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(57) Abstract: Method and apparatus for controlling the delivery of polymer material in a sequential injection molding process.

& In one embodiment, the method provides: delivering a first shot of a first material simultaneously to a plurality of mold cavities;
& (14a-141) independently sensing for each cavity a property that is indicative of a volume or flow of material that is delivered to the
P y g y a property
N corresponding cavity during the step of delivering the first shot; independently stopping the step of delivering the first shot to one or
P g y g P g P y stopping P g

=

more cavities according to a program that uses as a variable a signal indicative of the property sensed for the corresponding cavity
during delivery of the first shot; and delivering a second shot of a second material simultaneously to the cavities subsequent to the
step of stopping the step of delivering the first shot.
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CONTROLLING DELIVERY OF POLYMER MATERIAL IN A SEQUENTIAL
INJECTION MOLDING PROCESS

FIELD OF THE INVENTION
[01] The present invention relates to controlling one or more of a
volume or flow of a first shot of polymer material delivered to a mold in a
sequential injection molding process. In a particular embodiment, the
invention relates to controlling the simultaneous injection of a first shot of

polymer material to a plurality of cavities in a sequential process.

BACKGROUND OF THE INVENTION
[02] Injection molding processes for performing sequential shots of
different polymer materials are well known. To accomplish such processes,
injection molding apparati have been deveIOped using hotrunner systems that
are designed to deliver sequential shots of polymer material both to a Single
cavity and to a plurality of cavities. In multi-cavity applications, shots are

intended to be delivered at the same time in the same amounts and at the

- same rates of flow by controlling the length and configuration of the hotrunner

flow channels and the temperature of various portions of the hotrunner and

the injection nozzles and the mold cavity itself. However, in practice, it is very

difficult to achieve such uniform delive.ry to multiple cavities.

[03] When shots of plastic materials are delivered in sequence to
even a single cavity, it can be difficult to obtain consistency in the precise
amount of the shots from one cycle to the next. When shots are routed
through multiple flow channels in a hotrunner leading to mUItipIe cavities, it is
even more difficult to maintain pre.cise control over the pressure within any
given channel or injection nozzle or mold cavity and thus the rate and/or
volume of material flow to any particular one of the plurality of cavities will
vary. When a single source of polymer material injection is used to effect flow
through all channel paths to each mold cavity, pressure will vary between the

flow paths even at points within different channels that are located the same
. . _
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distance (path length) from the source of injection. Performing two or more shots
of material one after the other further increases the degree of difference of
volume of polymer material that is delivered to different cavities in each shot. Still
further, changes in the polymer material(s) over time (e.g., different batches,
sources, temperatures, moisture content) can alter the flow characteristics even

for a specific hotrunner/cavity path.

[04] Prior systems describing typical sequences of injecting sequential
shots of first, second and/or third shots of polymer materials into mold cavities
and the apparati used to effect such multi-cavity injection are set forth in U.S.
Patent Nos. 4,550,043; 4,609,516; 4,710,118; 4,781,954, 4,950,143, 4,990,301;
4923,723; and 5,098,274.

SUMMARY OF THE INVENTION

[05] In accordance with one embodiment of the invention there is
provided a method of delivering multiple shots of material to a plurality of mold
cavities, the method comprising: delivering a first shot of a first material
simultaneously to a plurality of mold cavities; independently sensing for each
cavity a property that is indicative of a volume or flow of material that is delivered
to the corresponding cavity during the step of delivering the first shot;

independently stopping the step of delivering the first shot to one or more cavities

according to a program that uses as a variable a signal that is indicative of the
property sensed for the corresponding cavity during delivery of the first shot; and
delivering a second shot of a second material simultaneously to the cavities

subsequent to the step of stopping the step of delivering the first shot.

[06] Each cavity can have a corresponding nozzle fluidly communi-
cating with the cavity and having a first bore for delivery of the first shot,

the nozzle having a valve pin adapted to open and close the first bore,
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first bore.
[07] In one or more embodiments, the step of delivering the second

shot may comprise delivering the second shot subsequent to stopping

- delivery of the first shot to all of the plurality of cavities. The step of delivering

the first shot may comprise delivering the first material to all of the plurality of
cavities from a single source of injection. The step of delivering the second
shot may comprise delivering the second material to each cavity from a
separate source of injection.

- [08] Inone or more embodiments, the step of independently sensing
may comprise sensing a property of the first material at one or more selected
locations of flow, wherein the program uses a signal indicative of the sensed
property at the one or more locations to either calculate flow rate or fill volume
of the first material or to compare the signal or a value calculated from the
signal to a target value. The target value may bé a minimum value or a range
of values. In one embodiment, the property of the first material is sensed at a
single location of flow. In another embodiment the property of the first '
material is sensed at two locations of flow.

[09] The step of independently sensing preferably comprises sensing
one or more of a pressure, a temperature, a flow rate, an optical property, a fill
volume or level of the first material into or in the cavity.

[10] In another aspect of the invention, there is provided an injection
molding apparatus comprising:

a plurality of mold cavities, each cavity communicating with a
corresponding nozzle that delivers two or more materials to its corresponding
mold cavity;

each nozzle having a correspOnding valve and communicating with a
source of pressurized feed of the two or more materials: '

a drive mechanism that drives one or the other or both of the sources

of pressurized feed and each valve for each nozzle, the drive mechanism
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predetermined sequence through the nozzles;

a controller interconnected to the drive mechanism, the controller
including instructions for directing the drive mechanism to operate to deliver at
least a first shot of a first material and a second shot of a second material
after the first shot;

one or more sensors associated with each cavity adapted to sense a
property indicative of a volume or flow of the first material that is delivered to
the corresponding cavity; and

the controller being adapted to receive signals from the sensors and
including a program having instructions for using the received signals as a
variable to enable and stop the flow of the first shot of the first material to
each cavity to achieve a predetermined volume of the first material in each
cavity.

[11] Each nozzle can have first and second bores for delivering the
first and second materials respectively to the corresponding cavity, each valve
including a pin that reciprocates between open and closed positions. In the
closed position both the first and second bores are closed; the open positions
include at least first and second open poSitions wherein in the first position the
first bore is open and the second bore is closed, and in the second position
the first bore is closed and the second bore is open, the program using the
first signal as a variable to direct the pin to move between positions.

[12] In various embodiments, one or more sensors are disposed at
one or more locations of the flow of the first material in or into each
corresponding cavity. The program includes instructions that use the signal
from a sensor that is indicative of the sensed property of the one or more
locations to either calculate flow rate or fill volume of the first material or o
compare the signal or a value calculated from the signal to a target value.
The one or more locations may be within a bore of the nozzle or within a
corresponding cavity or within the manifold/hotrunner. In one embodiment, a

single sensor is disposed at one location for each cavity. In another
. .
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cavity.

[13] The sensor typically comprises at least one of a pressure
sensor, a temperature sensor, a flow meter, an optical sensor, a fill volume or
location sensor, or the like.

[14] In another embodiment, a method is provided for delivering
multiple shots of material to a mold cavity, the method including the steps of:

delivering a first shot of a first material to the mold cavity;

sensing a property that is indicative of a volume or flow of first material
that is delivered to the cavity during the step of delivering the first shot;

stopping the step of delivering the first shot to the cavity according to a
program that uses as a variable a signal indicative of the property sensed
during delivery of the first shot; and '

delivering a second shot of a second material to the cavity subsequent
to the step of stopping the step of delivering the first shot.

[15] In this embodiment, the method may be used to control delivery
of the first shot while forming a plurality of articles in the mold cavity, i.e.,
during two or more sequential molding cycles. The method also enables
providing at least a predetermined amount of a first shot over sequential
molding cycles when there has been a change in one or more properties of
the first material, such as an alteration in intrinsic viscosity, moisture content,
molecular weight, temperature, or other variations in the material.

' [16] In one or more embodiments, the valve pins are individually
controlled to determine a completion of the first shot in the corresponding
cavity. In other embodiments, the valve pins are used to determine an
intermediate point during the filling of the corresponding cavity with the first
material.

[17] In various embodiments, the valve pins, which previously were
only used by all opening at the start of a cycle and all closing at the end of an

injection hold time, can now perform the intermediate step of individually
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MICroprocessor).

[18] In one embodiment, a three-position valve pin is provided
movable to an intermediate position, wherein the first shot material flow is
stopped, but other material(s) are not blocked. While the other materials are
flowing, all valve pins to the cavities would lbe in the intermediate position.

[19] In another embodiment, a two-position valve pin is provided. In
this embodiment, by stopping the flow of the first shot to a corresponding
cavity, all flow to the cavity is blocked. The valve pin then needs to be
reopened before any of the material can enter the corresponding cavity.

[20] In one embodiment, a two-material (2M) three-layer (3L) article
Is formed. After completion of the first shot, the valve pins would either open
(two-position valve) or stay in the intermediate position (three-position valve)
for the second material to be injected. After the second material is injectedq,
all valve pins would open for a small last shot of the first material to clear the
gate of the second material (enclosing the second material as an interior
layer). This embodiment would not utilize any shooting pots.

[21] In another embodiment, a two-material (2M) five-layer (5L.)
article is formed. After completing the first shot, the valve pins would either
open (two-position valve) or stay in the intermediate pOsition (three-position
valve) for the second material to be injected. After this, all valve pins would
open fully while the remainder of the cavity is filled and packed. Shooting
pots may or may not be used for the second material.

[22] In another embodiment, a three-material (3M) five-layer (5L)
article is formed. After completing the first shot, the valve pins would either
open (two-position valve) or stay in the intermediate position (three-position
valve) for the second material to be injected. The valve pins would stay in this
position while the third material is injected. Shooting pots may or .may not be
used for the second and third shots.

[23] In some embodiments, it may be determined that several

cavities share substantially the same filling rate or volume and can be
.
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reducing the number of sensors and valve control circuits needed.

[24] One method of detecting the flow rate in a cavity is from one or
more sensors located in a part of the cavity which will be occupied by the first
shot, I.e., detecting the presence of the melt at that location. These sensors
can be exposed to the melt, or disposed just below the molding surface. For
example, optical sensors, such as fiber optic, can be incorporated into the
moiding surface. Temperature sensors or sensors of another type can be
positioned at the surface or just below the molding surface.

[25] In one embodiment, two sensors are located at different points
along the direction of the flow path of the first shot in the cavity. The time
period for flow between the sensors would be a direct measurement of the
flow rate. Alternatively, using a single sensor per cavity, the flow rate could
be calculated based on the start time of injection.

[26] In select embodiments, the flow rate may be detected based on
temperature sensors located in a high shear area, such as at the gate.

[27] In another embodiment, the controller may be operatively
disposed to control a first shot injection unit, directing the unit to slow down
delivery as the valve pins are closing. Furthermore, it may control the
injection unit to stop the flow when all valve pins are closed. The controller
may aiso generate a signal to open the valve pins.

[28] The processes and apparati of various embodiments may be
used in the manufacture of multilayer plastic articles such as preforms, bottles
and other packaging articles. The polymer materials ihjected typically
comprise one or more structural polymers and/or optionally one or more
specific functional polymers, for example high temperature, gas barrier or
scavenging materials. The structural material is typically injeCted as the first
shot and then a gas barrier, scavenging or recycled (e.g., reprocessed scrap
or post consumer) material is injected as the second shot. As a third shot,

either a structural, specific functional, or recycled material may be used.
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[28.1] In accordance with one aspect of the present invention, there Is
provided a method of delivering multiple shots of material to a plurality of mold
cavities, the method comprising: for each of the plurality of mold cavities,
providing a temperature sensor within a respective cavity or a nozzle feeding that
cavity, delivering a first shot of a first material simultaneously to the plurality of -
mold cavities; independently sensing for each cavity a temperature change
indicative of a flow of the first material to the corresponding cavity; independently
stopping the step of delivering the first shot to one or more cavities according to a
program that uses as a variable a signal indicative of the temperature sensed for
the corresponding cavity during delivery of the first shot to estimate when the
mold cavity will or has reached a predetermined fill volume; and delivering a
second shot of a second material simultaneously to the cavities subsequent to

the step of stopping the step of delivering the first shot.

[28.2] In accordance with another aspect of the present invention, there is
provided a method of delivering multiple shots of material to a plurality of mold
cavities, the method comprising: for each of the plurality of mold cavities,
providing sensors at two locations of flow in or into the cavity; delivering a first
shot of a first material simultaneously to the plurality of mold cavities;
independently sensing for each cavity at the two locations a property that is

indicative of a volume or flow of the first material in or into the corresponding
cavity; independently stopping the step of delivering the first shot to one or more

cavities according to a program that uses as a variable a signal indicative of the
property sensed at the two locations for the corresponding cavity during delivery
of the first shot to estimate when the mold cavity will or has reached a
predetermined fill volume, wherein the program uses the signal indicative of the
sensed property at the two locations to calculate a flow rate or fill volume of the
first material or to compare the signal or a value calculated from the signal to a

target value; and delivering a second shot of a second material simultaneously to

/a
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the cavities subsequent to the step of stopping the step of delivering the first

shot.

[28.3] In accordance with another aspect of the present invention, there Is
provided an injection molding apparatus for delivering multiple shots of materials
to a plurality of mold cavities, the apparatus comprising: a plurality of mold
cavities, wherein each cavity has a nozzle fluidly communicating with the cavity
for delivering multiple shots of two or more materials to the cavity, and each
cavity has sensors at two locations of flow in or into the cavity; a drive
mechanism for initiating delivery of a first shot of a first material from a single
source to the nozzles for the simultaneous filing of said plurality of moid cavities;
a controller communicating with the sensors for receiving signals from the
sensors of a property that is indicative of a volume or flow of the first material in
or into the corresponding cavity; the controller including a program that uses the
received signals to estimate, during delivery of the first shot, when the mold
cavity will or has reached a predetermined fill volume by calculating a flow rate or
fill volume of the first material or comparing the signal or a value calculated from
the signal to a target value; the program generating an output signal for each
cavity based on the estimate to control movement of a valve pin in the nozzle of
each cavity to independently stop the delivery of the first shot to each cavity; and

a drive mechanism for initiating delivery of a second shot of a second material to

the cavities subsequent to the step of stopping the delivering of the first shot.

e
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BRIEF DESCRIPTION OF THE DRAWINGS
[29] The above and further advantages of the invention may be
better understood by referring to the following description in conjunction with

5 the accompanying drawings in which:

[30] Fig. 1 is a schematic view of a multi-cavity mold system where
each mold cavity fluidly communicates via a hotrunner channel system with a
common source of pressurized fluid material, each mold cavity filling at a
different rate during a single injection cycle:

10 [31] Fig. 2 is a schematic view of a multi-cavity mold system where
the delivery of material to each cavity is controlled via a valve/valve pin the
operation of which is controlled by a signal received from a sensor monitoring
the flow of material into each cavity;

[32] Fig. 3 is a schematic view of a multi-cavity injection mold

15 sysiem, showing a single cavity, where three different materials are
controllably injected into each cavity;

[33] Fig. 4 is schematic side view of two separate cavities that are
fed by a common source of polymer material injection, showing the progress
of travel of injected polymer material In each cavity during the course of a

20  single shot of material;

[34] Fig. 5A is a schematic side cross sectional view of a three-layer
preform and Figure 5B is an enlarged fragmentary sectional view of a portion
of the multilayer wall of the preform;

[35] Fig. OA is a schematic side cross sectional view of a blown

25  bottle made from the preform of Fig. 5A and Fig. 6B is an enlarged
fragmentary sectional view of a portion of the wall of the bottle showing more
specifically the multilayer wall of the bottle:

[36] Figs. 7A-7D are schematic side cross-sectional views of a single
mold cavity showing the progress of travel of polymer material flow into the

30 cavity as a result of first, second and third shots of polymer materials that are

sequentially injected to form a five-layer article:
. . ‘
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B3] Figs. BA8C are side. cross-sectional views of a three-position
actuator/valve pin and associated three bore nozzle usable in select
embodiments of the invention.

DETAILED DESCRIPTION

[38] Fig. 1 shows a mold system having a multiplicity of essentially
identically shaped cavities 14a-14i that are fed by a single source of polymer
material injection 10. The system shown in Fig. 1 does not include shooting
or metering pots to assist in controlling the amount or pressure of material
flow to each cavity but rather uses only the single source 10 of injection that
provides all of the pressure by which the injected polymer material is forced to
flow through all of the various and different manifold channels 12a-12c¢ and
into all of the multiple number of cavities 14a-14i. As shown, the forwardmost
progress of travel of polymer material into each cavity 14a-14i is different for
each cavity, the top or leading edge level of polymer material within each
cavity varying in distance either above or below travel line 16 as shown in Fig.
1. These differences in rate and volume of material filling of identically
shaped cavities arises out of minor differences in the size, shape, length and
temperature of the path of channel travel from the source 10 through the
channels 12a-12c to the.separate cavities, as well as minor differences in the
cavities 14a-14i themselves. Such differences in flow rate can be caused by
very small differences between channel paths or cavities (e.g. tenths of
millimeters in length or diameter or fractions of a degree in temperature) but
such differences still result in the differences in fill rate among different
cavities as shown in Fig. 1. Even small differences in fill rate can have a
significant effect on the structure of the molded articles, e.g. the location of an
interior barrier layer in a multilayer preform.

[39] Methods and apparati for carrying out sequential first, second
and third shots of materials arise in a variety of contexts pertinent to the
present invention and are described by way of the following examples. A
typical embodiment of a three-material (3M), five-layer (5L) molded article is

illustrated in Figs. 5A, 5B, 6A and 6B. A multilayered preform 110
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manufactured by an injection molding process is shown In Fig. 5A. The
multilayered preform 110 has a central core layer 130, intermediate interior
layers 136 and 138 on opposite sides of the core layer, and exterior inner 132
and outer 134 layers. The bottle 210 shown in Fig. 6A i1s made from preform 110
by a blow molding process. Similar to the preform the wall of the bottle has a
core layer 230, exterior inner and outer layers 232, 234 and interior intermediate
iInner and outer layers 236, 238. In a typical embodiment of a multilayer preform
and/or bottle, the core 230 and exterior layers, 232, 234 of the Fig. 6B bottle
and/or the preform layers 130, 132, 134, Fig. 5B, are comprised of a structural
polymer. The intermediate layers 236, 238 or 136, 138 is/are typically comprised
of another polymer such as a barrier or scavenging polymer as is well known in
the art. Injecting the first structural layer material in a precisely desired amount to
each one of a multitude of mold cavities is important to achieving a proper
layering within the cavities of a second injected material relative to the first
Injected material as shown schematically in Figs. 7A-7D. Typical examples of
mulitilayered preforms, bottles and packages and the specific compositions of the
various layers of such muitilayer objects are disclosed in U.S. Patent Nos.
4,781,954 4 863,046; 5,599,496 and 6,090,460.

[40] Figs. 7/A-7D schematically show a typical three-shot multilayer
Injection molding process for forming the five-layer, three-material preform of
Figs. 5A and 5B. The preform is formed in a mold cavity 466 between an

outer mold 300 and core 302 of a conventional injection mold. A first shot of
first polymer material 318 is injected into the lower end (gate) of the mold

cavity and as it flows through the mold cavity 466, due to the relatively cool
temperature of the outer mold 300 and core 302, there will be solidification

of the first polymer material both externally and internally of the mold cavity to
define inner 304 and outer 306 layers (layers 132 and 134 in Fig. 5B) of the first
material. In Fig. 7A, the first material has progressed part way up the mold

cavity walls. As shown in Fig. 7B, a second shot 320 of a second
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mold cavity 15. The relatively small amount of barrier material 320 may pool
at the lower end of the cavity. A third shot 322 of a third polymer material is
then injected into the gate at a pressure which causes the second shot
material 320 to be pushed up the mold cavity and form inner and outer
intermediate layers 309, 310 of the preform (layers 136 and 138 in Fig. 5B),
while the third material 322 forms a central core layer 328 in Figs. 7C, 7D
(layer 130 in Fig. 5B). The tunnel flow of the second 320 and third 322 shots
between the exterior layers 304 and 306 enables the formation of relatively
uniform and thin interior layers 309 and 310 of the barrier material 320, and a
thicker layer of material 322 in the core layer 328. Finally, the advancing

layers reach the end of the mold cavity, producing the five layer preform

structure shown in Fig. 7D. Alternatively, the interior layers 309, 310 and 328

may extend only partially up the preform wall and terminate, for example,
below the preform neck finish 114. This process is described by way of
example only, and is not meant to be limiting; many other processes may be
used to form multilayer articles, including articles other than preforms.

[41] Fig. 3 shows part of an injection molding system for carrying
out a three shot process, e.g., fOr making a five-layer article as described with
reference to Figs. 7A-7D. The system 4 of Fig. 3 includes a mold core and
cavity set 302, 303, an associated nozzle 468 and actuator 400, a manifold
18, and three separate sources 20, 22, 34 of polymer materials. For purposes
of discussion, only one molding cavity 466 is shown in Fig. 3. A first shot of
first (e.g., structural) polymer material is fed by 3 screw/barrel 20 to either a
single cavity or to each of a multiple number of cavities through a common
feed manifold channel 44. As shown, the common feed channel 44
communicates with individual feed channel 48 by valve 38. The feed channel
48 communicates with a central axial bore 460 of nozzle 468 (shown in Figs.
3 and a more specifiCexampIe of a nozzle design in Figs. 8A-8C). Nozzle
bore 460 delivers the first shot to gate 464 (Figs. 8A-8C) which serves as the

entrance to cavity 466. An actuator 400 connected to a valve pin 450 controls
11
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the opening and closing of all'of the nozzle bores 458, 460, 462 (Figs. 3 and ~

8A-8C) according to a predetermined program. As described in detail below, a
predetermined intermediate or end point (conclusion) of the first shot of
material is determined as a result of the sensing of a property of the amount
or flow of the first shot of first material in or into the mold cavity 466. The
actuator 400 is shown only schematically in Fig. 3. Actuator 400 can be a
single piston/chamber actuator as shown in the specific embodiment of Figs.
8A-8C, a multiple piston/chamber, or another known actuator design suitable
for use in injection molding valve pin applications.

[42] A second shot of a second selected polymer material, e.g. an
oxygen barrier or scavenging material, is next performed subsequent to the
first shot. In a single cavity application, the second shot is commenced upon
completion of the first shot. In a multiple cavity application, the second shot is
preferably begun only after the first shot is completed in each/all of the
multiplicity of cavities as detected by sensors. In a multiple cavity application
the second shot is commonly fed to a multiplicity of cavities by screw/barrel 34
via a common feed manifold channel 42 that fills metering pots 29 in the
embodiment shown. The common feed channel 42 communicates with
Individual feed channel 46 via valve 40. Valve 40 is closed at the start of the
second shot (and preferably at the conclusion of the first shot) to separate and
close off channel portion 46 and metering pot 29 from communication with the
rest of the system such that metering pot 29 can separately control the fluid
material pressure in the cavity 466 and its associated nozzle channel 462 . In
the embodiment shown, metering pots 29 are used to deliver a precise
amount of the second material to each cavity 466. In an alternative
embodiment, metering pots 29 can be eliminated and delivery of the second
material can be carried out exclusively via screw/barrel 34. In the one
embodiment shown, the individual feed channel 46 communicates with a
central axial feed bore 460 of nozzle 468 that feeds the same gate 464 (Figs.
8A-8C) and cavity 466 as the first shot. The metering pots 29 for feeding

individual cavities are typically arranged and adapted to be mounted on the
12



CA 02653063 2008-11-18
WO 2007/140447 PCT/US2007/070044

“hotrunnerormanifold 18 portion of the system 4 such that the individual ™
metering pots 29 can be readily configured to fluidly communicate with each
separate manifold channel portion 46 that separately communicates with an
individual cavity 466.

5 [43] In a three-shot, three-material process, a third shot is injected
subsequent to the second shot. As shown in Fig. 3, the source of the third
feed material 22 is provided with a common machine metering pot 56. The
common metering pot 56 can be mounted on the injection mold machine itself
(as opposed to the manifold 18) for purposes of acting as a source of stored

10 and ready material for simultaneous feed to all of a multiplicity of cavities.
Such a stored intermediate volume of material as in pot 56 is typically
employed to ensure that a sufficient amount of material is available in the
system for injection during the course of an injection cycle that is relatively
short in time duration, i.e. due to the shortness in time duration of a cycle, a

15 machine screw/barrel may not be able to produce sufficient molten polymer
material; the pot 56 thus acts as an internal reservoir of material ready to
replenish the system for the next cycle. In the embodiment shown in Fig. 3,
the machine metering pot 56 is fluidly connected to the screw/barrel 22 for
injecting the selected third material as a third shot (Figs. 7C, 7D). As can be

20 readily imagined such a machine metering pot could alternatively also be
provided in connection with the operation of feed barrels 20, 34.

[44] In the embodiment shown inFig. 3 (and Figs. 8A-8C), the third
shot is delivered to cavity 466 through the same gate 464 via a third bore 458
provided in the nozzle 468. In a single cavity application, the third shot is

25 delivered subsequent to completion of the second shot. In a multi-cavity
application, the third shot is preferably begun to all cavities after all of the
metering pots 29 to all of the multiple cavities have discharged/injected their
contents to the individual feed channels 46 . "Alternatively, the third shot can
be commenced at the conclusion of a predetermined amount of time in which

30 it is assumed that the second shot has been completed to all cavities. Prior to

the start of the third shot, the machine metering pot 56 is filled and the valve
13
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The common manifold channel portion 58 communicates with and allows
simultaneous injection to all of the multiplicity of cavities. The purpose of the
machine metering pot 56 is to ensure that an excess of fluid material is always
present in the system between the screw/barrel 22 and the cavities and ready
for injection from one injection cycle to the next.

[45] Each of the multiplicity of cavities communicates with the
common manifold channel 58 via a separate or individual manifold channel
portion such as channel portion 60 that communicates with the third separate
pbore 458 in the nozzle 468. Bore 458, like the other nozzie bores,
communicates with the gate 464 of cavity 466. The third separate bore 458 is
radially offset from the central axial bore 460 but terminates at and feeds the
gate 464 to the cavity 466.

[46] In a multilayer process where the first shot comprises a
structural polymer material and the second shot comprises an oxygen
scavenging/barrier material, it is particularly desirable to ensure that the first
shot of material is uniform in volume among all of the multiplicity of cavities.
As shown in Fig. 4, the amount of material that fills two different cavities can
vary over the course of the cycle time of the first shot. As illustrated in Fig. 4
(starting on the left-hand side), shortly after the valve gates are open, the first
shot initially fills one cavity (cavity 2) at a slower rate than another identical
cavity (cavity 1) due to differences in the channel or nozzle or cavity size, or in
the temperature of the manifold channels, the nozzle or the mold bodies
associated with the two identical cavities. The object in such a multilayer or
multimaterial injection process is to achieve identical or as close to identical fill
volumes as possible in each cavity of a multi-cavity system in the first shot of
material. '

[47] The desired end result of equalization illustrated (on the right-
hand side of Fig. 4) can be achieved according to this embodiment of the
invention by separately controlling the fill volume and/or rate of each individual

cavity using separate valves for each cavity that are controlled by a controller
14



CA 02653063 2008-11-18

WO 2007/140447 PCT/US2007/070044

10

15

20

25

30

s ey R e TN TN AT RIS URT IV SIS T

that senses when e ach cavity has reached a certain fill volume or otherwise
determines the fill/flow rate. Such control over the fill of individual cavities can
be effected by monitoring a property of either the material flowing into each
individual cavity or by monitoring a property within each individual cavity or
the nozzie or mold body associated with each individual cavity that is
iIndicative of the flow rate or the actual volume of material flowing into or that
has flowed into each individual cavity at any given point in time durihg the
injection cycle. The monitored or sensed property can then be used as a
factor for determining when the mold cavity has reached a predetermined fill
volume. Once such a determination is made, the injection process for the first
shot of material can be continued for certain period of time, or stopped, when
the property being sensed has reached a predetermined value. As shown
schematically in Fig. 2, each separate cavity or the mold body or the nozzles
or a portion of the manifold associated with each separate cavity has at least
one associated sensor S1, S2, S3, S4 that senses and generates a signal
indicative of the rate of flow or volume of material flowing to or into each
cavity.

[48] In one embodiment, the sensors S1-S4 are interconnected to
a controller (e.g., microprocessor or computer) 28 that is, in turn,
interconnected to a multiplicity of valves 24a, 24b, 24c, 24d that control the
feed of a pneumatic or hydraulic drive fluid to and from a multiplicity of
actuators 26a, 26b, 26¢, 26d that drive valve pin's 27a—27d. As can be
readily imagined a single sensor or a single set of sensors can be employed
In connection with a single cavity such that the controller 28 controls delivery
to the single cavity. In the embodiments.shown and described, multiple
cavities are controlled simultaneously. As described in detail below the
actuators 26a-26d control the axial positioning of the valve pins 27a — 27d
within a plurality of injection nozzles, such as nozzle 468 of Fig.3. Depending
on the precise axial position of the pins 27a — 27d within the nozzles, the

operation of which are controlled by controller 28, the flow of the first, second
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selected point in any given injection cycle.

[49] Alternatively, the operation of the actuators can be controlled
by interconnecting the controller 28 to the drive control mechanisms that
operate the pumps or other sources of drive fluid 20, 22 that are fed to the
actuators 26a-26d (Fig. 2). The controller 28 includes a program that receives
the property indicative signals from each sensor S1-S4 (or another signal
resulting from receipt and/or prOcessing of the sensor signals) and uses the
signals as a variable for controlling movement of the valve pins 27a-27d in the
manner described above. The controller 28 can control operation of either the
drive sources 20, 22 for pumping fluid to the actuators or by controlling
operation of the valves 24a-24d that enable drive fluid to flow to the actuators
26a-26d, or by controlling both. The controller 28 typically comprises a digital
processor and associated memory. The controller 28 can take the form of a
computer, a microprocessor or any other conventionally known digital
electronic processing and storage mechanism. The controller 28 can
comprise a unitary processing mechanism and/or associated memory or a
plurality of such mechanisms that communicate and cooperate with each
other to coordinate and achieve control over the drive elements that are
responsible for the precisely timed operation of the various components of the
iInjection mold apparatus such a's the actuators, manifold and machine valves,
the machine screw/barrel, the metering pots and all associated valves.

[50] Figs. 8A, 8B and 8C show one example of a nozzle design for
delivering selected amounts of three materials in three successive shots to a
cavity at predetermined times during the course of a single injection cycle. As
shown, the actuator system comprises a single piston actuator 400 having a
piston 412 sealably mounted within a chamber 414 for reciprocal fluid driven
movement (hydraulic or pneumatic) of the piston 412 and any
associated/attached parts such as valve pin 450 along axis X of mold
chamber 466. In the manner described above with reference to Fig. 2,

controller 28 directs the drive of piston 412 according to a program that
- 16
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-Feceives-and-uses-a-signal-received-from-a-sensor S-associated-with-a-mold- -

cavity 466 or nozzle 468 or their associated mold or manifold bodies. For
purposes of discussion, S is intended to generically indicate one or more
sensors located at any preselected position within the system sensing any
preselected property(ies) 6f polymer material in the mold body such as
temperature, pressure, flow rate or an optical property. In a multi-cavity
system according to the invention, the controller 28 receives multiple signals
from a multiplicity of such sensors S that are individually associated with
separate mold cavities (which, in turn, are associated with separate nozzles
468 and actuator/pin assemblies) such that the controller 28 is simultaneously
directing the drive of a multiplicity of actuator assemblies in a multi-cavity
system during a single injection cycle and particularly during the period of time
when the first shot is being delivered.

[51] Fig. 8A shows the start position of the actuator 400 and the
valve pin 450 in a typical three material shot injection cycle. In the closed
position of Fig. 8A, all three material flow channels 458, 460 and 462 are
closed such that there is no flow of any of the three materials into or through
the gate passage 464 to the cavity 466. Fig. 8A also depicté the position of
the actuator 400 and pin 450 at the conclusion of the first shot and at the
conclusion of the entire injection cycle of all three shots.

[52] Fig. 8B shows a second position of the valve pin 450 in which
the pin i's retracted from the start 8A position such that the first shot is ready
for delivery. In the Fig. 8B position all of the nozzle bores 458, 460 and 462
are open. As described with reference to Fig. 3, the first shot of virgin
material is delivered from the injection screw/barrel 20 through nozzle bore
460 In the nozzle 468. Upon movement of the pin 450 to the Fig. 8B position,
flow of the first shot of first material commences. Once the first shot is
underway, cavity 466 begins to fill in manner and profile as shown
schematically in Fig. 7A. When the sensor S senses a predetermined value
for a preselected property such as the pressure or temperature of the first

material within the nozzle bore 460 (e.g. via sensor S9) or within the cavity
17 ‘
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466 (e.g. viasensor S5 or S6), the sensed property signalis sentto and™

received by controller 28 and a value indicative of the sensed and received
property signal is used in a predetermined program executable by the
controller 28 to determine precisely when the pin 450 should be moved back
to the closed position of Fig. 8A (and/or when manifold channel valve 38 (Fig.
3) should be closed) to stop the flow of the first material through channel 48
and nozzle bore 460.

[53] For example, the sensdr S5 or S6 or S9 can comprise a
pressure transducer that sends a signal indicative of material pressure in mold
cavity 466 or channel 460 to the controller 28. In one typical embodiment, the
controller 28 program can include instructions that order actuator 400 to move
pin 450 to the Fig. 8A position upon calculating the fill volume, e.g., based
upon receipt of a signal from a sensor that indicates that the material pressure
has reached a predetermined value at a predetermined time at a preselected
location within cavity 466 (e.g. at a 20% fill position). Alternatively, the
program could determine when fill of the first shot is complete by calculating
flow rate and/or volume of flow into the cavity 466 based on the measured
pressure of the material over a measured period of time by a sensor such as
S9 or S5 or S6. Alternatively, the program can include instructions that order
actuator 400 to move In response to receipt of a predetermined value of a
signal from a sensor S10 that monitors the pressure of the drive fluid in
actuator chamber 414. The drive fluid pressure is indicative of the material
pressure being exerted on pin 450. Another example of a program is one
that utilizes the time lapse or interval between receipt of signals from sensors
S5 and S6 which might sense a property of the material within cavity 466 at
the locations shown in Fig. 7a, the property sensed being a property such as
temperature, pressure or an optical property. The program might then use
such a sensed time interval or lapse to calculate the rate of flow of material
within cavity 466 and utilize such a value to instruct the valve pin 450 to move

to the position shown in Fig. 8A.

18
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184] -~ The precis
control the position of the pin 450 or the closing of valve 40 can be any of a
wide variety of algorithms/programs depending on the choice of the
programmer/designer of the system and depending particularly on the choice
and location of sensors (pressure, temperature, optical and the like).
Whatever the precise algorithm/program that is selected for controlling the
start, adjustment and/or stoppage of material flow of the first material, the
algorithm/program is designed to precisely control delivery of the first material
to the cavity(ies) in order to achieve delivery of a precisely predetermined
volume of the first material, e.g., the same precisely predetermined volume to
any one individual cavity from one injection cycle to the next, and/or to deliver
the same precisely predetermined volume of material to each and every one
of a multitude of cavities in a multi-cavity application.

[55] Thus, the use of such programmed control of a valve to
individually control the volume of fill of the first shot can be employed to
consistently obtain the same volume of'fill for a single cavity between
successive co-injection cycles. The use of such programmed control can also
be used to obtain an equal or uniform volume of first shot’fill among a
multiplicity/plurality of cavities in a multi-cavity application.

[56]  As with screw/barrel 22 which feeds the third shot of material,
the first shot screw/barrel 20 can be provided with a machine pot (not shown)
In an arrangement similar to the arrangement of machine pot 56 relative to
screw/barrel 22. However, the use of individual manifold metering pots
(similar to 29 used for the second shot) is eliminated for the first shot because
controller 28 and sensor S monitor and control completion of the necessary
volume of material to cavity 466. . '

[57] ' As noted with reference to Figs. 1 and 4, the rate of fill of the
Individual cavities in a multi-cavity system can and will vary. In a most
preferred embodiment, the program of the controller 28 includes instructions
for delaying the start of delivery of the second shot of the second material to

all cavities of a multi-cavity system until the program of the controller 28
' 19 '
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determines; based-on-use of received-signals from afl relevant sensors-at afl-
cavities, that delivery of the first shot has been completed to all of the
multiplicity of cavities. In such an embodiment, immediately upon
determination by controller 28 that the first shot has been completed in all
cavities, the controller 28 directs the valve pin 450 to return all bores to the
closed position of Fig. 8A. The controller 28 then directs the valve pin 450 to
move to the position shown in Fig. 8C where bore 462 is open and bores 458,
460 are closed (for delivery of the second shot). In an embodiment where
manifold metering pots are employed, controller 28 directs the drive
mechanism(s) for metering pots 29 associated with each individual cavity 466
to begin injection of the second shot of the second polymer material through .
each individual manifold channel portion 46 and through each individual
second shot nozzle bore 462 and through each individual gate 464 into each
individual cavity 466 to achieve the second shot fill profile shown in Fig. 7B.

[58] Most preferably, the second shot of the second material
(preferably a relatively small amount of an oxygen scavenging or barrier
material, typically less than about 10% by weight of the first shot of material)
Is delivered by use of a metering pot 29. As noted previously, the use of an
individual metering pot 29 can be eliminated. In an embodiment that does not
use a metering pot, controller 28 can be interconnected to the driVe
mechanisms for valve 40 and/or screw/barrel 34 so as to direct operation of
these components to stop delivery or flow of the second material to the cavity
after the elapse of an empirically determined amount of time (when it is known
that a sufficient amount of the second material has been delivered to either a
single cavity in single cavity application or to all of a multitude of cavities in a
multiple cavity application). .

[59] In @ multi-cavity application where a third shot is delivered
simultaneously to all cavities via a common manifold channel 58 (see Fig. 3),
the third shot is preferably commenced upon completion of the second shot
in/to all of the multitude of cavities. At the conclusion of the second shot, the

valve pin 450 is in the position shown in Fig. 8C. As shown in Fig. 8B, when
20 '
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the pin450s e Fig. 8B position, the terminal’ end Gf the

third shot nozzle bore 458 is in fluid communication with the gate 464 and

cavity 466. In an embodiment where a metering pot is used for delivery of the
second shot, conclusion of the second shot can be determined by monitoring
5 the point of full discharge of all metering pots 29 associated with all cavities.
An alternative method is to separately begin delivery of the third shot at each
individual cavity immediately upon determining that any individual metering
pot 29 has been discharged. Figs. 7C and 7D show a typical flow pattern and
profile for delivery of the third shot of the third material over the course of the
10  cycle of the third shot.

[60] The program of the controller 28 can include instructions that
process or otherwise utilize any one or more of a variety of property values
sensed by appropriate sensors. For example, temperature, pressure or an
optical property alone can be used as the sole signal sent to the controller and

15  a variable indicative of such signal can be input to the program to determine
the end point of the first shot. As shown in Figs. 2 and 8A-8C sensors can be
mounted to detect and sense a property of the material flowing in any One or
more of a variety of different locations: S5 and S6 sensing material in a mold
cavity, S9 sensing material in nozzle bore 460, and S10 sensinga property

20  such as pressure of the drive fluid for the actuator 400.

[61] The controller program or algorithm can utilize sensor signals
pertaining to flow rate as the basis on which the end point of the first shot is
determined to occur. Flow rate can be determined, for example, by the
difference in time between which two sensors, e.g. S5 and S6 sense a

25  pressure or temperature or optical property of the material flowing within a
cavity 466. As shown, the sensors S5 and S6 are strategically located in
different locations along the flow path within the cavity, S5 being upstream of
S6. Successively located sensors such as S5 and S6 could alternatively be
mounted to sense material flow within a nozzle bore or a manifold channel, in

30 the same manner as sensor S9 senses a material property within bore 460.
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IS used by a program to determine the precise timing of the sending of an

instruction to an operational component of the injection mold apparatus, it is
preferable to initially conduct a series of trial and error runs of shots of first,
second and/or third materials to empirically determine a profile of the selected
sensed property over a cycle that produces the most satisfactory end product.
Such an empirically determined ideal profile of material pressure, temperature
or other selected property that exists at any given/selected sensor location
during the conduct of such a trial run can be saved as a set of target profile
data which the program can then use to compare against signals received
from sensors during actual manufacturing cycles. When the program
determines a match between the sensor signals received during an actual
manufacturing run with the target and data stored in the controller 28 (e.g.
material pressure in the cavity), the program can then, for example, determine
that injection is complete or will be complete after a known period of time in a
given cavity and instruct the valve 38 or actuator 400 (Fig. 3) to move to a
closed position and thus terminate the first shot injection of first material.
[63] These and other modifications would be readily apparent to

the skilled person as included within the scope of the described invention.
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CLAIMS:

1. A method of delivering multiple shots of material to a plurality of mola
cavities, the method comprising:

for each of the plurality of mold cavities, providing a temperature sensor
within a respective cavity or a nozzle feeding that cavity,

delivering a first shot of a first material simultaneously to the plurality of
mold cavities;

independently sensing for each cavity a temperature change indicative of
a flow of the first material to the corresponding cavity;

independently stopping the step of delivering the first shot to one or more
cavities according to a program that uses as a variable a signal indicative of the
temperature sensed for the corresponding cavity during delivery of the first shot

to estimate when the mold cavity will or has reached a predetermined fill volume,;

and

delivering a second shot of a second material simultaneously to the

cavities subsequent to the step of stopping the step of delivering the first shot.

2. The method of claim 1 wherein each cavity has a corresponding nozzle
fluidly communicating with the cavity and having a first bore for delivery of the
first shot, the nozzle having a valve pin adapted to open and close the first bore,

and the step of independently stopping the first shot comprising closing the first

bore.

3. The method of claim 1 wherein the step of delivering the second shot
comprises delivering the second shot subsequent to stopping delivery of the first

shot to all of the plurality of cavities.

23
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4. The method of claim 1 wherein the step of delivering the second shot

comprises delivering the second material to each cavity from a separate source

of injection.

5. The method of claim 1 wherein the step of independently sensing
comprises sensing a temperature of the first material at one or more locations of
flow and wherein the program uses a signal indicative of the sensed temperature
at the one or more locations to estimate the fill volume of the first material or to

compare the signal or a value calculated from the signal to a target value.

0. The method of claim 5 wherein the temperature of the first material is

sensed at a single location of flow.

7. The method of claim 1 wherein the step of independently sensing
comprises sensing a temperature of the first material at two locations of flow
wherein the program uses a signal indicative of the sensed temperature at the
two locations to estimate the fill volume of the first material or to compare the

signal or a value calculated from the signal to a target value.

8. A method of delivering multiple shots of material to a plurality of mold
cavities, the method comprising:

for each of the plurality of mold cavities, providing sensors at two
locations of flow in or into the cavity;

delivering a first shot of a first material simultaneously to the
plurality of mold cavities;

iIndependently sensing for each cavity at the two locations a

property that is indicative of a volume or flow of the first material in or into the

corresponding cavity;
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iIndependently stopping the step of delivering the first shot to one or more cavities
according to a program that uses as a variable a signal indicative of the property
sensed at the two locations for the corresponding cavity during delivery of the
first shot to estimate when the mold cavity will or has reached a predetermined
fill volume, wherein the program uses the signal indicative of the sensed property
at the two locations to calculate a flow rate or fill volume of the first material or to
compare the signal or a value calculated from the signal to a target value; and
delivering a second shot of a second material simultaneously to the

cavities subsequent to the step of stopping the step of delivering the first shot.

9. The method of claim 8 wherein each cavity has a corresponding nozzle
fluidly communicating with the cavity and having a first bore for delivery of the
first shot, the nozzle having a valve pin adapted to open and close the first bore,
and the step of independently stopping the first shot comprising closing the first

bore.

10.  The method of claim 8 wherein the step of delivering the second shot
comprises delivering the second shot subsequent to stopping delivery of the first

shot to all of the plurality of cavities.

11.  The method of claim 8 wherein the step of delivering the first shot
comprises delivering the first material to all of the plurality of cavities from a

single source of injection.

12.  The method of claim 8 wherein the step of delivering the second shot

comprises delivering the second material to each cavity from a separate source

of injection.
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13. The method of claim 8 wherein the step of independently sensing

comprises sensing a volume of the first material.

14.  The method of claim 8 wherein the step of iIndependently sensing

comprises sensing a flow of the first material.

15.  The method of claim 9 wherein each nozzle has first and second bores for
delivering the first and second materials respectively to the corresponding cavity,
the valve pin reciprocating between positions to open and close the first and
second bores, and the program including instructions to direct the valve pin to
move between the positions to fill the cavity to a predetermined volume of the

first matenial.

16. The method of claim 9 wherein the two locations are within the bore of the

nozzle or within the corresponding cavity.

17.  The method of claim 8 wherein the program calculates the flow rate of the

first material.

18. The method of claim 8 wherein the program calculates the fill volume of

the first material.

19.  The method of claim 9 wherein
the nozzle communicates with sources of pressurized feed of the first and

second materials;

a drive mechanism drives one or the other or both of the sources of feed and the
valve pin for the nozzle, the drive mechanism starting and stopping flow of each
of the first and second materials in a predetermined sequence through the

nozzle;
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a controller, interconnected to the drive mechanism, receiving one or more
signals from the two sensors and directing the drive mechanism to deliver at
least the first shot of the first material and the second shot of the second material

after the first shot.

20.  Aninjection molding apparatus for delivering multiple shots of materials to
a plurality of mold cavities, the apparatus comprising:

a plurality of mold cavities, wherein each cavity has a nozzle fluidly
communicating with the cavity for delivering multiple shots of two or more
materials to the cavity, and each cavity has sensors at two locations of flow in or
iInto the cavity;

a drive mechanism for initiating delivery of a first shot of a first
material from a single source to the nozzles for the simultaneous filing of said
plurality of mold cavities;

a controller communicating with the sensors for receiving signals
from the sensors of a property that is indicative of a volume or flow of the first
material in or into the corresponding cavity;

the controller including a program that uses the received signals to
estimate, during delivery of the first shot, when the mold cavity will or has
reached a predetermined fill volume by calculating a flow rate or fill volume of the
first material or comparing the signal or a value calculated from the signal to a
target value;

the program generating an output signal for each cavity based on
the estimate to control movement of a valve pin in the nozzle of each cavity to
iIndependently stop the delivery of the first shot to each cavity; and

a drive mechanism for initiating delivery of a second shot of a
second material to the cavities subsequent to the step of stopping the delivering
of the first shot.
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21.  The apparatus of claim 20 wherein each nozzle has a first bore for
delivery of the first shot, the valve pin being adapted to close the first bore for

iIndependently stopping delivery of the first shot to the cavity.

22.  The apparatus of claim 20 wherein the program generates an output
signal for initiating delivery of the second shot subsequent to stopping delivery of

the first shot to all of the plurality of cavities.

23. The apparatus of claim 20 wherein the program generates an output
signal for initiating delivery of the first material to all of the plurality of cavities

from the single source of injection.

24.  The apparatus of claim 20 wherein the program generates an output
signal for Initiating delivery of the second material to each cavity from a separate

source of injection for each cavity.

25.  The apparatus of claim 20 wherein the signal from the sensor is indicative

of a volume of the first material for each cavity.

26.  The apparatus of claim 20 wherein the signal from the sensor is indicative

of a flow of the first material.

27. The apparatus of claim 20 wherein each nozzle has first and second bores
for delivering the first and second materials respectively to the corresponding
cavity, the valve pin reciprocating between positions to open and close the first
and second bores, and the program including instructions to direct the valve pin
to move between the positions to fill the cavity to a predetermined volume of the

first material.
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28.  The apparatus of claim 20 wherein the two locations are within a bore of

the nozzle or within the corresponding cavity.

29.  The apparatus of claim 20 wherein the program calculates the flow rate of

the first material.

30. The apparatus of claim 20 wherein the program calculates the fill volume

of the first material.

31.  The apparatus of claim 20 wherein

each nozzle communicates with sources of pressurized feed of the first
and second materials;

the drive mechanism(s) drive at least one of the sources of feed and the
valve pins for the nozzles, the drive mechanism starting and stopping flow of
each of the first and second materials in a predetermined sequence through each
nozzle:

the controller is interconnected to the drive mechanism(s) and receives
one or more of the signals from the two sensors and directs the drive
mechanism(s) to deliver at least the first shot of the first material and the second

shot of the second material after the first shot.

29



CA 02653063 2008-11-18

WO 2007/140447 PCT/US2007/070044

l‘*.. o'in.t ': 2 O’-o. . e i
o » . ¥ 4 ?-. - ar”, .41 :‘ P ;' - :‘" < ‘;.: : ',

b

F:.-‘

] |

e NV Ve * Jo 5 S I \
S Rs et al g ¢ Ff e g =
- 8 [ 1 O'

*
| 4 . a ‘_.v.. l‘ - "“ ... .;

L 4 ay = &
o"’.’ . o ¥ * 4 ..:.\.. o
e —. | T W W AAnh. W . WA WA S W, W WAL, Wit W W SR, NG V. Sk WA wl-

12a

10

1

i
}
:
|
l
E
:
:
f
i
|
i
{
I
12¢

. ? - . Wi
e . ] v
S — r WAL NG, T W WSk W W Wi N WA W, V. _.n-ﬁ*
_1—! bt — “—‘— PR M, I V. NS WL Wigt. . WD WEEEL. WAt WE . g
* 3 » & .® » .. ‘. PR ) >
¢« F oy 4 s & Py

12¢

g b |
. s '..§0. al AR c'i::a.t “ou t?‘.t
- R s e e S e L ar—p——— — - -.*

Lo

P - Y
.——I k——“u—.‘-‘u“—““—-“——““—-
v . - L] \
e v % - o N\,
: = " A 23
' o ¥ Wye
. v ‘ ‘..t‘lI .s [ 4 =

49
12b

T
]
[

!

g
1
1.
:
:'.
::‘:
3
e
.
‘\ be s

;\
12¢



CA 02653063 2008-11-18

PCT/US2007/070044

WO 2007/140447

2/10




CA 02653063 2008-11-18

PCT/US2007/070044

WO 2007/140447

3/10

208



CA 02653063 2008-11-18

PCT/US2007/070044

WO 2007/140447

4/10

b Ol

AHADD YODJ JOj |9A9
oWDS ‘paye|dwon | AJADD SD

¢

pup | A}ADD . |9AST] dWDS 0}

10} 104S }sJi4 . . Slil4 ¢ AJADD

p )\-... ....N\lll.l.h- ] ﬁ\.ul\...\un..L.vl.
f e 7 <
- : Z ; %
’ ﬁw .u. - ¢ .W__
v q,. 7 . \ 7
s 7 2 . : %

. - . y
v s o . : 5
- X o ; ;
% ) % ¢ 7
_ ﬁ .m.
Z AUADD ‘Joug 1S
.ﬁn,..ao‘.\% -
d o
. -
% 7
-nah -
7 7
% m
-
‘ -

7
%
%

bulj4 senuiuon
Z AYADD s8so|)

| A}IADQ Joj 8309

R R R AT




WO 2007/140447

110

00000000000000000000

PCT/US2007/070044
152 154




CA 02653063 2008-11-18

PCT/US2007/070044

WO 2007/140447

6/10

Il

- » » ® » - ¥ a J p ™ ~
ANt LT e b e o s aamie N PR v s W, O T e, v gy ¥ I Lo W .l‘cJJoc.. e e st P, am ", v, -
P T S LR T L RO e L Sy AN L R e gl
) R APE P Lol Mt L Ry IR A RN SR T AL LAY e T N T e
* . oh ’ - »d - ™ . »

uw

oy e

J.-.&lﬂ.)n.odc -t v m e, mwe 480

. T STy A, T . -
o " v -  wowe P ok *af -". *o s - Ly D Tante i SR, W0 et a2 v -‘c‘ *» ¢ oﬁ L 4 « ¥ 000.5 LR T
r"( J “ .! Qj t«' 'f “ ” F l{. i“ - ..0‘” '.“ .(‘. Mo v.‘.}f‘.l.‘” “t’ ‘lﬁ. ( A ) A b J .d"‘"‘.' * '( ‘t” t “. h"'. 1] “' - .“I ' ’0 "‘?.“.“ .““‘“ y
. K s et ity " e & e ﬂ . .ct c.uuqfi T * -ﬁ v oalh yre WY agp e e =, _footw g !\W iy N o.(ft\o-l i e Ve TR e * s
L ’ Fos "v "y bl [ ~ " ene B, A . . -0*.. .-J. ..% ) \ Y L T raro.. L LR . L - s, . lhq

}oys pug

''''' My o B oy w 'Y c‘Oc T, (R p I ap® "o w w Ve S -y . N
T S R A L
- w AT % e e cvo Lo Yy . a ™ na.. Qu.t" £y -~ " : S *eoer g . ®
’0’4 w... B ".c 00-’.’“!“01{”’ l‘ - ﬁ' odoh ?’t “A a ‘.' N doOwtttt".lO F‘ ,.Oﬂ % m Eor b
.f.‘fn%.ﬁ‘o ne L/ A RN L e T L — . ve Qe ® e % 2P UL Aad T
R AT T B 00 U PP N e T St L L RN R
b o &% WIS 0 T L AN M TN LS L et e N N o T N Ta Ty s Al e

gie

cog

v ay e p bt WL Ve e L ap T S
LS I LR 2 M
e Y T S T S R R S o"
Jo POy r % v - +e v
- v} o U * f‘v..oo_t-.‘ouon ’oc At 4 ” n._ofv Pttﬂtnuic-l 4
“yo .o.lon\n-: ct‘- dh\ Jheh % Wy w o a v
p T, , *a® Ph d.”‘l tu P R e,
3 -t 9‘ LT (‘l:.‘.. e 3 = Q..IVI v..‘": ‘\' »

g Ya b, a8 ~

™ & .o wt* LU ,‘!Q Nc . S Y LA NGEITECY * - e . ¢ g™ . At ® . - » | ’
N P T T TS e i S X} o T TN S SR F e

L/ CadBU I R T wWymy et o4 rp e e Pp w - [ 2 : -y
LN Y (R 4 » an (Rl > Te. %r , »b > H n’a - 4 v ¥ g kg = »d ot spt m'ge B sew - - [ i il
e T I S Sy I e i U T R T T
. 40( - Olc .-, W'y ‘o‘ Ofu.” - 0“001 Ons.of.«‘l 909’ s * 3 . > \IO. e n.l."o ‘o J o.ol "’tl . % Q.-lolo-
2 <9 E's v- vao y ﬂ“b‘iv“o 04.-” ‘-l‘.. 9’«.‘-. g l\.’ﬂw‘Jﬂ. o'oﬂo q"én’!.‘ * l“l J\-c'r"$0’o fo‘ » -nﬂ 0‘ -_‘A"o ’c‘ "y fc-.&-tiio“ﬂ“v" oﬂ'o a"'t:l."w
R S oy Y A e G A s e PR T e e T L e e W TN NN 2 ALY
’ . v * - » -’Cl’ - @ O’ o ..'_‘ & N ‘1...0 Yﬂi ‘00“.' e Y ”ﬁ#’o‘.‘

glLe 00¢ 99%



CA 02653063 2008-11-18

PCT/US2007/070044

WO 2007/140447

7/10

¢ .oll\ho & 4.¢ 0\‘. Mt 2%, 29, " . ()
OB T MM g o SN -~

. PP Ak iy

R s Anfamn PR Sibeiet dalinly WS SPube
Ii'i!tllli['Illilllill!lli]ill! . .
illilliillll!t"lii’l!il’!!ii'lill!

X ‘c(. ..aa .. Lty ..V" ‘-‘.

» ﬁ\‘ LR .h“ i ‘ ......“\cb. i - % . “‘I.i..
VA S G s g g P S

» & WY 2
) v

— Yo AT v w
A ~.ﬂ.. W...%.-Jw.. 4

PN
» rf.l.ﬁ.)- N
: LY

* .

. Yo

gl ‘90¢

R A o ol YR o W A LA NN Ty e
A N e A o R O T R M T S M L
Tt A S B A TN TNy T e R LY e e e A N T L e g A

» v . v T e . v - . " R ¥ [ -...‘ -EIE

v L L W]

ATy

Eal




PCT/US2007/070044

CA 02653063 2008-11-18
8/10

WO 2007/140447

400
114

_
E
-
, Q .
¥ 9

/A

_ | N
”ﬂdﬂﬂ”%%ﬂﬂﬂ”/ﬂﬂ%ﬂﬂﬂ%ﬂﬂﬂﬂﬂ//ﬂﬂﬂflh.y//
N

412

28



PCT/US2007/070044

CA 02653063 2008-11-18

9/10

WO 2007/140447

400

— —— — RSN /ﬂ/ I .

\\\\2\\ _,!%_ T




CA 02653063 2008-11-18
PCT/US2007/070044

WO 2007/140447

400
414
S

ENEa

- »%?//a«%%%%%«?4%%%%»?«%;/

KOO 2=\

4

168



42

4

24

62

29

40

22
N
\_/

65

18



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - abstract drawing

