I*I Innovation, Sciences et

Développement économique Canada

Office de la Propriété Intellectuelle du Canada

Innovation, Science and CA 3038496 C 2021/06/01
Economic Development Canada

Canadian Intellectual Property Office (1 1)(21) 3 038 496
(12 BREVET CANADIEN

CANADIAN PATENT

13 C

(22) Date de dépébt/Filing Date: 2019/03/29

(51) CLInt/Int.Cl. F27V 15/07(2006.01),

(41) Mise a la disp. pub./Open to Public Insp.: 2019/09/30 F21K 9/00(2016.01), F271V 15/015 (2006.01),
(45) Date de délivrance/lssue Date: 2021/06/01
(30) Priorité/Priority: 2018/03/30 (US62/650,366)

F21Vv 29/83(2015.01), F21V 3/00(2015.01),
HO4W 4/80(2018.01), HO4W 88/00(2009.01),
HO1Q 1/42(2006.01)

(72) Inventeurs/Inventors:
ADAMS, VINCENT, US;
SMITH, BRENT JAMES, US;
SIEFKER, LUKE JONATHON, US

(73) Propriétaire/Owner:
ABL IP HOLDING LLC, US

(74) Agent: BERESKIN & PARR LLP/S.E.N.C.R.L.,S.R.L.

(54) Titre : LUMINAIRE AVEC COLLERETTE D'ADAPTATEUR

(54) Title: LUMINAIRE WITH ADAPTER COLLAR

100~

(57) Abrégé/Abstract:

A luminaire includes a housing assembly, a spacer, and a globe optic. A collar may be included on the spacer such that the
luminaire can accommodate different sizes of globe optics without requiring complete replacement of the luminaire. The spacer
may include airflow apertures that promote air circulation within the luminaire when the luminaire is assembled. A wireless node
may be included with the luminaire. In some examples, the wireless node may be positioned on at least one of the housing

assembly, the spacer, or the globe optic.

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l

50 Victoria Street e Place du Portage 1 e Gatineau, Quebec KIAO0C9 e www.cipo.ic.gc.ca ( Eal lada



ABSTRACT

A luminaire includes a housing assembly, a spacer, and a globe optic. A collar may be
included on the spacer such that the luminaire can accommodate different sizes of globe optics
without requiring complete replacement of the luminaire. The spacer may include airflow apertures
that promote air circulation within the luminaire when the luminaire is assembled. A wireless node
may be included with the luminaire. In some examples, the wireless node may be positioned on at

least one of the housing assembly, the spacer, or the globe optic.
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LUMINAIRE WITH ADAPTER COLLAR
FIELD OF THE INVENTION

[0001] Embodiments of the invention relate to an improved luminaire that can be, but that does

not have to be, mounted on a pole to create a post top fixture.
BACKGROUND

[0002] Luminaires for providing general illumination to an area are well known and often used
in outdoor lighting applications, including roadway, pedestrian, and residential area lighting. Such
luminaires can be mounted atop a pole and typically include light sources (such as light emitting
diodes (“LEDs”)), a housing, and a light transmissive globe mounted atop the housing that permits
light generated by the light sources to exit the luminaire and provide the desired illumination. Such
luminaires are typically completely enclosed, thereby rendering it difficult to thermally dissipate
the heat generated by the light sources. Moreover, housing historically have been sized to
accommodate a globe having a base transverse dimension, such as a diameter, of a specific size or
range. The housings have not been capable of universally accommodating globes of differing base

transverse dimensions.

SUMMARY

29 CC

[0003] The terms “invention,” “the invention,” “this invention” and “the present invention” used
in this patent are intended to refer broadly to all of the subject matter of this patent and the patent
claims below. Statements containing these terms should be understood not to limit the subject
matter described herein or to limit the meaning or scope of the patent claims below. Embodiments
of the invention covered by this patent are defined by the claims below, not this summary. This
summary is a high-level overview of various embodiments of the invention and introduces some
of the concepts that are further described in the Detailed Description section below. This summary
is not intended to identify key or essential features of the claimed subject matter, nor is it intended
to be used in isolation to determine the scope of the claimed subject matter. The subject matter

should be understood by reference to appropriate portions of the entire specification of this patent,

any or all drawings, and each claim.

[0004] According to certain embodiments of the present disclosure, a collar for a luminaire is

positionable on a spacer of the luminaire. The spacer includes a first transverse dimension, and the
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collar includes a second transverse dimension that is different from the first transverse dimension.
A globe of the luminaire may be positioned on the collar, or the collar may be removed from the

luminaire, and a globe of the luminaire may be positioned on the spacer.

[0005] According to some embodiments of the present disclosure, a luminaire may include a
wireless node. The wireless node includes a wireless module and an antenna associated with the
wireless module. In various examples, the wireless module may be positioned within a housing
chamber of a housing of the luminaire or within a globe chamber of a globe of the luminaire. The
antenna may be positioned within the housing chamber, within the globe chamber, or outside of

the globe chamber.

[0006] According to various embodiments of the present disclosure, a spacer for a luminaire
includes a spacer rim and a spacer body. The spacer body defines a central passageway extending
through the spacer body such that the spacer is hollow along a length of the spacer. The spacer
body also defines a plurality of airflow apertures in fluid communication with the central

passageway such that air can circulate through the spacer.

[0007] Various implementations described in the present disclosure can include additional
systems, methods, features, and advantages, which cannot necessarily be expressly disclosed
herein but will be apparent to one of ordinary skill in the art upon examination of the following
detailed description and accompanying drawings. It is intended that all such systems, methods,
features, and advantages be included within the present disclosure and protected by the

accompanying claims.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The features and components of the following figures are illustrated to emphasize the
general principles of the present disclosure. Corresponding features and components throughout
the figures can be designated by matching reference characters for the sake of consistency and

clarity.

[0009] FIG. 1 is a perspective view of a luminaire including a housing assembly, a spacer, and a

globe optic according to aspects of the current disclosure.

[0010] FIG. 2 is a front view of the luminaire of FIG. 1.
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[0011] FIG. 3 is another front view of the luminaire of FIG. 1 with the globe optic illustrated as

transparent and further illustrating a light engine stalk and a reflector shield.

[0012] FIG. 4 is a front view of the luminaire of FIG. 1 with a collar between the spacer and the
globe optic.

[0013] FIG. 5 is a rear view of the luminaire of FIG. 4 with the globe optic illustrated as

transparent.

[0014] FIG. 6 is a perspective view of the luminaire of FIG. 4 with the globe optic removed and

further including a light engine stalk, an internal refractor, and a reflector shield.

[0015] FIG. 7 is an exploded assembly view of the luminaire of FIG. 5.

[0016] FIG. 8 is an exploded assembly view of the housing assembly of FIG. 1.

[0017] FIG. 9 is an exploded assembly view of a housing door of the housing assembly of FIG. 8.
[0018] FIG. 10 is a side view of the housing door of FIG. 9.

[0019] FIG. 11 is a side view of another housing door of a housing assembly according to aspects

of the current disclosure.

[0020] FIG. 12 is a perspective view of the spacer of FIG. 1.

[0021} FIG. 13 is a sectional view of the spacer of FIG. 12.

[0022] FIG. 14 is a bottom plan view of the spacer of FIG. 12.

[0023] FIG. 15 is a partially exploded assembly view of the light engine stalk of FIG. 3.
[0024] FIG. 16 is a sectional view of the light engine stalk of FIG. 15.

[0025] FIG. 17 is a perspective view of the collar of FIG. 4.

[0026] FIG. 18 is a side view of the collar of FIG. 17.

[0027] FIG. 19 is a perspective view of a housing assembly, a spacer, and a light engine stalk of

a luminaire according to aspects of the current disclosure.

[0028] FIG. 20 is a computational fluid dynamics (“CFD”) model showing temperature gradients

and air flow within the luminaire of FIG. 1 according to certain aspects of the present disclosure.
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[0029] FIG. 21 is another CFD model showing temperature gradients and air flow within the

luminaire of FIG. 1 according to certain aspects of the present disclosure.

DETAILED DESCRIPTION

[0030] The subject matter of embodiments of the present invention is described here with
specificity to meet statutory requirements, but this description is not necessarily intended to limit
the scope of the claims. The claimed subject matter may be embodied in other ways, may include
different elements or steps, and may be used in conjunction with other existing or future
technologies. This description should not be interpreted as implying any particular order or
arrangement among or between various steps or elements except when the order of individual steps
or arrangement of elements is explicitly described. Directional references such as “up,” “down,”
“top,” “left,” “right,” “front,” and “back,” among others are intended to refer to the orientation as
illustrated and described in the figure (or figures) to which the components and directions are

referencing.

[0031] Embodiments of the present invention are directed to luminaires that generally include a
housing, a spacer, and a globe optic atop the housing. The housing may be mounted atop a pole,
and light emitted by light sources located within the luminaire passes through the globe to emit
light into the environment. While embodiments of the luminaire are disclosed for mounting atop a
pole, such embodiments are not limited to such use but rather can be installed in different
environments (i.c., indoor, outdoor) and in different manners. Moreover, while LEDs are
described, it will be recognized that the invention may be embodied in light fixtures using other

kinds of light sources, for example fluorescent, incandescent, halogen, etc.

[0032] As used herein, a “transverse dimension” refers to the dimension across the widest portion
of the component. It will be appreciated that the transverse dimension may depend on a shape of
the component. A diameter of an object is an example of a transverse dimension. As such, while
the description below references diameters, it will be appreciated that the shape of the luminaires

and components of the luminaires is not considered limiting on the current disclosure.
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Luminaire

[0033] FIGs. 1-18 illustrate an example of a luminaire 100. The luminaire 100 generally includes
a housing assembly 102, a spacer 104, and a globe 106 (i.c., optic). In some examples, the housing
assembly 102 may be mounted atop a pole (not shown), and light emitted by light sources located
within the luminaire 100 passes through the globe 106 to emit light into the environment. In some
cases, the pole may be a metallic pole; however, in other examples, the pole may be non-metallic
(e.g., fiberglass, concrete, etc.). In other examples, the luminaire 100 may be installed in various

other environments and in various other manners as desired.

[0034] The housing assembly 102 includes a housing 108. As best illustrated in FIG. 8, the
housing 108 includes a sidewall 112 having a first end 114 and a second end 116. The sidewall
112 defines a housing chamber 118 that houses the electronic components for powering the
luminaire 100. Electrical connections between the main power coming up through the pole and a
driver 120 and between the driver 120 and light sources of the luminaire 100 can be made in the
housing 108. In some examples, the sidewall 112 defines an opening 122 that provides access
through the sidewall 112 and into the housing chamber 118. In such examples, the housing
assembly 102 may include a removable housing door 110 that selectively provides or restricts
access to the housing chamber 118 through the opening 122. The removable housing door 110
may be selectively attached to the housing 108 through various suitable mechanisms. In the present

example, a wing screw 111 is utilized to secure the housing door 110 to the housing 108.

[0035] The spacer 104 is positioned on the first end 114 of the housing 108 when the luminaire
100 is assembled. As best illustrated in FIG. 13, the spacer 104 is hollow and defines a central
passageway 115 such that wires can extend through the spacer 104 between the light source(s) of

the luminaire and the housing assembly 102.

[0036] The spacer 104 includes a spacer rim 124 and a spacer body 126. The spacer rim 124
includes a rim surface 128, and the spacer body 126 extends upwardly relative to the spacer rim
124 and the rim surface 128. The spacer rim 124 also includes a mounting surface 130 that is
opposite from the rim surface 128 (see FIGs. 13 and 14). In some optional examples, the mounting
surface 130 defines a groove 132, and a gasket 134 (see FIG. 7) or other suitable sealing device or
thermal interface material (TIM) is positioned within the groove 132. In various examples, when

assembled, the first end 114 of the housing 108 is positioned within the groove 132 and a seal is

w
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formed between the housing 108 and the spacer 104 with the gasket 134. Screws 136 may extend
through the spacer 104 and into bosses in the housing 108 to tighten and seal the spacer 104 onto
the housing 108; however, other suitable retention means and methods for securing the spacer 104

to the housing 108 may also be utilized.

[0037] In various examples, the luminaire 100 includes a light engine stalk 138 that supports one
or more light sources for the luminaire (see FIGs. 5-7, 15, and 16). As best illustrated in FIG. 15,
the stalk 138 includes an outer surface 144 that defines a number of mounting location 146 for the
light sources. The stalk 138 may be hollow and include a central passageway 142. In various cases,
a cross-sectional shape of the stalk 138 and/or the central passageway 142 may have various shapes
or configurations as desired, including, but not limited to, round, polygonal, rectilinear, elliptical,

or various other suitable shapes.

[0038] Light sources such as light emitting diodes (“LEDs”) 153 may be supported on the stalk
138. While LEDs are described, it will be recognized that the invention may be embodied in light
fixtures using other kinds of light sources, for example fluorescent, incandescent, halogen, etc.
The LEDs 153 may be positioned on the outer surface 144 of the stalk 138. When LEDs are
utilized, the LEDs may be various types of LEDs including single-die LEDs, multi-die LEDs,
direct current (DC) LEDs, alternating current (AC) LEDs, organic light emitting diodes, and/or
various other suitable LEDs. White, color, or multicolor LEDs, or combinations thereof, may be
used. Moreover, the LEDs need not all be the same color and/or type; rather, mixtures of different
colors and/or types of LEDs may be used. The LEDs may be provided on one or more printed
circuit boards (PCBs) 155. However, in other embodiments, no PCB is needed; rather, the LEDs
may be chip-on-board LEDs provided directly on the outer surface 144 of the stalk 138. In further
examples, any number of PCBs may be utilized, including more than one PCB. In some cases, the
LEDs 153 may be provided in various configurations on the stalk 138 depending on a desired
optical distribution. For example, the LEDs 153 may be provided uniformly around and along the
outer surface 144, in various groupings of LEDs 153 on the outer surface 144, asymmetrically
provided around and along the outer surface 144. In some examples, different stalks with different
PCB or LED layouts may be used to achieve different optical distributions. FIG. 19 illustrates an
example of another luminaire 1900 with a stalk 1938 having a different arrangement of light

sources and a different profile compared to that of FIGs. 1-18. Alternatively, a single universal
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stalk may be used to achieve different distributions (see, e.g., U.S. Patent No. 2009/0262530,

incorporated herein by reference).

[0039] When the luminaire 100 is assembled, the light engine stalk 138 is positioned on top of
the spacer 104. In some examples, one or more alignment features 140 extend from the top of the
spacer body 126. The alignment features 140 may be sized and shaped to mate with the central
passageway 142 or one or more apertures on the stalk 138 to secure and align the stalk 138 on the
spacer 104, Screws or other suitable attachment mechanisms may securely retain the stalk 138 on
the spacer 104. In some examples, a gasket 148 or suitable thermal interface material may be

provided between the stalk 138 and the spacer 104 to improve thermal transfer.

[0040] The housing assembly 102, spacer 104, and stalk 138 may be formed from a material
having suitable thermal management capabilities so as to conduct heat generated by the fixture
during use. Metallic materials (e.g., aluminum) may be particularly suitable; however, thermally
conductive plastics (e.g., CoolPoly® from Celanese) may also be used. In other examples, the
housing assembly 102, spacer 104, and stalk 138 need not be formed from the same material. Fins
or other heat dissipating structures may be provided on one or more of these structures to further
enhance heat transfer. The housing assembly 102, spacer 104, and/or stalk 138 may be formed
using a variety of different technologies, including, but not limited to, die-forming, casting,

extruded, etc.

[0041] The globe 106 is mounted atop the spacer 104. The globe 106 can be made from any
suitable translucent material that permits the passage of light (e.g., glass, acrylic, polycarbonate,
silicone, etc.) and is optionally imparted with optical enhancements (e.g., ribbing, prisms, frosted
appearance, etc.) to achieve the desired light distribution and effect from the luminaire. In some

embodiments, the globe 106 is molded from a polymeric material (e.g., polycarbonate).

[0042] The globe 106 includes a light-emitting portion 150 and a base 152 (see FIG. 7), and the
light-emitting portion 150 defines a globe chamber. In various examples, the spacer rim 124 of
the spacer 104 has an outer diameter that is larger than the outer diameter of the base 152. Thus,
the base 152 of the globe 106 can seat within the spacer rim 124, optionally on the rim surface
128. Screws 154 or other suitable retaining mechanisms may secure and position the globe 106
relative to the spacer 104. In some examples, the screws 154 are positioned through the spacer rim

124 and turned so as to bear against the base 152 of the globe 106. In other embodiments, a flange
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156 is provided around the base 152 of the globe 106. In such embodiments, when inserted, the
screws 154 bear against the top of the flange 156 and force the globe 106 downwardly toward the
spacer 104 and retain it in place. A gasket 158 or other suitable device may be interposed between

the spacer 104 and the globe 106 to create an airtight environment within the luminaire 100.

[0043] Once the globe 106 is retained on the spacer 104, the luminaire 100 becomes fully
enclosed. In various aspects, the stalk 138 and at least a portion of the spacer 104 are positioned
within the globe chamber. In use, heat generated by the electronic components and the LEDs 153
dissipates to the air in the luminaire 100. The air can rise up from the housing assembly 102,
through the spacer 104 and stalk 138, and exit the top of the stalk 138. The air then moves along

a downward path along the outside of the stalk 138 and spacer 104, carrying heat with it as it goes.

[0044] Embodiments of the luminaire 100 may also include additional optical features to control
the directionality or appearance of light emitted from the luminaire 100. By way only of example,
a reflective shield 160 may be provided within the luminaire 100 to create an asymmetrical
distribution of light from the luminaire 100 or to act as a light trespass shield (see FIGs. 3 and 5-
7). The reflective shield 160 may have various suitable shapes or profiles as desired. Alternatively
or in addition, an internal refractor 162 (which can be, but does not have to be, glass) may be
provided around the stalk 138 to control the optical distribution and/or to reduce glare (see FIGs.
6 and 7). Various other features or combinations of features may be utilized with the luminaire

100 to control the directionality or appearance of light emitted from the luminaire 100.

Housing Door

[0045] As mentioned, in some examples, the housing assembly 102 optionally includes the
housing door 110. As best illustrated in FIGs. 8-11, in various examples, the housing door 110
includes an electrical tray 164 that can support one or more electronic components. Any electrical
components on the electrical tray 164 may be easily accessible for installation, replacement, or

repair when the housing door 110 is removed.

[0046] The electrical tray 164 includes an extension arm 166 that extends from an inner surface
of the housing door 110 (when the electrical tray 164 is mounted on the door 110) and a mounting

arm 168 that extends upwardly at an angle from the extension arm 166. In some cases, the angle
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between the extension arm 166 and the mounting arm 168 is greater than 90°, although it need not
be. In other examples, the angle can be other angles (including acute and obtuse angles). One or
more drivers 120 for driving the LEDs 153 may be mounted on a first surface of mounting arm
168. A support ledge 170 extends from an opposing, second surface of the mounting arm 168.
The support ledge 170 is configured to support a standard or wireless node 172 within the housing
chamber 118, although various other electrical components may be supported on the mounting
arm 168 and/or support ledge 170. When positioned on the support ledge 170, the wireless node

172 is located within the space formed between the housing door 110 and the mounting arm 168.

[0047] Optionally, the electrical tray 164 may extend at least partially into the central passageway
115 of the spacer 104 when the luminaire is assembled. In such examples, electrical components
(e.g., the wireless node 172) may extend at least partially into the spacer 104. Such positioning

may improve line of sight and signal strength of the wireless node 172.

[0048] In some optional examples, the housing door 110 defines a window 174. The window
174 may be proximate to the electrical tray 164 to provide line of sight between electrical
components within the housing 108 and devices or components outside of the luminaire 100. In
some examples, the wireless node 172 is provided proximate to the window 174 to ensure line of
sight. The window 174 may be elongated and/or have various other shapes or configurations as
desired to support different z heights of standard and wireless nodes. In various aspects, the
window 174 has a non-round profile, although it need not in other examples. In other words, the

window 174 may be various suitable shapes as desired.

Wireless Node

[0049] The luminaire 100 may include the wireless node 172, which may be any type of wireless
communication device, including, but not limited to, a radio frequency node, a Bluetooth® node,
a photosensor (for detecting visible light or infrared light), a radar module, a lidar module, a
microwave sensor module, and/or a node that is part of a networked communication lighting
system, such as the ROAM system available from Acuity Brands Lighting
(https://www.acuitybrands.com/products/controls/roam) or the SELC system available from

Silver Springs Network (now [tron) (www.silverspringnet.com/partner/selc). With the wireless
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node 172, the luminaire 100 may communicate with other external devices such as other

luminaires, user devices, etc.

[0050] The wireless node 172 generally includes a module 176 and an antenna 178 associated
with the module 176. The module 176 includes controlling electronics for the wireless node 172.
In some cases, the module 176 may be connected to the antenna 178 through wiring or cabling
such that the module 176 and antenna 178 may be positioned at different locations on the
luminaire as desired. In other examples, the antenna 178 may be an onboard antenna on the moduie

176 in that the antenna 178 is mounted on the module 176.

[0051] In some cases, the module 176 and antenna 178 are positioned at the same location on the
luminaire 100. For example, FIGs. 8-10 illustrate an example with a wireless node 172 having a
module 176 with an onboard antenna 178, and the wireless node 172 is positioned on the electrical

tray 164 and within the housing chamber 118.

[0052] In other examples, the module 176 and antenna 178 are positioned at different locations
on the luminaire 100. For example, FIG. 11 illustrates an example with a wireless node 172 where
the module 176 is positioned on the electrical tray 164 and within the housing chamber 118 and
the antenna 178 is positionable on the opposing surface of the housing door 110 outside of the
housing chamber 118. As further non-limiting examples, the module 176 may be positioned within
the housing chamber 118 and the antenna 178 may be positioned on any one of the spacer 104,
stalk 138, on the globe 106 (within the globe chamber or outside of the globe chamber), etc. In
examples where the antenna 178 is positioned on components that may interfere with signals from
the antenna 178 (e.g., the spacer 104, stalk 138, etc.), windows or apertures similar to the window
174 may be provided in such components. For example, if the antenna 178 is positioned on the
spacer 104, one or more windows may be provided on the spacer 104 to improve line of sight and
signal strength. In some non-limiting cxamples, placing at least the antenna 178 within the globe

chamber may allow for better line of sight for control, signal strength, and maintenance.

[0053] In various other examples, the module 176 and/or the antenna 178 may be positioned
external to the housing assembly 102 and the globe 106 of the luminaire 100. As one non-limiting
example, the antenna 178 may be positioned in a nonmetallic pole on which the luminaire 100 is

supported. In this example, the module 176 may be positioned on the luminaire 100 or on the pole.

10
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In other examples, the module 176 and/or the antenna 178 may be positioned at various other

locations external to the luminaire 100.

Spacer with Thermal Management

[0054] As best illustrated in FIG. 12, in various examples, the spacer 104 defines one or more
airflow apertures 180 to facilitate airflow. The airflow apertures 180 are in fluid communication
with the central passageway 115 such that air can pass through the spacer 104 and improve thermal
management, as discussed below. In some examples, the airflow apertures 180 are provided
between the spacer rim 124 and an end of the spacer body 126 that is opposite from the spacer rim
124, although they need not be in other examples. The size, shape, position, and number of airflow
apertures 180 should not be considered limiting on the current disclosure. For example, FIG. 19
illustrates an example of a spacer 1904 with elongated airflow apertures 180 compared to the

airflow apertures 180 of the spacer 104 of FIGs. 1-18.

[0055] As mentioned, when the globe 106 is positioned on the spacer 104, the luminairc 100
becomes fully enclosed. When the luminaire 100 is used, heat generated by the electronic
components and the LEDs dissipates to the air in the luminaire 100 (e.g., within the globe chamber
and/or the housing chamber 118). The air can rise up from the housing 108, through the central
passageways of the spacer 104 and the stalk 138, and exit the top of the stalk 138. The air then
moves along a downward path along the outside of the stalk 138 and the spacer 104, carrying heat
with it as it goes. The air enters the airflow apertures 180 of the spacer 104 to gain entry back into
the spacer 104 and the stalk 138 and moves upwardly again, both inside and along the outside of
the stalk 138 and the spacer 104. In this way, the central passageways of the spacer 104 and the
stalk 138 through the middle of the luminaire 100 act as a {lue that allows air to continuously
circulate through the luminaire (through the airflow apertures 180) and thereby dissipate heat.

FIGs. 20 and 21 show exemplary air flow within the luminaire.

Collar

[0056] In some embodiments, a particular-sized globe 106 may be desirable but that size is

incompatible with the spacer 104. More specifically, in some embodiments the base 152 of the

11
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desired globe 106 may be too small to be securely retained on the spacer 104 and may result in
inadequate sealing of the luminaire 100. In the past, use of the smaller globe 106 would have
required that the entire luminaire 100 be replaced. However, in embodiments of the present
invention, a collar 182 is used to adapt the existing spacer 104 to a smaller-sized globe 106. FIGs.
1-3 illustrate an embodiment of a luminaire 100 without a collar 182; FIGs. 4-6 illustrate an

embodiment of a luminaire 100 with a collar 182.

[0057] As bestillustrated in FIGs. 17 and 18, the collar 182 includes a sidewall 184 having a first
end 186 and a second end 188. The sidewall 184 defines a central opening 190 extending through
the collar 182 from the first end 186 to the second end 188. The collar 182 includes a ledge 192
within the central opening 190. In various examples, the ledge 192 is positioned between the first
end 186 and the second end 188, although it need not in other examples. The collar 182 includes
an outer diameter that is smaller than the diameter of the spacer rim 124. In some optional
examples, a diameter of the collar 182 at the first end 186 is different from a diameter of the collar
182 at the second end 188. As one non-limiting example and as illustrated in FIG. 18, in some
cases, the diameter of the collar 182 at the first end 186 is greater than the diameter of the collar
182 at the second end 188. In other examples, the collar 182 need not have different diameters at

the first end 186 and the second end 188.

[0058] In various aspects, the diameter of the collar 182 is smaller than the diameter of the spacer
rim 124 such that the collar 182 can be seated within the spacer rim 124 and on the rim surface
128. The screws 154 or other suitable retaining mechanisms may position and retain the collar 182
on the spacer 104. The smaller globe 106 may then be positioned on the ledge 192 of the collar
182 and retained on the collar 182 with one or more screws 196 (or other suitable retaining
mechanisms). The screws 196 may extend through the collar 182 and bear against the top of the

flange 156, drawing the base 152 of the globe 106 against the collar 182.

[0059] The collar may be formed from the same or similar material as any one of the housing
assembly 102, the spacer 104, or the light engine stalk 138. In some examples, the gasket 158 may
optionally be positioned between the spacer 104 and the collar 182, and another gasket 194 may

be interposed between the collar 182 and the globe 106 when the luminaire is assembled.

[0060] A collection of exemplary embodiments, including at least some explicitly enumerated as

“ECs” (Example Combinations), providing additional description of a variety of embodiment

12
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types in accordance with the concepts described herein are provided below. These examples are
not meant to be mutually exclusive, exhaustive, or restrictive; and the invention is not limited to
these example embodiments but rather encompasses all possible modifications and variations

within the scope of the issued claims and their equivalents.

[0061] EC 1. A luminaire comprising: a housing comprising a first end and a second end opposite
from the first end; a spacer positioned on the first end of the housing and comprising a spacer rim,
wherein the spacer rim comprises a first transverse dimension; and a collar positioned on the spacer
rim, wherein the collar comprises a second transverse dimension that is less than the first transverse

dimension of the spacer rim.

[0062] EC 2. The luminaire of any of the preceding or subsequent example combinations,
wherein the collar comprises a sidewall defining an opening through the collar and a ledge
extending from the sidewall into the opening, and wherein the ledge is adapted to receive a globe

of the luminaire.

[0063] EC 3. The luminaire of any of the preceding or subsequent example combinations, further
comprising the globe, wherein the globe comprises a light-emitting portion defining a globe
chamber and a base defining an opening to the globe chamber, wherein the base of the globe is

seated on the ledge of the collar, and wherein the globe seated on the collar seals the luminaire.

[0064] EC 4. The luminaire of any of the preceding or subsequent example combinations,
wherein the collar comprises a sidewall defining an opening through the collar, wherein the
sidewall comprises a first end having a third transverse dimension and a second end opposite from
the first end and having the second transverse dimension, and wherein the third transverse

dimension is less than the second transverse dimension.

[0065] EC 5. The luminaire of any of the preceding or subsequent example combinations,
wherein the collar comprises a sidewall defining an opening through the collar and a ledge
extending from the sidewall into the opening, and wherein the luminaire further comprises at least

one of a gasket between the collar and the spacer or a gasket on the ledge of the collar.

[0066] EC 6. The luminaire of any of the preceding or subsequent example combinations,
wherein the spacer further comprises a spacer body, wherein the spacer body extends upwardly

relative to the spacer rim, and wherein the luminaire further comprises: a light engine stalk
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positioned on an end of the spacer body that is opposite from the spacer rim; and at least one light

emitting diode mounted on an outer surface of the light engine stalk.

[0067] EC 7. A collar for a luminaire, the collar comprising: a sidewall defining an opening
through the collar and comprising a first end and a second end opposite from the first end; and a
ledge extending from the sidewall and into the opening, wherein the ledge is positioned between
the first end and the second end, and wherein the ledge comprises a first surface proximate to the
first end and a second surface proximate to the second end, wherein a transverse dimension of the
first end of the sidewall is less than a transverse dimension of the second end of the sidewall, and
wherein the collar is configured to seat a base of a globe of the luminaire on the second surface of

the ledge when assembled.

[0068] EC 8. The collar of any of the preceding or subsequent example combinations, further

comprising a gasket on the second surface of the ledge.

[0069] EC 9. The collar of any of the preceding or subsequent example combinations, further

comprising a gasket on the first end of the sidewall.

[0070] EC 10. The collar of any of the preceding or subsequent example combinations, wherein
the sidewall between the ledge and the second end comprises a plurality of retaining mechanisms

that are configured to retain the globe on the ledge.

[0071] EC 11. The collar of any of the preceding or subsequent example combinations, wherein

the collar comprises a thermally conductive material.

[0072] EC 12. A luminaire comprising: a spacer comprising a spacer rim and a spacer body,
wherein the spacer rim comprises a rim surface, wherein the spacer rim comprises a first transverse
dimension, and wherein the spacer body extends upwardly relative to the rim surface; and a collar
comprising a sidewall defining an opening through the collar and a ledge extending from the
sidewall into the opening, wherein the sidewall comprises a second transverse dimension that is
less than the first transverse dimension of the spacer rim, and wherein the collar is positionable on

the rim surface such that the spacer body extends through the opening of the collar.

[0073] EC 13. The luminaire of any of the preceding or subsequent example combinations,

further comprising a housing comprising a first end and a second end opposite from the first end,
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wherein the housing defines a housing chamber, and wherein the spacer is positioned on the first

end of the housing.

[0074] EC 14. The luminaire of any of the preceding or subsequent example combinations,
wherein the spacer rim further comprises a mounting surface opposite from the rim surface,
wherein the mounting surface comprises a gasket groove, and wherein the luminaire further
comprises a gasket within the gasket groove and between the first end of the housing and the

spacer.

[0075] EC 15. The luminaire of any of the preceding or subsequent example combinations,
further comprising: a globe positioned on the collar and defining a globe chamber; and a wireless
node comprising: a wireless module; and an antenna associated with the wireless module, wherein
the wireless module is positioned within the housing chamber, and wherein the antenna is
positioned on at least one of the housing within the housing chamber, the globe within the globe

chamber, or the globe outside of the globe chamber.

[0076] EC 16. The luminaire of any of the preceding or subsequent example combinations,
further comprising a globe, wherein the globe comprises a light-emitting portion defining a globe
chamber and a base defining an opening to the globe chamber, and wherein the base of the globe

is seated on the ledge of the collar.

[0077]) EC 17. The luminaire of any of the preceding or subsequent example combinations,
further comprising: a light engine stalk positioned on an end of the spacer body that is opposite
from the spacer rim; and at least one light emitting diode (LED) mounted on an outer surface of
the light engine stalk, wherein the light engine stalk and the at least one LED are positioned within
the globe chamber.

[0078] EC 18. The luminaire of any of the preceding or subsequent example combinations,

further comprising a gasket between the ledge of the collar and the globe.

[0079] EC 19. The luminaire of any of the preceding or subsequent example combinations,
further comprising a gasket between the spacer and the collar, wherein the spacer body defines a
central passageway extending through the spacer body such that the spacer is hollow along a length

of the spacer.
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[0080] EC 20. The luminaire of any of the preceding or subsequent example combinations,
wherein the spacer body defines a plurality of airflow apertures in fluid communication with the
central passageway, wherein the airflow apertures are configured to circulate air through the

spacer.

[0081] EC 21. A luminaire comprising: a housing comprising a first end and a second end
opposite from the first end, wherein the housing defines a housing chamber; a globe positioned
relative to the first end of the housing and defining a globe chamber; and a wireless node
comprising a wireless module and an antenna associated with the wireless module, wherein at least

the wireless module is positioned within the housing chamber.

[0082] EC 22. The luminaire of any of the preceding or subsequent example combinations,

wherein the antenna is positioned within the globe chamber.

[0083] EC 23. The luminaire of any of the preceding or subsequent example combinations,

wherein the antenna is positioned within the housing chamber.

[0084] EC 24. The luminaire of any of the preceding or subsequent example combinations,

wherein the antenna is positioned on the globe outside of the globe chamber.

[0085] EC 25. The luminaire of any of the preceding or subsequent example combinations,
wherein the housing comprises a sidewall, wherein the sidewall comprises the first end and the
second end of the housing and defines the housing chamber, wherein the sidewall defines an
opening extending through the sidewall, wherein the housing comprises a housing door that is
positionable within the opening in the sidewall, wherein the housing door comprises a window,

and wherein the window comprises a non-round profile.

[0086] EC 26. The luminaire of any of the preceding or subsequent example combinations,
wherein the housing door comprises an electrical tray, and wherein the wireless module is mounted

on the electrical tray.

[0087] EC 27. The luminaire of any of the preceding or subsequent example combinations,
further comprising: a spacer positioned on the first end of the housing between the housing and
the globe, wherein the spacer comprises a spacer rim and a spacer body, wherein the spacer body
extends upwardly relative to the spacer rim, wherein the globe is positioned on the spacer rim,

wherein the spacer body defines a central passageway extending through the spacer body such that
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the spacer is hollow along a length of the spacer, and wherein the antenna is positioned within the

central passageway of the spacer.

[0088] EC 28. A luminaire comprising: a housing comprising a sidewall comprising first end and
a second end opposite from the first end, wherein the sidewall defines a housing chamber, wherein
the sidewall defines an opening extending through the sidewall, wherein the housing comprises a
housing door that is positionable within the opening in the sidewall, and wherein the housing door
comprises a window; and a wireless node comprising a wireless module and an antenna associated

with the wireless module, wherein the wireless node is positioned within the housing chamber.

[0089] EC 29. The luminaire of any of the preceding or subsequent example combinations,
wherein the housing door comprises an electrical tray, and wherein the wireless module is mounted

on the electrical tray.

[0090] EC 30. The luminaire of any of the preceding or subsequent example combinations,

wherein the antenna is mounted on the electrical tray.

[0091] EC 31. The luminaire of any of the preceding or subsequent example combinations,
wherein the electrical tray comprises: an extension arm extending from an inner surface of the

housing door; and a mounting arm extending upwardly at an angle from the extension arm.

[0092] EC 32. The luminaire of any of the preceding or subsequent example combinations,

wherein the angle is greater than 90 degrees.

[0093] EC 33. The luminaire of any of the preceding or subsequent example combinations,
wherein the electrical tray further comprises a support ledge extending from the mounting arm,

and wherein the wireless module is supported on the support ledge.

[0094] EC 34. The luminaire of any of the preceding or subsequent example combinations,
wherein the wireless module comprises at least one of a radio frequency module, a radar module,

a lidar module, a microwave sensor module, or a Bluetooth module

[0095] EC 35. A luminaire comprising: a housing comprising a first end and a second end
opposite from the first end, wherein the housing defines a housing chamber; a globe positioned
relative to the first end of the housing and defining a globe chamber; and a wireless node
comprising a wireless module and an antenna associated with the wireless module, wherein at least

the antenna is positioned within the globe chamber.,
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[0096] EC 36. The luminaire of any of the preceding or subsequent example combinations,

wherein the antenna is positioned on the globe.

[0097] EC 37. The luminaire of any of the preceding or subsequent example combinations,
further comprising: a spacer positioned on the first end of the housing between the housing and
the globe, wherein the spacer comprises a spacer rim and a spacer body, wherein the spacer body
extends upwardly relative to the spacer rim, wherein the globe is positioned on the spacer rim,
wherein the spacer body defines a central passageway extending through the spacer body such that
the spacer is hollow along a length of the spacer, and wherein the antenna is positioned within the

central passageway of the spacer.

[0098] EC 38. The luminaire of any of the preceding or subsequent example combinations,

wherein the wireless module is positioned within the housing chamber.

[0099] EC 39. The luminaire of any of the preceding or subsequent example combinations,
wherein the housing comprises a sidewall, wherein the sidewall comprises the first end and the
second end of the housing and defines the housing chamber, wherein the sidewall defines an
opening extending through the sidewall, wherein the housing comprises a housing door that is

positionable within the opening in the sidewall, and wherein the housing door comprises a window.

[0100] EC 40. The luminaire of any of the preceding or subsequent example combinations,
wherein the housing door comprises an electrical tray, and wherein the wireless module is mounted

on the electrical tray.

[0101] EC 41. A luminaire comprising: a housing comprising a first end and a second end
opposite from the first end, wherein the housing defines a housing chamber; and a spacer
comprising a spacer rim and a spacer body, wherein the spacer body extends upwardly relative to
the spacer rim, wherein the spacer body defines a central passageway extending through the spacer
body such that the spacer is hollow along a length of the spacer, and wherein the spacer body

defines a plurality of airflow apertures in fluid communication with the central passageway.

[0102] EC 42. The luminaire of any of the preceding or subsequent example combinations,
wherein the spacer body comprises an end opposite from the spacer rim, and wherein the luminaire

further comprises a light engine stalk mounted on the end of the spacer body, wherein the light
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engine stalk defines a central passageway in fluid communication with the central passageway and

airflow apertures of the spacer.

[0103] EC 43. The luminaire of any of the preceding or subsequent example combinations,
wherein the light engine stalk comprises an outer surface, and wherein the luminaire further

comprises a plurality of light emitting diodes on the outer surface of the light engine stalk.

[0104] EC 44. The luminaire of any of the preceding or subsequent example combinations,
wherein the spacer body defines the plurality of airflow apertures between the spacer rim and the

end of the spacer body.

[0105] EC 45. The luminaire of any of the preceding or subsequent example combinations,
wherein the spacer body defines the plurality of airflow apertures between the spacer rim and an

end of the spacer body opposite from the spacer rim.

[0106] EC 46. The luminaire of any of the preceding or subsequent example combinations,
further comprising a globe, wherein the globe comprises a light-emitting portion defining a globe
chamber and a base defining an opening to the globe chamber, and wherein the base of the globe

is seated on the spacer rim such that the spacer body is positioned within the globe chamber.

[0107] EC 47. The luminaire of any of the preceding or subsequent example combinations,

wherein the housing and the spacer each comprise a thermally conductive material.

[0108] EC 48. A spacer for a luminaire, the spacer comprising: a spacer rim comprising a rim
surface; and a spacer body extending upwardly relative to the rim surface of the spacer rim,
wherein the spacer body defines a central passageway extending through the spacer body such that
the spacer is hollow along a length of the spacer, and wherein the spacer body defines at least one

airflow aperture that is in fluid communication with the central passageway.

[0109] EC 49. The spacer of any of the preceding or subsequent example combinations, wherein

a transverse dimension of the spacer rim is greater than a transverse dimension of the spacer body.

[0110] EC 50. The spacer of any of the preceding or subsequent example combinations, wherein
the spacer body comprises an end that is opposite from the spacer rim, and wherein the at least one

airflow aperture is defined between the end and the spacer rim.

[0111] EC 51. The spacer of any of the preceding or subsequent example combinations, wherein
the at least one airflow aperture comprises a plurality of airflow apertures.
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[0112] EC 52. The spacer of any of the preceding or subsequent example combinations, wherein
the spacer rim further comprises a mounting surface that is opposite from the rim surface, wherein
the mounting surface defines a gasket groove, and wherein the spacer further comprises a gasket

within the gasket groove.

[0113] EC 53. The spacer of any of the preceding or subsequent example combinations, wherein

the spacer rim and the spacer body each comprise a metallic material.

[0114] EC 54. The spacer of any of the preceding or subsequent example combinations, wherein
the spacer rim comprises a plurality of retaining mechanisms that are configured to retain a globe

of the luminaire on the rim surface.

[0115] EC 55. A luminaire comprising: a spacer comprising a spacer rim and a spacer body,
wherein the spacer body extends upwardly relative to the spacer rim and comprises an end opposite
from the spacer rim, wherein the spacer body defines a central passageway extending through the
spacer body such that the spacer is hollow along a length of the spacer, and wherein the spacer
body defines at least one airflow aperture in fluid communication with the central passageway;
and a light engine stalk mounted on the end of the spacer body, wherein the light engine stalk
defines a central passageway in fluid communication with the central passageway and at least one

airflow aperture of the spacer.

[0116] EC 56. The luminaire of any of the preceding or subsequent example combinations,
further comprising a housing comprising a first end and a second end opposite from the first end,
wherein the housing defines a housing chamber, and wherein the spacer is positioned on the first

end of the housing.

[0117] EC 57. The luminaire of any of the preceding or subsequent example combinations,
further comprising a globe, wherein the globe comprises a light-emitting portion defining a globe
chamber and a base defining an opening to the globe chamber, and wherein the base of the globe
1s seated on the spacer rim such that the spacer body and the light engine stalk are positioned within

the globe chamber.

[0118] EC 58. The luminaire of any of the preceding or subsequent example combinations,

wherein the at least one airflow aperture comprises a plurality of airflow apertures.
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[0119] EC 59. The luminaire of any of the preceding or subsequent example combinations,
wherein the light engine stalk comprises an outer surface, and wherein the luminaire further

comprises a plurality of light emitting diodes on the outer surface of the light engine stalk.

[0120] EC 60. The luminaire of any of the preceding or subsequent example combinations,
further comprising: a housing comprising a first end and a second end opposite from the first end,
wherein the housing defines a housing chamber, and wherein the spacer is positioned on the first
end of the housing; a globe positioned on the spacer rim and defining a globe chamber; and a
wireless node comprising: a wireless module; and an antenna associated with the wireless module,
wherein the wireless module is positioned within the housing chamber, and wherein the antenna
is positioned on at least one of the housing within the housing chamber, the globe within the globe

chamber, or the globe outside of the globe chamber.

[0121] Different arrangements of the components depicted in the drawings or described above,
as well as components and steps not shown or described are possible. Similarly, some features
and sub-combinations are useful and may be employed without reference to other features and
sub-combinations. Examples of the invention have been described for illustrative and not
restrictive purposes, and alternative examples will become apparent to readers of this patent.
Accordingly, the present invention is not limited to the examples described above or depicted in
the drawings, and various examples and modifications may be made without departing from the

scope of the claims below.
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CLAIMS

That which is claimed:

1. A luminaire comprising:
a housing comprising a first end and a second end opposite from the first end;
a spacer positioned on the first end of the housing and comprising a spacer rim, wherein
the spacer rim comprises a first transverse dimension; and
a collar positioned on the spacer rim, wherein the collar comprises a second transverse

dimension that is less than the first transverse dimension of the spacer rim,

wherein the collar comprises a sidewall defining an opening through the collar and a ledge
extending from the sidewall into the opening, and wherein the luminaire further

comprises at least one of a gasket between the collar and the spacer or a gasket on the

ledge of the collar.
2. The luminaire of claim 1, wherein the ledge is adapted to receive a globe of the luminaire.
3. The luminaire of claim 2, further comprising the globe, wherein the globe comprises a

light-emitting portion defining a globe chamber and a base defining an opening to the globe
chamber, wherein the base of the globe is seated on the ledge of the collar, and wherein the globe

seated on the collar seals the luminaire.

4. The luminaire of claim 1, wherein the sidewall comprises a first end having a third
transverse dimension and a second end opposite from the first end and having the second transverse
dimension, and wherein the third transverse dimension is less than the second transverse

dimension.

5. The luminaire of claim 1, wherein the spacer further comprises a spacer body, wherein the
spacer body extends upwardly relative to the spacer rim, and wherein the luminaire further
comprises:

a light engine stalk positioned on an end of the spacer body that is opposite from the spacer

rim; and
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9.

at least one light emitting diode mounted on an outer surface of the light engine stalk.

A collar for a luminaire, the collar comprising:

a sidewall defining an opening through the collar and comprising a first end and a second
end opposite from the first end; and

a ledge extending from the sidewall and into the opening, wherein the ledge is positioned
between the first end and the second end, and wherein the ledge comprises a first
surface proximate to the first end and a second surface proximate to the second end,

wherein a transverse dimension of the first end of the sidewall is less than a transverse
dimension of the second end of the sidewall, and

wherein the collar is configured to seat a base of a globe of the luminaire on the second

surface of the ledge when assembled.

The collar of claim 6, further comprising a gasket on the second surface of the ledge.

The collar of claim 6, further comprising a gasket on the first end of the sidewall.

The collar of claim 6, wherein the sidewall between the ledge and the second end comprises

a plurality of retaining mechanisms that are configured to retain the globe on the ledge.

10.

11.

The collar of claim 6, wherein the collar comprises a thermally conductive material.

A luminaire comprising:

a spacer comprising a spacer rim and a spacer body, wherein the spacer rim comprises a
rim surface, wherein the spacer rim comprises a first transverse dimension, and
wherein the spacer body extends upwardly relative to the rim surface; and

a collar comprising a sidewall defining an opening through the collar and a ledge extending
from the sidewall into the opening, wherein the sidewall comprises a second
transverse dimension that is less than the first transverse dimension of the spacer
rim, and wherein the collar is positionable on the rim surface such that the spacer

body extends through the opening of the collar, and
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a gasket between the spacer and the collar, wherein the spacer body defines a central
passageway extending through the spacer body such that the spacer is hollow along

a length of the spacer.

12. The luminaire of claim 11, further comprising a housing comprising a first end and a second
end opposite from the first end, wherein the housing defines a housing chamber, and wherein the

spacer is positioned on the first end of the housing.

13.  The luminaire of claim 12, wherein the spacer rim further comprises a mounting surface
opposite from the rim surface, wherein the mounting surface comprises a gasket groove, and
wherein the luminaire further comprises a gasket within the gasket groove and between the first

end of the housing and the spacer.

14.  The luminaire of claim 12, further comprising:

a globe positioned on the collar and defining a globe chamber; and

a wireless node comprising:
a wireless module; and
an antenna associated with the wireless module,

wherein the wireless module is positioned within the housing chamber, and

wherein the antenna is positioned on at least one of the housing within the housing
chamber, the globe within the globe chamber, or the globe outside of the globe

chamber.

15.  The luminaire of claim 11, further comprising a globe, wherein the globe comprises a light-
emitting portion defining a globe chamber and a base defining an opening to the globe chamber,

and wherein the base of the globe is seated on the ledge of the collar.
16. The luminaire of claim 15, further comprising:
a light engine stalk positioned on an end of the spacer body that is opposite from the spacer
rim; and
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at least one light emitting diode (LED) mounted on an outer surface of the light engine
stalk,
wherein the light engine stalk and the at least one LED are positioned within the globe

chamber.

17. The luminaire of claim 15, further comprising a gasket between the ledge of the collar and
the globe.

18. The luminaire of claim 11, wherein the spacer body defines a plurality of airflow apertures

in fluid communication with the central passageway, wherein the airflow apertures are configured

to circulate air through the spacer.

25

Date Regue/Date Received 2020-07-20



3333333333333333333



2/16

106

150

154 i 154
124~ " o104
112
102,
174

110
108

FIG. 2

CA 3038496 2019-03-29



3/16

150

106

CA 3038496 2019-03-29



CA 3038496 2019-03-29



5/16

CA 3038496 2019-03-29



6/16

/ 160
100~ 142
/ 144
138
\ IS5
= | 162
0&0
184
180 180
\
124 \04
0
102~ 112
108
@
FIG. 6

CA 3038496 2019-03-29



CA 3038496 2019-03-29



8/16

FIG. 8

CA 3038496 2019-03-29



9/16

174

FIG. 9

CA 3038496 2019-03-29



10/16

FIG. 10

CA 3038496 2019-03-29



FIG. 12

140

80

1

80

1

15

1

26

1

128

=
124

| 1]

FIG. 13

130

S B

CA 3038496 2019-03-29



CA 3038496 2019-03-29

o WO
o 2 ©
A =
D @ sscescro Annun‘ -
D © connooooooes
D o nnnnnnnnnnnn
D ‘ aaaaaaaaaaaa ‘
’ [-4
' do)
\\\ //// \\ § S
Voo
\
Y - resrrrrrrro =
NN
B B
~ ~
<r
-—
O
LL.

FIG. 15



3333333333333333333



FIG. 19



15/16

.20

FIG

CA 3038496 2019-03-29



16/16

.21

FIG

CA 3038496 2019-03-29






	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - CLAIMS
	Page 25 - CLAIMS
	Page 26 - CLAIMS
	Page 27 - CLAIMS
	Page 28 - DRAWINGS
	Page 29 - DRAWINGS
	Page 30 - DRAWINGS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS
	Page 36 - DRAWINGS
	Page 37 - DRAWINGS
	Page 38 - DRAWINGS
	Page 39 - DRAWINGS
	Page 40 - DRAWINGS
	Page 41 - DRAWINGS
	Page 42 - DRAWINGS
	Page 43 - DRAWINGS
	Page 44 - REPRESENTATIVE_DRAWING

