1 7 .SKYLIGHT TUBE W TH RERLECTI VE STRUCTURED SURFACE ., I. Field of The

| nventi on The present invention relates generally to skylights. H.
Background of the Invention In U S. Patent Nunbers 5, 896,713 and 6, 035, 593,
both of which are owned by the sane assignee as is the present invention
and both of which are incorporated herein by reference, tubular skylights

are disclosed. BoSKYDAGHTETTRE WITESRESDECT VESTREVTURED dURrAdESC| osed
in US. Patent Nunmber 5,896,712 al so owned by the sanme assignee as is the

present i-nventi on @{ed AR thiGRiopor ated herein by reference. These
I nventions represent advances over the prior art and one or nore of them

has found conmer cial_ success.. Bri,efl a uhul.ar, skyl i ght such as those
menti oned above fﬁ%p&%&tlqunatgxér%gtg%%%cgpllyh%ﬁq[@gs.bet ween the roof and
ceiling of a building. The top end of the tube assenbly is covered by a
roof nounted donﬂI-oB?@@iEdeﬁ@HIHEeﬁ% one disclosed in the
above-nentioned 712 patent, while the bottomend of the tube assenmbly is
covered by a cei In bigS. Fatent Ndmbekis {5 96¢H1 3hd 663 5,903, botiho Swhiohhiertried by the
natural |ight external to the building is directed through the tube
assenbly i ns@mé bexignak QE §Othe PreseRCinRbktihh 4@ Hoth b WlivhNRE SndoRPrated BELRI by

Tubul ar skylights use a near specular finish reflective surface to

Lranspor | SILEA pRNSHIR N6 8 5L L Bl ISR OLuER h.
paral 1ol anfrovmsadh B PaRn et 508 L i et i osees ¢S QrRSe
i nvention understands that sunlight enters the tube at various incident
invention and also incorporated Iglerein 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 covet, sucil as the one disclosed in the above-mentioned
*712 patent, while the bottom end of the tube assembly is covered by a ceiling—mouqted_
diffuser plate. - With - this cmﬁbinaﬁon, na:tural 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 sﬁecular 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 plans location, Despite the fixed

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

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

| 2BRpCT - ' ' : ' 1



angl es based on time of daw year, latitude, and tube ogeni ng pl ane

| ocation. Despite the fixe position of the tube, dirkct beam sunli ght
reflects down the perineter of the tube at approxi rrately t he sane

el evation angle as it enters the tube. As understood herein, this can
128-20.PCT ~ result in the foll ow ng undesirable outconmes. First, the
paral | el beammdtinithegfoliowimg uadsitellg outcamhes (Bﬁegﬂier;ﬁffﬂelél beagpdunpgt laizﬁco@t/crge
various | ocations down the tube, resulting in potentially dangerous hot

spots that carcf@ussted iHas peafst MCHRRS Yochfords HRwRY @28N6E 18dul Lp%tt B
materials. Second, uneven illum natlon results at t he” base fuser of the
t ube, becau t ath th s i n h t he
focal point Sﬁﬂ%\eﬁﬁlg glgéiéﬂ%éﬁ%tl a caa it r arﬁ(ﬂlllql ﬁrrlﬁer? !ﬁusgﬁ’ ten

di ffuser. The result |s poor |IIumnat|onprfor nce and gl ar fromthe

di ffuser. AdHCPRGAEFYER L ‘EIH@EH?IF@éléHﬁﬁt&Fﬁ affe @éseis erfybe, ReGUEHIE PERMEE i n
the diffuser can cause the separation of the wavel engths and project

rai nbows i npethiohthcilighinaysin. combmatiohi with fhe fotubppintssen tause patisliand nomkaiormhe
following critical observations. Direct beamsunlight reflected froma

specul ar suflfuafigation of Fi RO X TR Q1SR ?@& idimafictPerfoditatdeRal @lard ¥dm Ot S
that are unsafe and that reduce product performance due to non-uniform

illumnatio bs f I eéj]:,({% arity
of the tube& resuIP%H';SitLtlmr?lmlr1 ucgﬁé‘ﬁ?gﬁ{)@{ %ésnﬁdsém ' tthg?n@g%c‘%&ng a
di ffuser above addr ess | are an spots, reduces the total
syst em per f G 8(36 OP(S’ f}f?ewaf"re%?gﬁli'gg’% Be° 8?"’5 zh CITEPS diffuser and
the increased tube reflections caused by the li spread. Nbreover
attenpting to reweayingls taprossniiovenios makecbafal mgcmt@abpbsem@nw pRiredtr ned

reflector results in the light. being diffused in a hem spherical shape
that may sdiedngudigherefledtadir&t%speduldr berfice ghthe bgwlxitiate shiyee dflaltehe cahereaté or e

once again reducing performance. Wth the above observations in mnd, the
invention Wi ghdts i BaiPh@Vit@f and that reduce product performance due to non-uniform
illumination. As further understood herein, simplf reducing the specularity of the tube
results in reduced light transmission, Likewise, installing a diffuser above the tube to address
~ glare and hot spots reduces the total system peffonnance 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 heﬁsphcdcal 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 prdvided. |
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.
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SUMVARY COF THE | NVENTION The interior of a skylight tube is fornmed with
structures that change sunlfight beam angles to prevenk the formation of a
focal point, and/or that m-x the light to uniformy illum nate the base
diffuser and elimnate glare and col or separation, and/or that control
light direction to prevent retro-reflection and excessive reflections.
128-20. PCT 2 "k Mﬁdiﬁlélg,gﬂnw fitsh aghebd 4 SkylhPeatmblySkag!d ghilspassedtle/afios a
transparent dome and a skylight shaft substrate extending away fromthe

done to Convsﬁyliéﬂtgmﬁ ﬁﬂ)%ﬁﬂtia;égte %ﬁgfﬁg}ns Qkigllﬁett @onﬁ;@?iei%héré,‘ﬁg&ﬁlgurfdome ‘

Surface irregularities are forne aft substra ace
irregularitigs can b i es ongi tudi.pal caqrrugations. .l n, so

i npl ement at itgrﬁgélfﬂﬁ @ﬁgﬂrﬁgﬂﬁst %eggegﬁgpﬁ?s ﬁﬁg‘”ﬂfgﬁﬁltﬁ"s% Scugsrbag%vpﬂfe a
reflective surface without any reflective filmincorporated into the
assenbly. | Audrasdrregulaics sembadimpies or fengihdingl coupeatioss.e i s metal and a
reflective nmetal is deposited as by vapor deposition directly on the

i nsi de surface oin $diee iiygbmerstativeis tiad shaficubstraiels héte! amde pblished o pvialal v
reflective without incorporating an adhesive into the asseinbly. In yet

other i npl IRBEA sRRRe W0BNA reFdbSle Alne iﬂﬂ%ibo@ﬁe@]jt[tffﬂhéaﬁﬁs'bﬁiﬁgf | kit h a

nmetal lic substance being vapor-deposited onto the filmor wth a

reflective gubii-layer polyps ﬁbs?rQ{éT}Qﬁ-lig%agl Fl Fbglefm%&ﬁqs Sk a%‘t?ﬁ&ﬁd?t e.

When the surtace irregularities are udinal " corrugati-ons, €a
corrugation, defines, a mdljne d oppos edges, .and a first angle js '
formed bet wiBRSIHiPH fipeh ent a@%gswf@%aggge S0 pybe e dorrn iomseriiso, o
second angle different fromthe first angle is forned between transverse

tangents t dnistydy reflective ovithoud incoyeratingsan adhesive rimio thedsssmbbyn dlcwratizgat i ons

ixnplezneﬁtations the shaft substrate may be a reflective film with a metallic substance beirg
vapor-deposited onto the film or with a reflective multi-layer bolymer composite being
adhered to the substrate.
When the surface irregularities are longitudinal corrugations, each corrugation defines
a midline and opposed édges, and a first angle is formed between transverse tangents to edges
of first corrugations. Also, a second angle different from the first aﬁgle is formed befween
transverse tangents to edges of secon& corrugations. The first and second corrugations
alternate around the circumference of the shaft substrate, and méy be V-shaped or U-shaped
in transverse cross-section.

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

In another aspect, a skylight ‘assembly inchudes a transparent dome and a skylight
shaft substraté 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

128.20.PCT ’ . 3



alternate around the circunference of the shaft substrate, and nmaybe
V-shaped or U-shaped in transverse cross-section. Wieh the surface
irregularities are plural dinples, each dinple defines a center and a
peri phery. A tangent to the periphery establishes an angle with respect to
a tangent to the center of no nore than two degrees. In another aspect, a
skyl i ght assshafbybstrateli e, and & psfepaventialiRMepdited dirédky loh gy insigh adrface of
substrat e extendi ng away fromthe dome to convey |ight enterlng t he done

through the ;s E!?afﬁt su% k E@E&deﬁﬁ%%ﬁ&&nﬂ& éﬁ%k%;c}réﬂf@e%ﬁh&?t Cot &‘nﬁ fn

shaft substrate. this aspect eis
netal, and g I s- deposited directly on the |nS|de surface

ﬁeesf I ectt lLyve metﬁ

of the sha]‘afj U’t?s‘??élfeesf T énder the assenbl y internally reflective

wi t hout incorporating an adhesive into the assenbly. In yet another
aspect, a skyl i ghtyehawashaspgperta slodieht sssemblisnshidena trensparenidoms a8 ¢ shlight

shaft substrate extending away from-the donme to convey |ight entering the
dome t hr ougbhafisebststeadtendingstvapfrom thedéme & donvedighaeittrimethademé throvgh ten t he
shaft substrate. In this aspect, the shaft substrate is netal and is

pol i shed t osHaRQvib§iaLR s&faheﬁfegmnﬁeg 4R EEMMItIRARY sHARSubREate Chithig aspfebd fie
incorporated into the assenbly. In still another aspect, a skylight

assenbly i nﬁﬁ%ﬁ&ﬁe 1%31@%? ;A Pgoﬁ]ﬁ}%ﬁt 1{3 %lﬁ@l A0« Pﬁ\fﬁ%@tﬂn@ﬁ% e@lE&1Vﬁ the

ext endi ng away convey erln roug
shaft substtate. Surface iyregularities are forrred on the shaft substrate.
In this asp@&m"?lﬁgmteaﬁ%tpt &Hp<EPte is a reflective filmwith a nmetallic
subst ance bei ng vapor-deposited onto the film

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 shait subsirate. In this aspect, the
shaft substrate is a reflective ﬁim 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
silaﬂ: 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 accompanjring drawings, in which like reference nmnerale

refer to like parts, and in which:

BRIEF DESCRIPTION OF THE DRAWINGS

Figure I is a side view in partial cross-section of the tubular skylight of the present
invention;
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I n anot her aspect,, a skylight assenbly includes a trapsparent done and a
skylight shaft substrate extending away fromthe domel t o convey | i ght
entering the dome through the shaft substrate. Surface irregularities are
formed on the shaft substrate. In this aspect, the shaft substrate is a
reflective filmincluding a reflective nulti-layer polyner conposite. The
details of the prEigemnt? is aypenpediNe viedl ot tBSpresent fube Hith Ueioih8indlébrRRAIAL 8N,
can best be understood in reference to t%e acconpanyi ng drawi ngs, in which

l i ke ref er'en@gu@j%g;cgl int§-efer to like parts, and in which: BRI EF
DESCRI PTION OF T WNGS Figure 1 is a side viewin partial

cross-section of 4.he tubular skylight. of .the present _inventian; 128.20.PCT
4 Figure 2 is a p%%ﬁéé??@ge\[?{%g%oﬁp Ylﬁ‘éf°6%]bes‘ﬁﬁi‘c?ﬁﬁ%ﬁ\kfghovr%ﬁgﬂsﬁr8' nal
corrugations for _ reduci n? focal points; Figure 3 is a side elevational
view of the insi dasws 4inatopgian Yewws theduls dopainFigumPure 4 is a top plan
view of the tube shown in Figure 2; Figure 5 is a detail of part of the

ci rcunf erence of Figuee § ideeddtail af pad of tHeircofnfEregpaod the; ubdingitck "6" bARigure 4,
perspective view of an alternate tube with dinples for reducing focal

poi nts; Figure 7FRigurd6 isoPpdbitotved Salvlf ah RBeinbil ulh@Nm dintpl1Ed ﬂyféﬁugmg'f&cﬂure 8

is a side elevational view of the tube as seen along the line 8-8 In Figure

7; and Fi gg{(,% 9 is a detail of a dinple in circle "9" of Figure 8.
DETAI LED DE FPTI ON OF THE PREFERRED EMBODI MENT

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 2 dimple in circle "9" of Figure 8.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring initially to Figure 1, a tubular skylight m;de in accordance with the ﬁresent
invention is éhowﬁ, 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 l‘iard plastic or glasé roof-
mounted cover 21. The cover.ZI 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.
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Referring initially to Figuwe 1, a tubular skylight nmade in accordance with
the present invention is shown, generally designated 10, for |ighting,
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 nore joists 20 that support the roof 18 and

ceiling dry wall - coer ﬁ%ehﬁbﬁé&%ﬁ%émg&ﬂ%fﬁ)éﬁs@ﬁa %%'M%&%?%g@‘f’%l gid

hard plastic or glass roof- nmounted cover he cover 1S op

transm ssiv .preferably is ansparent.. In .ope di t he cover
21 can be tﬁ‘ze?%%\}g t%(ﬁﬁ%dgtf)gieer Oﬁrg'fﬂg"’é‘ﬁ&? pgyp Fbﬁ‘géﬁn% mrégﬁghéﬁl?ﬁgaé‘:?nt he
cover 21 can be other suitable covers, such as the covers marketed under
the trade gled gy apnipRriate,fpr hecant phibarooid§ite pregage 1pBhold tmoover Fha tiover
21 can be nmounted to the roof 18 by neans of a ring-like netal flashing 22
that is att @&shedlt wriitallyuprghtiBiehtatiomstsvivel | - known in the art. The netal
flashing 22 can be angled as appropriate for the cant of the roof 18 to

engage and hol d h@%ﬂﬁyg{ou%linﬁ%&é@ an $RASKIRI bfYecN €4 Rd1eM shitft HREMBN! generally
orientation shown. As further shown. in Figure 1, an internally reflective

hol | ow shaf ‘ eral ' t 4 doSi £O

flas h}Nng 2 Zhe e&ggggfé-cggc &) rtlé' g’fe f@ﬁ%hgggeﬁg? (S%/OSEZPI egt}io%a ‘g'elﬁg%ga?@g rz%L g% b,e
rectangul ar, .triangular, etc, Accordingly, while the word "tupe" e
used 1 om EYREHED, FrRcH s Eianetht o Reroblnaidghia Dsd e e PE Hestp! es

of the present invention are not to be limted to a cylinder per se unless
ot herwi se siemitimedd tintpthereirh éffis todmd@ﬁ*po@&xabﬁhﬁeﬁ&pimﬁlth@m@nt fumglﬁmm@f t he
interior room12. Per the present invention, the shaft assenbly 24 directs
|ight. that mtebslimlied phodllindaseibd ynless otitpwiwasedifjedt 0 a | i ght di ffuser
assenbly, generally designated 26, that is disposed in the room

The shaft assembly 24 extends to the ceiling 14 of the interior room 12. Per the

-

present i1_1v'enﬁon; 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 reﬂecti\.re by means of, e.g., electroplating,
anodizing, metalized plastic film coating, or other suitable means. In one preferred
embodiment, the shaft assembly 24 is reﬁdered intemally-r 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 thé interior surfage of the shaﬁ _

assembly 24, the combination is specularly reflective.
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12 and that is nmounted to the ceiling 14 or to a joist. 20 as described in
the above-nentioned 593 patent. The shaft assenbly 2# can be made of a
metal such as an alloy of alum numor steel, or the shaft. assenbly 24 can
be made of plastic or other appropriate naterial. The interior of the
shaft assenbly 24 may be rendered reflective by neans of, e.g.,

el ectroplating, BnsgizhddimiBgahpkednliosdhe skdft %Béhiaﬂgofé)borﬁﬁ&ﬁé ofa
suitable nmeans.. I n one preferred enbodi ment, the shaft assenbly 24 is

;ﬁggter ggsgpﬂt) ﬁi%u{bﬁﬁitgﬁ%ﬁﬁﬁuﬁyor s?egép,@%'apsgécﬁ% ﬁ‘ﬁﬁdﬁéggs&[ﬁﬁ ;\a}mgng and
Manuf | . b wh
s ods of Tbtie, g sBae e scplsa Hidrade 5B PHETCR i g RhdckEs it pgnoed

| am nated to the interior surface of the shaft assenbly 24, the

conbi nati on P& specularly reflective. 12&20.PCT 6 Thus, in non-limting

i npl enentations the shaft may be made of a conposite of a netal substrate,
e. g., alum num oAlstredvelywifthe shaft & el ilveshhftlsabadirecmthet pplishied t6 padvidessi ng
an adhesive. The shaft substrate can also be nade of a polynmer with the

reflective fifedtiRondese 6rcha'vE 8 ﬁ?ﬁ@’ﬂ&ﬁ&dtx‘(f‘é‘lrﬁﬁaﬂ §ucthh% ShRf br 'aﬁmﬂﬁﬁrﬁlvaﬁ&he

shaft substrate can be polished rovide a reflective surface or have a

hi ghly refl Y um num deposi t ed
directly toalﬁol's‘ﬁ\{és\du gtto H{ﬂ%ﬁ?e ”ﬁgé gf org %Bﬁrgiéa# esév esive. In yet
ot her i npl enment nsareflectlvefll |ts be used, as haf t
substrate. In s t%lthe‘i iplERRIAtDs BFF mﬂ@%rbﬁd“éiﬁo@atsg@% ﬁﬁ’ﬁ%ﬁtﬁ-he

filmsurface. O, the filmcan incl ude a reflectlve mul ti-Iayer polyner
conposi te. [msushen prpltmentation ntetad isnepor-dephgited vafc the Sim miyfage 2 @r,lthe film can
establ i shed by a single tube.

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'inc;ludé‘ an
upper intermediate shaft 30 thét 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 assembiy 24. And, alower
shaﬁ 34 can be conﬁguo;;s to the lower intermediate shaft 32 and join the lower intermediate
shaft 32 at an elbow 33, 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 roofmounted cover 21 to the ceiling;mounted diffuser

assembly 26. It is to be understood that where appropriate, certain joints between shafis can
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However, as shown in Figure}l, if desired, the shaft assenbly 24 can -
include multiple segments,’each one of which is intermally 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
that is covered by the cover 21. Also, the shaft assenbly 24. can include
an upper i nbemeEltinakBy sRRhSd B chiiabd Wih eQRH Qdéeﬂﬁnéeowmhﬁiﬂég%rkn%ﬂﬁfiﬁ thé8
and that can be angledy relative thereto at an el bow 31 if desired.
Moreover, thgishaft assenbly 24 can include a |ower internediate shaft 32
~that, if desired, may be slidably engaged with the upper internediate
shaft 30 for absarbing thermal stresses. jn the shaft assenply 24. And, a
lower shaft 34 cafupgsedht Pl&i?etélaﬁasmiﬂmﬁm WHhTage GregWaries 98 Pah g
join the lower intermediate shaft 32 at an el bow 35, with the bottom of
the | ower stfll ofifs irsiengroy for exflepting lhght iti 4 ay tat midwizebthy chsice Phkotepdidow 35
may be angled as appropriate for the building 16 such that the shaft

assenbly 24 wiiknesethelebemagiafiziap ighethrapystt. 2ihe Rufabeirfghlatifiés MRy bé Gbse
diffuser assenbly 26. It is to be understood that where appropri ate,

certain joi ] : : chgdy : and
covered wt ﬁ%fcggg& ?ﬁﬁggi%%tg%é%é\%s tUEf? %%feﬁg%ﬁlg%%%wg@qyrﬁ@%Zys’fél?%%?ﬁ?%giany '
case, the pilgs_ar}%ty sFaft aszﬁnbl 24 is f.orned .vviit h.surface irregularities
on part or “grT SFTFEE e auepsop ApRiFy aEPKE B eHht in a way t hat

m ni m zes the chance of hot spots while nonethel ess nmaxi m zi n% l'i ght

t hroughput. The Yiare spesifically diguaes 3-p sBowahoHew shafs 40 thabmay P Beedias aghane
present assignee's U. S. patent publication no. 2003/0061775, i ncorporated
herei n by refibe shafie pr shafitsbpnay shoga tin Bigsredrand ithap isdfsrmbid tlnbogtedt isdergtinand\Vor e
specifically, Figures 2-5 show a holl ow shaft 40 that may be used as any
one of thecigaiféren@ withafikeat QONEMIMaP RoMIgdtions 14QUEE bding NthdeRfod fraf Eemed
t hroughout its | ength and

corrugations 42 may be formed in only part of the length and/or circumference of the shaft

40. As Shoum best in Figure 5, the corrugations 42 can have a V-shape in fransverse cross-
section, although alternately they fnay be U-shaped,
In.general, each corrugation can vary in its included angle‘fr.om less than one hundred
- eighty degrees to greater than one dégree, and preferabiy the included angle is greater than
6ne hundred twenty degrees to minimize rfsﬂections. Also, the angle can varj around the
shafc to provide a greater amount of mixing of the light before it reaches £he base diﬂilser;
as will be made clearer momentarily in reference to Figure 5.

In addition to the controlled light spreading features, the corrugations 42 also allow
easjer bendiﬁg of the substrate, when metal, to form a cylindrical s};aﬂ fromm a sheet, and fo
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.
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circunference with linear longitudinal corrugations 42, it being understood
that the corrugations 42 r‘?ay be formed in only part of the |Iength and/or
circunference of the shaft 40. As shown best in Figure 5, the corrugations
42 can have a V-shape in transverse cross- section, although. alternately
they may be U-shaped. In general, each corrugation can vary in its included

angl e from | ess tWah geaRr ftbAdoeed prefetibd Yol BaiRRYetads ¢ Mgl 5, édthRoRuRition
degree, and preferably the incl udped angle is greater than one hundred

twenty degregsgdm oSN iHiE ﬂegﬂcﬁﬁb%c?yé%eg%]s‘;% iéq%ﬁf‘%ﬁ%é”n%%@ ¥f @ipiudl the

shaft to provide a greater anount df the re i1t ‘reaches
the base diffuser. as .wll. be made cle [ ntarily in_reference to
Figure 5. | FOHUERERRSRUEE E6h OBt ot S1ovEn 1VEUR TPty mio pdlsdd in Ffaue
corrugations, 42 also allow easier bending of the substrate, when netal, to
form a cyl i Rce afined fndyerthe payts of thehesstugatinng thab areirpdiplbaisest fige the edges) hence

strength of the shaft 40 due to the increased nonent of inertia this

geonet ry pr esthllishing Thv@ssvet vmrdzeadns ake akilled iisahewilh sadiyplagpretiatentiat the
di aneter tubing and the use of reduced caliper nmetal due to the increased

strength. | ¢@nehtidadan Be WkRed 82 HEE nﬁ&ﬁrﬁﬁ‘&hﬂ% defintd ﬁfb%rﬂ:i@nﬂdﬁ]}? ohtsidlk birkg

details in Figure 5, each corrugation 42 defines a mdline 44 and opposed

edges 46, 4 ] | acent f | ac corrugations joining each
ot her as sh%%h%{’fﬂfq%gb’?soﬁéhcﬁE%g@fsg%goﬁg%‘%é&ngiug 1110%5'3 44 in Figure 5 are

defined to be tg[% Parts qof the, corrugatiops _tgartm?are radially inset from
the edges, hencedD 2B¥%¢asp Higwe A ghewnbalan agleqi§demmsd detwegn transverse trogenty 18an

will readily appreciate that the convention can be reversed, i.e., that
m dl i nes céahe lpdged et A of eactbesrtugetiorad Wilehytho oersigition & Vshapsd ashshown, the
corrugati ons, hence establishing-convex corrugations. In any case, Figure 5
shows that tainsaR@! ttgdnts srd @hPRIineetvaiing HARSNAsF& st ERYAHHS frbM the midline
44 10 each edge 46, 48 as shown, i.e., the angle o is the angle of the "V". As further shown
in Figure 5, odd-numbered corrugations can have a first angle o, e.g., one hundred twenty
degrees, whereas even-numbered corrugations can form a second angle o, e.g,, one hundred
twenty five degrees, with the odd-numbered corrugations alternating around the |
circumference of the shaft 40 with the even-numbered corrugations. This geometry results
as shown m an angle of two and a half degrees being established between the normal 50 to
an edge 48 and the normal 52 to thé adjacent midline 44, and an angle of five degrees being
éstablishcd between the normal 52 to a midline 44 and the normal 54 to the next‘successive
midline 44.
Alternatively to corrugations, Figu_res 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.
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t he edges 46, 48 of each coLrugatlon When the corrugation is V-shaped as
shown, the transverse tangents are sinply lines extendling in the
.transverse dinmension fromthe mdline 44 to each edge 46, 48 as shown,
i.e., the angle a is the angle of the "V'. As further showmn in Figure 5,
odd- nunbered corrugations can have a first angle a, e.g., one hundred

twenty degrees, aEghsies2evS e HBEHREbIE 9 | SRSofRBmyAhIbAsHRAR @R golangl e
a, e.g., one hundred twenty five degrees %9@% t he odd- nunberedﬁé}s :

corr ugat i onspy &Lﬁlﬁmtéggs eﬂ#&ﬂi eﬁlg& aEa%HﬂZ HyBABEIS eid. N BBsirdfhcUcal) L he

even- nunber ed cor fugat r €s I'n an ang

two and a hal f..de e abl i hed ornal 50 to an edg
48 and t he PR S50 ek Sat bRt Sfj radhidimei e B 8 fpneve{Shenflen
degrees bein establlshed betmeen the normal 52 to a mdline 44 and the
normal 54 t dlcpeislingesn the perenpstives i.eni elitsidee onnside) seasadike shype and hence can

corrugations, Figures 6-9 show a dinpled hollow shaft 60 that nmay be used

as any one abtablish viinafrtightte thhvaht ofaghensy behawpoitionRifgphaichl oSpeddofic mal | y,
the shaft 60 is fornmed throughout its length and circunference with

di nples 62, otfer BOkNBatys BE%HRAd N ohBRIut i Smicgp! es 62 may be forned in only
part of the length and/or circunference of the shaft 60. 128-20.PCI 9 J )

o ‘gor T bal | ) nipegaigly, bt AR FeR0ee o BB o, %ﬁ%@ﬁ%feﬂﬁ?&%ﬁ %l'l?f? >
ach i mpl oo LS G B Eoalar BB, 0o deigRia FYICORE PR IpEHBsBENIDe
i.e., outside or inside) saucer-like shape and hence can establ i sh what
m ght be t huugigle fowitheespét toataygand 79 trthe certiéréd of 1o sphethas &vo degresallalgoki ¢ or
greater resolution for seeing the angle in F igure 5, the tangent 70 to the center 64 has been
éffsct to the right of the ceﬁter 62.) Additionally, the distance in the radial dimension
between the center 64 and periphery 66 prcferahiy is less than one half inch (<0.5 inches, or
less than approximately one and one-quarter centimeters). By limiting the angle p to less ‘
than two degrees, the loss of low elevation sunlight is prevented. By. limiting 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 othe;wiseA eventually lead to sunlight being
reflected back up and out of the dome 21 (Figure 1) and hence deérease the light throughput
of the shaft 60. |
In non-limiting embodiments the corrugatioﬁs 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 patfern in a mold tool.
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other bow that is curvili&ear t hroughout its surface.. Accordingly, in the
non-limting inplenentati o shown, each dinple 62 defihes a center 64 and
a preferably circular periphery 66. A tangent 68 to the periphery 66
establishes an angle Rwith respect to a tangent 70 to the center 64 of no
nore than two degrees (to give greater resolution for seeing the angle J3

in Figure 5, the Waﬂeelm pdlciier BRY1GeRtrerUBs WasHbeer o fee STRUCTURED ght

of the center 62. Addltlonally, the distance in the radial dinmension

bet th 1,
"nch (<0.5 %?ﬁ“ O il B ARkt L L B8 lvchloh 39 66 IRl

centineters), Ilnlt he angle (3 to Iess than two degrees the | oss
of IOM/eIeVé?ﬁ Jﬁﬁg %t¥3%revented. By linmting the distance in the
radi al di nensi on betmeen the center 64 and periphery 66 to | ess than
one-hal f inch, excessive reflections are prevented, which could otherw se
eventually lead to sunlight being reflected back up and out of the done 21
(Figure 1) and hence decrease the |light throughput of the shaft 60. In
non-1imting enbodi ments the corrugations and/ or dinples described above
can be forned in any appropriate way. In one non-limting exanple the
metal shaft, or the reflective film or the adhesive can be forned 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 nmetal shaft, film or adhesive
can be nolded with the required pattern in a nold tool. 128.20.acr 10 Wile
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 the .appended cl ai ns.
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128-20,PCT 11 } WHAT IS CLFAI MED IS: 1. A skylight assenbly, conprising: a
transparent done (21); and ‘at | east. one skylight shaft}substrate (24, 40,
60) extending away fromthe done (21) to convey light entering the done
(21) through the shaft. substrate (24, 40, 60); at |east one surface
irregularity (42, 62) being fornmed on the shaft substrate (24, 40, 60),
the surface WHLPIkarLAMWEPAS:62) being selected fromthe group consisting
of dinples (62) and | ongitudinal corrugations (42). 2. The assenbly of
Claim1l1, wherein the shaft. substrate (24, 40, 60) is netal, the shaft
substrate (24, 401,' 60)&?9%5%{’]%%?@@ é’&g‘}pgs’&gbvi de a reflective surface

wi thout any reflective filmincorporated into the assenbly. 3. The
assenbly of Oaim1, AfEanspasentdemefel)iand pstrate (24, 40, 60) is netal, a
reflective netal being deposited directly on the inside surface of the
shaft substrate (24, 4D]easta@ie skylight skt sitistrata{3bmb), $0) extending dway @émhdha i ve
W t hout incorporating an adhesive into the assenbly. 4. The -assenbly of

C aim1, whereindbfe (Fad borvePBitt ehterifthe défe (ﬁ@)thrbﬁ%lﬁhc shafieibsate (V4 40) | m
a netallic substance being vapor-deposited onto the film 5. The assenbly -
of daim1l, whergipn the shaft substrate (24, 40, 60) is a reflective film
the filmincludi ng}r’]a reflective multi-layer polyner conposite.

- at least one surface irregularity (42, 62) being formed on the shaft subsirate

(24, 40, 60), the surface irregularity (42, 62) being selected from the group consisting

of dimples (62) and longitudinal corrugations (42).

2. The assembly of Claim 1, wherein the shaft substrate (24, 40, 60) is metal, the
shaft substrate (24, 40, 60) being polished to provide a reflective surface without any

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.
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128-22. PCT 12 6. The assen%ly of Caim1l, conprising plural surface
irregularities established’ by |ongitudinal corrugatidhs (42), each
corrugation (42) defining-a mdline (44) and opposed edges (46, 48), a
first angle being forned between tangents to edges of first corrugations, a
second angl e being fornmed between tangents to edges of second corrugations,
the first angle being different than the second angle. 7. The assenbly of
Claim6, wherein first corrugations alternate with second corrugations

around the circunferenge aft substrate 6

Rssendly of O ai 6, wiEAS eﬁ%?yh%f?@%lm %rgcg{n%ﬁggezf%?s‘afage %F%H?&ﬂsas sofBisned
transverse cross sectjon. The assenbly of Claim6, wherein

corrugat i onsP¥l gogitugingl %ﬁ%ﬁ’@ﬂ(‘@v eael} g igatiosd 42 dsining aandling (%lﬁﬂdﬂ?ﬁosed
assenbly of Claiml1, conprising plural surface irregularities established
by pl ural d|adg¢se(§6,(t82,)a, finsbaniglecheiny forrded betvaen tangretstte edges 4f fimshcoraugptiorspher y
(66), a tangent to the periphery (66) establishing an angle with respect

to a tangeniedodd thle b6k BrmeHBdiwebn RAdRY 18 odfRMN sdcoRd SRAIgRRhs, the ErstBadRCT 13

being different than the sscond angle.

7. The assembly of Claim 6, wherein first corrugatlons altemate 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 réspect to a tangent to the center (64) of no more

than two degrees.
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