to obtain a perfect circularity of
the section of the pipe (T).

MACHINE FOR MACHINING WELDED PIPES,
which operates according to the process according
to one or more of claims 1 or 2,

said machine (100) being characterised in that
that the advance/return station (10) of the punch (2)
consists of a gear motor (11), which sets in rotation
a shaft (12), which engages in a ball screw (13), that
generates the longitudinal sliding (Fi) of a motorised
axle (14) and of the advance/return station (20) con-
nected thereto and where, through a PLC, the posi-
tion of the aforesaid motorised axle (14) is constantly
modified, based on the value obtained by adding to
the value of the diameter of the pipe that was just
machined, the nominal value "A", so as to maintain
the value of the measurement of the inner diameter
of the pipe within the predefined tolerance values.

MACHINE FOR MACHINING WELDED PIPES,
which operates according to the process according



9 EP 3 520 923 A1

to claims 1 or 2,

said machine (100) being characterised in that
the angular rotation station (10) of the punch (2) con-
sists of a block that supports said punch (2) and com-
prises atransmission set (21), such as an axial pneu-
matic cylinder (22) that meshes, through a rack (23),
with a pinion (24), splined on the tang (25) of the
punch (2) so as to impart on the aforesaid punch (2)
a micrometric angular rotation (F,) where the value
of the transmission ratio is defined by a PLC accord-
ing to the value of the amplitude of the angular rota-
tion to be imparted to the radial sectors (5) of the die

@)

MACHINE FOR MACHINING WELDED PIPES,
which operates according to the process according
to claims 1 or 2,

said machine (100) being characterised in that

it comprises a mechanism (50) that constrains the
radial expansion displacement of the radial sectors
(5), in which each radial sector (5) is provided with
akey (51) engaged to slide in a corresponding radial
slot (52), obtained on a disk (53) inserted in a support
block (30) of the die (3) and of a locking assembly
(40) of the pipe (T).
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