SKYLI GHT TUBE W TH REFLECTI VE STRUCTURED SURFACE |I. Field of The Invention
The present invention relates generally to skylights. I1. Background of the
| nventi on In U S. Patent Nunbers 5,896,713 and 6, 035, 593, both of

whi ch are owned by the sanme assignee as is the present invention and both
of which are incorporated herein by reference, tubular skylights are

di scl osed. WEbR7/BF38Bhe skylights can use the skylight BSH%SHW@%$H§ed in
U.S. Patent Nunber 5,896,712 al so owned by the sane assignee as is the

nventi ons repr EXE?%&Q%W@?%@%WSQ%@% EOEATAGECor them

has found conme Briefly, a tubular skylight such as

t hose nentioned&ag'(fbie"f' B&‘@'&? %% tube assenbl y nounted between the roof and
ceiling of a bU|Id|ng The top .end of %% assenbly is covered by a

r oof - mount ed doﬂ%eﬁﬁ’%%V%?“mgﬁ@ﬁf%@mF ©rf l osed in the
above-nentioned ' 712 patent, while the bottomend of the tube assenbly is
covered by a celk |B@k§m¥nﬂ@ﬁt®mﬂ}§é¥l plate. Wth this conbination, natural

light external to the building is directed through the tube assenbly into
the interior of It Hé. Batehtdumpersos,$96, Udiand 6832523, bathefindich are owne by they
skylights use a near specular finish reflective surface to transport

sunl i ght dewme tisiznee beisfthe presénd inveofiort andtboth phiwkich are inedrpomagd hespebsul ar ™
means that reflected direct rays of sunlight maintain a near parallel beam
of Iight agefehase, tubhlaesiyligeyretdivelosedo Bt ofitheskyliples sandiess ttrrskylight ddmhel and
the speculw reflective surface i s naintained.

disclosed in U.S. Patent Number 5,896,712 also owned by the same assignee as is the present

invention and also incorporated herein by reference. These inventions represent advances

over the prior art and one or more of them has found commercial success.

Briefly, a tubular skylight such as those mentioned above includes a tube assembly
mounted between the roof and ceiling of a building. The top end of the tube assembly is
covered by a roof-mounted dome or cover, suc.h as the one disclosed in the above-mentioned
“712 patent, while the bottom end of the tube assembly is covered by a ceiling-mounted
diffuser plate. With this combination, néuual light external to the building is directed
through the tube assembly into the interior of the building to illuminate the interior.

Tubular skylights use a near specular finish reflective surface to transport sunlight
down the tube from the roof to the interior ceiling. "Specular" means that reflected direct
rays of sunlight maintain a near parallel beam of light as they reflect down the tube if the tube
sides are parallel and the specular reflective surface is maintained.

The present invention understands that sunlight enters the tube at various incident
angles based on time of day/year, latitude, and tube opening plane location. Despite the fixed

position of the tube, direct beam sunlight reflects down the perimeter of the tube at

approximately the same elevation angle as it enters the tube. As understood herein, this can



The present invention understands that sunlight enters the tube at various
i nci dent angl es based on tine of day/year, |atitude, and tube opening pl ane
| ocation. Despite the fixed position of the tube, direct beam sunli ght
reflects down the perinmeter of the tube at approximately the sanme el evation
angle as it enters the tube. As understood herein, this can result in the
foll owi ng OYX8T134¥Be outcones. First, the parallel beBaIESMPGYHEHES can
converge at concentrated focal points at various |ocations down the tube,
resulting i t I not i
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illum natiop resyl t .the base .diffuser aqf ;
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cause partial and non-uniformil|lumnatjaqn.of the diffuser,. The r.esult is
poor ill umdﬁ‘a%em%hﬁé?qt%ﬁhﬁé’ﬁ%‘éau%é‘eﬁﬂ’%cé‘hﬁy H‘rﬁl‘? Wgseﬂ?e‘quﬁ%&ﬁ%ﬁB}a{efiglﬁal ly,
the direct |ight beans passing through a pri sméﬁ %ge diffuier can cause

t he separ at Pespndbpneven illgmjration grspits 2 He ascalilfeser PPHBBRD FIHEGIRE RE AT er i or .
Accordingly, the present invention nmakes the follow ng critical |

obser vat i orpsth ofthedight rhxsameanininatigh with dfcl fecat peints eanrruseppriel And noxURifsMe i n t he
approxi mate shape of a tube can create hot spots that are unsafe and that
reduce pr odishing®nfiof thediffiserd The tasulhis poeriildroination| perforimracs and glassfrém theher
understood herein, sinply reducing the specularity of the tube results in
reduced | i gliffustt, akdditicnsilythe ditdsehgts deantsmbsdg throggha a rikhis ére diffioeecanhe t ube
to address glare and hot spots reduces the total system perfornance due to

t he transnicasskad sepastionlof iivaversigias Ml pfdjeeraimods iethenaetsed t ube
reflections caused by the light spread. Mreover, attenpting to remedy the

above- not ed Shoktcgd?@iaélg,ﬁhé’%isééﬂt iAvenBOHAMeR e trlloNaieh itk R6icVatibRs Widest 1 N the
| i ght being diffused Th a hem spherical shape that nay send greater than
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formed wt es a ange ‘sun am angles to prevent the
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glare and hot spots reduces the total system performance due to the transmission loss of this

extra diffuser and the increased tube reflections caused by the light spread. Moreover,
attempting to remedy the above-noted shortcomings using a random patterned reflector
results in the light being diffused in a hemispherical shape that may send greater than 50%
of the light back up the tube, therefore once again reducing performance. With the above
observations in mind, the invention herein is provided.
SUMMARY OF THE INVENTION

The interior of a skylight tube is formed with structures that change sunlight beam
angles to prevent the formation of a focal point, and/or that mix the light to uniformly
illuminate the base diffuser and eliminate glare and color separation, and/or that control light

direction to prevent retro-reflection and excessive reflections.



Accordingly, in a first aspect a skylight assenbly has a transparent done
and a skylight shaft substrate extending away fromthe done to convey |ight
entering the donme through the shaft substrate. Surface irregularities are
formed on the shaft substrate. The surface irregularities can be dinples or
| ongi t udi nal corrugati ons. In sone inplementations the shaft substrate

is netal aM® 087168 shed to provide a reflective surfaBETHPIAYRH 93Ny
reflective filmincorporated into the assenbly. In other inplenentations

the shaft substrate.is neta nd reflect| tal i 1 by
vapor deposi ti oﬁc‘iﬂdr"éé?"l? aoiﬁfsflﬁge‘?r?ssﬁ%fé& g&%%élg%ge%a? at‘h%slg%%?t% b%ﬁ%&?r%at e to
render the assenbly internally reflectiye wthout incoyporati adhesi ve
into the aég’i‘%qs}‘?%ls‘?psgﬁ’? FERERE PHH %ﬁ}eﬁgf&?ﬂg c?rﬁvébyi‘ﬁ%tfeln e?u%?% r% € may be
areflective filmwith a nmetallic substance bfei ng, va or-a%%pﬁ i;ed]gfnto t he
filmor w thioughithy shafisphsiratey | Surfage iiapulaiiey At ORRTLUL e “%’“dh “ed to
the substrate. Wien the surface irregularities are |ongitudinal
cor r ugat i oserface iredgulettiesngabe dimplesior fragitedinal FryEatomnd opposed edges, and a
first angle is forned between transverse tangents to edges of first
corrugati ons. Alrsomedmploentdtiomsghesidiifsibstratet is fnetahanh Hq?lﬁ@@ tapgIvideias f or ned
bet ween transverse tangents to edges of second corrugations. The first and
second cor pefpafiveofitfacd withouatany asftectice filme ircorpotatddeinenthe asferblie  Fhather
substrate, and may be V-shaped or U shaped in transverse cross-section.

Wien the suhfie&enthtidne8id sasf bibegatéfsendi] undh refllecrple@setal dsadeposiiedps ey hpbi nes a
center and a periphery. A tangent to the periphery establishes an angle

Wi th respeghydsfioft diRRBEBA RLinkils sGENET tRE siuft SIbELaté ha ForllerOthd egserdly
I n anot her aspect, a skylight assenbly includes a transparent done and a

skyl i ght sh i f Oy biheht
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of the shaft SUbSLLal e t9ul SNOSE RS, ARSSR kel falbhie L{Joad by W Lhou

i ncor por at iV ass

adhered to the substrate.

When the surface irregularities are longitudinal corrugations, each corrugation defines
a midline and opposed edges, and a first angle is formed between transverse tangents to edges
of first corrugations. Also, a second angle different from the first angle is formed between
transverse tangents to edges of second corrugations. The first and second corrugations
alternate around the circumference of the shaft substrate, and may be V-shaped or U-shaped
in transverse cross-section.

When the surface itregularities are plural dimples, each dimple defines a center and
aperiphery. A tangent to the periphery establishes an angle with respect to a tangent to the
center of no more than two degrees.

In another aspect, a skylight assembly includes a transparent dome and a skylight
shaft substrate extending away from the dome to convey light entering the dome through the

shaft substrate. Surface irregularities are formed on the shaft substrate. In this aspect, the



In yet another aspect, a skylight assenbly includes a transparent done and
a skylight shaft substrate extending away fromthe done to convey |ight
entering the donme through the shaft substrate. Surface irregularities are
formed on the shaft substrate. In this aspect, the shaft substrate is netal

and is polished to provide a reflective surface without any reflective film
i ncor por at &P NUH88e assenbl y. In still another PEEHEWPS038798 Ky | i ght
assenbly includes a transparent done and a skylight shaft substrate

ext endi ng ?,\Qﬁxuﬁs&%g}%ﬁl&aﬂ%a }eﬁf&&é‘iﬁ% isidgsss%tmiﬁegéw&l fnb EnsfiRWBrEiRIPUgh the

shaft substrate. ace’irregularities are fornmed on the shaft substrate.

I 1hi s aspeciun LASADY Lo SALLALAW Skl LERLINS Ak Mtbbliingghal | ¢

subst ance D&i'ng vapor - deposi t ed “ont o n anot her ect, a
skyl i ght qgggnbl. iﬂclud a transparent done and a skylight shaft
substrate BRI om t he dorme to convey |ight entering the dome

t hrough the shaft substrate, Surface irreguylarities are forned.on.the shaft
substrate. In tiAyeaae %‘@Pl?eciﬁﬁékwse@ébs‘ga‘éﬁéaf‘%“sﬁar?‘ggf’%ﬁf“?r%s@ﬁ%
including a reflective multi-I|ayer polynmer conposite. The details of

the pr esenshaft substiete exfending avay fomghe dognedp copey ght spferngthe dameghrougiyiie pest be

understood in reference to the acconpanyi ng drawi ngs, in which |ike
ref erence shafrsubsirater Shifacetieguidtigiepae fosmed plthe shafhjubsiratprin tirs pRSERheTI ON OF
THE DRAW NGS Figure 1 is a side viewin partial cross-section of the
t ubul ar sksHaftghiistratt it hetalpmé ssgniished weprpvidaa reflective surface without any reflective
film incorporated into the assembly.
In still another aspect, a skylight assembly includes a transparent dome and a skylight
shaft substrate extending away from the dome to convey light entering the dome through the
shaft substrate. Surface irregularities are formed on the shaft substrate. In this aspect, the
shaft substrate is a reflective film with a metallic substance being vapor-deposited onto the
film.
In another aspect, a skylight assembly includes a transparent dome and a skylight
shaft substrate extending away from the dome to convey light entering the dome through the
shaft substrate. Surface irregularities are formed on the shaft substrate. In this aspect, the
shaft substrate is a reflective film including a reflective multi-layer polymer composite. |
The details of the present invention, both as to its structure and operation, can best

be understood in reference to the acéompanying drawings, in which like reference numerals

refer to like parts, and in which:

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a side view in partial cross-section of the tubular skylight of the present

invention;



WO 2007/ 136388PCT/ US2006/ 030793 Figure 2 is a perspective view of the
present tube with longitudinal corrugations for reducing focal points;
Figure 3 is a side elevational view of the inside of the tube shown in
Figure 2; Figure 4 is a top plan view of the tube shown in Figure 2; Figure
5is a detail of part of the circunference of the tube in circle "5"' of

Figure 4; WOPMW#3esss a perspective view of an alter naPETURIY TR di npl es
for reducing focal points;

Figure 2 is a perspective view of the present tube with longitudinal corrugations for
reducing focal points;

Figure 3 is a side elevational view of the inside of the tube shown in Figure 2;

Figure 4 is a top plan view of the tube shown in Figure 2;

Figure 5 is a detail of part of the circumference of the tube in circle "5" of Figure 4,

Figure 6 is a perspective view of an alternate tube with dimples for reducing focal
points;

Figure 7 is a top plan view of the tube shown in Figure 6;

Figure 8 is a side elevational view of the tube as seen along the line 8-8 in Figure 7;
and

Figure 9 is a detail of a dimple in circle "9" of Figure 8.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring initially to f‘igure 1, a tubular skylight ma.de in accordance with the present
invention is shown, generally designated 10, for lighting, with natural sunlight, an interior
room 12 having a ceiling dry wall 14 in a building, generally designated 16. Figure 1 shows
that the building 16 has a roof 18 and one or more joists 20 that support the roof 18 and
ceiiing dry wall 14.

As shown in Figure 1, the skylight 10 includes a rigid hard plastic or glass roof-
mounted cover 21. The cover 21 is optically transmissive and preferably is transparent. In
one embodiment, the cover 21 can be the cover disclosed in the above-mentioned ‘712
patent. Or, the cover 21 can be other suitable covers, such as the covers marketed under the

trade name "Solatube" by the present assignee.



Figure 7 is a top plan view of the tube shown in Figure 6; Figure 8 is a
side elevational view of the tube as seen along the line 8-8 in Figure 7;
and Figure 9 is a detail of a dinple in circle "9" of Figure 8. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT Referring initially to Figure 1, a
tubul ar skylight nade in accordance with the present invention is shown,
general | y W&A0HF6388 10, for |ighting, with natural suRCTHRO/EH nteri or

The cover 21 can be mounted to the roof 18 by means of a ring-like metal flashing
22 that is aftached to the roof 18 by means well-known in the art. The metal flashing 22 can
be angled as appropriate for the cant of the roof 18 to engage and hold the cover 21 in the
generally vertically upright orientation shown.

As further shown in Figure 1, an internally reflective hollow shaft assembly, generally
designated 24, is connected to the flashing 22. The cross-section of the assembly 24 can be
cylindrical, rectangular, triangular, etc. Accordingly, while the word "tube" may be used
from time to time herein, it is to be understood that the principles of the present invention are
not to be limited to a cylinder per se unless otherwise specified.

The shaft assembly 24 extends to the ceiling 14 of the interior room 12. Per the
present invention, the shaft assembly 24 directs light that enters the shaft assembly 24
downwardly to a light diffuser assembly, generally designated 26, that is disposed in the room
12 and that is mounted to the ceiling 14 or to a joist 20 as described in the above-mentioned
‘593 patent.

The shaft assembly 24 can be made of a metal such as an alloy of aluminum or steel,
or the shaft assembly 24 can be made of plastic or other appropriate material. The interior
of the shaft assembly 24 may be rendered reflective by means of, e.g., electroplating,
anodizing, metalized plastic film coating, or other suitable means. In one preferred
embodiment, the shaft assembly 24 is rendered internally reflective by laminating the inside
surface of the shaft assembly with a multi-ply polymeric film made by Minnesota Mining and
Manufacturing (3M). A single ply of such film is transparent, but when hundreds of layers
are positioned flush together and then thermally laminated to the interior surface of the shaft

assembly 24, the combination is specularly reflective.



room 12 having a ceiling dry wall 14 in a building, generally designated
16. Figure 1 shows that the building 16 has a roof 18 and one or nore
joists 20 that support the roof 18 and ceiling dry wall 14. As shown in
Figure 1, the skylight 10 includes a rigid hard plastic or glass roof-
mount ed cover 21. The cover 21 is optically transm ssive and preferably is
t ranspar enWO0 2007/36¥88 enbodi ment, the cover 21 can be t hBCEEYWP/FDEE| osed in
t he above-nentioned ' 712 patent. O, the cover 21 can be other suitable

covers, such as_the. covers .marketed, undep t [ ! ybe' by th
present f assi gneg™ S 1 nonﬁlmllﬂlég ’5’5@75?6 103%{1116 Bg&rr%lﬁgﬁ%ﬁg@ﬁ%%% g%l#:b (%g bz ©
means of a ripg-like nmetal flashing 22 that .is_.attach 0 roof 18 b
means wel | I‘ff ST]?’ie’t"r’Fev lPunTﬁESt?Fg’t‘?aﬂﬁ‘ ?T‘%ﬁ%vﬁ &% f&beé%qf}gwfhgkf%%nga%n Y
appropriate for the cant of the roof 18 to engage.and hold t 21 i
t he gener apdhpsivertheshett gubsiits enelse pp @rﬁ@%?fiad%‘?lyg'?%wl‘?ﬁ%e reffectve fir bonded '

to it.

Alternatively, if the shaft is metal, the shaft substrate can be polished to provide a
reflective surface or have a highly reflective metal such as silver or aluminum vapor
deposited directly to its surface without the need for a separate adhesive.

In yet other implementations a reflective film itself may be used as a shaft substrate.

In such an implementation, metal is vapor-deposited onto the film surface. Or, the film can
include a reflective multi-layer polymer composite.

In one preferred embodiment, the shaft assembly 24 is established by a single tube.

However, as shown in Figure 1, if desired, the shaft assembly 24 can include multiple
segments, each one of which is internally reflective in accordance with present principles.

Specifically, the shaft assembly 24 can include an upper shaft 28 that is engaged with the
flashing 22 and that is covered by the cover 21. Also, the shaft assembly 24 can include an
upper intermediate shaft 30 that is contiguous to the upper shaft 28 and that can be angled
relative thereto at an elbow 31 if desired. Moreover, the shaft assembly 24 can include a
lower intermediate shaft 32 that, if desired, may be slidably engaged with the upper
intermediate shaft 30 for absorbing thermal stresses in the shaft assembly 24. And, a lower
shaft 34 can be contiguous to the lower intermediate shaft 32 and join the lower intermediate
shaft 32 at an elbow 35, with the bottom of the lower shaft 34 being covered by the diffuser
assembly 26. The elbow 35 may be angled as appropriate for the building 16 such that the
shaft assembly 24 connects the roof-mounted cover 21 to the ceiling-mounted diffuserf

assembly 26. It is to be understood that where appropriate, certain joints between shafts can



As further shown in Figure 1, an internally reflective holl ow shaft
assenbly, generally designated 24, is connected to the flashing 22. The
cross-section of the assenbly 24 can be cylindrical, rectangular,
triangul ar, etc. Accordingly, while the word "tube" nmay be used fromtine
to time herein, it is to be understood that the principles of the present

i nventi on ¥MO20AH36388 be linmited to a cylinder per se uRCEER0GBEOHI se

speci fi ed. The shaft assenbly 24 extends to the ceiling 14 of the
interior room12.. Per. th sent . ' . SYa e TRV directs
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assenbl y, gﬁnerally designated 26, that is disposed in the room 12 and that
is nounted*t'o the ceiling 14 or to a joist 20 as described in the
above-nentioned ' 593 patent. The shaft senmbly 24 can.be made of a
metal such as o 23y 985y thepreseny H@Wﬁﬁeﬁgg'@f‘é%{owgﬁwﬁﬁgﬁgﬁﬁ?g@ggﬁ%lpﬁ 24 can
be made of plastic or other appropriate material, The interi of the shaft
assenbl y 24r aedf ith Emetsyrfacectar liegfqt@sils*vén by ayihafamgpizesdhec ,améPgE‘PtrSB?}P ating,
anodi zing, netalized plastic filmcoating, or other suitable neans. In one
preferred whilouinethaless mpveimizied tighi shyevabpyt. SThe syrfaeagegderition msy by thgse
reflective by lam nating the inside surface of the shaft assenbly with a
nul ti-ply pabybedin thefbidsent mesitmetiy UM, pate pulzliciion 1y 2@03¢000ETIf inearperpied (3M). A
single ply of such filmis transparent, but when hundreds of |ayers are
posi t i onedhérkit H rdfagadeh@rthacmnigheons bihdimpiek disclosadibestred to the interior
surface of the shaft assenbly 24, the conbination is specularly reflective,
Thus, in non-|imbidspecificany,RRtsad-b ety 4 hellosharbft 408hat vay badked of ay anenposi t e
of a nmetal substrate, e.g., alumnumor steel, with a reflective film
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made of a polynmer wt e reflective filmbonded to it.
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section, althouigh alternately they may be U-shaped.

In general, each corrugation can vary in its included angle from less than one hundred
eighty degrees to greater than one degree, and preferably the included angle is greater than
one hundred twenty degrees to minimize reflections. Also, the angle can vary around the
shaft to provide a greater amount of mixing of the light before it reaches the base diffuser,
as will be made clearer momentarily in reference to Figure 5.

In addition to the controlled light spreading features, the corrugations 42 also allow
easier bending of the substrate, when metal, to form a cylindrical shaft from a sheet, and to
increase the lateral strength of the shaft 40 due to the increased moment of inertia this
geometry provides. These two features allow easier assembly of small diameter tubing and

the use of reduced caliper metal due to the increased strength.



In one preferred enbodi ment, the shaft assenbly 24 is established by a
single tube. However, as shown in Figure 1, if desired, the shaft assenbly
24 can include multiple segnents, each one of which is internally
reflective in accordance with present principles. Specifically, the shaft
assenbly 24 can include an upper shaft 28 that is engaged with the flashing
22 and t haVa20%3¢88ed by the cover 21. Al so, the shaf FCHYS®AHIY™34. can

i ncl ude an upper internmedi ate shaft 30 that is contiguous to the upper

shaft 28 and th can,  be angl ed rel ative. t.her at-an_ el L& desired.
Mor eover, the sﬁ’é\%ge&?é @‘?PB‘-Z@“ t?ZPr?fe ° f}?&?ﬁmg"%‘?ﬁa@\ﬁéﬁ F nrtegi‘ %e%cﬁugh lgcﬁlaft 32
that, if desired, may be slidably e ed with the u rinte diate shaft
30 for absd? siefipest hapdine 44 P’éds%%osF‘ﬂ%S 8 Aéhé%t W&Es@fﬁ?@ egiges %\{1 ,Jacae%lI ower
shaft 34 can be contiguous to the lower internediate shaft 32 .and join the
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shaft 34 being covered by the diffuser assenbly 26. The el bow 35 may be
angl ed as &pprdefinediode trerpatthef the pdrtigpiipns §iat are FAdiatiyinsetizom feredecisdthl y 24
connects the roof-nounted cover 21 to the ceiling-nounted diffuser assenbly
26. It is esatighingdensiveadrtgmionshtbe ekidlpd radjsein avid, reedibn appptediat et thret ween
shafts can WO 2007/ 136388PCT/ US2006/ 030793 be nechanical ly fastened and
covered W ihnviedf® daf beasatsiane aharhililins cacherleaedin borheiradisllyoutside parts I n
any case, the present shaft assenbly 24 is forned with surface

irregul ari G coRuddbls, RéncdbdtabPikhihf Sorvenedrrugatidmdce for reflecting light in
a way that mnim zes t he chance of hot spots whil e nonet hel ess maxi m zi ng

li ght throughpu, onliageStibf26 ndvid teteh ahdié & o UeBvdeh ea@velastidert i n t he
present assignee' s U S, patent publication no. 2003/0061775, i ncorporated

herein by refe 420 e Haat§ loofh B8 9s N hapRASRALERH,Bhé)-

More speci fﬂllec%({g%;%&lﬁggd&reé% ??gfgéﬁow g}ﬂﬁtg “ow shaft 40 tﬁ%t may be used as
any one of .the shafts, or sha t.seggg[a . i i Ghd Qfdiind S
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corrugatio 42, it bei understogd that .the carr t,oN f ormed
in only pa?‘? tfach f eldén&g‘?? Sﬁﬂﬁ?’df" Na e‘Fgﬁ@rég 8 P@Eevs'hjg?%%g}{%s%shovm
best in Figure 5, the corrugations 42 can have a V-shape in trans se
cross- sect iR L ﬁé‘ﬂr@ﬁ“%ﬁ@‘&%@tﬁ?s Pﬂb’?’”‘vﬁé?‘“ﬂémﬂe In e gne hundre annq%e neral ,
each corrugation can vary in its included angle fromless than _one hundred
ei ghty degrdegrses; wheypasgven-numhered sREUSAgRE@n R 15F 8610y e e Hipftgd o
angle is greater than one hundred twenty degrees to mnimze reflections.
Al so, the awgite fien degress, awitunibie t ods-mmatiered; somsRastipefe alergating: arouadolifit of

m xing of the light before it reaches the base diffuser, as will be nade

cl ear er noreRGirAfetdnye dfithe GhiHO NGt thoeveh-qumbersd corrugations. This geometry results

as shown in an angle of two and a half degrees being established between the normal 50 to
an edge 48 and the normal 5é to the adjacent midline 44, and an angle of five degrees being
established between the normal 52 to a midline 44 and the normal 54 to the next successive
midline 44.

Alternatively to corrugations, Figul_'es 6-9 show a dimpled hollow shaft 60 that may
be used as any one of the shafts or shaft segments shown in Figure 1. Specifically, the shaft
60 is formed throughout its length and circumference with dimples 62, it being understood
that the dimples 62 may be formed in only part of the length and/or circumference of the shaft

60.



In addition to the controlled |ight spreading features, the corrugations 42
al so all ow easi er bending of the substrate, when netal, to forma
cylindrical shaft froma sheet, and to increase the lateral strength of the
shaft 40 due to the increased nonent of inertia this geometry provides.
These two features allow easier assenbly of small diameter tubing and the
use of redNEWIEBOB8er netal due to the increased streR§T/HS2006/8793

2007/ 136388PCT/ US2006/ 030793 Wth greater attention to preferred

7/136333RCT/ US2006/ 030 | _ | er
and opposed edgulinfle g G fnr i EREMSE IR bR AT AER-BOINE | 00 44

j oi ni ng each ot her as shown i.le for J.llLustratiogn th pdlines 44 in
Figure 5 a a@ ‘ “?‘%F‘feedg"t S(S’g?féca% ﬁﬁ%bgﬁ,t%aragpﬁ%ﬁxgp ¢ Orlrcuegtg’t Ithbﬁg:ﬁhﬁsgrg tl\as@alermeo[l}lr adially
inset from,the edges, hence estagbl| shi oncaye_corrugations, the skilled
artisan wiJPiting seop m&’btpﬁh%(flg’?% 1 ﬁﬂmtiga‘g’o‘ﬂ%%t? s af%nf?é{e ?‘ér\fg%eé‘d, i.e.,
that mdlines can be defined to be the radially outside par& of the
corrugat i oMPendigg e thesPEHertEng h, SHBIgR OT diide) §alicehiike shape an f‘??c%lr‘f?“ case,
Figure 5 shows that an angle a is forned between transverse tangents to the
edges 46, @tablish whatmighsbe thyaghtod as (WarrytietomaortiogHf seheripal oxpaahobear as
shown, the transverse tangents are sinply lines extending in the transverse
di mensi on détharhowhthatis diuivilieeat4hrougheatcls sedege. 46, 48 as shown, i.e., the angle
ais the angle of the "V'. As further shown in Figure 5, odd-nunbered
corrugati ons cakcchahelyg id ihe abn-Himiting implemegtatioroshewhieadli dahievéhdefindegr ees,
wher eas even-nunbered corrugations can forma second angle a, e.g., one
hundr ed t watey 64 inde, pergaif Sirculi b&tiphb® 66.04tihge 68 e0the PeripHEAb6 esmblietet er nat i ng
around the circunference of the shaft 40 with the even-nunbered

cor rugat i OfSangib!p withi@HERt6 ¥t 78 & BSceRRPYNof b ridte BRAH o Rigrek pe a hal f
degr ees bei ngge?t abl igﬁgd bet%ﬁn t he cnormal 50 to an edg&eggZSyg?]% t he

normal 52 %:9 téﬂ&oﬁﬁb@ﬁcﬁ@%&x{?ﬁ% &%ge ;sfigmgmds A2 1A123ht€098 thE MBerd8 458REn bei NY

est abl i she et ween t he amdliine 44 and the nornal 54 to the

N . A, 4 X : ) =
-0 show oo B Beb Pl srmur 200 AiEIoRRL) U by AL AKL Bty 1LY €
haf t haf t h [ ' 1.. Specifi | haft 60 i
Formed t hr SUUHOLE CHE PLRGPR Rt A Er RS Toh P agh 0 G pei ng
;Eg/egft g??@%&%%’g@@%&alﬁ’ ﬁge WESZ my%%?erfcggtgnee?erg)P B%/rﬁl‘XiﬁBg Ehte agéletﬂqg Ielss? hgt h

than two degrees, the loss of low elevation sunlight is prevented. By limiting the distance

ry i )

in the radial dimension between the center 64 and periphery 66 to less than one-half inch,
excessive reflections are prevented, which could otherwise eventually lead to sunlight being
reflected back up and out of the dome 21 (Figure 1) and hence decrease the light throughput
of the shaft 60.

In non-limiting embodiments the corrugations and/or dimples described above can
be formed in any appropriate way. In one non-limiting example the metal shaft, or the
reflective film, or the adhesive can be formed or patterned with an embossing roller. In
another example the metal shaft, film, or adhesive can be extruded or coated with the
required profile in the extrusion or coating die. Yet again, the metal shaft, film, or adhesive

can be molded with the required pattern in a mold tool.

10



A dinple 62 may have any suitable shape, e.g., one of the nyriad of shapes
of golf ball dinples, e.g., spherical, elliptical, parabolic, hyperbolic,
etc. Inthe illustrative non-limting enbodi nrent shown best in Figure 9,
each dinple 62 has a concave (or convex, depending on the perspective,
i.e., outside or inside) saucer-like shape and hence can establish what

m ght be t MQPht136¥88as t he very bottom portion of sphePCEES208¢/038Fabol i c or
ot her bowl that is curvilinear throughout its surface. Accordi ngly,

in the non-limgj i npl enent af.i i [ center
64 and a pref er@bﬂg ﬂ?ﬁ?%‘%@r‘ 5?@?‘31@3% W@a@%@%@%t%&%@%@?pher y 66
establishes an angle wth respect, ta tangent 70 to the center .64 of no
more than SWBFAEGAehaeip shovy apd deseebsddp %ﬁg@?&lﬁ’wye@f}m} ’8?0 E@&“ﬁ%%r?@‘%nﬁg| e f3
in Figure 5, the tangent 70 to the center 64 has been offset to the right
of the cenexoepighe yppapdidiclagnal |y, the distance in the radial dinension
between the center 64 and periphery 66 preferably is |less than one half
inch (<0.5 inches, or less than approxi mately one and one-quarter
centineters). By limting the angle O to |l ess than two degrees, the |oss of
| ow el evation sunlight is prevented. By imting the distance in the radial
di nensi on between the center 64 and periphery 66 to | ess than one-half

i nch, excessive reflections are prevented, which could otherw se eventually
| ead to sunlight being reflected back up and out of the donme 21 (Figure 1)
and hence decrease the |ight throughput of the shaft 60. In
non-limting enbodi nents the corrugations and/or dinples described above
can be forned in any appropriate way. In one non-limting exanple the netal
shaft, or the reflective film or the adhesive can be fornmed or patterned
wi th an enbossing roller. In another exanple the netal shaft, film or
adhesi ve can be extruded or coated with the required profile in the
extrusion or coating die. Yet again, the netal shaft, film or adhesive can

be nolded with the required pattern in a nold tool. Wil e the
particul ar SKYLI GHT TUBE W TH REFLECTI VE STRUCTURED SURFACE is herein shown
and described in detail, the invention is to be limted by nothing except

t he appended cl ai ns.

1



VWHAT IS CLAIMED | S: 1. A skylight assenbly, conprising:
at | east one skylight shaft substrate configured to extend away from a
transparent skylight done to convey |light entering the donme through the
shaft substrate; plural surface irregularities being formed on
t he shaft substrate, the surface irregularities being established by
| ongi tudi nal corrugations, each corrugation defining a mdline and opposed
edges, _a first angle being forned between tangents to edges of first
corrugéYHﬁﬂ%E;%Légﬂgﬁﬂséngle bei ng formed between tangents to edges of
second corrugations, the first angle being different than the second angle.
2. The assenbly of Claiml, wherein the first corrugations alternate with
t he second corrugations around the circunference of the shaft substrate.
3. The assenbly o siGlightastemblyecanpridifie corrugations are V-shaped in
transverse cross-section. 4. The assenbly of Claim1, wherein the
corrugations are i shapsgk isRylgRNIMA’ SsHhteSSorTREIOD extend away from a
transparent skylight dome to convey light entering the dome through the shaft substrate;
plural surface irregularities being formed on the shaft substrate, the surface
irregularities being established by longitudinal corrugations, each corrugation defining a
midline and opposed edges, a first angle being formed between tangents to edges of first
corrugations, a second angle being formed between tangents to edges of second corrugations,

the first angle being different than the second angle.

2. The assembly of Claim 1, wherein the first corrugations alternate with the

second corrugations around the circumference of the shaft substrate.

3. The assembly of Claim 1, wherein the corrugations are V-shaped in transverse

cross-section.

4, The assembly of Claim 1, wherein the corrugations are U-shaped in transverse

cross-section.
5. A skylight assembly, comprising:

at least one skylight shaft substrate to convey light entering an end of the shaft

substrate through the shaft substrate;

12



5. A skylight assenbly, conprising: at | east one skylight shaft
substrate to convey light entering an end of the shaft substrate through

t he shaft substrate; plural surface irregularities being fornmed
on the shaft substrate, the irregularities being established by

| ongi tudi nal corrugations, each corrugation defining a mdline and opposed
edges, a first angle being forned between tangents to edges of first

corrugations, a second | e being.forned hetween tapgents to, edges of

second corrugati & ¢>§H%g%iH§Fg§ fies heingg 8???%ﬁ€hﬁﬂghgﬁﬁtﬁgbgﬁg%nﬁwangle.
irregularities being established by longitudinal corrugations, each corrugation defining a
midline and opposed edges, a first angle being formed between tangents to edges of first

corrugations, a second angle being formed between tangents to edges of second corrugations,

the first angle being different than the second angle.
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