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1
SKYLIGHT DIMMER

FIELD

The present application relates generally to skylight dim-
mers.

BACKGROUND

Skylights conserve energy by illuminating interior spaces
in buildings using natural sunlight. As understood herein,
skylights are so eflective at interior 1llumination that people
may want to dim the light entering the room through a

skylight.

SUMMARY

An assembly includes at least one light conveying struc-
ture having an upper end configured to be covered by a
transparent cover and a lower end configured to distribute
light. The light conveying structure 1s configured to guide
sunlight entering the transparent cover through the lower
end mto a room. A dimmer mechanism may be configured
within the transparent cover or within the light conveying
structure. At least one motor 1s coupled to at least one
supercapacitor to energize the motor. Also, at least one
photovoltaic (PV) cell or other power supply 1s coupled to
the supercapacitor to charge the supercapacitor. At least one
wireless receiver 1s configured to receive commands from at
least one remote control (RC) configured for communicating
the commands to the wireless receiver to activate the motor
to move the dimmer mechanism between a {irst configura-
tion, 1n which the dimmer mechanism blocks a first amount
ol a cross-sectional area of the light conveying structure, and
a second configuration, mn which the dimmer mechanism
blocks a second amount of the cross-sectional area of the
light conveying structure, with the first amount being dii-
ferent from the second amount.

In example embodiments, plural supercapacitors are
coupled to the motor. In some examples, the dimmer mecha-
nism 1ncludes at least one movable plate. Indeed, an
example dimmer mechanism may include at least first and
second semi-circular plates (valve elements) pivotable on
respective first and second axles coupled to a cam. Also, at
least one switch can be coupled to the cam to cause the
motor to stop turning responsive to a cam position being
reached. In some examples the plates (valve elements) are
not connected to each other.

Example implementations may include at least one con-
troller configured to receive commands from the RC. The
controller can be configured to maintain the dimmer mecha-
nism 1 a closed configuration responsive to a voltage
indicating low or no sunlight. The controller also can be
configured to deenergize the wireless receiver responsive to
a voltage indicating low or no sunlight. In non-limiting
examples, the controller 1s configured to, responsive to
detecting an imitial charge of the supercapacitor using a
battery or power supply, enter an installation mode 1n which
the wireless receiver 1s maintained energized regardless of
whether the voltage indicates low or no sunlight.

In some implementations the RC includes a single-button
control element (1.¢., one and only one manipulable key) and
the assembly may include at least one switch operatively
associated with the motor to cause the motor to stop turning
regardless of which single-button control element remains
actuated to transmit the commands responsive to a first
angular position being reached. In such embodiments, the
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controller may be configured to delay activating the motor
responsive to the dimmer mechanism being fully open or
fully closed before reversing the motor.

In another aspect, an assembly includes at least one light
conveying structure, at least one movable dimmer mecha-
nism 1n the light conveying structure, and at least one motor
coupled to the dimmer mechanism to move the dimmer
mechanism. At least one supercapacitor 1s configured to
energize the motor, while at least one photovoltaic (PV) cell
or other power supply i1s configured to charge the superca-
pacitor.

In another aspect, a method includes receiving a signal,
and responsive to the signal, supplying power to a motor
from at least one supercapacitor. The motor 1s coupled to at
least one dimmer mechanism to move the dimmer mecha-
nism to alter throughput of light through a light conveyance
assembly. The method also includes charging at least one
supercapacitor using at least one photovoltaic (PV) cell or
other power supply configured to charge the supercapacitor.

The details of the present application, both as to 1its
structure and operation, can best be understood 1n reference
to the accompanying drawings, in which like reference
numerals refer to like parts, and 1n which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of two skylights consistent
with present principles and a remote control, omitting the
PV panel and control box for clanty and showing the
switch/remote control schematically;

FIG. 2 1s a perspective view of an example dimmer
mechanism 1n a first configuration 1n which substantially the
entire cross-sectional area of the tube 1s blocked, with the
control box cover removed to expose portions of an example
non-limiting control box, showing portions 1n phantom;

FIG. 3 1s a perspective view of the mechanism 1n FIG. 2
in a second configuration 1 which the cross-sectional area
of the tube 1s substantially not blocked, with the control box
cover removed for illustration, showing portions in phan-
tom;

FIG. 4 1s a perspective view of the upper portion of the
skylight showing the PV panel and control box, with por-
tions of the flashing, roof, and skylight tube removed for
illustration;

FIG. 4A 1s an exploded perspective view of a portion of
the assembly showing a first technique for mounting the PV
panel to the assembly, with the dome and other portions of
the assembly not shown;

FIG. § 1s a partial cross-sectional diagram showing a
second example technique for mounting the PV panel to the
assembly (1n the example shown, to the flashing), with the
dome and other portions of the assembly not shown;

FIG. 6 1s a partial cross-sectional diagram showing a third
example techmque for mounting the PV panel to the assem-
bly:

FIG. 7 1s a perspective view of an example control box
with the cover removed;

FIG. 8 1s a close-up perspective view of the control box
showing the cam and limit switch;

FIG. 9 15 a close-up perspective view of the control box
showing engagement of a battery or power supply for an
initial charge of the supercapacitors;

FIG. 10 15 a perspective view of an example one-button
remote control;

FIG. 11 1s a flow chart of example operating logic
consistent with present principles;




US 11,585,093 B2

3

FIG. 12 1s a flow chart of example special situation logic
consistent with present principles; and

FI1G. 13 15 a flow chart of example 1nitial battery or power
supply charge logic consistent with present principles.

DETAILED DESCRIPTION

Referning mitially to FIG. 1, a skylight 10 1s shown that
includes a light conveying structure 14 having an open upper
end covered by a transparent preferably roof-mounted cover
16 and an open lower end that may be covered by a
preferably ceiling-mounted diffuser plate 16A. The light
conveying structure 14, although sometimes referred to
herein as a “tube”, may have a circular cross-section or a
cross-section of other shape, e.g., ovular, triangular, rectan-
gular, pentagonal, or other shape.

The light conveying structure 14 may include at least two
segments as shown, with a hollow shroud 18 holding a
dimmer mechanism being sandwiched between two seg-
ments to selectively block light from propagating through
the skylight 10. When the skylight has a circular cross-
section the shroud 18 is cylindrical. As an alternative to
placing the shroud 18 between the segments, 1t may be
positioned on either end of the light conveying structure 14.
Particularly but not exclusively when 1t 1s positioned at the
top end (1.e., just below the dome 16), the dimmer mecha-
nism discussed below can be coated with reflective material
to function as retlectors when 1n the open configuration, to
increase the amount of light directed into the skylight 10.
The shroud 18 may be integral with the segments of the light
conveying structure.

As set forth further below, the dimmer mechanism within
the shroud 18 may be activated to open and close. To this
end, an actuating device 20 such as a wall-mounted cable
connected switch or 1n the embodiment shown a wireless
hand-held user command signal generator that uses, e.g., 1
or IR signal transmission communicates with components
within the skylight. When a motorized system 1s used, the
actuating device 20A may automatically and incrementally
move the valve throughout the day as appropriate to adjust
the amount of light being passed through the skylight 10 to
establish a constant 1llumination eflect over the course of the
day. The movement can be based on a clock or on signals
from a light sensor 21. In some embodiments the light sensor
1s established by one or more of the below-described pho-
tovoltaic (PV) cells.

A second skylight 10A that in all essential respects 1s
identical 1n configuration and operation to the skylight 10
described above may be provided in the same bulding, for
example.

Now referring to FIGS. 2 and 3, the shroud 18 may be
formed with an outer circumferential flange 22 against
which the lower edge of the upper tube segment and upper
edge of the lower tube segment of the tube structure 14 abut.
Also, pivotably disposed within the shroud 18 are first and
second semicircular plates (valve elements) 24, 26, which
rotate about respective axles 28, 30 between the closed
configuration shown in FIG. 2, wherein light passage
through the shroud 18 (and, hence, skylight 10) 1s substan-
tially blocked, and the open configuration shown 1 FIG. 3,
wherein light may pass through the shroud 18. It can be
appreciated in cross-reference to FIGS. 2 and 3 that the
valve elements 24, 26 rotate through no more than minety
degrees (90°). It can also be noted that the plates (valve
clements) 24, 26 shown in FIGS. 2 and 3 are not connected
to each other. Each axle 28, 30 1s held at opposite ends to a
respective clip 28A, 30A that 1s fastened to a respective plate
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24, 26, e.g., by tasteners, or adhesive, or soldering, or other
means. In other examples, the clips 28 A, 30A may be joined
together 1n the manner of a door hinge with interlocking
loops that form a channel through which a pin extends.
Instead of a single long axle, each plate may have two
opposed short axles extending only part way across the plate
(1.e., only part way across the diameter of the skylight tube).
To move the axles 28, 30 (and, hence, the valve elements
24, 26), 1in response to user command signal from the
actuating device 20, one or more (in the example shown,
five) supercapacitors 33 on a control box 335 (control box
cover removed 1n FIG. 2) are charged by one or more
photovoltaic (PV) cells shown 1n subsequent drawings and
described further below to drive a DC motor 34. As under-
stood herein, supercapacitors advantageously last longer
than batteries 1n typically hot attics, and typically can be
recharged faster than batteries, while posing less fire risk.

i

The DC motor 34 in turn may be coupled to a reduction
gear train housed 1n a gear train housing assembly 36, with
the reduction gears reducing the speed of rotation of the
motor 34 to an operating speed of a gear train shaft. The gear
train shait in the preferred embodiment 1s coupled with a
cam 38 that preferably rotates through one hundred eighty
degrees (180°). Both axles 28, 30 may ride on the cam 38.
The cam 38 may be configured such that as 1t rotates through
180°, each axle 28, 30 rotates through 90°.

Alternatively, a linkage can be provided between the cam
38 and axles 28, 30. The linkage may include a sliding
clement that provides linear translation of the rotation of the
cam. The sliding element can be coupled to a lever that 1n
turn 1s coupled to the axles to turn the axles and in effect
transform translational motion of the linkage back into
rotational motion of the axles.

In the embodiment shown, since the plates (valve ele-
ments) 24, 26 are semicircular, they each define a diameter,
with the height “H” of the shroud being substantially smaller
than the diameter as shown, resulting 1n a lower profile and
less clearance problems during installation. If desired, as
best shown 1n FIG. 3 the shroud 18 may be formed with a
lip 40 that circumscribes the mnner surface of the shroud,
with the plates (valve elements) 24, 26 resting on the lip 40
when 1n the closed configuration to better seal the light
passageway and prevent light leakage. When the light con-
veying structure 14 1s rectangular in transverse cross-sec-
tion, the valve elements can be rectangular to match the
contour of the light conveying structure and would have a
“width” defined by the dimension of their respective edges
which are perpendicular to the axes about which they rotate.

Returning to FIG. 2, the control box 35 may support
additional components discussed further below, including a
controller or microprocessor 42 accessing a program storage
device 44, a wireless recerver or transceiver 46, a mght mode
selector switch 48, and a pairing button 50. The program
storage device 44 may be disk-based or solid-state storage or
other appropriate computer storage medium. Note that the
layout of the control box 35 1s but a non-limiting example,
and that an alternate layout 1s described further below 1n
respect of certain control box components.

FIG. 4 shows the shroud 18 engaged with a light con-
veying assembly 400. The assembly 400 may 1include one or
more internally reflective skylight tubes 402 above which a
hollow roof flashing 404 1s attached to mount a skirt 406 of
the flashing 402 to a rootf 408. The skylight cover 16 covers
the top end of the assembly 400 as shown. The control box
35 may be attached to the exterior of the assembly 400, e.g.,
using one or more brackets or bands.
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As shown 1n FIG. 4, a PV panel 410 comprising plural PV

cells 1s attached to the exterior of the assembly and 1n the
example shown 1s attached to the exterior of the flashing
404, exposed to sunlight during the day. The PV panel 410
in the example shown 1s oriented generally horizontally, 1t
being understood that the PV panel may be tilted as appro-
priate for the latitude of the installation to directly face the
sun at, for example, the equinox, or one of the solstices.
Alternatively, the PV Panel may track the sun in order to
directly face the sun at all times when the sun 1s above the
horizon. FIG. 4A illustrates an example implementation in
which the PV panel 410 with plural PV cells 411 1s mounted
to the light conveyance assembly, and in the example
contemplated to the flashing. A bracket assembly 412 is
coupled to the PV panel 410. The bracket assembly 412 may
include plural brackets 414 extending upwardly from a
bracket strip 416, with the brackets 414 and strip 416 being
slightly curved 1n the circumierential dimension as shown to
form arcs of a cylinder to mate with the exterior cylindrical
surface of the flashing 404 or other cylindrical portion of the
lig'lt conveyance assembly.
In the example shown, 1t will be appreciated that no part
of the bracket assembly 412 extends over the top edge of the
flashing into the light conveying passageway. Instead, each
bracket 414 1s held against the exterior surface of the
flashing 404 by one or more fasteners 418, which may be set
screws that abut the exterior surface of the flashing or which
may be sheet metal screws or other types of fasteners that
extend through the flashing but that are not secured on the
inner part of the light conveying passageway by nuts or
similar complementary fasteners. IT desired, however, nuts
may be used to secure each screw 418. One or more wires
420 can connect the PV panel 410 to the appropnate
components of the control box 35.

FIGS. 5 and 6 illustrate alternate example techniques for
attaching the PV panel 410 to the flashing 404. In FIG. 5,
one or more brackets 500 are attached to the PV panel, e.g.,
by fasteners or adhesive or other appropriate means. In an
example, three brackets are used. Each bracket may have
one or two legs 502. When one leg 1s used 1t 1s positioned
flush against the exterior of the flashing. When two legs are
used 1n the non-limiting embodiment shown, the legs of a
bracket straddle the top edge 504 of the flashing 404. One or
more fasteners 506 may extend through holes 1n the legs 502
that are registered with an opening through the flashing 404
to securely hold the PV panel onto the exterior of the
assembly 400, outside of the interior light-conveying space.

FI1G. 6 1llustrates another alternative technique in which a
bracket 600 that may be L-shaped as shown 1s attached to the
PV panel 410, with an optional horizontal segment 602 of
the bracket 600 resting on the top edge 504 of the flashing
404 but not extending down 1nto the interior of the assembly
400. This supports the PV panel 1n the vertical dimension. A
fastening mechanism such as a duct clamp 604 with worm
drive fastener can circumscribe the bracket 600 and flashing
404 to hold the PV panel against the exterior of the assem-
bly.

FIGS. 7-9 illustrate example non-limiting features of a
control box 700 that may include some or all of the com-
ponents shown 1n FIG. 2 and described above. In FIGS. 7-9,
one or more supercapacitors 702 (five shown) can be
mounted on a circuit board along with a controller 704 such
as a microprocessor or digital signal processor (DSP) or
other appropriate processor to control operation of a motor
706. The supercapacitors 702 are electrically connected to
the PV panel 410 to receive solar-generated electricity
therefrom to charge the supercapacitors post-installation.
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The motor 706 can be coupled to a cam mechanism 708
with a periphery having a straight segment as shown. The
cam mechanism 708 1n turn 1s coupled, e.g., via reduction
gears, to the axles 28, 30 shown 1n FIG. 2 to move the plates
(valve elements) 24, 26 between the closed and open con-
figurations shown 1in FIGS. 2 and 3. A battery receptacle 710
may be provided on the control box 700 and electrically
connected to the supercapacitors 702 to mnitially charge the
supercapacitors 702 as more fully disclosed below. After
initial charge, the battery or power supply typically is
removed, and the apparatus thereafter operates as a battery-
less system.

FIG. 8 1llustrates that one or more limit switches 800 are
mechanically engaged with the cam 708 to generate signals
indicating the attainment of limait positions (fully open and
fully closed) of the plates (valve elements) 24, 26. FIG. 9
illustrates an example 1nitial charge battery or power supply
900 plugged into the battery receptacle 710 to mnitially
charge the supercapacitors usually during installation of the
assembly.

With the above combinations of structure in mind, atten-
tion 1s drawn to FIGS. 10-13 to 1llustrate example principles
of operation of the supercapacitor-based dimmer assemblies
described above. FIG. 10 illustrates that a one-button remote
control (RC) 1000 may include only a single manipulable
key 1002 which when pressed causes a wireless signal to be
transmitted by a transceiver 1004, shown schematically in
FIG. 10. The signal 1s received by a receiver in the dimmer
assembly, e.g., the receiver 46 shown 1 FIG. 2. However, 1n
other embodiments multiple keys on the remote control may
be linked to multiple functions on the microprocessor 42
shown on FIG. 2 may be provided on the RC.

FIG. 11 1illustrates logic that the dimmer assembly con-
troller may pertorm. FIG. 11 indicates at state 1100 that 1T a
signal 1s received from the RC 1000 and sent from the
receiver 46 to the assembly controller such as the processor
shown 1n FIG. 2 or FIG. 7, the processor logic moves to state
1104, but otherwise (no signal) the logic ends at state 1102
to not move the motor and, hence, the dimmer plates (valve
clements).

At state 1104 1t may be determined, based on signals from
the limit switch 800 shown 1n FIG. 8 and described above,
whether the plates (valve elements) are at a limit (ully open
or fully closed). If not, the dimmer plates (valve elements)
are moved at state 1106 by energizing the assembly motor,
¢.g., the motor 706 shown i FIG. 7. This 1s accomplished
by completing an electrical path via a switch or other
appropriate component between the motor and the superca-
pacitors.

However, 11 1t 1s determined at state 1104 for example via
signal from a limit switch that the dimmer plates (valve
clements) are fully opened or fully closed, as the signal from
the RC 1s continuously received the controller delays, e.g.,
for a few seconds, prior to moving to state 1110. This 1s to
allow synchronization of multiple assemblies 10, 10A (FIG.
1) that may be 1nstalled 1n a common area and that may be
controlled 1n concert with one another using a Smgle RC,
since such multiple assembles typically operate in different
states of supercapacitor charge and, hence, at different
voltages and thus different motor speeds. After the delay
period and while the signal from the RC 1s being received,
the logic moves to state 1110 to reverse the direction of
motor rotation and then energize the motor to move the
plates (valve elements) at state 1106. As long as the RC
signal 1s received, the plates (valve elements) are moved
until a limit position 1s again sensed, causing the delay and
motor reversal once again as described above.
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FIG. 12 illustrates additional logic that may be advanta-
geously undertaken by the dimmer assembly controller. If
low voltage of the supercapacitors 1s detected at state 1200,
the radio (i.e., the wireless receiver) may be deenergized at
block 1202. Voltage detection may be done by the controller
monitoring the voltage output of the supercapacitors, mov-
ing to state 1202 when the voltage drops below a threshold.
Also, 11 night mode 1s detected at state 1206 as indicated by,
e.g., a low output current from the PV cells described herein,
in addition to deenergizing the radio at state 1202, the
dimmer mechanism either may be either closed (night mode
1) or held at whatever position between open and closed it
happens to be when night falls (night mode 2). The night
mode can be established during installation by appropnately
manipulating the night mode selector switch 48 shown in
FIG. 2.

FIG. 13 illustrates logic that may be executed during
installation when the supercapacitors are initially charged by
the battery or power supply 900 shown i FIG. 9 being
plugged into the battery receptacle 710. The controller
senses a voltage from the receptacle 710 (or otherwise
senses battery or power supply engagement such as indi-
cated by a mechanical switch) at state 1300. Moving to state
1302, the controller enters an installation mode, 1n which it
proceeds to state 1304 to ensure the radio (wireless recerver)
1s energized to receive control signals as may be 1nitiated by
the installation technician regardless of whether night mode
1s indicated, e.g., by a low current output from the PV cells.
This 1s necessary because as understood herein, the PV cells
may still be 1n the box during part of the installation or not
connected to the control box during part of the installation.
However, once daylight 1s sensed by the controller at state
1306, it can enter the normal operating mode described
above 1n reference to FIGS. 11 and 12 at state 1308.

FIG. 13 also indicates that at state 1310, one or more RCs
(such as the RC 1000 in FIG. 10) can be paired with the
controller so that the controller responds to the paired RCs.
Typically, the assembly 1s shipped with one RC already
paired. Additional RCs can be paired by manipulating the
pairing button 50 shown i FIG. 2 while holding down the
RC key, signaling to the controller that signals having the
characteristics of the RC being paired should be responded
to. All units may also have a master remote from the
manufacturer that i1s pre-paired to communicate with any
dimmer mechanism.

Note that the RF section of the receiver including, e.g., the
wireless receiver or transceiver 46 may be cycled on and offf
periodically to conserve energy.

Note further that in an embodiment, in addition to or in
licu of the RC, a cable may connect a wall-mounted manipu-
lable switch to the control elements in the control box to
control position of the dimmer. Thus, the assembly may
include at least one controller or relay configured to receive
commands, and at least one remote switch mechanism
configured for communicating the commands to the dimmer
controller via hard wires.

While the particular device 1s herein shown and described
in detail, 1t 1s to be understood that the subject matter which
1s encompassed by the present mvention 1s limited only by
the claims.

Components 1included in one embodiment can be used in
other embodiments in any appropriate combination. For
example, any of the various components described herein
and/or depicted 1n the Figures may be combined, inter-
changed, or excluded from other embodiments.

“A system having at least one of A, B, and C” (likewise
“a system having at least one of A, B, or C” and “a system
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having at least one of A, B, C”) includes systems that have
A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, eftc.

What 15 claimed 1s:

1. An assembly, comprising:

at least one light conveying structure having an upper end
configured to be covered by a transparent cover and a
lower end, the light conveying structure being config-
ured to guide sunlight entering the transparent cover
through the lower end mto a room:;

a dimmer mechanism 1n the light conveying structure;

at least one motor;

at least one power supply coupled to the motor to energize
the motor;

at least one wireless recetver configured to receive com-
mands from at least one remote control (RC); and

at least one controller configured to receive commands

from the RC and:

activate the motor to move the dimmer mechanism; and

maintain the dimmer mechanism 1n a closed configuration

responsive to at least one light sensor providing output
indicating low or no sunlight.

2. The assembly of claim 1, wherein the power supply
comprises at least one supercapacitor.

3. The assembly of claim 1, comprising at least one
photovoltaic (PV) cell coupled to the power supply to charge
the power supply.

4. The assembly of claim 1, wherein the dimmer mecha-
nism comprises at least one valve element.

5. The assembly of claim 1, wherein the dimmer mecha-
nism comprises at least first and second semi-circular valve
clements pivotable on respective first and second axles, the
first and second axles both being coupled to a cam, at least
one switch being coupled to the cam to cause the motor to
stop turning responsive to a cam position being reached, the
valve elements not being connected to each other.

6. The assembly of claim 1, wherein the at least one
controller 1s configured to deenergize the wireless receiver
responsive to a voltage from the light sensor indicating low
or no sunlight.

7. The assembly of claim 1, wherein the controller 1s
configured to, responsive to detecting an 1nitial charge of the
power supply using a battery or power supply, enter an
installation mode in which the wireless recetver 1s main-
tained energized regardless of whether the voltage indicates
low or no sunlight.

8. An assembly, comprising:

at least one light conveying structure having an upper end

configured to be covered by a transparent cover and a
lower end, the light conveying structure being config-
ured to guide sunlight entering the transparent cover
through the lower end mto a room:;

a dimmer mechanism 1n the light conveying structure;

at least one motor;

at least one wireless recetver configured to receive com-

mands from at least one remote control (RC) to activate
the motor to move the dimmer mechanism,

wherein the RC comprises a single-button control element

for activating the motor 1n both directions and the
assembly comprises:

at least one switch operatively associated with the motor

to cause the motor to stop turning regardless of whether
the single-button control element remains actuated to
transmit the commands responsive to a first angular
position being reached.
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9. The assembly of claim 8, comprising:

at least one power supply coupled to the motor to energize
the motor; and

at least one photovoltaic (PV) cell coupled to the power
supply to charge the power supply.

10. An assembly, comprising:

at least one light conveying structure having an upper end
configured to be covered by a transparent cover and a
lower end, the light conveying structure being config-
ured to guide sunlight entering the transparent cover
through the lower end nto a room;

a dimmer mechanism 1n the light conveying structure;

at least one motor;

at least one wireless receiver configured to receive com-
mands from at least one remote control (RC); and

at least one controller configured to:

activate the motor to move the dimmer mechanism; and

delay activating the motor responsive to the dimmer
mechanism bemng fully open or fully closed before
reversing the motor.

11. The assembly of claim 10, comprising:

at least one power supply coupled to the motor to energize
the motor;

at least one photovoltaic (PV) cell coupled to the power
supply to charge the power supply.
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