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BALLSCREW ASSEMBLY WITH DETECTION FEATURE

TECHNICAL FIELD

[0001] The present invention relates generally to actuation systems, and to ball screw

assemblies, including fail-safe ballscrew assemblies for use in connection with aircraf.

BACKGROUND

[0002] Modern aircraft include actuation systems. Such systems may include, among other
things, components that are pivotally supported relative to portions of the airplane that are
subject to adjustment by an operator or pilot. For instance, trimmable horizontal stabilizer
actuators commonly consists of a primary ball nut assembly having a ball nut housing and a
rotatable ballscrew extending axially through the housing. Rotation of the ballscrew is

commonly accomplished by a motor and gearing.

[0003] Present technology does not allow for visual inspection or non-invasive detection
of fail-safe features of fail-safe ballscrews having inner rods housed within the ballscrew,
without actuator or component disassembly. Consequently, it is desirable to provide an

assembly the permits improved detection of structural separation of a ballscrew inner rod.

SUMMARY

[0004] A ballscrew assembly for an actuator is provided. In an embodiment, the ballscrew
assembly includes a ball nut assembly; a ballscrew; an inner rod; and a compression mechanism.
The ball nut assembly includes a view port, and the ballscrew is provided within at least a
portion of the ball nut assembly. The inner rod is provided within the ballscrew in the direction
of the longitudinal axis and includes an enlarged end portion. At least a portion of the
compression mechanism is provided between the enlarged end portion and the ballscrew, the
assembly being configured such that when the inner rod is in a failed state, the compression

mechanism provides a force that moves the visual indicator toward the view port.
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[0005] In another embodiment, the assembly includes a ball nut assembly, a ballscrew
provided within at least a portion of the ball nut assembly, an inner rod within the ballscrew, and
a proximity sensor. The proximity sensor may be positioned behind the ballscrew. The assembly
may be configured such that, in the event of inner rod separation, a spring force forces an aft
portion of the failed rod rearward toward the proximity sensor and the sensor detect a failure

condition.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Embodiments of the invention will now be described, by way of example, with

reference to the accompanying drawings, wherein:

[0007] FIG. 1 generally illustrates a cross-sectional schematic view of a portion of a ball

nut assembly according to an embodiment of the invention, shown in a non-failed condition.

[0008] FIG. 2 generally illustrates a cross-sectional schematic view of a portion of a ball

nut assembly according to an embodiment of the invention, shown in a failed condition.
[0009] FIG. 3 generally illustrates a top plan view of an actuation system;

[o0010] FIG. 4 is a side cross-sectional view of an actuation system of the type shown in

FIG. 3, illustrating aspects of an embodiment of the invention.

[00011] FIG. 5 is an enlarged sectional view of portion 5 illustrated in FIG. 4.

[00012] FIG. 6 is an enlarged sectional view of portion 6 illustrated in FIG. 4.

[00013] FIG. 7 is an enlarged sectional view of portion 7 illustrated in FIG. 4.

[00014] FIG. 7A is another enlarged section view of portion 7 illustrated in FIG. 4.
DETAILED DESCRIPTION

[00015] Reference will now be made in detail to embodiments of the present invention,

examples of which are described herein and illustrated in the accompanying drawings. While the

- -
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invention will be described in conjunction with embodiments, it will be understood that they are
not intended to limit the invention to these embodiments. On the contrary, the invention is
intended to cover alternatives, modifications and equivalents, which may be included within the

spirit and scope of the invention as defined by the appended claims.

[00016] A cross-sectional schematic view of a portion of a ball nut assembly 10 according
to an embodiment of the invention is generally shown in FIG. 1. Embodiments of the invention
can, inter alia, provide a detection mechanism for visually indicating a structural separation of

the ballscrew inner rod 40.

[00017] The illustrated ball nut assembly 10 includes a body portion 20, a ballscrew 30, an

inner rod 40, a spring member 50, an indicator 60, and an opening or view port 70. As generally
shown, in applications in which an inner rod 40 is contained or provided within the ballscrew 30
in the direction of the longitudinal axis of the ballscrew 30. The inner rod 40 may not be visible

in an assembled/operative condition.

[00018] In an embodiment, inner rod 40 includes an enlarged end portion 42. Atleasta
portion of the spring (or compression) member 50 may be provided between the entarged end

portion 42 and the ballscrew 30.

[00019] In an embodiment, spring member 50 may comprise a spring, such as for example a
compression spring. However, other means for providing a similar compressive force may
instead, or may additionally, be employed. Without limitation, in a specific embodiment the
spring member 50 may include a high-lead, high-rate compression spring. The spring member
50 may be configured such that in normal operation the spring member 50 will be compressed,
and the associated indicator 60 will be retained in a first [operational] position. In the event of
failure — i.e., a structural failure of inner rod 40 — the spring member 50 will no longer be
restrained by the inner rod 40, and the spring member 50 will be released from its compressed
state. In turn, the spring member 50 can release the indicator 60 from the first [operational]
position to a second [failure] position. FIG. 2 generally illustrates a cross-sectional schematic

view of the assembly 10 shown in a failed condition.
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[00020] In an embodiment, such as illustrated in FIGS. 1 and 2, the opening or view port 70
may comprise an aperture or opening through which a portion of indicator 60 may enter and/or
pass through. However, in alternative embodiments, the opening or view port 70 may instead
include a portion that permits viewing of the indicator 60 in a second [failure] position. For
example, the opening or view port 70 may comprise a transparent material and a failure
condition may be indicated by the movement of the indicator 60 to a position near or adjacent to

the opening or view port 70.

[00021] Additionally, whether the opening or view port 70 permits a portion of the indicator
to pass through it, the indicator 60 may be provided to include one or more colors (e.g., red or a

fluorescent color) for improved visibility.

[00022] Further, an associated viewing chamber 80, such as generally illustrated in FIG. 1,
may be provided with one or more drain holes or apertures (not shown) to permit an
accumulation of liquid. Accumulated liquids in the viewing chamber 80 may be prevented from
entering the ballscrew 30 by including ballscrew wipers that may be contained within a ball nut

and by lip seals between the rotating ball nut and associated stationary housing.

[00023] Additional aspects and features of embodiments of the invention that involve
proximity-sensor-type configurations are generally illustrated in FIGS. 3 through 7. FIG.3isa
top plan view of an embodiment of an actuation system 100. The illustrated system 100 includes
a ball nut assembly — generally designated as 110. A side cross-sectional view of the actuation
system 110 is illustrated in FIG. 4 and includes additional details. The illustrated embodiment
shown in FIG. 4 includes and illustrates, among other things, a DC motor 112, motor electronics
114, a differential gear assembly (which permits two motors to transfer a single torque), and a
proximity sensor 118. In an embodiment, the DC motor 112 is a brushless DC motor that

includes an integral electromechanical brake.

[00024]  FIG. 5 includes an enlarged sectional view of portion 5 identified in FIG. 4. The
illustrated portion of the assembly 110 includes a ball nut 120, a primary load path 130, and a
secondary load path 140. As shown in FIG. 6, the assembly 110 may include a one-way drawn
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cup roller clutch 150, an outer torque tube 160, a skewed roller assembly (identified by
component elements 170a and 170b), and ball thrust bearings 180.

[00025] Additional aspects of the invention are illustrated in connection with FIG. 7, which
provides an enlarged sectional view of portion 7 illustrated in FIG. 4. The primary ballscrew is
identified as element 190. Inner rod 200 is configured to maintain the integrity of the ballscrew
in the event of complete ballscrew separation. As generally illustrated, the assembly 110 may
include an aft spring mechanism 210 and a forward spring mechanism 220. In an embodiment,
the forward spring mechanism 220 provides a larger comparative force than the aft spring
mechanism 210. As discussed in the prior embodiment, the aft and/or forward spring

mechanisms may comprise a spring, for example, a compression spring.

[00026] FIG. 7A also includes an enlarged sectional view of portion 7 illustrated in FIG. 4.
As generally illustrated the assembly includes an aperture 230 disposed in a wall between the an
end of the screw assembly and the proximity sensor 118. The aperture 230 may be used in

connection with the proximity sensor 118 to detect a failed screw.

[00027] In the event of inner rod 200 separation, aft spring mechanism 210 forces the aft
portion of the failed inner rod 200 rearward towards at least one proximity sensor 118 (for
example as generally illustrated in FIG. 4). At least one proximity sensor 118 can be configured
to detect the movement of the aft portion of the failed inner rod 200 and identify and/or

annunciate a failure event.

[00028] Further, if the inner torque tube 160 fails, then the outer torque tube 130 can

contain the inner torque tube 160 and help stop rotation —~ i.e., help provide lock-up.

[00029] In the event of a primary ballscrew 190 failure fracture, the forward spring
mechanism 220 is configured to force the aft portion of the failed ballscrew 190 rearward toward

at least one proximity sensor, which can identify and/or annunciate a failure event.

[00030] The present invention is not limited to a particular type or form of proximity
sensor. As such, various conventional and other known proximity sensors or devices may be use

to provide proximity identification and/or annunciation.

- 5-
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[00031] The inclusion of a proximity sensor (or a plurality of proximity sensors) in
connection with the assembly 110 can eliminate the need for an inspection peep hole (such as an
opening or view port). However, for some embodiments, additional redundancy may be
desirable, and the proximity sensor-type configuration generally described in connection with the
above embodiment may be used in addition to the indicator-type configuration generally

described in connection with the earlier-described embodiment.

[00032] The foregoing descriptions of specific embodiments of the present invention have
been presented for purposes of illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise forms disclosed, and various modifications and
variations are possible in light of the above teaching. The embodiments were chosen and
described in order to explain the principles of the invention and its practical application, to
thereby enable others skilled in the art to utilize the invention and various embodiments with
various modifications as are suited to the particular use contemplated. It is intended that the

scope of the invention be defined by the claims appended hereto and their equivalents.
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CLAIMS
What is claimed is:

1. A ballscrew assembly (10) for an actuator, the ballscrew assembly (10) comprising:

a ball nut assembly (110) including a view port (70);

a ballscrew (30) provided within at least a portion of the ball nut assembly (110), the
ballscrew (30) having a longitudinal axis;

an inner rod (40) provided within the ballscrew (30) in the direction of the longitudinal
axis, the inner rod (40) including an enlarged end portion (42); and

a compression mechanism, at least a portion of the compression mechanism provided
between the enlarged end portion (42) and the ballscrew (30);

wherein, when the inner rod (40) is in a failed state, the compression mechanism provides

a force that moves the visual indicator (60) toward the view port (70).

2. The assembly (10) of claim 1, wherein the enlarged end portion (42) comprises a ball nut
(120).

3. The assembly (10) of claim 1, wherein the compression mechanism comprises a spring
(50).

4. The assembly (10) of claim 1, wherein a portion of the compression mechanism is

provided around the inner rod (40).

5. The assembly (10) of claim 1, wherein the enlarged end portion (42) includes a visual
indicator (60).

6. The assembly (10) of claim 5, wherein the visual indicator (60) includes a red plug.
7. The assembly (10) of claim 5, wherein the visual indicator (60) includes an extended
portion.
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8. The assembly (10) of claim 1, wherein the view port (60) comprises an aperture or
opening (230).
9. The assembly (10) of claim 8, wherein the visual indicator (60) comprises an extended

portion and, in a failed state, a portion of the extended portion of the visual indicator (60)

extends to or through the aperture or opening (230).

10.  The assembly (10) of claim 1, including a no-back assembly connected to the ball nut
assembly (110).

11.  The assembly (10) of claim 10, wherein the no-back assembly includes a roller clutch
(150), rollers (170a, 170b), and bearings (180).

12. A ballscrew assembly (10) for an actuator, the ballscrew assembly (10) comprising:

a ball nut assembly (110), including a ballscrew (190) provided within at least a portion
of the ball nut assembly (110), the ballscrew (190) having a longitudinal axis;

an inner rod (200) provided within the ballscrew (190) and extending in the direction of
the longitudinal axis;

a proximity sensor (118) positioned behind the ballscrew (190);

wherein, in the event of inner rod (200) separation, a spring force (210) forces an aft

portion of the failed rod (200) rearward toward the proximity sensor (118).

13. The assembly (10) of claim 12, wherein the proximity sensor (118) comprises an

inductive proximity sensor.
14.  The assembly (10) of claim 12, wherein the assembly includes an inner torque tube (160).
15.  The assembly (10) of claim 14, including an outer torque tube (130), wherein, in the

event of inner torque tube (160) separation, the outer torque tube (130) is configured to prevent
rotation of the ballscrew (190).
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16.  The assembly (10) of claim 12, the assembly including a clutch (150), rollers (170a,
170b), and bearings (180).

17.  The assembly (10) of claim 12, the assembly including a differential gear assembly.

18.  The assembly (10) of claim 17, including two motors, wherein the differential gear

assembly is configured to transmit an average torque.

19.  The assembly (10) of claim 12, including a DC motor (112).

20.  The assembly (10) of claim 19, wherein the DC motor (112) is a briishless motor with an

integral electromechanical brake.
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