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LIGHT

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application No.
62/111,990, filed on February 4, 2015, and to U.S. Provisional Patent Application No.
62/265,935, filed on December 10, 2015 the entire contents of which are incorporated herein

by reference.

BACKGROUND

[0002] The invention relates to a portable light and more particularly to portable lights
that include LEDs.

SUMMARY

[0003] In one construction, the light includes a plurality of LEDs that operate under either
an AC or DC power supply. A chimney extends through the light and operates to enhance
the cooling of the LEDs.

[0004] In another construction, a light includes a housing defining a bottom end and a top
end, a heat sink disposed within the housing and including a central body that defines a
central aperture, and a plurality of arms coupled to the central body and extending outward
from the central body, each of the arms including a light receiving surface. A plurality of
LEDs is coupled to each of the light receiving surfaces and a hollow tube extends from the
bottom of the housing and is coupled to the heat sink to define a cooling air passage that
passes through the hollow tube and the central aperture to direct cooling air from the bottom

of the housing to the top of the housing.

[0005] In another construction, a light includes a housing, a heat sink disposed within the
housing, a plurality of LEDs coupled to the heat sink and operable in response to a supply of

power, and a first power supply including two power tool battery packs selectively coupled to
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the housing. A second power supply is arranged to receive AC power from an external
source, and a power control circuit is operable to detect the level of charge in each of the
power tool battery packs and to deliver power to the LEDs sequentially from the battery
packs beginning with the battery pack having the lowest state of charge.

[0006] In still another construction, a light includes a housing defining a bottom end and
atop end, and a heat sink disposed within the housing and including a central body that
defines a central aperture and a plurality of external apertures, the central aperture extending
along a central axis of the light and each of the external apertures extending along external
axes that are parallel to and offset from the central axis. A plurality of arms is coupled to the
central body and extends outward from the central body. Each of the arms includes a light
receiving surface and a plurality of fins that extend from the light receiving surface toward
the central axis. A plurality of LEDs is coupled to each of the light receiving surfaces, and a
cooling air flow path extends from the bottom of the housing through the heat sink aperture to

direct cooling air from the bottom of the housing to the top of the housing.

[0007] Other aspects of the invention will become apparent by consideration of the

detailed description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Fig. 1 is a perspective view of a light;

[0009] Fig. 2 is a perspective view of the light of Fig. 1 with the external covers removed;
[0010] Fig. 3 is a bottom perspective view of the light arranged as shown in Fig. 2;

[0011] Fig. 4 is an enlarged view of the bottom of the light of Fig. 1;

[0012] Fig. 5 is a perspective view of the light of Fig. 1;

[0013] Fig. 6 is a perspective view of a chimney and light support member of the light of
Fig. 1;

[0014] Fig. 7 is a bottom perspective view of the chimney and light support member of
the light of Fig. 1;
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[0015] Fig.
[0016] Fig.
Fig. 8;

[0017] Fig.

light of Fig. 1;

[0018]  Fig.
of Fig. 1; and
[0019]  Fig.
Fig. 1.

[0020]  Fig
[0021]  Fig
removed;
[0022]  Fig
[0023]  Fig
[0024]  Fig
[0025]  Fig.
of Fig. 13;
[0026]  Fig
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8 is a section view of the light support member of Fig. 6;

9 is a perspective view of the light support member in section as shown in

10 is a top perspective view of the chimney and light support member of the

11 is a perspective view of the chimney and light support member of the light

12 is an enlarged perspective view of the light support member of the light of

. 13 is a perspective view of another construction of a light;

. 14 1s a perspective view of the light of Fig. 13 with the external covers

. 15 is a bottom perspective view of the light arranged as shown in Fig. 14;
. 16 1s an enlarged view of the bottom of the light of Fig. 13;
. 17 is a perspective view of the light of Fig. 13;

18 is a perspective view of a chimney and light support member of the light

. 19 1s a bottom perspective view of the chimney and light support member of

the light of Fig. 13;

[0027]  Fig

[0028]  Fig

. 20 is a top view of the light support member of Fig. 19;

. 21 is a section view of the light support member of Fig. 18 taken along line

21-21 of Fig. 18; and

[0029]  Fig

. 22 is a top perspective view of the chimney and light support member of the

light of Fig. 13.
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[0030] Before any embodiments of the invention are explained in detail, it is to be
understood that the invention is not limited in its application to the details of construction and
the arrangement of components set forth in the following description or illustrated in the
following drawings. The invention is capable of other embodiments and of being practiced or
of being carried out in various ways. Also, it is to be understood that the phraseology and
terminology used herein is for the purpose of description and should not be regarded as

limiting. The use of "including," "comprising," or "having" and variations thereof herein is
meant to encompass the items listed thereafter and equivalents thereof as well as additional
items. Unless specified or limited otherwise, the terms "mounted," "connected," "supported,"
and "coupled" and variations thereof are used broadly and encompass both direct and indirect
mountings, connections, supports, and couplings. Further, "connected" and "coupled" are not

restricted to physical or mechanical connections or couplings.

DETAILED DESCRIPTION

[0031] Fig. 1 illustrates a portable light 10 that is well-suited for use in areas where
conventional lighting may not be available or may be inadequate. The illustrated light 10
includes a housing 15 that defines two battery ports 20 arranged to receive battery packs 25 to
power the light 10. In preferred constructions, the battery packs 25 are power tool battery
packs 25 that are operable at 18 volts or higher. In other constructions, other battery packs 25
may be used and more than two or a single battery pack 25 may be employed. In preferred
constructions, the light 10 uses open link protocol and controls the battery packs 25 so that

they transmit information sequentially and so that their messages do not overlap.

[0032] The housing 15 contains the electrical components of the area light 10.
Specifically, the housing 15 includes power inputs 30 and power outlets 35 (shown in Fig. 4).
The power inlets 30 connect the area light 10 to an external AC power source to power the
area light 10. The power outlet 35 connects the area light 10 to another device to power that
device. For example, in some embodiments, the power outlets can connect to another light so
that a series of area lights 10 can be daisy-chained together. In other embodiments, the power
outlet 35 can connect to a power tool to power the power tool. The housing 15 also supports
charging circuits 40. The charging circuit 40 electrically couples the power inlet 30 to the
battery pack 25 to charge the battery pack 25. The charging circuits 40 are accessible from

the exterior of the housing 15 for inserting and removing the battery packs 25. In some
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embodiments, the battery packs 25 may be internal or permanently fixed to the area light 10

but are preferably removable power tool battery packs 25.

[0033] The illustrated housing 15 further includes a control panel 45 and a display panel
50 for controlling the operation of the area light 10 and displaying information relevant to the
operation of the light 10 including various operating parameters or conditions of the light 10.
The control panel 45 includes, among other things, a power button 55, a light intensity
control 60, a light intensity indicator 65, and a power source indicator 70. The light intensity
control 60 allows a use to increase or decrease the intensity of the light 10. There can be
three intensity settings when the area light 10 is using DC power and six intensity settings
when the area light 10 is using AC power. The light intensity indicator 65 may include a
plurality of indicator bars that depict the level of intensity that the light 10 is supplying.
Additionally the indicator bars may appear one color when the area light 10 is using DC
power and a different color when the area light 10 is using AC power. The power source
indicator 70 may include a second set of indicator bars that depict the amount of power (i.e.,
the state of charge) remaining in the battery packs 25. The panel 50 may also include an
indicator that indicates what operating mode the light is in or other features and parameters of

the light 10.

[0034] In some arrangements, the light 10 is operable remotely using any suitable
communication scheme (e.g., Bluetooth, ONE-KEY etc.). In one construction, ONE-KEY
can be used to remotely control the light 10. In these constructions, the panel 45, 50 may
include an indicator that operates to notify a user when ONE-KEY is being used to control
the light 10. In addition, there may be a control that locks the light 10 from being able to be
controlled by a ONE-KEY device. The lock-out could be permanent or it could be for a fixed

and predetermined period of time.

[0035] ONE-KEY includes an application for use on mobile devices such as smartphones
and tablets. The ONE-KEY application could include a battery charge indicator and a status
indicator (e.g., charging, waiting to charge, fully charged, etc.). In one construction, a
desired run time can be selected (either at the control panel 45 or in the ONE-KEY
application), and the light 10 computes a light intensity to achieve that run time based on the
current state of charge of the battery packs 25, and the light output is set to that level of

intensity.



WO 2016/126964 PCT/US2016/016602

[0036] In addition, the ONE-KEY application may allow the user to control what is done
in response to a loss of DC (battery) power. For example, the light 10 could turn off, flash,
run for a limited additional time period, etc. In one embodiment the light 10 is configured to
adjust its brightness lower based on the proximity of the device that is using the ONE-KEY
application to control the light 10.

[0037] In operation, if both the battery pack 25 and an AC power source are connected to
the area light 10, the AC power source will charge the battery pack 25 and power the area
light 10. If multiple battery packs 25 are inserted into the battery ports 20 (thereby
connecting to charging circuits) during this time, the AC power will be used to charge one
battery pack 25at a time until all of the battery packs 25 are charged. When the AC power
source becomes disconnected from the area light 10, the battery pack 25 (if sufficiently

charged) will automatically begin powering the area light 10.

[0038] Although multiple battery packs 25 can be inserted into the battery ports 20 at a
given time, the illustrated area light 10 only utilizes one battery pack 25 at a time. The area
light 10 will utilize one battery pack 25 until that battery pack 25 has been fully drained of
power. Then, the next battery pack 25will begin powering the area light 10. In other words,
the area light 10 is configured to utilize the battery packs 25 sequentially rather than in
parallel.

[0039] When only a single battery pack 25 is inserted into the battery port 20 and
thereby connected to the charging circuit 40, the area light 10 will engage in a power saving
mode. During the power saving mode, the area light 10 will prolong the battery life by
automatically decreasing the light intensity when the charge of the battery pack 25 falls
below a certain level. When two or more battery packs 25 are inserted into the battery port
20, the area light 10 will continue to operate at the specified intensity level until each battery
pack 25 is drained. When only one battery pack 25 remains un-drained, the area light 10 will
go back into the power saving mode, reducing the intensity of the light in order to extend the

battery life of the remaining battery pack 25.

[0040] Thus, the light 10 can be powered by DC current provided by the battery packs 25
or AC power provided by a conventional AC power source. When the light 10 is powered by
DC from the battery packs 25, the light 10 first takes power from the battery pack 25 that has
the lower state of charge to preserve the charge of the more highly charged battery pack 25.
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The battery packs 25 are then discharged in sequence and not in parallel. Of course, other
arrangements or operating modes may vary the discharge arrangement of the battery packs
25.

[0041] With reference to Fig. 5, an upper portion 75 of the housing 15 operates to enclose
the top portion of the light 10 and operate as a lens or diffuser to improve the quality of the
light emitted by the light 10. A bottom cover 80, illustrated in Fig. 3 and a middle cover 85,
illustrated in Fig. 2 cooperate with the upper portion 75 of the housing 15 to substantially

enclose a water-tight space within the light 10.

[0042] As illustrated in Fig. 2, the light 10 includes a plurality of printed circuit boards 90
that control the flow of power (including the charging circuit) and control the operation of the
light 10. The circuit boards 90 are positioned within the water-tight space to protect the

electronics from moisture.

[0043] With reference to Fig. 5, the light 10 includes a plurality of LEDs 95 that are
positioned inside of the housing 15 and are operable to emit light (e.g., 10k lumens or more)
as desired. In order to dissipate heat, the light 10 includes a tube or chimney 100 and light
support member or heat sink 105 as are best illustrated in Fig. 6. The chimney 100 includes a
substantially hollow tube that extends from the bottom of the light 10 to the top of the light
10. Seals are formed between the chimney 100 and the housings 15 to maintain the

substantially water-tight space.

[0044] A finned inlet member 110, illustrated in Fig. 4, is attached to the bottom of the
chimney 100 or housing 15 and operates to guide cooling air into the chimney 100. A seal
between the finned member 110, the chimney 100, and the housing 15 inhibits access to the
chimney 100 by a user and/or debris entrance into the chimney 100. The top portion of the
chimney 100 includes a plurality of apertures 115 that facilitate the escape of hot air from the
chimney 100. A triangular cover member 120 engages the top of the chimney 100 to force
the air out of the apertures 115 and also to inhibit access to the chimney 100 by a user or

unwanted debris or water.

[0045] The light support member 105, illustrated in Figs. 6 and 10, is formed from a heat
conducting material and includes a plurality of LED support surfaces 125. The LEDs 95 are
attached to these surfaces 125 and heat generated by the LEDs 95 is conducted into the light
supporting member 105. The member 105 includes a plurality of arms 130 that extend
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outward and support a plurality of fins 135 that increase the surface area and further enhance
cooling. In addition, LEDs 95 may be attached to a top support member 140 that attaches to
the top of the light supporting member 105 to emit light from the top of the light10.

[0046] As illustrated in Fig. 8, a central aperture 145 formed in the light supporting
member 105 receives the chimney 100 and provides thermal conduction therebetween. In the
illustrated construction, the central aperture 145 is polygonal with other shapes being
possible. In preferred constructions, the circuit boards 90 are also connected, or at least
thermally coupled to the chimney 100 to aid in thermal conduction and cooling of the circuit

boards 90.

[0047] In operation, the LEDs 95 are powered by either the DC power supply or the AC
power supply to generate the desired illumination. The circuit boards 90 and the LEDs 95
generate a significant amount of heat during operation. Some of that heat is conducted into
the chimney 100 either directly, or through the light supporting member 105. As the chimney
100 heats, a natural convection pattern is established. The hot air within the chimney 100
rises and exits the light 10, thereby drawing additional cool air into the bottom of the light 10.
In this manner, the cooling ability of the light 10 is enhanced.

[0048] Figs. 13-22 illustrate another version of the light 200 of Figs. 1-12. As illustrated
in Fig. 13, the light 200 includes a housing 205 that is similar to that of the light 10 of Fig. 1.
However, the light 200 does not include an external handle but rather includes a plurality of
legs 210 that provide support for the housing 205 while providing an air space under the
housing 205. In addition, a hinged cover 215 is provided that can open to receive or remove
one or both of the power tool battery packs 25. In the illustrated construction, the cover 215
is illustrated as transparent. However, opaque and colored covers could also be employed if

desired.

[0049] As illustrated in Fig. 14, circuit boards 220 including the light controls as well as a
power control and charging circuits are disposed within the housing 205. In addition, a tube
or chimney 225 that at least partially defines a cooling air path 230 extends through the light
200 from the bottom of the housing 205. As shown in Fig. 15, the chimney 225 opens at the
bottom of the housing 205 to receive a flow of cooling air. In this arrangement, the legs 210
maintain the position of the opening above the ground to assure that air is free to flow

between the legs 210 and into the opening as may be required.
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[0050] Figs. 18-22 best illustrate the chimney 225 and a light support member or heat
sink 235 of the construction of Figs. 13-22. As can be seen, the shape and arrangement of

these features is different than those of the construction of Figs. 1-12.

[0051] The light support member or heat sink 235 includes a plurality of light support
surfaces 240 that are arranged around the perimeter of the light support member 235 and that
each support a plurality of LEDs 245 much like the construction of Figs. 1-12. Specifically, a
plurality of circuit boards are attached or bonded to the light support surfaces 240 and are
thermally connected to allow the LEDs 245 to emit light outward from the light support
member 235 and to allow heat produced by the LEDs 245 to conduct into the light support
member 235. The arrangement of the light 200 of Figs. 13-22 is such that light is emitted in a
360 degree pattern around the light 200. In addition, a flat light support 250 is positioned on
top of the light support member 235 and includes a plurality of LEDs 245 arranged to project
light upward in a direction substantially parallel to a central axis 255 of the light 200 (i.e., the

chimney axis).

[0052] With reference to Fig. 21, the light support member or heat sink 235 includes a
central body 260 that defines a central aperture 265 and a plurality of external apertures 270.
The central aperture 265 and the external apertures 270 extend along parallel offset axes such
that they do not intersect and they extend the full length of the heat sink 235. The central
body 260 is substantially triangular in cross-section. Each of a plurality of arms 275 extends
from the central body 260 and includes one of the light support surfaces 240. In addition, a
plurality of fins 280 extends from each of the light support surfaces 240 toward the central
body 260 to provide additional surface area for cooling. The triangular shape of the central
body 260 provides space for nine arms 275 with two arms 275 extending from each side of
the triangular cross section and one arm 275 extending from each vertex. Of course other

arrangements of the heat sink 235 are possible.

[0053] The central aperture 265 includes a plurality of interior fins 285 that further
increase the surface area in the central aperture 265. Additionally, the external apertures 270
provide more surface area that can be utilized to enhance the cooling effect as air passes

through the external apertures 270 and the central aperture 265.

[0054] While the chimney 100 of the construction of Figs. 1-12 includes a single tube
100 that extends the full length of the light 10, the construction of Figs. 13-22 includes a
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shorter tube 225 that cooperates with the central aperture 145 to complete the cooling flow
path 230. The chimney 225, best illustrated in Fig. 19, extends from the bottom of the light
200 to the bottom of the heat sink 235 where it connects to the heat sink 235. In the
illustrated construction, the chimney 225 threadably engages the heat sink 235 with other

attachment methods also being possible.

[0055] A shorter tube 290, shown in Fig. 18, is connected to the top of the heat sink 235
to complete the cooling flow path through the light 200. A cap 295 is placed on top of the
opened short tube 290 to cover the opening to reduce the likelihood of water entering the
cooling flow path 230. As with the larger tube or chimney 225, the short tube 290 threadably
engages the heat sink 235. The cap 295 can attach using a simple frictional engagement or

can threadably attach to the shorter tube 290 as desired.

[0056] In operation, the user uses a power button 55 to actuate the light 200 and select an
operating mode. The power control circuit or charging circuit 40 determines where power for
the LEDs245 should come from. First the power control circuit 40 determines if AC power is
available from an external source. If AC power is not available, the power control circuit 40
will use the battery packs 25 if they are positioned in the battery pack ports 20. If only one
battery pack 25 is present, power will be drawn from that battery pack 25. If two battery
packs 25 are present, the power control circuit 40 first determines the state of charge for each
of the battery packs 25 and then selects the battery pack 25 with the lowest state of charge to
deliver power to the LEDs 245 much like the embodiment of Figs. 1-12.

[0057] As the LEDs 245 operate, they emit light and produce heat. The heat conducts
into the heat sink 235 and increases the temperature of the heat sink 235. The higher
temperature of the heat sink 235 heats the air within the central aperture 265, the external
apertures 270, and the air around the various fins 280. As the air is heated it rises, thereby
producing a natural convection current through the heat sink 235. In the natural convection
current, cool air enters the cooling flow path through the bottom opening in the tube or
chimney 225. The air rises through the tube 225, through the central aperture 265, into the
short tube 290 and out the top of the light 200 to complete the cooling flow path. Similarly,
air flows through the external apertures 270 and the various fins 280 from the bottom of the
heat sink 235 to the top of the heat sink 235 to enhance the cooling ability of the heat sink
235,

10
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[0058] It should be noted that any feature described with regard to one construction is

equally applicable to any of the other constructions described herein.

[0059] Various features and advantages of the invention are set forth in the following

claims.

11
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CLAIMS
What is claimed is:

1. A light comprising:

a housing defining a bottom end and a top end;

a heat sink disposed within the housing and including a central body that defines a
central aperture;

a plurality of arms coupled to the central body and extending outward from the central
body, each of the arms including a light receiving surface;

a plurality of LEDs coupled to each of the light receiving surfaces; and

a hollow tube extending from the bottom of the housing and coupled to the heat sink
to define a cooling air passage that passes through the hollow tube and the central aperture to

direct cooling air from the bottom of the housing to the top of the housing.

2. The light of claim 1, wherein the housing defines a pair of power tool battery

pack receiving slots each arranged to receive a power tool battery pack.

3. The light of claim 2, wherein the housing defines an external power source

connection arranged to receive an AC power supply from an external power source.

4, The light of claim 3, further comprising a power control circuit operable to
detect the level of charge in each of the power tool battery packs and to deliver power to the
LEDs sequentially from the battery packs beginning with the battery pack having the lowest

state of charge.

5. The light of claim 1, wherein each of the plurality of arms includes a plurality

of fins that each extend from the light receiving surface toward the central aperture.

6. The light of claim 1, wherein the heat sink defines a plurality of external

apertures extending parallel to the central axis.

7. The light of claim 1, further comprising a control panel coupled to the housing
and operable to display at least two of an intensity of the emitted light, a current power source
used to deliver power to the LEDs, a battery charge indication, and a light operating mode

indication.

12
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8. The light of claim 1, further comprising a receiver operable to receive signals
from a source separate from the light, the signals operable to control the operation of the

LED:s.

13
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9. A light comprising:

a housing;

a heat sink disposed within the housing;

a plurality of LEDs coupled to the heat sink and operable in response to a supply of
power;

a first power supply including two power tool battery packs selectively coupled to the
housing;

a second power supply arranged to receive AC power from an external source; and

a power control circuit operable to detect the level of charge in each of the power tool
battery packs and to deliver power to the LEDs sequentially from the battery packs beginning
with the battery pack having the lowest state of charge.

10. The light of claim 9, wherein the housing defines a pair of power tool battery

pack receiving slots each arranged to receive one of the power tool battery packs.

11.  The light of claim 9, wherein the heat sink defines a central aperture and
includes a plurality of arms that extend outward from the central aperture and define a light

receiving surface.

12. The light of claim 11, wherein each of the plurality of arms includes a

plurality of fins that each extend from the light receiving surface toward the central aperture.

13. The light of claim 11, wherein the heat sink defines a plurality of external

apertures extending parallel to the central axis.

14.  The light of claim 9, further comprising a control panel coupled to the housing
and operable to display at least two of an intensity of the emitted light, a current power source
used to deliver power to the LEDs, a battery charge indication, and a light operating mode

indication.
15. The light of claim 9, further comprising a receiver operable to receive signals

from a source separate from the light, the signals operable to control the operation of the

LED:s.

14
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16. A light comprising:

a housing defining a bottom end and a top end;

a heat sink disposed within the housing and including a central body that defines a
central aperture and a plurality of external apertures, the central aperture extending along a
central axis of the light and each of the external apertures extending along external axes that
are parallel to and offset from the central axis;

a plurality of arms coupled to the central body and extending outward from the central
body, each of the arms including a light receiving surface and a plurality of fins that extend
from the light receiving surface toward the central axis;

a plurality of LEDs coupled to each of the light receiving surfaces; and

a cooling air flow path extending from the bottom of the housing through the heat

sink aperture to direct cooling air from the bottom of the housing to the top of the housing.

17. The light of claim 16, wherein the housing defines a pair of power tool battery

pack receiving slots each arranged to receive a power tool battery pack.

18. The light of claim 17, wherein the housing defines an external power source

connection arranged to receive an AC power supply from an external power source.

19. The light of claim 18, further comprising a power control circuit operable to
detect the level of charge in each of the power tool battery packs and to deliver power to the
LEDs sequentially from the battery packs beginning with the battery pack having the lowest

state of charge.

20.  The light of claim 16, further comprising a control panel coupled to the
housing and operable to display at least two of an intensity of the emitted light, a current
power source used to deliver power to the LEDs, a battery charge indication, and a light

operating mode indication.
21. The light of claim 16, further comprising a receiver operable to receive signals

from a source separate from the light, the signals operable to control the operation of the

LED:s.
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22. The light of claim 16, further comprising a tube having a first end connected
to the heat sink and a second end positioned at the bottom of the housing, the tube arranged to
direct cooling air from the second end to the first end to provide cooling air to the central

aperture.
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