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sonic transducer (104) being coupled to the melt-conveying body
(102), the ultrasonic transducer (104) being configured to measure, in
use, a resin parameter being associated with the resin being conveyed
in the melt-conveying body (102).



wO 2012/125431 A1 WK 00V A A

Declarations under Rule 4.17: Published:

— as to applicant’s entitlement to apply for and be granted —  with international search report (Art. 21(3))

a patent (Rule 4.17(ii)) —  before the expiration of the time limit for amending the

—  of inventorship (Rule 4.17(iv)) claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



10

15

20

25

30

WO 2012/125431 PCT/US2012/028388

RUNNER ASSEMBLY INCLUDING ULTRASONIC TRANSDUCER

TECHNICAL FIELD

An aspect generally relates to (but is not limited to) a runner system.

SUMMARY

The inventor has researched a problem associated with known molding systems that
inadvertently manufacture bad-quality molded articles or parts. After much study, the
inventor believes he has arrived at an understanding of the problem and its solution, which
are stated below, and the inventor believes this understanding may not be known to the
public.

Known injection molding nozzles typically have heaters that are either embedded or
attached as a separate component. This is also the case with thermocouples. While these
configurations may provide reliable methods for heating and temperature sensing, there are
issues associated with this arrangement. These include thermocouple sensing variability
due to the installation of the thermocouple itself, and the complexity created by requiring
multiple components to be integrated. In addition, these existing systems are limited in their
functionality and do not typically have the ability to measure other important parameters

such as pressure and flow.

To resolve the above issues at least in part, according to one aspect, there is provided a
runner assembly (100), comprising: a melt-conveying body (102) being configured to
convey, in use, a resin; and an ultrasonic transducer (104) being coupled to the melt-
conveying body (102), the ultrasonic transducer (104) being configured to measure, in use,
a resin parameter being associated with the resin being conveyed in the meli-conveying
body (102).

Other aspects and features of the non-limiting embodiments will now become apparent to
those skilled in the art upon review of the following detailed description of the non-limiting
embodiments with the accompanying drawings.
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DETAILED DESCRIPTION OF THE DRAWINGS

The non-limiting embodiments will be more fully appreciated by reference to the following
detailed description of the non-limiting embodiments when taken in conjunction with the
accompanying drawings, in which:

FIGS. 1 and 2 depict schematic representations of a runner system (100).

The drawings are not necessarily to scale and may be illustrated by phantom lines,
diagrammatic representations and fragmentary views. In certain instances, details not
necessary for an understanding of the embodiments (and/or details that render other details
difficult to perceive) may have been omitted.

DETAILED DESCRIPTION OF THE NON-LIMITING EMBODIMENT(S)
FIGS. 1 and 2 depict schematic representations of a runner system (100). The runner

system (100) may include components that are known to persons skilled in the art, and
these known components will not be described here; these known components are
described, at least in part, in the following reference books (for example): (i) “Injection
Molding Handbook” authored by OSSWALD/TURNG/GRAMANN (ISBN: 3-446-21669-2),
(i) “Injection Molding Handbook” authored by ROSATO AND ROSATO (ISBN: 0-412-
99381-3), (iii) “Injection Molding Systems” 3" Edition authored by JOHANNABER (ISBN 3-
446-17733-7) and/or (iv) “Runner and Gating Design Handbook” authored by BEAUMONT
(ISBN 1-446-22672-9). It will be appreciated that for the purposes of this document, the

phrase “includes (but is not limited t0)” is equivalent to the word “comprising.” The word
“comprising” is a transitional phrase or word that links the preamble of a patent claim to the
specific elements set forth in the claim that define what the invention itself actually is. The
transitional phrase acts as a limitation on the claim, indicating whether a similar device,
method, or composition infringes the patent if the accused device (eic) contains more or
fewer elements than the claim in the patent. The word “comprising” is to be treated as an
open transition, which is the broadest form of transition, as it does not limit the preamble to

whatever elements are identified in the claim.

The definition of the runner system (100) is as follows: a system that may be positioned
and/or may be used in an envelope defined by a platen system of a molding system, such
as an injection-molding system for example. The platen system may include a stationary
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platen and a movable platen that is moveable relative to the stationary platen. The molding
system may have the runner system (100).

Referring now to FIG. 1, in which the runner system (100) that is depicted may include (and
is not limited to): (i) a melt-conveying body (102), and (ii) an ultrasonic transducer (104).
The melt-conveying body (102) may be configured to convey, in use, a resin. The ultrasonic
transducer (104) may be coupled to the melt-conveying body (102). More specifically, the
ultrasonic transducer (104) may be coupled to an outer surface of the melt-conveying body
(102). In addition, the ultrasonic transducer (104) may be embedded, at least in part, in the
melt-conveying body (102). The ultrasonic transducer (104) may be configured to measure,
in use, a resin parameter being associated with the resin being conveyed in the melt-
conveying body (102). By way of example, the resin parameter to be measured by the
ultrasonic transducer (104) may include an amount of resin pressure and/or an amount of

resin flow.

By way of example, the ultrasonic transducer (104) may include (and is not limited to) an
ultrasonic emitter and an ultrasonic receiver. The ultrasonic emitter may be powered by an
associated ultrasound-signal generator. The ultrasonic transducer (104), may be also called
an ultrasonic sensor. The ultrasonic transducer (104) may also be called a transceiver
when the ultrasonic transducer (104) is configured to both send and receive. The ultrasonic
transducer (104) operates on a principle similar to radar or sonar, which evaluate attributes
of a target by interpreting the echoes from radio or sound waves respectively. The
ultrasonic transducer (104) may be configured to generate, in use, high frequency sound
waves, and to evaluate an echo that is received back by the ultrasonic transducer (104).
The ultrasonic transducer (104) may also be configured to calculate the time interval
between sending the signal and receiving the echo to determine the distance to an object.
The ultrasonic transducer (104) may use a transducer that generates sound waves in the
ultrasonic range, above 18,000 hertz, by turning electrical energy into sound, then upon
receiving the echo turn the sound waves into electrical energy, which can be measured and
displayed.

An example of the melt-conveying body (102) is depicted in FIG. 1, in which the melt-
conveying body (102) may include (and is not limited to) a nozzle body (200) having a
nozzle tip (202) connected to an output of the nozzle body (200). The nozzle body (200)

may be configured for connection with a manifold assembly (106) of the runner system
3
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(100). Another example of the melt-conveying body (102) may include (and is not limited to)
is a sprue assembly (not depicted). The sprue assembly is an assembly that connects a
melt-preparation system (not depicted, such as an extruder) to the manifold assembly
(106). It will also be appreciated that the melt-conveying body (102) may include the
manifold assembly (106).

The runner system (100) may further include (and is not limited t0) a heating element (400)
that may be coupled to the melt-conveying body (102). In addition, the runner system (100)
may further include (and is not limited to) a temperature sensor (500) that may be coupled
to the melt-conveying body (102). The temperature sensor (500) may be positioned relative
to the heating element (400).

According to the example depicted in FIG. 1, the heating element (400) and the
temperature sensor (500) may be positioned in an adjacent arrangement relative to each
other.

According to an option, the runner system (100) may further include (and is not limited to) a
computer system (300) that may be configured to connect with the ultrasonic transducer
(104), and also configured to monitor an output signal of the ultrasonic transducer (104).
The computer system (300) that may also be configured to connect with the heating
element (400), and also configured to control the heating element (400) based on a
comparison made between: (i) the signal received, in use, from the ultrasonic transducer
(104), and (ii) a threshold level.

Turning now to FIG. 2, there is depicted anther example of the runner system (100), in
which the heating element (400) and the temperature sensor (500) may be positioned in a
layered arrangement relative to each other.

The runner system (100) may provide integrated heating and temperature sensing portions
of the meli-conveying body (102), and may add an additional capability to determine
characteristics related to pressure and flow rates (of the resin) as well without
compromising structural integrity of the meli-conveying body (102) as is associated with

known pressure or flow sensors.
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The runner system (100) may provide the melt-conveying body (102) with the heating
element (400) that may be integrated with the melt-conveying body (102). The runner
system (100) may provide the melt-conveying body (102) with the temperature sensor (500)
that may be integrated with the melt-conveying body (102). The runner system (100) may
provide the melt-conveying body (102) with the ultrasonic transducer (104) that may be
integrated with the melt-conveying body (102). By utilizing multiple pressure inferring
measurement sensors or devices spaced out toward the ends of the melt-conveying body
(102), flow rates through the melt-conveying body (102) may also be inferred, especially for
the case where multiple instances of the melt-conveying body (102) is used (such as
multiple instances of the nozzle body (200)). By being able to measure the temperature at
one or more locations within the melt-conveying body (102), as well as being able to infer
variability in pressure drop and flow rates amongst a group of or a collection of the melt-
conveying body (102), significant advantages may be obtained. Processes may be
controlled to a higher degree, process monitoring may be increased to allow for recording
and verification of information that has previously been extremely difficult to obtain, and
system balance may be measured and/or controlled to provide an increased level of system

performance.

The heating element (400) may be integrated to the melt-conveying body (102). The
heating element (400) may be applied to the melt-conveying body (102) by using numerous
processes including (and not limited to): thermal spray based resistive heating, thick film
based resistive heating, or sol-gel based heating. The heating element (400) may be
applied directly to the melt-conveying body (102) and may be created with a wait
distribution profile (heat profile) that may be suited for each application. Heater zones may
be controlled either together or individually for increased performance.

The temperature sensor (500) may be integrated with the melt-conveying body (102). The
temperature sensor (500) may include (and is not limited to) thermocouples, thermistors
that may be directly applied to the melt-conveying body (102) as well. Again, methods of
manufacturing the temperature sensor (500) may include thermal spray, film deposition
(PVD, CVD), or solvent based printing. These methods may be used to produce
thermocouple junctions at desired points along the length of the nozzle, including under or
on top of the heating elements.
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The ultrasonic transducer (104) may provide pressure sensing measurements. As well, the
ultrasonic transducer (104) may be integrated with the melt-conveying body (102). The
ultrasonic transducer (104) may be applied to the outer diameter of the melt-conveying
body (102). The ultrasonic transducer (104) may be used to measure the speed of sound of
the resin flowing through the melt-conveying body (102). The speed of sound within the
melt-conveying body (102) is directly related to the density and temperature of the medium
within the melt-conveying body (102). Therefore, the ultrasonic transducer (104) may be
used to infer the pressure and monitor pressure changes within the melt-conveying body
(102). Additionally, flow rates within the melt-conveying body (102) may be related to the
pressure differential along a length of the melt-conveying body (102). Therefore, utilizing
two or more ultrasonic transducers (104) along the length of the melt-conveying body (102)
may give information regarding the flow rate of the resin along the melt-conveying body
(102). This may be achievable without compromising the structural integrity of the melt-
conveying body (102) as the ultrasonic transducer (104) may be created on the outside of
the outer diameter of the melt-conveying body (102). The pressure and flow rate
information may be recorded for process monitoring (by way of the computer system (300)),
or may be also be used to tune the process in terms of balance of the runner system (100).
As with the temperature transducers explained above, the ultrasonic transducer (104) may
be applied above or below either of the heating element (400) and the temperature sensor
(500). This arrangement may allow for the ability to infer pressure, flow, and temperature at
multiple locations along the length of the melt-conveying body (102) while still being able to
supply heat from the heating element (400) along the full length of the melt-conveying body
(102) if so desired. The heating element (400), the temperature sensor (500) and the
ultrasonic transducer (104) may be oriented or positioned in such a way that they are
adjacent each other on the outer surface of the melt-conveying body (102) as compared to
layered atop each other.

The heating element (400), the temperature sensor (500), and the ultrasonic transducer
(104) may be combined in various configurations for the desired sensing and control
locations as well as the desired heat input locations (this includes both the placement and
layering of the components). In addition, the melt-conveying body (102) may have one or
more of each of the heating element (400), the temperature sensor (500), and the
ultrasonic transducer (104) to provide the desired performance of heating, temperature
sensing element, and ultrasonic sensing. Each of the heating element (400), the

temperature sensor (500), and the ultrasonic transducer (104) may have integrated
6
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connectors to allow for easy installation of the melt-conveying body (102) in the runner
system (100). Additional components may be included as well, such as protective outer
sleeves, etc. It is noted that the heating element (400), the temperature sensor (500), and
the ultrasonic transducer (104) may be used to perform similarly with the manifold assembly
(106).

ADDITIONAL DESCRIPTION
The following clauses are offered as further description of the aspects of the present

invention. Clause (1): a runner system (100), comprising: a melt-conveying body (102)
being configured to convey, in use, a resin; and an ultrasonic transducer (104) being
coupled to the melt-conveying body (102), the ultrasonic transducer (104) being configured
to measure, in use, a resin parameter being associated with the resin being conveyed in the
melt-conveying body (102). Clause (2): the runner system (100) of clause (1), wherein: the
melt-conveying body (102) includes a nozzle body (200). Clause (3): the runner system
(100) of any clause mentioned in this paragraph, wherein: the melt-conveying body (102)
includes a sprue. Clause (4): the runner system (100) of any clause mentioned in this
paragraph, wherein: the meli-conveying body (102) includes a manifold assembly (106).
Clause (5): the runner system (100) of any clause mentioned in this paragraph, wherein:
the resin parameter includes an amount of resin pressure. Clause (6): the runner system
(100) of any clause mentioned in this paragraph, wherein: the resin parameter includes an
amount of resin flow. Clause (7): the runner system (100) of any clause mentioned in this
paragraph, further comprising: a heating element (400) being coupled to the melt-conveying
body (102). Clause (8): the runner system (100) of any clause mentioned in this paragraph,
further comprising: a temperature sensor (500) being coupled to the melt-conveying body
(102). Clause (9): the runner system (100) of any clause mentioned in this paragraph,
further comprising: a heating element (400) being coupled to the melt-conveying body
(102); and a temperature sensor (500) being positioned relative to the heating element
(400). Clause (10): the runner system (100) of any clause mentioned in this paragraph,
wherein: the heating element (400) and the temperature sensor (500) are positioned in a
layered arrangement relative to each other. Clause (11): the runner system (100) of any
clause mentioned in this paragraph, wherein: the heating element (400) and the
temperature sensor (500) are positioned in an adjacent arrangement relative to each other.
Clause (12): the runner system (100) of any clause mentioned in this paragraph, further

comprising: a computer system (300) being configured to: connect with the ultrasonic
7
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transducer (104): and monitor an output signal of the ultrasonic transducer (104). Clause
(13): the runner system (100) of any clause mentioned in this paragraph, further
comprising: a computer system (300) being configured to: connect with the ultrasonic
transducer (104); monitor an output signal of the ultrasonic transducer (104); connect with
the heating element (400); and control the heating element (400) based on a comparison
made between: (i) a signal received, in use, from the ultrasonic transducer (104), and (ii) a
threshold level. Clause (14): a molding system having the runner system (100) of any
clause mentioned in this paragraph.

It will be appreciated that the assemblies and modules described above may be connected
with each other as may be required to perform desired functions and tasks that are within
the scope of persons of skill in the art to make such combinations and permutations without
having to describe each and every one of them in explicit terms. There is no particular
assembly, components, or software code that is superior to any of the equivalents available
to the art. There is no particular mode of practicing the inventions and/or examples of the
invention that is superior to others, so long as the functions may be performed. It is
believed that all the crucial aspects of the invention have been provided in this document. It
is understood that the scope of the present invention is limited to the scope provided by the
independent claim(s), and it is also understood that the scope of the present invention is
not limited to: (i) the dependent claims, (i) the detailed description of the non-limiting
embodiments, (iii) the summary, (iv) the abstract, and/or (v) description provided outside of
this document (that is, outside of the instant application as filed, as prosecuted, and/or as
granted). It is understood, for the purposes of this document, the phrase “includes (and is
not limited to0)” is equivalent to the word “comprising.” It is noted that the foregoing has
outlined the non-limiting embodiments (examples). The description is made for particular
non-limiting embodiments (examples). It is understood that the non-limiting embodiments

are merely illustrative as examples.
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CLAIMS

WHAT IS CLAIMED IS:

1. A runner system (100), comprising:
a melt-conveying body (102) being configured to convey, in use, a resin; and
an ultrasonic transducer (104) being coupled to the melt-conveying body
(102), the ultrasonic transducer (104) being configured to measure, in use, a resin
parameter being associated with the resin being conveyed in the melt-conveying
body (102).

2. The runner system (100) of any preceding claim, wherein:
the melt-conveying body (102) includes a nozzle body (200).

3. The runner system (100) of any preceding claim, wherein:
the melt-conveying body (102) includes a sprue.

4. The runner system (100) of any preceding claim, wherein:
the melt-conveying body (102) includes a manifold assembly (106).
5. The runner system (100) of any preceding claim, wherein:

the resin parameter includes an amount of resin pressure.

6. The runner system (100) of any preceding claim, wherein:

the resin parameter includes an amount of resin flow.

7. The runner system (100) of any preceding claim, further comprising:
a heating element (400) being coupled to the melt-conveying body (102).

8. The runner system (100) of any preceding claim, further comprising:
a temperature sensor (500) being coupled to the melt-conveying body (102).

9. The runner system (100) of any preceding claim, further comprising:
a heating element (400) being coupled to the melt-conveying body (102); and



10

15

20

25

WO 2012/125431 PCT/US2012/028388

a temperature sensor (500) being positioned relative to the heating element
(400).

10. The runner system (100) of any preceding claim, wherein:
the heating element (400) and the temperature sensor (500) are positioned in
a layered arrangement relative to each other.

11. The runner system (100) of any preceding claim, wherein:
the heating element (400) and the temperature sensor (500) are positioned in
an adjacent arrangement relative to each other.

12. The runner system (100) of any preceding claim, further comprising:
a computer system (300) being configured to:
connect with the ultrasonic transducer (104): and
monitor an output signal of the ultrasonic transducer (104).

13. The runner system (100) of any preceding claim, further comprising:

a computer system (300) being configured to:

connect with the ultrasonic transducer (104);

monitor an output signal of the ultrasonic transducer (104);

connect with the heating element (400); and

control the heating element (400) based on a comparison made
between: (i) a signal received, in use, from the ultrasonic transducer (104),
and (ii) a threshold level.

14. A molding system having the runner system (100) of any preceding claim.

10
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4. I:I No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:] No protest accompanied the payment of additional search fees.
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