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TUBULAR SKYLIGHT DOME WITH
VARIABLE PRISM

FIELD OF THE INVENTION

The present invention relates to skylights.

BACKGROUND OF THE INVENTION

Skylights are used to 1lluminate buildings 1n a pleasing and
energy-conserving way. Tubular skylights such as those made
by the present assignee typically have a roof-mounted trans-
parent cover or dome, a light conveying tube assembly
extending down from the dome into the building to a ceiling,
and a light diffuser plate covering the bottom of the tube at the
ceiling. An example of a commercially successiul tubular
skylight 1s disclosed 1n U.S. Pat. No. 5,099,622, assigned to
the same assignee as the present invention and incorporated
herein by reference. Other patents owned by the present
assignee that pertain to various skylight technologies are dis-
closed mn U.S. Pat. Nos. RE36,496 (dome with reflector),
6,219,977 (round-to-square adapter), and 5,896,712 (dome
with circular grooves), all of which are incorporated herein by
reference.

As recognized herein, a difficult goal of skylight design 1s
the provision of as constant a light output as possible regard-
less of the time of day. This 1s difficult to achieve because 1n
the mornings and evenings the sun is at a low angle and less
light enters the skylight than at midday, when the sun 1s at a
high angle. Indeed, in designing a skylight to maximize light
collection and throughput during the morning and evenings
hours, the resulting skylight can over-illuminate a room at
midday, with so-called “hotspots™ (areas 1n the room where
light from the skylight undesirably might be focused) being
particularly noticeable at midday. Thus, the present invention
recognizes the desirability of achieving a more constant light
output regardless of time of day, as well as the desirability of
mixing light sufficiently as 1t propagates down the tube 1nto
the room to avoid “hotspots”. With these critical recognitions
in mind, the invention herein 1s provided.

SUMMARY OF THE INVENTION

A tubular skylight includes a transparent dome and a sky-
light tube depending downwardly from the dome. The cover
1s formed with a variable prism that directs low-angle light
into the skylight tube and that reflects away some high-angle
light, to achieve a more constant light output over the course

of the day.

In some embodiments the prism1s established by a series of
circular parallel grooves, with grooves nearer an apex of the
cover having cross-sections that are different than cross-sec-
tions of grooves nearer a periphery of the cover. The grooves
can be molded 1nto the 1nside surface of the cover. Non-prism
portions of the cover, such as 1ts outer surface, refract light at
a first angle and the prism refracts light at a second angle
different from the first angle.

With greater specificity as to the non-limiting embodi-
ments, the cross-section of at least one groove nearer the apex
defines successive faces ol approximately the same length,
whereas the cross-section of at least one groove nearer the
periphery defines successive long and short faces. The short
faces can be orniented generally perpendicularly to the outer
surface of the cover. If desired, an 1nside edge of a bottom
periphery ofthe cover may be radially spaced from an outside
surface of the tube.
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In another aspect, a lighting system includes a transparent
skylight cover, a light diffuser, and a tubular structure extend-
able between the cover and diffuser. The cover 1s formed with
a first pair of prism faces and a second pair of prism faces
having a different configuration than the first pair. One of the
pairs 1s closer to an apex of the cover than is the other pair. In
some 1mplementations the faces of a pair converge toward
cach other to define a groove there between, with each face
being circular and being parallel to a periphery of the cover.

In still another aspect, a cover for a skylight includes a
transparent body having an outer surface, an inner surface, an
apex, and an open periphery opposed to the apex. The body 1s
formed with a first pair of opposed converging faces that
define a first cross-sectional shape. Also, the body 1s formed
with a second pair of opposed converging faces that define a
second cross-sectional shape which 1s different than the first
shape, with one pair of faces being closer to the apex than the
other parr.

The details of the present invention, both as to its 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 15 a side view 1n partial cross-section of a tubular
skylight;

FIG. 2 1s a perspective view ol a non-limiting cover;

FIG. 3 1s a side view of the cover on a tube, schematically

showing sunlight rays at a low angle as might occur early and
late 1n the day;

FIG. 4 1s a side view of the cover showing the shape of the

transverse cross-section of the grooves 1n detail circle “B” in
FIG. 3;

FIG. 5 1s a side view of the cover showing the shape of the

transverse cross-section of the grooves 1n detail circle “A” in
FIG. 3;

FIG. 6 1s a side view of the cover on a tube, schematically
showing sunlight rays at a high angle as might occur during
midday;

FIG. 7 1s a side view of the cover showing the shape of the
transverse cross-section of the grooves 1n detail circle “B” in

FIG. 6; and

FIG. 8 1s a side view of the cover showing the shape of the
transverse cross-section of the grooves 1n detail circle “A” 1n

FI1G. 6.

PR.

(L]
=T

ERRED

DETAILED DESCRIPTION OF THE
EMBODIMENT

Referring mitially to FIG. 1, an exemplary non-limiting,
tubular skylight made 1n accordance with the present inven-
tion 1s shown, generally designated 10, for lighting, with
natural sunlight, an interior room 12 having a ceiling surface
14, ¢.g., drywall, acoustic tile, etc., 1n a building, generally
designated 16. FIG. 1 shows that the building 16 has a roof 18
and one or more joists 20 that support the roof 18 and ceiling
surface 14.

As shown 1n FIG. 1, the skylight 10 includes a rigid hard
plastic roof-mounted cover 21 that can be made of, e.g.,
acrylic or polycarbonate or glass. The cover 21 1s optically
transmissive and preferably 1s transparent, and details con-
cerning 1t are discussed further below.

The cover 21 may be mounted to the roof 18 by means of a
ring-like metal flashing 22 that 1s attached to the roof 18 by
means well-known 1n the art. The metal flashing 22 can, be
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angled as appropriate for the cant of the roof 18 to engage and
hold the cover 21 1n the generally vertically upright orienta-
tion shown.

As further shown 1n FIG. 1, an internally retlective metal
tube assembly, generally designated 24, depends down from
the cover 21. The assembly 24 may be connected to the
flashing 22. The tube assembly 24 extends to the ceiling 14 of
the interior room 12. In some embodiments the tube assembly
24 directs light that enters the tube assembly 24 downwardly
to a light diffuser assembly, generally designated 26, that 1s
disposed 1n the room 12 and that 1s mounted to the celling 14
or to a joist 20.

The tube assembly 24 can be made of a metal such as an
alloy of aluminum, or the tube assembly 24 can be made of
fiber or plastic or other appropriate material. The interior of
the tube assembly 24 can be rendered reflective by means of,
¢.g., electroplating, anodizing, metalized plastic film coating,
or other suitable means. In one non-limiting embodiment, the
tube assembly 24 1s rendered 1nternally reflective by laminat-
ing the mside surface of the tube assembly with a multi-ply
polymeric film made by Minnesota Mining and Manufactur-
ing (3M). A single ply of such film 1s transparent, but when
hundreds of layers are positioned flush together and then
laminated to the interior surface of the tube assembly 24, the
combination 1s highly reflective.

In one embodiment, the tube assembly 24 may be estab-
lished by a single tube. However, as shown in FIG. 1, 1f
desired, 1n non-limiting implementations the tube assembly
24 can include multiple segments, each one of which 1s inter-
nally reflective. Specifically, the tube assembly 24 can
include an upper tube 28 that 1s engaged with the tlashing 22
and that1s covered by the cover 21. Also, the tube assembly 24
can include an upper mtermediate tube 30 that 1s contiguous
to the upper tube 28 and that can be angled relative thereto at
an elbow 31 1f desired. Moreover, the tube assembly 24 can
include a lower intermediate tube 32 that 1s slidably engaged
with the upper intermediate tube 30 for absorbing thermal
stresses 1n the tube assembly 24. And, a lower tube 34 can be
contiguous to the lower intermediate tube 32 and join the
lower intermediate tube 32 at an elbow 35, with the bottom of
the lower tube 34 being covered by the diffuser assembly 26.
The elbow 35 1s angled as appropriate for the building 16 such
that the tube assembly 24 connects the roof-mounted cover 21
to the ceiling-mounted diffuser assembly 26. It 1s to be under-
stood that where appropriate, certain joints between tubes can
be covered with tape 1n accordance with principles known in
the art.

Now referring to FIG. 2, as shown the cover 21 can be
generally hemispherical-shaped and can define a closed apex
40 and an open, generally circular periphery 42 opposite the
apex 40. It 1s to be understood, however, that the cover alter-
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natively can be designed in the shape of a cylinder with
straight sides and a flat or curved top. It can be configured to
have a continuous curved shape or a series of curved and flat
sides. Accordingly, while the periphery 42 shown in FIG. 2 1s
circular, 1t alternatively may be elliptical, rectangular, or
multi-sided.

FI1G. 2 shows that a prismatic pattern 1s formed on the cover
21, preferably by molding it into the inside surface of the
cover 21, although 1n less preferred embodiments the prism
can be 1n the outside surface. As set forth 1n greater detail
below, 1n one embodiment the prisms can be established by
circular grooves 44 that are parallel to the periphery 42 and
that are defined by opposed faces that preferably are flat in
transverse cross-section, although in some embodiments they
can be curved in transverse cross-section. As disclosed fur-
ther below, the grooves 44 can vary in depth and pitch. While
FIG. 2 shows that each groove 1s completely circular and that
the entire mside surface of the cover 1s scored with grooves,
the grooves 44 may be partially circular and/or may not

extend throughout the height of the cover, 1.¢., the prisms can
cover the entire cover or only a portion of it. Further, while the
grooves 44 are shown oriented as lines of latitude, they may
be oriented otherwise, e.g., as lines of longitude, with each
groove 1n that case varying throughout its length as appropri-
ate 1 pitch and/or depth and/or cross-sectional shape 1n
accordance with principles set forth further below. In any
case, 1f desired, as shown i1n FIG. 3, for increased perfor-
mance the diameter of the cover at the periphery 42 can range
from 100% to 150% or more of the tube outer diameter, and
the cover height can range from a minimum of 26% or less of
the tube diameter to a maximum of 100% or more of the tube
outer diameter. Thus, the mnside edge of the periphery 42 may
be radially spaced from the outside surface of the tube.

Returning to the prisms, in accordance with present prin-
ciples the cover 21 1s formed with a variable prism that directs
low-angle light into the skylight tube 24 and that reflects away
some high-angle light, to achieve a more constant light output
over the course of the day. In terms of the exemplary non-
limiting implementation shown 1n FIG. 2, grooves 44 nearer
the apex 40 of the cover have cross-sections that are different
than cross-sections of grooves 44 nearer the periphery 42. The
grooves 44 may be defined by opposing faces 46, 48.

In cross-reference to FIGS. 3-5, low angle light (e.g., 20°)
entering the dome 1s reflected downward by the planar outer
surface due to the incident angle difference and air-to-poly-
mer 1index differential.

As shown in FIGS. 3-5, sunlight may enter the cover from
low angles during the early morning and evening, ¢.g., at a
solar altitude of 20° relative to horizontal. Table 1 below
provides a tabulation of non-limiting prism configurations
related to this example. (Note: angles are referenced from
horizontal unless otherwise noted).

TABLE 1
light angle
“P” after non-
prism prism angle
exterior  refraction “v (from add’1 total direction
surface angle through cover vertical) of refraction “0” change of
“a” of cover outer surface lower prism through prism light beam
Cover Section (degrees) (degrees) face (degrees) face (degrees) (degrees)
B (FIG. 4) 61 23 10 4 7
(3°refraction)
A (FIG. 5) 22.5 38 20 7 25

(18°refract)
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With the above table in mind and looking at FIGS. 3-5, 1t
may now be appreciated that 1n the exemplary embodiment
shown for 1llustration virtually all of the low angle sunlight
entering the upper portion of the cover, 1.e., at detail “A”,
absent the present invention would propagate through the
cover without entering the tube, but with the prism arrange-
ment shown enters the tube, thereby increasing the effective
aperture of the tube. Moreover, owing to the non-limiting
configuration of the prisms shown herein, retlection losses 1n
the tube and transmission losses 1n the diffuser are reduced at
low solar elevations. Specifically, as understood herein reduc-
ing the incident angle to the surface of the tube opening
reduces the number of reflections going down the tube.

Turning to FIG. 6-8, which shows sunlight entering the
cover at high angles (e.g., sixty degrees) as might occur at
midday, the light entrance angle 3 at higher sunlight angles
changes significantly due the higher angles and outer cover
surface refraction. It should be noted that grooves 44 nearer
the apex 40 may be defined by opposing faces 46, 48 that may
converge with each other and that may have approximately
the same length as each other, roughly defining the sides of
equilateral triangle. In contrast, grooves 44 nearer the periph-
cry 42 may be defined by respective long and short faces 50,
52, with the long face essentially defining the hypotenuse of
a right triangle and the short face defining the base and being
oriented generally perpendicularly to the outer surface of the
cover.

In FIG. 7, light 1s refracted at long face 50 at a sharp angle,
downward to the outside of the tube. In contrast, the light
entrance angle at short face 52 exceeds the critical angle of
refraction and totally internally reflects (TIR) at a shallow
angle in the tube. In FIG. 8, entering light nearer the apex of
the dome1s TIR by both faces 46, 48 with the result being that
the light 1s both directed down into the tube (at 46) and
rejected (at 48)

The cover 1s designed to efficiently refract light down to the
tube opening from solar altitudes of 10°-50°. Above 50° the
external surface and prism face angles can be established to
reflect away from the tube or refract light down the tube at a
series ol angles, as shown best in FIGS. 7 and 8. This reduc-
tion of sunlight capture efficiency compensates for the
increased elfective area and sunlight intensity related to the
high solar angles to maintain an average 1llumination of the
interior. The multiple angles of light also eliminate the glare,
hot spots and chromatic aberrations associated with intense
direct sunlight. This also greatly reduces the risk of fire asso-
ciated with combustible materials left inside a tube at the
tocal points 1n the tube. While only two discrete groove cross-
sections “A” and “B” are shown for simplicity, 1t 1s to be
understood that the groove cross-sections may incrementally
change, groove to groove, from the configuration shown 1n
FIG. 4 to the configuration shown in FIG. 5.

While the particular TUBULAR SKYLIGHT DOME
WITH VARIABLE PRISM as herein shown and described 1n
detail 1s fully capable of attaining the above-described objects
of the mvention, it 1s to be understood that 1t 1s the presently
preferred embodiment of the present invention and 1s thus
representative of the subject matter which 1s broadly contem-
plated by the present invention, that the scope of the present
invention fully encompasses other embodiments which may
become obvious to those skilled 1n the art, and that the scope
of the present mvention 1s accordingly to be limited by noth-
ing other than the appended claims, 1n which reference to an
clement in the singular 1s not intended to mean “one and only
one” unless explicitly so stated, but rather “one or more”.
Moreover, 1t 1s not necessary for a device or method to address
cach and every problem sought to be solved by the present
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6

invention, for it to be encompassed by the present claims.
Furthermore, no element, component, or method step 1n the
present disclosure 1s mtended to be dedicated to the public
regardless of whether the element, component, or method
step 1s explicitly recited in the claims. No claim element
herein 1s to be construed under the provisions of 35 U.S.C.
112, sixth paragraph, unless the element i1s expressly recited
using the phrase “means for” or, in the case of amethod claim,
the element 1s recited as a “step” instead mstead of an “act”.
Absent express definitions herein, claim terms are to be given
all ordinary and accustomed meanings that are not irrecon-
cilable with the present specification and file history.

What 1s claimed 1s:

1. A tubular skylight, comprising:

a transparent cover defining an apex and a wall depending,
down from the apex to terminate at an open periphery;
and

a skylight tube depending downwardly from the cover,
wherein the cover 1s formed with a variable prism that
directs relatively lower-angle light into the skylight tube
and that retlects away some relatively higher-angle light,
to achieve a more constant light output over the course of
the day, the variable prism including grooves at least
some of which define completely closed circles, wherein
the prism 1s established by a series of circular parallel
grooves, wherein the cross-section of at least one first
groove nearer the apex defines successive faces of
approximately the same length and the cross-section of
at least one second groove nearer the periphery defines
successive long and short faces, the first and second
grooves being located between the apex and the periph-
cry.

2. The skylight of claim 1, wherein the cover 1s made of

acrylic or polycarbonate or glass and is transparent.

3. The skylight of claim 1, wherein the prism 1s molded 1nto
the inside surface of the cover.

4. The skylight of claim 1, comprising a flashing coupling,
the cover to the tube.

5. The skylight of claim 1, wherein non-prism portions of
the cover refract light at a first angle and the prism refracts
light at a second angle.

6. The skylight of claim 1, wherein the short faces are
oriented generally perpendicularly to the outer surface of the
COver.

7. The skylight of claim 1, wherein an inside edge of a
bottom periphery of the cover 1s radially spaced from an
outside surface of the tube.

8. A lighting system comprising:

a transparent skylight cover;

a light diffuser; and

a tubular structure extendable between the cover and dif-
fuser, wherein the cover 1s formed with a first pair of
prism faces and a second pair of prism faces having a
different configuration than the first pair, one of the pairs
being closer to an apex of the cover than 1s the other pair,
cach pair of prism faces establishing a constant angle
and configuration throughout the length of the pair, a
pair of faces nearer the apex being of approximately the
same length as each other and a pair of faces nearer an
open periphery of the cover comprising one long and one
short face, both pair being between the apex and the
periphery.

9. The system of claim 8, wherein the faces of a pair
converge toward each other, each face being circular and
being parallel to a periphery of the cover.

10. The system of claim 8, wherein the cover 1s made of
acrylic or polycarbonate or glass and is transparent.
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11. The system of claim 8, wherein the pairs are made 1n the
inside surface of the cover by molding.

12. The system of claim 8, comprising a flashing coupling
the cover to the tubular structure.

13. The system of claim 8, wherein non-prism portions of 5
the cover refract light at a first angle and the pairs refract light
at a second angle.

14. The system of claim 8, wherein each pair defines a
groove, and wherein the cross-section of at least one groove
nearer the apex defines successive faces of approximately the 10
same length and the cross-section of at least one groove
nearer the periphery defines successive long and short faces.

15. The system of claim 14, wherein the short faces are
oriented generally perpendicularly to the outer surface of the
cover. 15

16. The system of claim 8, wherein an inside edge of a
bottom periphery of the cover 1s radially spaced from an
outside surtace of the tubular structure.

8

17. A skylight, comprising;:

a cover having a transparent body having an outer surface,
an mner surface, an apex and a wall, the wall not having
any flat portion and depending down from the apex to
terminate at a lower edge 1n an open periphery, the body

being formed with a first pair of opposed converging
faces, the body being formed between the apex and
periphery with a second pair of opposed converging
faces, the first pair being closer to the apex than the
second pair, each pair being parallel to the open periph-
ery, the first pair having faces of approximately equal
length, the second pair having a short face and a long
face; and a skylight tube coupled to the cover.

18. The skylight of claim 17, wherein the faces are circular.
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