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(54) Title: BALL CARRIAGES

(57) Abstract: A ball carriage includes a raceway including an engagement
segment to urge balls into rolling engagement with an element that is mov-

BALL CARRIAGE 20

RACEWAY
32

RAMP
60

able relative to the ball carriage. The engagement segment defines an open-
ing through which balls are to engage the element. The raceway includes a
return segment including a curved surface to take balls out of engagement
with the element. The engagement segment and the return segment share a
raceway surface that runs a full length of the raceway to contain balls within
the raceway. A ramp is positioned at a transition from the engagement seg-
ment to the return segment. The ramp rises from the raceway surface at the
opening towards the return segment to guide balls out of engagement with
the element and into the return segment.

FIG. 1
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BALL CARRIAGES

BACKGROUND

[0001] Bearings, such as recirculating bearings, are used to provide
movement between two components. Bearings often include balls that roll
between two bearing surfaces to provide movement of the surfaces with respect
to one another. In recirculating bearings, balls travel along a raceway into and
out of engagement with a rail or other element that is moveable with respect to

the raceway.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] FIG. 1 is a block diagram of an example ball carriage.
[0003] FIG. 2 is a perspective diagram of an example electronic device.

[0004] FIG. 3 is a perspective diagram of an example user interface

assembly.

[0005] FIG. 4 is an exploded perspective diagram of an example recirculating

bearing assembly.

[0006] FIG. 5 is a sectioned perspective diagram of an example ball carriage,

sectioned along A-A in FIG. 4.

[0007] FIG. 6 is a close-up perspective diagram of an example ramp.
[0008] FIG. 7 is a close-up perspective diagram of another example ramp.
[0009] FIG. 8 is an end view of an example ramp.

[0010] FIG. 9 is an end view of an example ramp with a dished surface.
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[0011] FIG. 10 is a close-up perspective diagram of an example ball carriage

with several example ramps.
[0012] FIG. 11 is a flowchart of an example method.

DETAILED DESCRIPTION
[0013] The shape of a bearing raceway, particularly at a transition with a rail
or other movable element, may cause chatter or other undesirable characteristic

in a bearing.

[0014] FIG. 1 shows an example ball carriage 20 that includes a ball raceway
32 and a ramp 60. As will be discussed below, the ramp 60 may be positioned
at a transition from an engagement segment of the raceway 32, where balls
engage with a rail or other element, to a return segment, which may be curved
to recirculate balls back to the rail. The ramp 60 may rise from a raceway
surface common to the engagement segment and the return segment to provide
a tilted surface to guide balls out of engagement with the rail and guide balls
into the return segment. The ramp 60 may smooth the transition into the curve

of the return segment and may reduce chatter.

[0015] FIG. 2 shows an example electronic device 10, such as a printer,
scanner, multifunction device, computer, or similar. The device 10 includes a
frame 12, which may be referred to as a body, housing, or chassis. The
electronic device 10 further includes a user interface assembly 14, which may
include a user interface device 18, such as a keyboard, touchscreen, display

device, or the like, which may allow a user to interact with the device 10.

[0016] The user interface assembly 14 is mounted to the frame 12 of the
device 10 with a recirculating bearing assembly 16, which is shown at a cutaway
portion of the frame 12. The recirculating bearing assembly 16 includes a ball
carriage 20 and a rail 22 or other element that may be slidably inserted into the
ball carriage 20. The recirculating bearing assembly 16 allows the user interface
device 18 to slide with respect to the frame 12. The recirculating bearing

assembly 16 may allow the user interface device 18 to slide into and out of the
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frame 12, which may allow the user interface device 18 to be hidden when notin
use. A biasing mechanism, such as a spring, may be provided to bias the user
interface device 18 at a position inside or outside of the frame 12. A locking
mechanism may be provided to lock the user interface device 18 at a position

inside or outside of the frame 12.

[0017] FIG. 3 shows a close-up view of an example user interface assembly
14, with the frame 12 of the electronic device schematically illustrated and cut
away. The user interface assembly 14 includes a user interface device 18

attached to the frame 12 by a recirculating bearing assembly 16.

[0018]  The recirculating bearing assembly 16 includes a ball carriage 20 and
arail 22. The rail 22 may be slidably inserted into the ball carriage 20. The user
interface device 18 may be attached to the rail 22. The recirculating bearing
assembly 16 may include a bracket 24 that holds the ball carriage 20 and that
may be attached to the frame 12 to secure the ball carriage 20 to the frame 12.

The ball carriage 20 may be directly attached to the frame 12.

[0019] The positions of the ball carriage 20 and the rail 22 may be reversed,
in that the user interface device 18 may be attached to the ball carriage 20 and

the rail 22 may be attached to the frame 12.

[0020] In the example shown, two recirculating bearing assemblies 16 are
used to slidably connect the user interface device 18 to the frame 12. Other
examples may use any number of recirculating bearing assemblies 16, such as

one, two, three, or more.
[0021] FIG. 4 shows an example ball carriage 20 and an example rail 22.

[0022] The ball carriage 20 may include a body 30 shaped to define a
recirculating raceway 32 to receive balls 34. The raceway 32 may be defined in
the body 30 as a channel, groove, or similar feature. The balls 34 may roll or
otherwise travel along the raceway 32 into and out of engagement with the rail
22. The direction of travel of the balls 34 may depend on the direction of

movement of the rail 22.
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[0023] A cover 36 may be provided to enclose the raceway 32 to prevent
balls from escaping the raceway 32. The cover 36 may have a surface feature,
such as a channel, groove, or similar, to cooperate with a complementary
feature in the body 30 to define the raceway 32. The example cover 36 shown

has a flat surface that covers the raceway channel in the body 30.

[0024] The body 30 and cover 36 may be made of molded plastic and may

be joined by fasteners, such as screws.

[0025] The rail 22 may be an elongate member that extends through the ball
carriage 20. The rail 22 may include a channel 38, groove, or similar feature to

engage with the balls 34 carried by the ball carriage 20.

[0026] Two raceways 32 containing balls 34 may be provided on different
sides of the rail 22. In the example shown, two raceways 32 are provided on

opposite sides of the rail 22.

[0027] FIG. 5 shows a portion of an example ball carriage 20. An example
raceway 32 of the ball carriage 20 includes an engagement segment 40 and a

return segment 42.

[0028] The engagement segment 40 defines an opening 44 that faces a
channel 46 that is to receive a rail 22 (FIG. 4) or other element that is movable
relative to the ball carriage 20. The opening 44 is shaped to allow balls 34 to
engage the rail 22. The engagement segment 40 is positioned and shaped to
urge balls into rolling engagement with the rail 22. For example, in the case of a
linear rail 22, the engagement segment 40 may include a linear channel that
has a width sized to force balls 34 to extend into the channel 46 that receives
the rail 22.

[0029] The return segment 42 begins at the end of the engagement segment
40 and is shaped to take balls out of engagement with the rail 22. The return
segment 42 includes a curved surface 48 to urge balls away from the opening
44,
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[0030] The engagement segment 40 and the return segment 42 share a
raceway surface 50, which may be flat, curved, dished, V-shaped, or have
another profile. The raceway surface 50 may run a full length of the raceway 32
to contain the balls 34 within the raceway 32. In the orientation illustrated, the
raceway surface 50 forms the bottom of the raceway 32, with the cover 36 (FIG.
4) forming the top of the raceway 32 and with an adjoining interior surface 52
positioned to urge balls 34 into the opening 44. Directional terms, such as “top”
and “bottom” are used merely for convenience and are not intended to be

limiting. The ball carriage 20 may be installed in any orientation.

[0031]  The ball carriage 20 may allow the rail 22 to slide in both directions.
Two return segments 42 may be provided at opposite ends of the engagement
segment 40. The two return segments 42 may be linked by a transit segment 54
that completes the close-circuit raceway 32. Depending on the direction of
movement of the rail 22 at any given time, one return segment 42 feeds balls
into the engagement segment 40 and the other return segment 42 receives

balls from the engagement segment 40.

[0032] A ramp 60 is positioned at a transition from the engagement segment
40 to the return segment 42. The ramp 60 may run from the raceway surface
50, at a location that is exposed to the opening 44, towards the curved return
segment 42 and may rise over the run towards the return segment 42. The ramp
60 may be tilted away from the opening 44 to guide balls out of engagement
with the rail 22 and into the curved return segment 42. The ramp 60 may be
formed as integral to the body 30 of the ball carriage 20. For example, the body

30 may be injection molded with the ramp 60 being a feature of the mold.

[0033] Two ramps 60 may be provided, one at each return segment 42. Each
ramp 60 guides balls 34 into the curvature of the return segment 42 when the

balls 34 move in the direction of entry into the return segment 42.

[0034] The terms “rise,” “rising,” and similar, as used herein, may denote a
displacement in a direction generally perpendicular to the plane of travel of a

ball. These terms are not limited to vertical, up, down, left, right, or other
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direction. The ball carriages and other apparatuses discussed herein may be

used in any orientation.

[0035] Asshownin FIG. 6, the ramp 60 includes a ramp surface 70 that rises
from a region of the raceway surface 50 exposed to the opening 44 towards the
curved surface 48 of the return segment 42. The ramp surface 70 is tilted away

from the opening 44 to guide the balls 34 into the turn formed by the curved

surface 48.

[0036] FIG. 7 shows an example ramp 60 as viewed from above the ball
carriage. A ramp surface 70 may rise at an outside rising edge 76, which
extends from a point at the raceway surface 50 exposed to the opening 44 to a
point at the curved surface 48 distanced from the raceway surface 50. An inside
edge 78 may bound the ramp surface 70 opposite the rising edge 76. The inside
edge 78 may lie within the raceway surface 50 or may rise from the raceway
surface 50 at a lower rate than the rising edge 76. An entry edge 72 and an
opposing exit edge 74 may define the ends ramp surface 70. The entry edge 72
may lie within the raceway surface 50 or be slightly raised from the raceway
surface 50, so as to receive balls incoming to the ramp surface 70. The exit
edge 74 may lie within the curved surface 48. Each of the edges 72, 74, 76, 78
may be straight or curved.

[0037] The relative distance between points on the rising edge 76 and points
on the inside edge 78 may provide an overall tilt to the ramp surface 70 away
from the opening 44 to guide balls away from the opening 44 and into the
curved return segment. The ramp surface 70 may be twisted, in that the entry
edge 72 and the exit edge 74 may be at different angles with respect to the
raceway surface 50 or with respect to the plane of travel of the balls. For
example, the entry edge 72 may be parallel to the raceway surface 50 and the
exit edge 74 may be angled with respect to the raceway surface 50. The twist

may make the guiding of the balls away from the opening 44 gradual.

[0038] FIG. 8 shows an example ramp 90 as viewed in the direction of ball

travel as the ball approaches the ramp 90 and approaches a curved surface 48
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of a curved return segment of a raceway. An exit edge 92 may be tilted with
respect to an entry edge 94. This may give the surface of the ramp 90 a twisted

shape to urge the ball into the curve defined by the curved surface 48.

[0039] FIG. 9 shows an example ramp 100 as viewed in the direction of ball
travel as the ball approaches the ramp 100 and approaches a curved surface 48
of a curved return segment of a raceway. An exit edge 102 may be concavely

contoured to match the shape of the balls.

[0040] FIG. 10 shows a portion of another example ball carriage 108. The
description for the other ball carriages discussed herein may be referenced, with

like reference numerals denoting like components.

[0041]  The ball carriage 108 includes a ramp 60 that rises from a first
raceway surface 50 at a first transition from an engagement segment 40 to a
curved return segment 42. The ball carriage 108 further includes a second ramp
112 positioned at a second transition from the engagement segment 40 to the
return segment 42. The second ramp 112 rises from a second raceway surface
114 that is located opposite the first raceway surface 50. The first and second
raceway surfaces 50, 114 cooperate to enclose a raceway. The ramps 60, 112
are located opposite from each other and are both tilted away from the opening
44 to guide balls out of engagement with a rail or element and into the return

segment 42.

[0042] FIG. 11 shows a flowchart of an example method of making an
example bearing assembly. The method may be used to make any of the

bearing assemblies discussed herein.

[0043] The method starts at block 120. A ball carriage is molded, at block
122. The ball carriage may be injection molded from plastic. The ball carriage
may be injection molded as one unitary piece or as several pieces that are later

fastened together. A separate cover for the ball carriage may be molded.

[0044] The ball carriage is molded to include a raceway that includes an

engagement segment defining an opening through which balls are to engage a
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rail or other element that is to be inserted through the ball carriage. The raceway
further includes a curved return segment to take balls out of engagement with
the rail. The engagement segment and the curved return segment share a
raceway surface that runs a full length of the raceway to contain balls within the

raceway.

[0045] Molding the ball carriage may include molding the ramp as an integral
feature of the ball carriage. That is, the mold may include features of the ball
carriage and the ramp. The ramp may be positioned at a transition from the
engagement segment to the curved return segment, and may run from the
raceway surface to the curved return segment. The ramp may be shaped to tilt
away from the opening to guide balls out of engagement with the rail and into

the curved return segment.

[0046] At block 124, balls are inserted into the ball carriage. That is, the

raceway may be filled with balls.

[0047] At block 126, a rail or other element is inserted into the ball carriage to

engage with the balls. The method ends at block 128.

[0048] It should be recognized that features and aspects of the various
examples provided above can be combined into further examples that also fall

within the scope of the present disclosure.
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CLAIMS
1. A ball carriage comprising:

a raceway including an engagement segment to urge balls into rolling
engagement with an element that is movable relative to the ball carriage, the
engagement segment defining an opening through which balls are to engage
the element, the raceway including a return segment including a curved surface
to take balls out of engagement with the element, the engagement segment and
the return segment sharing a raceway surface that runs a full length of the

raceway to contain balls within the raceway; and

a ramp positioned at a transition from the engagement segment to the
return segment, the ramp rising from the raceway surface at the opening
towards the return segment to guide balls out of engagement with the element

and into the return segment.

2. The ball carriage of claim 1, wherein the ramp includes a ramp surface that
rises from the raceway surface at the opening towards the return segment, the

ramp surface to guide the balls.

3. The ball carriage of claim 2, wherein the ramp surface is tilted away from the

opening to guide the balls away from the opening.
4. The ball carriage of claim 2, wherein the ramp surface is twisted.

5. The ball carriage of claim 2, wherein the ramp surface is concavely

contoured.

6. The ball carriage of claim 1, wherein the raceway surface is a first raceway
surface, the ramp is a first ramp, and the transition is a first transition, the ball
carriage further comprising a second ramp positioned at a second transition
from the engagement segment to the return segment, the second ramp rising
from a second raceway surface opposite the first raceway surface at the
opening towards the return segment to guide the balls out of engagement with

the element and into the return segment.
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7. The ball carriage of claim 1, wherein the ramp is integral to the raceway.

8. The ball carriage of claim 1, wherein the element is an elongate rail and the

engagement segment of the raceway is linear.
9. A user interface assembly comprising:
a recirculating bearing assembly to attach to a frame; and

a user interface device attached to recirculating bearing assembly to slide

with respect to the frame;

the recirculating bearing assembly including a rail and a ball carriage, the
ball carriage including a raceway including an engagement segment to urge
balls into rolling engagement with the rail, the engagement segment defining an
opening through which balls are to engage the rail, the raceway including a
curved return segment to take balls out of engagement with the rail, the
engagement segment and the curved return segment sharing a raceway surface

that runs a full length of the raceway to contain balls within the raceway; and

the recirculating bearing assembly further including a ramp positioned at
a transition from the engagement segment to the curved return segment, the
ramp running from the raceway surface to the curved return segment, the ramp
tilted away from the opening to guide the balls out of engagement with the rail

and into the curved return segment.

10. The assembly of claim 9, wherein the ramp includes a twisted ramp surface

that is tilted away from the opening.

11. The assembly of claim 9, wherein the ramp includes a concavely contoured

ramp surface that is tilted away from the opening.

12. A method comprising:
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molding a ball carriage, the ball carriage including a raceway including an
engagement segment defining an opening through which balls are to engage a
rail, the raceway including a curved return segment to take balls out of
engagement with the rail, the engagement segment and the curved return
segment sharing a raceway surface that runs a full length of the raceway to
contain balls within the raceway, the ball carriage further including a ramp
positioned at a transition from the engagement segment to the curved return
segment, the ramp running from the raceway surface to the curved return
segment, the ramp tilted away from the opening to guide the balls out of

engagement with the rail and into the curved return segment;
inserting balls into the ball carriage; and
engaging the rail with the balls.

13. The method of claim 12, wherein molding a ball carriage comprises molding

the ramp as an integral feature of the ball carriage.
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