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(57) Abstract: An injection molding apparatus (10) comprising a signal converter (1500) interconnected to a machine controller (MC)
of an injection molding machine (IMM) that generates standardized signals (VPS), the signal converter (1500) receiving and converting
the standardized signals (VS) to a command signal (MOPCS, PDCVS) that is compatible with a signal receptor or interface of an
electrically powered actuator (940e, 941 ¢, 942¢) or a signal receptor, interface or driver of a proportional directional control valve (V,
V1, V2) that drives a fluid driven actuator (940p, 941 p, 942p) to respectively operate the electrically powered actuator (940e, 941 e,
942¢) or the proportional directional control valve (V, V1, V2) to move in a direction that operates to either begin an injection cycle

and to end an injection cycle.
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CONTROLLER ARRANGEMENT FOR INJECTION MOLDING SYSTEM

RELATED APPLICATIONS
[001] This application claims the benefit of priority to U.S. Application Serial No.
62/344,108 filed June 1, 2016, the disclosure of which is incorporated by reference
as if fully set forth in its entirety herein.
[002] The disclosures of all of the following are incorporated by reference in their
entirety as if fully set forth herein: U.S. Patent No. 5,894,025, U.S. Patent No.
6,062,840, U.S. Patent No. 6,294,122, U.S. Patent No. 6,309,208, U.S. Patent No.
6,287,107, U.S. Patent No. 6,343,921, U.S. Patent No. 6,343,922, U.S. Patent No.
6,254,377, U.S. Patent No. 6,261,075, U.S. Patent No. 6,361,300 (7006), U.S.
Patent No. 6,419,870, U.S. Patent No. 6,464,909 (7031), U.S. Patent No. 6,599,116,
U.S. Patent No. 7,234,929 (7075US1), U.S. Patent No. 7,419,625 (7075US2), U.S.
Patent No. 7,569,169 (7075US3), U.S. Patent Application Serial No. 10/214,118,
filed August 8, 2002 (7006), U.S. Patent No. 7,029,268 (7077US1), U.S. Patent No.
7,270,537 (7077US2), U.S. Patent No. 7,597,828 (7077US3), U.S. Patent
Application Serial No. 09/699,856 filed October 30, 2000 (7056), U.S. Patent
Application Serial No. 10/269,927 filed October 11, 2002 (7031), U.S. Application
Serial No. 09/503,832 filed February, 15, 2000 (7053), U.S. Application Serial No.
09/656,846 filed September 7, 2000 (7060), U.S. Application Serial No. 10/006,504
filed December 3, 2001, (7068) and U.S. Application Serial No. 10/101,278 filed
March, 19, 2002 (7070) and PCT application no. PCT/US2011/029721 filed March
24,2011 (7094), PCT publication no. W0O2012074879 (A1) (7100WO0) and
W02012087491 (A1) (7100W01) and PCT/US2013/75064 (7129WQ0) and
PCT/US2014/19210 (7129WO1) and PCT/US2014/31000 (7129W02) and U.S.
Publication No. 20150239161 (7129) and U.S. Patent No. 9498909 (7134).

BACKGROUND OF THE INVENTION
[003] Injection molding systems that use an injection molding machine that includes
a controller that controls the opening and closing positions of a hydraulic or
pneumatic valve pin have been used. The signaling of when the fluid driven valves
are supposed to close or open is controlled by a signal generated by the injection
molding machine (IMM) that is sent to the solenoid of a fluid flow directional control

valve (DCV) to instruct the DCV to move to a valve pin directional closed or valve pin
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directional open position. The signal that is sent from the injection molding machine
(or from an intermediate controller that is initially signaled by a screw position sensor
SPSR that senses position of the barrel screw BS of the injection molding machine)
to the solenoid component of the DCVs s typically a simple 0 volt signal for closed
and a 24 volt signal for open (or sometimes a 0 volt signal for closed and 120 volt
signal for open). Such prior systems are standardized such that all DCVs and IMMs
are designed to be universally compatible for simplicity of customer use and

installation purposes.

SUMMARY OF THE INVENTION
[004] In accordance with the invention there is provided a modular control unit
(1500) comprising:

a housing (1502) containing an electronic controller (16), multiple input
interfaces (1504, 1506), and at least one driver (MD, HVD, PVD),

a first input interface (1506) configured to receive a valve control signal (VS)
specifying valve open or valve closed or start of injection cycle and end of injection
cycle, and outputting a data signal (1506s) indicative thereof to the controller (16);

a second input interface (1504) configured to receive a pin position signal
(PS) specifying a position of a valve pin along a continuous path of travel and
outputting a data signal (1504s) indicative thereof to the controller (16);

the controller (16) including a processor and computer readable media with
instructions for pre-configured actuated control of valve pin position, wherein the
instructions, when executed by the processor, cause the processor to generate,
based on the data signals (VS, PS) an output control signal (IS) for controlling valve
pin position via at least one of: a) a hydraulic proportional directional control valve (V,
V1, V2), b) a pneumatic proportional directional control valve (P1, P2, P3), and c) an
electric motor (940e, 941e, 942¢),

the at least one driver (MD, HVD, PVD) configured to receive the output
control signal from the controller and generate a control unit output signal (MOPCS,
PDCVS, PVS) that drives at least one of a) the hydraulic proportional directional
control valve (V, V1, V2), b) the pneumatic proportional directional control valve (P1,
P2, P3), and c) the electric motor (940e, 941e, 942¢) for control movement of the

valve pin.
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[005] The pin position signal (PS) is typically received from a sensor (950, 951,
952) that senses a linear or rotational position of an actuator (940e, 940f) or a valve
pin (1040, 1041).
[006] The housing (1502) typically further contains a power management circuit
(1508) that receives an input AC or DC power input, and wherein the power
management circuit outputs a power signal (1508s) to the driver (MD, HVD, PVD).
[007] The modular control unit is preferably adapted for use in an injection
molding apparatus wherein an injection molding machine (IMM) or a fluid pressure
unit (HPU) generates the input valve control signal (VS.) specifying valve open and
valve closed or start of injection cycle and end of injection cycle, and a position
sensor (950, 951, 952) generates the input pin position signal (PS).
[008] The modular control unit can further comprise a user interface (1510) for
receiving input from a human operator, the input being transmitted to the controller
(16) and the input being stored on the computer readable media.
[009] The input is typically executed by the processor, along with the
instructions, for generating the output control signal.
[010] The output control signal preferably specifies instructions for one or more
of: calibrating a valve pin position sensor, specifying a valve pin open or closed
position, specifying a valve pin position along the continuous path of travel, and
specifying a valve pin velocity.
[011] The instructions for pre-configured actuated control of valve pin position
can comprise sequential valve gating control parameters.
[012] The instructions for pre-configured actuated control of valve pin position
can comprise simultaneous valve gating control parameters.
[013] In another aspect of the invention there is provided a modular injection
molding system control unit (1500) interconnected to an injection molding machine
(IMM) controller (MC) comprising:

a housing (1502) containing an electronic controller (16), one or more input
interfaces (1504, 1506), and at least one driver (MD, HVD, PVD),

at least one input interface (1506) configured to receive a valve control signal
(VS) specifying valve open and valve closed or start of injection cycle and end of
injection cycle, and outputting a data signal (1506s) indicative thereof to the

controller (16);
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the controller (16) including a processor and computer readable media with
instructions for pre-configured actuated control of valve pin position, wherein the
instructions, when executed by the processor, cause the processor to generate,
based on the data signal (1506s) an output control signal (IS) for controlling valve
open and valve closed position or start of injection cycle and end of injection cycle
via at least one of: a) a hydraulic proportional directional control valve (V, V1, V2), b)
a pneumatic proportional directional control valve (P1, P2, P3), and c) an electric
motor (940e, 941e, 942¢),

the at least one driver (MD, HVD, PVD) configured to receive the output
control signal (IS) from the controller (16) and generate a control unit output signal
(MOPCS, PDCVS) that drives at least one of a) the hydraulic proportional directional
control valve (V, V1, V2), b) the pneumatic proportional directional control valve (P1,
P2, P3), and c) the electric motor (940e, 941e, 942¢) for control movement of the
valve pin.
[014] The at least one input interface (1506) receives the valve control signal
(VS) either directly from the injection molding machine (IMM) controller (MC) or
indirectly from an intermediate control unit (HPU) that receives a corresponding
instruction signal (SPS) from the injection molding machine (IMM) that is at least
indicative of valve open and valve closed or start of injection cycle and end of
injection cycle.
[015] In another aspect of the invention there is provided an injection molding
apparatus (10) comprising an injection molding machine (IMM) having a drivably
rotatable barrel screw (BS) that generates an injection fluid (18), a heated manifold
(40) that receives the injection fluid (18) from the injection molding machine (IMM)
and distributes the injection fluid (18) to one or more gates (32, 34, 36), a mold (42)
having a cavity (30) communicating with the gates to receive the injection fluid (18),

the injection molding machine (IMM) including a machine controller (MC) or

control unit (HPU) that generates one or more standardized signals (VS), wherein
the standardized signals (VS) are compatible for receipt and use by a signal
receptor, interface or driver of a standard directional control valve (12) to instruct the
fluid directional control valve (12) to move to a position that routes a source of drive

fluid to flow in a direction that drives an interconnected fluid drivable actuator (940f,



WO 2017/210169 PCT/US2017/034963

941f, 942f) to move in a direction that operates to begin an injection cycle and to end
an injection cycle,

a signal converter (1500) interconnected to the machine controller (MC) or control
unit (HPU), the signal converter (1500) being adapted to convert the standardized
signals (VPS) to a command signal (MOPCS, PDCVS) that is compatible with a
signal receptor or interface of an electrically powered actuator (940e, 941e, 942¢) or
a signal receptor or interface of a proportional directional control valve (V, V1, V2)
that is interconnected to a fluid driven actuator (940p, 941p, 942p),

wherein the command signals (MOPCS, PDCVS) are converted by the signal
converter (1500) into a form, frequency, power or format that is usable by the signal
receptor or interface of the electrically powered actuator (940e, 941e, 942¢) or the
proportional directional control valve (V, V1, V2) to respectively cause the electrically
powered actuator (940e, 941e, 942¢) or the proportional directional control valve (V,
V1, V2) to be driven in a direction that operates to either begin an injection cycle or
to end an injection cycle.

[016] The direction that operates to begin an injection cycle is preferably a
direction that operates to cause the actuator (940e, 941e, 942¢, 940p, 941p, 942p)
or its associated valve pin (1040, 1041, 1042) to open a gate (32, 34, 36) and the
direction that operates to end an injection cycle is a direction that causes the
actuator (940e, 941e, 942¢, 940p, 941p, 942p) or its associated valve pin (1040,
1041, 1042) to close the gate (32, 34, 36).

[017] The direction that operates to begin an injection cycle is an upstream
direction in which the actuator (940e, 941e, 942¢e, 940p, 941p, 942p) or its
associated valve pin (1040, 1041, 1042) moves upstream from a gate closed
position to an open gate position (32, 34, 36) and the direction that operates to end
an injection cycle is a downstream direction in which the actuator (940e, 941e, 942¢,
940p, 941p, 942p) or its associated valve pin (1040, 1041, 1042) moves downstream
from an open gate position to a closed gate position (32, 34, 36).

[018] The standardized signals (VPS) typically comprise a voltage signal of
predetermined voltage or magnitude indicative of a predetermined rotational position
of the barrel screw (BS) of the injection molding machine (IMM) that generates
pressurized injection fluid (18) within the apparatus.
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[019] The apparatus (10) can further comprise one or more sensors (950, 951,
952, SN, SC, SPSR, BPSR) that detect and generate one or more sensor signals
indicative of one or more of rotational or linear position of an actuator (940e, 941e,
942e, 940p, 941p, 942p) or its associated valve pin (1040, 1041, 1042), pressure or
temperature of the injection fluid 18 within a fluid channel (19) of the manifold (40) or
within a nozzle channel (42, 44, 46) or within the cavity (30) of the mold (33) or within
a barrel of the injection molding machine (IMM), the apparatus (10) including an
actuator controller (16) that receives and uses the one or more sensor signals in a
program that:

instructs the actuator (940e, 941e, 942¢, 940p, 941p, 942p) or its associated
valve pin (1040, 1041, 1042) to travel during the course of the injection cycle to
positions that correspond to a predetermined profile of injection fluid pressures,
linear or rotational pin positions, linear actuator or valve pin positions, barrel screw
positions, barrel pressures or actuator drive fluid pressures or that,

instructs the actuator (940e, 941e, 942¢, 940p, 941p, 942p) or its associated
valve pin (1040, 1041, 1042) such that the valve pin is withdrawn from a closed gate
position upstream at a reduced velocity over a selected path of upstream travel, or
that,

instructs the actuator (940e, 941e, 942¢, 940p, 941p, 942p) or its associated
valve pin (1040, 1041, 1042) to travel such that the valve pin is driven downstream at
a reduced velocity over a selected path of travel where a distal tip end of the pin
travel from upstream of the gate to a gate closed position, or that,

instructs the actuator (940e, 941e, 942¢, 940p, 941p, 942p) or its associated

valve pin (1040, 1041, 1042) to travel such that the valve pin is driven upstream or
downstream to an intermediate position between a gate closed position and a fully
upstream position where the valve pin is maintained in the intermediate position for a
selected period of time during the course of the injection cycle wherein, in the
intermediate position, the distal tip end of the valve pin restricts flow of injection of
the injection to less than a maximum flow.
[020] In another aspect of the invention there is provided a method of beginning
and ending an injection cycle comprising operating an apparatus (10) in accordance
with any of the foregoing described apparatuses to perform an injection cycle.
[021] In another aspect of the invention there is provided a signal converter

(1500) for converting signals generated by an injection molding apparatus (10) that is
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comprised of an injection molding machine (IMM) having a drivably rotatable barrel
screw (BS) that generates an injection fluid (18), a heated manifold (40) that receives
an injection fluid (18) from the injection molding machine (IMM) and distributes the
injection fluid (18) to one or more gates (32, 34, 36), a mold (42) having a cavity (30)
communicating with the gates to receive the injection fluid (18), wherein the injection
molding machine (IMM) includes a machine controller (MC) or a control unit (HPU)
that generates one or more standardized signals (VS), wherein the standardized
signals (VS) are compatible for use by a signal receptor, interface or driver of a
standard fluid directional control valve (12) to instruct the fluid directional control
valve (12) to move to a position that routes a source of drive fluid to flow in a
direction that drives an interconnected fluid drivable actuator (940f, 941f, 942f) to
move in a direction that operates to begin an injection cycle and to move in a
direction that operates to end an injection cycle,
wherein the sighal converter (1500) is interconnected to the machine

controller (MC) or control unit (HPU), the signal converter (1500) receiving and
converting the standardized signals (VPS) to a command signal (MOPCS, PDCVS)
that is compatible with a signal receptor or interface of an electrically powered
actuator (940e, 941e, 942¢) or a signal receptor or interface of a proportional
directional control valve (V, V1, V2) that drives a fluid driven actuator (940p, 941p,
942p),

wherein the signal converter (1500) includes a processor that converts the
command signals (MOPCS, PDCVS) into a form, frequency, power or format that is
usable by the signal receptor or interface of the electrically powered actuator (940e,
941e, 942¢) or by the signal receptor or interface of the proportional directional
control valve (V, V1, V2) to respectively cause the electrically powered actuator
(940e, 941e, 942¢) or the proportional directional control valve (V, V1, V2) to be
driven in a direction that operates to either begin an injection cycle or to end an
injection cycle.
[022] The direction that operates to begin an injection cycle is preferably a
direction that operates to moves the actuator (940e, 941e, 942e, 940p, 941p, 942p)
or its associated valve pin (1040, 1041, 1042) to open a gate (32, 34, 36) and the
direction that operates to end an injection cycle is a direction that operates to move
the actuator (940e, 941e, 942¢, 940p, 941p, 942p) or its associated valve pin (1040,
1041, 1042) to close the gate (32, 34, 36).

7
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[023] The direction that operates to begin an injection cycle is preferably an
upstream direction in which the actuator (940e, 941e, 942¢, 940p, 941p, 942p) or its
associated valve pin (1040, 1041, 1042) moves upstream from a gate closed
position to an open gate position (32, 34, 36) and the direction that operates to end
an injection cycle is a downstream direction in which the actuator (940e, 941e, 942¢,
940p, 941p, 942p) or its associated valve pin (1040, 1041, 1042) moves downstream
from an open gate position to a closed gate position (32, 34, 36).
[024] The standardized signals (VS) typically comprise a voltage signal of
predetermined voltage or magnitude indicative of a predetermined rotational position
of the barrel screw (BS) of the injection molding machine (IMM) that generates
pressurized injection fluid (18) within the apparatus.
[025] The signal converter (1500) typically further comprises one or more
sensors (950, 951, 952, SN, SC, SPSR, BPSR) that detect and generate one or
more sensor signals indicative of one or more of rotational or linear position of an
actuator (940e, 941e, 942¢, 940p, 941p, 942p) or its associated valve pin (1040,
1041, 1042), pressure or temperature of the injection fluid 18 within a fluid channel
(19) of the manifold (40) or within a nozzle channel (42, 44, 46) or within the cavity
(30) of the mold (33) or within a barrel of the injection molding machine (IMM), the
apparatus (10) including an actuator controller (16) that receives and uses the one or
more sensor signals in a program that:

instructs the actuator (940e, 941e, 942¢, 940p, 941p, 942p) or its associated
valve pin (1040, 1041, 1042) to travel during the course of the injection cycle to
positions that correspond to a predetermined profile of injection fluid pressures,
linear or rotational pin positions, linear actuator or valve pin positions, barrel screw
positions, barrel pressures or actuator drive fluid pressures or that,

instructs the actuator (940e, 941e, 942¢, 940p, 941p, 942p) or its associated
valve pin (1040, 1041, 1042) such that the valve pin is withdrawn from a closed gate
position upstream at a reduced velocity over a selected path of upstream travel, or
that,

instructs the actuator (940e, 941e, 942¢, 940p, 941p, 942p) or its associated
valve pin (1040, 1041, 1042) to travel such that the valve pin is driven downstream at
a reduced velocity over a selected path of travel where a distal tip end of the pin

travel from upstream of the gate to a gate closed position, or that,
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instructs the actuator (940e, 941e, 942¢, 940p, 941p, 942p) or its associated
valve pin (1040, 1041, 1042) to travel such that the valve pin is driven upstream or
downstream to an intermediate position between a gate closed position and a fully
upstream position where the valve pin is maintained in the intermediate position for a
selected period of time during the course of the injection cycle wherein, in the
intermediate position, the distal tip end of the valve pin restricts flow of injection of
the injection to less than a maximum flow.
[026] In another aspect of the invention there is provided a method of beginning and
ending an injection cycle comprising operating a signal converter (1500) in
accordance with any of the foregoing claims 7-11 to perform an injection cycle.
[027] In another aspect of the invention there is provided an injection molding
system comprised of an injection molding machine, a manifold, a mold and a valve
having an associated valve pin drivable by an actuator between a gate closed
position and a gate open position, the injection molding machine injecting a selected
injection fluid to the manifold which distributes the injection fluid to the valve, the
injection fluid flowing through the gates into a cavity in the mold when the valve pin is
in the gate open position,

wherein the system includes a first controller that includes a first set of
instructions that generate a first set of one or more signals that are adapted to
instruct a drive mechanism for a first selected actuator that is adapted to be
interconnected to the valve pin to drive the valve pin between gate closed and gate
open positions,

the system comprising a second controller interconnected to the first
controller, the second controller receiving the first set of signals from the first
controller and including a second set of instructions that convert the received first set
of signals to a second set of signals that are adapted to instruct a drive mechanism
for a second selected actuator that is interconnected to the valve pin to drive the
interconnected valve pin between gate closed and gate open positions.
[028] The first selected actuator is typically a hydraulic or pneumatic actuator and
the second selected actuator is preferably an electrically driven actuator comprised
of an electrically driven motor interconnected to the valve pin. Typical electric
actuator configurations and embodiments are shown and described in International
Application Publication No. WO 2015/006261 and U.S. patent No. 6294122, the
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disclosures of which are appended hereto as appendices A and B respectively and
incorporated herein by reference as if fully set forth herein.
[029] The second controller can include instructions that control positioning of
the valve pin at one or more selected positions between the gate closed position and
the gate open position for a selected period of time subsequent to movement of the
valve pin from the gate closed position toward the gate open position.

BRIEF DESCRIPTION OF THE DRAWINGS
[030] Fig. 1 is a side schematic view of a prior art injection molding system in
which an injection molding machine (IMM) includes a stock or standard IMM
controller or signal generator that sends a standard IMM controller signal to the
solenoid of a directional flow control valve that directs the position of the valve to
move between a valve gate closed and valve gate open position.
[031] Fig. 2 is a side schematic view of one embodiment of an injection molding
system according to the invention where the valve gates include an electrically
powered or electric motor containing actuator, the system including a machine signal
converter that receives a standard signal generated by an injection machine
controller converts the signal to a control signal compatible with the signal receptor
of the electrically powered actuators used in the system, the converter routing the
converted signal to the actuator processor.
[032] Fig. 2A is a generic schematic diagram of an arrangement of signal
communications between an injection molding machine controller, sensors, a signal
converter and electric actuators or the interface of a proportional directional control
valve.
[033] Fig. 2B is a schematic diagram of an arrangement of signal communications
between an injection molding machine controller, position sensors, a signal converter
and electric actuators.
[034] Fig. 2C is a schematic diagram of an arrangement of signal communications
between an injection molding machine controller, position sensors, a signal converter
and the interfaces of proportional directional hydraulic control valves.
[035] Fig. 2D is a schematic diagram of an arrangement of signal communications
between an injection molding machine controller, position sensors, a signal converter
and the interfaces of proportional directional pneumatic control valves.
[036] Fig. 3 is a side schematic view of another embodiment of an injection

molding system according to the invention where the valve gates include a
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proportional directional control valve, the system including a machine signal
converter that receives a standard signal generated by an injection machine
controller, converts the signal to a control signal compatible with the signal receptor
of the proportional directional control valves used in the system, the converter
sending the converted signal to the proportional directional control valves.

[037] Figs. 3A-3B show tapered end valve pin positions at various times and
positions between a starting closed position as in Fig. 3A and various upstream
opened positions, RP representing a selectable path length over which the velocity
of withdrawal of the pin upstream from the gate closed position to an open position is
reduced (via a controllable flow restrictor) relative to the velocity of upstream
movement that the valve pin would normally have over the uncontrolled velocity path
FOV when the pneumatic pressure is normally at full pressure and pin velocity is at
its maximum.

[038] Figs. 4A-4B show a system having a valve pin that has a cylindrically
configured tip end, the tips ends of the pins being positioned at various times and
positions between a starting closed position as in Fig. 4A and various upstream
opened positions, RP wherein RP represents a path of selectable length over which
the velocity of withdrawal of the pin upstream from the gate closed position to an
open position is reduced (via a controllable flow restrictor or electric actuator) relative
to the velocity of upstream movement that the valve pin would normally have over
the uncontrolled velocity path FOV when the pneumatic pressure of a pneumatic
actuator is normally at full pressure and pin velocity is at its maximum.

[039] Figs. 5A-5B show examples of downstream and upstream drive pin
position protocols. Fig. 5A shows a protocol for driving a pin beginning from a
maximum upstream position at a full velocity downstream to a partially gate open
position where the tip end of the pin is disposed at about 4mm from the gate
resulting in reduced injection fluid flow and finally driven downstream from the 4mm
position at a reduced velocity to the gate closed position. In the Fig. 5A embodiment
the tip end of the pin is held or maintained in the partially gate open 4mm position for
a selected period of time from about 0.15 and about 0.26 seconds. Fig. 5B shows a
protocol for driving a pin from gate closed downstream upstream at a reduced
velocity to a partially gate open position where the tip end of the pin is disposed at

about 2.5 mm from the gate resulting in reduced injection fluid flow through the gate
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and finally driven upstream to a maximum upstream position at either a reduced

velocity (shown in solid line) or at full velocity (shown in dashed line).

DETAILED DESCRIPTION OF THE INVENTION
[040] FIG 1 shows a conventional pneumatically (or hydraulically) driven system
10 with a central nozzle 22 feeding molten material 18 from an injection molding
machine IMM through a main inlet 18a to a distribution channel 19 of a manifold 40.
The IMM typically comprises a barrel (not shown) and a controllably rotatably
drivable or driven screw BS that initiates and ends an injection cycle at selected
points in time when the screw BS is rotatably driven to generate flow of injection fluid
18. The beginning of an injection cycle is typically defined at a selected point in time
when the screw BS is initially rotated from a standstill position or at a time that
occurs shortly after the time when the screw BS is initially begun rotating. The end of
the cycle is typically defined by a time at which the screw BS is stopped from rotating
following and after the selected time that defines the beginning of the cycle when the
screw BS is drivably rotated. The distribution channel 19 commonly feeds three
separate nozzles 20, 22, 24 which all commonly feed into a common cavity 30 of a
mold 33. One of the nozzles 22 is controlled by fluid driven actuator 940f and
arranged so as to feed into cavity 30 at an entrance point or gate that is disposed at
about the center 32 of the cavity. As shown, a pair of lateral nozzles 20, 24 feed into
the cavity 30 at gate locations that are distal 34, 36 to the center gate feed position
32.
[037] Asshown in Figures 1, 1A, the injection cycle is a cascade process where
injection is effected in a sequence from the center nozzle 22 first and at a later
predetermined time from the lateral nozzles 20, 24. The injection cycle is started by
first opening the pin 1040 of the center nozzle 22 and allowing the fluid material 100
(typically polymer or plastic material) to flow up to a position the cavity just before
100b the distally disposed entrance into the cavity 34, 36 of the gates of the lateral
nozzles 24, 20 as shown in Fig. 1A. After an injection cycle is begun, the gate of the
center injection nozzle 22 and pin 1040 is typically left open only for so long as to
allow the fluid material 100b to travel to a position just past 100p the positions 34,
36. Once the fluid material has travelled just past 100p the lateral gate positions 34,
36, the center gate 32 of the center nozzle 22 is typically closed by pin 1040 as
shown in Figs. 1B, 1C, 1D and 1E. The lateral gates 34, 36 are then opened by
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upstream withdrawal of lateral nozzle pins 1041, 1042 as shown in Figs. 1B-1E. As
described below, the rate of upstream withdrawal or travel velocity of lateral pins
1041, 1042 is controlled as described below. The center gate 32 and associated
actuator 940f and valve pin 1040 can remain open at, during and subsequent to the
times that the lateral gates 34, 36 are opened such that fluid material flows into
cavity 30 through both the center gate 32 and one or both of the lateral gates 34, 36
simultaneously. When the lateral gates 34, 36 are opened and fluid material NM is
allowed to first enter the mold cavity into the stream 102p that has been injected
from center nozzle 22 past gates 34, 36, the two streams NM and 102p mix with
each other. If the velocity of the fluid material NM is too high, such as often occurs
when the flow velocity of injection fluid material through gates 34, 36 is at maximum,
a visible line or defect in the mixing of the two streams 102p and NM will appear in
the final cooled molded product at the areas where gates 34, 36 inject into the mold
cavity. By injecting NM at a reduced flow rate for a relatively short period of time at
the beginning when the gate 34, 36 is first opened and following the time when NM
first enters the flow stream 102p, the appearance of a visible line or defect in the final
molded product can be reduced or eliminated.

[038] The rate or velocity of upstream and downstream travel of pins 1041, 1042
starting from either the gate closed position or the fully open upstream position is
controlled via an actuator controller 16 which controls the rate and direction of flow of
pneumatic or hydraulic fluid from the drive system 14 to the actuators 940f, 9411,
942f. A predetermined profile of metered drive fluid pressure or a profile of sensed
injection fluid pressure or temperature sensed by a sensor SN that senses the fluid
within the nozzle channel 42, 44, 46 or a profile of sensed pin or actuator position or
a profile of injection fluid pressure or temperature sensed within the mold cavity by a
cavity sensor SC or a profile of metered drive fluid pressure versus elapsed time can
be input into the actuator controller 16 as the basis for controlling upstream and
downstream travel of the valve pin(s) 1041 et al. at one or more selected velocities
over the course of travel of the valve pin through the stroke length either upstream or
downstream. For example the actuator controller 16 can include instructions that
instruct the drive members of the actuators to move the actuators at a reduced
velocity relative to one or more selected higher velocities of withdrawal. The higher
velocity is typically selected to be the highest velocity at which the system is capable
of driving the actuators. Typically, the instructions instruct the actuators to move the
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valve pins upstream from the gate closed position at a reduced velocity over the
course of travel where the tip end of the valve pin restricts the flow of injection fluid
18 to less than the flow would otherwise be if the valve pin were disposed fully
upstream, the restriction occurring as a result of the tip end of the valve pin
restricting the size of the flow path or opening at or near the gate 32, 34, 36 to a size
that is less than the size of the opening or flow path would otherwise be if the valve
pin were disposed fully upstream of the gate 32, 34, 36.

[039] The actuator controller 16 receives a signal in real time from a pressure
sensor 603 (or 605, 607) disposed in the drive fluid line communicating with the exit
of the metering valve 600, the signal being indicative of the reduced drive fluid
pressure in line 703 (or 705, 707). The actuator controller 16 instructs the valve 600
to move to a degree of openness that causes the fluid pressure in the line to match
the pressure of the predetermined profile at any given point in time or pin position
along the pressure versus time profile (e.g. Fig. 5AAA or 5BBB) or pressure versus
position profile (Figs. 5AA or 5BB. The pressure in the exit line of the metering valve
600 is proportional and corresponds to the velocity of withdrawal movement of the
actuator 941f (940f, 942f) and associated valve pin 1041 (1040, 1042).

[040] As used in this application with regard to various monitoring and control

systems, the terms “controller,” “component,” “computer” and the like are intended to
refer to a computer-related entity, either hardware, a combination of hardware and
software, software, or software in execution. For example, a component or controller
may be, but is not limited to being, a process running on a processor, a processor,
an object, an executable, a thread of execution, a program, and/or a computer. By
way of illustration, both an application running on a server and the server can be a
component. One or more components may reside within a process and/or thread of
execution and a component may be localized on one computer and/or distributed
between two or more computers.

[041] Claimed methods of the present invention may also be illustrated as a flow
chart of a process of the invention. While, for the purposes of simplicity of
explanation, the one or more methodologies shown in the form of a flow chart are
described as a series of acts, it is to be understood and appreciated that the present
invention is not limited by the order of acts, as some acts may, in accordance with
the present invention, occur in a different order and/or concurrent with other acts

from that shown and described herein. For example, those skilled in the art will
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understand and appreciate that a methodology could alternatively be represented as
a series of interrelated states or events, such as in a state diagram. Moreover, not
all illustrated acts may be required to implement a methodology in accordance with
the present invention.

[042] Invarious embodiments of the invention disclosed herein, the term “data” or
the like means any sequence of symbols (typically denoted “0” and “1”) that can be
input into a computer, stored and processed there, or transmitted to another
computer. As used herein, data includes metadata, a description of other data.
Data written to storage may be data elements of the same size, or data elements of
variable sizes. Some examples of data include information, program code, program
state, program data, other data, and the like.

[043] As used herein, computer storage media or the like includes both volatile
and non-volatile, removable and non-removable media for storage of information
such as computer-readable instructions, data structures, program modules, or other
data. Computer storage media includes RAM, ROM, EEPROM, FLASH memory or
other memory technology, CD-ROM, digital versatile disc (DVDs) or other optical
disk storage, magnetic cassettes, magnetic tape, magnetic disk storage or other
magnetic storage devices, or any other medium which can be used to store desired
information and which can be accessed by the computer.

[044] The methods described herein may be implemented in a suitable computing
and storage environment, e.g., in the context of computer-executable instructions
that may run on one or more processors, microcontrollers or other computers. In a
distributed computing environment (for example) certain tasks are performed by
remote processing devices that are linked through a communications network and
program modules may be located in both local and remote memory storage devices.
The communications network may include a global area network, e.g., the Internet, a
local area network, a wide area network or other computer network. It will be
appreciated that the network connections described herein are exemplary and other
means of establishing communications between the computers may be used.

[045] A computer may include one or more processors and memory, e.g., a
processing unit, a system memory, and system bus, wherein the system bus couples
the system components including, but not limited to, the system memory and the
processing unit. A computer may further include disk drives and interfaces to

external components. A variety of computer-readable media can be accessed by the
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computer and includes both volatile and nonvolatile media, removable and
nonremovable media. A computer may include various user interface devices
including a display screen, touch screen, keyboard or mouse.

[046] A “controller,” as used herein also refers to electrical and electronic control
apparati that comprise a single box or multiple boxes (typically interconnected and
communicating with each other) that contain(s) all of the separate electronic
processing, memory and electrical signal generating components that are necessary
or desirable for carrying out and constructing the methods, functions and
apparatuses described herein. Such electronic and electrical components include
programs, microprocessors, computers, PID controllers, voltage regulators, current
regulators, circuit boards, motors, batteries and instructions for controlling any
variable element discussed herein such as length of time, degree of electrical signal
output and the like. For example a component of a controller, as that term is used
herein, includes programs, controllers and the like that perform functions such as
monitoring, alerting and initiating an injection molding cycle including a control device
that is used as a standalone device for performing conventional functions such as
signaling and instructing an individual injection valve or a series of interdependent
valves to start an injection, namely move an actuator and associated valve pin from
a gate closed to a gate open position. In addition, although fluid driven actuators are
employed in typical or preferred embodiments of the invention, actuators powered by
an electric or electronic motor or drive source can alternatively be used as the
actuator component.

[047] As shown in the conventional system of Fig. 1, the injection molding
machine IMM includes its own internal manufacturer supplied machine controller that
generates standardized beginning of cycle gate closed and end of cycle gate open
and gate closed machine voltage signals VS typically 0 volts for gate open and 24
volts for gate open (or O volts and 120 volts respectively). The standardized
machine voltage signals VS are typically sent either directly to the solenoids of a
master directional control valve 12 (that controls the direction of flow of actuator drive
fluid into or out of the drive chambers of all of the plurality of fluid driven actuators
940f, 941f, 942f) to cause the directional control valve 12 (DCV) to move to a gate
closed or gate open actuator drive fluid flow position. Or, the same standardized
voltage signals VSC can be sent to the directional control valve 12 via the actuator
controller 16 which generates the same standardized voltage signals VSC as the VS
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signals in response to receipt from a screw position sensor SPSR of a machine
screw position signal SPS sent by the injection molding machine IMM to the actuator
controller 16, the actuator controller 16 thus generating the same beginning of cycle
and end of cycle control voltage signals VSC as the machine IMM can otherwise
generate and send VS directly to the directional control valve 12. Thus, where
conventional standardized directional control valves 12 are used, the sending of start
of cycle and end of cycle signals can be simplified via electrical or electronic signal
connections directly to the internal signal generator or controller contained within the
injection molding machine.

[048] Electrically powered actuators or electric motors and proportional
directional control valves cannot directly receive and utilize a standardized 0 volt
(gate closed), 24 volt (gate open) or 0 volt (gate closed) 120 volt (gate open) signals
generated by the start and stop cycle controller or signal generator that is typically
included in a conventional injection molding machine.

[049] As shown in a generic schematic form in Fig. 2A, a system 10 according to
the invention incorporates a signal converter 1500 that can receives standardized
injection machine generated start of cycle and end of cycle signals VS (such as 0
volts, 24 volts or 120 volts) and converts the received standardized signal VS to an
output power signal MOCPS or PDCVS that is compatible for receipt and use by an
electric motor or a proportional direction control valve power signal. The two
different actuator based systems, namely electric motor and proportional directional
control valve, are shown together in the generic Fig. 2A for illustration purposes only.
More typically, a practical implementation of a system as shown in Fig. 2A would be
such that the converter 1500 would contain a single microcontroller and an
interconnected driver that is configured to work with one or the other of an electric
actuator based system or a proportional directional control valve system.

[050] Fig. 2 shows an electric actuator based system in simplified schematic form.
As shown in Fig. 2, electric actuators 940e, 941e, 942e each have a rotating rotor
940r, 941r, 942r that is driven by electrical power (typically delivered via the
converter 1500) one or more of the precise polarity, amplitude, voltage and strength
of which is controlled for input to the motors by actuator controller 16 and the
program contained in the actuator controller 16. The rotating rotors 940r, 941r, 942r
are interconnected to a translationally movable shaft or other suitable connecting
devices 940c, 941c, 942c that interconnect the valve pins 1040, 1041, 1042 to the

17



WO 2017/210169 PCT/US2017/034963

driven rotors 940r, 941r, 942r. A typical interconnection between a shaft driven by a
rotor and the head of a valve pin is shown in U.S. Reexamination Certificate
6,294,122 C1 and U.S. Patent No. 9,492,960 the disclosures of which are
incorporated herein by reference in their entirety as if fully set forth herein.

[051] Fig. 2 illustrates an example of a system 10 according to the invention
having a plurality of electric power driven actuators 940e, 941e, 942¢, with a central
nozzle 22 feeding molten material 18 from an injection molding machine IMM
through a main inlet 18a from a barrel of the injection molding machine IMM to a
distribution channel 19 of a manifold 40. As in the conventional system of Fig. 1 in
the Figs. 2, 3 systems the IMM typically comprises a barrel (not shown) and a
controllably rotatably drivable or driven screw BS disposed within the barrel to
generate a pressurized supply of injection fluid 18 the pressure of which can be
detected by a barrel pressure sensor BPSR which can send a signal indicative of
barrel pressure to a controller 16 for use in controlling positioning and velocity of the
valve pin 1040, 1041, 1042. The screw BS of the IMM initiates and ends an
injection cycle at selected points in time when rotation of the screw BS is started and
stopped. The beginning of an injection cycle is typically defined at a first selected
point in time when the screw BS is initially rotated from a standstill position or at a
time that occurs shortly after the time when the screw is initially rotated. The end of
the cycle is typically defined by a selected second time following and after the first
selected time at which second time the screw is stopped from rotating and injection
fluid 18 is stopped from being injected into the heated manifold 40.

[052] The distribution channel 19 commonly feeds three separate nozzles 20, 22,
24 which all commonly feed into a common cavity 30 of a mold 33. One of the
nozzles 22 is controlled by an electric motor actuator 940e and arranged so as to
feed into cavity 30 at an entrance point or gate that is disposed at about the center
32 of the cavity. As shown, a pair of lateral nozzles 20, 24 feed into the cavity 30 at
gate locations that are distal 34, 36 to the center gate feed position 32.

[053] As with the system of Figure 1, an injection cycle using the systems of
Figs. 2, 3 is typically are used to carry out a cascade or sequential valve gate
process where injection is effected in a sequence from the center nozzle 22 first and

at later predetermined times from the lateral nozzles 20, 24. The cascade process is
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discussed in detail as an example only, the invention encompassing configurations
and protocols where a single valve pin and valve gate inject into a single cavity.
[054] Also as with the Figure 1 system, the Figs. 2, 3 systems 10 include an
actuator controller 16 that typically includes a program that converts a standard
voltage signal (such as 0V, 24V, 120V) received from an injection machine controller
MC into an instruction signal IS that is compatible with, receivable and interpretable
by a motor driver MD to cause the motor driver MD to generate a motor operating
control power signal MOCPS that signals the start of an injection cycle and the end
of injection cycle, the start typically being a power signal that drives the motor to
withdraw the valve pin 1040, 1041, 1042 from a gate closed position and the end
being a power signal that drives the motor to drive the valve pin from an upstream
position to a gate closed position. The controller 16 can include a program with
instructions that can move and drive the valve pin to and along any predetermined
position or velocity profile including at reduced velocities as described above.
Reduced velocity in the case of the Fig. 2 system means a velocity that is less than
the maximum velocity at which the electric actuator is capable of driving the pin,
typically less than about 75% of maximum and more typically less than about 50% of
maximum velocity whether upstream or downstream.

[055] The actuator controller 16 typically includes additional instructions that can
instruct a valve pin 1041, 1042, 1040 to be driven either upstream or downstream
starting from either a fully closed downstream or a fully upstream, gate open position
at one or more reduced upstream or reduced downstream velocities over at least the
beginning portion of the upstream path of travel of the valve pins 1040, 1041, 1042
or the latter portion of the downstream path of travel of the valve pins toward the
gates 32, 34, 36 where the tip end 1142 of the pin 1041 restricts flow of the injection
fluid through the gate RP, RP2, RP3 such as shown in Figs. 3A, 3B, 4A, 4B.
Reduced upstream velocity (beginning from the closed position) or reduced
downstream velocity (typically occurring at the end of the downstream length of the
downstream stroke) of a valve pin 1041, Figs. 3A, 3B, 4A, 4B can serve to lessen
the degree of downward flow of injection fluid at the beginning of a cycle or
downward force DF, Figs. 3B, 4B, exerted by the tip end 1142 of the pin on the
injection fluid 1153f, Figs. 3B, 4B, that is forcibly pushed through the gate and into
the cavity 1153c, Figs. 3A, 4A, when the tip end of the valve pin travels downstream
to a position where the tip end closes the gate, Figs. 3A, 4A. Such reduced force
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DF exerted on the injection fluid 1153g at the very beginning or end portion of travel
RP, RP2 of the injection cycle at or near the entrance 34 to the cavity of the mold
thus reduces the likelihood of a blemish or artifact being formed on the part that is
formed within the cavity at the gate area 34.

[056] In one embodiment, an electric actuator 940e, 941e, 942¢ is drivably
interconnected to a valve pin 1040, 1041, 1042 in an arrangement wherein the
electric motor drives the valve pin along the axis A, Figs. 3A, 4A, of the valve pin and
drives the tip end 1142 of the valve pin between a first position where the tip end of
the valve pin obstructs the gate 34 to prevent the injection fluid from flowing into the
cavity, a second position upstream of the first position RP, RP2, RP3 wherein the tip
end 1142 of the valve pin restricts flow 1153 of the injection fluid along at least a
portion of the length of the drive path extending between the first position and the
second position, and a third maximum upstream position FOP where the injection
fluid material flows freely without restriction from the tip end 1142 of the pin through
the first gate.

[057] The electric motor 62 can be configured and arranged relative to the valve
pin 1041 such that the driven rotor 154, 174 and shaft 158, 162 components of the
motor 62, Fig. 7A are axially aligned with the axis A of the valve pin. Alternatively, a
motor 62 configuration can be used such as in U.S. Patent No. 9492960 where the
driven rotor and shaft 61 components are arranged at an angle to the axis A, Figs.
3A, 4A.

[058] In an embodiment such as shown in Figs. 2, 3 an injection cycle can be
started by first opening the pin 1040 of the center nozzle 22, Fig. 1A, and allowing
the fluid material 100 (typically polymer or plastic material) to flow up to a position
the cavity just before 100b the distally disposed entrance into the cavity 34, 36 of the
gates of the lateral nozzles 24, 20 as shown in Fig. 1A. After an injection cycle is
begun, the gate of the center injection nozzle 22 and pin 1040 is typically left open
only for so long as to allow the fluid material 100b to travel to a position just past
100p the positions 34, 36. Once the fluid material has travelled just past 100p the
lateral gate positions 34, 36, the center gate 32 of the center nozzle 22 is typically
closed by pin 1040 as shown in Figs. 1B, 1C, 1D and 1E. The lateral gates 34, 36
are then opened by upstream withdrawal of lateral nozzle pins 1041, 1042 as shown
in Figs. 1B-1E. As described below, the rate of upstream withdrawal or travel

velocity of lateral pins 1041, 1042 is controlled as described below.
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[059] In alternative embodiments, the center gate 32 and associated actuator
940e, 940p and valve pin 1040 can remain open at, during and subsequent to the
times that the lateral gates 34, 36 are opened such that fluid material flows into
cavity 30 through both the center gate 32 and one or both of the lateral gates 34, 36
simultaneously. When the lateral gates 34, 36 are opened and fluid material NM is
allowed to first enter the mold cavity into the stream 102p that has been injected
from center nozzle 22 past gates 34, 36, the two streams NM and 102p mix with
each other. If the velocity of the fluid material NM is too high, such as often occurs
when the flow velocity of injection fluid material through gates 34, 36 is at maximum,
a visible line or defect in the mixing of the two streams 102p and NM will appear in
the final cooled molded product at the areas where gates 34, 36 inject into the mold
cavity. By injecting NM at a reduced flow rate for a relatively short period of time at
the beginning when the gate 34, 36 is first opened and following the time when NM
first enters the flow stream 102p, the appearance of a visible line or defect in the final
molded product can be reduced or eliminated.

[060] A signal converter 1500, Figs. 2, 3 is provided that enables a user to
connect the standardized voltage signal output (VS, VSC) of a conventional IMM
controller to the input of the electric motors 940e, 941e, 942¢, Figs. 2, 3 in the same
manner that the user interconnected an IMM controller in a conventional system as
in Fig. 1 to DCVs. The signal converter 1500 of the Figs. 2, 3 systems receives and
converts received IMM voltage signals (such as 0 volts, 24 volts, 120volts) to control
signals (MOCPS or PDCVS that operate to begin cycle and end cycle). As shown in
Figs. 2. 2A, 3 the standardized voltage signals VS can be alternatively generated by
an HPU (hydraulic power unit) that is physically separate but interconnected to the
machine controller MC, the HPU unit, Figs. 2, 2A, 2B, 2C, 3 receiving a barrel screw
position signal SPS from the machine controller and generating therefrom a
corresponding standardized VS signal that is in turn sent to the controller 16 for
conversion to an instruction signal IS usable by either a motor driver MD, Fig. 2A, or
by a proportional directional valve driver HVD, PVD, Figs. 2B, 2C to drive either a
motor or a proportional directional valve to initiate and end an injection cycle.

[061] Thus the standard start and stop control signals generated by an IMM (VS,
VSC) can operate in conjuction with the converter 1500 to instruct either the electic
actuators, 940e, 941e, 942¢ or the fluid driven actuators 940p, 941p, 942p, to at
least initiate or begin an injection cycle (such as by instructing the actuators 940e,
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941e, 942¢, 940p, 941p, 942p to drive a valve pin upstream from a gate closed
position) and to end or stop an injection cycle (such as by instructing the actuators
940e, 941e, 942¢, 940p, 941p, 942p to drive a valve pin downstream from a gate
open position into a gate closed position).

[062] Most preferably the physical or mechanical electric signal connectors that
are typically used to connect a wire or cable from the IMM (or machine controller
MC) to the signal conversion device 1500, are the same physical or mechanical
connectors that are used in conventional systems to connect the IMM (or machine
controller MC) to the DCVs of aconventional system as described with reference to
Fig. 1.

[063] As shown in Figs. 2, 2A, 2B, 2C the signal output VS of the IMM can be
connected directly to signal converter 1500 which converts the VS signal into a
motor open close power signal MOPCS or a proportional directional control valve
signal PDCVS that is compatible with and processable by the motors 940e, 941e,
942e or the proportional directional control valves V, V1, V2. Alternatively, the signal
output of the IMM of the machine controller MC of the Fig. 2 embodiment can
comprise a barrel screw position signal SPS that is sent to an intermediate HPU unit
by a screw position sensor SPSR.

[064] The MOCPS and PDCVS signals include signals that correspond to the VS
signals that operate to effect the beginning and end of an injection cycle.

[065]  Typically the Fig. 2 system 10 includes one or more position sensors, 950,
951, 952 or other sensors, SN, SC that detect a selected condition of the injection
fluid 18 in one or more of the manifold fluid flow channel 19, a nozzle flow channel
42, 44, 46 or in the cavity 30 of the mold 33.

[066] The actuator controller 16 can include a program that receives and
processes a real time signal indicative of a condition of the injection fluid 18 or a
component of the apparatus (10) such as rotational position of a rotor 940r, 941r,
942r or axial linear position of a valve pin 1040, 1041, 1042. The real time signals
sent to and received by the actuator controller 16 are generated by one or more of
position sensors 950, 951, 952 or fluid condition sensors SN, SC. The sensors
detect and send a signal to the actuator controller that is typically indicative of one or
more of rotational position (sensors 950, 951, 952) of a rotor 940r, 941r, 942r or of
linear axial position of a valve pin 1040, 1041, 1042. The fluid condition sensors

typically comprise one or more of a pressure or temperature sensor SN that senses
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injection fluid 18 within a manifold channel 19 or a nozzle channel 42, 44, 46 or
senses pressure or temperature of the injection fluid SC within the cavity 30 of the
mold 33.

[067] The actuator controller 16 can include a program that processes the
received signal(s) from one or more of the sensors 950, 951, 952, SN, SC according
to a set of instructions that use the received signals as a variable input or other basis
for controlling one or more of the position or velocity of the actuators 940e, 941e,
942¢ or their associated valve pins 1040, 1041, 1042 throughout all or selected
portion of the duration of an injection cycle or all or a portion of the length of the
upstream or downstream stroke of the actuators 940e, 941e, 942e.

[068] As shown the controller 16 can be included within and comprise a
component of the converter 1500, Figs. 2, 2A, 2B, 2C, 3. Where the converter 1500
includes a controller 16 that includes position and velocity control instructions, the
converter 1500 can thus send its machine open close power signals MOCPS (or
valve open close signals PDCVS) together with position velocity signals (PVS) to
either the electric actuators 940e, 941e, 942¢ or proportional directional control
valves V, V1, V2. The control signals MOCPS and PDCVS thus include a signal
that has been converted from and corresponds to one or the other of the converted
VS signals received by the converter 1500 from the IMM controller MC or the HPU.
The position or velocity control signals PVS can control the position or velocity of the
valve pin according to any predetermined profile of pin position or velocity versus
time of injection cycle. The form, format, intensity and frequency of the MOCPS,
PDCVS and PVS signals are compatible with the signal receiving interface of the
electric actuators 940e, 941e, 942¢ or valves V, V1, V2.

[069] In an alternative embodiment as shown in Fig. 3, the system 10 utilizes
“proportional” directional control valves, V, V1, V2 that can control the movement of
the fluid driven actuators 940p, 941p, 942p throughout the entire injection cycle
according to a profile of positions or velocities. Proportional directional control
valves can be operated to effect positioning of the actuators to both the start of cycle
and end of cycle positions of the actuators 940p, 941p, 942p and also to control the
rate and position of travel of the actuators over the entire course of an injection cycle
and over the entire path of travel of the actuators 940p, 941p, 942p and their
associated valve pins 1040, 1041, 1042 through the entire length of the upstream
and downstream stroke(s) of the actuators. The system 10 of the Fig. 3
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embodiment uses a signal converter 1500 in a manner similar to the use of the
converter 1500 in the Fig. 2 electric actuator 940e, 941e, 942e embodiment. Thus,
in the Fig. 3 embodiment, the IMM controller MC either sends a conventional
standardized VS signal to the signal converter 1500 (or to an HPU) which in turn
sends a proportional directional control valve signal PDCVS to the signal receiving
interface or driver HVD, Fig. 2C, of a proportional directional control valve V, V1, V2
to effect start of cycle and end of cycle movement of the actuators 940p, 941p, 942p.
[070] More typically in an embodiment as shown in Fig. 3 that uses proportional
directional control valves V, V1, V2, the system 10 includes one or more sensors,
SN, SC that detect a selected condition of the injection fluid 18 in one or more of a
manifold fluid flow channel 19, a nozzle flow channel 42, 44, 46 or in the cavity 30 of
the mold 33. The IMM controller MC of the Fig. 3 system can be adapted to send a
screw position signal SPS to the intermediate HPU which in turn sends a
standardized VS signal to signal converter 1500. As in the Fig. 2 embodiment, the
signal converter 1500 of Fig. 3 typically includes an actuator controller 16 that
receives and processes a real time signal from one or more of sensors 950, 951,
952, SN, SC, the sensors detecting and sending a signal to the actuator controller 16
that is indicative of one or more of position of a piston or shaft of an actuator 940p,
941p, 942p, or a valve pin 1040, 1041, 1042, pressure or temperature (sensors SN)
of the injection fluid 18 within a manifold channel 19 or nozzle channel 42, 44, 46 or
pressure or temperature (sensor SC) of the injection fluid within the cavity 30 of the
mold 33. The actuator controller 16 preferably includes a program that processes
the received signal(s) from one or more of the sensors 950, 951, 952, SN, SC
according to a set of instructions that use the received signals as a variable input or
other basis for controlling one or more of the position or velocity of the actuators
940p, 941p, 942p or their associated valve pins 1040, 1041, 1042 throughout all or
selected portion of the duration of an injection cycle or all or a portion of the length of
the upstream or downstream stroke of the actuators 940p, 941p, 942p. As shown,
the controller 16 sends its instruction signals IS to the signal receiving interface or
driver HVD, Fig. 2C, of a proportional directional control valve V, V1, V2 which in turn
sends the valve control signal PDCVS to the valves V, V1, V2. The control signal
PDCVS includes a signal that has been converted from and corresponds to the
standardized VS signals received by the converter 1500 from the IMM controller MC
or HPU. The control signal PDCVS further includes position or velocity control
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signals generated by the program and instructions contained within the actuator
controller 16. The form, format, intensity and frequency of the PDCVS signal is
compatible with the signal receiving interface of the proportional directional control
valves V, V1, V2.

[071] Preferably, the valve pin 1040, 1041, 1042 and their associated gates are
configured or adapted to cooperate with each other to restrict and vary the rate of
flow of fluid material 1153, Figs. 3A-3B, 4A-4B over the course of travel of the tip end
of the valve pin through the restricted velocity path RP. Most typically as shown in
Figs. 3A, 3B the radial tip end surface 1155 of the end 1142 of pin 1041, 1042 is
conical or tapered and the surface of the gate 1254 with which pin surface 1155 is
intended to mate to close the gate 34 is complementary in conical or taper
configuration. Alternatively as shown in Figs. 4A, 4B, the radial surface 1155 of the
tip end 1142 of the pin 1041, 1042 can be cylindrical in configuration and the gate
can have a complementary cylindrical surface 1254 with which the tip end surface
1155 mates to close the gate 34 when the pin 1041 is in the downstream gate closed
position. In any embodiment, the outside radial surface 1155 of the tip end 1142 of
the pin 1041 creates restricted a restricted flow channel 1154 over the length of
travel of the tip end 1142 through and along restricted flow path RP that restricts or
reduces the volume or rate of flow of fluid material 1153 relative to the rate of flow
when the pin 1041, 1042 is at a full gate open position, namely when the tip end
1142 of the pin 1041 has travelled to or beyond the length of the restricted flow path
RP.

[072] In one embodiment, as the tip end 1142 of the pin 1041 continues to travel
upstream from the gate closed GC position (as shown for example in Figs. 3A, 4A)
through the length of the RP path (namely the path travelled for the predetermined
amount of time), the rate of material fluid flow 1153 through restriction gap 1154
through the gate 34 into the cavity 30 continues to increase from 0 at gate closed GC
position to a maximum flow rate when the tip end 1142 of the pin reaches a position
FOP (full open position), where the pin is no longer restricting flow of injection mold
material through the gate. In such an embodiment, at the expiration of the
predetermined amount of time when the pin tip 1142 reaches the FOP (full open)
position, the pin 1041 can be immediately driven by the actuator system at maximum
velocity FOV (full open velocity) typically such that the restriction valve 600 is
opened to full 100% open.
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[073] In embodiments, where the tip 1142 has reached the end of restricted flow
path RP2 and the tip 1142 is not necessarily in a position where the fluid flow 1153 is
not still being restricted, the fluid flow 1153 can still be restricted to less than
maximum flow when the pin has reached the changeover position COP2 where the
pin 1041 is driven at a higher, typically maximum, upstream velocity FOV. In the
examples shown in the Figs. 3B, 4B examples, when the pin has travelled the
predetermined path length at reduced velocity and the tip end 1142 has reached the
changeover point COP, the tip end 1142 of the pin 1041 (and its radial surface 1155)
no longer restricts the rate of flow of fluid material 1153 through the gap 1154
because the gap 1154 has increased to a size that no longer restricts fluid flow 1153
below the maximum flow rate of material 1153. Thus in one of the examples shown
in Fig. 3B the maximum fluid flow rate for injection material 1153 is reached at the
upstream position COP of the tip end 1142. In another example shown in Fig. 3B
4B, the pin 1041 can be driven at a reduced velocity over a shorter path RP2 that is
less than the entire length of the restricted mold material flow path RP and switched
over at the end COP2 of the shorter restricted path RP2 to a higher or maximum
velocity FOV.

[074] In another alternative embodiment, shown in Fig. 4B, the pin 1041 can be
driven and instructed to be driven at reduced or less than maximum velocity over a
longer path length RP3 having an upstream portion UR where the flow of injection
fluid mold material is not restricted but flows at a maximum rate through the gate 34
for the given injection mold system. In this Fig. 4B example the velocity or drive rate
of the pin 1041 is not changed over until the tip end of the pin 1041 or actuator 941
has reached the changeover position COP3. In this embodiment, a position sensor
senses either that the valve pin 1041 or an associated component has travelled the
path length RP3 or reached the end COP3 of the selected path length and the
controller receives and processes such information and instructs the drive system to
drive the pin 1041 at a higher, typically maximum velocity upstream. In another
alternative embodiment, the pin 1041 can be driven at a less than maximum velocity
throughout the entirety of the travel path of the pin during an injection cycle from the
gate closed position GC up to the end-of-stroke EOS position, the actuator controller
16 being programmed to instruct the drive system for the actuator to be driven at one
reduced velocity for an initial path length or period of time and at another less than

maximum velocity subsequent to the intial reduced velocity path or period of time for
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the remainder of the injection cycle whereby the actuator/valve pin travels at a less
than maximum velocity for an entire closed GC to fully open EOS cycle.

[075] In a typical examples FOV is 100 mm/sec. Typically, when the time period
or path length for driving the pin 1041 at reduced velocity has expired or been
reached and the pin tip 1142 has reached the position COP, COP2, the restriction
valve 600 is opened to full 100% open velocity FOV position such that the pins 1041,
1042 are driven at the maximum velocity or rate of travel that the pneumatic system
is capable of driving the actuators 941, 942. Alternatively, the pins 1041, 1042 can
be driven at a preselected FOV velocity that is less than the maximum velocity at
which the pin is capable of being driven when the restriction valve 600 is fully open
but is still greater than the selected reduced velocities that the pin is driven over the
course of the RP, RP2 path to the COP, COP2 position.

[076] At the expiration of the predetermined reduced velocity drive time, the pins
1041, 1042 are typically driven further upstream past the COP, COP2 position to a
maximum end-of-stroke EOS position. The upstream COP, COP2 position is
downstream of the maximum upstream end-of-stroke EOS open position of the tip
end 1142 of the pin. The length of the path RP or RP2 is typically between about 2
and about 8 mm, more typically between about 2 and about 6 mm and most typically
between about 2 and about 4 mm. In practice the maximum upstream (end of
stroke) open position EOS of the pin 1041, 1042 ranges from about 8 mm to about
18 inches upstream from the closed gate position GC.

[077] The invention includes configurations where a valve pin 1040, 1041, 1042 is
driven downstream starting from a fully upstream, gate open position at one or more
reduced downstream velocities over at least the latter portion of the downstream
path of travel of the pin toward the gate where the tip end 1142 of the pin 1041
restricts flow of the injection fluid through the gate RP, RP2, RP3 such as shown in
Figs. 3A and 4A. Reduced downstream velocity drive of a valve pin 1041, Figs. 3A,
3B, 4A, 4B can serve to lessen the degree of downward force DF, Figs. 3B, 4B,
exerted by the tip end 1142 of the pin on the injection fluid 1153f, Figs. 3B, 4B, that
is forcibly pushed through the gate and into the cavity 1153c, Figs. 3A, 4A, when the
tip end of the valve pin travels downstream to a position where the tip end closes the
gate, Figs. 3A, 4A. Such reduced force DF exerted on the injection fluid 1153g at

the very end portion of travel RP, RP2 of the injection cycle at the entrance 34 to the
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cavity of the mold thus reduces the likelihood of a blemish or artifact being formed on
the part that is formed within the cavity at the gate area 34.

[078] In one embodiment of a method according the invention, an actuator 940e,
940f, 940p, 941e, 9411, 941p, 942e, 942p, 942f is drivably interconnected to a valve
pin 1040, 1041, 1042 in an arrangement wherein the actuator drives the valve pin
along the axis A, Figs. 3A, 4A, of the valve pin and drives the tip end 1142 of the
valve pin between a first position where the tip end of the valve pin obstructs the
gate 34 to prevent the injection fluid from flowing into the cavity, a second position
upstream of the first position RP, RP2, RP3 wherein the tip end 1142 of the valve pin
restricts flow 1153 of the injection fluid along at least a portion of the length of the
drive path extending between the first position and the second position, and a third
maximum upstream position FOP where the injection fluid material flows freely
without restriction from the tip end 1142 of the pin through the first gate.

[079] Where the actuator comprises an electric actuator, the actuator 940e, 941e,
942e can be configured and arranged relative to the valve pin 1041 such that the
driven rotor and shaft components of the motor, are axially aligned with the axis A of
the valve pin. Alternatively, a motor 62 configuration can be used such as in U.S.
Patent No. 9498909 where the driven rotor and shaft components are arranged at
an angle to the axis A, Figs. 3A, 4A or the axis of the valve pin 1041 component.
[080] The actuators are operable to drive the valve pin at one or more intermediate
rates of upstream and downstream travel extending between zero and a maximum
rate of upstream travel and a maximum rate of downstream travel, the method
comprising selecting a length of travel between a maximum upstream position and a
predetermined third position that is downstream of the maximum upstream position
and upstream of the first downstream position, and controllably operating the
actuator to drive the associated valve pin at one or more high rates of downstream
travel that are equal to or less than the maximum rate of downstream travel when the
valve pin is disposed at the maximum upstream position during the course of an
injection cycle, sensing the position of the valve pin to determine when the tip end of
the valve pin has reached the preselected downstream position during the course of
downstream travel, and controllably operating the actuator to drive the valve pin at
one or more intermediate rates of downstream travel that are less than the one or
more high rates of downstream travel when the tip end of the valve pin has been

determined in the step of sensing to have reached the downstream position to drive
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the tip end of the valve pin continuously downstream from the downstream position
to a closed position.

[081] In an alternative pin movement protocol, an example of which is shown in
Figs. 5A, 5B the tip end of the pin 1040, 1041, 1042 is driven either continuously
upstream or continuously downstream with the tip end of the pin being held or
maintained in a reduced or restricted flow position intermediate the full open and
gate closed positions for some selected period of time during the course of travel
between full open and gate closed, typically at a restricted flow “pack” or “pack
pressure” position after the cavity 30 has been substantially already filled with
injection fluid 18 typically after the injection fluid 18 has filled 90% or more of the
volume of the cavity. In the Fig. 5A example the pin is held in an intermediate
reduced or restricted flow 4mm upstream from gate closed position for between
about .15 and about .26 seconds. Preferably, the actuator controller 16 instructs
the valve pin 1041, 1042, 1040 to travel either (a) continuously upstream during the
upstream travel portion of the cycle rather than follow a drive fluid pressure, pin
position or injection fluid pressure profile where the pin might travel in a downstream
direction during the course of the upstream travel portion of the injection cycle, or (b)
continuously downstream during the downstream travel portion of the cycle rather
than follow a profile where the pin travels upstream during the course of the

downstream travel portion of the injection cycle.
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What is claimed is:

1. An injection molding apparatus (10) comprising an injection molding machine
(IMM) having a drivably rotatable barrel screw (BS) that generates an injection fluid
(18), a heated manifold (40) that receives the injection fluid (18) from the injection
molding machine (IMM) and distributes the injection fluid (18) to one or more gates
(32, 34, 36), a mold (42) having a cavity (30) communicating with the gates to
receive the injection fluid (18),

the injection molding machine (IMM) including a machine controller (MC) or
control unit (HPU) that generates one or more standardized signals (VS), wherein
the standardized signals (VS) are compatible for receipt and use by a signal
receptor, interface or driver of a standard directional control valve (12) to instruct the
fluid directional control valve (12) to move to a position that routes a source of drive
fluid to flow in a direction that drives an interconnected fluid drivable actuator (940f,
941f, 942f) to move in a direction that operates to begin an injection cycle and to end
an injection cycle,

a signal converter (1500) interconnected to the machine controller (MC) or
control unit (HPU), the signal converter (1500) being adapted to convert the
standardized signals (VPS) to a command signal (MOPCS, PDCVS) that is
compatible with a signal receptor or interface of an electrically powered actuator
(940e, 941e, 942¢) or a signal receptor or interface of a proportional directional
control valve (V, V1, V2) that is interconnected to a fluid driven actuator (940p, 941p,
942p),

wherein the command signals (MOPCS, PDCVS) are converted by the signal
converter (1500) into a form, frequency, power or format that is usable by the signal
receptor or interface of the electrically powered actuator (940e, 941e, 942¢) or the
proportional directional control valve (V, V1, V2) to respectively cause the electrically
powered actuator (940e, 941e, 942¢) or the proportional directional control valve (V,
V1, V2) to be driven in a direction that operates to either begin an injection cycle or
to end an injection cycle.

2. An apparatus according to any of the foregoing claims wherein the direction that

operates to begin an injection cycle is a direction that operates to cause the actuator
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(940e, 941e, 942¢e, 940p, 941p, 942p) or its associated valve pin (1040, 1041, 1042)
to open a gate (32, 34, 36) and the direction that operates to end an injection cycle is
a direction that causes the actuator (940e, 941e, 942¢, 940p, 941p, 942p) or its
associated valve pin (1040, 1041, 1042) to close the gate (32, 34, 36).

3. An apparatus according to any of the foregoing claims wherein the direction that
operates to begin an injection cycle is an upstream direction in which the actuator
(940e, 941e, 942¢e, 940p, 941p, 942p) or its associated valve pin (1040, 1041, 1042)
moves upstream from a gate closed position to an open gate position (32, 34, 36)
and the direction that operates to end an injection cycle is a downstream direction in
which the actuator (940e, 941e, 942¢, 940p, 941p, 942p) or its associated valve pin
(1040, 1041, 1042) moves downstream from an open gate position to a closed gate
position (32, 34, 36).

4. An apparatus according to any of the foregoing claims wherein the standardized
signals (VPS) comprises a voltage signal of predetermined voltage or magnitude
indicative of a predetermined rotational position of the barrel screw (BS) of the
injection molding machine (IMM) that generates pressurized injection fluid (18) within

the apparatus.

5. An apparatus according to any of the foregoing claims wherein the apparatus
(10) further comprises one or more sensors (950, 951, 952, SN, SC, SPSR, BPSR)
that detect and generate one or more sensor signals indicative of one or more of
rotational or linear position of an actuator (940e, 941e, 942¢, 940p, 941p, 942p) or
its associated valve pin (1040, 1041, 1042), pressure or temperature of the injection
fluid 18 within a fluid channel (19) of the manifold (40) or within a nozzle channel (42,
44, 46) or within the cavity (30) of the mold (33) or within a barrel of the injection
molding machine (IMM), the apparatus (10) including an actuator controller (16) that
receives and uses the one or more sensor signals in a program that:

instructs the actuator (940e, 941e, 942¢, 940p, 941p, 942p) or its associated
valve pin (1040, 1041, 1042) to travel during the course of the injection cycle to
positions that correspond to a predetermined profile of injection fluid pressures,
linear or rotational pin positions, linear actuator or valve pin positions, barrel screw

positions, barrel pressures or actuator drive fluid pressures or that,
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instructs the actuator (940e, 941e, 942¢, 940p, 941p, 942p) or its associated
valve pin (1040, 1041, 1042) such that the valve pin is withdrawn from a closed gate
position upstream at a reduced velocity over a selected path of upstream travel, or
that,

instructs the actuator (940e, 941e, 942¢, 940p, 941p, 942p) or its associated
valve pin (1040, 1041, 1042) to travel such that the valve pin is driven downstream at
a reduced velocity over a selected path of travel where a distal tip end of the pin
travel from upstream of the gate to a gate closed position, or that,

instructs the actuator (940e, 941e, 942¢, 940p, 941p, 942p) or its associated
valve pin (1040, 1041, 1042) to travel such that the valve pin is driven upstream or
downstream to an intermediate position between a gate closed position and a fully
upstream position where the valve pin is maintained in the intermediate position for a
selected period of time during the course of the injection cycle wherein, in the
intermediate position, the distal tip end of the valve pin restricts flow of injection of
the injection to less than a maximum flow.
6. A method of beginning and ending an injection cycle comprising operating an
apparatus (10) in accordance with any of the foregoing claims to perform an injection
cycle.
7. A signal converter (1500) for converting signals generated by an injection
molding apparatus (10) that is comprised of an injection molding machine (IMM)
having a drivably rotatable barrel screw (BS) that generates an injection fluid (18), a
heated manifold (40) that receives an injection fluid (18) from the injection molding
machine (IMM) and distributes the injection fluid (18) to one or more gates (32, 34,
36), a mold (42) having a cavity (30) communicating with the gates to receive the
injection fluid (18), wherein the injection molding machine (IMM) includes a machine
controller (MC) or a control unit (HPU) that generates one or more standardized
signals (VS), wherein the standardized signals (VS) are compatible for use by a
signal receptor, interface or driver of a standard fluid directional control valve (12) to
instruct the fluid directional control valve (12) to move to a position that routes a
source of drive fluid to flow in a direction that drives an interconnected fluid drivable
actuator (940f, 941f, 942f) to move in a direction that operates to begin an injection
cycle and to move in a direction that operates to end an injection cycle,

wherein the sighal converter (1500) is interconnected to the machine
controller (MC) or control unit (HPU), the signal converter (1500) receiving and
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converting the standardized signals (VPS) to a command signal (MOPCS, PDCVS)
that is compatible with a signal receptor or interface of an electrically powered
actuator (940e, 941e, 942¢) or a signal receptor or interface of a proportional
directional control valve (V, V1, V2) that drives a fluid driven actuator (940p, 941p,
942p),

wherein the signal converter (1500) includes a processor that converts the
command signals (MOPCS, PDCVS) into a form, frequency, power or format that is
usable by the signal receptor or interface of the electrically powered actuator (940e,
941e, 942¢) or by the signal receptor or interface of the proportional directional
control valve (V, V1, V2) to respectively cause the electrically powered actuator
(940e, 941e, 942¢) or the proportional directional control valve (V, V1, V2) to be
driven in a direction that operates to either begin an injection cycle or to end an
injection cycle.
8. A signal converter according to claim 7 wherein the direction that operates to
begin an injection cycle is a direction that operates to moves the actuator (940e,
941e, 942¢, 940p, 941p, 942p) or its associated valve pin (1040, 1041, 1042) to
open a gate (32, 34, 36) and the direction that operates to end an injection cycle is a
direction that operates to move the actuator (940e, 941e, 942e, 940p, 941p, 942p) or
its associated valve pin (1040, 1041, 1042) to close the gate (32, 34, 36).

9. A signal converter according to any of claims 7-8 wherein the direction that
operates to begin an injection cycle is an upstream direction in which the actuator
(940e, 941e, 942¢e, 940p, 941p, 942p) or its associated valve pin (1040, 1041, 1042)
moves upstream from a gate closed position to an open gate position (32, 34, 36)
and the direction that operates to end an injection cycle is a downstream direction in
which the actuator (940e, 941e, 942¢, 940p, 941p, 942p) or its associated valve pin
(1040, 1041, 1042) moves downstream from an open gate position to a closed gate
position (32, 34, 36).

10. A ssignal converter according to any of claims 7-9 wherein the standardized
signals (VS) comprise a voltage signal of predetermined voltage or magnitude
indicative of a predetermined rotational position of the barrel screw (BS) of the
injection molding machine (IMM) that generates pressurized injection fluid (18) within
the apparatus.
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11. A signal converter according to any of claims 7-10 wherein the apparatus (10)
further comprises one or more sensors (950, 951, 952, SN, SC, SPSR, BPSR) that
detect and generate one or more sensor signals indicative of one or more of
rotational or linear position of an actuator (940e, 941e, 942¢, 940p, 941p, 942p) or
its associated valve pin (1040, 1041, 1042), pressure or temperature of the injection
fluid 18 within a fluid channel (19) of the manifold (40) or within a nozzle channel (42,
44, 46) or within the cavity (30) of the mold (33) or within a barrel of the injection
molding machine (IMM), the apparatus (10) including an actuator controller (16) that
receives and uses the one or more sensor signals in a program that:

instructs the actuator (940e, 941e, 942¢, 940p, 941p, 942p) or its associated
valve pin (1040, 1041, 1042) to travel during the course of the injection cycle to
positions that correspond to a predetermined profile of injection fluid pressures,
linear or rotational pin positions, linear actuator or valve pin positions, barrel screw
positions, barrel pressures or actuator drive fluid pressures or that,

instructs the actuator (940e, 941e, 942¢, 940p, 941p, 942p) or its associated
valve pin (1040, 1041, 1042) such that the valve pin is withdrawn from a closed gate
position upstream at a reduced velocity over a selected path of upstream travel, or
that,

instructs the actuator (940e, 941e, 942¢, 940p, 941p, 942p) or its associated
valve pin (1040, 1041, 1042) to travel such that the valve pin is driven downstream at
a reduced velocity over a selected path of travel where a distal tip end of the pin
travel from upstream of the gate to a gate closed position, or that,

instructs the actuator (940e, 941e, 942¢, 940p, 941p, 942p) or its associated
valve pin (1040, 1041, 1042) to travel such that the valve pin is driven upstream or
downstream to an intermediate position between a gate closed position and a fully
upstream position where the valve pin is maintained in the intermediate position for a
selected period of time during the course of the injection cycle wherein, in the
intermediate position, the distal tip end of the valve pin restricts flow of injection of

the injection to less than a maximum flow.
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12. A method of beginning and ending an injection cycle comprising operating a
signal converter {1500) in accordance with any of the foregoing claims 7-11 to

perform an injection cycle.

13. A modular control unit (1500) comprising:

a housing (1502) containing an electronic controller (16), multiple input
interfaces (1504, 1506), and at least one driver (MD, HVD, PVD),

a first input interface (1506) configured to receive a valve control signal (VS)
specifying valve open or valve closed or start of injection cycle and end of injection
cycle, and outputting a data signal (1506s) indicative thereof to the controller (16);

a second input interface (1504) configured to receive a pin position signal
(PS) specifying a position of a valve pin along a continuous path of travel and
outputting a data signal (1504s) indicative thereof to the controller (16);

the controller (16) including a processor and computer readable media with
instructions for pre-configured actuated control of valve pin position, wherein the
instructions, when executed by the processor, cause the processor to generate,
based on the data signals (VS, PS) an output control signal (IS) for controlling valve
pin position via at least one of: a) a hydraulic proportional directional control valve (V,
V1, V2), b) a pneumatic proportional directional control valve (P1, P2, P3), and c) an
electric motor (940e, 941e, 942¢),

the at least one driver (MD, HVD, PVD) configured to receive the output
control signal from the controller and generate a control unit output signal (MOPCS,
PDCVS, PVS) that drives at least one of a) the hydraulic proportional directional
control valve (V, V1, V2), b) the pneumatic proportional directional control valve (P1,
P2, P3), and c) the electric motor (940e, 941e, 942¢) for control movement of the

valve pin.
14. The modular control unit (1500) of claim 14 wherein the pin position signal (PS)
is received from a sensor (950, 951, 952) that senses a linear or rotational position of

an actuator (940e, 940f) or a valve pin (1040, 1041).

15. The modular control unit of any of the foregoing claims 13-14 wherein the

housing (1502) further contains a power management circuit (1508) that receives an
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input AC or DG power input, and wherein the power management circuit outputs a
power signal (1508s) to the driver (MD, HVD, PVD).

16. The modular control unit any of the foregoing claims 13-15 adapted for use in an
injection molding apparatus wherein:

an injection molding machine (IMM) or a fluid pressure unit (HPU) generates the
input valve control signal (VS.) specifying valve open and valve closed or start of
injection cycle and end of injection cycle, and

a position sensor (950, 951, 952) generates the input pin position signal (PS).

17. The modular control unit any of the foregoing claims 13-16 further comprising a
user interface (1510) for receiving input from a human operator, the input being
transmitted to the controller (16) and the input being stored on the computer

readable media.

18. The modular control unit any of the foregoing claims 13-17 wherein the input is
executed by the processor, along with the instructions, for generating the output

control signal.

19. The modular control unit any of the foregoing claims 13-18 wherein the output
control signal specifies instructions for one or more of: calibrating a valve pin
position sensor, specifying a valve pin open or closed position, specifying a valve pin
position along the continuous path of travel, and specifying a valve pin velocity.

20. The modular control unit any of the foregoing claims 13-19 wherein the
instructions for pre-configured actuated control of valve pin position comprise

sequential valve gating control parameters.

21. The modular control unit any of the foregoing claims 13-20 wherein:
the instructions for pre-configured actuated control of valve pin position comprise

simlutaneous valve gating control parameters.

22. A modular injection molding system control unit (1500) interconnected to an
injection molding machine (IMM) controller (MC) comprising:
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a housing (1502) containing an electronic controller (16), one or more input
interfaces (1504, 1506), and at least one driver (MD, HVD, PVD),

at least one input interface (1506) configured to receive a valve control signal
(VS) specifying valve open and valve closed or start of injection cycle and end of
injection cycle, and outputting a data signal (1506s) indicative thereof to the
controller (16);

the controller (16) including a processor and computer readable media with
instructions for pre-configured actuated control of valve pin position, wherein the
instructions, when executed by the processor, cause the processor to generate,
based on the data signal (1506s) an output control signal (IS) for controlling valve
open and valve closed position or start of injection cycle and end of injection cycle
via at least one of: a) a hydraulic proportional directional control valve (V, V1, V2), b)
a pneumatic proportional directional control valve (P1, P2, P3), and c) an electric
motor (940e, 941e, 942¢),

the at least one driver (MD, HVD, PVD) configured to receive the output
control signal (IS) from the controller (16) and generate a control unit output signal
(MOPCS, PDCVS) that drives at least one of a) the hydraulic proportional directional
control valve (V, V1, V2), b) the pneumatic proportional directional control valve (P1,
P2, P3), and c) the electric motor (940e, 941e, 942¢) for control movement of the

valve pin.

23. The system of claim 22 wherein the at least one input interface (1506)
receives the valve control signal (VS) either directly from the injection molding
machine (IMM) controller (MC) or indirectly from an intermediate control unit (HPU)
that receives a corresponding instruction signal (SPS) from the injection molding
machine (IMM) that is at least indicative of valve open and valve closed or start of

injection cycle and end of injection cycle.
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