wo 2017/165402 A1 [N I 00000 A 0

(43) International Publication Date
28 September 2017 (28.09.2017)

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/165402 A1l

WIPOIPCT

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
B29C 45/77 (2006.01) B29C 45/76 (2006.01)

International Application Number:
PCT/US2017/023387

International Filing Date:
21 March 2017 (21.03.2017)

Filing Language: English
Publication Language: English
Priority Data:

62/312,133 23 March 2016 (23.03.2016) US

Applicant: IMFLUX INC. [—/US]; 3550 Symmes Road,
Hamilton, OH 45015 (US).

Inventors: ALTONEN, Gene, Michael, 7649 Nordan
Drive, West Chester, OH 45069 (US). BURNS, Brian,
Matthew; 7665 Cove View Dr., Mason, OH 45040 (US).
HANSON, Herbert, Kenneth, III; 2570 Madison Rd,
Apt# 24, Cincinnati, OH 45208 (US).

Agents: HUGHLEY, Jonathan, C. et al.; Marshall, Ger-
stein & Borun LLP, 233 S. Wacker Drive, 6300 Willis
Tower, Chicago, IL 60606-6357 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZM, ZW.

(84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

— as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report (Art. 21(3))

(54) Title: INJECTION MOLDING CONTROLLER INTERFACE WITH USER-ADJUSTABLE VARIABLES

FIG. 4

- —-

30—

|

|

|

{ CONTROLLED BY

RETROFIT

| CONTROLLER
|

|

|

HIECTING PLASTIC

DECREASING
PRESSURE

CONTROLLED Y

|

|

|

! NATIVE
| CONTROLLER
|

|

|

(57) Abstract: An injection molding machine uses a native controller and a retrofit controller to effectively control its operation. The
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INJECTION MOLDING CONTROLLER INTERFACE
WITH USER-ADJUSTABLE VARIABLES

FIELD OF THE INVENTION
The present application generally relates to injection molding and, more specifically, to
approaches for retrofitting an injection molding machine with a secondary controller to control

operation thereof, which can reduce the energy required to form a molded article.

BACKGROUND OF THE INVENTION

Injection molding is a technology commonly used for high-volume manufacturing of
parts constructed of thermoplastic materials. During repetitive injection molding processes, a
thermoplastic resin, typically in the form of small pellets or beads, is introduced into an injection
molding machine which melts the pellets under heat and pressure. The molten material is then
forcefully injected into a mold cavity having a particular desired cavity shape. The injected
plastic is held under pressure in the mold cavity and subsequently is cooled and removed as a
solidified part having a shape closely resembling the cavity shape of the mold. A single mold
may have any number of individual cavities.

Conventional injection molding machines operate within manufacturer-provided
constraints to ensure safety and operability of the machine. These machines are typically
constrained by maximum load values which act to limit any number of operating parameters of
the injection molding machine to ensure safe and effective operability and avoid damage to
components of the injection molding machine. In the event that the manufacturer’s safety
margin level, as contrasted to the machine’s actual maximum load value for a given set of
operating and environmental conditions, is exceeded, the machine may overheat, trip to a
failsafe setting, and/or trigger an alarm condition. The maximum load value may be represented
graphically, and it may be dependent on any number of variables, such as, for example,
equipment operating speeds, pressures, the type and viscosity of material(s) being molded, as
well as environmental conditions. Because of the presence of maximum load values, the
machine may be permanently configured to operate at or below particular variables regardless of
whether the machine is operating above the maximum allowable load prescribed by the

manufacturer.
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Generally speaking, injection molding machines allow an operator to modify and/or
manipulate the operating parameters thereof. As a merely illustrative, non-limiting example, if
an environmental factor such as a plant ambient temperature causes the injection molding
machine to work harder to generate parts, the machine’s operating load value over a given
period of time will increase. This increase in the operational load value may eventually cause
the machine to approach or exceed the maximum load value which may result in temporary or
permanent machine failure. Prior to exceeding or even reaching this maximum load value, the
machine may be pre-programmed to generate an alarm which prompts a machine operator to
adjust operating variables as required to lower the operating load on the machine, or may trigger
the machine to reduce or even cease molding operations altogether, i.e. trip to a safety mode.

By relying on the machine operator to adjust operating parameters of the machine,
adjustments may not be made as frequently as optimal. For example, if the injection molding
machine is operating overnight with a limited number of operators on duty, there may be an
extended period in which parameters are not altered. Further, an operator may not realize when
the characteristics causing the machine’s load value to change have subsided, and thus may keep
the machine running in an operational mode which fails to fully utilize the injection molding
machine’s efficiency. Further still, different operators may employ different approaches to
adjusting the machine, and some operators may be less inclined to adjust settings as frequently
as others.

Machines may be configured to provide a safety margin below a maximum machine load
based on a “worst-case scenario,” that is, when any number of parameters are present that would
dramatically impact operability of the machine. The restrictions applied to the machines (e.g.,
safety factors) may restrict the machine from operating within a certain percentage of the
maximum machine load. As a result, in operating conditions that resemble the worst-case
scenario (such as environments with high ambient temperatures and/or pressures, materials
having abnormally high viscosities, thus impacting flow speeds and cooling times, and the like),
the machine is limited to performing at a level that is less than its peak performance. Similarly,
even in the presence of operating conditions which are considered favorable or preferred, due to
the fact that the manufacturer’s pre-programmed safety factors are set with worst-case scenarios
in mind, and are often not easily overridden, it is often the case that conventional injection
molding systems do not approach peak efficiency outputs, even in the most ideal of operating

conditions.
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Frequently, injection molding machines are configured by the manufacturer to fix the
range of adjustability of certain operator-adjustable parameters in an injection molding
operation, or even prevent any operator adjustment of certain parameters, based on operator
adjustment of other parameters. For instance, if an operator sets up an injection molding
machine to implement molding operating program that contemplates injecting a viscous molten
thermoplastic material at particularly aggressive velocity in a given portion of each injection
molding cycle, the machine may be pre-programmed to only permit the injection molding
machine’s electric, hydraulic, servo-hydraulic, or servo-driven screw to accelerate at a
conservative rate of acceleration, and/or to operate at a conservative pressure, based on the

manufacturer’s built-in safety margin below the machine’s actual load capacity.

SUMMARY OF THE INVENTION

Embodiments within the scope of the present invention are directed to the use of
multiple controllers (i.e., a native controller and a retrofit controller) to effectively control
operation of an injection molding machine. The controllers may determine and/or receive
information regarding the machine’s maximum load capacity, and may also determine an
instantaneous (or at least periodic) present load value on the machine. The retrofit controller of
the present disclosure may cause the machine to operate at or near the maximum load value by
adjusting any number of machine parameters, and dynamically adjust the range within which
operator-adjustable parameters in an injection molding operation may be manipulated to
facilitate, or at least permit, operation of the injection molding machine in a manner that exploits
the machine’s actual load capacity during the course of its operation, thereby increasing
efficiency and output. In response to operator adjustment of various injection molding operating
parameters, rather than constrain other operating parameters to tight ranges or preventing
adjustment beyond conservative manufacturer-set safety margins, the controller of the present
invention permits conventionally-fixed parameters to float in a manner that allows the injection
molding machine to operate at, or near, its maximum load capacity at the new operating
conditions (which may include both machine conditions and environmental conditions).

In many embodiments of the present disclosure, the retrofit controller is adapted to
selectively operate the injection molding machine in a manner that allows the current load value
to remain within a predetermined range below the maximum load value. By adjusting any
number of operating parameters, the machine is capable of reacting to changing conditions,

some of which may occur during the middle of a cycle, in a near-instantaneous manner, thus
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effectively maximizing machine efficiency and producing the maximum number of parts
possible over a given period of time. Additionally, because the retrofit controller is adapted to
monitor the machine in real-time, an operator need not actively monitor and/or adjust the
machine’s parameters on the fly.

In these embodiments, one and/or both of the native and retrofit controllers may first
enter into a learning mode, during which an initial or reference load value or curve is calculated.
The initial load value is calculated based on a first set of parameters and/or operating variables,
and represents an estimated maximum load value the injection molding machine can maintain
while avoiding failure. One of the two controllers then calculates a modified load value by
operating the injection molding machine based on a second set of operating variables. This
second set of parameters may be values that are anywhere between approximately 0.1 to 50%,
preferably 0.1 to 25%, more preferably 0.1 to 15%, even more preferably 0.1 to 10%, and most
preferably 0.1 to 5%, including any integer or non-integer percentage within these ranges, away
from the parameters used to calculate the initial load value. The load values may be calculated
using a root-mean-square approach or any other suitable method.

Using the initial and modified load values as well as the first and second set of operating
parameters, a reference (or maximum) load curve for that particular injection molding system
may be generated. For instance, a computer program associated with the controller may be
provided that interpolates load values between the measured initial and modified load values for
any operating conditions intermediate the first and second operating conditions, and extrapolates
load values for operating conditions outside of the first and second operating conditions.
Alternately, a reference or maximum load curve may be provided by the machine manufacturer
or by the provider of the retrofit equipment, may be a theoretical value based on a predetermined
maximum operating condition, and/or may be obtainable by other means.

The operating parameters may be any combination of adjustments to the injection
molding machine, and may include environmental conditions, some of which may be within the
control of the molder, such as ambient temperature in a temperature-adjustable manufacturing
facility, but some may be outside of human control, such as barometric pressure. In some
approaches, variations in operating parameters may include adjustments to a barrel temperature,
a clamp closing speed, a clamp opening speed, a cooling time, an inject forward time, an overall
cycle time, a pressure setpoint, a screw recovery speed, and a screw velocity. Other examples

are possible and may be dependent on the particular injection molding machine in use.
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Upon the machine entering an operational mode, the retrofit controller selectively
operates the machine based on any number of operating parameters described herein. By
adjusting the various operating parameters, an operational load value of the machine may be
maintained below the reference load curve. During operation of the machine, one or both of the
controllers are adapted to actively (e.g., periodically) monitor the load values to ensure the
operational load on the machine remains below values of the reference curve. The retrofit
controller is further adapted to adjust the operating variables as needed to ensure the operating
load value remains below the reference load values.

In many of these examples, the retrofit controller may selectively control how closely the
operational load is kept to the reference load curve by adjusting the operating parameters
described herein. For example, depending on the particular application, the operational load may
be held to within approximately 0.1-50% of the maximum load value, or any integer or non-
integer value for percentage in that range, or any range formed by any of those integer values,
such as 0.1-30% or from 0.1-25%, 0.1-10%, or 0.1-5%.

The retrofit controller can be any type of controller, such as an electro-mechanical
controller, a circuit board, a programmable logic controller, an industrial computer, or any other
type of controller as described herein or as known in the art. The retrofit controller may be set,
configured, and/or programmed with logic, commands, and/or executable program instructions
according to the embodiments provided herein or as known in the art.

The retrofit controller is adapted to establish signal communication between the retrofit
controller and the injection molding machine such that the retrofit controller at least partially
controls operation of the machine. Thus, the retrofit controller may connect one or more outputs
from any number of sensors (e.g., pressure sensors, temperature sensors, position sensors, and
the like) disposed on or near the machine to one or more inputs of the retrofit controller.
Connecting the retrofit controller may also include disconnecting one or more of the existing
sensor outputs from the native controller and connecting those existing sensor outputs to the
retrofit controller, or adding more outputs to one or more of the existing sensors and connecting
those added outputs to the retrofit controller, or combinations of these. Connecting the retrofit
controller can involve one or more existing sensors already in place on the molding machine, or
moving one or more existing sensors to new locations on the molding machine, or installing one
or more new sensors on the molding machine, or combinations of these. The signal
communication can be any kind of signal (e.g. hydraulic, pneumatic, mechanical, analog

electrical, digital electrical, optical, etc.) described herein or known in the art. In some
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embodiments, the retrofit controller can replace the native controller and replace all of its
functions. In other embodiments of retrofitting, the retrofit controller can be added as an
addition to the native controller and replace less than all of its functions. In alternative
embodiments, a native controller can be reconfigured to become a retrofit controller, as
described herein.

Any or all of the embodiments described in this Summary section can be performed in
any way disclosed herein or known in the art, and can be used and/or combined in any workable

combination, including any alternative embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims particularly pointing out and distinctly
claiming the subject matter that is regarded as the present invention, it is believed that the
invention will be more fully understood from the following description taken in conjunction
with the accompanying drawings. Some of the figures may have been simplified by the omission
of selected elements for the purpose of more clearly showing other elements. Such omissions of
elements in some figures are not necessarily indicative of the presence or absence of particular
elements in any of the exemplary embodiments, except as may be explicitly delineated in the
corresponding written description. None of the drawings are necessarily to scale.

FIG. 1 illustrates an exemplary machine loading profile in which an injection molding
machine’s screw velocity is plotted as a function of pressure in accordance with various
embodiments of the present disclosure;

FIG. 2 illustrates an elevation view of an exemplary injection molding machine having a
retrofit controller coupled thereto in accordance with various embodiments of the present
disclosure;

FIG. 3 illustrates portions of a control mechanism having a native and a retrofit
controller in accordance with various embodiments of the present disclosure;

FIG. 4 illustrates a retrofit injection mold cycle as programmed to the control mechanism
to control the injection molding process in accordance with various embodiments of the present
disclosure;

FIG. 5 illustrates an exemplary screenshot of a controller providing periodically updated
operating values of a number of parameters in accordance with various embodiments of the

present disclosure; and
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FIGS. 6A and 6B illustrate exemplary schematics of control processes of electric and
hydraulic injection molding machine in accordance with various embodiments of the present

disclosure.

DETAILED DESCRIPTION OF THE INVENTION

Turning now to the drawings, an injection molding process is herein described. Injection
molding machines have a generally nonlinear reference or maximum loading curve 10 as
illustrated in FIG. 1. This curve 10 may be viewed as a graphical representation of an effect that
any number of parameters (such as, for example, velocity as a function of operating pressure)
may have on the machine. Generally speaking, operators run these machines at operating load
values (which may fluctuate over time) that are at a point well below the reference load curve to
avoid tripping the injection molding machine manufacturer’s pre-programmed alarms and/or
failure modes. As FIG. 1 illustrates, injection molding machines (also referred to herein simply
as “machines”) typically have absolute maximum operating values which may not be exceeded
so as to limit potential machine failure.

Machine manufacturers utilize safety buffers which act to restrict parameters from
exceeding particular values that are lower than that which would cause the machine to operate to
its absolute maximum operating load capacity. As illustrated by FIG. 1, points P-1 and V-1
represent specified manufacturing maximum values that may not be exceeded. These values are
programmed into a native controller that at least partially controls operation of the machine. As
a result of these restrictive values, the normal available operating range 12 (as depicted by the
slashed shaded area in FIG. 1) is available for use by the operator, meaning the operating
parameters may fall somewhere in this area.

However, the machine may still be operated using parameters that are greater than the
manufacturer’s designated maximums without causing damage to the injection molding
machine. In the examples provided herein, operating parameters such as the maximum pressure
are selectively increased (while remaining below the machine’s specified absolute maximum
operating velocity value) in order to increase the available operating range 14 (depicted by area
having circles in FIG. 1). Similarly, the maximum velocity may be selectively increased (while
remaining below the machine’s specified absolute maximum operating velocity value) in order
to increase the available operating range 16 (as depicted by the area having crosses in FIG. 1).

Any number of parameters may be adjusted in this way to increase the allowable operating
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range of the machine. Ultimately, the entire area under the maximum load curve (up to the
machine’s specified absolute maximum operating parameter values) may be used.

To enable operating parameter values beyond the manufacturer’s preprogrammed
maximums, a retrofit controller is used to intercept and alter and/or generate new control signals
that are sent to the injection molding machine. The retrofit controller may include software that
communicates with the native controller to “trick” the native controller into believing operating
parameters are still within the manufacturer’s maximum allowed values while in reality,
different control signals are being sent to the machine. In some examples, the retrofit controller
may suspend or intercept control signals originating from the native controller and generate new
signals to send to the machine. Other examples are possible, and further discussion of the retrofit
controller is provided herein.

While any number of approaches may be used to form parts, the injection molding
machine described herein is merely exemplary and is not intended to limit the applicability of
inventive concepts in any way. The approaches described herein may be suitable for electric
presses, servo-hydraulic presses, and other known machines. As illustrated in FIG. 2, the
retrofitted injection molding machine 100 includes an injection unit 102 and a clamping system
104. The injection unit 102 includes a hopper 106 adapted to accept material in the form of
pellets 108 or any other suitable form. In many of these examples, the pellets 108 may be a
polymer or polymer-based material. Other examples are possible.

The hopper 106 feeds the pellets 108 into a heated barrel 110 of the injection unit 102.
Upon being fed into the heated barrel 110, the pellets 108 may be driven to the end of the heated
barrel 110 by a reciprocating screw 112. The heating of the heated barrel 110 and the
compression of the pellets 108 by the reciprocating screw 112 causes the pellets 108 to melt,
thereby forming a molten plastic material 114. The molten plastic material 114 is typically
processed at a temperature selected within a range of about 130°C to about 410°C.

The reciprocating screw 112 advances forward and forces the molten plastic material
114 toward a nozzle 116 to form a shot of plastic material which will ultimately be injected into
a mold cavity 122 of a mold 118 via one or more gates 120 which direct the flow of the molten
plastic material 114 to the mold cavity 122. In other embodiments, the nozzle 116 may be
separated from one or more gates 120 by a feed system (not illustrated). The mold cavity 122 is
formed between the first and second mold sides 125, 127 of the mold 118and the first and

second mold sides 125, 127 are held together under pressure via a press or clamping unit 124.
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The press or clamping unit 124 applies a predetermined clamping force during the
molding process which is greater than the force exerted by the injection pressure acting to
separate the two mold halves 125, 127, thereby holding together the first and second mold sides
125, 127 while the molten plastic material 114 is injected into the mold cavity 122. To support
these clamping forces, the clamping system 104 may include a mold frame and a mold base, in
addition to any other number of components.

Once the shot of molten plastic material 114 is injected into the mold cavity 122, the
reciprocating screw 112 halts forward movement. The molten plastic material 114 takes the
form of the mold cavity 122 and cools inside the mold 118 until the plastic material 114
solidifies. Upon solidifying, the press 124 releases the first and second mold sides 115, 117,
which are then separated from one another. The finished part may then be ejected from the mold
118. The mold 118 may include any number of mold cavities 122 to increase overall production
rates. The shapes and/or designs of the cavities may be identical, similar, an/or different from
each other.

The retrofitted injection molding machine 100 also includes a native controller 130
which is communicatively coupled with the machine 100 via connection 132. The connection
132 may be any type of wired and/or wireless communications protocol adapted to transmit
and/or receive electronic signals. In these examples, the native controller 130 is in signal
communication with at least one sensor, such as, for example, sensor 128 located in the nozzle
116 and/or a sensor 129 located proximate an end of the mold cavity 122. It is understood that
any number of additional sensors may be placed at desired locations of the machine 100.

The native controller 140 can be disposed in a number of positions with respect to the
injection molding machine 100. As examples, the native controller 140 can be integral with the
machine 100, contained in an enclosure that is mounted on the machine, contained in a separate
enclosure that is positioned adjacent or proximate to the machine, or can be positioned remote
from the machine. In some embodiments, the native controller can partially or fully control
functions of the machine via wired and/or wired signal communications as known and/or
commonly used in the art.

The sensor 128 may be any type of sensor adapted to measure (either directly or
indirectly) one or more characteristics of the molten plastic material 114 located in the nozzle
116. The sensor 128 may measure any characteristics of the molten plastic material 114 that is
known in the art, such as, for example, pressure, temperature, viscosity, flow rate, and the like,

or any one or more of any number of additional characteristics which are indicative of these.
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The sensor 128 may or may not be in direct contact with the molten plastic material 114. In
some examples, the sensor 128 may be adapted to measure any number of characteristics of the
injection molding machine 100 near the nozzle 116 and not just those characteristics pertaining
to the molten plastic material 114.

The sensor 128 generates a signal which is transmitted to an input of the native controller
140. If the sensor 128 is not located within the nozzle 116, the native controller 140 can be set,
configured, and/or programmed with logic, commands, and/or executable program instructions
to provide appropriate correction factors to estimate or calculate values for the measured
characteristic in the nozzle 116.

The sensor 129 may be any type of sensor adapted to measure (either directly or
indirectly) one or more characteristics of the molten plastic material 114 to detect its presence
and/or condition in the mold cavity 122. In various embodiments, the sensor 129 may be located
at or near an end-of-fill position in the mold cavity 122. The sensor 129 may measure any
number of characteristics of the molten plastic material 114 and/or the mold cavity 122 that is
known in the art, such as pressure, temperature, viscosity, flow rate, etc. or one or more of any
other characteristics that are indicative of any of these. The sensor 129 may or may not be in
direct contact with the molten plastic material 114.

The sensor 129 generates a signal which is transmitted to an input of the native controller
140. If the sensor 129 is not located at the end-of fill position in the mold cavity 122, the native
controller 140 can be set, configured, and/or programmed with logic, commands, and/or
executable program instructions to provide appropriate correction factors to estimate or calculate
values for the measured characteristic at the end-of-fill position. It is understood that any
number of additional sensors may be used to sense and/or measure operating parameters.

The native controller 140 is also in signal communication with the screw control 126. In
these embodiments, the native controller 140 generates a signal which is transmitted from an
output of the native controller 140 to the screw control 126. The native controller 140 can
control any number of characteristics of the machine, such as, for example, injection pressures
(by controlling the screw control 126 to advance the screw 112 at a rate which maintains a
desired melt pressure of the molten plastic material 114 in the nozzle 116), barrel temperatures,
clamp closing and/or opening speeds, cooling time, inject forward time, overall cycle time,
pressure setpoints, screw recovery speed, and screw velocity. Other examples are possible.

The signal or signals from the native controller 140 may generally be used to control

operation of the molding process such that variations in material viscosity, mold temperatures,
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melt temperatures, and other variations influencing filling rate are taken into account by the
native controller 140. Adjustments may be made by the native controller 140 in real time or in
near-real time (that is, with a minimal delay between sensors 128, 129 sensing values and
changes being made to the process), or corrections can be made in subsequent cycles.
Furthermore, several signals derived from any number of individual cycles may be used as a
basis for making adjustments to the molding process. The native controller 140 may be
connected to the sensors 128, 129, the screw control 126, and or any other components in the
machine 100 via any type of signal communication known in the art.

As illustrated schematically in FIGS. 2 and 3, the retrofit controller 150 is generally
similar to the native controller 140. The retrofit controller 150 is electrically coupled to the
native controller 140 via any number of methods such that the retrofit controller 150 and the
native controller 140 are in signal communication. The retrofit controller 150 is adapted to
control operation of the injection molding machine 100 directly and/or by controlling the output
of the native controller 140.

The native controller 140 includes software 141 adapted to control its operation, any
number of hardware elements 142 (such as, for example, a memory module and/or processors),
any number of inputs 143, any number of outputs 144, and any number of connections 145. The
software 141 may be loaded directly onto a memory module of the native controller 140 in the
form of a non-transitory computer readable medium, or may alternatively be located remotely
from the native controller 140 and be in communication with the native controller 140 via any
number of controlling approaches. The software 141 includes logic, commands, and/or
executable program instructions which may contain logic and/or commands for controlling the
injection molding machine 100 according to an original mold cycle. The software 141 provided
by manufacturers includes preprogrammed maximum safe operating values of any number of
parameters which are designed to limit he risk of machine damage and/or failure. The software
141 may or may not include an operating system, an operating environment, an application
environment, and/or a user interface.

The hardware 142 uses the inputs 143 to receive signals, data, and information from the
injection molding machine being controlled by the native controller 140. The hardware 142 uses
the outputs 144 to send signals, data, and/or other information to the injection molding machine.
The connection 145 represents a pathway through which signals, data, and information can be
transmitted between the native controller 140 and its injection molding machine 100. In various

embodiments this pathway may be a physical connection or a non-physical communication link
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that works analogous to a physical connection, direct or indirect, configured in any way
described herein or known in the art. In various embodiments, the native controller 140 can be
configured in any additional or alternate way known in the art.

The retrofit controller 150 includes components that are similar to those of the native
controller 140, such as a software 151 adapted to control its operation, any number of hardware
elements 152 (such as, for example, a memory module and/or processors), any number of inputs
153, any number of outputs 154, and any number of connections 155. The software 151 may be
loaded directly onto a memory module of the native controller 150, or may alternatively be
located remotely from the native controller 150 and be in communication with the native
controller 150 via any number of controlling approaches. The software 151 includes logic,
commands, and/or executable program instructions which may contain logic and/or commands
for controlling the injection molding machine 100 according to a retrofit mold cycle. Unlike the
original mold cycle, in the retrofit mold cycle, the maximum allowable operating parameters are
no longer fixed to permanent values and may be variable so long as the total overall loading of
the injection molding machine 100 remains below a maximum value.

The connection 145 is illustrated as being in common with a connection 155, wherein the
common connection represents a pathway through which signals, data, and information can be
transmitted: a) between the retrofit controller 150, the native controller 140 and the injection
molding machine 100, b) between the retrofit controller 150 and the injection molding machine
100, and c) between the retrofit controller 150 and the native controller 140. In various
embodiments these pathways may be physical connections or non-physical communication links
that work analogous to physical connections, direct or indirect, configured in any way described
herein or known in the art. In various embodiments, the native controller 140 and the retrofit
controller 150 can be configured in any additional or alternate way known in the art.

FIG. 3 illustrates connecting a particular output 144 from the native controller 140,
which is used as a particular input 153 to the retrofit controller 150. In various embodiments
disclosed herein, the retrofitting of the injection molding machine 100 includes establishing
signal communication between: a) an inject forward output 156 from outputs 144 of the native
controller 140, and b) one of the inputs 153 of the retrofit controller 150. The native controller
140 can be set, configured, and/or programmed with logic, commands, and/or executable
program instructions such that the inject forward output 156 signals when the plastic injecting

should (and/or should not) occur during a mold cycle of the molding machine 100.
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As an example, the native controller 140 can turn “on” the inject forward output 156
when the plastic injecting should occur, and can turn “off” the inject forward output 156 when
the plastic injecting should not occur. The retrofit controller 150 can use the state of the inject
forward output 156 as a condition for injecting plastic in the retrofit mold cycle. This signal
communication allows the native controller 140 to hand-off control of the plastic injection to the
retrofit controller 150 for the plastic injecting portion and/or any other portion of the retrofit
mold cycle. In various embodiments, the function of the inject forward output 156 can be
accomplished by the native controller 140 sending to the retrofit controller 150 one or more
additional or alternate signals, data, and/or information, which are equivalent to an inject
forward output 156, using any known approaches in the art.

FIG. 3 further illustrates moving a particular output from the native controller 140 to the
retrofit controller 150. In various embodiments disclosed herein, the retrofitting includes: a)
disconnecting signal communication between an injection control output 147 of the native
controller 140 and a control input of an injection unit of the molding machine 100 (signal
illustrated by a phantom line), and b) establishing signal communication between an injection
control output 157 of the retrofit controller 150 and the control input of the injection unit of the
molding machine 100 (signal illustrated by a solid line). The retrofit controller 150 can be set,
configured, and/or programmed with logic, commands, and/or executable program instructions
such that the injection control output 157 signals the injection unit regarding the rate at which
injecting should occur during plastic injecting of a retrofit mold cycle of the molding machine.

As an example, the retrofit controller 150 can generate the injection control output 157
as an analog control voltage, which scales from a particular low value (representing a minimum
injection rate) to a particular high value (representing a maximum injection rate). The injection
unit can use the state of the inject control output 157 as the input for controlling the rate of
injecting plastic in the retrofit mold cycle. The rate of injecting, in turn, directly affects
operating values such as the injection pressure of the molten plastic in the machine 100. As a
result, the injection control output 157 can effectively be used to control injection pressures in
the retrofitted injection molding machine 100, according to any of the embodiments disclosed
herein. This signal communication also allows the retrofit controller 150 to replace control of
the plastic injection by the native controller 140 in the retrofit mold cycle. In various
embodiments, the function of the injection control output 157 can be accomplished by the
retrofit controller 150 generating one or more additional or alternate signals, data, and/or

information, which are equivalent to an injection control output, and sending such to one or
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more additional or alternate machine components, which partially or fully control operating
parameters of the machine 100 in any way known in the art. For example, in one alternative
embodiment, the retrofit controller 150 may at least partially control injection pressures of the
machine 100 by controlling a rate of melt flow through the nozzle 116. In various embodiments,
the retrofitting can also include rerouting the disconnected injection control output 147 to one of
the inputs 153 of the retrofit controller 150. Other examples are possible.

The injection molding machine 100 may also include a disable switch 158, which can be
provided with the retrofitting, as described herein. The disable switch 158 can allow a user of
the retrofitted injection molding machine to select a mode of injection molding that disables the
retrofit controller 150 such that the machine 100 and the native controller 140 mold production
versions (i.e. parts made using production conditions on the molding machine 100, wherein the
parts have acceptable part quality) of the plastic part according to the original mold cycle. In
various embodiments disclosed herein, the retrofitting process includes establishing signal
communication between: a) a user-controlled output 159 from the disable switch 158, and b) one
of the inputs 153 of the retrofit controller 150. The retrofit controller 150 can be set, configured,
and/or programmed with logic, commands, and/or executable program instructions such that
when the user-controlled output 159 provides a particular signal, the retrofit controller 150 does
not control plastic injecting during a mold cycle of the molding machine 100.

b2

As an example, when the user-controlled output 159 is turned “on,” the injecting
function of the retrofit controller 150 is disabled and does not control the plastic injecting, and
when the user-controlled output 159 is turned “off,” the injecting function of the retrofit
controller 150 is not disabled and does control the plastic injecting. The retrofit controller 150
can also be set, configured, and/or programmed with logic, commands, and/or executable
program instructions such that when the injecting function of the retrofit controller 150 is
disabled, the retrofit controller 150 can receive the control output 147 from the native controller
140 (as described above) and pass that received signal to the control input of the injection unit of
the molding machine 100. As a result, when the injecting function of the retrofit controller 150
is disabled, the native controller 140 can effectively control the plastic injecting (with the passed
through signal) and the retrofitted molding machine 100 can still operate, although using an
original mold cycle which is likely to be relatively less efficient then the retrofit mold cycle. In
various embodiments, the function of the disable switch 158 and the user-controlled output 159

can be accomplished by one or more additional or alternate user input devices and/or signals,

data, and/or information which are equivalent, in any workable way known in the art.
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FIG. 4 provides an illustration of a retrofit injection mold cycle 300 as programmed on
the native controller 140 and the retrofit controller 150 of FIGS. 2 and 3, for controlling the
retrofitted injection molding machine 100. The retrofit mold cycle 300 includes an operating
sequence of injecting molten plastic 310, according to control 302 by the retrofit controller 150,
and subsequently performing other functions according to control 301 by the native controller
140. The injecting of the molten plastic 310 includes an initial injecting portion 315, a filling
portion 316, which includes using a target pressure 316-t, and a decreasing pressure portion 317.
The native controller 140 and retrofit controller 150 can use various signal communications, as
described herein and known in the art, to share control of the retrofitted injection molding
machine 100 during the retrofit mold cycle. The injecting of the molten plastic 310 can be
partially or fully performed in any way described herein for a retrofit mold cycle. The other
functions of the cycle include cooling the plastic 320, opening the mold 330, ejecting the part
from the mold 340, and closing the mold 350. Any number of additional functions may be
performed by either the retrofit controller 150 and/or the native controller 140.

In order to run the retrofit injection mold cycle, machine load values must be determined
and/or calculated for the injection loading machine 100, preferably in real time, continuously,
semi-continuously, periodically, or at at least one or a plurality of locations during the course of
an injection molding cycle.

In some embodiments, maximum and/or reference load values for the machine 100 are
provided by the manufacturer and/or are readily obtainable.

In other examples, the maximum load may be calculated by causing the injection
molding machine 100 to enter a learning mode during which an initial load value is calculated
based on operating the machine 100 according to a first defined set of parameters. Accordingly,
this first set of parameters would be interpreted as a “maximum loading” value. A modified load
value is then calculated by operating the machine 100 according to a second defined set of
parameters. In some examples, the loading may be increased by a specified percentage to reach
an absolute maximum loading of the machine. By modifying the parameters to the second
defined set, a relative weighting of what each factor contributes to the overall loading of the
machine can be determined. As an example, by increasing the cooling time by a specified
percentage, the amount the machine loading changes can be calculated. The second set of
parameters can be experimentally determined to understand the maximum amount of change

that is allowable before a noticeable degradation in part quality is observed. As a result, in some
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embodiments, a suitable operating range for each parameter is determined and thereafter used to
form satisfactory parts.

This second defined set of parameters can differ from the first defined set of parameters,
preferably by at least approximately 5-35% in order to allow the reference load curve to be
optimally interpolated and extrapolated. The retrofit controller 150 and/or the native controller
140 then generates and stores a reference load curve that is based on the first and second
operating parameters via extrapolation and/or any other suitable method. For example, the
parameters may be determined via an iterative, “closed-loop” process known in the art. In these
examples, limits and operating instructions must be established and provided so the controller
can “learn” how far the parameters may be changed to maintain safe operation of the injection
molding machine. In further embodiments, dependent variables may be added where modifying
any number of variables may result in other variables automatically changing to stay within the
established limits.

In some examples, it may be necessary to identify operating speed, torque settings,
estimated load values, the particular machine geometry (e.g., screw pitch or other details), and
the type of plastic being used. Other variables may also need to be identified. It is understood
that the reference load curve may be calculated via any other suitable method known in the art
such as by experientially monitoring system performance at a peak period of time and storing
and using these values as maximums. In other approaches, the maximum load value may be a
theoretical value based on the motor and/or drive specifications for a given injection molding
machine.

Upon determining and/or establishing a reference or maximum load curve, the learning
mode is complete, and the injection molding machine 100 is placed in an operational mode
wherein it is operated in a manner that does not exceed the maximum load value at any point but
may approach the maximum load value to obtain peak efficiency. Alternately, the learning mode
may remain open and the reference or maximum load curve could continually or periodically be
regenerated based on new reference load data. If the operational load value were to exceed the
maximum load value, the machine 100 may overheat, risk damage to one or more of its
components, and/or fail. The machine 100 may be adapted to accept a user input designating
how close an operational load must be to the maximum load allowable by the machine. In some
embodiments, a user may wish to operate the machine 100 within approximately 50% and
approximately 100% of the maximum load at all times, without exceeding the maximum load at

any time. In preferred embodiments, the machine may be configured to operate at any numerical
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value between approximately 60-99% of the machine’s maximum load. If the operational load
falls outside of this range, the retrofit controller 150 is adapted to selectively control operation
of the machine to cause the operational load to be within this range, with a pre-programmed
hierarchy of operational parameter adjustments to be made to bring the IM machine back within
the desired range. In some examples, sensors 128, 129 and/or any other devices may determine
values associated with the machine’s 100 operation and transmit these data to the native
controller 140 and/or the retrofit controller 150. The current operating values are then compared
to the reference load curve to determine whether the machine is operating within the desired
range.

In some embodiments, any or all of the initial load value, the modified load value, and/or
the current operational load value are calculated using a root-mean-square (or RMS) calculation
in which the operating current and/or voltage values are periodically measured to determine a
mean value. Power consumption can be measured using any number of approaches known in the
art such as, for example, by using current/voltage probes. To measure power consumption, RMS
voltage and RMS current are calculated and multiplied together. The power consumption may
also be calculated using the following formula: POWER = SQRTI,"2 + L2 + "2
+... I 2)*SQRT(V "2+ V "2+ V"2 +....+ V,”2) where I, and V,, represent scans of the processor.
If these values are calculated at a high enough rate, a machine’s power loading may be provided.
This calculation is then reset or repeated with each given shot or segment of control of interest
(for example, the injection phase, the hold phase, the recovery phase, etc.). In other examples, a
machine capacity load calculation or any other calculation known in the art may be used to
determine the machine’s load.

An exemplary operating screen or display 500 of the native controller 140 and/or the
retrofit controller 150 is illustrated in FIG. 5. The native controller 140 and/or the retrofit
controller 150 may sense, determine, calculate, and/or display information relating to operation
of the machine 100 in a graphical manner to allow an operator to identify how the machine 100
is currently operating. The native controller 140 and/or the retrofit controller 150 may also store
historical data for the operator to review at a later date and to perform any number of analytical
calculations. The display 500 may provide energy consumption metrics for different phases of
the injection molding cycle, and may sum this information to provide a total load value.

In some embodiments, the retrofit controller 150 may incorporate any number of
approaches to providing periodic, accurate tracking and/or adjusting of machine parameters in

real or near-real time. For example, the retrofit controller 150 may incorporate feedback control
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components and/or systems which compare real-time sensed operating values with anticipated
operating values and applying corrective action to compensate for the difference between the
sensed values.

In some examples, the retrofit controller 150 may be a closed loop controller which
provides feedback and trim control during the mold cycle. The feedback trim control provides
modification to both steady-state response and control system dynamics. By altering the
feedback signal of the control system (e.g., adding and/or subtracting a PID controlled trim
signal), either the native controller 140 and/or the retrofit controller 150 may perform the
desirable process. It is understood that any number of feedback controllers and/or systems
known those having skill in the art may be used.

As a non-limiting example and as illustrated schematically by FIGS. 6A and 6B, the
retrofit controller 150 may be adapted to include feedback control (e.g., a trim control process as
illustrated by FIG. 6A) which can include a number of components coupled to the injection
molding machine 600 via any number of electrical coupling approaches. The feedback control
may be applied to any machine configuration, including electric, hydraulic, servo-hydraulic,
servo-driven, and any other configurations. In addition to the components of the injection
molding machine 600 previously described herein with regard to the preceding figures, the
process may utilize any number of sensors 602 (e.g., a cavity sensor and a nozzle sensor), a load
calculation module 604, a first pressure setpoint 606, a first summer 608, a first PID controller
610, a second summer 612, a second pressure setpoint 614 (which may be equal in value to that
of the first pressure setpoint 606), a third summer 616, a second PID controller 618, and a valve
or drive 620. It is understood that any number of additional components used in feedback
control processes may also be used to provide control. Further, it is understood that the native
controller may supply the retrofit controller with any number of sensed values not illustrated in
FIGS. 6A and/or 6B.

As illustrated in FIG. 6A, the sensor and/or sensors 602 transmit a signal to the load
calculation module 604 to determine the current operational load value. This value is transmitted
to the first summer 608 which compares the value to the first pressure setpoint 606 and
generates an error signal to be transmitted to the first PID controller 610. The first PID
controller 610 then generates a load signal and transmits the signal to the second summer 612,
which compares the signal to the current operational load value. The second summer 612
generates a voltage signal indicative of an operating pressure based on the received signals, and

is compared to the second pressure setpoint 614 value at the third summer 616. Depending on
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the machine, the system environment, and additional factors, the process may transmit signals at
different voltage scales. For example, the signals may range between 4-20 mV, -10-10V, 0-10V,
and any other suitable range. In some embodiments, the signal ranges may also vary based on
the type of signal being measured (e.g., a temperature, pressure, and/or position measurement).
An error signal is again sent to the second PID controller, which generates a voltage signal
representative of a valve position for the valve or drive 620. Upon receiving this signal, the
valve 620 adjusts and transmits a pressure to the injection molding machine 600 for operation.

The process illustrated schematically in FIG. 6B depicts the use of a control loop in an
exemplary standard (e.g., hydraulic) press and differs from the process in FIG. 6A in that a
single control loop is used to determine and cause modifications to the system. In these
machines, the feedback loop may be different from the control used in an electric process. Some
considerations when controlling a hydraulic press include additional contributing factors on the
load such as hydraulic pressure (including the pressure in hoses, valves, and other components),
oil temperatures (where, in some examples, the hybrid press may shut down due to overloading),
and a PID tuning rate. Other examples are possible.

In FIG. 6B, the sensor and/or sensors 602 transmit a signal to the load calculation
module 604 to determine the current operational load value. This value is transmitted to the
summer 608 which compares the value to the pressure setpoint 606 and generates an error signal
to be transmitted to the PID controller 610. The PID controller then generates a voltage signal
representative of a valve position for the valve or drive 620. Upon receiving this signal, the
valve 620 adjusts and transmits a pressure to the injection molding machine 600 for operation.
In some examples, the controller may adjust the dwell, cooling, and/or eject timing prior to
adjusting valve pressure.

In some approaches, parameters of the injection molding machine 100 may be adjusted
in any number of ways to effectuate a change to the current operational load. For example,
changes may be made to a barrel temperature, a clamp closing speed, a clamp opening speed, a
cooling time, an inject forward time, an overall cycle time, a pressure setpoint, a screw recovery
speed, and/or a screw velocity to adjust the current operational load. It is understood that
changing any and/or all of these parameters may have an effect on the operational load, thus
there may be countless approaches to modifying these parameters to accomplish an increase or
decrease in the operational load value.

For example, in some embodiments, by decreasing the barrel temperature, the machine’s

loading increases, as, for example, the lower barrel temperature may result in relatively higher
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viscosity of the molten polymeric material to be injected into the mold cavity. By decreasing the
clamp closing and opening speed, the operational load value will decrease. By decreasing the
cooling (or dwell) time, the operational load value will increase. By decreasing the inject
forward time (e.g., fill and pack times), the pressure setpoint, screw recovery speed, and screw
velocity, the machine’s loading values will decrease. By decreasing the overall cycle time, the
machine’s loading will increase. It is understood that for any of the above examples, increasing
the parameter may result in an opposite effect on the machine’s loading. Other examples of
parameters which may be adjusted are possible. The software 151 of the retrofit controller 150 is
adapted to selectively adjust any number of these parameters to increase or decrease the load
value as desired to keep the current operational load within the desired range.

The dimensions and values disclosed herein are not to be understood as being strictly
limited to the exact numerical values recited. Instead, unless otherwise specified, each such
dimension is intended to mean both the recited value and a functionally equivalent range
surrounding that value. For example, a dimension disclosed as “40 mm” is intended to mean
“about 40 mm.”

Every document cited herein, including any cross referenced or related patent or
application and any patent application or patent to which this application claims priority or
benefit thereof, is hereby incorporated herein by reference in its entirety unless expressly
excluded or otherwise limited. The citation of any document is not an admission that it is prior
art with respect to any invention disclosed or claimed herein or that it alone, or in any
combination with any other reference or references, teaches, suggests or discloses any such
invention. Further, to the extent that any meaning or definition of a term in this document
conflicts with any meaning or definition of the same term in a document incorporated by
reference, the meaning or definition assigned to that term in this document shall govern.

While particular embodiments of the present invention have been illustrated and
described, it would be obvious to those skilled in the art that various other changes and
modifications can be made without departing from the spirit and scope of the invention. It is
therefore intended to cover in the appended claims all such changes and modifications that are

within the scope of this invention.
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CLAIMS
What is claimed is:
1. A method of retrofitting an injection molding machine, the method comprising:

retrofitting an injection molding machine with a retrofit controller, the injection molding
machine including a native controller adapted to control operation of the injection molding
machine;

entering a learning mode of at least one of the native controller or the retrofit controller
to calculate an initial load value of the injection molding machine based on a first set of
operating parameters;

calculating a modified load value of the injection molding machine by operating the
injection molding machine based on a second set of operating parameters;

generating a reference load curve based on at least the first set of operating parameters
and the second set of operating parameters;

entering an operational mode of the retrofit controller; and

using the retrofit controller, selectively operating the injection molding machine such
that an operational load value of the injection molding machine remains at or below the

reference load curve.

2. The method of claim 1, wherein the retrofit controller comprises a closed loop controller
adapted to permit the injection molding machine unit to operate within 50% of the reference

load value.

3. The method of claim 1 or 2, further comprising establishing signal communication
between an output of the retrofit controller and the injection molding machine such that the

retrofit controller at least partially controls operation of the injection molding machine.

4. The method of any one of claims 1-3, wherein the first set of operating parameters and

the second set of operating parameters comprise adjustments to at least one of barrel
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temperature, clamp closing speed, clamp opening speed, cooling time, inject forward time,

overall cycle time, pressure setpoint, screw recovery speed, and screw velocity.

5. The method of any one of claims 1-4, wherein the initial load value is calculated by
sensing at least one of a nozzle pressure, injection pressure, screw velocity, and voltage over a

predetermined per-cycle period of time and calculating a load value using the sensed data.

6. The method of any one of claims 1-4, wherein the modified load value is calculated by
sensing at least one of a nozzle pressure, injection pressure, screw velocity, and voltage over a

predetermined per-cycle period of time and calculating a load value using the sensed data.

7. The method of any one of claims 1-6, wherein the second set of operating parameters

comprise a difference of approximately 0.1-50% from the first set of operating parameters.

8. The method of any one of claims 1-6, wherein selectively operating the injection
molding machine comprises selectively adjusting at least one of barrel temperature, clamp
closing speed, clamp opening speed, cooling time, inject forward time, overall cycle time,

pressure setpoint, screw recovery speed, and screw velocity.

9. The method of any one of claims 1-8, wherein the reference load curve provides an
estimated maximum load value the injection molding machine can maintain while avoiding

failure.

10. The method of any one of claims 1-9, further comprising periodically monitoring an
operating load of the injection molding machine to ensure the operating load is within a

determined range of the reference load curve.

11. The method of any of one claims 1-10, wherein at least one of the initial load value, the
modified load value, and the operational load value is calculated by at least one a root-mean-

square load calculation and a maximum machine capacity load calculation.
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12. The method of claim 11, wherein a total machine load value is used to calculate the

maximum machine capacity load calculation.
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