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COOLING TUBE WITH A LOW FRICTION COATING

TECHNICAL FIELD

The present invention relates to a receiving and conditioning
apparatus for a molded article. Particularly, but not
exclusively, the present invention relates to an improved
cooling tube for receiving and conditioning a thermoplastic

preform.
BACKGROUND OF THE TINVENTION

The cooling tube of the present invention may be wused in
conjunction with a typical injection molding system 70, as
shown in FIG. 1. The injection molding system 70 comprises an
injection unit 72, a mold clamp unit 74, and a molded article
handling and conditioning system  86. Alternativély, the
injection molding system 70 could be an INDEX, a registered
trademark of Husky Injection Molding'Systems Limited, system as
is generally described in commonly assigned United States
patent 6,143,225 and co-pending application 10/351,596, or an
injection stretch blow molding system such as described in
United States patent 6,334,768.

The injection unit 72 provides, in use, a controlled flow of
pressurized molten plastic into the closed and clamped
injection mold 78 and 80 in a known manner. Typically, the
injection unit 72 includés a barrel assembly 82, operable such
that plastic resin entering the barrel assembly at the feed
throat (not shown) 1s heated and pressurized by a rotating
screw (not shown), with supplemental heat provided by barrel
heaters (not shown). The melt is thereafter injected through a
nozzle (not shown) into an adjacent injection mold 78 and 80 by
reciproc'ation of the screw. The screw is rotated and typically

reciprocated by a screw drive 84.

The clamp unit 74 provides, in use, a means to operate the

injection mold between an open, closed and clamped position.

The clamp unit includes a fixed platen 86 with a £first mold

half 78 mounted thereon and a movable platen 88 with the second
1
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mold half 80 mounted thereon. The moving platen 88 is operable
to move the second mold half 80 between the mold open, mold
closed and clamped positions by means of stroke cylinders (not
shown) or the like. A mold clamping force required during
injection is provided by a clamping‘:means‘ that includes tie
bars 90 and a clamping mechanism 92 which generates a mold
clamp force in a known manner. The first mold half 78 typically
includes a runﬁer system (not shown), such as a hot runner as
commonly known, operable to distribute a flow of resin material
received from the injection unit 72 to each of the mold
cavities 94 and 95 defined between the mold halves 78 and 80

respectively.

The preform handling and conditioning system 76 includes a
robot 96 that carries an end-of-arm tool 97. The end-of-arm
tool 97 typically includes a carrier plate 98 with a set of
cooling tubes 10 configured in an array thereon, as for example
described in United States patent RE 33,237, for handling and
conditioning of the molded preforms 5. The cooling tubes 10 are
preferably connected through the carrier plate 98 and robot 96
to a suction source 99 and to a cooling source 100, for

purposes to be described hereinafter.

" A typical preform 5, as shown in FIG. 2, includes, mnot

exclusively, a neck portion 6 at a first end, a end portion 8
at the opposite closed end and a body portion 7 between the
neck portion 6 and the end portion 8. The preform 5 typically
includes a gate vestige 9 on the end portion 8. The end portion
8 is also commonly known as the gate area. The end portion 8 is

commonly hemispherical in shape, although it may be any shape,

_including a substantially £lat bottom. Preforms 5 .are an

intermediate product that are subsequently blow molded into a

packaging article, typically a bottle.

The construction and operation of cooling tubes is very well
known, there being a myriad of alternative constructions. For
example, the cooling tube may be as described in commonly
assigned co-pending application 10/321,940 that comprises an
extruded cylindrically shaped tube with an inner mating surface

for receiving a preform and a cooling means provided by cooling
2
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channels arranged within the wall of a tube body. It is however
generally possible to classify the known cooling tubes into one
of two groups that are divided on the basis of whether or not
the cooling tube provides an intimate £fit to the preform
retained therein. Some of the limitations associated with these
cooling tubes relate to the imparting of unwanted preform

quality probléms such as ovality and gate stretching.

Preform ovality relates to the deformation of the preform body
portion 7 wherein the body portion 7 assumes an irregular
(generally oval) shape. The ovality occurs whenever .the preform
body portion 7 loses intimate contact with the inner mating
surface of the cooling tube 10, with a resulting loss in
cooling efficiency, and when the preform body portion 7 retains
enough heat to cause its surface temperature to increase in
excess of the thermoplastic glass transition temperature. As a
result of the skin reheating effect, and the softened preform 5
thereafter deforms due to uneven shrinkage. The skin reheating
effect is a direct result of the poor thermal conductivity of
typical preform thermoplastic polymers, such as
polyethyleneterephthalate (PET), and the slow migration of heat
from the relatively hot interior of a preform towards its
surface. H

As the name implies, gate stretching reiates to unwanted
stretching of the end portion 8 of the preform. Gate stretching
typically occurs whenever the surface of the preform end
portion 8 has had an opportunity to reheat past the
thermoplastic glass transition temperature, as a result of the
skin reheating effect, and is’ deformed wunder the applied

suction from the cooling tube suction means.

The construction and operation of an intimate fit cooling tube
is described in United States patent 4,729,732. The cooling
tube comprises a cooled hollow tube and a mechanism for drawing
the preform 5 progressively into the cooling tube as the
preform 5 cools. The intimate fit aspect of the cooling tube
describes the interference that occurs between the outer body
shape 6 and 8 of the just-molded, and therefore hot, preform

and a substantially correspondingly shaped but slightly
3
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inwardly offset innef mating or contact surface provided by the
inner wall of the cooling tube such that the just-molded
preform cannot immediately fit completely therein. The intimate
fit aspect characterized another way provides that the inner
mating surface of the cooling tube includes an applied
shrinkage relative to the actual molding shape of the molding
cavity. In use, the cooled cooling tube receives the just-
molded preform into a first position wherein the preform body
is in contact with the cooling tube mating surface but where a
gap exists between the domed end-portion 8 of the preform and
the correspondingly-shaped end surface of the cooling tube

" inner mating surface. As the preform begins both to cool and

shrink, the preform consequently slides further along the inner
mating surface of (and further into) the tube until the preform
is completely seated in the cooling tube and the end portion 8
is in contact with the correspondingly shaped end surface of

the cooling tube.

Accordingly, the advantage provided by an intimate fit cooling
tube is relatively efficient and uniform preform body portion 7
cooling with fewer preform quality problems and reduced molding

cycle time (i.e. reduced in-mold cooling reguirement).

A challenge with the intimate fit cooling tube is the avoidance
of gate stretching. Therefore, the establishment of the offset
of the cooling tube inner mating surface is critical. That is,
the selection of an offset that maintains preform body portion
7 in contact with the inner surface over the longest possible
interval while at the same time ensuring that the end portion 8
contacts the corresponding end surface of the cooling tube
before the end portion 8 has the opportunity to reheat and
deform under suction. In most cases,.the correct size has never
been established for given cycle time and preforms experience
either some ovality problem or some gate stretching or some of

both at an aggressive cycle time.

The remaining group of cooling tubes share the common trait
that the shape and size of their inner mating surface either
match or are larger than the corresponding outer shape of the

corresponding and just-molded preform whereby an intimate £fit
4
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cannot be provided. Such cooling tubes allow the preform to be
transferred almost immediately to its final seated position,
and therefore do not experience gate stretching. However, the
preform body portion 7 will have only limited point contact
with the inner mating surface, a condition that is exacerbated
with continued cooling and shrinkage, and therefore there is
relatively limited and non-uniform cooling that induces preform

ovality.

Tt is desired to reduce the length of time it takes a preform
to completely seat in the cooling tube for a given offset, and
thereby minimize gate stretching. It is also desired to provide
more flexibility in the selection of the offset of the cooling
tube inner mating surface without consideration for the
Variations in preform 5 shape that inevitably occur as a
function of the process parameters (e.g. changes in in-mold
cooling time, packing, etc). It. is further desired to provide
for increasing the amount of offset that is applied to the
inner mating surface of the cooling tube to further reduce

preform ovality, while also avoiding gate stretching.

The use of surface treatments, such as with tetrafluoroethylene
(TFE) polymer coatings to increase lubricity, applied to a
metallic article is well known. A commonly recognized TFE
polymer is polytetrafluoroethylene (PTFE) sold wunder the

trademark TEFLON and manufactured by E. I. du Pont de Nemours &
Co., Incorporated. PTFE coatings may be loosely applied to the
surface of an article, but for lasting performance the PTFE is
typically fused with the article substrate material. The latter
process of fusing PTFE and similar polymers to a substrate
material is generally known. A commonly cited coating that has
found use on blow molds, tire molds, and many other Aluminum
articles goes by the trademark of TUFRAM, marketed by General
Magnaplate Corporation. The process for fusing PTFE polymer
coating to an Aluminum mold substrate is generally described in
United States patent 3,931,381, and includes the steps of
converting, to a predetermined depth, an aluminium mold surface
to aluminum oxide that is then impregnated with PTFE particles
generally under one micron in size. The process causes the

aluminum crystals at the surface to expand forming porous
5
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hydroscopic crystals that permanently interlock with the PTFE

particles to form a continuous lubricating polymer surface.

Further, there are many other well-known self-lubricating
materials that have use as surface treatments for Aluminum or
with other substrate materials (ferrous and non-ferrous) for
the common purpose of increasing lubricity. United States
patents 5,325,732 and 6,447,704 further describe the methods
for surface treating, and include a listing of many of the
available self-lubricating materials as partially reproduced in
Table 1. As described therein common plastic lubricants,
otherwise known as polymeric coatings, include perhaloolefine,
polyethylethylketone, homopolymers and copolymers of
tetrachlorethylene, flouranated ethylene propylene, perofluoro
alkoxyethylene, acrylics, vinylidene fluorides and amides, all
of which may Dbe applied by conventional coating and
impregnation techniques. Further varieties of self-lubricating

compounds include polymer composites and intercalated solid

materials.

Table 1
LECTROFLUOR General Magnaplate Corporation, Linden, N.J.
HARDLUBE Pioneer-Norelkote of Green Bay, Wis.
MAGNAPLATE General Magnaplate Corporation, Linden, N.J.
NEDOX General Magnaplate Corporation, Linden, N.J.
PEEK Victrex USA Inc. of West Chester, Pa.

A surface to be treated with TUFRAM or other such self-
lubricating material may or may not need to be anodized prior
to application of the coating, as the required porous surface
may be inherent in the metal, otherwise such a surface may be
provided by anodizing as is commonly known. Anodizing causes
the formation of a shallow oxide layer on the surface of the

article that has a wear-resistant, porous structure suitable
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for impregnating with a self-lubricating compound, as described

hereinabove.

Alternatively, the wear-resistant, porous surface layer may be
formed by applying an electrolytic layer of nickel or chromium.
Chromium is particularly useful in this regard because of its
hardness. Alternatively, a porous zinc phosphate layer may be

bonded to the metal surface.

Alternatively, the wear-resistant, porous surface layer may
also be provided by appropriate selection of metals from which
to form the article. For example, sintered powdered metals
having about 1% to 35% porosity are well known and can be

utilized to provide a porous surface.

From the known methods for surface treating, it is noted that
the manner in which the coating of the self-lubricating
compound is applied may vary widely, but commonly ensure that
the self-lubricating compound impregnates or extends into the
pores of the porous surface layer. For example, the coating may
be sprayed onto the surface layer, applied with a brush or
roller, or the article may be immersed in a tank or vat of the
self-lubricating compound. After application of the self-
lubricating coating, the coated article should be allowed to
stand for a length of time sufficient to dry or set the coating
within the pores of the porous surface layer of the article.
Baking at a moderate temperature, such as 90-150° Celsius for

at least about one hour then fixes the coating.

Further, the known methods for surface treating may further
include the step of contacting the impregnated surface with a
shapable mixture of the self-lubricating compound, and

hardening the resulting composite material.

United States patent 5,198,176 provides an example of. a forming
tube for the production of a heat-set thermoplastic container
by a plug forming method. The mold forming tube includes a thin
sleeve of TEFLON that reduces the incidence of sticking of the
thermoplastic to the bottom side wall portions of the forming
tube.
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Commonly assigned United States jpaﬁent 6,461,556 provides an
example of a cooling pin for cooling the interior of Jjust-
molded preforms. The cooling pin comprises a central pin
structure terminating in a head portion, a fluid channel
passing through the central pin structure and terminating in an
outlet in the head portion, and a plurality of fins positioned
along the central pin structure that function to keep the

cooling fluid in close proximity to the interior surface of the

‘molded article. The fins may be formed from TEFLON.

United States patent 4,380,526 provides an example of a blow
mold cavity for non-round bottles with a coating of heat
insulative material, such as TEFLON, that improves slippage of
the material on the coated surface and retards excessive heat
transfer from the plastic thereby preventing premature setting

of the material.

Given the foregoing, it is desired to improve the function of
the intimate fit cooling tube to improve the conditioning of a
preform retained therein while also substantially reducing, if
not eliminating preform ovality and gate stretching. In
particular, it is desired to reduce the length of time it takes
a preform 5 to completely seat in a cooling tube for a given
offset.

SUMMARY OF THE INVENTION
The cooling tube of the present invention has particular
utility for retaining and effectively conditioning preforms
such that objective preform quality is maintained £from the
injection mold. In particular, the cooling tube of the present
invention substantially reduces or eliminates preform ovality
and gate stretching problems by reducing the length of time it
takes a preform to completely seat in the cooling tube for a

given offset.

According to a first aspect of the invention, an apparatus is
provided for receiving and conditioning a molded article. The

apparatus comprising a cooling tube, the inner surface of the
8
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cooling tube providing a mating surface that substantially
conforms in size and shape to the outer surface of the molded
article. At least a portion of the mating surface is provided
by a coating. The mating surface further includes an offset
over at least a portion thereof. The mating surface provides,
in use, an intimate fit to the molded article in contact
therewith that substantially reduces or eliminates molded
artiéle ovality and gate stretching problems by reducing the
length of time it takes the molded article to completely seat
in the cooling tube. The apparatus has particular utility for

receiving and conditioning preforms.

Preferably, the apparatus comprises a tube body and a cooling
insert that is retained in an end of the tube body. The mating
surface comprising an inner mating surface provided along an
inside of the tube body that corresponds to a preform body
portion and a mating surface provided on the cooling insert
that corresponds to a preform end portion. The coating is
preferably applied on a porous surface provided by an anodized
shell on the tube body. Preferably, the coating provides the
entire inner surface of the tube body, and the cooling insert
mating surface does not include a coating. Preferably, the
apparatus further includes a cooling means for cooling the
preform retained therein and a suction passageway that extends
through the mating surface for drawing the preform into the
cooling tube. The tube body and the cooling tube are preferably

made aluminum.

Preferably, the coating i1is a. polymeric material, and in
particular TUFRAM.

Alternatively, the coating may be provided 1in a pattern.
Furthermore, the thickness of the coating may also be profiled
along the length or around the circumference of the mating

surface.

According to another aspect of the invention, an end-of-arm
tool is provided for handling and conditioning a plurality of
preforms. The end-of-arm tool comprising a carrier plate with

an plurality of cooling tubes arranged and connected thereto.
9
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Fach of the cooling tubes includes an inner surface that
provides a mating surface that substantially conforms in size
and shape to the outer surface of a preform. At least a portion
of the mating surface is ;proﬁided. by a coating, the mating
surface further including an offset over at least a portion
thereof. The mating surface of each cooling tube provides, in
use, an intimate fit to a preform in contact therewith that
substantially reduces or eliminates preform ovality and gate
stretching problems by reducing the length of time it takes the

preform to completely seat in the cooling tube.

A further adﬁantage provided by the cooling tube in accordance
with present invention is a reduction of @ ejection force
required to remove the preforms. The end-of-arm tool may
therefore include a simplified ejection device. For many
preforms it would be sufficient to simply blow the preforms
from the cooling tubes by reversing the cooling tube suction

means.

Other advantages of such coatings, preferably TUFRAM, are that
they impart increased hardness, wear and permanent lubricity to
the inner mating surface of the cooling tube. The preferred
coating provides a hardness Dbetween RcC 40 and Rc 65 that
further serves to protect the inner mating surface against

scratches, blemishes, marks, and scoring.

BRIEF DESCRIPTION OF THE DRAWINGS

DI s e e —

Exemplary embodiments of the present invention will now be

‘described with reference to the accompanying drawings in which:

FIG. 1 illustrates a plan view of a typical injection molding
system in which a cooling tube in accordance with an embodiment

of the invention may be used;
FIG. 2 illustrates a section view through an exemplary preform;

FTG. 3A -illustrates a section view of a cooling tube in

accordance with an embodiment of the invention;

10
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FIG. 3B illustrates an exploded section view of a coated inner

mating surface of a cooling tube of FIG. 3A;

FIG. 3C illustrates a section view of a cooling tube of FIG.
3A, the cooling tube including the exemplary preform of FIG. 2

completely seated therein;

FIG. 4 illustrates a section view of a cooling tube in
accordance with an alternative embodiment of the invention with

the exemplary preform of FIG. 2 completely seated therein.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

A cooling tube 10 acéording to a preferred embodiment of the
present invention is shown in FIGs. 3A and 3B. The cooling tube
10 includes a tube body 12 and a cooling insert 18 that is
received in a corresponding pocket 19 provided in an end of the
tube body 12. Alternatively, the cooling tube 10 may have a
unitary structure without a cooling insert 18. The cooling tube
10 includes mating surface 13 that substantially conform in
size and shape to the outer surface of the preform body portion
7 and end portion 9. The mating surface 13 further includes an
interference offset over at least a portion thereof, typical of
an intimate fit cooling tube . In the preferred embodiment the
mating surface 13 comprises an inner mating surface 14 provided
along the inside .of the tube body 12 that corresponds to the
preform body portion 7 and a mating surface 20 provided on the
cooling insert 18 that corresponds to the preform end portion
8. The cooling tube 10 further includes a cooling means in
order that the preform 5 retained therein dis thermally
conditioned to remove heat. The cooling means may be provided
by a series of cooling channels 22 in the tube body 12, with
the cooling channels 22 interconnected by collector channels 24
to form a cooling circuit. The collector channels 24 are
provided near the open end of the cooling tube 10 and connect
adjacent cooling channels 22. The collector channels 24 are
enclosed by a sealing ring 28 that is held in place by a
retaining c¢lip 30. The sealing ring 28 includes suitable
sealing means such as seals 29. The cooling channels 22 are

interconnected at their opposite ends by a second set of
11
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collector channels 26 provided in the cooling insert 18. The
cooling channel has an inlet and 34 an outlet port 36 formed ih
the cooling insert 18 that, in wuse, connect the cooling tube
cooling circuit to a coolant source 100. The coolant source 100
is typically provided adjacent the robot 96, as shown in FIG.
1, and is to be connected into the carrier plate 98 within
which there is provided a network of channels for connection
with the cooling tube inlet 34 and outlet ports 36.
Alternatively, the cooling tube 10 may be cooled through
conductive heat transfer with a heat sink. The cooling tube 10
further includes a suction passageway 38 that, in use, connects
to a suction source 99. The suction source 99 is typically
provided adjacent the robot 96, as shown in FIG. 1, and is
connected into the carrier plate 98 within which there is
provided a network of channels for connection with the cooling
tube suction passageway 38. The passageway 38 is preferably
dimensioned to provide a clearance for the preform gate vestige
9 when, in wuse, the preform 5 is completely seated in the
cooling tube 10 and thereby ensures that the preform dome-end
portion 8 can engage the cooling insert mating surface 20. The
cooling insert 18 is retained and sealed within the tube body
12 by a retaining clip 32 and seals 42 respectively. The seals
42 are arranged on either side of the collector channel 26. The
tube body 12 and the cooling insert 18 are preferably made from
Aluminum, although other materials with high thermal
conductivity may also be suitable. The cooling tube 10 may be
mounted to the surface of the carrier plate 98 by, for example,
a clamp that acts on clamping surface 40 provided as a shoulder
on the cooling insert 18. The clamp may be, for example, a cap
screw, D-clamp, etc. The construction and operation of such a
cooling tube 10, including a method for forming the cooling
channels 22 by )extrusion, igs further described in commonly
assigned United States patent application 10/321,940, as

mentioned hereinbefore.

The cooling tube 10 is further characterized in that the tube
body 12 includes a low friction coating 16 that provides at
least a portion of the inner mating surface 14 thereon, as
shown in FIG. 3B. The coating 16 may be applied in any pattern

around the circumference and along the length of the tube body
12



10

15

20

25

30

35

40

WO 2004/108391 PCT/CA2004/000412

12 inner mating surface. In a preferred embodiment the coating
16 provides the entire inner mating surface 14 of the tube body
12. The coating 16 provides a substantially reduced coefficient
of friction along the inner mating surface 14. Those skilled in
the art would appreciate that the surface finish along the

inner mating surface 14, provided by the coating 16 according

"to the preferred embodiment, also has a profound effect on its

coefficient of friction. In the preferred embodiment the
coating 16 is provided by TUFRAM applied to the tube body 12
according to the methods described hereinbefore. Those skilled
in the art would appreciate that there are many other suitable
coating materials and methods for their application. In
particular, but not exclusively, the coating material could be
a self-lubricating material such as a polymeric coating, or a
polymer composite, as described hereinbefore, or a suitably
polished finish that may be provided on a metallic coating
(e.qg. chrome, Ti, etc.). In accordance with preferred
embodiment, the coating 16 is preferably applied onto the tube
body 12 after it has been anodized. The anodizing process
provides a porous shell 15 of an aluminum oxide substrate
material that is quite suitable for receiving the coating 16.
With a TUFRAM coating, the coefficient of friction of the inner
mating surface 14 may be lowered to as little as 0.05. A
relative comparison between a cooling tube 10 with and without
a coating 16, for‘the game intimate fit relationship between
the inner mating surface 14 and a preform body 7, that is the
same offset, the reduced friction provided on the coated
cooling tube 10 provided for a significant reduction in the

time period réquired to completely seat the preform 5.

As shown in FIG. 3B, the coated tube body 12 includes a
dispersion of the coating material that has become impregnated
within the substrate material of the shell 15 to a shallow
depth. Furthermore, the coating 16 preferably extends beyond
the impregnated shell 15 to a shallow depth. Many polymeric
coating materials have relatively poor thermal conductivity.
Accordingly, the coating 16 is applied in a thin layer so as to
not significantly impact the heat transfer between the preform
5 and the tube body 12 substrate material. In the preferred

embodiment, the thickness of the coating 16 is kept between
13
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about 0.01 and 0.1 mm so as to avoid significént impact on heat
transfer. Alternatively, the thickness of the coating 16 may
also be profiled along the length or the circumference of the
inner mating surface 14 in accordance with the reguirements
dictated by any specific shape of the preform 5. Alternatively,
the coating 16 may be required only in the entry area along the
inner mating surface 14. 1In the preferred embodiment of the
invention, as shown in FIGs. 3A & 3B the mating surface 20 of
the cooling insert 18 is not provided with a coating Dbecause
contact is not made between the preform end portion 8 and the

mating surface 20 until the preform 5 is completely seated.

The mode in which the cooling tube 10 operates on a preform 5
transferred therein is believed to "involve the circumferential
preloading, that is diametric squeezing and hence diametric
adjustment to the relatively undersized and correspondingly
contoured cooling tube inner mating surface 14, of the preform
body portion 7 as it is rapidly seated into the cooling tube 10
under momentﬁm. imparted from its ejection from the molding
cavity of the second mold half 80. The preload dissipates over
time as the preform cools and shrinks. The diametric adjustment
of the preform is a function of its flexibility, and hence
dependent on the 1ateﬁt molding heat retained therein. Hence,
the preform may also experience a final component of shrink fit
into the completely seated position in response to continued
cooling and suction provided therein, albeit with reduced
stiction. By contrast, the typical intimate fit cooling tube,
as described in United States patent 4,729,732, with = its
relatively high inner mating gurface friction, does not provide
for significant preforﬁ preloading. Hence the mode by which the
preform enters the tube is almost exclusively a function of
shrink fit in response to cooling and hence becomes completely
seated after a relatively long period of time, typically
several seconds, and as described hereinbefore contributes to

gate stretching.

Furthermore, the reduction of the coefficient of friction along
the inner mating surface 14 provides the opportunity to
increase the offset beyond previously established limits, that

had been set to avoid the gate stretching problem, and
14 . ’
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therefore further reduce or eliminate the incidence of preform
ovality. The reduction in ovality relates to the fact that as
the preform 5 cools, it shrinks, and hence a larger preload
will take 1longer to dissipate and hencé the preform body
portion 7 will remain in contact with the inner mating surface

14 for a longer period of time.

With reference to FIG. 3C a preform 5 is shown after it has
attained a completely seated position within the cooling tube
10. Those skilled in.the art will appreciate the selection of
an offset to be applied to the inner mating surface 14 varies
as a function of the shape of the preform 5 and the related
injection molding  process. For an exemplary preform 5, the
interference offsets are shown at various locations 50-58 along
the preform body portion 7. For example, the offset at a first
location 50 is substantially zero, and thereby accommodates the
vertical shrinkage of the preform 5. Further along the length
of the preform 5, the locations 52, 54, and 56 include an
offset that gradually diminishes in the direction of the
preform 5 end portion 8. The offset at the second location 52
is 0.09 mm, that tapers evenly to .0.012 mm at the fourth
location 56. Preferably, the mating surface 20 of the cooling
insert 18, location 58, is offset by whatever amount may be
required to blend the mating surface 20 into the inner mating
surface 14. This avoids a step where the mating surface 20
meets the inner mating surface 14 to prevent a witness line

from being formed on the preform 5.

In alterﬁative embodiment of the present invention, as shown in
FIG. 4, the cooling tube 110 comprises a tube body 112 and a
cooling insert 118 retained. in a pocket 119 provided in a first
end of the tube body 112. The tube body 112 and the cooling
insert 118 include mating surfaces 114 and 120 for contacting a
preform 5. The inner mating surface 114 of tube body 112
further includes a coating (not shown). The configuration of
the inner mating surface 114 of the tube body 112 and the
cooling insert mating surface 120 is consistent with the
description provided hereinbefore, including the relative
offsets at locations 150-158. The cooling tube 110 further

includes an integrally formed cooling means provided by cooling
15



10

15

20

25

WO 2004/108391 PCT/CA2004/000412

channels 122 that are preferably arranged as an interconnected
double spiral to provide a cooling circuit with inlet and
outlet ports 134 and 136 of the cooling insert 118. The cooling
channel 122 are enclosed by a sleeve 117 which fits around the
tube body 112 and are sealed therewith Dby seals 129. The
cooling tube 110 further includes a suction passageway 138
through which, in use, suction can be applied. In wuse, the
cooling tube cooling circuit and vacuum passageway 138 are
connected to the coolant source 100 and suction source 99, as
described hereinbefore. The cooling tube 110 may be mounted to
the surface of the carrier plate 98 by use of clamps acting on
clamping surface 140. The clamping surface 140 is provided on a
flange integrally formed at the base of the tube body 12.

Thus, what has been described is an improved intimate fit
cooling tube with a coating on at least a portion of the
preform mating surface to substantially reduces or eliminates

preform ovality and gate stretching problems.

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. To the contrary, the invention 1is
intended to <cover various ﬁodifications and eguivalent
arrangements included within the spirit and scope of the
appended claims. 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.

16
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WHAT IS CLAIMED IS:

1. An apparatus for receiving and conditioning a molded article
(5) comprising: '

a cooling tube (10) with a mating surface (13) that
substantially conforms in size and shape to an outer
shape of the molded article (5), and at least a portion
of the mating surface (13) provided by a coating (16),
the mating surface (13) further includes an offset over
at least a portion thereof, wherein the mating surface
(13) provides, in use, an intimate fit to the molded
article (5) in contact therewith that substantially
reduces or eliminates molded article (5) ovality and gate
stretching by reducing the length of time it takes the
molded article (5) to completely seat in the cooling tube
(10) .

2. The apparatus of claim 1, wherein the molded article is a

preform (5).

3. The apparatus of claim 1, wherein the coating (16) is

applied in a pattern on the mating surface (13).

4. The apparatus of claim 3, wherein a thickness of the coating
(16) is profiled along a length of the inner mating surface
(14) .

5. The apparatus of claim 3, wherein the thickness of the
coating (16) is profiled around a circumference of the inner

mating surface (14).

6. The apparatus of claim 2, further comprising a cooling means
wherein, in wuse, the cooling means removes heat from the

preform (5).
7. The apparatus of claim 6, wherein the cooling means is

provided, in use, by conductive heat transfer with a heat sink

provided on a carrier plate (98).

17



10

15

20

25

30

35

40

WO 2004/108391 PCT/CA2004/000412

8. The apparatus of claim 6, wherein the cooling tube (10)
further includes a suction passageway (38) provided through the
mating surface (13) that, in use, connects to a suction source
(99).

9. The apparatus, of claim 8, wherein the cooling tube (10)
comprises a tube body (12) and a cooling insert (18) retained'
in an end of the tube body (12), the mating surface (13)
comprising an inner mating surface (14) provided along an
inside of the tube body (12) that corresponds to a preform body
portion (7) and a mating surface (20) provided on the cooling

insert (18) that corresponds to a preform end portion (8).

10. The apparatus of claim 9, wherein the coating (16) provides

the entire inner mating surface (14) of the tube body (12).

11. The apparatus of claim 10, wherein the coating (16) 1is
applied onto the mating surface (20) of the cooling insert
(18) . ’ |

12. The apparatus of claim 10, wherein the coating (16) is
applied onto an anodized shell (15) of the tube body (12).

13. The apparatus of claim 12, wherein a thickness of the
coating (16) is preferably kept within a range of about 0.01

and 0.1 mm.

14. The apparatus of claim 9, wherein the cooling means is
provided by a series of interconnected cooling channels (22)
provided on the tube body (12).

15. The apparatus of claim 14, further comprising an inlet and
(34) an outlet port (36) formed in the cooling insert (18)
that, in use, connect the tube body (12) to a coolant source
(100) .

16. The apparatus of claim 15, wherein a passageway (38) 1is
provided in the cooling insert (18), and extends through the

mating surface (20).

18
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17. The apparatus of claim 1, wherein the cooling tube (10) is

made from a highly thermally conductive material.

18. The apparatus of claim 17, wherein the cooling tube (10) is

made from Aluminum.

19. The apparatus of claim 17, wherein cooling tube (10) is made

as a sintered powdered body.

20. The apparatus of claim 1, wherein the coating (16) is a

self-lubricating material.

21. The apparatus of claim 20, wherein the coating (16) is a

polymeric material.

22. The apparatus of claim 21, wherein the coating (16) is
chosen from a group consisting of:
polytetrafluoroethylene, tetrafluoroethylene,
perhaloolefine, polyethylethylketone, homopolymers and
copolymers of tetrachlorethylene, flouranated ethylene
propylene, perofluoro alkoxyethylene, acrylics, vinylidene

fluorides and amides.

23. The apparatus of claim 1, wherein the coating (16) is
provided by a polished finish.

24. The apparatus of claim 23, wherein the coating (16) is a

applied onto a metallic layer that has been deposited onto a

cooling tube (10) substrate material.

25. An end-of-arm tool for handling and conditioning a plurality
of preforms (5) comprising:

a carrier plate (98) with a'plurality of cooling tubes (10)

arranged and connected thereto, each of the cooling tubes

(10) including an inner mating surface that provides a

mating surface (13) that substantially conforms in size

and shape to an outer surface of a preform (5), and at

least a portion of the mating surface (13) provided by a

coating (16), the mating surface (13) further includes an

offset over at least a portion thereof, wherein the
19
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mating surface (13) of each cooling tube (10) provides,
in use, an intimate fit to a prefofnl (5) 1in contact
therewith that substantially reduces or eliminates
preform (5) ovality and gate stretching by reducing the
length of time it takes the preform (5) to completely
seat in the cooling tube (10).

26. The end-of-arm tool of claim 25, wherein each of the
plurality of cooling tubes (10) comptises a tube body (12) énd
a cooling insert (18) retained in an end of the tube body (12),
the mating surface (13) comprising an inner mating surface (14)
provided along an inside of the tube body (12) that corresponds
to a preform body portion (7) and a mating surface (20)
provided on the cooling insert (18) that corresponds to a

preform end portion (8).

27. The end-of-arm tool of claim 26, wherein the éoating (16) is
applied over an entire inner surface (14) of the tube body
(12) .

28. The end-of-arm tool of claim 27, wherein a thickness of the
coating (16) is preferably kept within a range of about 0.01

and 0.1 mm.

29. The end-of-arm tool of claim 26, wherein the cooling tube
(10) further includes a cooling means provided by a series of

interconnected cooling channels (22) on the tube body (12).

30. The end-of-arm tool of claim 29, wherein the cooling insert
18 further comprises an inlet and (34) an outlet port (36)
formed in the cooling insert (18) that, in use, connect the
tube body (12) to a coolant source (100) through a network of

channels provided in the carrier plate 98.

31. The end-of-arm tool of claim 30, wherein the cooling insert
(18) further includes a passageway (38) that extends through
the mating surface (20), in use, the passageway (38) connects
the cooling tube (10) to a suction source (99) through a

network of channels provided in the carrier plate (98).

-
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32. The end-of-arm tool of claim 26, wherein the tube body (12)
and the cooling insert (18) are made from a highly thermally

conductive material.

33. The end-of-arm tool of claim 32, wherein the tube body (12)

and the cooling insert (18) are made from Aluminum.

34. The end-of-arm tool of claim 25, wherein the coating (16) is

a self-lubricating material.

35. The end-of-arm tool of claim 34, wherein the coating (16) is

polymeric material.

36. The end-of-arm tool of claim 35, wherein the coating (16) is
chosen from a group consisting of:
polytetrafluoroethylene, tetrafluoroethylene,
perhaloolefine, polyethylethylketone, homopolymers and
copolymers of tetrachlorethylene, flouranated ethylene
propylene, perofluoro alkoxyethylene, acrylics, vinylidene

fluorides and amides.

37. The end-of-arm tool of claim 25, wherein the coating (16) is

provided by a polished finish.
38. The end-of-arm tool of claim 37, wherein the coating (16) is

a applied onto a metallic layer that has been deposited onto a

cooling tube (10) substrate material.

21
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