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Field of The Invention The present invention rel ates
w@emwenad3By to skylights. I1. Background of thePCT/US2006/030793

Invention In U S. Patent Numbers 5,896,713 and
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nount ed between the roof and ceiling of a building.
saffleessigpeceasdisdhe ptesentubeerdion anb Ibpth ef whichrard itgorporated herein by

roof - nount ed done or cover, -such as the one di scl osed
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t hr.ough .t etube as the interior.of th
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use a near specul ar fInISh reflective surface to

over theppior art sudh bncgmtmdmwf thmh@aﬁ@@nd e@nmeredal spefest o t he
interior ceiling. "Specular"” neans that reflected
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“712 patent, while the bottom end of the tube assembly is covered by a ceiling-mounted
diffuser plate. With this combination, natural 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



angl es based on tine of day/year, |atitude, and tube
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f ol l.owi rifd ' j . beam
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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.



SUMVARY OF THE | NVENTI ON The interior of a skylight
tube is formed with structures that change sunlight
wheanaggs es to prevent the formati on of a fockCT/psioné/930793
and/or that mx the light to uniformy illumnate the
base diffuser and elimnate glare and col or
separcabidingly,and/ first eémect 8 shylrght apsegfhly Has edranspareny dome and a
prevent retro-reflection and excessive
sky1eht 4 QubStrAe eRfeHiinglaway iffdnattel dogie RSPACEy Agla keyiterightthe dome
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reflective surface without any reflective film
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i npl enmentati ons the shaft substrate is netal and a
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~other inplementations the shaft supstrate nay be a
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vapor -deposited onto the filmor with a reflective
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etween transyerse tangents to edges of first
adggFa\ﬁoggeisgﬁsgaYeN so, a second angle different fromthe
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corrugations alternate around the circunference of the
a reidkihe arsldpposeited gesaandl afirgbangie-is fraped beteen angpesse 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 irregularities are plural dimples, each dimple defines a center and
a periphery. 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
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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 aceompanying 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;



shaft substrate. Surface irregularities are forned on
the shaft substrate. In this aspect, the shaft
weiwsis@EBe is a reflective filmincluding a rePCPUB100€030793
mul ti-layer polyner conposite. The details of the
present invention, both as to its structure and )
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acconmpanyi ng drawi ngs, in which |like reference
redBdABfothiSpoigker to |ike parts, and in which: BRIEF
DESCRI PTI ON OF THE DRAWNGS Figure 1 is a side view in
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Fi gBigares ise detailnf nartof th %Wuaﬂrferﬁwvg}dia%ﬂ‘gﬁ Jfitcl"s" of Figure 4;
Figure 2; Figure 5 is a detail of part of the )
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Figure 6 is a perspective view of an alternate tube

poi‘MsEh di npl es for reducing focal points; Figure 7 is a
top plan view of the tube shown in Figure 6; Figure 8
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DESERuPET 14 e GrpptioRpriRRe TR NRSSS 1%&%5?,1%3-8 in Figare 7;

initially to Figure 1, a tubular skylight nmade in
andccordance with the present invention is shown,

general |y designated 10, for lighting, w th natural

suniriggbd 9 isAnddtatl ef 4 @mple in circle "9" of Figure 8.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring initially to F igure 1, a tubular skylight méde 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.



room 12 having a ceiling dry wall 14 in a buil ding,
general ly designated 16. Figure 1 shows that the
wheio7ds63g8 16 has a roof 18 and one or nore j oi BEEUD06/030793
t hat support the roof 18 and ceiling dry wall 14. As
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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.



The shaft assenbly 24 can be nmade of a netal such as
an alloy of alum numor steel, or the shaft assenbly
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tothelnterlo surface of the shaft asse .
contsHiraRatiysly, !sfr the ghaff 1a mejaly @PISE%E SyRstrpiq can erPO%Shed to provide a
non-limting inplementations the shaft may be made of

reflectiverpudideconhae adighly sefbstivamestalesugh, asagilyei woralwninum vapor
steel, with a reflective filmadhered to the shaft

depk%hteﬁl dﬁ@ct%qglsuﬁace%oﬁﬁ delnesd Bsid @peraferdhadis® be
made of a polynmer with the reflective film bonded to

t. t
o T B g e
h’:ﬁ%&%g‘? meﬁgﬁﬁﬂﬁmh Eo Pale flagg %O%mnﬁlg%w ace: S(%r the film can
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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 diffuserﬁ

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



Specifically, the shaft assenbly 24 can include an
upper shaft 28 that is engaged with the flashing 22
w@r@7ika@8s i s covered by the cover 2 1. Al so, tPeT/ERaD6/030793
assenbly 24. can include an upper internedi ate shaft
30 that is contiguous to the upper shaft 28 and tt‘i?r} )
be mgehapically; staned andhequprediwith @peinaccendargeyyih arinciples known in the
desi red. Moreover, the shaft assenbly 24 can include a
artl ower internediate shaft 32 that, if desired, nmay be
slidably engaged with the upper internedi ate shaft 30
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for the building 16 such that the shaft assen‘oly 24
descoiherbintthe present asdigneeis Af.8 cpateny prblication po+2093/0061775, incorporated
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bet ween shafts canbe nechanically fastened and covered
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cirgrmferange riwith iligieer {ongBudinplueorragsiions Radle being understood that the
irregularities may be those described in the present
coSE@itigne4? maldbs foadddn onfyatt afahé lengthand/20 0BGRRIHES of the shaft
i ncorporated herein by reference, or the corrugations
40.{25&8 h&h Best G ﬁfg‘uﬁ%a G\ SIrRioRtiod¥ % aft BEG £ VCsRbpdin transverse cross-

I gures 2-5 show a hol l ow shaft 40 that nay be used as

n e of the shafts or,s t _segnents shown in
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circunference with | inear |angitudi n&l or.rugati ons
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be formed in only part of the | ength and/or
eighty dugndes tegeetenthah loae gbgree, 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.



40. As shown best in Figure 5, the corrugations 42 can

have a V-shape in transverse crosssection, although
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corrugation can vary in its included angle fromless

than one hundred eighty degrees to greater t han one )

degWith geeatr ptartion &bprefaried nondimitiegidetaild io Hignrg b ecack corrugation

t han one hundred twenty degrees to mnimze

421 &3flR6 td BiEine 4 And tdpPofAGEEzeS 206, B[ Wit adjacent dgeshaf tdjacent
to provide a greater amount of m xing of the |ight

coHﬁ Sohs ngmng %% 1ha% sﬂg@ﬁ e%ﬁl éji%f flluﬁﬁ'ﬁtlcm ﬂh% nlﬁﬁhﬁ@:dﬂ in Figure

arer In rererence ure

i Q o .the con rolled Jight spre
s Bkt SOt el %aepé?c?%tsh%m? 85,
substrate, when netal, to forma cylindrical shaft
establishing shewye canugationsn drecskilied faetisant eﬂhreaétlyeap@mwéq that the
the shaft 40 due to the increased nonent of inertia
cohVéngiof eaTBe feyeREd) V.o g et midizse cinie defiatd todse tht kastally outside parts
easi er asserrbly of small dianmeter tubing and the use

of ﬂ{e & & t 1lcB %gtaﬁﬁjhﬁl BUGex Qrifistibircr eased

greater attention to preferred

o AR RS D SR s

adj acent edges of adjacent corrugations | oi ni ng each
otz 4s 48 Inbench Wirhgstionr Whan erarmatianie YiseneAds shawn, the
in Figure 5 are defined to be the parts of the
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443b lehGPRIgMN4L! 49 £2HoW, PRPHE Gh@E 8 1§ hdtanbROFaMMENtARirther shown
can be reversed, |.e., that mdlines can be defined to

in ﬁig}g ge%c? %lfal’{’l‘tl%%eé) iRl %ﬁoﬁ)sagagﬁla% arﬂ?& a(fnge % cﬁi@shundred twenty

FAVEx corrugation
Figure 5 shows that angl.e ais forned
degreshvhstese er%@%t%eqawm%gﬁe&gﬁé% ofgl 2 §f’§°’6‘$ag%ﬁ e.g, one hundred
corrugation. Wien the corrugation is V-shaped as
twehiywfivet Hegreesanwitler e ddrgumbsredr eomsugagiops | dliearating around the
extending in the transverse dinension fromthe mdline

circumference of the shaft 40 with the even-numbered 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 52 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, Figures 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.



44 to each edge 46, 48 as shown, i.e., the angle ais
the angle of the "V'. As further shown in Figure 5,
wodansasker ed corrugati ons can have a first anptBU82006/030793
e.g., one hundred twenty degrees, whereas
even- nunber ed corrugati ons can forma second ang
e. gA dimpls Gumaey kayetons Aeijable shapelseg c8s, ofhg myrl#fbof shapés of golf
odd- nunber ed corrugations alternating around the
balt difwgles, erge npherial, tehigptivhi phraBlicyihlyherbblic, et nknthehibustdtive non-
corrugations. This geonetry results as shown in an

hm’i’tﬂ@ EnBdith s"ISBQ/naer‘taihfF S8R RacIPEintile 63 hadhicohase (or convex,

vveen the normal 50 to an édge 48 and the nor mal
acent mdl.ine 4 f
dep&a%wg ol el e BE SR AELE ARG, i€ g fence can
line 44 and the normal 54 to the next cessive
estiRLgh Rt azht Bp Caaiht DA% the Ve COHPIGRATT oL ST X bpaolic or
show a di npl ed hol |l ow shaft 60 that nmay be used as any
othenleovdfthathie cavdintsr throughafttits segaeent s shown in Figure 1.
Specifically, the shaft 60 is fornmed throughout its

| englcboraR@lse id %ﬁﬂﬁﬁh@iﬁ% Wnplen@hEbe shén, eath Bihlg62 defines a
under st ood t hat the dlnp es 62 may be formed in only

ceng%%% ag& n%Fé?e @99&&1 eriplier 553 EJlﬁ{t eﬁtr@eto‘?ﬁe ﬂeﬁ%hé?%%testabhshes

hape,
of t nyri ad of sha of

an Syl PERTeSTBT D BEamBaR 8 igFIeE OF REB%F{ST’E? B0 o geg‘f?eﬁ (t give
the illustrative nonlimting enbodi ment shown best |

gremieyeselution Busteint thp kugle f inHiguee Bokrcaveent 49 tetba \ff'@a&er 64 has been
dependi ng on the perspective, i.e., outside or inside)

offs u6 glic HikeoSiharenrnd2))epdditvanly shaklistale i atie radgihtdimension
be thought of as the very bottom portion of spherical

betWeelPﬁl 2Rkt 64 Ma sﬂu%lp rg%@%xef&%@l[y i$ RsEthay bhé Hzﬁﬁﬁlch (<0.5 inches, or

hroughout its ccordingly, 1In
R SR S Y e 1
thaggzrvlg %2&;%% g}?e log‘é csfalg\gveerl]évaggn tSl.?nlltgl?lte 1s%er£\|fe?1‘pe%r )iByGI?miting the distance
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.
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an angle bwith respect to a tangent 70 to the center
64 of no nore than two degrees (to give greater

wo e@al1sd3son for seeing the angle b in Figure 5PCT/H82006/030793
tangent 70 to the center 64 has been offset to the
right of the center 62.) Additionall t he di stance in
t he Whilti e pictievar 95 YBEGHEcHUBReWd EHt REFEHCIRGE STRUCTURED
peri phery 66 preferably is |less than one half inch

SURFACE {snehas shown dndsizsdribad iradesin thenatvaltipn dsre teninited by nothing
one-quarter centineters). By limting the angle b to

rees, the loss of |ow elevation

ex%ﬁﬁﬁ?gﬁ?ay%&gkgggnted By limting the distance in the
radi al di nension between the center 64 and periphery
66 to | ess than one-half inch, excessive reflections
are prevented, which could otherw se eventually | ead
to sunlight being reflected back up and out of the
dome 2 1 (Figure 1) and hence decrease the |ight
t hroughput of the shaft 60. n non-limting enbodi nents
the corrugations and/ or di nples descri bed above can be
formed in any appropriate way. In one non-limting
exanple the netal shaft, or the reflective film or
t he adhesive can be fornmed or patterned with an
enbossing roller. In another exanple the netal shaft,
film or adhesive 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
nmol ded with the required pattern in a nold tool.Wile
the particul ar SKYLI GAHT TUBE W TH REFLECTI VE
STRUCTURED SURFACE is herein shown and described in
detail, the invention is to be limted by nothing
except the appended clains. WHAT IS CLAIMED IS: 1. A
skyl i ght assenbly, conprising: a transparent done
(21); and at |east one skylight shaft substrate (24,
40, 60) extending away fromthe

11



donme (21) to convey light entering the donme (21)

t hrough the shaft substrate (24, 40, 60); at |east one
waono7asesss rregul arity (42, 62) being forned onP€TES2006/030793
shaft substrate (24, 40, 60), the surface irregularity

(42, 62) being selected fromthe group consisting of
WHATDISSELASMERAS: | ongi t udi nal corrugations (42). 2.
The assenbly of Claim1, wherein the shaft substrate
(241. 40, AGRyliplst asmingbly, dohprisingf t substrate (24, 40,
60) being polished to provide a reflective surface

wi t hout gryi Eetdeabi¥exfyi 448 i ncorporated into the

assenbly. 3. p_?:%él asse%rr%l)i/ of Caim1, wherein the
.regtelnﬁﬁx?a Y from the
i C

shaft subsirate 4.. .40 Q)4 a

net al bef‘ﬁ&a e%‘sgs%ﬂé%}ﬁ&??fgé%?s;}r% toenn&%'hléo’i 62)3 € Surfa

of the shaft substrate (24, 40, 60 d h

ass B9ME (21D ke eenygy iightl*’@fq(ﬁéé tﬂi‘\)cg’r% (12?%“5}?0‘{ gléﬁ(’e Sf%‘é’[f“ él?t?sﬁﬁte (24, 40,
an adhesive into the assenbly. 4. The assenbly of

Cl ab®);1, wherein the shaft substrate (24, 40, 60) is a
reflective film a netallic substance being

vapor - deppghdt @de it etiReydidrtin4 D 62T Bﬁn%ﬁfrﬁﬁbbm thd shaft substrate
Caim1, wherein the shatt substrate (24, 40, 60) is a

refl hVen i ' i sl A [ o
ol (75 1020 58 PR Ercelibl O 42 bfila Rtk i dhCarppp consisting
1, c risi | ural, syrface irre rities

est ﬁg%%&g%%ﬁﬂﬁm%ﬁpnﬂgﬁpﬂggwons (42), each
corrugation (42) defining a mdline (44) and opposed

edges (46, 48), a first angle being fornmed between
tangents to edges of first corrugations, a second

angbe beiTig aésemBBbITMMEE vHerghe khaft wbstete@4p40, $8Lio nebtal, the
corrugations, the first angle being different than the

sh mgaén@h,e 40, 6(r)1)l9§11$27r§ﬁ§mhyto ro@d@id'f}eglect‘f‘(fbe&ﬁfd&e without any

I rst corrugatio nate with secon

reflective film incorporated into the assembly.

3. The assembly of Claim 1, wherein the shaft substrate (24, 40, 60) is metal, a
reflective metal being deposited directly on the inside surface of the shaft substrate (24, 40,
60) to render the assembly internally reflective without incorporating an adhesive into the

assembly.

4, The assembly of Claim 1, wherein the shaft substrate (24, 40, 60) is a

reflective film, a metallic substance being vapor-deposited onto the film.

5. The assembly of Claim 1, wherein the shaft substrate (24, 40, 60) is a

reflective film, the film including a reflective multi-layer polymer composite.

12



corrugations around the circunference of the shaft

substrate (24, 40, 60). 8. The assenbly of C aim6,
wob@rasa3st he corrugati ons (42) are V-shaped i nPCT/US2006/030793

transverse cross-section. 9. The assenbly of Claim®6,

wherein the corrugations (42) are U-shaped in

transverse cross-section. 10. The assenbly of Caim1l,

conprising plural surface irregularities established

by pd.ur al Tihi aggengtsy 66€)aim d acdingshising gucbhirficegreguladtitssstablished

(64) and a periphery (66), a tangent to the periphery

by I6Rit AR PR AS (30), BRI cBrribatibn (45 REfhink 9 nfdRA@9 Und d
yEo %lhe centr{eur% (164)(@%)f no crrrtgir%e ltﬁgfgt WO d%gr ees. #énd oppose
edges (46, 48), 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.

7. The assembly of Claim 6, wherein first corrugations alternate with second

corrugations around the circumference of the shaft substrate (24, 40, 60).

8. The assembly of Claim 6, wherein the corrugations (42) are V-shaped in

transverse cross-section.

9. The assembly of Claim 6, wherein the corrugations (42) are U-shaped in

transverse cross-section.

10.  The assembly of Claim 1, comprising plural surface irregularities established
by plural dimples (62), each dimple defining a center (64) and a periphery (66), a tangent to
the periphery (66) establishing an angle with respect to a tangent to the center (64) of no more

than two degrees.
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