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(54) Title: INTEGRAL CONDUIT MODULAR LIGHTING

FIG. 1

(57) Abstract: Apparatus and associated methods involve
a light module adapted to mount to an open face of a con-
duit body. In an illustrative example, the light module
may include an electrical interface for making operative
electrical connection to conductors disposed within the
conduit body. In some particular embodiments, the electri-
cal interface may include an insulation displacement-style
connector to facilitate installation and/or removal of the
light module. In various examples, the conduit body may
substantially conform to a form factor ot a conduit body
for a conventional conduit system.
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INTEGRAL CONDUIT MODULAR LIGHTING

CROSS-REFERENCE TO RELATED APPLICATIONS

(001} This application claims priority to ULS. Provisional Patent Apphication
entitled “Integral Conduit Modular Lighting,” serial number 61/319,726,
which was filed by 7. Grajear on March 31, 2010, the entire contents of

which is incorporated herein by reference.

CROSS-REFERENCE TO RELATED APPLICATIONS

(602}  Various embodiments relate generally to methods and apparatus involving

lighting integrated with a conduit.

TECHNICAL FIELD

(003} Various embodiments relate generally to methods and apparatus involving
Hghting integrated with a conduit.

(004} Lighting can be an important consideration in some applications. In
commercial or residentiaf lighting, for example, various types of highting
systems have been commonly used for general ilhumination. For example,
common hghting systems that have been used inchide incandescent or
fluorescent lamps.

(0051 More recently, LEDs (light emifting diodes) arc becoming widely used
devices capable of illumination when supplied with current. Typically, an
LED is formed as a semiconductor diode having an anode and a cathode. In

theory, an ideal diode will only conduct current in one divection. When
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[006]

[007]

[008]

sufficient forward bias voltage 1s applied between the anode and cathode,
conventional current flows through the diode. Forward current flow through
an LED may cause photons to recombine with holes to release energy in the
form of Hight.

The emitted Light from some LEDs is m the visible wavelength spectrur.
By proper selection of seroiconductor materials, individual LEDs can be
constructed to emit certain colors (e.g., wavelengih}, such as red, blue, or
green, for example.

In general, an LED may be created on a conventional semiconductor die. An
individual LED may be integrated with other circuitry on the same dic, or
packaged as a discrete single component. Typically, the package that
contains the LED semviconductor element will include a transparent window

to permit the light to escape from the package.

SUMMARY

Apparatus and associated methods involve a hight module adapted to mount
io an open face of a conduit body. In an ifhustrative example, the light
module may include an electrical interface for making operative electrical
connection o conductors disposed within the conduit body. In some
particular embodiments, the elecirical interface may inchide an insulation
displacement-style connector to facilitate installation and/or removal of the
light module. In varicus examples, the conduit body may substantially
conform to a form factor of a conduit body for a conventional conduit

system,
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(0081 Various embodiments may achieve one or more advantages. For example,
some embodiments maay be easily installed using conventional methods to
provide electrical conductors through conventional conduit lines. A hight
module may be installed rapidly, for example, using an insulation
displacement interface to connect the light module to one or more conductors
in the conduit Hne. A chamber of the Hight module may be substantially
scaled by a lens cover, and in some embodimenis the light medule may form
a substantial seal against ingress of dust or moisture when assembled to the
conduit body. In some embodiments, the light module may include light
emifting dindes that may output, for exarapie, sbove about 60 humens per
waitl.  In some embodiments, the Hght outpat may be modulated in intensity
and/or color 1n response to a control signal, which may, in some
embodiments, be encoded in an excitation current and/or voltage waveform.
Certain embodiments may achieve enhanced efficiency by outpuiting a
spectral intensity distribotion tatlored 1o, at least partially, substantially
match a spectral seositivity for a vision capability of a predetermined
species.

[6010] The details of various embodiments are set forth in the accompanying
drawings and the description below. Other features and advantages will be

apparent rom the description, drawings, and/or the claims.
5 pacingd ]
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[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

(00171

[0018]

[0019]

[0020]

BRIEF DESCRIPTION OF THE BRAWINGS

Figare 1 show a perspective view of an illustrative free range-style chicken
coop instaliation with an exemplary embodiment of an integral conduit
modular (ICM) lighting system.

Figure 2 shows perspective exploded views to illustrate exemplary assembly
operations for assembling electrical conductors to embodiments of an [CM
light engine.

Figure 3-4 show views of various embodiments of an assembled ICM Hght
module.

Figure 5 shows views of an exemaplary hight board assembly for an ICM Light
module.

Figure 6 shows views of an exemplary lens assembly {or an ICM light
module.

Figure 7 depicts end and side view of the illustrative free range-style chicken
coop mstaliation of Figure 1, with an fllustration of exemplary lumination
from the ICM hghting system.

Figures 8-9 show perspective views of embodiments of the ICM installed in
various applications.

Figure 10 shows an exploded perspective view of an exemplary ICM
asserbly with enhanced thermal management.

Figures 11-14 show views of further excmplary embodiments for an ICM.

Like reference symbuols in the various drawings indicate like elements.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
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[0021] Figure | show a perspective view of an iHlastrative free range-style chicken
coop instaliation with an exemplary embodiment of an ntegral conduit
modular {(JCM) lighting system. In this example, a coop installation 100
includes a frame 105 and  a number of bays 105 disposed on two rows of
three bays on both a lower level and an upper level. In an iliustrative
example of egg production, a number of chickens may spend at least part of
their time in the bays where they may receive food, air, water, and they may

;

also deposit eggs. [n some coop mstallations, the eggs may roll down a ramp

DD

(not shown) to an egg collection/conveyer system (nof shown).

(0022} On the lower level of the conp installation 100, an interior volume of each of
the bays 110 is illaminated by an integral conduit modular lighting system
that inclades sections of electrical conduit 115 connected to corresponding
poris of a number of integral Hight modules (1LMs) 120, Hach of the {LMs
120 imciudes a conduit body 125 and a light engine 130 attached to an open
longitudinal face of the conduit body 125. For the depicted lower level of
bays 110, the conduit 115 and IL.Ms 120 are positioned to direct from a
peripheral position outside the frame 165 and toward a central midhine of the
coop mstaliation 100, The ILMs 120 are positioned substantially in an apper
portion of the bays 110 of the lower level to promote sufficient iHumination
of the water and feed facilities within cach of the bays 105, The LM 120
may advantageously provide substantial iffumination of food and water
access facilities in the bays 110 while the bays are substantially populaied
with chickens.

[0023] By way of example, and not limitation, and in various implementations, the

conduit 115 and/or the conduit body 125 may be of a standard or
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[0024]

[0025]

[0026]

conventional type which may be used by cleciricians, for example, (o install
electrical wiring. In the depicted example, the conduit body 125 may be of
the type of conduit body for rigid conduit that is commercially available in
standard sizes, for example, from Thomas & Betts Corporation of Tennessee.
Omn the upper level of the coop mstaliation 100, an interior volume of each of
the bays 110 is llumninated by an integral conduit moedular lighting system
that includes sections of electrical conduit 140 connected to corresponding
ports of a number of integral light modales (JLMs) 150, Fach of the ILMas
150 includes a conduit body 155 and oppositely directed light engines 160a,
160b attached to opposing open longitudinal faces of the conduit body 155.
For the depicted upper level of bays 110, the conduit 140 and the ILMs 150
are positioned to divect light outward from a central position along the
raidline of the coop instatlation 100. Each of the 1L.Ms 150 in the upper level
are positioned substantially in an upper portion of the bays 118 to provide
sufficient ilumination of the water and feed facilities within the bays 110 on
either side of the midline of the coop installation 100, The HLM 150 may
advantageously provide substantial iHumination of food and water access
facilities in the bays 110 while the bays are sobstantially populated with
chickens.

Figure 2 shows perspective exploded views o illustrate exemplary assembly
operations for assembling electrical conductors to embodiments of an ICM
Hight engine.

In particular, Figure 2{a) depicts an exemplary exploded perspective view
show additional detatl for the conduit body 125 and the light engine 130 of

the ILM 120 of Figure 1. The ILM 120 mcludes the conduit body 125 and
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[0027]

(00281

the light engine 130. The conduit body 125 has an elongated dimension
defintng cavity that is extended along a longitudinal axis. In this example,
cach end of the conduit body 125 includes a threaded port centered on the
longitudinal axis for joining to conduit. The conduit body 125 has an open
side, which may be referred to hereinafier as an open face.

The hight engine 130 includes a Hght board 205 with 2 number of Hight source
elements 210, and a lens/cover 215, When assembled, the hight board 205
and the lens 215 define a Hight chamber cavity. In some implementations, the
Hight chamber may be substantially sealed to resist the ingress of rooisture,
contaminants or foreign objects. In some examples, the scal may resist
ingress of water, such as may be sprayed under pressure from a hose, for
example.

The light board 205 may include electrical civcudtry arranged on a subsirate
{e.g., printed circuit board, flex circuit, or the like} to supply ¢lectrical
excitation to the light source clements 210, The light board 205 may receive
electrical excitation from conductors disposed in the cavity of the conduit
body. In some implementations, the light board 205 may condition the
received electrical excitation, for example, using digital, analog, ora
combination of such signal processing technigues.

During assembly, the components 235, 210, 215 of the light engine 130 may
be securely attached to the conduit body 125 by fasteners 220. In some
nplementations, the Hght engine 130 may be sealed and/or secured to the
conduit body by adhesive, maguetic, or mechanical fasteners, and/or a
combination of such fasteners. fn various iroplementations, the light engine

130 may be casily removed from the conduit body 125 by hand or using a
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ool (e.g., screwdriver) to facilitate replacement. In some other
nplementations, the attachment mechanism may include vandal-resistant
features, such as non-standard screws that require a specific tool to remove.

[0030]  In some embodiments, assembly operations include providing a light engine
130 as a subassembly. Figure 2(b) depicts an exemplary Hght engine 130 in
an exploded view from a hottom perspective to show further detail. The
light board 205 inclodes a board interface 225 on a surface opposite of the
surface to make rapid electrical connection to conductors, as will be
described in further detail with reference to Figure 2(c).

[0031] Thelens 215 provides interior location and registration features to receive,
register and locate the light board 205 within the lens 215, The hght board

205 may be substantially sealed to the lens 2135, for example with adhesive
gaskets, applied adhesives, by addition of potting compound, or by a
mechanical faster, in some embodiments, the fastencrs 220 may be
configured as captive screws that form part of the light engine {30 as a
subassembly for jnstaliation on a sclected conduit body. Captive serews for
the fasteners 220 may further advantageously simplify assembly by reducing
labor required to mstall the hight engines 130 to the conduit body 125.

160321 Figure 2{c) depicts an exemplary installation operation i which the hight
engine 131} has been partially installed. In this example, two insulated
conductors 245 and 250 extend through the conduit body cavity and two
conduit couplers 260 that are mstalled in each of the two ports of the condut
body 125, To illustrate an exemplary installation, the insulated conductor
250 is depicted as pulled with sufficient slack to form a small loop. The

board interface 225, which is depicted as a two-terminal insulation
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[0033]

[0034]

displacerent type board-mounted connector, receives the wire and makes
electrical connection from the conductor 250 1o a node of the circuitry of the
light board 205. A subseguent eperation (not shown} would involve
installing the insulated conductor 245 (o the remaining open terminal of the
board interface 225 to form a complete civeuit. In various examples, any
practical number of H.Ms may be connected in parallel 1o 2 pair or
conductors, such as the conductors 245, 250,

Figure 2{d} shows an example of another connector system embodiment that
may be used for the board interface 225, A wire interface system 270

-y
I
i

includes a wire-to-board female connector 275 that pierces insulation around
a wire to make clectrical connection to the conductor. As an example, such a
commector 1s commercially available as a self-stripping electrical tap
connector and is sold by 3M Electrical Markets Division of Austin, Texas.
A corresponding board-mounted male connector 280 with a tab 285 and
solder post 290 may be mstalled {e.g., soldered) in place of the board
wmterface of Figure 2(b), for example. As such, rapid mstallation/removal of
electrical connection to the light engine 136 may be advantageously
accomplished by plugginghmphigging of the connectors 275 to the
corresponding tabs 285,

In some implementations, the foregeing operations may be repeated to make
connection to a third or further additional conductors. For example, an
additional conductor may provide a control signal to the signal processing
circuitry on the hight board 205, in some exanples, yet a further additional

conducior may be connecied to the light board 205 {o provide a reference

potential {¢.g., earth ground}.
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[0035] Figure 3-4 show views of various embodimenis of an assembled ICM hght
module.

(0036} Figures 3(a,b,c) illustrate top, side, and perspective views of the exemplary
LM 120 with the Hight engine 130 assembled to the conduit bedy 125,

160371 Figures 3{d,e,) Hlustrate top, side, and perspective views of the exemplary
LM 150 with the oppositely-directed light engines 160a, 160b assembled to
opposite open faces of the conduit body 153,

[0038] Figures 4(a - ¢) lustrate exemplary port configuration embodiments for a
conduit body with a single open face, such as the conduit body 120
Exemplary port configurations similar fo those depicted in Figures 4{a, b, ¢}
may be apphed to variations of the conduit body 150, which has two open
faces.

(00391  Figure 4(c) illustrates an exemplary embodiment in which a Jateral port of
the conduit body in configured with a user input controd 460 (e.g., button}
which may be used to control operation of an integral conduit modular
(1CM) lighting systera. For exarople, the user input control may be arranged
to interrapt current supplied to one or more ILMs in an ICM lighting systent.

(60407 Figure 5 shows views of an exemplary Hght board assembly for an ICM light
module. In this example, the Hght board 205 is configured to condition
clectrical excitation received at the board interface 280 and to supply the
conditioned electrical excitation to a mumber of hght sources, including light
sources 5035, 510, and 515, These Hght sources are depicted as different light
sources, for example, red, blue and white LEDs. In an example, the hight

sources 505-515 may inchide substantially different Uluminants in terms of

wavelength output, intensity, and/or optical characteristies. Examples of

10
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(0041}

[0042]

[0043]

groups of different light sources that may be operated in combination in a
Hght fixture that may be suitable are described, for example, with reference
to at least Figures 7-9 of U.S. Provisional Patent Application entitied “Light
Sources Adapted to Spectral Sensitivity of Diwmal Avians,” serial number
61/314,617, which was filed by Z. Grajear on March 17, 2010, the entire
contents of which are incorporated herein by reference.

Figure 5(f) depicts an exemplary installation operation in which a
subassembly 550 has been prepared to install a pair of conductors, each with
a wire 1o board connector 275 for releasably maating to the tab 285 of a
corresponding board-mounted male connector 280 of a light engine 555.
Figure 6 shows views of an exemplary lens assembly for an ICM hight
module. Figures 6 (a-1) illastrate depict the lens assembly 215 with an
optical lens 603 through which substantially most of the light passes to
escape the light chamber. The optical lens portion 635 may be clear or semi-
ransparent, for example, to promote diffusion. The optical lens portion 605
is supported on a lens base portion 610. A shroud portion 615 extends away
from the optical lens 605, and may provide improved resistance to ingress of
dust or contarminants in the hght chamber of the ILM. Figure 6 (f) illustrates
an inner wall 625 that may substantially closely correspond to a perimeter of
the light board 205 in sealable crabodiments.

1
i

The lens 215 may be substantially transparent to provide a path for light
exiting the sealed Hght chamber. In some examples, the lens may be made
substantially of a plastic film or glass substrate, for example. By way of

example and not mitation, the lens may be formed in whole or part of

polyester, polycarbonate, acrylc, glass, tused silica, or a combination of such

11
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substrates. In some examples, optical properties of the lamp may be
modified by a process such as sand blasting. In some examples, a film may
be deposited {e.g., as a sheet or by spray} on at least a portion of the lens
substrate, which may be glass or plastic, for example. Diffuser films are
commercially available, for example, from Lonunit LLC of Torrance, CA.
In one mmplementation, a holographic diffuser may be applied as a film to
one or both surfaces of the lens. The lens may inchide a Fresnel lens. The
lens roay be substantially {lat in some examples.

[0044]  Figure 7 depicts end and side views of the ithustrative free range-style
chicken coop installation of Figure 1, with an iilustration of exeroplary
ilumination from the ICM lighting system. In the upper level of the coop
mstallation 100, the ILM 150 projects hght in two opposing directions, with
an exemplary bearo distribution angle 705 that iluminates substantially most
of the volume of the bays 110, Similarly, in the lower level of the coop
matallation 100, the two ILMs 120 projects light in opposing directions, with
an exeroplary beam distribution angle 710 that iHuminates substantially most
of the volume of the bays 110,

[6045] Figures &-9 show perspective views of embodiments of the ICM installed in
various applications.

[0046] Figure 8(a) depicts an excmplary roadside illumination system integrated
mito a roadside barrier sysiem &00. The systern 800 includes a guard rail 805
mounted on support members 810, and it features 1llumination with an ICM
Hghting systern 815 to promote safety. As depicted, the conduit sections
miay be fiexible conduii, or the ICM conduit sections may be shaped to

substantially conform to the shape of the guard rail 805, as dictated by road

12
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contours. The illomination provided by the ICM lighting system 815 may
provide advantages in dynamic ihumination, with extremely high efficiency,
low power consumption, high power quality, and high reliability and long
life, for example, using LED light sources as described herein.

160471 Figure 8(b) depicts a typical service corridor 850 iHluminated at mtervals
with the LM 120 oo the ICM Lighting systems 855, which may be installed
in paralicl with various conduits €60 that may extend through at least a
portion of the service comidor 850, The ICM Hghting systems may
advantageously provide low cost, reliable lighting that may be readily
instatled in such an environment.

[0048] Figure 9(a) depicts an ilfustrative electrical apparatas 900 including an
electric service panel 905 {e.g., circuit breaker box) that reccived AC service
via a conduit 910, A conduit 215 is connected to supply AC service to the
LM 920 on its own circuit, As such, the LM 920 may ilhiminate the area
on or around the service panel 9035 even if the circuit breaker that supphes
general illumination 1o the service panel arca has mterrupted power to the
general illumination (if any) in the area around the service panel 905, In
various examples, one or more IEMs may be configured to direct light so as
to tlumunate portions of the service panel that may be viewed during
maintenance, for example. In some implernentations, the ILM 928 may have
a user inpui control to enable/disable the hght, such as the exemplary user
mput control described with reference to Figure 4(e}.

[0049]  Figure 9(b) shows an excroplary portion of an ICM lighting system 950 with
anon-lincar spatial arrangement of ILMs 260, 970. In this exarople, conduits

9535 are aligned along a longitudinal axis of the conduit body 960. However,

13
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a conduit 965 is arranged orthogonal to the longitudinal axis of the conduit
body 960. [LM 970 is oriented with its Tongitudinal axis orthogonal to the
orthogonal axis of the conduit body 960, and has a conduit 975 cxiending
from a port aligned along an axis orthogonal to the longitudinal axis of the
conduit body 970, Various other embodiments may be spatially arranged in
different orientations, and may not be arranged to be coplanar.

[005G] Figure 10 shows an cxploded perspective view of an exemplary ICM
assernbly with enhanced thermal management. The depicted embodiment,
which may be suitable for industrial Hghting or for agricultural lighting of
livestock such as swine or cattle, for example, includes a conduit body 1605
for assembly to a light engine 1030, The hght engine 1030 inclodes a
thermal management elernent 1010, a hight board 1015, a lens 1020, and
fasteners 1025, When assembled, the light board 1015 is supported in direc
thermal contact with the thermal management element 1010, The thermal
management clement 1010 inchides a central aperture to accommodate
electrical connection of the board interface 225 to the electrical conductors in
the cavity of the conduit body 1005, The thermal management clement 1010
includes {ins to increase surface area to promote heat transfer o ambient air,
for example. By way of example, and not limitation, the thermal
management element 1010 may include extruded, cast, stamped, or milled
materials of relatively high thermal conductivity {e.g., aluminum, anodized
metal) to promote heat transfer {rom the Hght board 1015 to a local ambient
heat sink.

[0051] Figures 11-14 show views of further exemplary embodiments for an {CM.

14
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[0052] Figure 1 shows views {from various perspectives of an exemplary low
profile hight engine module 1105 mounted to a conduit body 1110 thathas a
substantiafly round form factor forming a corresponding cavity, The light
engine module 1105 includes a housing (e.g., metal or plastic or combination
thereof) to provide a thermal heat sink to manage a temperature of the hght
source and driver cireniity comtained i the Hght engine module 1105, The
housing is formed to have a thermally conductive flange 1120 with mounting
holes 1125 to enable direct attachment to attachment poinis in the conduit
body 1110, In some exanmples, the attachroent points in the conduit body
miay be standardized receptacies, which may be molding or machining. The
conduit body 1110 depicted in this example {urther inchudes apertures 1130
to provide for wiring to an mternal cavity formed within the conduit body
1110 and the Hight engine module 1105,

[0053]  In some applications, the light engine module 1105 may be mechanically
matalled or uninstalled rapidly to and/ or from the conduit body by for
example tostalling or removing two or more screws through a patr of
mounting holes 1125 when registered with the standardized attachment
points of the conduit body 1110, In some other examples, one or more
barbed posts anchored to the condutt body may provide rapid attachment of
a light engine module to a standard conduit body, for example, without
requiring any tools to complete the mechanical attachment.  In some
applications, a tool may be used to form the clectrical nterface between the
Hight engine module 1105 and the supplied wiring in the cavity of the conduit

body 1110.

15
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[0034] In various embodiments, the conduil body 1110 may be formed i a different
shape, such as square, rectangular, pentagon, hexagon, octagon, or have any
practical mumnber of sides. The sides may be of different lengths, suchasina
rectangular form factor, for example.

[60S5] Figure 12 shows an exemplary asserobly 1200 that includes a hght engine
module 1205 and an optical reflector 1210, The reflector 1210 may direct a
substantial portion of the ight ouiput from the fight engine module 1205
within a prescribed beam angle. Soch a reflector may achieve substantially
enhanced efficacies in some applications. As depicted in this exampie, the
light engine module 1205 includes a lens module 1215 that is securable 1o an
opposing portion of the housing by mounting holes 1220 arranged arcund an
anmular flange portion of the lens module 1215,

[0036] The lens module 1215 of this exarople is a substantially flat section, with 2
corresponding beam paitern. In various embodiments, the lens may be
substantially clear {c.g., transparent plastic, glass). Some other examples
may include a diffusive material to promote scattering and more even
distribution of light. Various embediments may incorporaie a spectraily
shifting filter to adjast the color output, for example. Some examples may
meorporate a phosphor and/or nanocrystals to substantially shift at least a
portion of the spectral encrgy from the scurce, for example, from blue
toward green and/or red spectram light with longer wavelengths.

[0057] Figure 13 shows an exemplary hght engine asserobly 1300 that include a
Hght engine module 1305 and 2 lens module 1310, The lens module 1310 of
this example is a substantially spherical section, with a corresponding beam

pattern. In various embodiments, the lens may be substantially clear (e.g.,
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transparent plastic, glass). Some examples may inchide a diffusive material
io promote scattering and more even distribution of light. In the depicted
example, the light engine module 1305 housing includes a first array of (e.g.,
two) concentric holes 1315 for attachment to a conduit body. The light
engine module 1305 housmg includes a second array of {e.g., three or four}
conceniric holes 1320 for sealing attachment to the lens module 1310, By
way of example and not imitation, the attachments for these holes 1315,
1320 may be, for example, by rivet and/or machine screw, for example.
[0058] Figure 14 shows an exemplary asscobly 1400 that inchudes a reflector 1405
with heles provided for attachment to light engine moduics, such as the light
engine assermnbly 1300, for example. The holes n the reflector 1405 permit

~

registration with the holes 1315, 1320 of Figure 13, for example, thereby
permitting attachment of the reflector 1405 in various applications. The
reflector 1405 may be formed of a thermally conductive material, such as
metal (e.g., aluminum-containing substance). The reflector 1405 may
advantageously provide a substantially reduced thermal fmpedance for
removing heat from the light engine module. The reflecior may be
assembled, as an optional featare, with substantially no additional hardware
than required to asserobie the lens module to the Hight engine module 1300 as
shown in assembly 1450, for example, and/or the light engine assernbly 1306
io any appropriate conduit body.

(00581 Although various embodiments have been described with reference to the
figures, other embodiments are possible. For example, some embodirenis
miay be iroplemented to illuminate other styles of coops other than frec-range

style coops.  In an iHustrative exarople, some embodiments may position the
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ILM substantially centered within a cage and directed substantially
downward {¢.g., with at least a 90 degree beam pattern with respect to one
axis} to illominate the cage while populated with animals. Some
implementations may position an ILM above and/or between the food and
water facilities in each cage, and directed substantially downward or at a
downward angle to tHuminate the food and water facilities,
[006G] The conduit body 125 of Figure | may be of or compatible with such conduit
types as galvanized rigid conduit (GRC), EMT {electrical metallic tubing),
FMT (flexible metallic tubing), aluninum, or intermediate metal conduit
(IMC) type. Some embediments may be sized for compatibility with
industry standard sizes {e.g., about 0.5, 0.75, 1, 1.25,1.5,2, 2.5, 3,3.5, or 4
mches), or otherwise available in a particular local region. In some
examples, the conduit 115 and/or the conduit body 125 may be made of
metallic materials, soch as aluminom, copper, brass, sieel, iron, nickel, or a
combination of these or other metals. In some apphications, the conductive
conduit may be coated, for example by an anodization process or a painting
process. In some iraplementations, metalhic materials for the conduit 115
and/or the conduit body 125 may advantageously provide a redoced thermal
mmpedance from the light engine 130 to a local ambient teroperature, which
may advantageousiy permit increased light output ratings. Conductive
conduit materials may also provide advantages in safety, durability, and may
provide a path for curvent to flow, for example, to a reference potential {e.g.,

ground).
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[0061]  In some other examples, some or all of the conduit 115 and/or the conduit
body 125 may be made of substantially non-conductive matenals, such as
plastics, such as PV, for example.

[6062] In some embodiments, the signal conditioning performed by the light board
205 of Figure 2{a) roay be performed inresponse to a control signal. For
example, the control signal roay be encoeded as an amphitude or phase-cut
modulated sinuscidal voltage wavetorm. In some examples, the control
signal may include a separate, low voltage or optical signal that is
ndependent of the excitation used to drive the hight sources. For example,
the control signal may be 0-10V which controls the dimming level of an
ILM. In some examples, the conirol signal may selectively address one or
more [LMs arranged in a conduit system. The HL.Mas selected by an address
signal may be controtled in operational states {¢.g., on/off, diroming level).
In some examples, the ILMs may respond to out-of-band signaling, and/or
power hine conununication techniques. Various implementations may
nchude at least one programmed or progranumabie processor with access 1o 2
set of exccutable instructions stored in a data store.

[6063] In some implementations, conductors in addition to those that supply
operating excitation to the ILMs may be routed in some or all sections of the
conduit. For example, a redundant set of conductors may be provided in the
conduit system to obviate the need to pull new wires if the primary wires fail.
Other conductors may supply excitation to loads other than [LM loads.

[0064]  Some conductors in the conduit may supply different excitation, for example,
to provide for multiple zones which may be separately controllable. Foran

lustrative example, separate excitation may be provided to lighting in the

19



WO 2011/123724 PCT/US2011/030843

bays 110 of the coop installation 100 and to lighting in the zone near the
{loor under the bays 110. Accordingly, control may be provided to atiract
animals to various zones and/or away from other zones by applying
differential lighting conditions.

160651 The elecirical excitation supplied to the H.Ms may be substantially AC, DC,
ot other suitable waveform for operating the 1LMs. Some [L.Ms may be
configured to receive low voltage DC (e.g., 10 - 24 V), and/or low voltage
AC {e.g., safety exira low voltage (SELV}). By way of example and not
Hmitation, some other implernentations may be configured to operate from
nominal about 50 or 60 Hertz with excitation leveis of up to about 160V,
120V, 200V, 208V, 220V, 240 V.

[0066] This document discloses, with reference to various embodiments, LED lamp
assemblics that fnclude a Hght engine that may be considered substantially
scaled against ingress of contaminants, such as liquids (e.g., water spray),
dust, or other various contaminants. Certain examples described herein
firther include infegrated thermal management features to provide a low
thermal impedance path for transferring heat away from the components
within an exemplary sealed hight engine. Various embodiments may be
formed with a junction box or a conduit body, for example, of standardized
sizes to form a Heght fixture.

[0067] Unless indicated otherwise, a Hght engine may generally be understood as a
module that receives an electrical energy as an input and converts the
received energy fo a light output. ¥n some examples, a light engine may
further include componcnts that shape the light output, for exarapie, nto a
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[0068] Some bypass circuits implementations may be controlled in response to
signals from analog or digital components, which may be discrete,
integrated, or a combination of cach. Somc embodiments may include
programmed and/or programmable devices (e.g., PLAs, PLDs, ASICs,
microcontroller, microprocessor, digital signal processor {(DSPY), and may
mclude one or more data stores {e.g., cell, register, block, page) that provide
single or multi-fovel digital data storage capability, and which may be
volatile and/or non-volatile. Some control fimetions may be implemented 1o
hardware, software, firmware, or a combination of any of ther.

[0069] Computer program products may contain a set of instructions that, when
executed by a processor device, cause the processor to perform prescribed
functions. These functions may be performed in conjunction with controlled
devices in operable communication with the processor. Computer program
products, which may include software, may be stored in a data store tangibly
embedded on a storage medium, such as an clectronic, magnetic, or rotatmg
storage device, and may be fixed or removable (e.g., hard disk, floppy disk,
thumb drive, U5, BVD),

(60701  In some implementations, a computer program product may contain
mstructions that, when executed by a processor, cause the processor to adjust
the color temperature and/or intensity of highting, which may include LED
hghting. Color temperature may be manipulated by a composite light
apparatus that combines one or more LEDs of one or more color
temperatures with one or more non-LED light sources, cach baving a unique
color temperature and/or Hight ouiput characteristic. By way of example and

not Bmitation, multiple color temperature LEDS may be combined with one
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[0071]

[0072]

[0073]

or more fluorescent, incandescent, halogen, and/or mercury lights sources
io provide a desired color temperature characteristic over a range of
excitation conditions.

Although some embodiments may advantageously smoothly transition the
hight fixture output color from 4 cool color to a warm color as the AC
excitation supplied to the ight engine is reduced, other foplementations are
possible. For example, reducing AC input excitation may shift color
temperatare of an LED fixture from a relatively warm color to a relatively
cool color, for exanple.

In some embodiments, materials selection and processing may be controlled
to manipulate the LED color temperature and other light output parameters
{e.g., miensity, direction) 50 as to provide LEDs that will produce a desired
composite characteristic. Appropriate seiection of LEDs to provide a desired
color temperature, in combination with appropriate application and threshold
determination for the bypass circuit, can advantageously permit tailoring of
color temperature variation over a range of inpuf excitation.

In accordance with another embodiment, AC input to the rectifier may be
modified by other power processing circuitry. For example, a dimmer
module that uses phase-control to delay turn on and/or mterrupt current flow
at selected points in each half cyele may be used. In some cases, harmonic
mprovement may still advantageously be achieved even when current 1s
distorted by the dimmer module. Improved power factor may also be
achicved where the rectified sinusoidal voltage waveform is amplitude
modulated by a dimmer module, variable transformer, or theostat, for

example.
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[0074] In one example, the excilation voltage may have a substantially sinusoidal
wavelorm, such as line voltage at about 120VAC at 50 or 60 Hz. In some
examples, the excitation voltage may be a substantially sinusoidal waveform
that has been processed by a dimming circuit, such as a phase-controlled
switch that operates to delay turn on or to interrupt turn off at a selected
phase in cach half cycle. o some examples, the dimmer may modulate the
amplitude of the AC sinusoidal voltage (e.g., AC-to-AC converter), or
modulate an amplitade of the rectified sinusoidal waveform (e.g., DC-to-DC
converter).

[6075] In some impleraeniations, the amplitude of the excitation voltage may be
modulated, for example, by controlled switching of transformer taps. In
general, some combinations of taps may be associated with a number of
different tums ratios. For example, solid state or mechanical relays may be
used to select from among a number of available taps on the primary and/or
secondary of a transformer so as to provide a tums ratio nearest to a desired
AC excitation voltage,

[0076] In some examples, AC excitation amplitude may be dynamically adjusted by
a variable transformer (e.g., variac) that can provide a smooth contimious
adjustment of AC excitation voliage over an operating range. In some

7

embodiments, AC excitation may be generated by a variable speed/voliage
electro-mechanical generator {e.g., diesel powered). A generator may be
operated with controlled speed and/or current parameters to supply a desired
AC excitation to an LED-based light engine, such as the light engine of

Figure 1, for example. In some impiementations, AC excitation to the light

engine may be provided asing well-known solid state and/or electro-
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mechanical methods that may combine AC-DC rectification, DC-BC
conversion {2.g., buck-boost, boost, buck, flyback), DC-AC inversion {¢.g.,
half- or full-bridge, transformer coupled}, and/or divect AC-AC conversion.

Solid state switching techniques may use, for example, resonant {e.g., quasi-

resonant, resonant), zero-cross {.g., zero-current, zero-voltage) switchmg
techniques, alone or in combination with appropriate modulation strategics
{e.g., pulse density, pulse width, pulse-skipping, demand, or the fike),

(00771 In an flustrative embodiment, a rectifier may receive an AC {(e.g., sinusoidal}
voltage and deliver substantially unidivectional current to LED modules
arranged in series. An effective turn-on voltage of the LED load may be
reduced by diverting current around at least one of the diodes m the string
while the AC mput voliage is below a predetermined level. In various
examples, sclective current diversion within the LED siring may extend the
mmput current conduction angle and thereby substantially reduce harmonic
distortion for AC LED lighting systemas.

[0078})  In various embodiments, apparatus and methods may advantageously
improve a power factor without introducing substantial resistive dissipation

in series with the LED string. For examiple, by controlled modulation of one

ot more current paths through selected LEDs at predetermumed threshold

vatues of AC excitation, an LED load may provide increased effective tum
on forward vollage levels for increased levels of AC excitation. For a given
conduction angle, an effective current himuting resistance value to maintain a
desired peak input excitation current may be accordingly reduced.

[06079] Various embodiments may provide reduced perceptible flicker to humans or

aimals by operating the LEDs {o carry smidirectional current at twice the
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AC input excilation frequency. For example, a full-wave rectifier may
supply 100 or 120 Hz load current (rectified sine wave), respectively, n
response to 50 or 60 Hz sinusocidal input voltage excitation. The increased
load frequency produces a corresponding increase in the frequency of the
ilumination, which tends to push the flicker energy toward or beyond the
level at which i can be percetved by humans or some animals, This may
advantageously reduce stress related to flickering light,

[0080]  In various embodiments, the intensity may controllable, for example, m
respounse to a light ditamer arranged to modulate AC excitation apphied to the
LED. As the light intensity is decreased in response to a phase and/or
amplitude control, the spectral sutput mway, in some embodiments, shift its
output wavelengths. In one example, the LED light may smoothly shifi color
output from substantially white at high intensity to substantially blue or
green, for example, at a lower intensity. Accordingly, various excmplary
matallations may provide controlled combinations of intensity and color.

[0081] Some embodiments roay provide a desired intensity and one or more
corresponding color shift characteristics. Some embodiments may
substantially reduce cost, size, component count, weight, reliability, and
efficiency of a dimmable LED hght source. In some embodiments, selective
current diversion circuitry may operate with reduced harmonic distortion
and/or improved power facior on the AC input current waveform using, for
examiple, simple, low cost, and/or low power circuitry. Accordingly, some
embodiments may reduce energy requirements for ilumination, provide
desired illumination intensity and color using a simple dimrer control, and

avoid illumination with undesired wavelengths.
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[0082] In some embodiments, the additional circuilry to achieve substantially
reduced harmonic distortion may include a single transistor, or may {urther
include a second transistor and a current sense clement. In some cxamples, a
current sensor may mnclode a resistive element through which a portion of an
LED curvent flows. In some embodiments, significant size and
manufacturing cost reductions may be achieved by integrating the harmonic
mmprovement circuitry on a die with one or more LEDs controfled by
harmonic improvement circuttry. In certain exaroples, harmonic
waprovement circuiiry may be integrated with corresponding controlled
LEDs on a common die withou! increasing the nuraber of process steps
required to manufacture the LEDs alone. In various embodiments, harmonic
distortion of AC mput current may be substantially improved for AC-driven
L.ED loads, for example, using cither half-wave or full-wave rectification.

[00€3] For example, in some embodiments a simple diramer control may modulate a
single analog value (e.g., phase angle, or amplitude)} to provide a
substantially desired intensity-wavelength iumination. For exanple,
wavelengths for some embodimenis may be selected, for example, to
substantially emit optimal office ihumination at higher AC excitation levels,
and shifl to blue or red security Highting at energy-saving low AC excitation
levels. In some implementations, some security camcras may have a
relatively highly sensitivity, for example, to a wavelength emutted at the low
AC excitation levels, thereby maintaining adequate lighting for security and
electronic surveillance while permitting substantially reduced energy

consumption during inactive hours, for example.
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[1084]

[0085]

[0086]

(087

This docoment discloses technology relating to integral conduit modalar
Hghting systerns. Related examples may be found in previously-filed
disclosures that have common inventorship with this disclosure.

In some exampies, ight sources may include substantially different
luminants in terms of wavelength output, intensity, and/or optical

~
Fa
H

characteristics. Examples of groups of different light sources that may be

suitable are described, for example, with reference o at lcast Figures 7-9 of
LS. Provisional Patent Apphication entitled “Light Sources Adapied to
Spectral Sensitivity of Diurnal Avians,” serial number 61/314,617, whic

was filed by Z. Grajcar on March 17, 2010, the entire contents of which are
incorporated herein by reference.

Various examples of apparatus and methods may relate to hghting for
providing Hght encrgy at wavelengths that substantially correlate to peaks in
the spectral sensitivity of animals, such as poultry. Examples of such
apparatus and methods are described with reference, for example, at least t
Figures 2A-2B of U5, Provisional Patent Application entitled “Light
Sources Adapted to Spectral Sensitivity of Divmal Avians,” serial number
61/314,617, which was filed by Z. Grajcar on March 17, 2010, the entire
contents of which are incorporated herein by reference.

Some examples may involve dimmable lighting that is viewable by livestock
and lumans. Examples of conditioning circuits for an LED light engine with
selective current diversion to bypass a group of LEDs while AC input
excitation 18 below a predetermivned level, with spectral output to

substantiaily match about three spectral sensitivity peaks of a diurnal avian

and appear substantially white to human vision, are desceribed with reference,
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[0028]

[008Y]

[0090]

[0091]

for example, at least to Figures 1{(a,b} of ULS. Provisional Patent Application
serial mumber 61/314,761, entitled “Dimmable LED Light Engine Adapted to
Spectral Sensitivity of Diurnal Avians and Humans,” which was filed by Z.
Grajear on March 17, 2010, the entire contents of which are incorporated
herem by reference.

Various erobodiments relate to diromable highting for Hivestock. Examples of
such apparatus and methods are described with reference, for example, at
least to Figures 3, SA-6C of LS. Provisional Paient Application entitled
“LED Lighting for Livestock Developrent,” sevial number 61/255,855,
which was filed by 7. Grajear on QOcioher 29, 2009, the entire contents of
which are mcorporated herein by reference.

Examples of technology for dimming and color-shifting a hight source with

~

AC excitation are described with reference, for example, to the various
figures of U.S, Provisional Patent Apphication entitled “Color Tomperature
Shift Control for Dimmable AC LED Lighting,” serial number 61/234,004,
which was filed by 7. Grajear on August 14, 2009, the entire contents of
which are incorporated herein by reference.

Examples of technology for improved power factor and reduced harmonic
distortion for color-shifting a light source are described with reference, {or
example, at least to Figures 20A-20C of U.S. Provisional Patent Application
entitled “Reduction of Harmonic Distortion for LED Loads,” serial naomber
61/233,829, which was filed by 2. Grajear on August 14, 2009, the entire
contents of which are mcorporated herein by reference.

Further embodiments of Hight engines for a lighting system are described

with reference, for example, at least to Figures 1, 2, 5a-58, 7A-78, and 10A-
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10B of U.S. Provisional Patent Apphcation entitied “Architecture for High

[l

Power Factor and Low Harmonice Distortion LED Lighting,” serial nurnber
61/255,491, which was filed by Z. Grajear on October 28, 2009, the entire
contents of which are incorporated herein by reference.

160921 Various embodiments may ncorporate one or more electrical interfaces for
making electrical connection from the lighting apparatus to an excitation
source. An exampic of an clectrical interface that may be used in some
embodiments of a downlight is disclosed in further detat] with reference, for
example, at least to Figures 1-3, or 5 of 1.8, Design Patent Application
entitled “Lamp Assembly,” serial mumber 29/342,578, which was filed by Z.

Grajear on October 27, 2009, the entire contents of which are incorporated

1

herein by reference.

(00931 Some embodiments of a hight apparatus may be integrated with packaging
and/or thermal management hardware. Exaraples of thermal or other
elements that may be advantageously integrated with the embodiments
deseribed berein are described with reference, for example, to Figure 15 in
U.S. Publ. Application 2009/0185373 Al, filed by Z. Grajcar on November
19, 2008, the entire contents of which are incorporated herein by reference.

[00941 A number of tmplementations have been described. Nevertheless, it will be
undersicod that various modification may be made. For example,
advantageous results may be achieved if the steps of the disclosed technigues
were performed in a diffevent sequence, or if components of the disclosed
systems were combined in a different manner, or if the coroponents were
supplemented with other components. Accordingly, other implementations

are within the scope of the following claims.
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CLAIMS

What is claimed 1s:

1. A device for illunination, comprising:

a conduit body;

a substrate with a first side and a second side defining opposing planar
surfaces;

a light engine module comprising an array of light sources arranged on
the first side of the substirate;

a lens module having an interior lens surface adapted fo engage the
substrate to form an enclosed light chamber between the first side of the
substrate and the interior lens surface and containmg the array of Hght sources;
and,

at Jeast one mounting hole for securely mounting the light engine

module in a {ixed position relative to the conduit body.

2. The device of claim 1, wherein the conduit body comprises an industry

standard electrical junction box.

3. The device of claim 1, wherein the conduit body has an industry standard form
factor.
4. The device of claim 1, further comprising a driver circuit for processing

electrical excitation signals received by the Hght engine module and for supplying the

processed electrical excitation signals o the array of light sources.
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5. The device of claim 4, wherein the driver circuit is disposed substantially on

6. The device of claim 1, wherein the electrical excitation signals comprise an

alternating current {AC) signal.

7. The device of claim 6, wherein the electrical excitation signals are nominally

above 100 Volis peal.

3. The device of claim 1, further comprising a reflector to direct the Hght output

substantially within a beam angle according to a shape of the reflector.

9. The device of claim 1, wherein the reflector comprises a thermally conduetive

material to transfer beat away from the hight cogine module.

O
]

L The device of claim 1, wherein an electrical interface disposed on the second
side of the substrate and adapted to receive electrical excitation signals to operate the

hight engine.

11, The device of claima 1, wherein the lens module is sealably engaged with the

substrate.

12. A method of mstalling a device for illumination, comprising:
providing a conduit body;
providing a substrate with a first side and a second side definimng
opposing planar surfaces;
providing a light engine moduic comprising an array of light sources

arranged on the first side of the substrate;
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forming an enclosed Hght charmber between the first side of the
substrate and an interior surface of a lens; and,
securely mounting the light engine module in 8 fixed position relative

io the conduit body.

~

13 The method of claim 12, further comprising coupling AC electrical excitation
signals to the light engine module through an clectrical interface accessible from the

second side of the substrate.

14 The method of claim 13, wherein couphing AC electrical exeitation further
comprises making electrical connection to a supply conductor using an msulation

displacernent connection.

15. The method of claim 12, further comprising processing elecirical excitation
signals received by the light engioe module and supplying the processed elecirical

excitation signals to the array of Hght sources.

16. The method of claim 15, wherein the electrical excitation signals comprise an

alternating current {AC) signal.

17. The method of claim 15, wherein the electrical exeitation signals are

nominally above 100 Velts peak.

18. The method of claim 12, further comprising providing an optical reflector in

thermal communication with the array of light sources.

19. The method of claim 18, further comprising directing light output from the

light sources substantially within a beam angle according to a shape of the reflector.
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20, The method of claim 18, further comprising transferring sobstantial heat away

from the hight engine module through the thermally conductive optical reflector.
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—.;_- 3,5,8,9,14,18-20
Y US 2010/0061108 A1 (ZHANG et al) 11 March 2010 (11.03.2010), entire document 3
Y US 7,488,097 B2 (REISENAUER et al) 10 February 2009 (10.02.2009), entire document 5,8
Y US 7,686,475 BZ (KOIKE et al) 30 March 2010 (30.03.2010), entire document 9, 18-20
Y US 2008/0238345 A1 (JAAN) 02 October 2008 (02.10.2008), entire document 14

D Further documents are listed in the continuation of Box C.
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* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying lﬂe invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fecs were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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