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(57) Abstract: Described is a dry calibration device for extruders comprising a calibration head (2) having a calibration duct (3); the
device also comprising a heat exchange jacket (5) positioned in contact with the calibration head (2) and suction means (9) associ-
ated with the calibration duct (3), whilst the heat exchange jacket (5) comprises a thermally conductive element (6) positioned in
contact with an outer surface (4a) of the calibration head and forming a contact surface (6a) extending continuously along a longit -
udinal axis (6A) of extension of the calibration head (2).
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DRY CALIBRATION DEVICE FOR EXTRUDERS

This dinvention relates to a dry calibration device for
extruders, such as, for example, for machinery which
produces thermoplastic polymer pipes by extrusion. This
device 1is wused after drawing/extruding the pipe to
complete the processing by dry calibration. The term
“calibration” means the operation of stretching the
outer surface of the pipe with the aim of smoothing it
and eliminating any creases, as well as giving the
manufactured product the exact diameter.

In the prior art, the above-mentioned operation is
performed by a device comprising a calibration head,
formed by a duct (metallic or made from other materials,
such as, for example, glass and/or Teflon) in which the
manufactured product to be calibrated is inserted. The
duct has an inlet section which, in wuse, faces the
outlet of a drawing machine, and an outlet section
opposite the 1inlet section. The drawing head has a
plurality of suction openings which, leading to the
inside of the duct, allow a negative pressure to be
created with the purpose of stretching the walls of the
pipe.

To cool the extruded manufactured product, the device
comprises a cooling jacket which surrounds the
calibration head. The cooling Jjacket comprises a
plurality of cooling components, axially alternating,
along the extension of the duct, with suitably spaced
suction ducts.

The prior art device has a cylindrical shape and also

comprises a flange connected to the calibration head, in
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particular at the inlet section of the duct. The purpose
of the flange is to anchor the calibration head, keeping
it in a fixed position relative to the drawing machine.
Disadvantageously, the device described above has a
periodic temperature trend in the calibration head. 1In
other words, the temperature has a trend with peaks at
the separation =zones between one cooling component and
the next (where the cooling 1is 1less efficient) and
troughs «c¢lose to each cooling circuit. As well as
resulting in a loss of efficiency of the device, this
can cause surface irregularities in the pipe at the
outfeed from the calibration device, with a consequent
loss of quality.

The presence of the flange also causes a temperature
peak at the duct inlet section, since it 1is extremely
difficult to cool the flange (or, more generally, check
the thermal profile).

In this context, the technical purpose which forms the
basis of the present invention 1is to propose a dry
calibration device which overcomes the above mentioned
disadvantages of the prior art.

More specifically, the aim of this invention 1is to
provide a dry calibration device which 1is able to
guarantee a uniform processing of the pipes.

Another aim of the invention is to ©propose a dry
calibration device which is able to prevent temperature
peaks inside the manufactured products being calibrated.
The technical purpose indicated and the aims specified
are substantially achieved by a dry calibration device
for extruders comprising the technical features

described in one or more of the appended claims.
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Further features and advantages of the invention are
more apparent in the non-limiting description which
follows of a preferred embodiment of a dry calibration
device as illustrated in the accompanying drawings, in
which:

— Figure 1 1is a cross—-section of a dry calibration
device according to this invention;

- Figure 2 1is an exploded cross—-section of the dry
calibration device of Figure 1; and

— Figure 3 is an perspective view of the dry calibration
device of Figures 1 and 2 with some parts cut away to
better illustrate others.

With reference to the accompanying drawings, the numeral
1 denotes a dry calibration device according to this
invention.

The device comprises a calibration head 2, in which a
manufactured product being calibrated can be inserted
(not 1llustrated). The calibration head also has a
longitudinal axis of extension “A”, an inlet end 2a and
an outlet end 2b for the above-mentioned manufactured
product. The inlet end Za and the outlet end 2b are
positioned along a longitudinal direction of extension
“A” of the calibration head 2.

Moreover, the calibration head 2 comprises a wall 4
having an inner surface 4b, forming a calibration duct
3, and an outer surface 4a opposite the inner surface
4b. The purpose of the calibration duct 3 is to receive
the manufactured product SO as to perform the
calibration. More specifically, the calibration duct 3
has an inlet section 3a and an outlet section 3b,

positioned, respectively, at the inlet end Za and the
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outlet end 2b of the calibration head 2. In other words,
the calibration duct 3 also extends along the
longitudinal axis of extension “A".

It should also be noted, with reference in particular to
Figure 3, that the <calibration head 2 can have a
different shape from the traditional and known regular
cylindrical shape, and, more specifically, it can be
conical. In other words, the longitudinal axis of
extension “A” 1is an axis of symmetry of the calibration
head 2.

In use, the pipe to be calibrated slides 1inside the
calibration duct 3 from the 1inlet section 3a to the
outlet section 3b.

It should also be noted that, in order to perform the
heat exchange in a uniform manner, the calibration head
2 has a non negligible thermal capacity relative to the
pipe to be calibrated. In other words, the wall 4 has a
non negligible thickness relative to a diameter of the
calibration duct 3. In order to facilitate the transfer
of the heat (to or from the calibration head 2,
according to the requirements at the time) it is also
advantageous that the calibration head 2 be made of
thermally conductive material.

In order to dissipate the heat extracted from the
manufactured product, the device 1 comprises a heat
exchange Jacket 5 positioned 1in contact with the
calibration head 2, more specifically in contact with
the wall 4. Yet more specifically, the heat exchange
jacket 5 1is in contact with the outer surface 4a of the
wall 4. The purpose of the heat exchange Jjacket 5 1is
typically to cool the calibration head 2 by circulating
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a cooling fluid, for example water. The heat exchange
jacket 5 can also be used to heat the calibration head 2
by circulating inside it a heating fluid, for example
oil.

At this point, the difference between this invention and
the prior art must be stressed: 1in effect, whilst the
axially discrete ducts present on the prior art
calibration heads ensure a discontinuous heat exchange,
the continuous contact between the heat exchange jacket
5 and the calibration head (that 1is to say: uniformly
distributed on almost the entire lateral surface of the
calibration head 2, excluding the geometrically
negligible portions due to the presence of the suction
ducts), allows the thermal energy 1in the head 2 to be
removed or transferred in such a way as to guarantee an
axial temperature profile which is almost constant at
the surface of the cavity in which the calibration takes
place.

In more detail, the heat exchange jacket 5 comprises a a
thermally conductive element 6 placed in direct contact
with the outer surface 4a of the wall 4, that is to say,
forming a contact surface 6a with the outer surface 4a
of the wall 4. According to this invention, the contact
surface ba extends continuously along the above-
mentioned longitudinal axis of extension “A” of the
calibration head 2. In other words, cross—-sectioning the
calibration head 2 and the thermally conductive element
6 with a plane passing through the longitudinal axis of
extension “AT, the contact surface ba defines a
continuous line extending along the entire calibration

head 2, that 1is to say, from the inlet end 2a to the
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outlet end Z2b. In this way, the heat can pass from the
calibration head 2 to the heat exchange Jjacket 5 (or
vice versa) merely by conduction, in an extremely
homogeneous manner in terms of calories transmitted per
unit area.

In other words, the thermally conductive element 6
extends continuously from the inlet section 2a to the
outlet section 2b. Advantageously, this prevents the
periodic trend of the temperature profile inside the
calibration head 2.

It should also be noted that the device 1 comprises a
single thermally conductive element 6 of the type
described above, which 1s able to cool (and, if
necessary, heat) by itself the entire calibration head
2. The thermally conductive element 6 can be made in one
piece, and, conveniently, it can be a single-block of
thermally conductive material.

Advantageously, moreover, the thermally conductive
element 6 completely encircles the calibration head 2.
The heat exchange Jjacket 5 also comprises a support 17
for the thermally conductive element 6. Inside the
support 17 there is a channel 7 for circulating cooling
fluid (or, if necessary, heating fluid). The channel 7
is further delimited by a plate 13 made 1in one piece
with the thermally conductive element 6 and by a
counter-plate 14 opposite the plate and fastened to it
by screws 15. The fluid-tight seal of the channel 7 is
guaranteed by suitable seals 16 positioned between the
plate 13, the counter-plate 14 and the support 17.

In more detail, the channel 7 surrounds the thermally

conductive element 6, 1in such a way as to absorb by
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.
forced convection the heat extracted from the
manufactured product to be calibrated. More

specifically, the channel 7 substantially has a ring
shape. In further detail, the channel has two openings
7a for the inflow and/or outflow of the cooling fluid.
The openings 7a are located at an outer surface 7b of
the channel 7. Moreover, as shown 1in particular in
Figure 3, the openings 7a are close to each other and
are separated by a separator 8, in such a way as to
force the cooling fluid to move along the entire channel
7 to flow from one opening 7a to the other.

In order to perform the effective calibration of the
pipe holding the walls, the device 1 also comprises
suction means 9 associated with the calibration duct 3.
The suction means 9 comprise a plurality of suction
ducts 10 made in the calibration head 2, and in
particular in fluid communication with the above-
mentioned calibration duct 3. The suction ducts 10 are
oriented radially in such a way as to converge towards
the longitudinal angle of extension “A of the
calibration head 2.

A plurality of cavities 11 are also made on the
calibration head 2, more specifically on the outer
surface 4a of the wall 4. In other words, the cavities
11 have the shape of rings made on the wall 4.

The suction means 9 also comprise at least one slot 12
located on the heat exchange Jjacket 5, 1in particular
made inside the thermally conductive element 6. In more
detail, the suction means 9 comprise two slots 12
located on opposite sides of the thermally conductive

element 6. The suction means 9 also comprise at least
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one further suction duct 13. In further detail, the
suction means 9 comprise a pair of further ducts 13 each
associated with a respective slot 12 and with suction
devices not illustrated. As shown in Figures 1 and 3,
one of the further ducts 13 is advantageously housed in
the above-mentioned separator 8.

In use, the cavities 11 on the calibration head 2 place
the suction ducts 10 in communication with the above-
mentioned slot 12. The air 1s sucked by the further
suction ducts 13, so as to create the negative pressure
inside the calibration duct 3.

According to this invention, the calibration head 2
converges from the inlet section 2a in the direction of
the outlet section 2b. In the embodiment described and
illustrated in the attached drawings, the calibration
head 2 has a conical shape. Consequently, the recess 5a
of the heat exchange Jjacket 5 also has a conical shape.
More generally, it should be noted that the recess b5a
has a shape which matches that of the calibration head
2.

In use, the inlet end 2a can directly face an extruder.
In other words, the device 1 does not comprise a flange
directly <connected to the calibration head 2 in
particular at the inlet end 2a.

According to another aspect of this invention, the
device 1 can comprise a basin (not illustrated)
associable with the outlet end 2b of the calibration
head 2: the basin is interposed between the calibration
head 2 and a device for the immersion in water of the
manufactured product at the outlet from the calibration

head 2. It should be noted that the basin has a drain
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for eliminating the cooling fluid and is designed to
prevent a contact between the cooling fluid and the
above-mentioned outlet end of the calibration head. In
other words, the basin can be interposed between the
calibration head and a further basin containing fluid,
for example water, in which the manufactured product is
immersed after the calibration operation. In this way,
the water can overflow from the further basin towards
the 1inside o0of the basin of the device 1 and, being
removed by the drain, does not penetrate 1inside the
calibration duct 3 where it could alter the shape of the
manufactured product undergoing calibration (a drawback
which could occur if the water is interposed between the
manufactured product and the wall 4).

According to a further feature of this invention, it is
advantageously possible that the basin described above
associable with the outlet end 2b of the calibration
head 2 comprises means for varying the distance between
the outlet end 2b and an immersion point of a
manufactured product emerging from the outlet end 2b:
this operating feature can be used, for example, to vary
certain characteristics of the manufactured product,
such as, for example, the elongational capacities (which
according to the prior art are proportional to the
distance which the manufactured product travels between
its outfeed from the calibration head and the point at
which it 1is touched or 1s 1immersed 1in the cooling
fluid) .

In a possible embodiment of these means of varying the
distance an overflowing wall 1is used, which 1is movably

mounted in the basin and is placed at a predetermined
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front distance relative to the calibration head: the
distance 1s then made selectable /adjustable by using
suitable control and connection mechanisms, and the
adjustment can be set both manually and automatically,
for example with suitable electronic feedback control
systems controlled by specific software which determines
the optimum distance as a function of the parameters
with which the manufactured product must be extruded and
calibrated.

The invention achieves the set aims.

More specifically, the contact surface between the
thermally conductive element and the calibration head
extends continuously along the Jlongitudinal axis of
extension of the calibration head. Consequently, the
heat is transmitted by conduction along the entire outer
surface of the <calibration head, evening out the
temperature profile 1in the wall and, consequently,
inside the manufactured product undergoing calibration.
Also, the calibration head converges from the inlet
section to the outlet section. This ensures that it is
pushed against the thermally conductive element by the
pulling action exerted by the manufactured product on
the wall: consequently, since a connection flange is not
necessary, there are no problems regarding its cooling
and the occurrence o0of a temperature peak 1in the
manufactured product is therefore avoided (in particular
at the inlet section of the calibration head).

This invention achieves a major advantage. More
specifically, the presence of a single thermally
conductive element ensures that it is free of

discontinuities, and therefore more efficient from the
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point of view of heat propagation.

Lastly, it should be noted that the technical solutions
described (the thermally conductive element, the conical
calibration head and the basin) can be implemented

together or, 1f necessary, also separately.
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CLAIMS

1. A dry calibration device (1) for extruders,
comprising:
- a calibration head (2) having a calibration duct (3)
in which an article of manufacture can be inserted, said
calibration head (3) further including:

- a longitudinal extension axis (A);

— an inner surface (4b) defining said duct (3); and

- an outer surface (4a) opposite to said inner surface

(db) ;
— a heat exchange Jjacket (5) placed in contact with said
calibration head (2); and
— suction means (9) associated with said calibration
duct (3),
said heat exchange Jjacket (5) comprising a thermally
conductive element (6) placed in contact with said outer
surface (4a) and defining a contact surface (6a) with
sald outer surface (4a), said contact surface (6a)
extending without a break along said longitudinal
extension axis (A) characterised 1in that said heat
exchange Jjacket (5) comprises a single thermally
conductive element (6) of one piece construction, said
thermally conductive element (6) preferably fully
surrounding said calibration head (2).
2. The device (1) according to the preceding claim,
characterised in that said calibration head (2) has a
non negligible thermal capacity relative to the pipe to
be calibrated.
3. The device (1) according to any one of the preceding

claims, characterised 1in that said suction means (9)
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comprise a plurality of suction ducts (10) 1in fluid
communication with said calibration duct (3).

4, The device (1) according to any one of the preceding
claims, characterised in that said calibration head (2)
is of conical shape, said heat exchanger Jjacket (5)
having a conical —recess (5a) for receiving said
calibration head (2).

5. The device (1) according to any one of the preceding
claims, characterised in that said calibration head (2)
has an inlet end (Z2a) and an outlet end (2b) opposite to
said inlet end (2a), said calibration head (2) having a
convergent shape from said 1inlet section (Z2a) 1in the
direction of said outlet section (2b), salid heat
exchange Jjacket (5) being provided with a recess (5a)
the shape of which matches that of said calibration head
(2) .

6. The device (1) according to the preceding c¢laim,
characterised in that said inlet end (2a) can directly
face an extruder, said extruder preferably being
designed to produce pipes made of thermoplastic
polymers.

7. The device (1) according to any one of the preceding
claims, characterised in that it does not comprise a
flange directly connected to said calibration head (2)
at said inlet end (2a).

8. The device (1) according to any one of the preceding
claims, characterised in that it comprises a basin
associable with said outlet end (2b) of said calibration
head (2), said basin having at least one drain for
eliminating the c¢ooling fluid and being designed to

prevent contact between the cooling fluid and said
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outlet end (2b) of the calibration head (2).
9. The device according to the preceding <claim,
characterised 1in that said basin associable with the
outlet end (2b) of the calibration head (2) comprises
means for varying the distance between the outlet end
(2b) and an immersion point of an article of manufacture
emerging from the outlet end (2b), said distance-varying
means being preferably obtained Dby means of an
overflowing wall movably mounted in said basin and
placed at a predetermined front distance relative to the
calibration head.
10. A dry calibration device (1) for extruders,
preferably according to any one of the preceding claims,
comprising:
- a calibration head (2) having a calibration duct (3)
in which an article of manufacture can be inserted, said
calibration head (3) further including:

- a longitudinal extension axis (A);

— an inner surface (4b) defining said duct (3); and

- an outer surface (4a) opposite to said inner surface

(db) ;
— a heat exchange Jjacket (5) placed in contact with said
calibration head (2); and
— suction means (9) associated with said calibration
duct (3), said heat exchange Jjacket (5) comprising a
thermally conductive element (6) placed in contact with
said outer surface (4a) and defining a contact surface
(6a) with said outer surface (4a), said contact surface
(ba) extending without a break along said longitudinal
extension axis (A) ; characterised in that said

calibration head (2) has a non negligible thermal
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capacity relative to the pipe to be calibrated.



WO 2013/128337 PCT/IB2013/051362
1/3

T
v~

16
16



PCT/IB2013/051362

WO 2013/128337




3333333333333




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2013/051362

A. CLASSIFICATION OF SUBJECT MATTER

INV. B29C47/88 B29C47/90
ADD. B29C47/08

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

B29C

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

22 February 1994 (1994-02-22)
abstract
column 3, Tines 28-51

column 14, lines 38-45
claims 1-19
figures 1-6

5 August 2010 (2010-08-05)
abstract
figures 1-2

Y US 5 288 218 A (MELKONIAN GEORGE [US])

column 9, 1ine 33 - column 10, Tine 57
column 11, Tine 26 - column 12, Tine 51

Y US 2010/196643 Al (DUGARD YVES [FR] ET AL)

1-10

1-10

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

23 July 2013

Date of mailing of the international search report

02/08/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Ngwa, Walters

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2013/051362

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

DE 198 54 932 Al (HIENDL GMBH & CO KG H
[DE]) 21 October 1999 (1999-10-21)
abstract

claims 1-18

figures 1-12

EP 0 925 900 Al (SUMITOMO CHEMICAL CO
[JP]) 30 June 1999 (1999-06-30)
abstract

figures 1-2

JP HO8 336887 A (UBE NITTO KASEI CO)

24 December 1996 (1996-12-24)

abstract

figures 5,7,8

US 6 200 119 Bl (PELTO WALTER [US] ET AL)
13 March 2001 (2001-03-13)

abstract

column 1, Tines 51-57

column 2, lines 14-17

figures 1-11

1-10

1-10

1-10

5,7

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent famlly members

International application No

PCT/IB2013/051362
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5288218 A 22-02-1994  CA 2115023 Al 12-08-1994
us 5288218 A 22-02-1994
us 5316459 A 31-05-1994

US 2010196643 Al 05-08-2010  EP 2117805 A2 18-11-2009
FR 2911536 Al 25-07-2008
JP 2010516508 A 20-05-2010
US 2010196643 Al 05-08-2010
WO 2008104649 A2 04-09-2008

DE 19854932 Al 21-10-1999  NONE

EP 0925900 Al 30-06-1999 AU 751954 B2 05-09-2002
AU 9815498 A 15-07-1999
CN 1225868 A 18-08-1999
DE 69818786 D1 13-11-2003
DE 69818786 T2 29-07-2004
EP 0925900 Al 30-06-1999
TW 428537 U 01-04-2001
US 2002048614 Al 25-04-2002

JP HO8336887 A 24-12-1996  JP 3631530 B2 23-03-2005
JP HO8336887 A 24-12-1996

US 6200119 Bl 13-03-2001  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - wo-search-report
	Page 21 - wo-search-report
	Page 22 - wo-search-report

