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LINEAR ACTUATOR FOR A MOLDING OR ROBOTICS SYSTEM

FIELD

The present application generally relates to linear actuators and, in particular, linear actuators for

use in injection molding systems or robotics systems.

BACKGROUND

Injection molding machines and other industrial machinery or robotic often include a linear
actuator for linearly moving one portion of the machine relative to another portion of the machine,
for example in a clamping operation. As an example, an injection molding machine may have a
clamp assembly that quickly and securely presses the cold half of a mold against a hot half of a
mold to enable a subsequent injection operation. The clamp assembly then quickly withdraws the
cold half of the mold after a cooling operation to enable removal or ejection of the molded parts.
Some injection molding machines include a ballscrew for translating rotational motorized force

into linear motion.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference will now be made, by way of example, to the accompanying drawings which show

example embodiments of the present application, and in which:

Figure 1 shows an example embodiment of a portion of an injection molding machine;
Figure 2 shows a perspective partial cross-sectional view of an example of a linear actuator;

Figure 3 shows a cross-sectional perspective view of portion of the rear end of the linear

actuator;

Figure 4 shows a cross-sectional close-up view of a central portion of the linear actuator;
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Figures SA-5D illustrate, in cross-sectional view, the example linear actuator in a retracted
position, a partly retracted position, a partly extended position, and an extended position,

respectively;
Figure 6 shows a partial view of a cross-section of the linear actuator of Figure 1;

Figure 7 shows an example embodiment of a clamp assembly having a crosshead and

toggle linkages;
Figure 8 shows an example of a two-platen embodiment of a clamp assembly; and

Figure 9 shows an end view of an example of a two-ballscrew, two-platen embodiment of

a clamp assembly.

Similar reference numerals may have been used in different figures to denote similar components.

DESCRIPTION OF EXAMPLE EMBODIMENTS

The present application describes devices for imparting linear displacement at high speed and
force, which may find particular application in injection molding systems and/or robotics systems.
Some embodiments of the present application may provide for improved service life and/or speed

as compared to some existing linear actuators.

In a first aspect, the present application describes an actuator to impart linear motion to a payload.
The actuator includes a stationary platen having a bore extending therein; a movable platen having
a bore extending therein; a ballscrew with a forward end and a rear end, the ballscrew having a
first thread and a second thread, where the first thread and the second thread are in opposing
directions, the rear end of the ballscrew being supported within the bore of the stationary platen,
and the forward end of the ballscrew being supported within the bore of the movable platen; a
fixed nut attached to the stationary platen and engaging the first thread; a moving nut attached to
the movable platen and engaging the second thread; and a rotational power source coupled to the
rear end of the ballscrew to impart a rotational force to the ballscrew. The rotational force, when

applied, is to cause the ballscrew to move from a retracted position to an extended position, in
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which the ballscrew moves linearly relative to the stationary platen in a forward direction and the

movable platen moves linearly relative to the ballscrew in the forward direction.

In another aspect, the present application describes an actuator to impart linear motion to a payload.
The actuator includes a stationary platen having a bore extending therein; a crosshead having a
bore extending therein; a movable platen; toggle linkages attached to the stationary platen and to
the movable platen and supporting the crosshead, the toggle linkages translating linear force on
the crosshead relative to the stationary platen to corresponding linear force upon the movable
platen; a ballscrew with a front end and a rear end, the ballscrew having a first thread and a second
thread, where the first thread and the second thread are in opposing directions, the rear end of the
ballscrew being supported within the bore of the stationary platen, and the front end of the
ballscrew being supported within the bore of the crosshead; a fixed nut attached to the stationary
platen and engaging the first thread; a moving nut attached to the crosshead and engaging the
second thread; and a rotational power source coupled to the rear end of the ballscrew to impart a
rotational force to the ballscrew. The rotational force, when applied, is to cause the ballscrew to
move from a retracted position to an extended position, in which the ballscrew moves linearly
relative to the stationary platen in a forward direction and the crosshead moves linearly relative to

the ballscrew in the forward direction.

In yet another aspect, the present application describes an actuator to impart linear motion to a
payload. The actuator includes a first platen having a bore extending therein; a second platen
having a bore extending therein; a ballscrew having a first thread and a second thread, where the
first thread and the second thread are in opposing directions, a first end of the ballscrew being
supported within the bore of the first platen, and a second end of the ballscrew being supported
within the bore of the second platen; a first nut attached to the first platen and engaging the first
thread; a second nut attached to the second platen and engaging the second thread; and a rotational
power source coupled to the rear end of the ballscrew to impart a rotational force to the ballscrew.
The rotational force, when applied, is to cause the ballscrew to move from a retracted position to
an extended position, in which the ballscrew moves linearly relative to the first platen in a direction

and the second platen moves linearly relative to the ballscrew in the direction.
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Other aspects and features of the present application will be understood by those of ordinary skill
in the art from a review of the following description of examples in conjunction with the

accompanying figures.

In the description that follows, some example embodiments are described in the context of an
injection molding system. It will be appreciated that aspects of the present application may be
implemented in other industrial machines employing linear actuators and that the present

application is not necessarily limited to injection molding applications.

In the present application, the term “and/or” is intended to cover all possible combinations and
sub-combinations of the listed elements, including any one of the listed elements alone, any sub-

combination, or all of the elements, and without necessarily excluding additional elements.

In the present application, the phrase “at least one of ...or...” is intended to cover any one or more
of the listed elements, including any one of the listed elements alone, any sub-combination, or all
of the elements, without necessarily excluding any additional elements, and without necessarily

requiring all of the elements.

Reference is first made to Figure 1, which shows an example embodiment of a portion of an
injection molding machine. In particular, Figure 1 depicts, in diagrammatic form, a clamp
assembly 10. The clamp assembly 10 includes a first stationary platen 12 and a second stationary
platen 14. The two stationary platen 12, 14 are spaced apart and are connected by tie bars 16. The
clamp assembly 10 further includes a movable platen 18 that is located between the first and second
stationary platens 12, 14 and is assembled to enable translational movement therebetween. In
particular, portions of the movable platen 18 slide along a base/frame or are guided by the tie bars
16 and a linear actuator acts on the movable platen 18 to urge it towards to the first stationary
platen 12 or to withdraw it from the first stationary platen 12. The linear actuator generates a linear
force between the second stationary platen 14 and the movable platen 18 to cause the translational
movement of the movable platen 18. The force applied between the second stationary platen 14
and the movable platen 18 urging the movable platen 18 toward the first stationary platen 12 will

also impart force upon the tie bars 16.
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The first stationary platen 12 may support a hot half of a mold 22, including a hot runner in some
embodiments. The movable platen 18 supports a corresponding cold half of the mold 20. When
the clamping operation occurs, the cold half of the mold 20 is forced against the hot half of the
mold 22 and an injection operation takes place to fill the mold with liquefied material. The linear
actuator applies the force to quickly and forcibly move the movable platen 18 from a withdrawn
position to a clamping position, and then to withdraw the movable platen 18 after the molding
cycle within the mold has occurred. In some embodiments the movable platen 18 may support the
hot half of the mold and the first stationary platen 12 may support the cold half of the mold. In
some cases, the respective halves of the mold may be referred to as a stationary half and a moving
half.

The linear actuator includes a ballscrew 28. The ballscrew 28 is a long shaft extending between
the second stationary platen 14 and the movable platen 18. A conventional ballscrew in a linear
actuator has a set of external threads on the shaft that engage with internal threads on a nut that is
affixed to the apparatus such that when the ballscrew is rotated, the mating threads cause relative
linear movement between the nut and the ballscrew. In this example, however, the ballscrew 28
is double-threaded, where the two sets of threads 34, 36 are of opposite orientations. That is, the
ballscrew 28 features both left-handed and right-handed threads 34, 36. A fixed nut 40 is mounted
to the second stationary platen 14 and has internal threads that engage the threads 36 of the
ballscrew 28. A movable nut 38 is attached to the movable platen 18 and has internal threads that
engage the threads 34 of the ballscrew. When the ballscrew 28 is rotated, the ballscrew 28 moves
linearly relative to both the second stationary platen 14 and the movable platen 18. This provides
the ballscrew 28 with double the axial linear speed for a given rotations-per-minute (rpm) as
compared to a single-threaded ballscrew, assuming the same thread lead. The ballscrew 28 may
be configured to move between a retracted position in which the movable platen 18 is withdrawn
away from the first stationary platen 12, and an extended position in which the movable platen 18
is advanced towards the first stationary platen 12 to forcibly join the hot half of the mold 22 to the
cold half of the mold 20.
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Advantageously, in many embodiments of the present application, both ends of ballscrew 28 are
supported in this assembly, which may avoid whipping and the consequent reduction of service
life. In some cases, the support at one end may be implemented using a hollow shaft drive
mechanism, as will be described below, which may help to reduce footprint of the actuator and

overall assembly.

Referring still to Figure 1, the ballscrew 28 includes a rear end 30 and a forward end 32. The rear
end 30 is disposed within a bore 26 in the second stationary platen 14 and the forward end 32 is

disposed within a bore 24 in the movable platen 18.

The bores 24, 26 are cylindrical in many embodiments and are of sufficient linear depth that the
rear end 30 and forward end 32 of the ballscrew 28 remain within the respective bores 24, 26 when
the ballscrew 28 is in the retracted position, extended position, or at an intermediate position

between retracted and extended.

The second stationary platen 14 includes a rotational power source, which in this example includes
a motor. In particular, in this example, the motor comprises a hollow shaft direct drive motor 50.
In the case of the hollow shaft motor 50, the hollow shaft forms at least a portion of the bore 26
and is rotationally driven by the motor. The motor 50 may be direct drive motor in some
embodiments. In some other embodiments, the motor may be connected to the hollow shaft via a
transmission. The interior surface of the hollow shaft has axially-extending ridges (e.g. splines).
The rear end 30 of the ballscrew 28 has cooperating ridges (e.g. splines) on its external surface
that engage the ridges of the hollow shaft to impart rotational force to the ballscrew 28. The hollow

shaft configuration may provide a better dynamic response than some alternatives.

Reference is now made to Figure 2, which shows a perspective partial cross-sectional view of a
linear actuator 100, Figure 3, which shows a cross-sectional perspective view of portion of the rear
end of the linear actuator 100, and Figure 4, which shows a cross-sectional close-up view of a

central portion of the linear actuator 100.
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The linear actuator 100 includes a stationary assembly 114 and a movable assembly 118. The
movable assembly 118 is driven forward linearly or retracted linearly by rotation of the ballscrew

28 having opposite threads in cooperation with the fixed nut 40 and the movable nut 38.

The movable assembly 118, in this example, includes an interior cylinder 104 within an exterior
cylinder 102. The interior cylinder 104 is attached at its forward end to the exterior cylinder 102
through a compensating element 106 that allows for some tolerance in the axial alignment of the
interior cylinder 104 and exterior cylinder 102. This compensating element 106 can reduce or

avoid bending stress and strain due to small misalignments within the linear actuator 100 in use.

The stationary assembly 114 features a hollow shaft direct drive motor for rotating the ballscrew
28. As shown in Figure 3, the bore within the stationary assembly 114 is partly formed by the
hollow shaft 120 having internal axially-extending ridges. The ballscrew 28 includes an end sleeve
122 having cooperating external splines for engaging the hollow shaft 120. The end sleeve 122 is
fixed to the ballscrew 28. In some other embodiments, the exterior surface of the ballscrew 28
includes the external splines for engaging the hollow shaft 120 such that the sleeve 122 is not

needed.

Figures SA-5D illustrate, in cross-sectional view, the linear actuator 100 in a retracted position, a
partly retracted position, a partly extended position, and an extended position, respectively. In this
illustrative example, the rear end of the ballscrew 30 includes the end sleeve 122 for engagement
with the ridges of the hollow shaft 120. The hollow shaft is drive by a direct drive servo motor.
Rotation of the ballscrew 28 causes linear axial movement of the ballscrew 28 due to the external
threads on the rear half of the ballscrew 28 engaging with the threads of the fixed nut 40 attached
to the stationary assembly 114.

When the ballscrew 28 is rotated, the external threads on the front half of the ballscrew 28 engage
the movable nut 38 attached to the movable assembly 118, causing linear movement of the

movable assembly 118 relative to the ballscrew 28.
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It may be noted from Figure SA that in this example embodiment the rear end 30 of the ballscrew
28 is at or proximate a distal end of the bore 26 and the forward end 32 of the ballscrew 28 is at or
proximate an internal end of the bore 24, when the linear actuator 100 is in an fully retracted

position.

Figure 6 shows a partial-view of a cross-section of the linear actuator 100, and in particular the
forward end 32 of the ballscrew 28 within the bore 24 in the movable platen 18. The forward end
32 of the ballscrew 28 is supported for linear and rotational movement within the bore 24. In this
example, the forward end 32 of the ballscrew 28 includes a narrowed portion 51 having a smaller
radial diameter than the main portion of the ballscrew 28, which has a smaller radial diameter than
a sleeve 52 which defines the inner wall of the bore 24. The forward end 32 of the ballscrew 28 is
supported by a bearing assembly formed from a plain bearing 54 and a ball bearing assembly 56.
The outer surface of the plain bearing 54 is the contact surface with the inner surface of the sleeve
52, and permits linear sliding of the ballscrew 28 within the sleeve 52. The ball bearing assembly
56 supports the narrowed portion 51 of the ballscrew 28 within the plain bearing 54 and permits

rotation of the ballscrew 28 with respect to the plain bearing 54 and the sleeve 52.

Figure 7 shows another example embodiment of a clamp assembly 210 of an injection molding
machine. The clamp assembly 210 in this embodiment includes a movable platen 218 and two
stationary platen: a first stationary platen 212 and a second stationary platen 214. Tie bars 216
connect the first stationary platen 212 and the second stationary platen 214. The second stationary
platen 214 is connected to the movable platen 218 by multiple toggle linkages 217. A ballscrew
228 having its rear end 230 supported in a cylindrical bore 226 where it may be driven by a hollow
shaft direct drive motor 250, for example. A forward end 232 of the ballscrew 228 is supported
within a cylindrical bore 224 of a crosshead 221 or by a similar tubular structure and assembly
connected to the crosshead 221, as, for example, shown in Figure 6. The crosshead 221 is
connected to the toggle linkages 217 and is guided relative to the stationary platen 214 (not all

components shown for ease of illustration and understanding).

When the ballscrew 228 is rotated in one direction, it imparts a linear force upon the crosshead

221 moving it towards the movable platen 218. The toggle linkages 217 are configured so as to
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translate the linear movement of the crosshead 211 to a linear force upon the movable platen 218
moving it towards the first stationary platen 212. When the ballscrew 228 is rotated in the opposite
direction, then the crosshead 221 is withdraw, which pulls the toggle linkages 217 such that they
pull the movable platen 218 away from the first stationary platen 212.

In yet another embodiment, a simplified diagram of which is shown in Figure 8, a clamp assembly
310 includes one stationary platen 312 and a movable platen 318. A ballscrew 328 has one end
supported within a bore 326 in a motor 350 and the other end supported within a bore 324 in the
movable platen 318. The motor 350 for driving one end of the ballscrew 328 is mounted on either
of the stationary platen 312 or the movable platen 318. Notably, the ballscrew 328 extending
between the two platens 312, 318 is off-center with respect to the platens 312, 318. The
approximate centerline of the two platens 312, 318 is indicated by reference numeral 319. Tie bars
316 may be used to guide the linear movement of the moving platen 318 relative to the stationary
platen 312. The molds between the two platens 312, 318 are not shown for ease of illustration and

clarity.

An end view of the simplified diagram of the clamp assembly 310 is shown in Figure 9. In this
example, it will be noted that the clamp assembly 310 includes two ballscrews 328 situated on
opposing sides and/or corners of the platens 312, 318. Three, for or more ballscrews may be used,
with corresponding bores and motors, in some embodiments. The use of a single off-center

ballscrew may impart a significant bending moment upon the platens 312, 318.

Although some of the above examples relate to clamp assemblies for injection molding machines,
the present application may be applied to other assemblies. For example, some implementations
may use a ballscrew assembly similar to one or more described herein in an ejection assembly, an
injection unit, or other portions of an injection molding machine, or other industrial machines that
employ linear actuators. In one example, the ballscrew assembly may be used as a linear actuator
in a part ejection assembly, which includes a linear actuator to control a plate of pins used to eject
parts from a mold. In another example, the ballscrew assembly may be used as a linear actuator
in a valve gate assembly, which includes a linear actuator to control a set of valve plugs used to

plug and unplug the tips of a plurality of valves.
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Certain adaptations and modifications of the described embodiments can be made. Therefore, the

above discussed embodiments are considered to be illustrative and not restrictive.

10
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WHAT IS CLAIMED IS:

1. An actuator to impart linear motion to a payload, the actuator comprising:

a stationary platen having a bore extending therein;

a movable platen having a bore extending therein;

a ballscrew with a forward end and a rear end, the ballscrew having a first thread and a
second thread, where the first thread and the second thread are in opposing
directions, the rear end of the ballscrew being supported within the bore of the
stationary platen, and the forward end of the ballscrew being supported within the
bore of the movable platen;

a fixed nut attached to the stationary platen and engaging the first thread;

a moving nut attached to the movable platen and engaging the second thread; and

a rotational power source coupled to the rear end of the ballscrew to impart a rotational
force to the ballscrew,

wherein the rotational force, when applied, is to cause the ballscrew to move from a

retracted position to an extended position, in which the ballscrew moves linearly

relative to the stationary platen in a forward direction and the movable platen moves

linearly relative to the ballscrew in the forward direction.

2. The actuator claimed in claim 1, wherein the bore within the stationary platen contains the

rear end of the ballscrew in both the retracted and extended positions.

3. The actuator claimed in claim 2, wherein the bore within the movable platen contains the

forward end of the ballscrew in both the retracted and extended positions.

4. The actuator claimed in claim 1, wherein the bore within the movable platen contains the

forward end of the ballscrew in both the retracted and extended positions.

5. The actuator claimed in claim 1, wherein the rotational power source is mounted to the

stationary platen and imparts the rotational force to the rear end of the ballscrew.

11
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6. The actuator claimed in claim 5, wherein the rotational power source comprises a direct drive

hollow shaft motor.

7.  The actuator claimed in claim 6, wherein the direct drive hollow shaft motor includes a
hollow shaft with a ridged interior surface that receives therein the rear end of the ballscrew, and

wherein the rear end of the ballscrew is splined to engage the ridges of the hollow shaft.

8. The actuator claimed in claim 7, wherein the rear end of the ballscrew comprises an exterior

surface, and the exterior surface is splined.

9, The actuator claimed in claim 8, wherein the rear end of the ballscrew includes an externally-
splined sleeve in locked rotational engagement with an axial shaft of the ballscrew, and wherein

the externally-splined sleeve engages the ridges of the hollow shaft.

10. The actuator claimed in claim 1, wherein the rotational power source comprises a direct drive

hollow shaft motor.

11. The actuator claimed in claim 10, wherein the direct drive hollow shaft motor includes a
hollow shaft with a ridged interior surface that receives therein one of the ends of the ballscrew,
and wherein said one of the ends of the ballscrew is splined to engage the ridges of the hollow
shaft.

12. The actuator claimed in claim 10, wherein the motor further includes a transmission to

transfer rotational force to the ballscrew.

13.  The actuator claimed in claim 1, wherein the actuator is used in an injection molding system.

14.  The actuator claimed in claim 13, wherein the actuator is used in a clamp assembling in the

injection molding system and wherein the payload comprises one side of a mold.

15. The actuator claimed in claim 1, further comprising tie bars attached to the stationary platen

and upon which the movable platen moves in sliding relation to the stationary platen.

12
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16. The actuator claimed in claim 1, wherein the bore in the movable platen has an inner surface
formed by a sleeve, and wherein the forward end of the ballscrew includes a narrowed portion
having a smaller radial diameter than a main portion of the ballscrew, and wherein the actuator

includes a bearing assembly supporting the narrowed portion within the sleeve.

17. The actuator claimed in claim 16, wherein the bearing assembly includes a plain bearing
having an outer surface in contact with the inner surface of the sleeve to permit linear sliding
movement within the sleeve, and a ball bearing assembly between the plain bearing and the

narrowed portion to permit rotation of the ballscrew.

18. An actuator to impart linear motion to a payload, the actuator comprising:

a stationary platen having a bore extending therein;

a crosshead having a bore extending therein;

a movable platen;

toggle linkages attached to the stationary platen and to the movable platen and
supporting the crosshead, the toggle linkages translating linear force on the
crosshead relative to the stationary platen to corresponding linear force upon the
movable platen;

a ballscrew with a front end and a rear end, the ballscrew having a first thread and a
second thread, where the first thread and the second thread are in opposing
directions, the rear end of the ballscrew being supported within the bore of the
stationary platen, and the front end of the ballscrew being supported within the bore
of the crosshead;

a fixed nut attached to the stationary platen and engaging the first thread;

a moving nut attached to the crosshead and engaging the second thread; and

a rotational power source coupled to the rear end of the ballscrew to impart a rotational
force to the ballscrew,

wherein the rotational force, when applied, is to cause the ballscrew to move from a
retracted position to an extended position, in which the ballscrew moves linearly
relative to the stationary platen in a forward direction and the crosshead moves

linearly relative to the ballscrew in the forward direction.

13
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19. An actuator to impart linear motion to a payload, the actuator comprising:
a first platen having a bore extending therein;
a second platen having a bore extending therein;
a ballscrew having a first thread and a second thread, where the first thread and the
5 second thread are in opposing directions, a first end of the ballscrew being
supported within the bore of the first platen, and a second end of the ballscrew being
supported within the bore of the second platen;
a first nut attached to the first platen and engaging the first thread;
a second nut attached to the second platen and engaging the second thread; and
10 a rotational power source coupled to the rear end of the ballscrew to impart a rotational
force to the ballscrew,
wherein the rotational force, when applied, is to cause the ballscrew to move from a
retracted position to an extended position, in which the ballscrew moves linearly
relative to the first platen in a direction and the second platen moves linearly
15 relative to the ballscrew in the direction.
20. The actuator claimed in claim 19, wherein the ballscrew is off-center with respect to the
platens, and wherein the actuator further comprises tie bars to guide the movement of the platens

relative to each other and impart a clamping force.

14
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