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Headphone
BACKGROUND

[0001] This disclosure relates to a headphone.

[0002] Headphones have one or two earcups. In order to be adjustable so as to comfortably
fit most heads, the earcups should be able to rotate about the vertical axis. The earcups are
sometimes also rotatable about a horizontal axis. The earcups should also be able to translate
along the vertical axis. Many headphones use yokes to couple the earcups to the headband to
help accomplish the necessary rotations and sliding movement, but yokes are relatively large and
are not integral to the headband design. There is a need for an earcup-to-headband joint that
provides for rotation and translation along the vertical axis, while allowing the earcups to fold
flat against the headband and thus decrease the depth of the headphones and a headphone

storage/carrying case.

SUMMARY

[0003] A headphone joint that is structured to allow rotation of each earcup relative to the
headband about at least the vertical axis, and translation along the vertical axis. The rotation
about the vertical axis extends for about 90 degrees in one direction, to allow the earcups to fold
flat against the headband. The joint can be integral to the part of the headband and the part of the
earcup that interface together. There is thus little or no outward evidence of the joint, unlike the

case with headphones that use yokes to connect the headband to the earcups.

[0004]  All examples and features mentioned below can be combined in any technically

possible way.

[0005] In one aspect, a headphone includes a headband and an earcup. The earcup is
movably coupled to the headband by a joint that is constructed and arranged to allow translation
of the earcup relative to the headband along a translational axis, and rotation of the earcup from a
neutral position in both directions about the translational axis, where in a first direction the

rotation extends for at least about 90 degrees from the neutral position.
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[0006] Embodiments may include one of the following features, or any combination thereof.
The translation along the translational axis may extend for at least about 20mm in both directions
from the neutral position. In a second direction, the rotation about the translational axis may
extend for at least about 10 degrees. The joint may be further constructed and arranged to allow
rotation of the earcup from the neutral position in both directions about a horizontal axis that is
orthogonal to the translational axis; the rotation about this horizontal axis may extend for at least

about 10 degrees in both directions.

[0007] Embodiments may include one of the above and/or below features, or any
combination thereof. The joint may include a pivot member that has a first end that is fitted in a
generally partially-tubular slider of the headband, and a second end that defines an arc-shaped
surface. The first end of the pivot member may be adapted to slide in the headband along the
translational axis. The first end of the pivot member may be adapted to rotate within the slider
about the horizontal axis. The earcup may include an earcup shell, and the rotation of the earcup
about the translational axis may have end points that establish the end range of rotational motion
in both directions; the end points may be defined by contact of the second end of the pivot
member with the earcup shell. The first end of the pivot member may have a generally partially

cylindrical sliding member that is received in the slider and is adapted to slide along the slider.

[0008] Embodiments may include one of the above and/or below features, or any
combination thereof. The second end of the pivot member may be coupled to the first end of the
pivot member such that the second end can pivot in both directions relative to the first end about
a horizontal axis that is orthogonal to the translational axis. The second end of the pivot member
may be coupled to the first end of the pivot member by a pin. The first end of the pivot member
may include a generally partially spherical sliding member that is received in the slider and is
adapted to slide along the slider and rotate side-to-side in the slider about a horizontal axis. The
joint may have a bearing member that defines an arc-shaped interior bearing surface upon which
the arc-shaped surface of the pivot member rides as the earcup is rotated about the translational
axis. The headband may be constructed and arranged to push the arc-shaped surface of the pivot

member against the interior bearing surface of the bearing member.
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[0009] In another aspect, a headphone includes a headband and two earcups. Each earcup is
movably coupled to the headband by a joint that is constructed and arranged to allow translation
of the respective earcup relative to the headband along a translational axis, and rotation of the
respective earcup from a neutral position in both directions about the translational axis, where in
a first direction the rotation extends about the translational axis for at least about 90 degrees from
the neutral position and in a second direction the rotation about the translational axis extends for
at least about 10 degrees. Each joint is further constructed and arranged to allow rotation of the
respective earcup from the neutral position in both directions about a horizontal axis that is
orthogonal to the translational axis, wherein the rotation about the horizontal axis extends for at
least about 10 degrees in both directions. Each joint comprises a pivot member that has a first
end that is fitted in the headband and a second end that defines an arc-shaped surface, wherein
the first end of the pivot member is adapted to slide in the headband along the translational axis,
wherein each joint further comprises a bearing member that defines an arc-shaped interior
bearing surface upon which the arc-shaped surface of the pivot member rides as the earcup is
rotated about the translational axis. The headband is constructed and arranged to push the arc-

shaped surface of the pivot member against the interior bearing surface of the bearing member.

[0010] Embodiments may include one of the above and/or below features, or any
combination thereof. The headband may have two generally partially tubular sliders, and the first
end of each respective pivot member may have a generally partially cylindrical sliding member
that is received in a slider and is adapted to slide along the slider. The second end of each
respective pivot member may be coupled to the first end of the pivot member such that the
second end can pivot relative to the first end about a horizontal axis that is orthogonal to the

translational axis.

[0011]  In another aspect, a headphone includes a headband and two earcups. Each earcup is
movably coupled to the headband by a joint that is constructed and arranged to allow translation
of the respective earcup relative to the headband along a translational axis in both directions
from a neutral position, rotation of the respective earcup from the neutral position in both

directions about the translational axis, with on such rotation extending for about 90 degrees, and
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rotation of the respective earcup from the neutral position about a horizontal axis that is

orthogonal to the translational axis.

[0012] Embodiments may include one of the above and/or below features, or any
combination thereof. Each joint may comprise a pivot member that has a first end that is fitted in
the headband and a second end that defines an arc-shaped surface, wherein the first end of the
pivot member is adapted to slide in the headband along the translational axis. The headband
comprises a pair of generally partially tubular sliders. The first end of each pivot member
comprises a generally partially cylindrical sliding member that is received in a slider and is
adapted to slide along the slider. The second end of each pivot member is coupled to the first end
of the pivot member such that the second end can pivot relative to the first end about a horizontal
axis that is orthogonal to the translational axis. Each joint may also include a bearing member
that defines an arc-shaped interior bearing surface upon which the arc-shaped surface of the pivot
member rides as the earcup is rotated about the translational axis, wherein the headband is
constructed and arranged to push the arc-shaped surface of each pivot member against the

interior bearing surface of a bearing member.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Fig. 1is front view of a headphone.

[0014]  Fig. 2 is an exploded view of an earcup, and a joint that movably couples the earcup

to the headband.
[0015] Fig. 3 shows parts of the assembled joint.
[0016] Fig. 4 shows the pivot member of fig. 3.

[0017]  Figs SA-5D are cross-sectional views taken along line 5-5 of fig. 2 (but with the joint

assembled) showing several rotational positions of the earcup relative to the slider.

[0018] Fig. 6 is an exploded view of a pivot member and a bearing member of an alternative

headphone joint.
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[0019] Fig. 7 is an exploded view of an earcup, a slider and the joint of fig. 6 that movably

couples the earcup to the headband.
[0020] Fig. 8 shows the assembled pivot member of figs. 6 and 7.

[0021]  Fig. 9 is an enlarged, partial, cut-away view of an earcup/slider/pivot member

assembly.

[0022] Fig. 10A is a partial cross-sectional view taken along line 10-10 of fig. 9.

[0023] Fig. 10B is a cross-sectional view taken along line 10-10 of fig. 9.

DETAILED DESCRIPTION

[0024] A headphone refers to a device that fits around, on, or in an ear, and that radiates
acoustic energy into the ear canal. Headphones are sometimes referred to as earphones,
earpieces, headsets, earbuds, or sport headphones, and can be wired or wireless. A headphone
includes an acoustic driver to transduce audio signals to acoustic energy. The acoustic driver
may be housed in an earcup. While some of the figures and descriptions following show a single
headphone, a headphone may be a single stand-alone unit or one of a pair of headphones (each
including a respective acoustic driver and earcup), one for each ear. A headphone may be
connected mechanically to another headphone, for example by a headband and/or by leads that
conduct audio signals to an acoustic driver in the headphone. A headphone may include
components for wirelessly receiving audio signals. A headphone may include components of an
active noise reduction (ANR) system. Headphones may also include other functionality, such as

a microphone so that they can function as a headset.

[0025] In an around or on the ear headphone, the headphone may include a headband and at
least one earcup that is arranged to sit on or over an ear of the user. In order to accommodate
heads of different sizes and shapes, the earcups need to be able to pivot about at least the vertical
axis, and they need to translate for some distance along the vertical axis. The headband can be
collapsible or foldable, and can be made of multiple parts. Some headbands include sliders,

which may be positioned internal to the headband, that provide for the necessary translation of
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the earcups. Some headphones include a yoke pivotally mounted to the headband, with the

earcups pivotally mounted to the yoke, to provide for the necessary rotation of the earcups.

[0026] The headphones of the present disclosure have a joint that couples the earcup(s) to the
headband. The joint is structured to allow constrained rotation of the earcups relative to the
headband about at least the vertical axis, and in some cases also a perpendicular horizontal axis.
The joint is also structured to provide for constrained translation along the vertical axis. Rotation
about a vertical axis extends to 90 degrees in one rotational direction, so that the earcups can be
folded flat against the headband, anywhere along their translational motion. Thus, the joint
described herein allows the headphones to be folded flat, which allows a headphone storage case

to be flatter than could otherwise be achieved without the joint.

[0027] Headphone 10 is shown in figure 1. Headphone 10 includes earcup 14 that is carried
by headband 12, which is adapted to be fitted on and over the user’s head. Cushion 13 is
depicted, to schematically represent cushioning that may be present in some headphones.
Cushions may increase user comfort. Earcup 14 is movably coupled to headband 12 by joint 20.
Joint 20 is constructed and arranged to allow translation of earcup 14 up and down along vertical
or translational axis X. Joint 20 is further constructed and arranged to allow rotation of earcup 14
from the neutral position shown in fig. 1, in both directions about translational axis X. In one of
these rotational directions the rotation extends for approximately 90 degrees, such that the open
face of ear cushion 15 of earcup 14 faces either forward or backward, rather than facing inward
(i.e., toward the location of the user’s head (not shown)). This rotation folds the headphone
“flat,” wherein the height of the headphone (i.e., its extent along the Z axis) equals the height of
the earcup plus headband. In one example, this fold-flat height is approximately 54mm. This
fold-flat height is less than the height that the headphones have when the earcup is not rotated
about the X axis, which would equal the diameter of the earcup; in the example of this same
headphone this height would be approximately 79mm. Since the fold-flat configuration decreases
the height of the headphones, the headphone carrying case can be thinner. The fold-flat aspect of
the present headphones thus decreases the bulkiness of the carrying case, which makes the

headphones easier to store, pack and carry.
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[0028]  Figures 2-5 provide pertinent details of one non-limiting example of an
implementation of the joint that is constructed and arranged to allow translation of the earcup up
and down along vertical or translational axis X, as well as rotation of the earcup in both
directions about translational axis X, with rotation in one of these rotational directions extending
for approximately 90 degrees. Joint 30 includes pivot member 60 that has first end 62. End 62 is
received by slider 50, which is part of joint 30 and is located within the headband (not shown).
Slider 50 comprises U-shaped, partially tubular body 52. Pivot member 60 also has second end
64. In this example, the distal surface of end 64 defines an arc-shaped surface 77. Integral

connecting portion 66 connects pivot member first end 62 and second end 64.

[0029]  Slider 50 fits into slider receptacle groove 42 on the outside of shell body 41 of
carcup shell 40. Slot 44 in groove 42, which is bounded by raised ridges 45 and 46, is sized and
shaped to allow pivot member 60 to be nested into shell body 41, such that end 62 fits through
enlarged opening 56 of slider slot 54. Slot 54 is narrower that the diameter of (generally
spherical) end 62. This construction retains end 62 in slider 50. As shown in fig. 3 (which leaves
out the earcup shell for the sake of clarity), when the pivot member and slider are assembled, end
62 sits against the interior of slider body 52. Surface 77 of second end 64 projects from slider 50.
As best shown in conjunction with figure 4, connecting portion 66 of pivot member 60 has ends
67 and 68 that sit against edges 55 and 57 of slider slot 54 (fig. 3); this inhibits pivot member 60
from pivoting within slider 50 about axis 59 (which is the translational axis that corresponds to

axis X, fig. 1).

[0030] As shown in fig. 4, first end 62 includes generally disc-shaped retaining end member
61, which has a slightly greater diameter than O-ring 63. As shown in fig. 3, O-ring 63 is fitted
against the inside of slider body 52, and thus creates some friction that allows the slider to slide
along axis 59, with some resistance. Slider slot 54 can be at least about 40mm long, to allow for
sliding of the earcup along the X axis of at least about 20mm up and down from a neutral
(centered) position. End 62 can pivot in both directions about the Z (horizontal) axis, until disc
61 contacts the interior of slider body 52. In one non-limiting example, the rotation about the Z
axis extends for up to approximately 10 degrees from a centered (neutral) position, although

smaller or greater rotations can be provided for by proper construction of the joint. The rotation
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about the Z axis allows the earcup to adjust relative to the headband, to accommodate different

sized and shaped heads.

[0031]  The rotations of the earcup about the X axis are accommodated by arc-shaped surface
77 of pivot member 60 and the arc-shaped interior bearing surface 72 of bearing member 70. See
fig. 2. As described above, pivot member 60 is held in slider 50 such that pivot member 60

cannot rotate about the X axis relative to slider 50. Bearing member 70 is coupled to earcup shell

body 41 such that surface 77 sits on surface 72. This allows the earcup to be pivoted about the X

axis.

[0032] In the non-limiting example depicted in figs. 2-5, joint 30 is constructed and arranged
to allow for rotation in a first direction about the X axis (in figs. 5A-5D the translational (X) axis
is into and out of the page), the rotation extending for about 10 degrees from a “neutral” position,
and rotation of about 90 degrees in the other (a second) direction about the X axis. These
rotations are illustrated in figs. SA-5D, with fig. 5A showing the “neutral” position (designated
as zero degrees’ rotation), fig. 5B showing a -10 degree rotation (where the earcup is fully
rotated in the first direction), fig. 5C showing a +10 degree rotation (10 degrees from neutral in
the second direction), and fig. 5D showing a + 90 degree rotation (where the earcup is fully

rotated in the second direction).

[0033] In the neutral position shown in fig. SA the earcup is centered on the Y axis. Rotation
about the X axis in the first direction can extend up to about 10 degrees as shown in fig. 5B. The
end-point is defined when end 65 of second end 64 of pivot member 60 contacts earcup shell
body 41 (at point 81). As the earcup is rotated in the second direction it passes through the + 10
degree location (fig. 5C), to the second travel endpoint at + 90 degrees (fig. 5D), where end 69 of
second end 64 of pivot member 60 contacts earcup shell body 41 (at point 82). In this + 90
degree position the earcup lies along the Z axis, at right angles to the longitudinal axis of slider
50 (which corresponds to the X axis). The relative locations of the X, Y and Z axes are
illustrated. As can be seen by comparing figures 5A and 5D, this rotation to a “fold flat” position
(fig. 5D) substantially reduces the depth of the headphones (i.e., their extent along the Z axis),
from the diameter of the earcup (fig. 5A), to the depth of the earcup plus about half the diameter
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of the slider (distance 53, fig. SD). This substantially reduces the height needed in an earphone

storage case, and thus reduces the size and bulk of the case.

[0034]  An alternative pivot member/bearing member assembly 90 is depicted in figs. 6-9.
Pivot member 90 in this case is made from two separate portions — first end 92 and second end
94. The first and second ends are interconnected via attachment structure 110 and attachment
structure 106 being positioned such that their holes are aligned, with pivot pin 111 passing
through opening 104 in end 92 and through holes in structures 106 and 110. This allows end 94
to pivot relative to end 92. This pivoting is about the Z axis (fig. 1), and helps to accommodate
different shapes and sizes of heads. In one non-limiting example this pivoting extends for about
10 degrees in either rotational direction from the “neutral” position depicted in fig. 1. Other
degrees of rotation can be accomplished by proper construction of ends 92 and 94 in a manner

that would be apparent to one skilled in the art.

[0035]  First end 92 includes one or more rubber strips or portions (such as strips 103, 141
and 142, fig. 8) that provide the frictional fit in the slider 140, in a similar manner to O-ring 63.
As shown in fig. 7, slider 140 includes slider body 142 with slot 144, and slot opening 146.
Second pivot member end 94 includes arc-shaped surface 112 that rides on arc-shaped interior
bearing surface 122 of bearing member 100. Earcup shell 130 includes slot 132, which has a
construction that is very similar to the embodiment shown in fig. 2. Bearing member 100 is
mounted inside of earcup shell 130 via four tabs (tab 162 numbered) that overlie mating pads

that are part of the earcup shell (pad 164 numbered), using fasteners such as screws. See fig. 9.

[0036] Constrained rotations about the Z axis can be accomplished in the manner illustrated
in figs. 10A and 10B. The Z axis is coincident with the center of pin 111. Pivot member second
end 94 can rotate up and down about the Z axis, relative to first end 92, which is held in slider
50. Fig. 10A illustrates the neutral position, in which the earcup is centered on the Y axis. Spring
steel portion 170 of headband 12 pushes first end 92 toward bearing member 100, which is fixed
to the inside of earcup shell body 41. This force also pushes second end 94 against bearing
member 100, such that surface 112 rides on surface 122. The spring force thus provides for

smooth rotational motion about the X axis.
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[0037] Fig. 10B illustrates the farthest downward extent of rotation of earcup 40 about the Z
axis, which can be approximately 10 degrees in one non-limiting example. The rotation end point
(in both directions) occur when earcup shell body 41 of slot 44 contacts slider body 52. Slot 44
and slider body 52 can have the same radius of curvature to facilitate the +/- 10 degree rotations,

but they do not need to have the same radius of curvature.

[0038] A number of implementations have been described. Nevertheless, it will be
understood that additional modifications may be made without departing from the scope of the
inventive concepts described herein, and, accordingly, other embodiments are within the scope

of the following claims.

10
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What is claimed is:

1. A headphone, comprising:
a headband; and

an earcup;

wherein the earcup is movably coupled to the headband by a joint that is constructed and
arranged to allow translation of the earcup relative to the headband along a translational axis, and
rotation of the earcup from a neutral position in both directions about the translational axis,
where in a first direction the rotation extends for at least about 90 degrees from the neutral
position, wherein the joint is further constructed and arranged to accommodate an electrical

cable.

2. The headphone of claim 1, wherein in a second direction the rotation about the

translational axis extends for at least about 10 degrees.

3. The headphone of claim 1, wherein the joint is further constructed and arranged to allow

rotation of the earcup from the neutral position in both directions about a horizontal axis that is

orthogonal to the translational axis.

4, The headphone of claim 3, wherein the rotation about the horizontal axis extends for at

least about 10 degrees in both directions.

5. The headphone of claim 1, wherein the translation extends for at least about 20mm in

both directions from the neutral position.

6. The headphone of claim 1, wherein the joint comprises a pivot member that has a first

end that is fitted in a generally partially tubular slider of the headband, and a second end that

defines an arc-shaped surface.

7. The headphone of claim 6, wherein the first end of the pivot member is adapted to slide

in the slider along the translational axis.

8. The headphone of claim 7, wherein the earcup comprises an earcup shell, and wherein the
rotation of the earcup about the translational axis has end points that establish the end range of
rotational motion in both directions, where the end points are defined by contact of the second

end of the pivot member with the earcup shell.

11
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9. The headphone of claim 7, wherein the first end of the pivot member comprises a

generally partially cylindrical sliding member that is received in the slider and is adapted to slide

along the slider.

10.  The headphone of claim 7, wherein the second end of the pivot member is coupled to the
first end of the pivot member such that the second end can pivot in both directions relative to the

first end about a horizontal axis that is orthogonal to the translational axis.

11.  The headphone of claim 10, wherein the second end of the pivot member is coupled to

the first end of the pivot member by a pin.

12.  The headphone of claim 7, the first end of the pivot member comprises a generally
partially spherical sliding member that is received in the slider and is adapted to slide along the

slider and rotate side-to-side in the slider about a horizontal axis.

13.  The headphone of claim 6, wherein the joint further comprises a bearing member that
defines an arc-shaped interior bearing surface upon which the arc-shaped surface of the pivot

member rides as the earcup is rotated about the translational axis.

14.  The headphone of claim 13, wherein the headband is constructed and arranged to push
the arc-shaped surface of the pivot member against the interior bearing surface of the bearing

member.

15. A headphone, comprising:

a headband; and

two earcups, wherein each earcup is movably coupled to the headband by a joint that is
constructed and arranged to allow translation of the respective earcup relative to the headband
along a translational axis, and rotation of the respective earcup from a neutral position in both
directions about the translational axis, wherein a first direction the rotation extends about the
translational axis for at least about 90 degrees from the neutral position and in a second direction
the rotation about the translational axis extends for at least about 10 degrees;

wherein each joint is further constructed and arranged to allow rotation of the respective

earcup from the neutral position in both directions about a horizontal axis that is orthogonal to

12
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the translational axis, wherein the rotation about the horizontal axis extends for at least about 10
degrees in both directions;

wherein each joint comprises a pivot member that has a first end that is fitted in the
headband and a second end that defines an arc-shaped surface, wherein the first end of the pivot
member is adapted to slide in the headband along the translational axis, wherein each joint
further comprises a bearing member that defines an arc-shaped interior bearing surface upon
which the arc-shaped surface of the pivot member rides as the earcup is rotated about the
translational axis;

wherein each joint is further constructed and arranged to accommodate an electrical
cable; and

wherein the headband is constructed and arranged to push the arc-shaped surface of the

pivot member against the interior bearing surface of the bearing member.

16.  The headphone of claim 15, wherein the headband comprises two generally partially
tubular sliders, and the first end of each respective pivot member comprises a generally partially
cylindrical sliding member that is received in a slider and is adapted to slide along the slider,
wherein the second end of each respective pivot member is coupled to the first end of the pivot
member such that the second end can pivot relative to the first end about a horizontal axis that is

orthogonal to the translational axis.

17. A headphone, comprising:

a headband; and

two earcups, where each earcup is movably coupled to the headband by a joint that is
constructed and arranged to allow translation of the respective earcup relative to the headband
along a translational axis in both directions from a neutral position, rotation of the respective
earcup from the neutral position about a horizontal axis that is orthogonal to the translational
axis, and rotation of the respective earcup from the neutral position in both directions about the
translational axis, wherein a first direction the rotation about the translational axis extends for at
least about 90 degrees from the neutral position, wherein each joint is further constructed and

arranged to accommodate an electrical cable.

18.  The headphone of claim 17, wherein each joint comprises a pivot member that has a first

end that is fitted in the headband and a second end that defines an arc-shaped surface, wherein

13
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the first end of the pivot member is adapted to slide in the headband along the translational axis,
and wherein the headband comprises a pair of generally partially tubular sliders, where the first
end of each pivot member comprises a generally partially cylindrical sliding member that is
received in a slider and is adapted to slide along the slider, wherein the second end of each pivot
member is coupled to the first end of the pivot member such that the second end can pivot

relative to the first end about a horizontal axis that is orthogonal to the translational axis.

19.  The headphone of claim 18, wherein each joint further comprises a bearing member that
defines an arc-shaped interior bearing surface upon which the arc-shaped surface of the pivot
member rides as the earcup is rotated about the translational axis, wherein the headband is
constructed and arranged to push the arc-shaped surface of each pivot member against the

interior bearing surface of a bearing member.

14
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FIG. 5A

FIG. 5B
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