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DIRECTIONAL LOCK FOR INTERFACE HEADGEAR ARRANGEMENT

INCORPORATION BY REFERENCE TO PRIORITY APPLICATIONS
[0001] This application is related to and claims priority from U.S. Provisional
Patent Application No. 62/309,394 and U.S. Provisional Patent Application No. 62/343,711,
the entireties of which are hereby incorporated by reference herein and made a part of the

present disclosure.

BACKGROUND
Field

[0002] The present disclosure relates to respiratory therapy systems. In particular,
the disclosure relates to interface assemblies for use in respiratory therapy and portions
thereof.

Description of Related Art

[0003] The treatment of respiratory ailments or conditions with therapies such as
non-invasive ventilation (NIV), Bi-level or continuous positive airway pressure (CPAP)
therapy involves the delivery of pressurized air to the airways of a human via a conduit and
an interface (e.g., a mask). Some types of interfaces create at least a substantial “seal” on or
around the nose and / or the mouth of the user.

[0004] The result of creating this “seal” is that the combination of the enclosure
area of the interface and its internal pressure creates a resulting force (a “blow off” force) that
attempts to push the mask off the face. To restrain this force it is normal to use a headgear
arrangement having one or more straps that pass around the back of the head.

[0005] The strap(s) require some form of adjustment to account for variation in
head size, this adjustment mechanism is typically provided via an adjustment loop between
the mask body and the head gear. The adjustment loop can have a hook-and-loop or similar
fastener that permits an end of the strap to be passed through a mounting location on the
mask or through a clip that attaches to the mask and then attached to another section of the

strap. Such an arrangement permits adjustment of the headgear by positioning the end of the
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strap at a desired location on the other section of the strap to vary a size of the adjustment
loop.

[0006] These types of mechanism are one solution to providing an adjustment
mechanism for the headgear and, thus, the interface assembly. Such systems also require a
reasonable level of user interaction and, as a result, is prone to misuse or mis-adjustment
(e.g., over-tightening). As a practical matter, micro-adjustment of such systems is difficult
and time-consuming to accomplish. The creation of practical and not so practical solutions to
this has been the subject of considerable development effort from a number of organisations,

which has resulted in numerous patents.

SUMMARY

[0007] The systems, methods and devices described herein have innovative
aspects, no single one of which is indispensable or solely responsible for their desirable
attributes. Without limiting the scope of the claims, some of the advantageous features will
now be summarized.

[0008] In some configurations, a directional lock includes a housing defining an
interior space, a first opening and a second opening. Each of the first and second openings
communicates with the interior space. A sleeve is movably coupled to the housing and
includes a catch element. The sleeve is displaceable between a first displacement position
and a second displacement position. At least one lock element is disposed within the
housing. The lock element has a first aperture configured to receive a core element and a
second aperture to cooperate with the catch element. The lock element is movable between a
first position, in which the aperture is aligned with the first opening and the second opening,
and a second position, in which the aperture is not aligned with the first opening and the
second opening. Displacement of the sleeve from the first displacement position to the
second displacement position causes the catch element to at least assist or initiate movement
of the lock element from the first position toward the second position at least to an
intermediate position.

[0009] In some configurations, the lock element is a lock washer.
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[0010] In some configurations, the lock element is pivotally coupled to the
housing for rotation about a fixed pivot axis.

[0011] In some configurations, a pivot axis of the lock element is movable
relative to the housing.

[0012] In some configurations, the sleeve is disposed within the housing.

[0013] In some configurations, the sleeve comprises a conduit portion through
which the core can pass.

[0014] In some configurations, the catch element comprises a catch arm and a
catch end.

[0015] In some configurations, the catch end of the catch element is round.

[0016] In some configurations, a surface of the catch end that contacts the lock
element is non-planar.

[0017] In some configurations, the catch end is configured to catch or engage the
lock element when the sleeve is displaced from the first displacement position to the second
displacement position.

[0018] In some configurations, the catch arm is narrower in width than the second
aperture of the lock element.

[0019] In some configurations, the catch end is wider in width than the second
aperture of the lock element.

[0020] In some configurations, the sleeve includes at least one stop-guide.

[0021] In some configurations, the stop-guide is configured to engage the housing
so as to stop displacement of the sleeve at the second displacement position.

[0022] In some configurations, the stop-guide is configured to engage the housing
so as to stop displacement.

[0023] In some configurations, the stop-guide is positioned on the conduit
portion.

[0024] In some configurations, the sleeve includes a cuff.

[0025] In some configurations, the sleeve 1s displaceable from the second

displacement position to the first displacement position.
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[0026] In some configurations, the sleeve is displaced from the first displacement
position to the second displacement position during donning,

[0027] In some configurations, the housing includes a displacement slot.

[0028] In some configurations, the displacement slot is an elongate slot.

[0029] In some configurations, the displacement slot includes at least a first stop
end.

[0030] In some configurations, the first stop end limits displacement of the sleeve.

[0031] In some configurations, the stop-guide abuts or engages the first stop end
in the second displacement position.

[0032] In some configurations, the displacement slot includes a second stop.

[0033] In some configurations, a difference between the first displacement
position and the second displacement position is a displacement distance.

[0034] In some configurations, the displacement distance is an initial
displacement.

[0035] In some configurations, a distance between the first displacement position
and the second displacement position is a linear distance.

[0036] In some configurations, the lock element is angularly movable.

[0037] In some configurations, the difference between the first position and the
second position of the lock element is an angular distance or rotation.

[0038] In some configurations, linear displacement of the sleeve translates to
angular movement of the lock element.

[0039] In some configurations, the difference between the first position and the
second position of the lock element is a function of the difference between the first
displacement position and the second displacement position.

[0040] In some configurations, the angular distance is a function of the
displacement distance.

[0041] In some configurations, the intermediate position of the lock element is
between the first and second positions.

[0042] In some configurations, the intermediate position is the same as the second

position.
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[0043] In some configurations, the lock element does not contact the catch
element in the second position.

[0044] In some configurations, the lock element contacts the catch element in the
second position.

[0045] In some configurations, the catch end moves along the elongate slot during
displacement.

[0046] In some configurations, the catch end catches or pulls the lock element
into activation with the core element.

[0047] In some configurations, the catch end catches or pushes the lock element
into activation with the core element.

[0048] In some configurations, the catch end abuts the locking element during
movement between the first position and the intermediate position.

[0049] In some configurations, a first difference between the first position and the
intermediate position is less than a second difference between the intermediate position and
the second position.

[0050] In some configurations, a ratio of second difference to first difference is
3:1.

[0051] In some configurations, a ratio of second difference to first difference is
one of: 5:1, 4:1, 3:1, 2:1.

[0052] In some configurations, a ratio of second difference to first difference is
one of: 2.1t03.9:1, 0or 1.1 to 4.9:1.

[0053] In some configurations, a ratio of second difference to first difference is
oneof: 1to 5:1,2t05:1,3t0o5:1,2to4:1, 1 to 4:1, 1 to 3:1.

[0054] In some configurations, a headgear assembly includes a directional lock
according to any of the preceding claims, and a biasing element connected to the sleeve.

[0055] In some configurations, the sleeve is displaced from the first displacement
position to the second displacement position during donning,

[0056] In some configurations, the sleeve 1s displaced during an initial extension

of the biasing element.
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[0057] In some configurations, the sleeve is displaced from the first displacement
position to the second displacement position during an initial extension of the biasing
element.

[0058] In some configurations, the sleeve is displaced from the second
displacement position to the first displacement position when the biasing element retracts.

[0059] In some configurations, the sleeve is displaced from the second
displacement position to the first displacement position when the biasing element is fully
retracted.

[0060] In some configurations, a directional lock includes a core element, at least
one lock element, the lock element having an aperture through which the core element
passes, and a lock activator configured to activate, promote, or assist movement of the lock
element.

[0061] In some configurations, the lock activator is configured to activate,
promote or assist movement of the lock element during initial displacement or elongation of
the headgear.

[0062] In some configurations, the lock activator is configured to activate prior to
any elongation of the headgear.

[0063] In some configurations, a directional lock includes a housing, a rack and
pinion mechanism and a brake. The housing has an interior space, a first opening and a
second opening. Each of the first and second openings communicates with the interior space.
The rack and pinion mechanism includes a pinion positioned within the interior space and
rotatable relative to the housing. The pinion is configured to move between a first
displacement position and a second displacement position. The rack and pinion mechanism
includes a rack engaged with the pinion and configured to move through the first and second
openings of the housing. The brake is attached to the housing. The pinion is rotatable in the
first displacement position and the rack is movable in a direction toward the first
displacement position relative to the second displacement position. The pinion engages the
brake in the second displacement position and the brake inhibits rotation of the pinion which
inhibits movement of the rack in a direction toward the second displacement position relative

to the first displacement position.
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[0064] In some configurations, the pinion further includes a gear, and the rack
further comprises a plurality of teeth that mesh with the gear.

[0065] In some configurations, the pinion further includes flanges positioned on
opposite sides of the gear, wherein the brake engages the flanges to inhibit rotation of the
pinion.

[0066] In some configurations, the pinion has an axle that engages slots within the
housing, and the axle moves laterally within the slots between the first and second
displacement positions.

[0067] In some configurations, a directional lock includes a housing, a rack and
pinion mechanism and a brake.

[0068] In some configurations, a directional lock includes a housing, at least one
roller, a filament and at least one bearing surface. The housing defines an interior space, a
first opening and a second opening. Each of the first and second openings communicates
with the interior space. At least one roller is positioned within the interior space and
rotatable relative to the housing. The at least one roller is configured to move between a first
displacement position and a second displacement position. The filament is engaged with the
at least one roller, the filament configured to move through the first and second openings of
the housing. At least one bearing surface is positioned within the housing and configured to
engage the at least one roller. The at least one roller is rotatable in the first position and the
filament is movable in a direction toward the first displacement position relative to the
second displacement position. The at least one roller engages the at least one bearing surface
in the second position and the at least one bearing surface inhibits rotation of the at least one
roller which inhibits movement of the filament in a direction toward the second displacement
position relative to the first displacement position.

[0069] In some configurations, the at least one roller includes a pair of rollers, and
the filament travels between the pair of rollers.

[0070] In some configurations, the at least one roller further comprising a tread
positioned on an outer surface of the at least one roller being formed from at least one of an

elastomeric, compressible or tactile material.
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[0071] In some configurations, the pinion has an axle that engages slots within the
housing, and the axle moves laterally within the slots between the first and second

displacement positions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0072] Throughout the drawings, reference numbers can be reused to indicate
general correspondence between reference elements. The drawings are provided to illustrate
example embodiments described herein and are not intended to limit the scope of the
disclosure.

[0073] Figure 1 1s a graph of a force-deflection curve of an exemplary headgear
arrangement.

[0074] Figure 2 illustrates an exemplary headgear assembly coupled to a full face
mask type interface.

[0075] Figure 3 illustrates the exemplary headgear assembly in Figure 2 coupled
to a nasal mask.

[0076] Figure 4 illustrates the exemplary headgear assembly in Figure 2 coupled
to a nasal pillows/prongs mask.

[0077] Figure 5A is a cross-sectional view of a directional lock in a locked
position.

[0078] Figure 5B is a perspective cross-sectional view of the directional lock in
Figure 5A in the locked position.

[0079] Figure 5C is a cross-sectional view of the directional lock in Figure SA in
the unlocked position.

[0080] Figure 5D is a perspective cross-sectional view of the directional lock in
Figure 5A in the unlocked position.

[0081] Figure 6A is a side view of a directional lock and portion of a braided
element of a circumference adjusting portion. The directional lock includes an arrangement
that assists or initiates movement of a lock member of the directional lock. An outer housing
of the directional lock is shown as transparent to show the underlying sleeve and lock

member.
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[0082] Figure 6B is a side view of the directional lock of Figure 6A in another
position of the housing and sleeve.

[0083] Figure 7 is a perspective view of the directional lock of Figure 6A with the
housing removed to illustrate the underlying components.

[0084] Figure 8 is an enlarged view of a portion of the sleeve, lock member and
catch arrangement of Figure 7.

[0085] Figure 9 1s a longitudinal sectional view of the sleeve.

[0086] Figure 10 is a longitudinal sectional view of the housing.

[0087] Figure 11A is a longitudinal sectional view of the directional lock of
Figure 6A in a released position.

[0088] Figure 11B illustrates the directional lock of Figure 11A in an intermediate
position.

[0089] Figure 11C illustrates the directional lock of Figure 11A in a locked
position.

[0090] Figure 12A is a longitudinal sectional view of the directional lock of
Figure 6A in a released position.

[0091] Figure 12B illustrates the directional lock of Figure 12A in an intermediate
position.

[0092] Figure 12C illustrates the directional lock of Figure 12A in a locked
position. Figures 12A-12C include dashed lines to illustrate certain positions of the lock
member and the sleeve.

[0093] Figure 13 1s a side view of the directional lock of Figures 12A-12C. The
outer housing of the directional lock is shown as transparent to show the underlying sleeve
and lock member.

[0094] Figure 14 1s an isometric view of an exemplary rack and pinion
mechanism.

[0095] Figure 15A s a front view of the exemplary rack and pinion mechanism in
Figure 14.

[0096] Figure 15B is a right-side view of the exemplary rack and pinion

mechanism in Figure 14.
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[0097] Figure 15C is a left-side view of the exemplary rack and pinion
mechanism in Figure 14.

[0098] Figure 15D is a top-side view of the exemplary rack and pinion
mechanism in Figure 14.

[0099] Figure 16 1s an isometric view of the rack and pinion mechanism without
the housing to illustrate the brake and the rack and pinion mechanisms.

[0100] Figure 17 is a front view of the exemplary rack and pinion mechanism
illustrating the positioning of the pinion relative to the housing during a retraction movement
of the rack.

[0101] Figure 18 is a cross-sectional front view of the exemplary rack and pinion
mechanism in Figure 17 illustrating the positioning of the pinion relative to the housing
during a retraction movement of the rack.

[0102] Figure 19 is a front view of the exemplary rack and pinion mechanism
illustrating the positioning of the pinion relative to the housing during an extension
movement of the rack.

[0103] Figure 20 is a cross-sectional front view of the exemplary rack and pinion
mechanism in Figure 19 illustrating the positioning of the pinion relative to the housing
during an extension movement of the rack.

[0104] Figure 21 is an isometric view of an exemplary roller lock mechanism.

[0105] Figure 22A is a front-side view of the exemplary rack and pinion
mechanism in Figure 21.

[0106] Figure 22B is a right-side view of the exemplary rack and pinion
mechanism in Figure 21.

[0107] Figure 22C is a left-side view of the exemplary rack and pinion
mechanism in Figure 21.

[0108] Figure 22D is a top-side view of the exemplary rack and pinion
mechanism in Figure 21.

[0109] Figure 22E is a bottom-side view of the exemplary rack and pinion

mechanism in Figure 21.
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[0110] Figure 23A is an isometric view of the housing of the exemplary roller
lock mechanism.

[0111] Figure 23B is a cross-sectional front view of the housing of the exemplary
roller lock mechanism.

[0112] Figure 23C is a cross-sectional front view of the exemplary roller lock
mechanism along a line 23C-23C in Figure 22D.

[0113] Figure 23D is a cross-sectional side view of the exemplary roller lock
mechanism along a line 23D-23D in Figure 22A.

[0114] Figure 24A is an isometric view of the roller of the exemplary roller lock
mechanism.

[0115] Figure 24B is an isometric view of the axle of the exemplary roller lock
mechanism.

[0116] Figure 24C is a cross-sectional side view of the roller of the exemplary
roller lock mechanism.

[0117] Figure 25A is a phantom view of the roller lock mechanism illustrating the
positioning of the rollers relative to the housing in a retraction mode.

[0118] Figure 25B is a phantom view of the roller lock mechanism illustrating the
positioning of the rollers relative to the housing in an extension mode.

[0119] Figure 25C is a phantom view of the roller lock mechanism illustrating the
positioning of the rollers relative to bearing surfaces in the extension mode.

[0121] Figure 26A is a front perspective view of a compact rack and pinion
mechanism.

[0122] Figure 26B is a top view of the compact rack and pinion mechanism.

[0123] Figure 26C i1s a cross-sectional front view of the compact rack and pinion
mechanism along a line 26C-26C in Figure 26B.

[0124] Figure 26D 1s a front view of the compact rack and pinion mechanism.

[0125] Figure 27A is a front perspective view of a thick rack and pinion
mechanism.

[0126] Figure 27B is a top view of the thick rack and pinion mechanism.
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[0127] Figure 27C 1s a cross-sectional front view of the thick rack and pinion
mechanism along a line 27C-27C in Figure 27B.

[0128] Figure 27D 1s a front view of the thick rack and pinion mechanism.

[0129] Figure 28A is a front perspective view of a wide rack and pinion
mechanism.

[0130] Figure 28B is a top view of the wide rack and pinion mechanism.

[0131] Figure 28C is a cross-sectional front view of the wide rack and pinion
mechanism along a line 28C-28C in Figure 28B.

[0132] Figure 28D 1s a front view of the wide rack and pinion mechanism.

DETAILED DESCRIPTION

[0133] Embodiments of systems, components and methods of assembly and
manufacture will now be described with reference to the accompanying figures, wherein like
numerals refer to like or similar elements throughout. Although several embodiments,
examples and illustrations are disclosed below, it will be understood by those of ordinary
skill in the art that the inventions described herein extends beyond the specifically disclosed
embodiments, examples and illustrations, and can include other uses of the inventions and
obvious modifications and equivalents thereof. The terminology used in the description
presented herein is not intended to be interpreted in any limited or restrictive manner simply
because it is being used in conjunction with a detailed description of certain specific
embodiments of the inventions. In addition, embodiments of the inventions can comprise
several novel features and no single feature is solely responsible for its desirable attributes or
is essential to practicing the inventions herein described.

[0134] Certain terminology may be used in the following description for the
purpose of reference only, and thus are not intended to be limiting. For example, terms such
as “above” and “below” refer to directions in the drawings to which reference is made.
Terms such as “front,” “back,” “left,” “right,” “rear,” and “side” describe the orientation
and/or location of portions of the components or elements within a consistent but arbitrary
frame of reference which is made clear by reference to the text and the associated drawings

describing the components or elements under discussion. Moreover, terms such as “first,”



WO 2017/158544 PCT/IB2017/051522
13

“second,” “third,” and so on may be used to describe separate components. Such terminology
may include the words specifically mentioned above, derivatives thereof, and words of
similar import.

[0135] Some embodiments disclosed herein involve a headgear system and/or an
interface assembly incorporating a headgear system that upon fitment to the head of a user
automatically adjusts to the correct size and, once in use, transforms in properties from an
elasticated “stretchy” strap/strapping configuration to an “inelastic” strap/strapping
configuration. In some configurations, the headgear (alone or as integrated in an interface
assembly) exhibits a relatively small contraction force that tends to shorten the headgear.
When coupled to a mask, the headgear and mask cooperate to define a perimeter of the
interface assembly, which is reduced in length as a result of the contraction force toward or to
a minimum perimeter length. Although not likely to be perfectly circular, the perimeter
length is often referred to as a “circumference.” Thus, with such an arrangement, the
interface assembly can be positioned on the user’s head and will automatically contract to or
very near a proper head size, in a manner similar to an elasticated or “stretchy” headgear.
The contraction force preferably is sufficient to support the weight of the interface assembly
and at least substantially keep the interface assembly in place on the user’s head at the
smallest head size or minimum useful perimeter length of the interface assembly, which may
or may not coincide with the minimum perimeter length. In some configurations, the
retraction force can be sufficient to support the weight of a nasal cannula or other small
interface, which can have a weight of about 50 grams, for example. In other configurations,
the retraction force can be between about 0.5 Newtons and about 5.2 Newtons, or between
about 1 Newton and about 2.6 Newtons, or between about 1 Newton and about 1.5 Newtons,
including any value and sub-range within these ranges. In other configurations, the retraction
force may be insufficient to support the weight of the interface and may require manual
assistance to move the interface to a sealed position on the user’s face. However, preferably,
once the headgear is sufficiently retracted, it is then held in place by, for example, the
directional lock(s). In some configurations, the contraction force is only sufficient or is

configured to support the weight of the headgear.
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[0136] However, in at least some configurations, the contraction force is less than
is necessary to maintain the mask in sealed contact with the user’s face during treatment/use.
That 1s, the contraction force, alone, cannot resist the blow-off force. In some configurations,
the contraction force is insufficient to resist the blow-off force throughout a range of usable
perimeter lengths or headgear sizes. Therefore, the headgear and/or interface assembly also
exhibits an inelastic behavior in response to forces tending to elongate the headgear or
increase the perimeter length of the interface assembly. The headgear and/or interface
assembly can have a locked mode that can produce a locking force tending to resist
expansion, elongation or lengthening of the perimeter length. The locking force can be
sufficient to resist elongation, or at least any significant elongation, of the perimeter length in
response to blow-off forces. In some configurations, the locking force is sufficient to resist
elongation in response to the highest blow-off forces expected with a variety of uses or
treatments (e.g., Bi-Level or CPAP, NIV, etc.). In some configurations, the locking force
may be selected for one or more particular uses/therapies, but may not be suitable for all
uses/therapies. In some configurations, the locking force may be selected to resist elongation
in response to forces in addition to blow-off forces, such as hose pull forces, for example.
Such additional forces can be referred to collectively herein as “hose pull forces” and such
additional resistance to elongation can be referred to herein as a “reserve.”

[0137] In some configurations, the headgear and/or interface assembly also
exhibits a yield force, above which expansion or elongation of the perimeter length is
permitted. Preferably, the yield force is greater than the expected blow-off force. In some
configurations, the yield force is greater than the expected blow-off force and the hose pull
force. Thus, such a headgear and/or interface assembly has a reserve. Preferably, the yield
force 1s set low enough that a user can at least relatively conveniently apply an elongation
force to the headgear and/or interface assembly sufficient to exceed the yield force in order to
permit the interface assembly to lengthen and to be applied to the user’s head. As described
above, the contraction force reduces the perimeter length toward or to a proper head size.

[0138] In some configurations, the headgear and/or interface assembly
automatically transitions between a contraction mode, a locked mode and a yield mode in

response to the presence or absence of external forces. For example, the headgear and/or



WO 2017/158544 PCT/IB2017/051522
15

interface assembly moves toward or to the minimum perimeter length in the absence of
external lengthening or expanding forces. A lengthening or expansion force that is greater
than the yield force can be applied to increase the perimeter length of the headgear and/or
interface assembly to a length sufficient to permit the interface assembly to be positioned on
the user’s head. Once the lengthening or expansion force is removed (or reduced to below
the contraction force), the contraction force acts to automatically reduce the perimeter length
to or substantially to the proper head size such that the interface assembly is supported on the
user’s head. Upon the start of treatment (application of blow-off force) and/or application of
hose pull force, the headgear and/or interface assembly automatically transforms to the
locked mode to resist elongation, or at least resist any significant elongation, or increase of
the perimeter length. At the end of treatment, or at any time as desired, a force above the
yield force can be applied to the headgear and/or interface assembly to increase the perimeter
length and permit removal of the interface assembly from the user’s head.

[0139] Advantageously, with such an arrangement, micro-adjustments of the
perimeter length of the headgear and/or interface assembly can be accomplished quickly and
conveniently. For example, during treatment or use, the mask can be manipulated to effect
micro-adjustment of the perimeter length. For instance, in the event of a leak between the
mask and the user’s face, the mask can be wiggled or otherwise moved to effect a micro-
adjustment of the perimeter length to address the leak. In some cases, the seal of the mask
may be compressed against the user’s face, which can allow the contraction force to
automatically reduce the perimeter length. Upon release of the mask, the headgear and/or
interface assembly locks at, or very near, the reduced perimeter length. Thus, such
configurations permit the headgear and/or interface assembly to micro-adjust, or move to an
adjusted perimeter length, as a result of small manipulations (e.g., wiggling) of the mask.
Manipulation of other portions of the interface assembly (e.g., headgear or breathing
tube/gases conduit) can similarly result in micro-adjustment. Because of the nature of the
human head and/or the conditions under which interface assemblies are used, quick and
convenient micro-adjustment can dramatically improve performance and user satisfaction of
an interface assembly. Treatment often occurs at night and/or under other situations when the

user 1s lying down. Thus, the headgear can be in contact with surface, such as a pillow or
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bed. Movement of the user’s head relative to such surfaces can cause movement of the
headgear, which can alter the fit of the headgear. For example, hair can move or “compress”
beneath the headgear, which can alter the fit. The headgear straps may move up, down or
rotationally on the head, which can alter the fit. Such alterations in fit can result in leaks
between the mask and the user’s face. The above-described adjustment technology can
permit such changes in fit to be addressed automatically or with small manipulations of the
mask or other portions of the interface assembly. Moreover, the interface assembly can be
removed and reapplied and automatically adjust to at or very near a proper headgear size. In
contrast, if conventional non-stretch headgear is moved from its desired adjustment position,
such as by mistake or as a result of cleaning, it can be difficult and time-consuming to
reestablish the desired adjustment position. Conventional elasticated headgear addresses the
adjustment issue, but because the contraction force must resist the highest expected blow-off
and hose pull forces at the smallest useable headgear size, elasticated headgear applies a
relatively large pressure to the user’s head that is only partially relieved by the application of
blow-off force. Such pressure may be substantial for a user with a relatively large head size
and low treatment pressure.

[0140] In some configurations, some amount of movement may occur in the
headgear and/or interface assembly during transition from the elastic mode to the locked
mode. For example, with some directional lock arrangements, the perimeter length may
increase slightly during the transition from elastic mode to locked mode. In some cases, there
exists a compromise between increased yield force and reduced perimeter length change
during transition. Thus, references to any particular positions of the headgear and/or interface
assembly or perimeter lengths can include such slight length changes during transition, if
present.

[0141] The following example of the above-described adjustment technology is
based on the delivery of CPAP. The series of graphs describe a typical operating envelope
that a headgear system must be designed to operate over and how various current
embodiments operate relative to that envelope. The envelope may comprise an entire CPAP
treatment universe, that is, an entire range of typical, probable or possible CPAP pressures

and an entire range of typical, probable or possible head sizes. Or, the envelope may
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comprise a subset of the CPAP treatment universe, such as a subset of pressures (e.g., low
pressure or high pressure CPAP) or head (headgear or interface assembly) sizes (e.g., small,
medium or large). The principles discussed in connection with CPAP treatment may apply to
other treatments, as well.

[0142] Figure 1 illustrates a graph of a force-deflection curve of an example of a
headgear arrangement or interface assembly comprising a headgear arrangement. The head
circumference axis of the graph may represent the head circumference of a user or the
circumference or perimeter length of the headgear arrangement or interface assembly that fits
or 1s intended to fit a user.

[0143] The graph of Figure 1 also illustrates an operating envelope 10 relevant to
the headgear arrangement or interface assembly. The operating envelope 10 is illustrated as a
rectangular area defined between minimum and maximum blow-off forces or forces applied
to the headgear arrangement or interface assembly as a result of the therapy and minimum
and maximum head sizes or circumferences/perimeter lengths of the headgear arrangement.
The operating envelope 10 can be specific to a therapy (e.g., CPAP or bi-level PAP) or can
cover multiple therapies. Similarly, the head size or circumference/perimeter length can be
specific to a size of headgear arrangement or can cover multiple sizes. The operating
envelope 10 can be used to establish functional or behavioral criteria of a particular headgear
arrangement and is utilized herein to illustrate features or behaviors of certain disclosed
embodiments.

[0144] A graph containing an example force-deflection curve of an example
headgear arrangement or interface assembly (referred to as “headgear” for convenience in the
discussion of the graph) is illustrated relative to the example operating envelope 10. The
curve originates at or near the origin of the graph, which may represent approximately zero
force and a minimum circumference or perimeter length (referred to as “circumference” for
convenience in the discussion of the graph) of the headgear. The minimum circumference is
greater than zero, but typically at a value below a minimum head circumference (taking into
consideration the interface, if any) of the intended user or range of users.

[0145] To place the headgear onto the user, typically, the headgear will be

elongated to a circumference greater than the actual head circumference of the user.
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Typically, a rear portion of the headgear will be placed on the rear of the user’s head and the
user will grasp the front of the headgear (e.g., the mask or other interface) and apply a pulling
force to elongate the headgear and move the mask or other interface over the crown of the
head and toward the face.

[0146] As illustrated in the graph of Figure 1, the example force-deflection curve
initially rises with a steep pitch, in which the force increases a substantial amount with a
relatively small increase in the circumference. In some configurations, the force-deflection
curve rises above the maximum force level of the operating envelope 10 before reaching the
minimum circumference of the operating envelope 10. This portion of the curve can be
referred to as an initial elongation portion 12a.

[0147] At some location above the maximum force of the operating envelope 10,
the force-deflection curve transitions to a shallower pitch, in which the circumference
increases a substantial amount with a relatively small increase in the force. This shallow
pitch portion of the force-deflection curve can relate to a yield force of the retention
arrangement of the headgear. Preferably, the shallow pitch portion, which can be referred to
as an elongation portion 12b, of the force-deflection curve extends at or above the maximum
force level of the operating envelope 10 along a portion or an entirety of the circumference
range of the operating envelope 10. In some configurations, the elongation portion 12b
extends beyond the maximum circumference level of the operating envelope 10. That is, the
headgear can be configured to achieve a greater circumference than the intended maximum
head circumference to allow the headgear to be conveniently placed onto a user having the
maximum head circumference of the operating envelope 10 of the headgear. In use,
especially with users having head sizes on the smaller end of the operating envelope 10, the
headgear may not be elongated to a maximum circumference during donning and, in some
cases, may not be elongated beyond the maximum circumference level of the operating
envelope 10.

[0148] After the headgear has been elongated to the maximum circumference, to a
circumference greater than the operating envelope 10 or, in use, to some other circumference
sufficient to allow donning onto the user, the illustrated force-deflection curve drops steeply

(initial retraction portion 14a) and then transitions to a relatively shallow portion, in which
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the circumference reduces substantially with a relatively small change in force. This shallow
portion of the curve can be referred to as a retraction portion 14b. Preferably, in the
retraction portion 14b, the headgear reduces in circumference at a relatively low force level
until the headgear reaches or is substantially close to an appropriate circumference to fit the
user’s head. The headgear can be positioned on the user’s head at this low force level (the
left end of the retraction portion 14b or “fit point 16”) until therapy is initiated or until
another force attempting to elongate the headgear is applied.

[0149] Advantageously, this relatively low force level allows the headgear to be
comfortable for the user. In some configurations, the retraction portion 14b of the force-
deflection curve is at or below the minimum force level of the operating envelope 10. Thus,
in such an arrangement, the retraction force of the headgear can be lower than that necessary
or desirable to resist minimum forces induced in the headgear by the therapy (e.g., a low
CPAP level). Accordingly, even at low therapy levels, the headgear can be configured to
produce only enough retention force to resist the therapy-induced forces because the
minimum force level of the operating envelope 10 is above the retraction portion 14b of the
force-deflection curve. In some configurations, as described below, the retraction portion
14b of the force deflection curve could fall within the operating envelope 10. Such an
arrangement can be referred to as exhibiting “composite” behavior. However, preferably, the
retraction portion 14b of a composite-behavior headgear force-deflection curve remains
below the maximum force level of the operating envelope 10.

[0150] When therapy is commenced, or another elongating force is applied to the
headgear, the force deflection curve rises relatively steeply from the fit point 16 to a point
within the operating envelope 10 at which the retention force of the headgear balances with
the force induced by the therapy and/or other forces (e.g., hose pull forces) attempting to
elongate the headgear. Such a point can be referred to as a balanced fit point 18. The force-
deflection curve between the fit point 16 and the balanced fit point 18 can have substantially
the same slope as the initial elongation portion 12a. The actual location of the balanced fit
point 18 can be anywhere within the operating envelope 10 depending on the actual force
induced by the therapy and the actual head size of the user. In any particular case, the force

in the headgear, which is applied over an area related to headgear size as a pressure to the
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user, 1s substantially only the force necessary to counteract the forces induced by the therapy.
Thus, in at least some configurations, the pressure applied to the user can be minimized for
any particular headgear size and shape for the particular level of therapy utilized. The
elongation portion 12b of the force-deflection curve can be spaced above the maximum force
level of the operating envelope 10 to provide a reserve in which additional forces (e.g., hose
pull forces) can be applied without elongation of the headgear. Once sufficient force is
applied to the headgear to reach the elongation portion 12b of the force-deflection curve,
elongation of the headgear can occur. However, the headgear can be designed or configured
to have a force-deflection curve that accommodates expected or usual therapy forces and hose
pull forces or any combination thereof.

[0151] As described above, in at least some configurations, the user can
manipulate the headgear to cause a micro-adjustment of the perimeter length.
Advantageously, such an arrangement allows the user to, for example, address leaks or
tighten or loosen the headgear (reduce the perimeter length) to a desired level by simply
grasping the mask or other interface and moving (e.g., wiggling) the mask or other interface
relative to the user’s face and a rear portion of the headgear. The mask or other interface can
be moved or adjusted in a plurality of directions, including toward and away from the user’s
face or in a rotational manner (e.g., about a vertical or horizontal/lateral axis). Movement
toward the face can result in a reduction of the perimeter length or tightening of the headgear
to, for example, achieve a fit that is toward the tight end of the spectrum of an acceptable or
desirable fit, which can be referred to as a “tight fit.” Movement away from the face can
result in elongation of the perimeter length or loosening of the headgear to, for example,
achieve a fit that is toward the loose end of the spectrum of an acceptable or desirable fit,
which can be referred to as a “loose fit.” Rotational movement about a vertical axis can
cause one side of the headgear to tighten and the other side to remain the same or loosen.
Rotation about a horizontal or lateral axis can cause one of an upper or lower portion of the
headgear to tighten and the other of the upper or lower portion to loosen.

[0152] As described above, it i1s not necessary in all configurations that the
retraction portion 14b of the force-deflection curve be located below a minimum force level

of the operating envelope 10. The headgear can be designed or configured to position the
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retraction portion 14b of the force-deflection curve within the operating envelope 10 and at a
level that provides a sufficient degree of comfort to the user. In some cases, the user may
desire that the headgear apply some degree of force in order to provide the user with some
tactile feedback that provides a feeling of comfort that the headgear is securely holding the
interface in place. Such force applied by the headgear may, for some users, fall within the
operating envelope 10 of the particular therapy. Thus, with such an arrangement, under at
least some conditions, the retraction force of the headgear may be sufficient to resist therapy
forces at least as some lower therapy levels and/or certain larger head sizes.

[0153] Figures 2-4 illustrate an example headgear assembly 1600 that, in at least
some configurations, can be utilized with two or more interface types. For example, Figure 2
illustrates the headgear assembly 1600 as forming a modular component of an interface
assembly comprising a full face mask type interface 1650. The headgear assembly 1600 can
comprise a portion 1602 that engages the interface 1650 or can otherwise be coupled to the
interface 1650. In some configurations, the engagement or coupling portion 1602 of the
headgear assembly 1600 can be engaged or coupled with at least one other type of interface.
For example, Figure 3 illustrates the headgear assembly 1600 of Figure 2 (shown in dashed
line) supporting a nasal mask 1660 and Figure 4 illustrates the headgear assembly 1600 of
Figure 2 (shown in dashed line) supporting a nasal pillows/prongs mask 1670. Thus, with
such a modular arrangement, a single headgear assembly can be utilized with multiple types
of interfaces. Advantageously, the on-demand resistance feature of the headgear assembly as
described herein allows the single headgear assembly to operate in a suitable manner with the
different interface types. For example, the retention force provided by the headgear can
automatically adjust to the force applied to the headgear by the particular interface that is
used. However, in other arrangements, the headgear assembly 1600 can be specific to an
interface type.

[0154] The headgear assembly 1600 can be generally similar to the other headgear
assemblies disclosed in Applicant’s Application No. PCT/NZ2014/000074 (Publication No.
WO02014/175752), the entirety of which is incorporated by reference herein. In particular, the
illustrated headgear assembly 1600 includes a headgear rear portion 1604, the interface

coupling portion 1602 and a length or circumference adjusting portion 1606 that is interposed



WO 2017/158544 PCT/IB2017/051522
22

between the headgear rear portion 1604 and the interface coupling portion 1602. The
headgear rear portion 1604 is configured in use to contact a rear portion of the user’s head.
The interface coupling portion 1602 is configured in use to be coupled to an interface such
that the headgear assembly 1600 can support the interface in an appropriate position on the
face of the user. The length or circumference adjusting portion 1606 is configured in use to
permit a position of the interface coupling portion 1602 to be adjusted relative to the
headgear rear portion 1604 such that the headgear assembly 1600 can be adjusted to the head
size of a particular user. Thus, the length or circumference adjusting portion 1606 can permit
a perimeter length or circumference of the headgear to be adjusted to allow the headgear
assembly 1600 to fit the head size of a particular user.

[0155] The headgear rear portion 1604 can be of any suitable arrangement, such
as the same as or similar to any of those described herein or in Applicant’s Application No.
PCT/NZ2014/000074. Preferably, the headgear rear portion 1604 engages the user’s head
and provides a relatively stable platform for connection of the interface, such as utilizing the
interface coupling portion 1602 and the circumference adjusting portion 1606. Thus, in at
least some configurations, the headgear rear portion 1604 is substantially inelastic such that it
holds its shape and effective length in response to applied forces within a range that is typical
or expected for the intended application. The headgear rear portion 1604 can include a top
strap portion 1608 that extends over the top of the user’s head and a rear strap portion 1610
that extends around the back of the user’s head. The top strap portion 1608 and rear strap
portion 1610 can be separate or coupled in any suitable manner, such as by an intermediate
connecting portion 1612.

[0156] The length or circumference adjusting portion 1606 can be of any suitable
arrangement, such as the same as or similar to any of those described herein or in Applicant’s
Application No. PCT/NZ2014/000074. The circumference adjusting portion 1606 can
comprise two pair of adjustment elements 1614 in which one pair of adjustment elements
1614 are positioned on each side of the headgear assembly 1600. Thus, the illustrated
headgear arrangement 1600 can be generally described or categorized as a two retention

plane headgear type. The headgear arrangement 1600 can be described as a two retention
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plane, forward converge headgear type or possibly a hybrid of a two retention plane, forward
converge headgear type and a two retention plane, separated/angled headgear type.

[0157] Each pair of the adjustment elements 1614 can couple one side of the
headgear rear portion 1604 with one side of the interface coupling portion 1602. The pair of
adjustment elements 1614 one each side are coupled to the headgear rear portion 1604 at
spaced locations. For example, one of the adjustment elements 1614 is coupled to the
headgear rear portion 1604 at or near a portion of the top strap 1608 and the other of the
adjustment elements 1614 is coupled the headgear rear portion 1604 at or near a portion of
the rear strap 1610. In the illustrated arrangement, the upper adjustment elements 1614 are
coupled to forward extensions of the headgear rear portion 1604 that extend in a forward
direction from a portion of the top strap 1608 at or near a location above the user’s ear. The
lower adjustment elements 1614 are coupled to ends of the rear strap 1610 of the headgear
rear portion 1604,

[0158] The adjustment elements 1614 are adjustable in length between a retracted
length and an extended length. In some configurations, the adjustment elements 1614
cooperate to provide all or substantially all of the adjustment of a circumference of the
headgear assembly 1600. Each of the adjustment elements 1614 can also include an elastic
element or biasing arrangement that biases the adjustment element 1614 toward one of the
retracted or extended lengths. Preferably, the adjustment elements 1614 are biased toward a
retracted length, such that the headgear assembly 1600 is biased toward its smallest
circumference. Such an arrangement permits the headgear assembly 1600 to be extended and
then automatically retract to fit the particular user under the biasing force of the elastic
element or other biasing arrangement of the adjustment element(s) 1614. In addition,
preferably, the adjustment elements 1614 define a hard stop at a maximum extended length to
limit extension of the headgear 1600 and define a maximum circumference of the headgear
1600.

[0159] In some configurations, each of the adjustment elements 1614 comprises a
braided element, which can extend or retract in length. The braided element can comprise
one or more elastic elements in parallel with the braided element. The elastic elements can

be separate from the braided element or incorporated in the braided element. In some



WO 2017/158544 PCT/IB2017/051522
24

configurations, the elastic elements are contained in internal spaces between filaments of the
braided element. An example of suitable braided elements is described in connection with
Figures 46-54 of Applicant’s patent application no. PCT/NZ2014/000074. However, other
suitable constructions or arrangements can also be used. Alternatively, elastic element(s) or
biasing element(s) can be located within the interface coupling portion and can interact with
the core members to pull the core members into the interface coupling portion.

[0160] The interface coupling portion 1602 of the headgear assembly 1600 can
extend between the pair of adjustment elements 1614 that comprise the circumference
adjusting portion 1606. In some configurations, the interface coupling portion 1602 can be
relatively rigid. In some configurations, the interface coupling portion 1602 is coupled
directly to the adjustment elements 1614. As described above, the interface coupling portion
1602 can facilitate connection of the headgear assembly 1600 to an interface. However, the
interface coupling portion 1602 can also accommodate at least a portion of one or more
directional locks 1616. In the illustrated arrangement, two pair of directional locks 1616 is
provided, with one directional lock 1616 associated with each one of the adjustment elements
1614. Portions (e.g., housings 1810) of the directional locks 1616 can be located at each end
of the interface coupling portion 1602. In some configurations, a core member 1830
associated with each of the directional locks 1616 is coupled to the headgear rear portion
1604, extends along or through the adjustment element 1614, through the housing 1810 of the
directional lock 1616 and into a collection space 1622. The collection space 1622 can be
defined by a collection tube or conduit, which can be a separate member from or can be
incorporated into the interface coupling portion 1602. The housing 1810 of the directional
lock 1616 can comprise one or more members or elements (e.g., lock washers or lock jaws)
that interact with the core member 1830 to selectively allow retraction of the headgear
assembly 1600 or lock the headgear assembly 1600 in a particular circumference and inhibit
or prevent extension of the headgear at least at forces below the yield force provided by of the
directional lock(s). Additional particulars of the operation of the directional locks 1616 are
described herein and in Applicant’s patent application no. PCT/NZ2014/000074.

[0161] In the illustrated arrangement, the directional locks 1616 on each side of

the interface coupling portion 1602 are vertically stacked or positioned side-by-side.
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Although the directional locks 1616 are illustrated as separate units, in some configurations
portions of the directional locks 1616 can be integrated. For example, a single housing could
contain individual lock elements that interact with the separate core members of each
adjustment element.

[0162] The interface coupling portion 1602 can be curved and the collection
spaces 1622 (e.g., defined by collection tubes or channels) can be curved along with the
interface coupling portion 1602. In the illustrated arrangement, a center portion of the
interface coupling portion 1602 is located above end portions of the interface coupling
portion 1602. Furthermore, when viewed from the front, side portions of interface coupling
portion 1602 curve downwardly from the center portion. Thus, the interface coupling portion
1602 can complement or correspond to the shape of a body or shell portion of the full face
mask interface 1650. The center portion of the interface coupling portion 1602 can be
located above an elbow or other conduit connector of the mask 1650. Similarly, the interface
coupling portion 1602 can be configured to complement or correspond to the shape of a body
or shell portion of the nasal mask interface 1660. The center portion of the interface coupling
portion 1602 can be located above an elbow or other conduit connector of the nasal mask
1660. The interface coupling portion 1602 can be configured to complement or correspond
to the shape of a body of the nasal pillows/prongs mask 1670. The center portion of the
interface coupling portion 1602 can be located above an elbow or other conduit connector of
the nasal pillows/prongs mask 1670. In some configurations, the interface coupling portion
1602 can be located between the elbow or other conduit connector and the pillows/prongs of
the nasal pillows/prongs mask 1670.

[0163] Figures 5SA to 5D show an embodiment of a directional lock 1616
comprising a housing 1810, a first and a second lock element (e.g., washer 1820, 1822,
respectively), and a core member 1830. The housing comprises a first and a second chamber
1840, 1842 wherein the first and second chambers 1840, 1842 are configured to house the
first and second lock washers 1820, 1822, respectively. In the illustrated arrangement, the
first and second chambers 1840, 1842 are separated by an internal wall 1812 of the housing
1810. However, in other arrangements, the first and second chambers 1840, 1842 are not

necessarily physically separate spaces, but can be portions of a chamber. The housing 1810
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has two end walls 1814, which along with the internal wall 1812, have an elongate core
opening 1860 through which the core member 1830 passes. The core openings 1860 are
substantially aligned with each other. The core opening 1860 of the end wall 1814 shown on
the right side of the figures is larger than the core opening of the internal wall 1812 and the
end wall 1814 shown on the left of the figures. This allows for manipulation of the path of
the core member 1830 through the housing 1810. The first and second chambers 1840, 1842
are each delimited by the internal wall 1812, one of the end walls 1814 and a pair of side
walls 1816; wherein the side walls 1816 extend between the end walls 1814 of the housing
1810. The first and second chambers 1840, 1842 can be configured to be open at one or both
of a top and a bottom of the housing 1810 to allow for insertion of the lock washers 1820,
1822.

[0164] Each of the first and second chambers 1840, 1842 has a pair of washer
retainers 1850 that are aligned on opposing side walls 1816 of the housing 1810. Each pair of
washer retainers 1850 1s configured to pivotally retain one of the first or second lock washers
1820, 1822 within the respective first or second chamber 1840, 1842. The washer retainers
comprise a circular bush 1852 and an elongate slot 1854, wherein circular bushes 1852
intersect with the bottom of the housing such that an entrance is formed. The entrance is
configured to allow the first and/or second lock washers 1820, 1822 to be received into the
washer retainers 1850. The slot 1854 extends radially from the circular bush 1852 towards
the top of the housing 1810 and facilitate flexing of the housing 1810 to allow insertion of the
lock washers 1820, 1822 into the bushes 1852.

[0165] The first and second washers 1820, 1822 comprise a cylindrical shaft 1824
and an arm 1826 that extends from the shaft 1824. The cylindrical shaft 1824 is substantially
the same width W as the housing 1810 and the arm 1826 is narrower to fit within the first and
second chambers 1840, 1842. In the illustrated arrangement, the arm 1826 comprises a first
section 1872 and a second section 1874, wherein the first section 1872 extends radially or
perpendicularly from the cylindrical shaft 1824 and the second section 1874 extends at an
angle from the end of the first section 1872. The first section 1872 of the arm 1826 of the first
washer 1820 is shorter than the first section 1872 of the arm 1826 of the second washer 1822.
The angle between the first and second sections 1872, 1874 of the arm 1826 of the first
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washer 1820 is greater than the corresponding angle of the second washer 1822. The angles
can be selected such that the second section 1874 of one or both of the first and second
washers 1820, 1822 lies substantially flat against the corresponding wall (e.g., internal wall
1812 and end wall 1814, respectively) of the housing 1810 in one position of the washers
1820, 1822. The second section 1874 of the arm 1826 comprises a centrally located circular
aperture 1876 configured to receive the core member 1830. The first and second chambers
1840, 1842 differ in size according to the size of the washer that is to be housed within it, 1.e.
the first chamber 1840 is smaller than the second chamber 1842 because the first washer
1820 1s smaller than the second washer 1822.

[0166] The cylindrical shafts 1824 of the first and second lock washers 1820,
1822 have a diameter substantially the same as that of the circular bushes 1852 of the washer
retainer 1850, and are configured to be received and retained by the circular bush 1852 in a
snap-fit configuration. The snap-fit configuration is provided by the entrance of the circular
bush 1852 being narrower than the diameter of the cylindrical shaft 1824. As described
above, the slots 1854 of the washer retainers 1850 are configured to allow the entrance to be
flexed open to increase the ease with which the first and second lock washers 1820, 1822 can
be pushed through the entrances and assembled to the housing 1810. Once assembled within
the first and second chambers 1840, 1842 of the housing 1810, the first and second washers
1820, 1822 can pivot back and forward around a central axis that runs through the cylindrical
shaft 1824.

[0167] The core member 1830 is configured to pass through the core openings
1860 of the housing 1810 and the apertures 1876 of the first and second washers 1820, 1822.
Application of a tension force to the core member 1830 causes the first and second lock
washers 1820, 1822 to pivot back and/or forward between a locked position and/or open
position. Figures SA and 5B show the directional lock in a locked configuration in which a
force 1s applied to the core member 1830 in a direction towards the left side of the figure (as
indicated by the arrow). The force applied to the core member 1830 in this configuration
causes the first and second lock washers 1820, 1822 to pivot in an anti-clockwise direction,
such that the path of the core member 1830 through the directional lock 1616 is non-linear or

tortuous and movement of the core member 1830 is restricted. Thus, relative movement
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between the core member 1830 and the housing 1810 is restricted. With such an
arrangement, the extension of the circumference adjusting portion 1606 can be restricted or
prevented within the operating range of the directional lock 1616.

[0168] Figures 5C and 5D show the directional lock in an open configuration in
which a force is applied to the core member 1830 in a direction towards the right side of the
figure (as indicated by the arrow). In this configuration, the first and second lock washers
1820, 1822 are pivoted in a clockwise direction such that the circular apertures 1876 and core
openings 1860 are aligned in a substantially straight line. This provides a smooth path for the
core member 1830 to be pulled substantially freely through the directional lock 1616. Thus,
relative movement between the core member 1830 and the housing 1810 is permitted. With
such an arrangement, retraction of the circumference adjusting portion 1606 can be permitted
with a relatively small retraction force. Additional particulars of the operation of the
directional locks 1616 are described herein and in Applicant’s patent application no.
PCT/NZ2014/000074.

[0169] Figures 6A-13 illustrate a modification of the directional lock 1616 of
Figures 2-5D, which can be incorporated in a headgear or headgear and interface, such as the
headgear 1600 and any of the interfaces 1650, 1660, 1670 of Figures 2-4. Thus, portions of
the directional lock 1616, headgear or interface not specifically described in connection with
Figures 6A-13 can be the same as or similar to corresponding structure of Figures 2-5, or can
be of another suitable arrangement. The same reference numbers are used to refer to the
same or corresponding components or features between the directional lock 1616 of Figures
2-5D and the directional lock 1616 of Figures 6A-13.

[0170] The directional lock 1616 of Figures 6A-13 includes a single lock element,
such as a lock washer 1822. However, in other arrangements, the directional lock 1616 could
include two, or possibly more, lock elements similar to the directional lock 1616 of Figures
2-5D. The lock washer 1822 is configured to move between a released position, in which the
core member 1830 can move through the aperture 1876 with less resistance, and a locked
position, in which the core member 1830 can move through the aperture 1876 with greater
resistance. As described above, when in the locked position, preferably movement of the

core member 1830 relative to the lock washer 1822 is inhibited in response to normal or
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expected blow-off forces. In some configurations, relative movement between the core
member 1830 and the lock washer 1822 is inhibited in response to forces above the normal or
expected blow-off forces so that the directional lock 1616 can accommodate hose pull or
other extraneous forces. However, movement of the core member 1830 relative to the lock
washer 1822 preferably is permitted in response to a force applied by the user to deliberately
extend the circumference adjusting portion 1606. The resistance offered by the directional
lock 1616 can be tuned to the particular application and in view of the number of directional
locks 1616 utilized in the interface assembly.

[0171] In at least one embodiment, the directional lock 1616 may include a lock
activator to ensure activation of the lock element. The lock activator is configured to
activate, promote, or assist the lock element, such as, in particular, during initial displacement
or elongation of the headgear. In some embodiments, the lock activator is configured to
activate prior to any elongation of the headgear. In other words, the lock activator initiates or
activates at a lower force than the biasing element of the headgear. This may be particularly
beneficial, because the lock activator may reduce the manufacturing tolerances associated
with the directional lock components and/or core. The directional lock 1616 of Figures 6A-
13 comprises one example of an arrangement configured to assist in the activation of the lock
washer 1822 or movement of the lock washer 1822 in a locking direction from a position
relatively closer to the released position towards a position relatively closer to the locked
position. In the illustrated arrangement, the directional lock 1616 includes a catch
arrangement 1900 configured to contact the lock washer 1822 and move the lock washer
1822 in the locking direction. The illustrated catch arrangement 1900 comprises a catch arm
1902 and a catch end 1904. The catch end 1904 is configured to contact the lock washer
1822 to move the lock washer 1822 in the locking direction. In the illustrated arrangement,
the catch arm 1902 extends through a vertically-extending catch aperture 1906 in the lock
washer 1822. However, other arrangements are also possible, such as the catch arm 1902
extending beside the lock washer 1822, for example.

[0172] In the illustrated arrangement, the lock washer 1822 is coupled to or
carried by a first component and the catch arrangement 1900 is coupled to or carried by a

second component that is movable relative to the first component. Relative movement of the
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first component and the second component can cause the catch arrangement 1900 to move
the lock washer 1822 in the locking direction. In the illustrated arrangement, the first
component is a housing 1810, which can be similar to the housing 1810 of Figures 2-5D, and
the second component is a sleeve 1910. In the illustrated arrangement, the sleeve 1910 is
coupled to the circumference adjusting portion 1606 by any suitable arrangement. In some
configurations, the sleeve 1910 can be overmolded onto the braided element 1880 of the
circumference adjusting portion 1606. As described above, the housing 1810 can be coupled
to the coupling portion 1602 or directly to the interface 1650, 1660, 1670.

[0173] The illustrated sleeve 1910 defines a conduit portion 1912 and a cuff
portion 1914. The cuff 1914 can surround and/or couple the sleeve 1910 to the braided
element 1880 of the circumference adjusting portion 1606. A passage or sleeve interior space
1916 extends longitudinally through the sleeve 1910. The sleeve passage 1916 has a first
opening and a second opening at opposing ends of the sleeve 1910. The core member 1830
passes through the sleeve passage 1916. The housing 1810 defines an interior passage or
space 1860 that has an opening on each end of the housing 1810 and is configured to receive
the sleeve 1910. In the illustrated arrangement, the conduit portion 1912 is received within
the interior passage 1860 of the housing 1810.

[0174] As described above, the sleeve 1910 is movable relative to the housing
1810. In the illustrated arrangement, the movement between the sleeve 1910 and the housing
1810 1s limited. For example, the conduit portion 1912 of the sleeve 1910 includes one or
more stop guides 1920. In some configurations, the stop guide 1920 is an elongate protrusion
that extends lengthwise along the conduit portion 1912. The stop guide or guides 1920 can
be positioned in any suitable location on the conduit portion 1912. In Figure 7, stop guides
1920 are located on each side of the sleeve 1910. In Figure 8, stop guides 1920 are located
on the top and bottom of the sleeve 1910. In Figure 9, a stop guide 1920 is located on the top
of the sleeve 1910. A stop guide 1920 can be located at any one or any combination of these
locations, or at other suitable locations. As illustrated in Figure 10, the housing 1810
comprises stops 1922 configured to contact the stop guide 1920 to limit relative movement of

the housing 1810 and the sleeve 1910. In the illustrated arrangement, the stops 1922 are
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defined by ends of a displacement slot 1924. However, the stops 1922 can be defined by any
suitable structure.

[0175] With reference to Figures 6A and 6B, the directional lock 1616 is
illustrated in a released position (Figure 6A) and moved toward a locked position (Figure
6B). The positions of Figures 6A and 6B are the respective terminal positions between the
housing 1810 and the sleeve 1910 as defined by the stops 1922. In Figures 6A and 6B, the
housing 1810 is shown in one position and the sleeve 1910 is shown in two positions relative
to the housing 1810. As illustrated, as the sleeve 1910 moves relative to the housing 1810,
the catch end 1904 contacts the lock washer 1822, if necessary, to ensure the lock washer
1822 is activated or moved in the locking direction.

[0176] With reference to Figures 11A-C and 12A-C, the catch 1900 does not
necessarily move the lock washer 1822 all the way to the locked position. That is, in at least
some configurations, the catch 1900 is capable of less movement than the lock washer 1822
such that the lock washer 1822 moves away from the catch end 1904 to the locked position.
Figures 11A and 12A correspond to the position of Figure 6A. Figures 11B and 12B
correspond to the position of Figure 6B. Figures 11C and 12C illustrate the lock washer
1822 having moved away from the catch end 1904 and to the locked position. Figures 12A,
12B and 12C include dashed lines illustrating the different positions of the lock washer 1822.
Figures 12A, 12B and 12C also include dashed lines illustrating movement of the sleeve
1910 relative to the housing 1810.

[0177] In Figures 11A-C and 12A-C, a space is illustrated between the stops 1922
of the displacement slot 1924 and the stop guide 1920 for clarity. However, preferably, the
end of the stop guide 1920 contacts each of the stops 1922 to limit movement of the sleeve
1910.

[0178] Figure 13 illustrates the lock washer 1822 in a locked position and the
sleeve 1910 in a released position relative to the housing 1810. In at least some
configurations, the catch arrangement 1900 assists only in activation of the lock washer 1822
(movement of the lock washer 1822 from the released position toward the locked position),

but does not assist in movement of the lock washer in a direction from the locked position
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toward the released position. However, in other arrangements, the catch arrangement 1900
could be configured to assist in release of the lock washer or both activation and release.

[0179] Although the pivot axis of the lock washer 1822 described in connection
with Figures SA-5D is fixed (within the bush 1852), arrangements are possible in which the
pivot axis of the lock washer 1822 is not fixed. For example, the pivot axis of the lock
washer 1822 may be configured to float relative to the housing 1810. As illustrated in
Figures 6A and 6B, a position of the shaft 1824 of the lock washer 1822 can move relative to
the housing 1810 between the released position of Figure 6A and the partially locked position
of Figure 6B. For example, the shaft 1824 can slide relative to the housing 1810. In some
configurations, the shaft 1824 can be captured in a slot, which allows the shaft 1824 to slide
along the housing 1810, but restrains the shaft 1824 in other directions.

Rack and Pinion Mechanism

[0180] Figures 14-20 illustrate a modification of the directional lock 1616 of
Figures 2-5D, which may be incorporated in a headgear or headgear and interface, such as the
headgear 1600 and any of the interfaces 1650, 1660, 1670 of Figures 2-4. Thus, portions of
the directional lock 1616, headgear or interface not specifically described in connection with
Figures 14-20 may be similar to corresponding structure of Figures 2-5D, or may be of
another suitable arrangement. The same reference numbers are used to refer to the same or
corresponding components or features between the directional lock 1616 of Figures 2-5D and
the directional lock 1616 of Figures 14-20.

Housing

[0181] The rack and pinion mechanism 2010 of Figures 14-20 includes a housing
2012, a pinion 2014, a shaft 2016, a rack 2018 and a brake 2020. As shown in Figures 15
and 16A-D, the housing 2012 is a substantially rectangular cuboid having rounded edges and
is configured to house the pinion 2014, shaft 2016, brake 2020 and at least part of the rack
2018 and comprises a pinion aperture 2022 on the top surface that opens into an internal
chamber 2024 that is configured to receive the pinion 2014. The internal chamber 2024
makes the housing 2012 substantially hollow having front, back, left side and bottom walls
2026F, 2026BA, 2026L, 2026BO that are approximately the same thickness and a right side
wall 2026R that is thicker than the other walls.
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[0182] A shaft aperture 2028 extends through each of the front and back walls
2026F, 2026BA of the housing 2012, and is configured to receive and retain the shaft 2016.
The shaft aperture 2028 1s stadium shaped with a height H that is approximately the same as
the diameter of the shaft 2016and has a length L that is longer than the diameter of the shaft
2016, such that the shaft 2016 may slide along the length of the shaft aperture 2028.

[0183] A rack aperture 2030 (i.e., first and second openings) extends through each
of the left and right side walls 2026L, 2026R of the housing 2012. The rack apertures 2030
are square or rectangular and are large enough for the rack 2018 to pass through them. The
rack aperture 2030 of the left wall 2026L is aligned with the rack aperture 2030 of the right
wall 2026R such that the path of the rack 2018 is straight. The rack aperture 2030 is
positioned such that the rack 2018 passes beneath the pinion 2014,

[0184] A brake aperture 2032 extends between the front and back walls 2026F,
2026BA and cuts into the right side wall 2026R. The brake aperture 2032 has a profile that
matches the cross-section of the brake 2020 and is configured to receive and retain the brake
2020. The right side wall 2026E is thicker than the other walls to accommodate the thickness
of the brake aperture 2032 and brake 2020.

Rack and Pinion

[0185] As shown in Figure 17, the pinion 2014 comprises a centrally located gear
2034 which is flanked on each side by a circular flange 2036 that has a larger diameter than
the outer diameter of the gear teeth 2038. The cylindrical shaft 2016 extends axially through
the pinion 2014, protruding from the outer walls of the pinion 2014 and provides a rotational
linkage between the pinion 2014 and the housing 2012. The shaft 2016 and pinion 2014 are
press fitted together such that there is no relative movement (rotation) between them. In
alternative embodiments, the shaft 2016 and pinion 2014 may be formed as a single integral
component. In some embodiments the circular flanges 2036 may be formed independently of
the gear 2034 and shaft 2016 and assembled together as a secondary step.

[0186] The rack 2018 can be functionally similar to the above-described core
member and may be referred to as a core member herein. The rack 2018 is elongate and
comprises a plurality of teeth 2040 along one side that are configured to mesh with the teeth

2038 of the gear 2034, such that linear movement of the rack 2018 is translated into
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rotational movement of the pinion 2014. The rack 2018 has a free end 2042 and a fixed end
2044. When assembled with the housing 2012, the fixed end 2044 is proximal to the brake
2020 and the free end 2042 1s proximal to the pinion 2014. The fixed end 2044 is configured
to be integrally formed with or permanently joined to another mask component such as a
frame or headgear arrangement. The free end 2042 is configured to remain unattached such
that it may move relative to other mask components.

[0187] In some embodiments the fixed end 2044 of the rack 2018 is integrally
formed or permanently joined with a headgear strap. This arrangement provides a strap
element for the headgear that can be lengthened or shortened, relative to a frame or other
mask component that includes the housing, thus allowing the headgear size to be adjusted.
Alternatively, the fixed end of the rack may be integral with or permanently joined to a mask
frame or other mask component and the housing may be fixed to a headgear strap.

Brake

[0188] As illustrated in Figure 16, the brake 2020 comprises an extrusion that is
substantially rectangular in cross-section but includes one side wall 2046 that is concave. The
concave side 2046 has a diameter that substantially matches the outer diameter of the flanges
2036 of the pinion 2014. The concave side 2046 of the brake 2020 protrudes from the
internal surface of the right wall 2026R of the housing 2012. The brake 2020 can be made of
a soft and compressible material such as an elastomeric plastic or rubber.

Retraction

[0189] Figures 17 and 18 show the positioning of the pinion 2014 relative to the
housing 2012 during a retraction movement of the rack 2018. In a retraction movement of the
rack 2018, the fixed end 2044 of the rack 2018 is moved towards the housing 2012 and thus
the free end 2042 moves away from the housing 2012. This movement would result in the
reduction of the length of the headgear when combined in such an arrangement as described
earlier.

[0190] During this retraction movement the linear movement of the rack 2018
causes the teeth 2040 of the rack 2018 to mesh with the teeth 2038 of the gear 2034 and
rotate the pinion 2014 in a clockwise direction (relative to the page). This rotation also

pushes the pinion 2014 towards the left side wall 2026L of the housing 2012, and keeps the
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shaft 2016 at the left end of the shaft aperture 2028. The internal surface of the left side wall
2026L is curved in a region immediately above the rack aperture 2030 to substantially match
the outer diameter of the pinion 2014. This reduces friction between the pinion 2014 and the
housing 2012 and allows the rack 2018 to move freely through the housing 2012. In this
position, there is clearance between the pinion 2014 and the concave wall 2046 of the brake
2020.

[0191] In some embodiments the rack and pinion mechanism 2010 can be
combined with a biasing means such as an elastic strap that provides a retraction force that
biases the rack to move in the retraction direction without the user applying an external force.

[0192] There is a gap between the flanges 2036 and the left side wall 2026L of the
housing 2012. This allows a low level of friction between the pinion 2014 and the rack 2018
during retraction. In alternative embodiments, the internal geometry of the left side wall
2026L can be different as it does not affect the functionality of the mechanism. In some
cases, the left side wall 2026L need not exist.

Extension

[0193] Figures 19 and 20 show the positioning of the pinion 2014 relative to the
housing 2012 (and other components) during an extension movement of the rack 2018. In an
extension movement of the rack 2018, the fixed end 2044 of the rack 2018 is moved away
from the housing 2012 and thus the free end 2042 moves towards the housing 2012. This
movement would result in an extension in the length of the headgear when combined in such
an arrangement as described earlier.

[0194] During this extension movement the linear movement of the rack 2018
causes the teeth 2038 of the rack 2018 to mesh with the teeth 2038 of the gear 2034 and
rotate the pinion 2014 in an anticlockwise direction (relative to the page). This rotation also
pushes the pinion 2014 towards the right side wall 2026R of the housing 2012 and the brake
2020. The shaft 2016 slides towards the right side of the shaft aperture 2028 such that the
flanges 2036 of the pinion 2014 contact the concave wall 2046 of the brake 2020 and
compress the brake 2020. This provides friction between the pinion 2014 and the brake 2020
which prevents the rack 2018 from moving freely through the housing 2012. The concave
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wall 2046 of the brake 2020 allows the pinion 2014 to continue to rotate in response to the
linear movement of the rack 2018, but a higher force is required to induce this.

[0195] When combined within a mask arrangement this results in a resistance to
elongation of the headgear, which requires the user to intentionally apply a large enough
force to overcome the friction between the pinion and brake, in order to increase the size of
the headgear.

Roller Lock Mechanism

[0196] Figures 21-25C illustrate a modification of the directional lock 1616 of
Figures 2-5D, which can be incorporated in a headgear or headgear and interface, such as the
headgear 1600 and any of the interfaces 1650, 1660, 1670 of Figures 2-4. Thus, portions of
the directional lock 1616, headgear or interface not specifically described in connection with
Figures 21-32can be the same as or similar to corresponding structure of Figures 2-5D, or can
be of another suitable arrangement. The same reference numbers are used to refer to the
same or corresponding components or features between the directional lock 1616 of Figures
2-5D and the directional lock 1616 of Figures 21-25C.

Housing

[0197] The roller lock mechanism 2110 of Figures 21-25C includes a housing
2112, a pair of rollers 2114 and a filament (not shown). As shown in Figures 21-23D, the
housing 2112 is a substantially rectangular cuboid having rounded edges in a vertical
direction (relative to the page) and is configured to house and retain the pair of rollers 2114
such that a filament 2118 can pass between them and through the housing 2112. The housing
2112 comprises a central channel 2124 that extends laterally from one end of the housing to
the other. The central channel 2124 defines a front wall 2126F, back wall 2126BA and a
base portion 2150, such that the housing 2112 has a generally U-shaped cross-section when
viewed from the side. The central channel 2124 is configured to receive the pair of rollers
2114.

[0198] The housing 2112 has axle slots or tracks 2128 that receive and retain the
axles 2116 of the rollers 2114 such that the rollers 2114 can rotate about the axle 2116. The
axle tracks 2128 comprise elongate rectangular slots that are cut into the inside of the front

and back walls 2126F, 2126BA of the housing 2112. The axle tracks 2128 have a height H
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that 1s greater than the radius of the roller (Rr) plus the radius of the axle (Ra). That is, H >
Rr + Ra. The axle tracks 2128 have a width W that is slightly wider than the diameter of the
axle 2116.

[0199] The housing 2112 has a filament aperture 2130 that extends through the
base portion 2150 of the housing 2112. The filament aperture 2130 is positioned such that it
is half way between the two rollers 2114 and is configured to have the filament 2118 pass
through it.

[0200] The housing 2112 has bearing surfaces 2120 that form a part of the base
portion 2150 of housing 2112. The bearing surfaces 2120 are positioned towards the lateral
sides of the base portion 2150 and form a lower internal surface of the central channel 2124.
The bearing surfaces 2120 are angled towards each other such that a cradle geometry is
formed on the upper surfaces of the base portion 2150. The cradle has a shape and geometry
that 1s configured to receive a lower portion of the rollers 2114.

[0201] Other geometry features (such as the notches and apertures in the base
portion 2150) are provided for manufacturability.

Rollers

[0202] As shown in Figures 24 A to 24C, the rollers 2114 have a cylindrical shape
and comprise an axle 2116 that is cylindrical, and forms the core of the rollers 2114. The axle
2116 comprises a pair of axle nubs 2152 that are spaced apart laterally by a central portion
2154. The axle nubs 2152 and central portion 2154 are axially aligned. The central portion
2154 comprises a cylindrical body having a greater diameter than the diameter of the axle
nubs 2152. The central portion 2154 comprises a pair of hollow passages 2156 that extend
through the diameter of the central portion 2154 of the axle 2116. The hollow passages 2156
are perpendicular to each other and intersect at the centre of the axle 2116 to form an internal
cavity within the central portion 2154. The axle nubs 2152 are received by the axle retention
recesses in the housing 2112.

[0203] The rollers 2114 have a tread 2134 that comprises an elastomeric,
compressible and tactile material. Such materials increase friction between the rollers 2114
and the filament 2118 and/or housing. The tread 2134 surrounds the central portion 2154 of
the axle 2116. The tread 2134 can be over-moulded onto the axle 2116 such that a
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mechanical and/or chemical connection is formed between the two. The material of the tread
2134 1s configured to fill the hollow passages 2156 of the axle 2116 to provide a mechanical
connection between the tread 2134 and the axle 2116. In some configurations, an outer
surface of the roller 2114 may be formed from an elastomeric, compressible and tactile
material to increase friction between the rollers 2114 and the filament 2118 and/or housing
2112.
Filament

[0204] The filament 2118 can be functionally similar to the above-described core
member and can be referred to as a core member herein. The filament 2118 is elongate and
may be integrally formed or permanently connected to a headgear structure or other mask
component at a fixed end 2144. The filament 2118 has an opposing free end 2142 that
provides a means for extending the length of a headgear strap or otherwise increasing the size
of mask assembly. The filament 2118 can be a material such as nylon fishing line. The
filament 2118 is configured to pass between and interact with the rollers 2114 and passes
through the central channel 2124 and filament aperture 2130 in the housing 2112.

Roller Lock Operation

[0205] Figure 25A shows the roller lock mechanism 2110 in a retraction mode
wherein the size of the headgear or mask is reduced, in use. In the retraction mode the
filament 2118 is free to move towards the left. Rollers 2114 rotate or roll in unison with the
filament 2118, in the direction indicated by the arrows. The free movement of the filament
2118 allows the size of the headgear/mask to be reduced with little effort. The elastomeric
tread 2134 of the rollers 2114 is configured to provide a level of friction between the tread
2134 and filament 2118 that causes the axle nubs 2152 to slide within the axle tracks 2128
towards the left (or away from the base portion 2150). In this position friction between the
rollers 2114 and the housing 2112 is minimal and thus the force required to move the
filament 2118 through the mechanism is also minimal. A biasing means may be attached to
the filament 2118 such that it applies a retraction force great enough to pull the filament 2118
through the mechanism to reduce the headgear size. For example, the biasing means may

comprise an elastic strap connected between the headgear and mask frame.
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[0206] Figures 25B and 25C show the mechanism in an extension mode, wherein
the size of the headgear or mask is increased. In the extension mode the filament 2118 is
restricted in moving to the right. The friction between the tread 2134 and the filament 2118
causes the axles 2116 to slide within the axle tracks 2128 towards the right (or towards the
base portion 2150) until the tread 2134 hits the base portion 2150 of the housing 2112. When
the tread 2134 contacts the base portion 2150 the rollers 2114 stop rotating/rolling due to
friction and the filament 2118 slips between the rollers 2114. The force required to pull the
filament 2118 between the rollers 2114 in an extension mode is greater than in a retraction
mode. This is because the friction between the filament 2118 and rollers 2114 is increased
when the rotation of the rollers 2114 is resisted.

[0207] Figure 25C illustrates the bearing surfaces 2120. The bearing surfaces
2120 further enhance the friction between the filament 2118 and the rollers 2114 by
increasing the friction between the tread 2134 and the base portion 2150. An increased
contact area between the tread 2134 of the rollers 2114 and the base portion 2150 is provided
by the bearing surfaces 2120; which in turn increases the friction between them and the
resistance to rotation. The bearing surfaces 2120 not only restrict the rotational freedom of
the rollers 2114 but force them closer together and towards the filament 2118, which creates
more friction and interference between tread 2134 and the filament 2118.

[0208] In the roller lock mechanism, there is deliberate interference between the
tread 2134 and the filament 2118, even in the free rolling/retraction mode. This is to ensure
the roller 2114 will traverse/slide in its track 2128 when the core changes direction. This
movement activates or releases the lock. There is also deliberate play between the axle nubs
2152 and the axle tracks 2128, which allows the rollers 2114 to be forced together, by the
bearing surfaces 2120, and increase the interference with the filament 2118.

[0209] In other configurations, the roller lock mechanism may include a single
roller. In such an arrangement, the filament is supported on one side by the housing and is
engaged with the roller on the other side. In a retraction mode, a bearing surface may force
the roller towards the filament such that the filament is wedged between the roller and the
housing. Accordingly, movement of the filament is inhibited.

Variations of Rack and Pinion Mechanisms
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[0210] Figures 26 A-28D illustrate variations of the rack and pinion mechanism of
Figures 14-20, which may be incorporated in a headgear or headgear and interface, such as
the headgear 1600 and any of the interfaces 1650, 1660, 1670 of Figures 2-4. Thus, portions
of the rack and pinion mechanism 2010, headgear or interface not specifically described in
connection with Figures 33-36 may be similar to corresponding structure of Figures 14-20, or
may be of another suitable arrangement. The same reference numbers are used to refer to the
same or corresponding components or features between the rack and pinion mechanism 2010
of Figures 14-20 and the rack and pinion mechanisms 2210, 2310, 2410 of Figures 33-36.

[0211] The rack and pinion mechanism 2010 in Figure 14 includes dimension
lines indicating the measurements for thickness T, length L and width W of the rack and
pinion mechanism 2010. In a preferred embodiment, the housing 2012 may have a thickness
T of 7.2 mm, a length L of 12.5 mm and a width W of 9.6 mm and the rack 2018 may have a
thickness T of 1.8 mm and a width W of 9.6 mm.

[0212] Figures 25A to 25D illustrate an alternative rack and pinion mechanism
2210 having a housing 2010 and a rack 2018 that are comparatively compact and reduced in
size. In a preferred embodiment, the rack 2018 may have a thickness T of 0.8 mm and a
width W of 1.375 mm. The compact dimensions of the rack 2018 allow the rack 2018 to flex
in at least the direction of its thickness and width. The compact dimensions of the rack 2018
also allow for a reduction in the dimensions of the housing 2012. In the preferred
embodiment, the housing 2012 may have a thickness T of 4.8 mm, a length L of 11.0 mm and
a width W of 9.0 mm. The reduction in the size of the housing 2012 and the rack 2018 may
provide a smaller form factor such that the headgear and masks fitted with the compact rack
and pinion mechanism 2210 may be less bulky and cumbersome.

[0213] Figures 26A to 26D illustrate another alternative rack and pinion
mechanism 2310 having a comparatively thicker rack 2018. In a preferred embodiment, the
rack 2018 may have a thickness T of 5.8 mm and a width W of 1.375 mm. The increased
thickness of the rack 2018 provides, at least, an increase in the rigidity of the rack 2018 in the
direction of its thickness such that bending in the direction of its thickness is resisted. The
width W of rack 2018 allows bending in the direction of its width. The thickness of the

housing 2012 is also correspondingly increased to accommodate the additional thickness of
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the rack 2018. In the preferred embodiment, the housing 2012 may have a thickness T of 9.8
mm, a length L of 11.0 mm and a width W of 9.0 mm.

[0214] In some embodiments, the rack and pinion mechanism 2310 can be
arranged and/or oriented in a headgear such that the teeth of the rack face away from a user’s
face, in use. Accordingly, the rack 2018 is oriented such that the increased thickness of the
rack 2018 inhibits or prevents upward and downward flexing of the rack 2018 relative to the
user’s head while allowing flexing of the rack 2018 towards or away from a user’s face. This
allows the headgear to be adaptable to different head shapes and sizes while providing
increased support to a mask.

[0215] Figures 27A to 27D illustrate yet another alternative rack and pinion
mechanism 2410 having a rack 2018 that is comparatively wider. In a preferred embodiment,
the rack 2018 may have a thickness T of 0.8 mm and a width W of 6.375 mm. The increased
width of the rack 2018 provides, at least, an increase in rigidity of the rack 2018 in the
direction of its width such that bending in the direction of its width is resisted. The thickness
T of the rack 2018 allows bending in the direction of its thickness. In the preferred
embodiment, the housing 2012 may have a thickness T of 4.8 mm, a length L of 11.0 mm and
a width W of 14.0 mm.

[0216] In some embodiments, the rack and pinion mechanism 2410 can be
arranged and/or oriented in a headgear such that the teeth of the rack are normal to a user’s
face, in use. Accordingly, the rack 2018 is oriented such that the increased thickness of the
rack 2018 inhibits or prevents upward and downward flexing of the rack 2018 relative to the
user’s head while allowing flexing of the rack 2018 towards or away from a user’s face. This
allows the headgear to be adaptable to different head shapes and sizes while providing
increased support to a mask. This orientation may also reduce the distance that the rack and
pinion mechanism 2410 and the headgear protrude outward and away from the head of the
user, which may reduce bulkiness and provide the headgear with a lower profile.

[0217] In each of the rack and pinion mechanisms 2210, 2310, 2410, the housing
2012 has an open end 2026N that allows the length of the housing 2012 to be reduced. That
is, in contrast to the rack and pinion mechanism 2010, the rack and pinion mechanisms 2210,

2310, 2410 do not include a left side wall 2026L. As shown, the housing 2012 is configured
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such that a circumferential edge of the pinion 2014 is substantially aligned with and tangent
to the edge of the housing 2012. The open end 2026N reduces the length L and bulk of the
housing 2012 and the amount of material used to manufacture the housing 2012, which
provides a smaller, lighter and lower cost component.

[0218] In some configurations, the rack and pinion mechanisms 2210, 2310, 2410
may be oriented in different directions relative to the headgear that it is attached to or
incorporated with. In some configurations, the thicknesses and widths of the housing and the
rack may vary from the preferred embodiments according to the desired size and profile of
the rack and housing, the load capacity and bending characteristics of the rack, etc.

[0219] In some configurations, the rack and pinion mechanism is arranged on the
headgear such that the teeth of the rack are normal to the user’s face when the width of the
rack is greater than the thickness of the rack. In other configurations, the rack and pinion
mechanism is arranged on the headgear such that the teeth of the rack face away from the
user’s face when the thickness of the rack is greater than the width of the rack. In some
configurations, the rack and pinion mechanism is arranged on the headgear such that the
width (length in cross-section) of the side of a user-facing portion of the rack is greater than
the width of the side of a portion of the rack that is normal to the user’s face. That is, the
portion of the rack contacting the user’s face is wider than the portion of the rack that is
normal to the user’s face.

[0220] Unless the context clearly requires otherwise, throughout the description
and the claims, the words “comprise”, “comprising”, and the like, are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense, that is to say, in the sense of
“including, but not limited to”. Conditional language used herein, such as, among others,
“can,” “could,” “might,” “may,” “e.g.,” and the like, unless specifically stated otherwise, or
otherwise understood within the context as used, is generally intended to convey that certain
embodiments include, while other embodiments do not include, certain features, elements
and/or states. Thus, such conditional language is not generally intended to imply that
features, elements and/or states are in any way required for one or more embodiments or that

one or more embodiments necessarily include logic for deciding, with or without author input
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or prompting, whether these features, elements and/or states are included or are to be
performed in any particular embodiment.

[0221] The term “plurality” refers to two or more of an item. Recitations of
quantities, dimensions, sizes, formulations, parameters, shapes and other characteristics
should be construed as if the term “about” or “approximately” precedes the quantity,
dimension, size, formulation, parameter, shape or other characteristic. The terms “about” or
“approximately” mean that quantities, dimensions, sizes, formulations, parameters, shapes
and other characteristics need not be exact, but may be approximated and/or larger or smaller,
as desired, reflecting acceptable tolerances, conversion factors, rounding off, measurement
error and the like and other factors known to those of skill in the art. Recitations of
quantities, dimensions, sizes, formulations, parameters, shapes and other characteristics
should also be construed as if the term “substantially” precedes the quantity, dimension, size,
formulation, parameter, shape or other characteristic. The term “substantially” means that the
recited characteristic, parameter, or value need not be achieved exactly, but that deviations or
variations, including for example, tolerances, measurement error, measurement accuracy
limitations and other factors known to those of skill in the art, may occur in amounts that do
not preclude the effect the characteristic was intended to provide.

[0222] Numerical data may be expressed or presented herein in a range format. It
is to be understood that such a range format is used merely for convenience and brevity and
thus should be interpreted flexibly to include not only the numerical values explicitly recited
as the limits of the range, but also interpreted to include all of the individual numerical values
or sub-ranges encompassed within that range as if each numerical value and sub-range is
explicitly recited. As an illustration, a numerical range of “1 to 5” should be interpreted to
include not only the explicitly recited values of about 1 to about 5, but should also be
interpreted to also include individual values and sub-ranges within the indicated range. Thus,
included in this numerical range are individual values such as 2, 3 and 4 and sub-ranges such
as “1t03,” “2to4” and “3 to 5,” etc. This same principle applies to ranges reciting only one
numerical value (e.g., “greater than 1”) and should apply regardless of the breadth of the

range or the characteristics being described.
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[0223] A plurality of items may be presented in a common list for convenience.
However, these lists should be construed as though each member of the list is individually
identified as a separate and unique member. Thus, no individual member of such list should
be construed as a de facto equivalent of any other member of the same list solely based on
their presentation in a common group without indications to the contrary. Furthermore,
where the terms “and” and “or” are used in conjunction with a list of items, they are to be
interpreted broadly, in that any one or more of the listed items may be used alone or in
combination with other listed items. The term “alternatively” refers to selection of one of two
or more alternatives, and is not intended to limit the selection to only those listed alternatives
or to only one of the listed alternatives at a time, unless the context clearly indicates
otherwise.

[0224] Reference to any prior art in this specification is not, and should not be
taken as, an acknowledgement or any form of suggestion that that prior art forms part of the
common general knowledge in the field of endeavour in any country in the world.

[0225] Where, in the foregoing description reference has been made to integers or
components having known equivalents thereof, those integers are herein incorporated as if
individually set forth.

[0226] The invention may also be said broadly to consist in the parts, elements
and features referred to or indicated in the specification of the application, individually or
collectively, in any or all combinations of two or more of said parts, elements or features.

[0227] It should be noted that various changes and modifications to the presently
preferred embodiments described herein will be apparent to those skilled in the art. Such
changes and modifications may be made without departing from the spirit and scope of the
invention and without diminishing its attendant advantages. For instance, various
components may be repositioned as desired. It is therefore intended that such changes and
modifications be included within the scope of the invention. Moreover, not all of the
features, aspects and advantages are necessarily required to practice the present invention.
Accordingly, the scope of the present invention is intended to be defined only by the claims

that follow.
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WHAT IS CLAIMED IS:
1. A directional lock, comprising:

a housing defining an interior space, a first opening and a second opening,
wherein each of the first and second openings communicates with the interior space;

a sleeve movably coupled to the housing, the sleeve including a catch element,
the sleeve being displaceable between a first displacement position and a second
displacement position; and

at least one lock element disposed within the housing, the lock element having
a first aperture configured to receive a core element and a second aperture to
cooperate with the catch element;

wherein the lock element is movable between a first position, in which the
aperture is aligned with the first opening and the second opening, and a second
position, in which the aperture is not aligned with the first opening and the second
opening, and

wherein displacement of the sleeve from the first displacement position to the
second displacement position causes the catch element to at least assist or initiate
movement of the lock element from the first position toward the second position at
least to an intermediate position.

2. The directional lock of Claim 1, wherein the lock element is a lock washer.

3. The directional lock according to any of the preceding claims, wherein the
lock element 1s pivotally coupled to the housing for rotation about a fixed pivot axis.

4, The directional lock according to any of the preceding claims, wherein a pivot
axis of the lock element is movable relative to the housing.

5. The directional lock according to any of the preceding claims, wherein the
sleeve 1s disposed within the housing,

6. The directional lock according to any of the preceding claims, wherein the
sleeve comprises a conduit portion through which the core can pass.

7. The directional lock according to any of the preceding claims, wherein the

catch element comprises a catch arm and a catch end.
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8. The directional lock according to any of the preceding claims, wherein the
catch end of the catch element is round.
9. The directional lock according to any of the preceding claims, wherein a

surface of the catch end that contacts the lock element is non-planar.

10. The directional lock of Claim 9, wherein the catch end is configured to catch
or engage the lock element when the sleeve is displaced from the first displacement position
to the second displacement position.

11. The directional lock according to Claim 10, wherein the catch arm is narrower
in width than the second aperture of the lock element.

12. The directional lock according to Claim 11, wherein the catch end is wider in
width than the second aperture of the lock element.

13. The directional lock according to any of the preceding claims, wherein the
sleeve includes at least one stop-guide.

14. The directional lock according to Claim 13, wherein the stop-guide is
configured to engage the housing so as to stop displacement of the sleeve at the second
displacement position.

15. The directional lock according to either one of Claims 13 or 14, wherein the
stop-guide is configured to engage the housing so as to stop displacement.

16. The directional lock according to any one of Claims 13-15, wherein the stop-
guide is positioned on the conduit portion.

17. The directional lock according to any of the preceding claims, wherein the
sleeve includes a cuff.

18. The directional lock according to any of the preceding claims, wherein the
sleeve 1s displaceable from the second displacement position to the first displacement
position.

19. The directional lock according to any of the preceding claims, wherein the
sleeve 1s displaced from the first displacement position to the second displacement position
during donning.

20. The directional lock according to any of the preceding claims, wherein the

housing includes a displacement slot.
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21. The directional lock according to any of the preceding claims, wherein the
displacement slot is an elongate slot.
22. The directional lock according to any of the preceding claims, wherein the

displacement slot includes at least a first stop end.

23. The directional lock according to Claim 22, wherein the first stop end limits
displacement of the sleeve.

24. The directional lock according to either one of Claims 22 or 23, wherein the
stop-guide abuts or engages the first stop end in the second displacement position.

25. The direction lock according to any of the preceding claims, wherein the
displacement slot includes a second stop.

26. The directional lock according to any of the preceding claims, wherein a
difference between the first displacement position and the second displacement position is a
displacement distance.

27. The directional lock according to Claim 26, wherein the displacement distance
1s an initial displacement.

28. The directional lock according to any of the preceding claims, wherein a
distance between the first displacement position and the second displacement position is a
linear distance.

29. The directional lock according to any of the preceding claims wherein the lock
element is angularly movable.

30. The directional lock according to any of the preceding claims, wherein the
difference between the first position and the second position of the lock element is an angular
distance or rotation.

31 The directional lock according to any of the preceding claims, wherein linear
displacement of the sleeve translates to angular movement of the lock element.

32. The directional lock according to any of the preceding claims, wherein the
difference between the first position and the second position of the lock element is a function
of the difference between the first displacement position and the second displacement

position.
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33. The directional lock according to any of the preceding claims, wherein the
angular distance is a function of the displacement distance.

34. The direction lock according to any of the preceding claims, wherein the
intermediate position of the lock element is between the first and second positions.

35. The directional lock according to any of the preceding claims, wherein the
intermediate position is the same as the second position.

36. The directional lock according to any of the preceding claims, wherein the
lock element does not contact the catch element in the second position.

37. The directional lock according to any of the Claims 1-35, wherein the lock
element contacts the catch element in the second position.

38. The directional lock according to any of the preceding claims, wherein the
catch end moves along the elongate slot during displacement.

39. The directional lock according to any of the preceding claims, wherein the
catch end catches or pulls the lock element into activation with the core element.

40. The direction lock according to any of the preceding claims, wherein the catch
end catches or pushes the lock element into activation with the core element.

41. The directional lock according to any of the preceding claims, wherein the
catch end abuts the locking element during movement between the first position and the
intermediate position.

42. The directional lock according to any of the preceding claims, wherein a first
difference between the first position and the intermediate position is less than a second
difference between the intermediate position and the second position.

43. The directional lock according to any of the preceding claims, wherein a ratio
of second difference to first difference is 3:1.

44. The directional lock according to any of the preceding claims, wherein a ratio
of second difference to first difference 1s one of: 5:1, 4:1, 3:1, 2:1.

45. The directional lock according to any of the preceding claims, wherein a ratio

of second difference to first difference is one of: 2.1 t0 3.9:1, or 1.1 t0 4.9:1.
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46. The directional lock according to any of the preceding claims, wherein a ratio
of second difference to first difference is one of: 1 to 5:1, 2t0 5:1, 3 to 5:1, 2to 4:1, 1 to 4:1,
1to3:1.

47. A headgear assembly, comprising:

a directional lock according to any of the preceding claims, and
a biasing element connected to the sleeve.

48. The headgear assembly according to Claim 47, wherein the sleeve is displaced
from the first displacement position to the second displacement position during donning.

49, The headgear assembly according to either one of Claims 47-48, wherein the
sleeve 1s displaced during an initial extension of the biasing element.

50. The headgear assembly according to any one of Claims 47-49, wherein the
sleeve 1s displaced from the first displacement position to the second displacement position
during an initial extension of the biasing element.

51. The headgear assembly according to any one of Claims 47-50, wherein the
sleeve 1s displaced from the second displacement position to the first displacement position
when the biasing element retracts.

52. The headgear assembly according to any one of Claims 47-51, wherein the
sleeve 1s displaced from the second displacement position to the first displacement position
when the biasing element is fully retracted.

53. A directional lock, comprising:

a core element;

at least one lock element, the lock element having an aperture through which
the core element passes;

a lock activator configured to activate, promote, or assist movement of the
lock element.

54. The directional lock of Claim 53, wherein the lock activator is configured to
activate, promote or assist movement of the lock element during initial displacement or
elongation of the headgear.

55. The directional lock of Claims 53 or 54, wherein the lock activator is

configured to activate prior to any elongation of the headgear.
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56. The directional lock of any one of Claims 53-55 in combination with the
features of any one of Claims 2-52.
57. A directional lock, comprising:

a housing defining an interior space, a first opening and a second opening,
wherein each of the first and second openings communicates with the interior space;

a brake element defined by or supported by the housing;

at least one lock element disposed within the housing;

a core element that passes through one or both of the first and second openings
of the housing and engages the lock element such that movement of the core element
relative to the housing causes rotation of the lock element;

wherein the lock element is movable relative to the housing between a first
position, which provides a first level of resistance to rotation of the lock element, and
a second position, which provides a second level of resistance to rotation of the lock
element, wherein the second level of resistance is higher than the first level; and

wherein the second level of resistance is caused at least in part by contact

between the lock element and the brake element.

58. The directional lock of Claim 53, wherein the lock element is a pinion.

59. The directional lock of Claim 54, wherein the core element is a rack.

60. The directional lock of Claim 53, wherein the lock element comprises a pair of
rollers.

61. The directional lock of Claim 53 or 56, wherein the core element 1s a filament.

62. A directional lock, comprising:

a housing defining an interior space, a first opening and a second opening,
wherein each of the first and second openings communicates with the interior space;
a rack and pinion mechanism comprising:

a pinion positioned within the interior space and rotatable relative to
the housing, the pinion configured to move between a first displacement
position and a second displacement position; and

a rack engaged with the pinion and configured to move through the

first and second openings of the housing; and
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a brake attached to the housing,

wherein the pinion is rotatable in the first displacement position and the rack
i1s movable in a direction toward the first displacement position relative to the second
displacement position, and

wherein the pinion engages the brake in the second displacement position and

the brake inhibits rotation of the pinion which inhibits movement of the rack in a

direction toward the second displacement position relative to the first displacement

position.

63. The directional lock of Claim 58, wherein the pinion includes a gear with
teeth, and the rack has a plurality of teeth that mesh with the teeth of the gear.

64. The directional lock of Claim 58 or 59, the pinion further comprising flanges
positioned on opposite sides of the gear, wherein the brake engages the flanges to inhibit
rotation of the pinion.

65. The directional lock of any of Claims 58-60, wherein the pinion has an axle
that engages slots within the housing, and the axle moves laterally within the slots between
the first and second displacement positions.

60. A directional lock, comprising:

a housing defining an interior space, a first opening and a second opening,
wherein each of the first and second openings communicates with the interior space;

at least one roller positioned within the interior space and rotatable relative to
the housing, the at least one roller configured to move between a first displacement
position and a second displacement position; and

a filament engaged with the at least one roller, the filament configured to
move through the first and second openings of the housing; and

at least one bearing surface positioned within the housing and configured to
engage the at least one roller,

wherein the at least one roller is rotatable in the first position and the filament
is movable in a direction toward the first displacement position relative to the second

displacement position, and
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wherein the at least one roller engages the at least one bearing surface in the
second position and the at least one bearing surface inhibits rotation of the at least one
roller which inhibits movement of the filament in a direction toward the second
displacement position relative to the first displacement position.

67. The directional lock of Claim 62, wherein the at least one roller includes a pair
of rollers, and the filament travels between the pair of rollers.

68. The directional lock of Claim 62 or 63, the at least one roller further
comprising a tread positioned on an outer surface of the at least one roller and formed from at
least one of an elastomeric, compressible or tactile material.

69. The directional lock of any of Claims 62-64, wherein the pinion has an axle
that engages slots within the housing, and the axle moves laterally within the slots between

the first and second displacement positions.



