WO 2006/09437:7 A1 |0 |00 00 0 000 0 A

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
14 September 2006 (14.09.2006)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

o
Dl
&

(10) International Publication Number

WO 2006/094377 A1l

(51)

2D

(22)

International Patent Classification:
B29C 35/16 (2006.01) B29C 45/43 (2006.01)
B29C 45/72 (2006.01) B29C 33/46 (2006.01)

International Application Number:
PCT/CA2006/000189

International Filing Date:
13 February 2006 (13.02.2006)

(74)

(81)

Agents: MARICONDA, Giuseppe (Joe) E. et al.; Husky
Injection Molding Systems Ltd., 500 Queen Street South,
Bolton, Ontario L7E 5S5 (CA).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, HI,

(25) Filing Language: English GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
(26) Publication Language: English KG, KM, KN, KP, KR, KZ, L.C, LK, LR, LS, LT, LU, LV,
(30) Priority Data: LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
: NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG
11/078,76 10 March 2005 (10.03.2005)  US » Vo LIVL T, T, T T4, R, R, DL, 0L Sh, DU,
769 are ( ) SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,

(71) Applicant (for all designated States except Us): HUSKY UZ, VC, VN, YU, ZA, ZM, ZW.

(72)

INJECTION MOLDING SYSTEMS LTD. [CA/CAJ;
500 Queen Street South, Bolton, Ontario L7E 5S5 (CA).

Inventors: NETER, Witold; 62 Shadow Lake Trail,
Newnan, Georgia 30265 (US). ANSARI, Omeir, Shahid;
94-720 Avonwick Avenue, Mississauga, Ontario L5R 4C8
(CA). ROMANSKI, Zbigniew; 1018 Franconia Drive,

(84)

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

Mississauga, Ontario 1L4Y 217 (CA).

FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,

[Continued on next page]

(54) Title: POST-MOLDING CONDITIONING APPARATUS WITH SELECTIVELY CONTROLLED TRANSFER FLOW

STRUCTURE AND METHOD

50

104 ’5
61A

60

\'

{ Ifmo
I~ 56
H_ 54
62 Yl w\/
\
9/;\/ Ntéizﬂ
b
VO "
f \ N
k/ N\
A 55
N[
9 I/ 1B /
o7 INER 7327° 100
70\J 10 |98
o1 75\4 C—95 112
P4 &4 166
Al N
0PN 1024 , 721293
L@fj P Y == E1oo
N TIOMe<132 16
i;/ 129 /M /<k-23
{ 122
92

(57) Abstract: A cooling tube assembly for operating on a malleable
molded plastic part. The cooling tube assembly comprising a porous
tube/insert having a profiled inner conditioning surface, and a vacuum
structure configured to cooperate with the porous tube. In use, the vac-
uum develops a reduced pressure adjacent the inner conditioning surface
to cause an outer surface of the malleable molded plastic part, locatable
within the cooling tube assembly, to contact the inner conditioning sur-
face of the porous insert so as to allow a substantial portion of the outer
surface of the malleable part, upon cooling, to attain a profile substan-
tially corresponding to the profile of the inner conditioning surface. The
cooling tube assembly further including a suction channel therein that is
configured to cooperate with a valve member for the control of a suction
flow therethrough that assists in a transferring of the molded article into
the cooling tube assembly.
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POST-MOLDING CONDITIONING APPARATUS WITH SELECTIVELY CONTROLLED TRANSFER FLOW
STRUCTURE AND METHOD

TECHNICAL FIELD

The present invention relates, in general, to a post-molding
molded article conditioning apparatus and is particularly, but
not exclusively, applicable to a cooling tube assembly used in
a plastic injection-molding machine to cool plastic parts, such
as plastic parisons or preforms. More particularly, the present
invention relates to a structural configuration of the cooling
tube assembly, and also to method of manufacturing and using
such devices, for example in the context of a manufacturing
process for preforms made from polyethylene terephthalate (PET)
or the like.

BACKGROUND OF THE INVENTION

In order to improve the efficiency of a molding system, or to
enhance the qualities of the molded articles produced therein,
molding systems have evolved.to include a myriad varieties of
post-molding molded article conditioning systems. Of these
conditioning systems, most are configured to simply alleviate
in-mold cooling time, and hence operate to reduce the overall
duration of the molding cycle. However, it is also known to
configure and use post-molding molded article conditioning
systems to enhance the characteristics of the molded article
(e.g. impart localized crystallinity in the plastic structure;
impart a temperature profile to the molded article that is
suitable for a subsequent molding process; reshaping of a
portion of the molded article; removing of unwanted features

such as gate vestige; etc.).

As an example, and without specific limitation, a typical
injection molding system 2 that includes a post-molding molded
article conditioning system is shown with reference to FIG. 1.
The injection molding system 2 is configured for the production
of plastic preforms 32 (or parisons) that are used in the blow

molding of bottles. As a further example, the injection molding
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system could be an INDEX (Trademark of Husky Injection Molding

Systems Ltd.) molding system such as that described in United
States patent 6,113,834 to Kozai et al., issued September b5,
2000.

Referring back to FIG. 1, the injection-molding sysStem 2
comprises molding structure that includes, without specific
limitation, a clamp unit 4 with an injection mold arranged
therein, an injection unit 6, and a robot 8 with an end-of-arm-
tool (EOAT) 11 arranged thereon. The injection mold comprises
complementary mold halves 12, 14, with one or more preform mold

cavities configured therein. Each mold cavity is configured in

. . a stack of cooperating molding inserts that include a core 22

and a cavity 24, that are disposed on the mold halves 12, 14.
The injection mold halves 12, 14, (shown in an open
configuration in FIG. 1) are mounted between a fixed and a
movable platen 16, 18 of the clamp 4. A set of tie bars 20
connect the platens 16, 18 with a clamp mechanism 21. The EOAT
11 comprises a take-out plate 28 with a one or more preform
cooling tube assemblies 30 arranged on a surface thereof. The
number of cooling tube assemblies 30 on the surface of the
take-out plate 28 is equal to, or a multiple of, the number of

mold cavities configured in the mold.

The EOAT 11 may be advantageously configured to include the
cooling tube assembly 30 that is described in commonly assigned
United States patent 6,737,007 to Neter et al., issued May 18
2004, or the similarly configured cooling tube assembly
described in commonly assigned PCT patent application WO
03/086,728 to Pesavento, published October 23, 2003. 1In
particular, the cooling tube assembly 30 is configured for a
post-molding conditioning of at least a portion of a malleable
injection molded perform received therein. The cooling tube
assembly 30 includes a conditioning body (not shown) with a
conditioning cavity that is configured therein along a cooled
inner conditioning surface. The conditioning cavity is
configured to sealingly receive, and thereafter condition, the
portion of the preform by expanding at least a portion of an
outer surface thereof into contact with the cooled inner

conditioning surface. Accordingly, the conditioning body is
2
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configured for connection with a heat dissipation path (not

shown) and an air pressure structure, via the take-out plate
28, to perform the preform conditioning as will be explained in
further detail hereinafter. The air pressure structure may Dbe
selectably configured to be connected to a vacuum pump 34 or a
source of compressed air (not shown). In more detail, the
conditioning body is configured to include a porous insert (not
shown) that is formed from a thermally' conductive porous
material, such as porous aluminum. The porous insert is
configured to include a porous inner conditioning surface
configured therein that provides at least a portion of the
inner conditioning surface of the conditioning cavity. The
porous insert is further configured to connect the inner porous
surface thereon with the heat dissipation path and the air
pressure structure to perform the conditioning of the preform

portion.

An injection molding process cycle for the production of one or
more preforms begins with the step of closing of the mold by
moving of the movable platen 18 relative to the fixed platen 16
by means of stroke cylinders (not shown), or the like, to close
the mold. A mold clamping force is then applied to the mold
halves 12, 14 by the clamp mechanism 21. Next, the injection
unit fills and pressurizes the mold cavities and a
corresponding number of preforms are formed. The mold is then
opened once the molded preforms have been partially cooled in
the mold to an extent regquired to avoid significant deformation
thereof during a subsequent step of ejection. The robot 8 then
positions the end-of-arm-tool (EOAT) 11 between the mold halves
12, 14 to align the cooling tube assemblies 30 with the one or
more preforms that are retained on their cores 22. The preforms
are then ejected from the mold cores 22, by an actuation of a
mold stripper plate 33, and the preforms are transferred into
the cooling tube assemblies 30. The robot 8 then withdraws the
EOAT 11 from between the mold halves 12, 14 and the molding

cycle can repedat.

Contemporaneously to the molding of - a subseguent shot of
preforms 32, a post-molding conditioning process is performed

in the cooling tube  assemblies 30 that begins with the step of
’ 3



10

15

20

25

30

35

40

WO 2006/094377 PCT/CA2006/000189
transferring the partially cooled, and hence malleable,

preforms 32 from the mold cores 22 into the cooling tube
assemblies 30. The foregoing transfer is generally assisted by
a suction flow of air that is established along the inner
conditioning surface of the conditioning cavity to a suction
channel (not shown) that is configured in an end portion in the
conditioning body and that is connected with the air pressure
structure. Once at least‘ a portion of the preforms 32 are
sealingly received in the cooling tube assemblies 30, an outer
surface of the each preform portion is expanded into contact
with the cooled inner conditioning surface of the regpective
conditioning <cavity. The foregoing is accomplished by
evacuating any air contained between the outer surface of the
preform 32 and the inner conditioning surface of the
conditioning body through the porous inner conditioning surface
of the porous insert under an applied vacuum provided by the
air pressure structure/vacuum pump 34. Thereafter, the outer
surface of the preform 32 ig kept in contact with the cooled
inner conditioning surface of the conditioning body, by
maintaining the wvacuum, until the preform 32 has been
éolidified to an extent reqguired to maintain its shape once
ejected from the cooling tube assembly. Thereafter, the
preforms 32 are ejected from their respective cooling tube
assemblies 30 by connecting the air pressure structure to the
source of compressed air and pressurizing of the conditioning
cavity by blowing air through the porous inner conditioning
gsurface of the porous insert and also possibly through the

pressure channel.

It is the ability of the cooling tube assembly 30 to expand,
and to maintain, any desired portion of the outer surface of a
preform 32 in an intimate contact with the cooled inner
conditioning surface thereof that provides for significant
advantage. In particular, the intimate contact provides for
optimal conductive heat transfer efficiency therebetween, while
also assuring a homogenous cooling of the outer surface of the
preform that avoids certain types of defects (e.g. banana
shaped preforms, ovality, gate vestige stretching, gate vestige
crystallinity, etec.). Moreover, it 1s also possible to

configure the cooled inner conditioning surface of the cooling
4
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tube assembly 30 to perform a shape correction of the preform
(i.e. substantially prevent preform shape variations that are
commonly caused by variations in the molding process, post-
molding cooling, shrinkage, etc.) or to significantly re-shape
the preform as desired (e.g. for the purposes of preferential
blow molding as described in detail in WO 03/086,728, as
introduced hereinbefore.
/

Degpite the significant improvements that are available through
the use of the various known molded article conditioning
apparatus, and in particular the cooling tube assembly 30
described hereinbefore, there does however remain areas for

further improving the structure and operation thereof.

For instance, while it is desirable to provide the cooling tube
assembly 30 with a suction channel, as previcusly described,
for assisting in the transfer of the preform 32 from the mold
core 22 thereto, a continued application of wvacuum pressure
therethrough during the step of preform expansion and cooling
can be the cause certain defects in the preform 32. In
particular, a gate vestige 80A located on an end portion 80 of
the preform 32, as shown with reference to FIG. 3B, can be
significantly deformed as it is being sucked down the suction
channel. Accordingly, it is desired to configure an improved
cooling tube assembly that includes a means for controlling the
suction flow through the suction channel whereby the suction
channel remains connected to the air pressure structure only

during the step of preform transfer.
Similarly, it is desired to configure the porous insert with an
improved structure for connecting the air pressure structure

with the inner porous surface disposed thereon.

Likewise, it is desired to configure a porous insert with a

simplified cooling configuration.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the present invention, a

cooling tube assembly is provided that is configured for a
5
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post-molding conditioning of at least a portion of a malleable
injection molded perform received therein. The cooling tube
assembly including a porous tube assembly that is configured
to receive the portion of the preform and to expand an outer
surface thereof into contact with a cooled inner conditioning
surface that is configured along the porous tube assembly. The
porous tube assembly further including a suction channel for
assisting in a transfer of the preform therein. Advantageously,
the suction channel being configured to receive a valve member
that controls flow through the suction channel whereby a
deformation of an adjacent portion of the preform (e.g. gate
vestige) is substantially avoided during a step of expanding
the preform into contact with the cooled inner conditioning
surface. Furthermore, the wvalve member may be configured to
include a support face thereon for supporting the adjacent
portion of the preform gate vestige, again to substantially
avoid a deformation thereof when received in the porous tube

assembly.

In accordance with another aspect of the present invention, a
post-molding molded article conditioning apparatus is provided
that 1is configured for connection with an air pressure
structure, a heat dissipation path, for performing a
conditioning of at least a portion of a malleable molded
article received therein. The conditioning apparatus comprising
a conditioning body. The conditioning body including an inner
conditioning ‘surface that is configured to ©provide a
conditioning cavity for receiving and conditioning the portion
of the molded article therein. The conditioning cavity
preferably being shaped, without specific limitation, to
correspond with a desired final shape for the portion of the
molded article. A pressure coupling structure configured on the
conditioning body for connection with the air pressure
structure. A conditioning flow structure configured on the
conditioning body comprising a plurality of flow channels,
connecting the inner conditioning surface with the pressure
coupling structure, with a plurality of openings configured
along at least a portion of the inner conditioning surface. A
transfer flow structure configured on the conditioning Body

between an suction orifice, configured on the inner
6
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conditioning surface, and at least one of the pressure coupling
structure and the air pressure structure. The transfer flow
structure being configured to cooperate with a valve member
that alternately isolates and connects the suction orifice with
at least one of the pressure coupling structure and the
pressure structure when arranged in a closed and an open
configuration, respectively. A cooling structure configured on
the conditioning body for connection with the heat dissipation
path for cooling the inner conditioning surface. The
conditioning body configured to cooperate with a cavity sealing
structure for sealing the portion of the molded article in the

conditioning cavity.

The valve member is preferably configured to include a top
surface for supporting an adjacent portion of the outer surface
of the molded article.

The conditioning apparatus is preferably configured to include
a porous insert formed from a first porous material that
provides at least a portion of the conditioning body, and
wherein at least a portion of sgaid inner conditioning surface
is disposed thereon. The porous insert including the plurality
of flow channels therein as‘ a network of interconnected

interstitial spaces.

In an alternative embodiment of the present invention the
coﬁditioning‘apparatus may be configured to include a porous
member that 1is configured with the first porous material
providing an inner porous portion that is at least partially

enclosed, on an outer surface thereof, by an outer porous

' portion formed from a second porous material, the second porous

material having a network of interconnected interstitial spaces

that function as the pressure coupling structure.

In accordance with yet another embodiment of the invention, the
porous member includes at least one cooling channel configured
thereon, and wherein a surface of the cooling channel includes
a surface treatment therealong for a substantial sealing
thereof to avoid leakage of a coolant to be circulated

therethrough. Preferably, the cooling channel is configured on
7
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an outer surface of said porous member, and wherein an outer
surface of the porous member has been configured to include the
surface treatment, and the outer surface being further
configured to receive a sleeve for enclosing the at least one
cooling channel.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention will now be

described with reference to the accompanying Figures, in which:

FIG. 1 is a plan view of a typical injection molding machine
including an injection unit, clamp unit, robot, mold, and end-

of-arm tool;

FIG. 2 depicts an exploded isometric view of a cooling tube
assembly according to an embodiment of the bpresent invention;

FIG. 3A depicts a sectional view of the cooling tube assembly
of FIG. 2, taken along the line A-A, that is arranged on a
take-out plate (shown in partial section), with a suction
channel valve member being arranged in a closed configuration
as a porous inner conditioning surface of a conditioning cavity

is undergoing a post-ejection cleaning purge;

FIG. 3B depicts the section view of the cooling tube assembly
of FIG. 3A, with the suction channel valve member being
arranged in an open configuration to configure a suction flow
as a malleable preform is shown partially received in the

conditioning cavity;

FIG. 3C depicts the section view of the cooling tube assembly
of FIG. 3A, with the suction channel valve member being
arranged in a closed configuration as a malleable preform is
being cooled with an outer surface thereon having been expanded
into contact with the porous inner conditioning surface of the

conditioning cavity;

FIG. 3D depicts an isometric view of a valve member in

accordance with an embodiment of the present invention;
8
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FIG. 4A depicts a section view of a cooling tube assembly
according to a first alternative embodiment of the present
invention that includes an alternative configuration of the
suction channel and valve member;

FIG. 4B depicts a section view of a cooling tube assembly
according to a second alternative embodiment of the present
invention that includes an alternative configuration of the

suction channel and valve member;

FIG. BA depicts a section view of a cooling tube assembly
according to a third alternative embodiment of the present
invention that includes an alternative configuration of the
suction channel and valve member, the valve member being
arranged in an open configuration to configure a suction flow
as a malleable preform is shown partially received in the

conditioning cavity;

FIG. 5B depicts the section view of the cooling tube assembly
of FIG. 5A, with the suction channel valve member being
arranged in a closed configuration as a malleable preform is
being cooled with an outer surface thereon having been expanded
into contact with the porous inner conditioning surface of the

conditioning cavity;

FIG. 5C depicts the section view of the cooling tube assembly
of FIG. 5A, with the suction . channel valve member being
arranged in an extended configuration to assist in an ejection:

of the solidified preform;

FIG. 6 depicts a section view of a cooling tube assembly
according to a fourth alternative embodiment of the present
invention that includes an alternative configuration of a
porous insert that comprises an inner porous portion formed
from a first porous material that is at least partially
enclosed, on an outer surface thereof, by an outer porous
portion formed from a second porous material, the outer porous

portion being configured with a higher porosity to provide a
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suitable means for comnecting the inner porous portion with an

air pressure structure (not shown);

FIG. 7 depicts a section view of a cooling tube assembly
according to a fifth alternative embodiment of the present
invention that includes a variant to the porous insert of FIG.
6, wherein the inner porous insert is configured to provide a

complete conditioning cavity;

FIG. 8A depicts a section view of a cooling tube assembly

according to a sixth alternative embodiment of the present

_invention that includes a variant to the porous insert of FIG.

7, wherein a mnetwork of cooling the inner porous insert is
configured on an outer surface thereof that include a surface

treatment for a substantial sealing thereof;
FIG. 8B depicts a side view of the cooling tube assembly of

FIG. 8A showing the configuration of the network of cooling

channels.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

With reference to FIG. 2, a cooling tube assembly 50 in
accordance with an embodiment of the present invention is
shown. The cooling tube assembly 50 is configured for use with
an end-of-arm-tool 11 in an injection molding system 2 for a
post-molding conditioning of at least a portion of a malleable
injection molded preform 32. The cooling tube assembly 50
includes a valve member 70, a base insert 55, a cooling tube

54, a porous insert 52, and a sleeve 56.

The construction and use of the embodiment of the cooling tube
assembly 50 will be described with reference to FIG(s). 3A, 3B,
3C and 3D.

The base insert 55 comprises a substantially cylindrical body.

An inner conditioning surface 61B 1is configured in the

cylindrical body that preferably reflects a shape of an outer

gsurface of an end portion 80 of the preform 32. The inner
10



10

15

20

25

30

35

40

WO 2006/094377 ) PCT/CA2006/000189
conditioning surface 61B includes a gate wvestige portion 61C
that 1s again preferably configured to receive a gate vestige
80A that is centrally located at a distal end of the preform
32. An outer cylindrical surface of the cylindrical body is
configured to arrange the base insert 55 in a complementary
shaped first bore that is configured through a bottom surface
of the cooling tube 54. An inlet and an outlet cooling channel
95 are configured in the cylindrical body between a bottom
surface thereof, for connection with coolant inlet and outlet
pbrts 116 provided on a carrier plate 28 of the end-of-arm-tool
11, and the outer cylindrical surface, for connection with an
inlet and an outlet coolant connecting channel 98 configured in
the cooling tube. A connecting pressure channel 97 is
configured in the cylindrical member between the bottom
surface, for connection with a pressure port 120 provided on
the carrier plate 28, and the outer cylindrical surface
substantially adjacent an annular pressure channel 99. The
annular pressure channel 99 is configured between a top surface
of the base insert 55, a top surface of the first bore in the
cooling tube 54, and the outer surface of the porous insert 52.
A suction channel 96 is also configured in the cylindrical
body, along the longitudinal axis thereofi, between the bottom
surface and through the gate vestige portion of the end surface
61C.

In more detail, the suction channel 96 preferably includes the

following portions, listed from top to bottom. An orifice that

. is configured at the interface between the suction channel 96

and the inner conditioning surface 61C. A c¢ylindrical spigqt
portion 73 that i1is configured to receive a complementary
cylindrical spigot portion 73’ of the valve member 70. A
tapered sealing portion 74 that is configured to cooperate with
a complementary sealing portion 74’ provided on the wvalve
member 70, when the valve member is in a closed configuration.
A cylindrical portion 76 that is configured to function as a
valve cylinder for a reciprocation of the valve member 70
therein, between the closed and an open configuration. A distal
end of the suction channel 96 being configured for connection
with a suction pressure port 122 of the carrier plate 28.

11
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The porous insert 52 comprises a tubular body preferably formed
from a thermally conductive first porous material. A porous
inner conditioning surface 61A .is configured on the tubular
body that preferably reflects a shape of an outer surface of a
body portion 80 of the preform 32. An outer cylindrical surface
64 of the tubular body being configured to arrange the porous
insert 52 in a complementary shaped second bore provided in the
cooling tube 54 such that the bottom surface of the base insert
55 is arranged adjacent the top surface of the porous insert. A
network of pressure distribution channels 66 are configured
along an outer surface 64 of the porous insert, best shown with
reference to FIG. 2, and that extend from the bottom surface
thereof for connection with the annular pressure channel 99. In
addition, a network of interconnected interstitial spaceé‘in
the first porous material of the tubular body provide a
plurality of flow channels that fluidly connect the porous
inner conditioning surface 61A with the network of distribution

channels 66.

The first porous material preferably comprises a sintered
matrix of powder particles, of a thermally conductive material,
having a predominant size in the range of 5 um to 40 um to
produce resulting interstitial spaces of a size and shape that
substantially avoids imparting a noticeable change in a finish
of the outer surface of the preform 32. More preferably, the
predominant size of said particle is in the range of 8 um to 20
um. More preferably still, the predominant particle size is
about 12 ' um. Accordingly, the presently preferred porosity
(i.e. size of the interstitial spaces) along the inner porous

conditioning surface is about 12 um.

The presently preferred thermally conductive material is bronze
particles. However, other suitable metals could be used, such
as aluminum. In addition, it may also be possible to use
thermally conductive ceramics such as silicon carbide and a

tungsten carbide.

The cooling tube 54 comprises a substantially tubular body
preferably made from a thermally conductive material. The

tubular body including the first bore, longitudinally extending
: 12
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along a Dbottom portion thereof, that 1is ~configured for
receiving the base insert 55. The second bore, configured for

receiving the porous insert 52, is configured to longitudinally

.extend along an upper portion thereof. The inlet and an outlet

coolant connecting channels 98 are configured between an inner
surface of the first bore and ends of a cooling channel 58 that
is configured in an outer surface of the cooling tube 54. The
outer surface of the cooling tube 54 is further configured to
cooperate with an inner surface of the sleeve 56 to sealingly
enclose the cooling channel 58. Preferably, a groove configured
in a top surface of the cooling tube 54, adjacent the porous
insert 52, is configured to receive an end seal 104 for
cooperating with a bottom surface of a preform support ledge
portion 86 for sealingly enclosing a portion of the outer
surface of the preform 32 within the cooling tube assembly 50.
A Dbottom portion of the cooling tube 54 is configured to
include a flange 93 for arranging and retaining the cooling

tube assembly .50 on the carrier plate 28.

The seal member 104 is preferably shaped to include an inwardly
projecting lip to assist in its retention in the groove
provided on the tube body 54. Preferably the seal member 104 is
made from a low-durometer silicone, preferably with a durometer
value of about 50, to avoid deforming the bottom surface of the

preform support ledge 86.

The sleeve 56 comprises a substantially tubular body with the
inner cylindrical surface for enclosing the coolant channel on

the outside of the cooling tube 54 as described hereinbefore.

The valve member 70 comprises a substantially cylindrical body.
The valve member 70 preferably includes the following portions,
listed from top to bottom. A gate vestige support face 72
arranged on a top surface of a cylindrical spigot portion 71.
The support surface 72 being configured to support a bottom
face of the preform gate vestige 80A when the valve member 70
is arranged in the closed configuration. An outer surface 73’
of the cylindrical spigot portion 71 is configured to cooperate
with the cylindrical spigot portion 73 of the suction channel -

' 96 to assist in positioning the gate vestige support face 72

13
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adjacent the gate vestige portion 61C. The complementary

tapered sealing face 74’ is configured as an outwardly tapering
face for cooperating with the suction channel sealing face 74
for the selective closing of the suction channel (i.e.
isolating the suction channel orifice from the air pressure
structure). A complementary cylindrical portion 76° of the
outer surface of the c¢ylindrical body is configured for
cooperation with the cylindrical portion 76 of the suction
channel 96 for supporting an aligned reciprocation of the valve
member 70 therein. The valve member 70 also includes a set of
four shallow, equi-spaced, longitudinally aligned, Dbypass
pressure channels 75 that are configured through the outer
surface of the cylindrical body around the periphery of the
complementary cylindrical portion 76’. The bypass pressure
channels 75 each include a first opening on the tapered sealing
portion 74’, and a second opening on a bottom face of the
cylindrical1 body. The first opening being exposed when ' the
valve member 70 is arranged in the open configuration and is
obstructed by the tapered sealing portion of the suction
channel 96 when the valve member is arranged in the closed
configuration. Accordingly, the bypass pressure ‘channels 75
provide a fluid connection along the cylindrical body when the
valve member is in the open configuratioﬁ. A cylindrical spring
seat portion being configured around an end portion of the
cylindrical body between a radial relief 78 and an upper
shoulder 77. The spring seat portion is configured to retain a
first end portion of a spring 102 that biases the valve member
70 into the closed configuration. A second end portion of the
spring 102 is preferably arranged on a shoulder 132 provided at
the base of a bore 130 that is configured along an upper
portion of the suction pressure port 122 in the carrier plate
28.

Preferably, a pressure port valve 90 may be configured in the
carrier plate 28 adjacent each cooling tube assembly 50 that is
configured for selectively opening or closing the air pressure
structure that connects therewith. Accordingly, one or more
cooling tube assemblies 50 of a multi-tube array can be

selectively disconnected. This is particularly advantageous
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feature in case of a molding system 2 fault that shuts down one

or more molding cavities.

A method for molding a preform 32 in an injection molding
system 2, as shown with reference to FIG. 1 and further
including the cooling tube assembly 50 of the present

‘ invention, involves the known steps molding and conditioning

that were described hereinbefore and with the additional steps
of operating the suction channel valve member 70. In
particular, prior to the commencement, or during midst, of the
step of transferring the malleable preforms 32 from the mold
cores 22 into the cooling tube assemblies 50, an additional
step of moving of the suction valve member 70 into the open
configuration is performed. In so doing, a suction flow is
established through the suction channel 96, as generally
indicated by the air flow lines at symbol ‘B’ with reference to
FIG. 3B. Once the preform 32 is substantially received in the
conditioning cavity of the cooling tube assembly 50, an
additional step of moving of the suction valve member 70 into
the closed configuration is performed. In so doing, the suction
channel 96 is closed, and a bottom surface of the preform gate
vestige 80A is preferably supported by the support surface 72
of the valve member 70. The known process of conditioning the
preform can then be followed, including the first effective
step of preform conditioning wherein the outer surface of the
preform 32 is expanded into contact with the cooled inner
conditioning surface of the cooling tube assembly 50 by air
evacuation, as generally indicated by the air flow lines at
symbol ‘C’ with reference to FIG. 3C. Thereafter, the second
effective step of conditioning is performed wherein the preform
32 is cooled iﬁ a sustained contact with the inner conditioning
surface of the cooling tube assembly 50. Once fully
conditioned, the preform 32 may be ejected from the cooling
tube assembly 50. Preferably, the step of ejection may be
performed by configuring the air pressure source to provide a
positive air pressure wherein an outward flow through the
porous inner conditioning surface 61A of the cooling tube
assembly 50 is established, as generally indicated by the air
flow lines at gsymbol ‘A’ with reference to FIG. 34, a
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pressurization of the conditioning cavity propels the preform

32 therefrom.

As an example, for sake of operating an EOAT 11 with twenty-
four cooling tube assemblies 50 arranged thereon, a vacuum
pressure of between 61 and 71 centimeters of Mercury (24 - 28"

Hg) is preferred.

With reference to FIG. 4A, a cooling tube assembly 150 in
accordance with a first alternative embodiment of the present
invention is shown. The cooling tube assembly 150 is configured
substantially the same as the embodiment of the invention, and
as shown with reference to FIG(s). 2 and 3A and as previously
described, the differences being in the configuration of the
suction channel 196 and the valve member 170. Accordingly, only

the differences in structure and operation will be described.

The suction channel 196 is preferably configured to include the
following portions, listed from top to bottom. An orifice that
is configured at the interface between the suction channel 196
and the inner conditioning surface 61C. A spherical sealing
portion 174 that 1s configured to cooperate With a
complementary spherical outer surface 174’ provided on a ball
valve member 170, when the valve member is in a closed
configuration. A cylindrical portion 176 that is configured to
provide a passageway for a reciprocation of the ball valve
member 170 therein, between the «closed and an open
configuration. The cylindrical portion 176 being configured to
be wider than the diameter of the ball valve member 170 whereby
an ' annular pressure Dbypass channel 175 is configured
therebetween that functions to provide a fluid connection along
the length of the ball valve member in the open configuration.
A distal end of the suction channel 96 being configured for
connection with a suction pressure port 122 of the carrier
plate 28.

With reference to FIG. 4B, a cooling tube assembly 250 in
accordance with a second alternative embodiment of the present
invention is shown. The cooling tube assembly 250 is configured

substantially the same as the embodiment of the invention, and
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as shown with reference to FIG(s). 2 and 3A and as previously
described, the differences being in the configuration of the
suction channel 296 and the valve member 270. Accordingly, only

the differences in structure and operation will be described.

The suction channel 296 is preferably configured to include the
following portions, listed from top to bottom. An orifice that
is configured at the interface between the suction channel 296
and the inner conditioning surface 61C. A conical bore 276 that
includes a sealing portion 274 at the top thereof that is
configured to cooperate with a complementary conical outer
surface 274’ provided on a frustoconical valve member 270, when
the valve member is in a closed configuration. The conical bore
276 being configured to be longer than the valve member 276 to
allow for a reciprocation of the valve member 270 therein,
between the closed and an open configuration. An annular
pressure bypass channel (not shown) is configured between the

outer surface of the valve member 270 and the inner surface of

" the conical bore 296 to provide a fluid connection along the

length of the valve member 270 in the open configuration. A
distal end of the suction channel 296 being configured for
connection with a suction pressure port 122 of the carrier

plate 28.

With reference to FIG. 5A, 5B, 5C, a cooling tube assembly 350
in accordance with a third alternative embodiment of the
present invention is shown. The cooling tube assembly 350 is
configured substantially the same as the embodiment of the
invention, and as shown with reference to FIG(g). 2 and 3A and
as previously described, the differences ©being in the
configuration of the suction channel 396 and the valve member
370. Accordingly, only the differences in structure and

operation will be described.

The suction channel 396 preferably includes the following
portions, listed from top to bottom. An orifice that is
configured at the interface between the suction channel 396 and
the dinner conditioning surface 61C. A cylindrical sealing
portion 374 that is configured to receive a complementary

cylindrical sealing portion 374’ configured around a distal tip
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of a slender cylindrical valve member 370. A cylindrical bore

376, with an arbitrarily shaped spherical end portion 373, that
provides an annular pressure bypass channel (not shown) between
an inner surface thereof and the outer surface of the valve
member 370 to provide a fluid comnection along the length of
the valve member 270 in the open configuration.(A distal end of
the suction channel 296 being configured for connection with a-

suction pressure port 122 of the carrier plate 28.

Preferably, the wvalve member 370 is operated by a compound
piston assembly 380 that is arranged in an end-of-arm-tool
plate assembly 328, 329. The structure and operation of the
piston assembly 380 is generally described with reference to
commonly assigned United Stated Patent RE38,480, issued March
30, 2004. In brief, the compound piston assembly 380 includes a
first piston 384 arranged in first piston bore configured in a
valve bushing 382, and a second piston 386 arranged in a second
piston bore configured in the first piston 384. The wvalve
member 370 includes a head 377 at an end thereof for connection
with the second piston 386. The valve bushing 382 is arranged
in a seat configured between a carrier plate 328, a valve plate
329, and a air manifold 327. The air manifold 327 connects the
compound piston assembly 380 with air channels provided therein
that can be pressurized in a sequence for positioning the valve
member between an open, closed, or extended positions, as shown
with reference to FIG(s). 5A, 5B, & 5C, respectively. The
extended position provides an added measure to ensure the
ejection of the preform 32 after it has been fully conditioned

as explained hereinbefore.

With reference to FIG. 6, a cooling tube assembly 450 in
accordance with a fourth alternative embodiment of the present
invention is shown. The cooling tube assembly 450 is configured
substantially the same as the embodiment of the invention, and
as shown with reference to FIG(s). 2 and 3A and as previously
described, the differences being in the configuration of the
porous insert 452. Accordingly, only the differences in

structure and operation will be described.
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The porous insert 452 comprises a tubular body with an inner
portion 452B preferably formed from a thermally conductive
first porous material that is at least partially enclosed, on
an outer surface thereof, by an outer porous portion 452A
preferably formed from a second porous material. A porous inner
conditioning surface 61lA is configured the inner porous portion
452B that preferably reflects a shape of an outer surface of a
body portion 80 of the preform 32. A network of interconnected
interstitial spaces in the second porous portion 452A provide a
pressure distribution structure that provides a fluid
connection between the annular pressure channel 99 and.Athe
inner porous portion 452A. Similarly, a network of
interconnected interstitial spaces in the first porous portion
452A provides a further connection to the inner porous surface
61A thereon. As before, an outer surface of the porous insert
452 1is configured to be received in the second bore of the

cooling tube 54.

The first porous material preferably comprises a sintered
matrix of powder particles, of a thermally conductive material,
having a predominant size in the range of 5 um to 40 um to
produce resulting interstitial spaces of a size and shape that
substantially avoids imparting a noticeable change in a finish
of the outer surface of the preform 32. More preferably, the
predominant size of said particle is in the range of 8 um to 20
um. More preferably still, the predominant particle size is

chosen to be about 12 um.

The second porous material preferably comprises a sintered
matrix of powder particles, of a thermally conductive material,
having a predominant size in the range of 20 pm to 100 um to
provide a relatively low pressure drop across the outer porous
portioh 45272 for providing a fast and homogenous pressure
response across the inner porous portion 452B. More preferably,
the predominant size of said particle is in the range of 40 um
to 60 pym. More preferably still, the predominant particle size

is chosen to be about 40 um.

The first and second thermally conductive materials are

preferably bronze particles. However, other suitable metals,
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and for processes for their configura;ion could be used. For
example, the porous materials could be composed of a porous
aluminum, such as commercially available METAPOR and PORCERAX
(both trademarked materials from International Mold Steel
Corporation). In addition, it may also be possible to wuse
thermally conductive ceramics such as siliqon. carbide and a

tungsten carbide.

With reference to FIG. 7, a cooling tube assembly 550 in
accordance with a fifth alternative embodiment of the present
invention is shown. The cooling tube assembly 550 is configured
substantially the same as the fourth alternative embodiment of
the invention, and as shown with reference to FIG. 6 and as
previously described, the differences being in the
configuration of the porous insert 552 and the obviation of the
base insert 55. Accordingly, only the differences in structure

and operation will be described.

The porous insert 552 comprises a cylindrical body with an
inner portion 552B formed from a thermally conductive first
porous material that is at least partially enclosed, on an
outer surface thereof, by an outer porous portion 552A formed
from a second porous material. A porous inner conditioning
surface 61A, 61B, 61C is configured along the inner porous
portion 552B that preferably reflects a shape of an outer
surface of the body, end, and gate vestige portions 80, 80A, 82
of the preform (preform portions shown with reference to FIG.
3A) .

A connecting pressure channel 597 is configured in the inner
porous portion 552B between a bottom surface thereof, for
connection with a pressure port 120 provided on the carrier
plate 28, and the outer porous portion 552A. A network of
interconnected interstitial spaces in the second porous portion
552A provide a pressure distribution structure that fluidly
connects the connecting pressure channel 597 with the inner
porous portion 552B. Similarly, a network of interconnected
interstitial spaces in the first porous portion 552A provides a
further connection to the inner porous surface 61, 61B, 61C

thereon. An outer surface of the porous insert 552 1isg
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configured to be received in a complementary bore that is

configured in the cooling tube 554.

Also configured in the porous insert 552 is a suction channel
596 that is centrally located therein, and that extends
longitudinally therethrough, from the bottom surface and
through the bottom of the gate vestige inner conditioning
surface portion 61C. The suction channel 596 1s preferably
configured to include the following portions, listed from top
to bottom. An orifice that is configured at the interface
between the suction channel 596 and the inner conditioning
surface 61C. A spherical sealing portion 574 that is configured
to cooperate with a complementary spherical outer surface 174’
provided on a ball valve member 170, when the valve member is
in a closed configuration. A cylindrical portion 576 that is
configured to provide a passageway for a reciprocation of the
ball valve member 170 therein, between the closed and an open
configuration. The cylindrical portion 576 being configured to
be wider than the diameter of the ball valve member 170 whereby
an annular pressure bypass channel 575 is configured between
therebetween that functions to provide a fluid connection along
the length of the ball valve member in the open configuration.
A distal end of the suction channel 596 being configured for
connection with a suction pressure port 122 of the\carrier
plate 28.

The cooling tube 554 comprises a substantially tubular body.
The tubular body including the first bore, longitudinally
extending therethrough, that is configured for receiving the
porous insert 552. An inlet and an outlet cooling channel 598
are configured in the tubular body that extend between a bottom
face, for connection with coolant inlet and outlet ports 116
pfovided on a carrier plate 28 of said end-of-arm-tool 11, and
ends of a cooling channel 558 configured in an outer surface of
the cooling tube. The outer surface of the cooling tube 54 is
further configured to cooperate with an inner surface of the
sleeve 56 to sealingly enclose the cooling channel 58.
Preferably, a groove is configured in a top surface of the
cooling tube 54, adjacent the porous insert 52, for retaining

an end seal 104 as previously described. A bottom portion of
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the cooling tube 554 is configured to include a flange 593 for

arranging and retaiﬁing the cooling tube assembly 550 on the

carrier plate 28.

With reference to FIG. 8, a simplified cooling tube asgembly
650 in accordance with a sixth alternative embodiment of the
present invention is shown. The cooling tube assembly 650
includes a porous insert 652, a sleeve 656, and a valve member
670.

The porous insert 652 comprises a cylindrical body with an
inner portion 652B formed from a thermally conductive first
porous material that is at least partially enclosed, on an
outer surface thereof, by an outer porous portion 652A formed
from a second porous material. A porous inner conditioning
surface 61a, 61B, 61C is configured along the inner porous
portion 652B that preferably reflects a shape of an outer
surface of the body, end, and gate vestige portions 80, 80A, 82
of the preform (preform portions shown with reference to FIG.
34).

A suction channel 696 is configured in the porous member 652
that is centrally located therein and that extends
longitudinally therethrough from the bottom surface and through
the bottom of the gate vestige inner conditioning surface
portion 61C. The suction channel 696 is preferably configured
to include the following portions, listed from top to bottom.
An orifice that is configured at the interface between the
suction channel 696 and the inner conditioning surface 61C. A
tapered sealing portion 674 that is configured to cooperate
with a complementary sealing portion 674' provided on the valve
member 670, when the valve member 670 is in a closed
configuration. A cylindrical portion 676 that is configured to
function as a valve cylinder for a reciprocation of the valve
member 670 therein, between the closed and an open
configuration. A distal end of the suction channel 696 being
configured to receive a plug 695. A connecting pressure channel
697 being configured between an outer surface of the porous
member and the suction channel 696 for connection with a

suction pressure port 120 of the carrier plate 28, via a
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connecting channel 666 that is configured through the sleeve

656. A network of interconnected interstitial spaces in the
second porous portion 652A provide a pressure distribution
structure that fluidly connects the suction channel 696 with
the inner porous portion 652B. Similarly, a mnetwork of-
interconnected interstitial spaces in the first porous portion
652A provides a further connection to the inner porous surface
612, 61B, 61C thereon.

Preferably, a plurality of longitudinally directed coolant
grooves 658 are configured in an outer surface of the porous
insert 652 that extend between a pair of semi-circular coolant
collector channels 660, 661 that are also configured in the
outer surface of the porous insert 652 in proximity to the ends
thereof for interconnecting the coolant grooves into contiguous
coolant circuit. A surface treatment is provided along the
outer surface of the porous insert 652, coolant grooves 658 and
the collector grooves 660, 661 for a sealing thereof whereby
the surfaces thereof are rendered substantially impervious to a
leakage of a coolant media therethrough. The outer surface of
the porous insert 652 is further configured to cooperate with
an inner surface of the sleeve 656 to sealingly enclose the
cooling circuit. The ends of the coolant circuit are configured
to be connected to coolant inlet and outlet ports 116 provided
on a carrier plate 28 of the end-of-arm-tool 11 via a pair of
coolant connecting channels 663, 665 that are configured
through the sleeve 656.

Preferably, the surface treatment is a chrome plating. Of
course, other suitable surface treatments are possible such as
other metal coatings, a polymeric coating, or a ceramic

coating.

The sleeve 656 comprises a tubular body, the inner cylindrical
surface of which is configured for receiving the porous insert
652 as described hereinbefore. A spigot portion 667 is
configured along a lower portion of an outer surface of the
sleeve 656. The spigot 667 is configured to cooperate with a
complementary bore provided in the carrier plate 28 for

arranging and retaining the cooling tube assembly 650 therein.
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Accordingly, the coolant and pressure connecting channels 663,

665, 666 are configured between the outer and inner surfaces of

the sleeve 656 within the spigot portion 667.

The porous inserts of the present invention 52, 452, 552, 652
are preferably formed using the known method of gravity or
“loose powder” sintering. In this method, a powder 'of a
diffusion-bondable material (preferably bronze particles),
graded for size, is poured into a mold cavity, which is a void
in the shape of the finished part. These metal particles are
then heated'to their sintering temperature at which point a
metallurgical bonding takes place, and joining “necks” are
formed at contact points. Preferably, the mold is configured to
have a core and a cavity portion (not shown), and that the core
portion is shaped to correspond to the desired final shape of
the molded article. If a highly toleranced shaped surface is
requireq, then a post-sintering machining of the inner

conditioning surface of the porous insert may be required.

Again, the Dbasic method of performing a post-molding
conditioning of a molded article wusing the conditioning
apparatus of the present invention includes the following
steps, listed in sequence.‘ Molding of a malleable molded
article 32. Configuring of a pressure structure 34 that is
fluidly connected to the conditioning apparatus to function as
a vacuum source. Moving the conditioning apparatus valve member
70 into an open configuration to connect the conditioning
cavity to the wvacuum source. Transferring the molded article,
in a malleable state, . from the molding cavity into the
conditioning apparatus with the assistance of suction provided
through the transfer flow structure. Moving the valve member
into the closed configuration once a portion of the molded
article has been sealingly received within the conditioning
cavity. Expanding an outer surface of the portion of the molded
article into contact with a cooled inner conditioning surface
of the conditioning cavity by evacuating any air contained
between the outer surface of the molded article and the inner
conditioning surface of the conditioning body. Maintaining a
vacuum to hold the outer surface of the preform in contact with

the cooled inner conditioning surface of the conditioning
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cavity until the molded article has solidified to an extent

required to maintain its shape once ejected from the
conditioning apparatus. Lastly, ejecting the molded article

from the conditioning cavity.

Preferably, the method also includes the step of performing a
pressurized air purging of the conditioning apparatus upon

ejection of the molded article.

Of course, the end seal 104 on any of the cooling tube
assemblies 50, 150, 250, 350, 450, 550, 650 of the present
invention could be located anywhere thereon that suits the
shape of the molded article 32 and the portion thereof to be
conditioned. For instance, to isolate an inwardly tapered upper
portion (not shown) of a preform 32 it may be necessary to
configure the end seal 104 to be substantially on the inner
conditioning surface 61 of the cooling tube assembly. In
addition, the end seal 104 may need not always be made from a

conformable substance, but rather could, for instance, be

- configured as a flat, substantially rigid, upper surface of the

cooling tube assembly 50 for cooperation with the corresponding

flat bottom surface of the preform support ledge 86. ’

Alternatively, other molding system configurations are possible
that could make use of the conditioning apparatus 50, 150, 250,
350, 450, 550, 650. As an example, the cooling tube assembly 50
could be configured in a post-molding conditioning station that
is not configured to retrieve the molded article directly from
the mold, but rather receives the molded article from an
intermediate transfer apparatus. The foregoing intermediate
transfer apparatus may, for example, include the end-of-arm-
tool that is described in commonly assigned patent publication
WO 2004/007170, published January 22, 2004. As another example,
the molding system may also include a blow molding machine.
Furthermore, the molded article to be conditioned could also be
compression molded, extrusion molded, or any other commonly

known methods of molding plastic articles.

Alternatively, while the conditioning apparatus of the present

invention are preferably configured to have a conditioning
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cavity that substantially reflects the ‘shape of the molded

article presented to it from the molding machine, it is without

specific limitation thereto.

Alternatively, the conditioning apparatus of the present
invention could be configured with a plurality of porous

inserts therein.

Alternatively, the conditioning apparatus of the present
invention could be configured to include a conditioning body
that comprises a plurality of inserts that are formed from a
thermally conductive material that is substantially without an
intrinsic porosity. A plurality of flow micro-channels are
configured between the inserts to provide a fluid connection
between an air pressure structure and an inner ‘surface
configured on the plurality of inserts. The micro-channels are
preferably configured on a thin spacer element that is arranged
between adjacent inserts. Alternatively, the micro-channels
could be etched of otherwise formed on the interfacing surfaces

between the adjacent inserts.

The conditioning body is provided by a insert formed from a
thermally conductive material, substantially without an
intrinsic porosity, within which a plurality of flow channels
are machined between an inside conditioning surface and ‘an
outer surface thereof. The flow channels may be formed using

known methods such as spark erosion, and laser micro-machining.

Thus, what has been described is a conditioning apparatus for a
post-molding conditioning of molded articles that includes a
suction channel wvalve member, a multi-layer porous insert, a
porous insert with a coolant channel formed directly thereon,
methods of making the afore mentiotned, and a method of using a
cooling tube assembly, which will greatly reduce the cost of
such tubes in injection molding and/or improve the quality of

molded articles, particularly preforms.

All U.S. and foreign patent documents, and articles, discussed
above are hereby incorporated by reference into the Detailed

Description of the Preferred Embodiments.
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The individual components shown in outline or designated by

blocks in the attached figures are all well-known in the
injection molding arts, and their specific construction and
operation are not critical to the operation or best mode for

carrying out the invention.

While the present invention has been described with respect to

what is presently considered to be the preferred embodiments,

"it is to be understood that the invention is not limited to the

disclosed embodiments. The scope of the following claims is to
be accorded the broadest interpretation so as to encompass all

such modifications and equivalent structures and functions.
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WHAT IS CLAIMED IS:

1.

A cooling tube assembly that is configured for a post-
molding conditioning of at least a portion of a malleable
injection molded perform received therein, said cooling:
tube assembly including:

a porous tube assembly that is configured to receive said
portion of said preform and to expand an outer surface
thereof into contact with a cooled inner conditioning
surface that is configured along said porous tube

assembly;

.said porous tube assembly including a suction channel for

assisting in a transfer of said preform therein;:

said suction channel being configured to receive a valve
member that controls flow through said suction channel,
and said valve member including a support face configured
thereon for supporting a gate vestige of said preform when

received in said porous tube assembly.

A post-molding molded article conditioning apparatus that
is'configured for conditiohing at least a portion of a
malleable molded article received therein, said

conditioning apparatus comprising:

a conditioning body with an inner conditioning surface

configured therein for providing a conditioning cavity;
said conditioning body including:
a sealing structure for sealing an outer surface of
said portion of said molded article within said
conditioning cavity;
a cooling structure that is configured for connection
with a heat dissipation path for cooling of said

molded article received therein:
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a porous member that is configured to include a porous
inner conditioning surface therein that provides at
least a portion of said inner conditioning surface of
said conditioning cavity, and being configured for
connecting said porous inner conditioning surface with

an air pressure structure;

a suction channel provided in said conditioning body
that is configured to connect said conditioning cavity
with said air pressure structure for assisting in a
transfer of said molded article into said conditioning

cavity;

said suction channel being configured to cooperate
with a wvalve member that 1is alternately arranged
therein to open said suction channel during said
transfer, and to block said suction channel once said
molded article has been received in said conditioning

cavity.

The conditioning apparatus in accordance with claim 2,
wherein said valve member is configured to be biased into
said Dblocking configuration, said wvalve member being
opened under an applied wvacuum pressure through said
suction channel and then closed when said suction channel

becomes obstructed by said molded article.

The conditioning apparatus in accordance with claim 2,
wherein said valve member is driven by an actuator that is
configured for positioning said valve member between said

open and a blocking configurations.

The conditioning apparatus in accordance with claim 2,
wherein said wvalve member is configured to support a
portion of said outer surface of said molded article in

said closed configuration.

A post-molding molded article conditioning apparatus that
is configured for «connection with an air pressure

structure, and being configured for connection with a heat
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dissipation path, for performing a conditioning of at
least a portion of a malleable molded article received

therein, said conditioning apparatus comprising:
a conditioning body including:

an inner conditioning surface that i1is configured to
provide a conditioning cavity for receiving and

conditioning said portion of said molded article therein;

a pressure coupling structure configured on said
conditioning body for connection with said pressure

structure;

a conditioning flow structure comprising a plurality of
flow channels, connecting said inner conditioning surface
with said pressure coupling structure, with a plurality of
openings configured along at least a portion of said inner

conditioning surface;

a transfer flow structure configured on said conditioning
body between an suction orifice, configured on said inner
conditioning surface, and one of said pressure coupling

structure and said pressure structure;

said transfer flow sfructure being configured to cooperate
with a valve member that alternately isolates and connects
said suction orifice and said one of said pressure
coupling structure and said pressure structure when
arranged in a <closed and an ©open configuration,

respectively;

a cooling structure configured on said conditioning body
for connection with said heat dissipation path for cooling

sald inner conditioning surface; and

said conditioning body configured to cooperate with a
cavity sealing structure for sealing said portion of said
molded article in said conditioning cavity.
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7.

10.

11.

12.

13.

The conditioning apparatus in accordance with claim 6,
wherein said valve member and said transfer flow structure
include complementary sealing structure that cooperate to
provide said isolation of said orifice when said wvalve

member is in said closed configuration.

The conditioning apparatus in accordance with claim 7,
wherein said complementary sealing structure is provided
between a pair of complementary shaped surfaces disposed
on said transfer flow structure and on said valve member.

The conditioning apparatus in accordance with claim 8,

wherein said complementary sealing surfaces are conical.

The conditioning apparatus in accordance with claim 8,

wherein said complementary sealing surfaces are spherical.

The conditioning apparatus in accordance with claim 8,
wherein said complementary sealing surfaces are

cylindrical.

The conditioning apparatus in accordance with claim 8,
wherein said transfer flow structure in said conditioning
body is configured to accommodate said valve member being
resiliently biased into said closed configuration, said
valve member being sucked into an open configuration
during a step of transferring said molded article into
said conditioning apparatus, said valve member returning
to said closed configuration once said molded article

obstructs said orifice.

The conditioning apparatus in accordance with claim 12,
wherein a portion of said transfer flow structure 1is
configured to provide a piston cylinder, the inner surface
of which for cooperating with a complementary configured
outer surface of said wvalve member for a guided
reciprocation thereof between said open and closed

configurations.
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14.

15.

16.

17.

18.

19.

The conditioning apparatus in accordance with claim 13,
wherein said valve member includes a bypass pressure
channel that is configured to support a suction air flow
therethrough when said valve member is in said open
configuration, a port of said bypass pressure channel
being blocked, preventing suction flow therethrough, when

said valve member is in said closed configuration.

The conditioning apparatus in accordance with claim 14,

wherein said valve member is substantially cylindrical.

The conditioning apparatus in accordance with claim 12,
Wherein said valve member is substantially spherical, and
an annular bypass pressure channel is configured between
an outer surface of said valve member and an inner surface
of said transfer flow structure when said valve member is
retracted from said closed configuration.

The conditioning apparatus in accordance with claim 12,
wherein said valve member is substantially conical, and an
annular bypass pressure channel is configured between an
outer surface of said valve member and an inner surface of
said transfer flow structure when said wvalve member is

retracted from said closed configuration.

The conditioning apparatus in accordance with claim 8,
wherein said valve member is an elongate cylindrical wvalve
pin that is driven by a multi-position actuator apparatus
for alternately positioning said complementary sealing
surface thereon in said sealing arrangement with said
sealing surface on said transfer flow structure, in said
closed cooperation, and in a retracted position within
said tramsfer flow structure, in said open configuration,
wherein an annular bypass pressure channel is configured
between an outer surface of said valve member and an inner

surface of said transfer flow structure.

The conditioning apparatus in accordance with claim 18,
wherein said multi-position actuator apparatus is further

configured to position said distal end of said valve pin
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20.

21.

22.

23.

24.

25.

26.

into said conditioning cavity, in an extended position,
for assisting 1in said step of ejecting said molded

article.

The conditioning apparatus 1in accordance with claim 8
wherein a top surface of said valve member supports an
adjacent portion of said outer surface of said molded

article.

The conditioning apparatus in accordance with claim 20,
wherein- said top surface of said valve member supports

bottom surface of a gate vestige on said molded article.

The conditioning apparatus in accordance with claim 21,
wherein said orifice is configured at a distal end of said
conditioning cavity, and wherein said molded article is a

preform that is subsequently blow molded into a bottle.

The conditioning apparatus in accordance with claim 22,
wherein said top surface is provided on a cylindrical

spigot that is configured at an end of said valve member.

The conditioning apparatus in accordance with claim 22,
wherein said shape of said conditioning cavity
substantially reflects a shape of said portion of said

outer surface of said preform.

The conditioning apparatus in accordance with claim 22,
wherein at least a portion of said conditioning body is
provided by a porous insert formed from a £first porous
material, and at least a portion of said inner
conditioning surface is disposed thereon, and wherein said
plurality of £flow channels of said conditioning flow
structure is provided by a network of interconnected

interstitial spaces in said first porous material.

The conditioning apparatus in accordance with claim 25,
wherein said first porous material comprises a.sintered
matrix of powder particles, of a thermally conductive

material, with a predominant size in the range of 5 um to
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27.

28.

29.

30.

31.

32.

33.

40 um to avoid significantly imparting a noticeable change
in a surface finish of said outer surface of said portion

of said molded article.

The conditioning apparatus in accordance with claim 26,
wherein said predominant size of said particle is in the

range of 8 ym to 20 um.

The conditioning apparatus in accordance with claim 27,

wherein said predominant size of said particle is about 12

um.

The conditioning apparatus in accordance with claim 26,
wherein said thermally conductive material is bronze

particles.

The conditioning apparatus in accordance with claim 26,
wherein said thermally conductive material is aluminum

particles.

The conditioning apparatus in accordance with claim 26,
wherein said thermally conductive material is a thermally
conductive ceramic particles including one of a silicon

carbide and a tungsten carbide.

The conditioning apparatus in accordance with claim 22,
wherein at least a portion of said conditioning body is
provided by a insert formed from a thermally conductive
material, substantially without an intrinsic porosity,
within which said plurality of flow channels are machined
between an inside conditioning surface and an outer
surface thereof with said plurality of openings on said
inner conditioning surface having a nominal size in the
range of 5 pm to 40 ym to avoid significantly imparting a
noticeable change in a surface finish of said outer

surface of said portion of said molded article.

The conditioning apparatus in accordance with claim 32
wherein said plurality of flow channels are formed using
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- 34.

35.

36.

37.

38.

one of a method including spark erosion, and laser micro-

machining.

The conditioning apparatus in accordance with claim 32,
wherein at least a portion of said conditioning body is
provided by a plurality of interconnected inserts, formed
from a thermally conductive material, with said plurality
of flow channéls being configured along an interface
between each of said plurality of inserts, said plurality :
of flow channels extending between an inside conditioning
surface and an outer surface of said plurality of inserts,
each of said plurality of flow channels having an opening
with a nominal size in the range of 5 um to 40 um to avoid
significantly imparting a noticeable change in a surface
finish of said outer surface of said portion of said

molded article.

The conditioning apparatus in accordance with claim 34,
wherein said plurality of inserts are formed £from a
thermally conductive porous material, and wherein said
plurélity of flow channels further includes a network of
interconnected interstitial spaces in said first porous

material.

The conditioning apparatus in accordance with claim 34,4
wherein said plurality of inserts are formed from a
thermally conductive material that is substantially
without an intrinsic porosity, and said flow channels are
provided by a plurality of micro-channels configuréd on a
spacer element that 1s arranged at said interface between

each of said plurality of inserts.

The conditioning apparatus in accordance with claim 25,
wherein the pressure coupling structure comprises an outer

surface of the porous member.

The conditioning apparatus in accordance with claim 25,
wherein the pressure coupling structure comprises a
network of pressure distribution channels configured on an

outer surface of the porous member.
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39.

40.

41.

42.

43.

44.

45.

The conditioning apparatus in accordance with claim 25,
wherein the pressure coupling structure comprises a
network of pressure distribution channels configured
between an inside and an outer surface of the porous

member.

The conditioning apparatus in accordance with claim 26,
wherein said porous member is configured with said first
porous material providing an inner porous portion that is
at least partially enclosed, on an outer surface thereof,
by an outer porous portion formed from a second porous
material, said second porous material having a network of
interconnected interstitial spaces that function as said

pressure coupling structure.

The conditioning apparatus in accordance with claim 40,
wherein said second porous material comprises a sintered
matrix of powder particles, of a thermally conductive
material, with a predominant size in the range of 20 um to
100 um that provides a relatively 1low pressure drop

thereacross relative to said first porous material.

‘The conditioning apparatus in accordance with claim 41,

wherein said predominant size of said particle is in the

range of 40 um to 60 um.

The conditioning apparatus in accordance with claim 42,

wherein said predominant size of said particle is about 40

pm.

The conditioning apparatus in accordance with claim 25,
wherein said cooling structure comprises an outer surface
of the porous member that is configured to be conductively

cooled in connection with said heat dissipation path.

The conditioning apparatus in accordance with claim 44,
wherein said conditioning body is configured to be
received in a housing for connecting said conditioning

body and said heat dissipation path.
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46.

47.

48.

49.

50.

51.

The conditioning apparatus in accordance with claim 45,
wherein said housing includes at least one cooling channel
configured thereon for connection with said Theat

dissipation path.

The conditioning apparatus in accordance with claim 46,
wherein said at least one cooling channel is configured on
an outer surface of said housing, said outer surface being
further configured to receive a sleeve for enclosing said
at least one cooling channel, and said housing having an
inner conditioning surface that is configured for

receiving said outer surface of said conditioning body.

The conditioning apparatus in accordance with claim 46,
wherein said at least one cooling channel is configured
between an inner and an outer surface of said housing, and
said housing having an inner surface that is configured
for receiving said outer surface of said conditioning
body . ‘

The conditioning: apparatus in accordance with claim 25,
wherein said cooling structure comprises at least one
cooling channel configured on an outer surface of said
porous member, and wherein said porous member further
includes a surface treatment along said outer surface
thereof, and along said at least one cooling channel, for
a substantial sealing thereof to avoid leakage of a
coolant to be circulated therein, and said outer surface
being further configured to receive a sleeve for enclosing

said at least one cooling channel.

The conditioning apparatus in accordance with claim 22,
wherein said cavity sealing structure is an end seal
arranged in a seat that is provided adjacent a top surface

of said conditioning apparatus.

The conditioning apparatus in accordance with claim 46,
wherein said conditioning body comprises said porous

insert and a base insert, said inner conditioning surface
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52.

53.

54.

55.

56.

57.

of said porous insert being configured for conditioning an
outer body portion of said preform, and an inner
conditioning surface configured on said base insert that
provides a portion of said inner conditioning surface of
said conditioning cavity for conditioning an end portion
of said preform.

The conditioning apparatus in accordance with claim 51,
wherein said transfer flow structure is configured in said
base insert as a stepped ‘cylindrical bore extending
therethrough form a bottom surface thereof to said inner
conditioning surface thereon, said orifice of said
transfer flow structure being arranged at said distal end

of said conditioning cavity.

The conditioning apparatus in accordance with claim 52,
wherein said base insert further includes a connecting
pressure channel that connects said pressure structure
with said pressure coupling structure on said conditioning
body.

{

The conditioning apparatus in accordance with claim 53,
wherein an annular pressure channel is configured between
a top surface of said base insert, the outer surface of
said porous insert for connecting said pressure coupling
structure of said porous insert with said connecting

pressure channel.

The conditioning apparatus in accordance with claim 52,
wherein said base insert further includes an inlet and an
outlet cooling channel for connecting said cooling channel

of said housing with said heat dissipation path.

The conditioning apparatus in accordance with claim 40,
wherein said inner conditioning surface of said porous
insert is configured to completely provide said inner

conditioning surface of said conditioning body.

The conditioning apparatus in accordance with claim 56,

wherein said inner conditioning surface of said porous
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58.

59.

60.

61.

62.

63.

insert is configured to completely provide said inner

conditioning surface of said conditioning body.

The conditioning apparatus in accordance with claim 57,

wherein said porous insert further includes a connecting

pressure channel that extends between an outer surface of

said porous insert, for connection with said pressure

structure, and said pressure coupling structure.

The conditioning apparatus in accordance with claim 58,
wherein said conditioning body is configured to be
received in a housing for connecting saild conditioning

body and said heat dissipation path.

The conditioning apparatus in accordance with claim 58,
wherein said cooling structure comprises at least one
cooling channel Configured'on an outer surface of said
porous member, and wherein said porous insert further
includes a surface treatment along said outer surface
thereof, and along said at least one cooling channel, for
a substantial sealing thereof to avoid 1leakage of a
coolant to be circulated therein, and said outer surface
being further configured to receive a sleeve for enclosing

said at least one cooling channel.

The conditioning apparatus in accordance with claim 60,
40, wherein a bottom portion thereof is configured as a

mounting spigot.

The conditioning apparatus in accordance with claims 22,
47, 50, comprising a conditioning assembly that includes
said conditioning body, said valve member, said cavity

sealing structure, said housing, and said sleeve.

The conditioning apparatus in accordance with claim 62,
further including an end-of-arm-tool that includes a
plurality of said conditioning assembly arrayed on a

surface thereof.
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64.

65.

66.

67.

68.

69.

70.

71.

The conditioning apparatus in accordance with claim 62,
further including a post-molding conditioning station that
includes a plurality of said conditioning assembly arrayed

on a surface thereof-.

The conditioning apparatus in accordance with claims 22,
48, 50, comprising a conditioning assembly that includes
said conditioning body, said wvalve member, said cavity

sealing structure, and said housing.

The conditioning apparatus in accordance with claim 65,
further including an end-of-arm-tool that includes a
plurality of said conditioning assembly arrayed on a

surface thereof.

The conditioning apparatus in accordance with claim 65,
further including a post-molding conditioning station that
includes a plurality of said conditioning assembly arrayed

on a surface thereof.

The conditioning apparatus in accordance with claims 22,
48, 50, comprising a conditioning assembly that includes
said conditioning body, said valve member, said cavity

sealing structure, and said sleeve.

The conditioning apparatus in accordance with c¢laim 68,
further including an end-of-arm-tool that includes a
plurality of said conditioning assembly arrayed on a

surface thereof.

The conditioning apparatus in accordance with claim 68,
further including a post-molding conditioning station that
includes a plurality of said conditioning assembly arrayed

on a surface thereof.

The conditioning apparatus in accordance with claims 22,
47, 50, 51, comprising a conditioning assembly that
includes said conditioning body, said valve member, said

cavity sealing structure, and said sleeve.
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72.

73.

74.

75.

76.

77.

78.

79.

The conditioning apparatus in accordance with claim 71,
further including an end-of-arm-tool that includes a
plurality of said conditioning assembly arrayed on a

surface thereof.

The conditioning apparatus in accordance with claim 71,
further including a post-molding conditioning station that
includes a plurality of said conditioning assembly arrayed

on a surface thereof.

The conditioning apparatus in accordance with claims 22,
47, 50, 59, comprising a conditioning assembly that
includes said conditioning body, said wvalve member, said

cavity sealing structure, and said sleeve.

The conditioning apparatus in accordance with claim 74,
further including an end-of-arm-tool that includes a
plurality of said conditioning assembly arrayed on a

surface thereof.

The conditioning apparatus in accordance with claim 74,
further including a post-molding conditioning station that
includes a plurality of said conditioning assembly arrayed

on a surface thereof.

The conditioning apparatus in accordance with claims 22,
47, 50, 60, comprising a conditioning assembly that
includes said conditioning body, said valve member, said

cavity sealing structure, and said sleeve.

The conditioning apparatus in accordance with claim 77,
further including an end-of-arm-tool that includes a
plurality of said conditioning assembly arrayed on a

surface thereof.

The conditioning apparatus in accordance with claim 77,
further including a post-molding conditioning station that
includes a plurality of said conditioning assembly arrayed

on a surface thereof.
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80.

A cooling tube assembly that is configured for use with an
end-of-arm-tool in an injection molding system for a post-
molding conditioning of at least a portion of a malleable
injection molded preform, said cooling tube assembly

comprising:

a porous insert comprising a tubular body formed from

a thermally conductive first porous material;

a base insert comprising a substantially cylindrical
body;

a cooling tube comprising a substantially tubular
body;

a sleeve comprising a substantially tubular body; and

a valve member comprising a substantially cylindrical
body;

said base insert further including:

én ~inner conditioning surface configured on said
cylindrical body that substantially reflects a shape
of an outer surface of an end portion of said preform,
said inner conditioning surface including a gate
vestige portion that is configured to receive a gate
vestige that i1s centrally located at a distal end of

said preform;

an outer cylindrical surface of said cylindrical body
being configured to arrange said base insert in a
complementary bore provided in said cooling tube such
that a top surface of said base insert is arranged

adjacent a bottom surface of said porous insert;

an inlet and an outlet cooling channel arranged in
said cylindrical body that extend between a bottom
face, for connection with coolant inlet and outlet

ports provided on a carrier plate of said end-of-arm-
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tool, and said outer cylindrical surface for
connection with an inlet and an outlet coolant

connecting channel configured in said cooling tube;

a connecting pressure channel that extends through
said cylindrical body between said bottom surface, for
connection with a pressure port provided on said
carrier plate, and said outer cylindrical suxface
adjacent an annular pressure .channel that is

configured between said base and porous inserts; and

a suction channel that is centrally located in said
cylindrical body and that extends longitudinally
therethrough from a bottom surface and through said

inner conditioning surface;

said suction channel including, arranged from top to

bottom thereon:

an orifice that is configured on said inner

conditioning surface directly Dbeneath said gate

-vestige portion;

a cylindrical spigot portion that is configured to
receive a complementary cylindrical spigot portion of

said valve member;

a tapered sealing portion that is configured to
cooperate with a complementary sealing portion
provided on said valve member when said valve member

is in a closed configuration; and

a cylindrical portion with an inner surface that is
configured to ©provide a valve cylinder for a
reciprocation of said valve member therein, between

said closed and an open configuration;

a distal end of said suction channel being configured
for connection with a suction pressure port of said

carrier plate;
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said valve member further comprising, arranged from top to

bottom thereon:

a gate vestige support face arranged on a top surface
of said cylindrical spigot portion, said support
surface being configured to support a bottom face of
said gate vestige on said preform when said valve

member is arranged in said closed configuration;
said cylindrical spigot portion;
said tapered sealing portion;

an outer surface of said cylindrical body being
configured to cooperate with said inner surface of
said, cylindrical @portion to provide for said

reciprocation;

a bypass pressure channel that is longitudinally
configured along said outer surface of said
cylindrical body, sald Dbypass pressure channel
including .a first opening on said tapered sealing
portion, and a second opening'dn a bottom face of said
cylindrical body, said first opening being exposed
when said wvalve member 1is arranged in said open
configuration and obstructed by said tapered sealing
portion of said suction channel when said valve member

is arranged in said closed configuration; and

a cylindrical spring seat portion being configured
around an end portion of said cylindrical body that is
configured to retain an end portion of a spring that
biases said valve member into said closed

configuration;
said porous insert further including:

an inner conditioning surface configured on said

porous tubular body that substantially reflects a
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shape of an outer surface of a body portion of said

preform;

an outer cylindrical surface of said tubular body
being configured to arrange said porous insert in a
complementary bore provided in said cooling tube such
that said Dbottom surface of said base insert is
arranged adjacent said top surface of said porous
insert; and

a network of pressure distribution channels that
extend along an outer surface of said porous insert
from said bottom surface thereof for connection with

said annular pressure channel;

a plurality of flow channels configured through said
porous tubular body, provided by a network of
interconnected interstitial spaces in said first
porous material, that fluidly connect said inner
conditioning surface with said network of distribution

channels;
said cooling tube further including:
said bores for receiving salid base and porousg inserts;

gsaid inlet and an outlet coolant connecting channels
arranged between an inner surface of said base insert bore
and ends of a cooling channel configured in an outer

surface of said cooling tube;

said outer surface of said cooling tube being configured
to cooperate with an inner surface of said sleeve to

sealingly enclose said cooling channel;

a groove configured in a top surface of said cooling
tube adjacent said porous insert that is configured to
receive an end seal that cooperates with a bottom
surface of a support ledge portion of said preform for

sealingly enclosing said portion of said outer surface
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81,

82.

83.

84.

85.

86.

.of said preform within said cooling tube assembly; and
a bottom portion of said cooling tube being configured
for retaining said cooling tube assembly on said

carrier plate.

The cooling tube assembly in accordance with claim 80,
wherein said first porous material comprises a sintered
matrix of powder particles, of a thermally conductive
material, with a predominant size in the range of 5 um to
40 pm to avoid significantly imparting a noticeable change
in a surface finish of said outer surface of said portion

of said molded article.

The cooling tube assembly in accordance with claim 81,
wherein said predominant size of said particle is in the

range of 8 pm to 20 um.

The cooling tube assembly in accordance with claim 82,

wherein said predominant size of said particle is about 12

um.

The cooling tube assembly in accordance with claim 83,
wherein said thermally conductive material is bronze

particles.

The cooling tube assembly in accordance with claim 80,
wherein said network of pressure distribution channels are
configured as grboves on said outer surface of said

tubular body.

The cooling tube assembly in accordance with claim 80,
wherein said porous member is configured with said first
porous material providing an inner porous portion that is
at least partially enclosed, on an outer surface thereof,
by an outer porous portion formed from a second porous
material, said second porous material having a network of
interconnected interstitial spaces that provide said

network of pressure distribution channels.
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87.

88.

89.

90.

91.

The conditioning apparatus in accordance with claim 86,
wherein said sgecond porous material comprises a sintered
matrix of powder particles, of a thermally conductive
material, with a predominant size in the range of 20 pm to
100 um that provides a relatively low pressure drop

thereacross relative .to said first porous material.

The conditioning apparatus in accordance with claim 87,
wherein said predominant size of said particle is in the

range of 40 um to 60 um.

The conditioning apparatus in accordance with claim 88,

wherein said predominant size of said particle is about 40

um.

The cooling tube assembly in accordance with claim 80,
wherein said c¢ylindrical body of said base insert is
formed from said thermally conductive first porous
material, said inlet and an outlet cooling channels having
a surface treatment therealong fqr a substantial sealing

thereof.

A cooling tube assembly that is configured for use with an
end-of-arm-tool in an injection molding system for a post-
molding conditioning of at least a portion of a malleable

injection molded preform, said cooling tube assembly

comprising:

a porous insert comprising a cylindrical body formed from

a thermally conductive first porous material;
a cooling tube comprising a substantially tubular body;
a sleeve comprising a substantially tubular body; and

a valve member comprising a substantially cylindrical
body;

said porous insert further including:
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an inner conditioning surface configured on said
porous cylindrical body that substantially reflects a
shape of an outer surface of said portion of said
preform, said inner conditioning surface including a
gate vestige portion that is configured to receive a
gate vestige that is centrally located at a distal end

of said preform;

a network of pressure distribution channels that
extend along an outer portion of said cylindrical
body;

a connecting pressure channel that extends through
said c¢ylindrical Dbody between a bottom surface
thereof, for connection with a pressure port provided
on said carrier plate, and said network of pressure

distribution channels;

a plurality of flow channels configured through said
porous cylindrical body, provided by a network of
interconnected interstitial spaces in said first
porous material, that £fluidly connect said dinner
conditioning surface with said network of distribution

channels;

an outer cylindrical surface of said cylindrical body
being configured to arrange said porous insert in a

complementary bore provided in said cooling tube; and

a suction channel that is centrally located in said
cylindrical body and that extends longitudinally
therethrough from said bottom surface and through said

inner surface;

said suction channel including, arranged from top to

bottom thereon:

an orifice that is configured on said inner
conditioning surface directly beneath said gate

vestige portion;
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a sealing portion that is configured to cooperate with
a complementary sealing portion provided on said valve
member when said valve member is in a closed

configuration; and

a cylindrical portion with an inner surface that is
configured to provide for a reciprocation of said
valve member therein, between said closed and an open

configuration;

a distal end of said suction channel being configured
for connection with a suction pressure port of said

carrier plate;

said valve member further comprising, arrénged from top to
bottom thereon:

a gate vestige support face arranged on a top surface
of said cylindrical spigot portion, said support
surface being configured to support a bottom face of
said gate vestige on said preform when said valve

member is arranged in said closed configuration;

said complementary sealing portion;

an outer surface of said cylindrical body being
configured to provide for said reciprocation;

a Dbypass pressure channel that is longitudinally
configured along said outer surface of said
cylindrical body in cooperation with said inner

surface of said cylindrical portion of -said gate

.pressure channel; and

a cylindrical spring seat portion being configured
around an end portion of said cylindrical body that is
configured to receive an end portion of a spring that
biases said valve member into said closed

configuration;
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92.

93.

said cooling tube further including:

an inlet and an outlet cooling channel arranged in
said tubular body that extend between a bottom face,
for connection with coolant inlet and outlet ports
provided on a carrier plate of said end-of-arm-tool,
and ends of a cooling channel configured in an outer

. surface of said cooling tube;
said bore for receiving said porous insert;

said outer surface of said cooling tube being configured
to' cooperate with an inner surface of said sleeve to

sealingly enclosge said cooling channel;

‘a groove configured in a ﬁop surface of said cooling
tube adjacent said porous insert that is configured to
receive an ‘end seal that cooperates with a bottom
surface of a support ledge portion of said preform for
sealingly enclosing said portion of said outer surface

of said preform within said cooling tube assembly; and

a bottom portion of said cooling tube being configured
for retaining said cooling tube assembly on said

carrier plate.

The cooling tube assembly in accordance with claim 91,
wherein said valve member further includes a cylindrical
spigot portion, between said gate vestige support face and
said sealing surface that is configured to be received in
a complementary cylindrical spigot portion on said gate

pressure channel.

The cooling tube assembly in accordance with claim 92,
wherein said bypass pressure channel includes a first
opening on said sealing portion, and a second opening on a
bottom face of said cylindrical body, said first opening
being exposed when said valve member is arranged in said

open configuration and obstructed by said sealing portion
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94.

95.

96.

97.

98.

99.

100.

of said suction channel when said valve member is arranged

in said closed configuration.

The cooling tube assembly in accordance with claim 91,
wherein said first porous material comprises a sgintered
matrix of powder particles, of a thermally conductive
material, with a predominant size in the range of 5 pm to
40 pm to avoid significantly imparting a noticeable change
in a surface finish of said outer surface of said portion

of said molded article.

The cooling tube assembly in accordance with claim 94,
wherein said predominant size of said particle is in the

range of 8 um to 20 um.

The cooling tube assembly in accordance with claim 95,
wherein said predominant size of said particle is about 12

um.

The cooling tube assembly in accordance with claim 96,
wherein said thermally conductive material is bronze

particles.

The cooling tube assembly in accordance with claim 91,
wherein said network of pressure distribution channels are
configured as grooves on said outer surface of said

cylindrical body.

The cooling tube assembly in accordance with claim 91,
wherein said porous member is configured with said first
porous material providing an inner porous portion that is
at least partially enclosed, on an outer surface thereof,
by an outer porous portion formed from a second porous
material, said second porous material having a network of
interconnected interstitial spaces that provide said

network of pressure distribution channels.

The conditioning apparatus in accordance with claim 99,
wherein said second porous material comprises a sintered

matrix of powder particles, of a thermally conductive
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101.

102.

103.

material, with a predominant size in the range of 20 um to
100 um that provides a relatively low pressure drop

thereacross relative to said first porous material.

The conditioning apparatus in accordance with claim 100,
wherein said predominant size of said particle is in the

range of 40 pm to 60 um.

The conditioning apparatus in accordance with claim 101,

wherein said predominant size of said particle is about 40

pm.

A cooling tube assembly that is configured for use with an
end-of-arm-tool in an injection molding system for a post-
molding conditioning of at least a portion of a malleable
injection molded preform, said cooling tube assembly

comprising:

a porous insert comprising a cylindrical body formed

from a thermally conductive first porous material;
a sleeve comprising a substantially tubular body; and

a valve member comprising a substantially cylindrical
body;

said porous insert further including:

an inner conditioning surface configured on said
porous cylindrical body that substantially reflects a
shape of an outer surface of said portion of said
preform, said inner conditioning surface including a
gate vestige portion that is configured to receive a
gate vestige that is centrally located at a distal end

of said preform;

a cooling channel configured on an outer surface of

said cooling tube;

said outer surface and said cooling channel including a
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surface treatment therealong for a substantial sealing

thereof;

said outer surface of said cooling tube being configured
to cooperate with an inner surface of said sleeve to

sealingly enclose said cooling channel;

a suction channel that is centrally located in said
cylindrical body and that extends longitudinally
therethrough from a bottom surface and through said

inner surface;

a network of pressure distribution channels that
extend along said cylindrical body between said inner
surface and said cooling channel and that are

connected to said gate pressure channel;

a plurality of flow channels configured through said
porous cylindrical body, provided by a network of
interconnected interstitial spaces in said first
porous material, that fluidly connect said inner
conditioning surface with said network of distribution

channels;

a connecting pressure channel that extends between
said outer surface and said gate pressure channel;

sald suction channel including, arranged from top to

bottom thereon:

an orifice that is configured on salid inner
conditioning surface directly beneath said gate
vestige portion;

a sealing portion that is configured to cooperate with
a complementary sealing portion provided on said valve
member when said valve member 1is in a closed

configuration; and

a cylindrical portion with an inner surface that is
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configured to provide for a reciprocation of said
valve member therein, between said closed and an open

configuration;

a plug being arranged in an end of said cylindrical
portion, a top surface of said plug being configured

to receive an end portion of said spring;

said valve member further comprising, arranged from top to

bottom thereon:

a gate vestige support face arranged on a top surface
of said cylindrical spigot portion, said ‘support
surface being configured to support a bottom face of
said gate vestige on said preform when said valve

member is arranged in said closed configuration;

said complementary sealing portion;

an outer surface of. said cylindrical body being

configured to provide for said reciprocation;

a bypass piessure channel that is longitudinally
configured along said outer surface | of said
cylindrical body in cooperation with said inner
surface of said cylindrical portion of said gate

pressure channel; and

a cylindrical spring seat portion being configured
around an end portion of said cylindrical body that is
configured to receive an end portion of a spring that
biases said valve member into said closed

configuration;

said sleeve further including:

a groove configured in a top surface of said sleeve,
adjacent saild porous insert, that is configured to
receive an end seal that cooperates with a bottom

surface of a support ledge portion of said preform for
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104.

105.

106.

sealingly enclosing said portion of said outer surface

of said preform within said cooling tube assembly;

a bottom spigot portion of said sleeve being
configured for retaining said cooling tube assembly on

saild carrier plate;

an inlet and an outlet coolant connecting channel
configured in said spigot portion of said tubular body
between an outer surface thereof, for connection with
coolant inlet and outlet ports provided on a carrier
plate of said end-of-arm-tool, and an inner surface
for connection with ends of said cooling channel on

said porous insert; and

a connecting pressure channel configured in said
spigot portion of said tubular body between an outer
surface thereof, for connection with a pressure port
provided on said carrier plate, and an inner surface
for connection with said connecting pressure channel

in said porous insert.

The cooling tube assembly in accordance with claim 103,
wherein said valve member further includes a cylindrical
spigot portion, between said gate vestige support face and
said sealing surface that is configured to be received in
a complementary cylindrical spigot portion on said gate

pressure channel.

The cooling tube assembly in accordance with claim 103,

wherein said bypass pressure channel includes a first

opening on said sealing portion, and a second opening on a
bottom face of said cylindrical body, said first opening
being exposed when said valve member is arranged in said
open configuration and obstructed by said sealing portion
of said suction channel when said valve member is arranged

in said closed configuration.

The cooling tube assembly in accordance with claim 103,

wherein said first porous material comprises a sintered
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107.

108.

109.

110.

111.

112.

matrix of powder particles, of a thermally conductive
material, with a predominant size in the range of 5 um to
40 um to avoid significantly imparting a noticeable change
in a surface finish of said outer surface of said portion

of said molded article.

The cooling tube assembly in accordance with claim 106,
wherein said predominant size of said particle is in the

range of 8 um to 20 um.

The cooling tube assembly in accordance with claim 107,

wherein said predominant size of said particle is about 12

um.

The cooling tubelassembly in accordance with claim 108,

wherein said thermally conductive material is bronze

. particles.

The cooling tube assembly in accordance with claim 103,
wherein said porous member is configured with said first
porous material providing an inner porous portion that is
at least partially enclosed, on an outer surface thereof,
by an outer porous portion formed from a second porous
material, said second porous material having a network of
interconnected interstitial spaces that provide said

network of pressure distribution channels.

The conditioning apparatus in accordance with claim 110,
wherein said second porous material comprises a sintered
matrix of powder particles, of a thermally conductive
material, with a predominant size in the range of 20 um to
100 pm that provides a relatively low pressure drop

thereacross relative to said first porous material.
The conditioning apparatus in accordance with claim 111,

wherein said predominant size of said particle is in the

range of 40 pym to 60 um.

56



10

15

20

25

30

35

40

WO 2006/094377 PCT/CA2006/000189

113.

114.

115.

116.

117.

118.

119.

The conditioning apparatus in accordance with claim 112,

wherein said predominant size of said particle is about 40

um.

The cooling tube assembly in accordance with claim 113,
wherein said thermally conductive material is Dbronze

particles.
An injection molding system, comprising:

a molding structure for operating an injection mold

for the production of a molded article;

at least one cooling tube assembly in accordance with
claims 1, 80, 91, or 103 that is configured in said
system for a post mold conditioning of said molded

article.

The injection molding system in accordance with claim 115,
wherein a plurality of said cooling tube assemblies are

configured in an array on a surface of an end-of-arm-tool.

The injection molding system in accordance with claim 116,
wherein said end-of-arm-tool includes a manual control
valve adjacent each of said plurality of cooling tube
assemblies that may be selectively configured to isolate

sald cooling tube assembly from said pressure structure.

The injection molding system in accordance with claim 115,
wherein a plurality of said cooling tube assembly are
configured in an array on a surface of a post-molding

conditioning station.

A method for molding an article in a molding system that
includes a molding machine and the post-molding molded
article conditioning apparatus of c¢laim 6 that is
connected with a heat dissipation path and an air pressure

structure, the method including the steps of:

molding of a malleable molded article;
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120.

configuring’ of the pressure structure to function as a

vacuum source;

moving a conditioning apparatus valve member into an open
configuration to connect a conditioning cavity to the

vacuum source through a transfer flow structure;

transferring the molded article, in a malleable state,
into the conditioning apparatus with the assistance of

suction provided through the transfer flow structure;

moving the valve member into the closed configuration once
a portion of the molded article has been sealingly

received within the conditioning cavity;

expanding an outer surface of the portion of the molded
article into contact with a cooled inner conditioning
surface of the conditioning cavity by evacuating any air
contained between the outer surface of the molded article
and the inner conditioning surface of the conditioning
body;

- maintaining a wvacuum to hold the outer surface of the

preform in contact with the cooled inner conditioning

surface of the conditioning cavity until the molded

‘article has solidified to an extent required to maintain

its shape once ejected from the conditioning apparatus;
ejecting the molded article from the conditioning cavity.

The method in accordance with claim 119, wherein said step
of ejection of said molded article further includes the
step of configuring said pressure structure to function as
a pressure source, and thereby release said vacuum, and
thereby also performing a purge cleaning of said plurality

of flow channels of said conditioning flow structure.
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