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-1- SI DE LI GHTI NG OPTI CAL CONDUI T

TECHNI CAL FIELD 5 The present .invention relates broadly to
opti cal fibers for guiding light and nore specifically to an

I npr oved optical fiber for linearly guiding light {r L.ght
source WO 93sI3enitting the light out of the sides of }ﬁiﬂ%%%kggl

fiber along its length. 10 -1-

BACKGROUND ART Fi ber optic light conduits have been used
for many years to transport |light from one point to another

t hrough 15 many diff | Lt L dia such as gl ass,
plastic, and liquid using t%%ﬁ#‘% %?g%sigial E:{’ifilll?ﬁal

Reflection (TIR). In each of these cases, sone light is |ost whi | e
traveling along the length of the light conduit for vari ous '
reasons such as, but not limted MECEHNICALOFIBID |ight 20 rays that
exceed the critical angle of the optic, and © diffusion due to

opti 8al i nperfecti ons Thecipresentbpinventiginjsrelates broadlete i optical

It has been the goal of fiber optic nuf act urer 0
fibergs for gug.d:?ng l:tht ann% more specff,{cally to an improved

optical fiber for linearly guiding light from a light source
and emitting the light out of the sides of the optical fiber
along its length.

10

BACKGROUND ART

- Fiber optic light conduits have been used for many

years to transport light from one point to another through

15 many different light <transmitting media such as glass,
plastic, and liquid using the principle of Total Internal
Reflection (TIR). In éach of these cases, some light is lost

while traveling along the length of the light conduit for

various reasons such as, but not limited to, absorption, light

20 rays .that exceed the critical angle of the optic, and
diffusion due to optical imperfections such as bubbles, voids

and debris.

It has been the goal of fiber optic manufacturers to

25 minimize the amount'of light loss along the optical condﬁit to
maximize the ligh£ coming out of the output end thereby
creating a more efficient optical fiber for end 1lighting

purposes.,



25 m nimze the amount of light loss along the optical conduit to

maxi m ze the light com ng out of the output end thereby creating a
nore efficient optical fiber for end lighting pur poses.
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- 2- In recent years, there has been an interest in

having a fiwem7eerdc that is efficient in maximzing the | iRfRUSIT/00979
out put along the longitudinal axis to cpeate a "gl oving rod" '
effect that enul ates a cat hode tube, such as a fluorescent 5 l'i ght.

One probl em has beenInhatederiieryeptsc ddwechel tlsasabeen an intapesbedm abl e
"to create the intensjty needed to be used in . functional |ighting

appl i cat i oR@VARIBpELRRK (APtI Shati ¥8 effkcient in maxiphzing the light

oot FOIRHC ek EhR% oHSF gl Rl LU S B ente o vl HERESRRS | one
to achi eve defecietina®d &ifidtes 'Catiéde tube, subKHR! @ iF1ddlescent
e

illumnating refrigerator interiors where th primary |1 ght target

i s at the firighit.of Onfec priodilems haBndeelb that fididrodptianeciduyiits iHawery
di ffused and the refrigerator . manuf acturers presently use higher
watt age | amed deensmblieg|to create Hoedintengity neededt tesbeousiededn t he

ﬁlméﬁg \a/;t téxgnézl httional ligh'lt.fnu'a&a%ii%%éi%%sdgglé}:e;gjoée%{ %gt dgéggétwg\@t\gz%re’

lighting.

10 Standard. cathode lighting used for functionall
purposes generally reguires some type of holder and/or
reflector or lens to achieve the .desired_ effect. One such
exampie is in illuminating refrigerator interiors where the
primary light target is at the front of the shelves. The

15 cathode lamp output is very diffused' and the refrigerator
manufacturers presently use higher wattage lamps and special
holder and/or reflectors  to direct the amount of light
reguired on the desired target ateé. However, higher wattage
lanps result in higher heat output which is undesirable,

20 because the refrigerator cooling elements may expend

additional energy in order to compensate for the added heat.

Edge lighting with etched glass is another type of

1igixting which can be achieved with cathode tubes. However,.

25 h one problem with this type related to efficiently directing
the light into the edge of the glass, where the surface is
typically 1/4 inch to 1/2 inch wide. This small area limits

the ability of the cathode tube, even aided by a holder and/or



| anps result in higher heat output which is undesirable, 20 because

the refrigerator cooling elenents nmay expend addi ti ona

energy in order to conpensate for the added heat. Edge
lighting with etched glass is another type of | i ghting which can
be achieved with cathode tubes. However, 25 one problemw th this
type rel ated t¥C81R¢5& ently directing the 1ight intoPERUSENIRI0f
the gl ass, where the surface is ' typically 1/4 inch to 1/.2 inch

wi de. This small area limts the abi'lity of the cathode tube, even
ai ded by a hokgfleghdtrer to direct the lighwmﬁﬁﬁ¢2§§é391ass because the
PCT/ US97/ 00979 refl ector,

to direct the FFBﬁFeIﬁPBeth% ftRn the fane Migth of the’ FA2RBJRT t LREISL:
-often the Sa”ﬁ Qt erre#n end! 2550 fed ad;]rfbe/rdr reflecr,o ?Pﬁﬁ E%%%E%%g%%i de

hol der and/ or Ie tor focu5|ng t

~of the tube i nﬁghthercinaﬁﬁe batK eide Jf the tudet aﬁeol €HBSqPaSs ! Ol difgk t O
achieve the desired illum nation of the gl ass mas?lng even nore

| i ght ®hich | vatitaget bakps fare required iy athbave thegdesiredgtllumination
Many ot her problens exi st with conventional linear 10 functional and

decorative | P§hitPRy 91aps: éﬁ;stlng [SHA%s moxiee 1ight whichy disc dinected |off

broken and ev a Iaced thus the | anps nust be
installed in ga%#o%%é?egﬁcﬁif ber ?' must al so provi de access for

| anp changi ng thereby creating

Many other problems exist with conventional linear

10 | functiqnal and decorative 1lighting systems. Lamps are
typically easily broken and eventually need to be replaced,

thus the lamps must be installed in a protected chamber that

must also provide access for lamp changiné thereby cfeating
construction and maintenance problems. Lamps typically cannot

15 be bent or shaped easily and contain electrical components
that can produce problems such as electrical shock or fire
hazards, hence more complicated system designs are required f.o

accommodate conventional lighting systems.

20 : Many attempts have been made over the last several
years to create a directional fiber optic light conduit that
would provide a coﬁmercially acceptable side lighting as a
light source to repiace conventional linear iighting, such as
cathode lighting. 1In U.S. Patent No. 5,432,876, Appledorn
25 , discloses the creation of various cuts and nof_ches that can be
.used to achieve back 1lighting as an alternative to
conventional fluorescent 1light fixtures, but not as an

alternative for direct 1lighting. One problem has been



construction and mai ntenance probl ens. Lanps typically cannot 15 be
bent or shaped easily and contain electrical conponents t hat can
produce problens such as el ectrical shock or fire hazar ds, hence
nore conplicated systemdesigns are required to accomopdat e
conventional |ighting systens. 20 Many attenpts have been
made over tWOIAEX3 sever al years to create a di r e®Cr3isar0087her
optic light conduit that woul dgprovi de a comercially acceptabl e
side lighting as a i ght source to replace conventional |inear

| i ghti ng, sbthining adequateabhigbtheght and. dinettSon®hiepnt tdloachidde, 876,
Appl edorn 25 di scl oses the creation of various cuts and notches that
can be useful gpd Predugkfexr Aixaglk Lighfinchpurpesesn alternative to
conventional fluorescent light fixtures, but not as an al ternative
for direct [lighting. One probl em has been WD 97/ 26573

PCT/ US97/ 00979 ) " An exampl f di cti 1 f45e g 2 i ni ng
adequat e brightness and (ﬁrepctei oﬁal i?y tlgeacﬁiog\?e Toer °pl}slgf u?%n

prosiuct - f oeofidugt| kogheregaplypasailable from Lumenyte Intéfna¥asRae Of a
directional fiber optic light 5 conduit, comercially available from
Lumenyt e | Goyperatadanlin Costa Me@ay,pGrdiformia, Gost"Cldasa Co8%l Dpbinak, as
"Cl ear Coat ,Optical, . Fiber", is disclosed in U S. Patent No,

5 067. 831 Filggagd ig disclosed in U.S. Patent No. 5,067,831, issued to
Robbins. When this 'product is used with a reflective “U%
channel holder and/.or reflector, the optical fiber conduit

10 emits light out of its longitudinal sides, but the amount of
light available, while fit for its intended purpose, is not

enough to be useful for functional lighting applications.

Another example is disclosed in Patent No. 4,422,719
15 issued to Orcutt. Orcutt describes an optical distribution
systen ccmpr;iing essentially a fiber optic with cuts or
bubbles made in the core and cladding, causing the 1light
traveling down the optic to be interrupted and directed
"outwardly." Although this is an improvement over an optical
20 fiber conduit that has no cuts, the invention, as described,
does not appear to create sufficient lighting for functional
applications. Additionally, the product, as disclosed appears
to be susceﬁtible to damage by water and dust because the cuts
ﬁte open‘to the enviroﬂment in which the product is placed.
25
In Patent No. 4,067,831, Robbins discloses the
method of coating the optical fiber in a protective clear

jacket that protects the optic fiber from damage, but when the



Robbins. When this product is used with a reflective "U' channel

hol der and/or reflector, the optical fiber conduit 10 emts light out
of its longitudinal sides, but the anount of | i ght avail abl e,
while fit for its intended purpose, is not enough to be useful for
functional |ighting applications. Anot IS
di sclosed in V88 7No. 4,422,719 15 I ssued to Ocutthﬁé@%awﬁ
describes an optical distribution ~-5-system conpri sing essentially a
fiber optic with cuts or - - bubbl es made in the core and cl addi ng,

causi ng the Light is projected,entyardbintyor theicuts, o heldey (BRBPBN

~directed - "outwardlLy." Althaygh this i | Provenment. over
optical 20 reflectpng (%‘na%\ ?‘ﬁ’a‘fs‘%s sn% %u?g, %F‘_ﬁe_)laﬁ’ ee%?'i gﬁs agltt?fe
described, effect oqxoeét_\é‘ohyéﬁﬂiir firft il &¢if fl'i@h%”tbeli'@t%ﬂg;?ésﬁeods od

functional applications. Additionally, the product,” a

appears . outwatdlpe fromceflie bbatso dawhiPe bghdst asrciuttduss Eaeauss t he

cuts are open to the environnent in which the product is placed.

25 5 decorative | Yightiiag ikcfails ggr7eggicientlided ivercsutbicidnt

met hod of coating the optical _fiber in a.protective_cglear ] acket

t hat protectélﬁﬂg Bpeded s ok SYRTHRRa dd IhiP9, RER i FRt i0NS. WO
97/ 26573 - PCT/ US97/ 00979 l'i ght
is projected outwardly fromthe cuts, a holder and/or reflector,

on the opposite side opnéfifer apkblelahdd théén adequate resistance to
fire. While the optical fiber does not prevent the dangers of

10 glectrical shock or fire hazard caused by conventional
lighting systems, conventional fiber optic light conduit is
manufactured using combustible materials. It is therefore

desirable to have a fiber  optic 1light conduit that is

resistant to fire;

15
I8C _O N

It is a broad object of the present invention to

provide an optical fiber conduit having improved optical
20 - efficiency.

It is a further object of the present invention to
provide a linear optical fiber conduit having a directionally
controlled, generally uniform optical light output along its

25 length. |

It is another object of the present invention to

provide an optical fiber conduit that is fire resistant.



effect on the overall intensity of |ight being projected .outwardly
fromthe cuts. While this product is fit for 5 decorative |ighting
it fails to efficiently deliver sufficient | i ght needed for
functional lighting applications. Anot her probl em has
been adequate resistance to fire. Wiile the optical fiber does not
prevent t heWANESFE of 10 el ectrical shock or fircPCRUSHE0978 aused
by conventi onal l'ighting systgus, conventional fiber optic.|ight
conduit is -manuf actured using conbustible materials. It is

t herefore ' aﬂ: isbyet tandthex abfjeber obtheC piregbht chidentidmalo i s
resistant to fire. DI SCLOSURE OF | NVENTI ON
It is a br cﬁ’fP‘b’cﬂ%cﬁ“ Gﬂ?ttiﬁélplfébéﬁt thatehsi §hane retardant provi de an

optical fiber conduit having inproved optical 20 ~efficiency.
It is a further object of the present invention to provi de a -

| i near opt ical fiber jgongyity haé’d%@aé& r §¢t 't?x’éalﬂ%%sent 1Pve3?23f10| I ed,

- general l'y uniformoptical Iight output”along its

I't iss anot hefowkyectappliderjvescdpet Wit | Digh®ing by va&ﬂhée Fhe
optical fiber conduit that is fire resistant. ‘
properties of light directed out of the conduit.

It is another advantage of the present invention to
provide 5 holder and/or reflector within the optical fiber
10 conduit to increase the amount of 1light output along the

conduit’s length.

It is a further advantage of the present invention

to provide a holder and/or reflector sealed within the optical

15 fiber conduit to protect the holder and/or reflector and
optical fiber from loss of illuminance caused by moisture,

water or dust and changes in the orientation and spatial

relation of holder and/or reflector and optical fiber.

20 The present invention relates generally to a linear
optical fiber conduit having an optical fiber core sufrounded
by a cladding. A plurality of illuminators is formed from
notches and/or cuts, generally uniform in depth and alignment,
made along a side of the fihér core and in predetermined

25 intervals spaéed apﬁrt at varyihg intervals. The spacing:
between the cuts varies in relation to the length of the
conduit and the distance of the spaced apart cuts from the

light source. The side of the conduit which is the side in
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- 6- It is yet another object of the present invention to
provi de an optical fiber that is flane retardant. At is
an advantage of the present inventionto 5 provide application
specific htin by wvarying the properties of light directed
out of the c V’g It is another advan?%ggsw e
present invention to provide a 4mtder and/or reflector within the -
optical fiber 10 conduit to increase the anount of |ight output along
t he- whighiukhes qvéwgt pre made is defined eitheysdispgetmdy or

wCrn 090 Ot ASREE AR athpsn gona/ob 2BARA, Sl R 1.
hol der ~and/ og, %ﬁ'iﬁ&t (irer@%% of the c lgalof bHﬁﬁrUQﬂ'Qfstl?é AdddHgdrance

caused by noi's wat er or dust and changes 1 n the orientation
and spatial anda/or cutelaild @ i¢ndewith @&%Otoreﬁéesmérand optical fiber.

20 - The present invention relates generally to a |inear
optical fiber conduit having an optical fiber core surrounded by a
cladding. A plurality of illum nnators is fornmed from not ches

and/or cuts, general | FitCAARNG geyeRednePhi¢yhfder core is repgjved ong
a side of thv?i‘é!'::{)r? fa %Jleae%n%nd}og %eitl% @o@egompr151ng a channel formed

from reflective material centered adjacent to or in contact

with the plurality of illuminators. In one embodiment, the

10 holder and/or reflector is not contour fitting, instead air
gaps are maintained linearly along opposite side of the cuts.

In alternative embodiments, the channel material may be

" composed of firé lresista.nlt and/or' flame retardant materials

that may prevent the spread of fire i:hr‘ough the air gaps. The‘

15 channel is aligned with the cuts and/or notches according to
the first and/or a second reference that is defined along the

length of the conduit.

Optical elements that adjust the light output may be

20 included and are oriented in alignment with the cuts and/for
notches. Such optical elements may include lenses, filters,
diffusers and/or holographic films. These optical elements

‘along with the illuminators and holder and/or reflectors are
aligned in preferred orientation by establishing a reference

25 detail along the length of tﬁe condu.it’. A jacket, surrounding
the holder and/or reflector and cladding covered optical fiber

core, maintains the alignment of the optical core within the

holder and/or reflector and prevents moisture, water, fire and



25 I nterval s spaced apart at varying-intervals. The spaci ng

between the cuts varies in relation to the length of the condui t
and the distance of the spaced apart cuts fromthe | i ght source.
The side of the conduit which is the side in . WD 97/ 26573
PCT/ US97/ 00979 ' -7- whi ch t he
cuts are na¥WO9726%8f i ned ei ther discretely or - CONtRATVIEReT D07y a
machi ne and/ or human readable referenceg. ~along the length of the
conduit to ensure all of the notches and/ or cuts are -aligned with
each to thehpithefrom Sentering the air gapEhefehmelili Bgtwémer €HeOpbiaak i ber
core is received within a-.holder and/or reflector conprising a

channel foransifor reflectpromndethecebticahtEiber cane.cr @headjrakcoft the or in
cont act . wth the plyrality of illumnators, .I.n one enbodi nent, the
10 h0|%1%/ (‘i"_"‘fié'gltect"ﬁr FEXHSFtEéntB‘E{r 3i MR SREER A 2

gaps ar e M Adiabrah sahnkr2E8"ds 0PBOSMALe St Lliddlirtal! Fer1ection |1
alternative enbodi nents, the channel material may be conposed of
firg resi stemen@Ndightf inee i dpdaehlNBomIbIt S A reflectiv@led®pibiavent

the spread of -fire through the air gaps. The . 15 channel . i s aligned
with the cuis comiestedottohtheaoppoditbg énd so as to trhesliviectt amydidghs
second reference that is defined al ong the | ength of the conduit.

Optical el &gk ShnenghadhgscopARitight output may be

An optical fiber conduit, thus described may also be

10 useful, having fire ' resistant and/or flame retardant
properties in gspecific functional direct lighting applications

such as core 1lighting, identification exits or indirect

lighting uses wherein it is desirable to minimize the risk of

fire.
15
The objects and advantﬁges of the present invention
will become more readily apparent to those of ordinary skill
in the art after reviewing the following detailed description
and accompanying documents wherein:
20
BRIEF DESCRIPTION OF DRAWINGS
Pigure 1 is a cross-sectional broken side view of an
~optical fiber conduit of the present‘invention; '
25 ' Pigure 2 is a cross-sectional view of the optical

fiber conduit of FIG. 1 taken along line 2-2;
Figure 3 is an enlarged view of the optical fiber
conduit of FIG. 1 encircled by line 3-3;



20 I ncluded and are oriented in alignment wwth the cuts and/or
not ches. Such optical elenents may include |enses, filters,

di f fusers and/or hol ographic films. These optical elenents al ong
with the illum nators and hol der and/or reflectors are aligned in
preferred orientation by establishing a reference 25 detai | al ong the
| ength of tHE¥O&YIR t. A jacket, surrounding t he hECEMIBIHNETOr
reflector and cl addi ng covered optical figher core, maintains the
alignnment of the optical core within the hol der and/or reflector

and prevents noi sturefigurer4 isra diagrammatic broken sid@ 9ie65fZ3the
PCT/ US97/ 00979 ] _ . . -8- ... dust from
entering t h@P¥icadapEiPeF netPisBitifeehai@gnoiydpminators pagitgones | akt or

and the optigcal fibe Le, f the optical conduit is
connect ed tglascﬁeaﬁt (’g%ﬁégg g‘ﬁESEOQJ_Q, " conventional manner so-as to

cause total internal gghhes!s Wk adpartialictdislddtitiond1Ovibs OPE gha

conduit. A reflective end piece : is connected to the opposite end
SO as to redifr the apgicaghfiber condubtick through the conduit.
An optical fiber conduit, thus described may also be 10 useful,

having fire resistaRiguasdsols g [diagrammatigaNiew of an emhosiimemiteofi n

TPonting, i db% pPEtath riten eRgnlt EPPuERRCEs ene pinprefy Shedieminei &
it is desirghlee JacThg BeZenkNg1ibmtnlEors;
Figure 7 is a cross-sectional view of an aliernate
10 cylindrically shaped optical fiber conduit;
Pigure 8 is a diagramﬁatié view of a cutter forming
a cut in the optical fiber conduit;
' Figure 9 is a cross-sectional, broken side view of
an alternative embodiment of optical fiber conduit; _
15 - Figure 10 is a cross-sectional view of optical fiber
conduit taken along line 10-10 of Figure 9;
rigure 11 is a cross-sectional, broken side view of
an optical fiber conduit having an optical element;
Pigure 12 is a perspective view of an alternative
20 embodiment of optical fiber conduit;
Figure 13 is a cross-sectional view of an
alternative embodiment of optical fiber conduit;
FPigure 14 is a crosé-sectional view of an
alternative embodiment of optical fiber conduit;
25 Figure 15 is the cross-section view of the optical
fiber conduit of Figufe.lo secured in a bracket;
Figure 16 is a cross-sectional view of an

alternative embodiment of opfical fiber conduit; and



fire. 15 The objects and advant ages of the present

I nvention w Il becone nore readily apparent to those of ordinary
ski |1 in the art after reviewing the follow ng detailed
description and acconpanyi ng docunents wherein: 20
BRI EF DESCRI PTI ON OF DRAW NGS Figure 1 is a
cross-sect i 9A728¥8ken si de view of an optical fi PEAMUSHTROATX oOf
the present invention; 25 =30~ Figure 2 is a cross-sectional
view of the optical fiber conduit of FIG 1 taken along |ine 2-2;
Figure 3 is an enl ar gégurecy? ois tdheprgtessn|bladdkediagram. conduit of FIG
1 encircled by line 3-3; WO 97/ 26573
PCT/ US97/ 00979 -9- _

" Figure 4 is a diagranmatic broken side view of the optical fiber
conduit having illumnators positioned at di screte varying
i ntervals; " (ODE_FOR YSKRpY 1) e lraa G0 ectional view of |
an end 5 of the - o Figure 6 is
a dsagrammatic view Qafaﬂrm@o%”reaheofdrawmgs mbbe QRirGRuIbAG Epnduit
Il lustrating the discrete changes in t he spaci.ng of the

i |l um nat oreference numbers, the optical fiber conduit 20 (FIGS. 1-2)

used for side lighting illumination in general comprises the

known combination of a central, optical fiber core 22
surrounded by a cladding 24 which in turn is_surrounded by a

10 jacket 26. U.S. Patent No. 5,067,831, which is incorporated
by reference herein, diséloées this configuration, including
materials of the type preferred for the optical fiber core 22

and cladding 24 and a method of manufacture thereof. The core
preferably is made of the ~type. manufactured by Lumenyte

15 International cOrporation of Costa Mesa, California, under
| model numbers SWN-500, SWN-400, OU-400, WN-500, SL-500 and SL-

400 where presently model number SWN-500 is most preferred.

Advantageously, the optical fiber core and cladding

20 include a plurality of illuminators 28 -30 (FIGS. 1 and 4) of
| uniform size and shape positioned in a predetermined, spaced-
apart relation, linearly, along a side 32 of the optical fiber

core shown as the bottom side in Figure 2. The optical fiber

core 22, surrounded by the cladding 24, is recei§ed in a track

25 and/or holder and/or reflector 34 = comprising a channel
constructed with a.reflective interior surface 36 (FIGS. 1, 2

and 7) centered about the plurality of illuminators 28-30.

The holder and/or reflector 34 is positioned adjacent to or in



Figure 7 is a cross-sectional view of an alternate 10 cylindrically

shaped optical fiber conduit; Figure 8 is a diagrammtic
view of a cutter form ng a cut in the optical fiber conduit;
Figure 9 is a cross sectional, broken side view of an alternative
enbodi ment of, opiisal fiber conduit; 15 Fi guprifSodtdued
Cross-sectiona VI ew of optical fi ber conduit taken along lIne
10-10 of Figure 9; : Fi‘@@r‘e 11 is a cross-sectional,

br oken side view of tl cal er _.condui t \Ji.nQ .an o t|c
el ement: contact with the Bi Bﬁ? 11_:& -2 Jal &I]S\Iek@ ]E\ﬁqb ce gL
al ternative (EQG. 1) fé‘%x{%@fato%bcéﬁdféf)%é%ﬂi@al £iber conduit

Figure 13 T1s cross-secti1 onal alternative

enbodi ment Oinoﬁtd&Neﬁﬂi@falCﬁaﬁhbk so as to cause a TIR dfifRGt. The end a
cross-sectional "view of an - alternative enbodi nent of optical

fi ber condui of tB® optical fiber denglwid idppesitiee theskightt sonrcecmapf
t he opti cal fiber conduit of Figure 10 secured in a bracket;
Figur® 16 Fgcl‘ddec?o§§ﬂﬁ€?i‘6ﬁa§“’-’§?‘§ﬂ/ 49f fognreflecting ;bpgknkpwards

gg—?ﬂgg‘;?gogggg ptlllg T ice Oalnx%}J ! .Il.igﬁ"g C.iremaa.nlng in he ol\:lpi.ga?]l. 2%?.2»3;
Figure 1_7 | ScBn@h €SS FdY Qohgebaghas of optical conduit, the conduit may

include a second light source 38.

10 With reference to Figures. 3, 9 and 11, the
illuminators, in genei'al, may comprise any non-uniformity,
constructed into the optical fiber core, that reflects or
refracts light such as, for example bubbles (not shown),
reflective material .(not shown) formed in the core during

15 fabrication. Also, notches 39 made from two cuts in the core
to remove a wedge of material or singular cuts 41 made in the
core following fabrication preferably function as the
illuminators. The preferred illuminator is a notch or éut
made in the cptical fiber foliow:i.ng fabrication. Unlike

20 decorative lighting in which any light transmitted froﬁ the
optical fiber core is desirable regardless of focus and/or
intensity, functional lighting applications require that the
light be directed towards An area in which illumination is
desired, and the light output efficiency of the conduit to be

25 maximized.

In the preferred embodiment, the illuminators are

made in the core following fabrication. As illustrated in



BEST MODE FOR CARRYI NG OQUT THE I NVENTION 5 Referring to the

drawi ngs nore particularly by reference nunbers, the optical fiber
conduit 20 (FIGS. 1-2) used for side lighting illumnation in
general conprises the known conbi nation of a central, optical
fiber core 22 surrounded by a cladding 24 which in turn is
surrounded Q9426513 jacket 26. U.S. Patent No. 5, 067PSBUSINMI®h is

i ncor por at ed by reference hergiza, discloses this configuration,

i ncl udi ng materials of the type preferred for the optical fiber .
core 22 Figure andtbleaddilmimmms areeunddorin cmtsl 4t farnedekyofa The
core preferably -is nade of the type manufactured by Lunenyte 15

| nt er nat i oﬁﬁFVGBFhBF%hW’Iﬁm&P:& &“%95 ¢§e5ahly, §hGeilluninatorspdel

DT oo il W e B o %
Advant ageoggk¥ert i OpFigal ghi wlmrgsa%g&mwlm c@Pting theC!dilGe 2

plurality of illumnators 28 -30 (FIGS. 1 and 4) of uni form si ze

andsshape pastbrmbpd and aleseiisd eamsmhthspa\:mlhure-free sappiées el & i on,
linearly, along a side 32 of the optical fiber core shown as the
bott om si dGuF—ﬁeFl gicaplerhton pithis) nqzmse desirablyyreubs, ther reareled by

t he cl addi n i's reﬁel ved and/.or hol der and/ or

4 e 4
reflector ¥ th°l:‘5nﬁPP§ ng Qrch’é'r'r'ﬁ'é'l“g e mate&}ﬁ‘%t’r udt ErtheTh of @i%ctive
e Tt %%Egce 31&,(1@3%5 ’cgé‘cular dls}@n%hzkoﬁder and/%ﬁr)o‘rﬁtg?’lap‘gt or 34 is

plurality of "Il umnators
posi ti oned sﬁdb%ﬁ?n{:oéﬂagfréél blade 94 that is freely rotatable about an
10 axle 96 located at the center of the disk. An .arm 98,
connecting to a handle or other conventional machinery,
secures the blade. Preferably, the blade rotates about the
axle as illustrated by fofce'line 100 while the axle is moved
in relation to the circumference of the core as illustrated by
i5 . .force line 102.  The blade 94 is angled at 45 degrees relative
to the longitudinal axis of the core. Two cuts are made to
form, preferably, a 90 degree notch 39 (Figs. 9 and 11) in
which material is removed from the core and having a crescent
shape 39, Fig. 8 when viewed from cross-séction. The blade 94
20 cuts along the core to form a notch 39, but does not tear the
core material. The notch-39 functions as an illuminator by
maximizing the TIR effect of light within the core 22. This
is due to the core 22 having a different index of refraction
from the ambient air 104 (Figs..9 and 11) in the notch 39
25 “which directs the light across the core and out the opposite
side of the core as showﬁ by arrow 43. Different lighting

effects may be achieved by replacing the ambient air 104 with -

other gases or compounds. Imperfections in the cut may direct
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-11- ~ contact with the plurality of illumnators. A light source 38
(FIG 1) is connected at one end of the optical fiber conduit in a
conventional manner so as to cause a TIR effect. The end of the
optical fiber conduit opposite the light source may 5 I ncl ude a
reflective SHPPHAE™10 for reflecting back towards EFAUSTEIM s our ce
any light remaining in the optical fibea3- conduit. For |onger spans

- of optical conduit, the conduit may . include a second:light sour ce
38. 10 some light intg tghe rn@fté‘-ibeﬁ@e THisrildghésdegirablypeilegts (he

const r uct edoFRi B (SHE GRLAEE) SPHAGE TOFLCToR A pTask SnpPush the corgy
racts |ighty iE&PnQé%véﬂF, SrRE Euhgbhkﬂspfé@érfﬁﬁ’Wer notches, thRE!&gtive

material (not shown) fornmed in the core during fabrication. Al so,’
not ches 39 pB(epféperdbly Cuiaiid At 22 wrifeorm depth off0 1yemiwnehained genef
material or singular cuts 41 nmade in the core follow ng

fabr$cati oncpad@ingiddy ahdncereri2s anty preferably| | aki ndodegrercangleerred

illumnator is a notch or cut nade in the qpti cal flber fpllomnng

“fabrication”"thetpl'i4z (BXFE. 3) f&'&?brt&’ﬁ neTR @'?ﬁaljrg AaSpii c AORAT PR

transm tted,Li0mNene. optic. bbbl fo g fabde UL 10LEL £l eSS of
ocus and/ or enS|t unc ona ting applicatirons require

that the perpendiwtﬁrhﬁa Q!h@e eﬂctvevmaﬂ@mﬁuﬁ&sﬁ dsfi sVUi£C itnel bptieaii on
S _ desired, and the |ight output efficiency of the conduit to be
25 naxfubggdwhere the optical fiber core may have an acceptance
10 angle of approximately 81 degrees to allow light to exit. The
.path of the ligh£ is illustrated in FIG. 1 by lines 43-45.
The surface of the sides 46 and 47 (FIG. 3) of the cut is
preferably smooth rather than rough to ensure light is
refracted uniformly. The cut preferably forms a wedge which
15 has a gap 48 sufficient to prevent contact between the sides
46 and 47 of the cut during normal use. Such contact would
reduce the light reflecting and/or refracting properties. In
this embodiment the cuts 41 are 1less efficient than the
notches 39 in relying on TIR to force light out of core. The
20 holder which affixes the optic in desired alignment also acts
as a holder and/or reflector. When the optical fiber is round
in cross section and placed in a nonconforming holder such as
a rectilinear "u" channel where an open space is created at
the bottom of the "u", cuts made in the optic that come in
25 close proximity to the bottom of the "u" maintain this
configuration. It has been found that when a conforming

holder is used, the cuts tend to close and alter the

configuration such that efficiency of light extraction is



In the preferred enbodinent, the illumnators are made in the core

followng fabrication. As illustrated in WO 97/ 26573

PCT/ US97/ 00979 -12- Fi gure 3,
the illum nators are uniformcuts 41 fornmed by a conventi onal
mechani cal cutter. Preferably, the illum nators are formed from
not ches 39 WBYRS57 and 11) perfornmed by a cut t er POU/USRTAITIZ)
which is capable of cutting the core 514~ uniformy and | eaving a
snoot h, texture-free surface. A cutter suitable for this.purpose "
desi r abl y aeduceds colt has been \/\i@hl)dt thedr iwhprorusiingni agcohformiingi al . A
-cutter of this e conprlses a circul ar. di sk_shaped knife 92

havi ng a holder, s*ﬁ’(?otRF fi%ﬁﬂq‘? ment dhclpdes; d1iupipaters amagdec
about an nt the dis m 98,
connecti ng wtqct): hanﬁ§%§F§ %’rgf%?ﬁféggo%uﬁ h ?’c}"(r:\aa %écﬁ? Rpace betweeh géﬁr es

t he bl ade. pRnafesr MY noltbtel! 8desaebat es about the axl.e as
illustrated by force line 100 while the axle is noved in relation
to she circunference of the core as illustrated by 15 force line 102.
The bl ade 94 is angl ed at 45 degrees relative to the | ongitudinal

axi s of the cor@n rc gmbodinent gkox Futting notehem 39, ctansiisits, off 80
degree not¢ d 11 whi ch. mat eri aI is renoved from
the core aﬁ’g‘%‘a é g‘i (ﬂréggerﬂ"éc’r (not shaymlsgwithga eyking bdader rom
Cross-sect 'sQ&nUl"erﬁ:' 2d°ndfe a notch in the optical fiber such that the
surface 'created with the notch to be smooth enough to allow

10 total internal reflection to take place.

Alignment of illuminator or illuminators with respect to
the holder determines the directionality of the light output
emitted from the optical system. It has alsoc been discovered

15 that the shape of the cut effects the output beam pattern of
the optical system. The widef the cut, the wider the output

beam pattern.

As with all linear fiber optics as light is extraclted

20 from lengths of the fiber near the light source there is less
light available in subsequent lengths and this phenomenon must

be considered in the manufacturing process. In order to

achieve uniform lighting from the optical fiber conduit, the

.. frequency with which the illuminators occur increases non-

25 linearly in relation to the length of the conduit and the
distance of the illuminators from the light source. In other

words, the illuminators are closer together as the distance

from the light source increases. This is to compensate for



20 cuts along the core to forma notch 39, but does not tear the

core material. The notch 39 functions as an illum nator by

maxi m zing the TIR effect of light within the core 22. This i s due
to the core 22 having a different index of refraction fromthe

anbient air 9 and 11) in the notch 39 25 ts the
| i ght acrosﬁ&ﬂ‘ggjlre and out the opposite si de of Jf"“ﬁe giéJrogﬁas

shown by arrow 43. Different |ighting=15= effects may be achi eved by

repl acing the anmbient air 104 with ot her _.gases or c¢onpounds.

| nper f ect | oﬁ%el#F‘iWa&PW gheedight due to the 1 SS\@XBeF > from
PCT/ US97/ 00

. ligh
into the no l&?\ éél‘m’l’ﬂ?gof AP o turah eCY.enuJ‘élon c’fof1-1h 1é| ont

hol der and/ peg&£f] eqher sﬁaélbec&ﬁ Ii;eouaaetlbﬁogﬁ@sively closef! &ﬁi&ﬁtié’E" Y,
where cuts are preferred over notches, the cut I's, preferably,

made at a uthéopretieptéd ohetthéd| nob iint gmlnps bof spaqihgddmgzlﬁ@lﬁnumore .
and, preferably, at a 45 degree ang "theta" 42 (FIG 3) from
the or i zonqa¢up$ @rﬂglreﬁgilt"&évneﬁet closer JButs the: idsgpnce hetweetppears

L onortog nofnddf el Flliminacors WIS o Hond F SRt | Cossrant,y,
core may ha%{aent_@%s;hﬁacqs Jareferrﬁ&%ee fnﬁﬁl&?@x'ﬂi ﬁ,a%r%eg.,ﬁa? to

allow l'ight to exit e lirght isillustrated in FIG
1 by lines ggodgbPessive deptﬂ'betauh%&ée thie tdptid deandmiand dght FReveny of

the cut is preferably snmooth rather than rough to ensure light is
refracted ualéngnifs Thogtht pWbesr Ablynipaters axeguadsiphogressively
10 deeper, the light pattern is altered. The deeper the cuts,
the wiéer the light pattern becomes. When illuminators are
made progressively closer, the ;ight pattern remains the same
and the'light'output'is made more even. Near uniformity of
light output along the léngth-of the conduit is achieved in
15 part due to the changes in the spacing of the illuminators and
in part Que to the uniformity of the size and angle of the

illuminators. A mechanical cutter is particularly well

adapted to provide such uniformity.

20 As illustrated in Figure 6, while continuous
variations in the fregquency of the cut spacing is preferred,
the cutter of the present invention should be adaptable to
vary the frequency of the spacing at discrete intervals to
ninimize deiays during adjustment of the spacing interval.

25 Thus, with reference to the Figure 6 embodiment, for example,
a 15 foot secfion of cladding covered optical fiber core for
use with a 60 watt light source placed at the right side,

adjacent segment 48, is divided with twelve segments 48-59.



15 has a gap 48 sufficient to prevent contact between the sides

46 and 47 of the cut during normal use. Such contact woul d reduce
the light reflecting and/or refracting properties. In this

enbodi nent the cuts 41 are less efficient than the notches 39 in
relying on JIR to force light out of core. The 20 " holder _which

af fi xes thewé)p%"fzés’f’n desired alignnent al so acts RETUSTEPRET
and/or reflector. Wien the optical fibeLé+s round in cross section
and placed in a _nonconform ng hol der such as a rectilinear "u"

channel wh&he 2ArghefoRpRTNents 48-53 48 feet in total lpRpgdm Feceiwe" ",
cuts made in.the optic th co [ 25 . close pnroximty to the bottom
of the "u" iﬁ&i%aﬁ"ﬁrﬁi?lﬁ 6,'s, Ez}bnfaVﬁLPatJi"(ﬁh v It& NSodit FBARAPFhat
when a confaris I [ th to e alter
t he ﬂécﬂc} nfi %%"r“at?% nﬂgg cﬁg{t}ﬁat§ eé? ? gtc:isé n%e/gg%éﬁgﬁ?y ext rq‘ég%i' o%ﬂlgs

WO 97/ 26573%pacing between each illuminator in S&gunéRO7480%& e»; in

-14- reduced. It has been found that when using a conform ng

hol 8er, thegumendr d8dtheisphicing isoM"udis sedmenthHOotbenspacing is 4";with

not ches suffici.ent to maintain an og,en s,pacc'a. bet ween t he . hol der .
and not che®"§ iy Bggment 51 the spacing qis, 3/ -onERe| ¥t thiree segmagtaot ches

O Conl s Rompriagnp, PO FERE T e IR kBl B, s

that the 2.5, 2, and 1.5 inch distances between each cut within each of
the three segments respectively. Thus, the spacing between

10 each cut in a 1 foot segment 52 is 2.5 inches; in an 18-inch
segmeht 53 is 2.0 inches; and in an 18-inch segment 54 is 1.5

inches. The next four segments 55-58 comprising 3 feet in

total length'receives 1.25, 1.5, 0.75 and 0.5 inch variations

in spacing within each of the four segments respectively.

15 Thus, the spacing between each cut in a 9 inch segment 55 is
1.25"; in a 9 inch segment 56 is 1"; in a 6 inch segment 57 is

h and in a 12" segment 58 is 0.5". A final 3 inch segment

59 in addition to the 15 feet reéeives no cuts. The 3 inch

segment is optional, but is desirable when splicing the ends

20 of the cable. It will also be appreciated that for longer
lengths of cable utilizing a light source at each end of the

cable or both ends connected to the same light source. The

small interval illuminators would occur near the middle of the

cable, farther from the light source, and where the light

25 output would otherwise be dimmer. In accordance with the
principles of the invention, the number of illuminators, and

the distance between each illuminator is made in order to



surface created with the notch to be smoth enough to allow 10 t ot al

internal reflection to take pl ace. Alignnent of illum nator
or illumnators with respect to t he hol der determ nes the
directionality of the |light output emtted fromthe optical

system It been di scovered 15 that the shape t
effects thqulajgg%ft%%eam pattern of the opti cal sys!t’éé)fnq’ﬂ‘laﬁgﬁ\?\ﬁ der
the cut, the wi der the output -Béam pattern. As
with all linear filher tics.,as light i s tracted from_.engt hs of
the fiber n¥ “E‘fﬁaqﬁegﬁgs%ﬁﬁ?c‘geq of gnf?g% ity of %QgPFg?Rt%Vaﬁl e in
subsequent LN sed b Ring glg,&g_gr.mnon must be considered in the
manuf act uri ng process. I'n order to achieve uniformlighting from
the.optical fiber conduit, the frequency with which the -
i I lum nators occur increases non- 25 ° i nearla/ inrelation to the

| ength of the condui tAhpughe the illumipnptensceowid thr nade nimepdicaly om

the-light source. |In other vvorgﬁ, t he .i lil um nat ors are _cl oser
toge? her asTiPRF dFEFEnd¢é alone before, the ngﬁﬁl BEurdle 1T cPEdeds. thei s is
to Conpensag%&lﬂnators are preferab\ég %\Qd%65.|}13 the _cfg‘_dding 24 aﬁ‘qie the

PCT/ US97/ 00 _ _
attenuati onggfe t31e Afit@ht 1€URad Gbddif shptdufdba b EdRd chhadling 24. THI®

illumnators and the natural attenuation of the optic itself. The
spaci ng cantéehmigiee pirs prefervredybetasse wherclithescladding 24 is heated
to tightly shrink around the core 22, the cladding may affect
10 the uniformity of the illuminators in the core 22 by either
entering the notch (Figures 9 and 11). or clecsing the cut
(Figure 3) thereby reduéing the potential light deflecting

properties of the illuminator.

i5 The illuminators 28 - 30 are pref.erably positioned
to direct light across the greater diameter of the elliptical
optical fiber core 22 out the region 60 as shown with arrow 70
in Pig. 2, opposite from each of the respective illuminators
28-30. This may be accomplished by angiing the notches 39
20 and/or cuts 41 to direct light from the light source through
the optic core. The illuminators allow better control of
escaping light hj making the notchés 39, which are positioned
on one side of the optic to direct the light rather than
allowing the «cuts to reflect/refract light in various
25 . directions which reduces the contribution of 1light to a

desired focusing effect.



the preferred method, or in groups of spacing in which the 5 groups

progressively get closer but the distance between i ndi vi dual
illumnators within each group renmai ns constant. This technique is
preferred over nmaking illumnators with progressive depths to nake
the optic transmt |ight evenly along its length. Wen

i |1 um nat or sSY2P¥263He progressively 10 deeper, the |i @GT/USATR0AT i s
altered. The deeper the cuts, -18ke wider the light pattern
beconmes. When illunminators are made progressively closer, the

| i ght pattern r&Riirak helement(s) 106 (Ehd-t 19)| isyich ;g pifiwsems) ,nore
even. Near u ii;ht out put along the |length of the

| f ' f e
conduit is %ﬁﬁ%gﬂq 1’539"1?5”;5%9'; WD 1 RFLHIR)es hotagran(sdciary of
e o P tberempr. cobll 0% MBI DAL LIS 7o and

angl e of the ors. "Anec cu p rly

vel | or quEARtydof oLl AMildmiTation)i {RaTVidually 2} in combination AS
illustrated in Figure 6, while continuous " variations in the

‘fre@uency ofan ladssutbespddiedgand aligmed adith the coretbadithetcds tdifa
present invention should be adaptable to vary the frequency of -the
spaci ng at ‘thack ar holder, apd/egs reflector iTheroptigallagiement s gnayijhest nent

O e STk B 1 Phpardde conedfilies 4 S FLIEE ham bt
Che r1ght oiecore 10 (rig, a2) SELMING A JnERbCERY FR 206
segnents 48&L9material or in any combination of separate and integrally
10 . formed components. Optical elements formed integrally in the
core 108 (Fig. 12) and cladding of various shapes creaﬁes a
lens and thereby specifically éffects the directionality of
light from the finished pro&uct. Different optical fiber
shapes create different output beam patterns. Round fiber
15 optic (Fig. 7) creates a Qider beam spread of light. For
example, thel beam spread has -been determined to be
approximately 50° to 60° in sainples- having a circular cross-
section. In an oval shaped optic (Fig.'z) ¢ (approximateiy 6
to 4 ratio) a beam spread of approximately 20° to 30°results. 2
20 It is believed that a wedge shaped optic (Fig. 12) produces a
collimated light beam spread. This beam spread is due to what
is _believed to be a 1ehsing effect. It is believed that the
depth of the cut must be sufficient to at least intersect the
focal point of the lens 60 formed by the curvature of the
25 optical fiber core where the light exits _thé core. An optical
fiber core, cylindrically shaped when viewed in cross-section,

forms a lens 62 (FIG. 7) that diffuses the light over a wide

field of illumination. An optical fiber core, oval or
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- 16- The first four segnents 48-51 (8 feet in total |ength)
receive illumnators with 6, 5, 4, and 3 inch variations in

spaci ng wi thin each of the four segments, respectively. Thus, the
spaci ng bet ween each illumnator in segment 48 is 6"; in 5 nt 49
t he spaci ng WO %126 S segnent 50 the spacing is 4"; chﬁlggﬁlﬁ’gigggnent
51 the spacing is 3". The next three seg@ents 52-54 conpri sing
four feet in total length receive cuts with 5, 2, and 1.5 inch

di st ances bstl\lépnleal;h}!cﬁ!tamd Whanceigwes in °r°55‘s%¢1'é1?rh-r é’@%gﬁe*ﬁ%s
respectively. Thus, aCj bet we eac nalf
segnent 52 69 JF&Gp naﬂ %ﬁﬁ%gﬂ‘e “te“SitgeﬁﬁEﬁ#e gl'f’gt?" g‘?mhes

and.in an 18-i n ment s
55-58 corrpri%si''?\E‘gftl&«?’freqrr1rqi91%4l 6§ him%)’tla engt ﬁh é:}\r/%s} ?%épué%fgg

and 0.5 i nChie4elel 8hbpes when viewedn iﬁpacaﬂgsguééuﬁoeac [Eofinst BE1EASII108
segnents respectively. 15 Thus, the spacing between each cut in a 9
i nchssegnent(Fig.i 2). It willzbé appracgatq&htlwgn@meﬁ&ln@e_é ‘mayn be 6
inch segment 57 is in_a 12" segnent 58 is 5". Afinal 3

i nch segnentused becausgpf ﬁ"f&&' PFﬁﬁrFB Ppiaa F@@Fmﬁﬁ&cﬁoteﬁ%s° The 3
i nch 45 ,0p but Pl bl t ends
20 of tah ea({re tmIs“t1 éil a t:'sso' be"%‘%pﬁ‘% at ea&#lfth lig)én'g%r {l&

llengths of calle Uib}i Zayo airkbIlicrwiveevakigash Pi’&hﬁné heffects by cabl e
or both ends connected to the sane |ight source. The mal |

i nterval il linsludiaygs awskepapater optdrcalhecelemiehte A6t h¢Figure 10)ca:‘ahe
farther fromthe |ight source, and where the.light 25 out put woul d

ot haPwi se baldigmment with ideohedder andforhreflector and the arc 112

formed by the notch 39 on the opposite side of the optic from
the optical element. The lens 106 optic, notch 39 and holder
and/or reflector 34 are all aligned to direct light out of the
optic 22 and into the lens 106. The optical element 110 may
15 also be formed integrally in the 5acketing material (Fig. 11).
The jacket thickness may be adjustéd to achieve a degired
lighting effect. Alternatively, cylindrically shaf:ed.
diffusers 114 and 116 (Fig. 16) may be included and aligned to
generate other desired lighting effects. In one instance a
20 first diffuser 114 may lower the inten_sity of light passing
through it and a second diffuser 116 may increase the
intensity of light passing through the second optic fiber.
The two diffusers 114 ﬁnd 116 as thus described, would mc;dify
) the intensity of light as it transmits and diverges away from
25 the optical fiber. In order to best make use of this kind of
application specific optical lighting, it is necessary to
control the alignment of the illuminators 39 or 41, holder

and/or reflectors 34 and optical elements 106. For most



principles of the invention, the nunber of illum nators, and t he
di stance between each illum nator is nade in order to WO
97/ 26573 PCT/ US97/ 00979

-17- achi eve the desired degree of uniformity of 1ight output

al ong the length of the optic. Al t hough t he

i | | uni nat o™ %6683 be made in optical 5 fiber core 2BCHVEHEHZ: ore
the cladding 24 is added, the =204 um nators are preferably nade in
t he cl addi ng 24 and the core 22 after it _has been surrounded by
the cl addi*pbicatigns, the allﬁé@ﬁ-ﬁlth%f i Sheser @rlﬁBG“S‘?cdtfsecﬂh'éﬂr?%e

cl addi ng 2 hea £d t hri nk g core 22

cl addi ng AS?/O@}T B¢ 1%@;}: 118 ﬁg l’fk\'g'&r i ?lg?mfh f Fgﬁ H’é{?’B? Fnl{'qﬁe core
22 by eit t g S | o g the
cut "6t tlzlfgureb?s?znth re%y F% CI ng t e l|t'§l'2)lt(aentaii' gt;}htgégﬁl e%t“ls]n :
properti esp@fpdéri@icilarritaittie centiér of the holder Iha/bflﬂerna&%ﬁ. 28 -

30 are preferably positioned to direct light across the greater
di &heter ofttie desipakble|to maintaimpepptirol | @€ this ca2ignment halongi on 60

Focoeet e4he AR Ghpaen or enalbtfiat s SRR LT SRR RS
angling the o &ies%é? efat énd{ngﬁuﬁuaéué}n& giéﬁ&&s! 'g{zﬁ&&aﬁ%

i ght source thro IC core um nators
better Corkhéﬁitﬂned the al:.gnment of these components. However, it has

been discovered that even slight variations in the composition
10 and structure of the optical fiber conduit along its length
can cause slight twisting of the various components relative

to each other thereby disturbing the lengthwise orientation.

It was discovered that by using a machine, or human

15 readable references marks placed discretely or continuously
along the 1length of the fiber optic, movement of the
components relative to each other and the reference could be
identified and corrected. In long length conduit where lumen

loss becomes more critical, the need to maintain the alignment

20 of these. components also becomes more critical. In one
instance the reference may be a human and/or machine readable

line (not shown) drawn by a grease pencil along the length of

the conduit. The reference ensures that each notch 39 cut

into thé core and cladding material is centered about the same

25 line, and intercepting the same diameter of 'the optic.
Afterwards, the grease pencil reference may be wiped from the

surface as the series of precision notches 39 forms the

reference by which the holder and/or reflector 34 and optical



escaping light by making the notches 39, which are positioned on

one side of the optic to direct the light rather than all owi ng the
cuts to reflect/refract light in various 25 di rections which reduces
the contribution of light to a desired focusing effect.

WD 97/ 26573 PCT/ US97/ O

- 18- w097/26573qjt i cal elenment(s) 106 (Fig. 10) such asp%lﬁﬁ]ls%’rqzs),

pol ari zer(s), magnifying |l ens(es), pris®ds), hol ogran(s) or any

ot her el enent cagabl e of nodi féi the directiop, quanti

{
qual ity of EHEmPPEUAPAapFBnalL Bg rdungﬁroFaFﬂlﬂﬁnﬁ?ﬁ%?]P%% rﬁfere“"egan
| b dd | L.t het =Te N . k
al so be a gqyfgﬁ?g%#%%?g?ﬁ’g 8¢ c{‘fretw & 9l t %%/&%g& 38ders P’f%}en%é rdaac or

hol der and/ or optical el emer S

separ at e COpRPBaghStHO @oMauli®!, "Baghét £ rﬂ&;é/ oW phiysical markshfofnéd it8
(Fig. 12), cladding and/or a jacketing 110 (Fig. 11) material or
in any conbithet ickadfirgppadat e Bachi mfegthéss ihd@icatorBoralexhecoaponiants.
Optical elements forned integrally in the .. core 108 (Fig. 12) and
cl ad8i ng of cPBPiLRAEicRpIeNg (e the grease pepgild apd ihitweinatorsi¥4 cally
affects the dir ctiongli i ght _fr

f | fini d d :
Different oﬁ’fié | ®RY hRf? ﬁ;’e&’ as resfrﬁf&&ce "eat8c F]thggﬁﬁi’g%ﬁ?h’g‘tﬂg[é%ﬁc“t

patterns. ' Uncts lnC L g. 3 d@ém%ﬁéﬂ r ead
of |ight. Eg&rﬁﬂﬁngt%ﬁ fexarrlpolnes, %%}13 nbégirlngsfo@ea ﬁ%g,;tgggg%et er necﬁs?o be
appr oxi mat el S@her r bptcD[ efiert N &m_aﬂi@ ‘daving aassemblyl Cr ater

equivalents now known or later conceived of as a reference for
10 a machine readable system could alsc function as another means
for orienting the relative alignment of the components. along

the entire length of optical fiber conduit.

Where the references comprise physical dimples 120~

15 122 (Figs. 13 and 14) formed in the cladding material, | the
references may bé used to guide and/or retain the holder

and/or reflector 34 (Fig. 14) and 124 (Fig. 13) against the

core 22 and cladding 24. In one embodiment (Fig. 14) two

dimples 121-122 formed in the cladding 24 function as stops to

20 guide the *U" shaped holder and/or reflector 34 in alignment
with the core 22 and cladding 24 of the optic. The dimples

121-122 rest against the outer edges of the holder and/or
reflector 34. An alternative embodiment (Fig. 13) includes

one dimple 120 formed in the cladding 24 of a fiber optic. A

25 "C" shaped contour fitting track 124 includes a bracket 126 to
attach to a wall or the like. The inner sufface 6f the track

128 includes a recess 130 which receives the dimple 120 formed

in the cladding 24. In this embodiment, the reference



section. In an oval shaped optic (Fig. 2), (approximately 6 - to 4
rati o) a beam spread of approximately 20[err] to 30[err]results. 20

It is believed that a wedge shaped optic (Fig. 12) produces a

collimated |ight beam spread. This beam spread is due to what S
believed to be a lensing effect. It is believed that the dept h of
the cut nmusYOB¥$@Rficient to at least intersect the PCTYSZHM ™01 nt
of the lens 60 fornmed by the curvature22-the 25 optical fiber core
where the light exits the core. An optical fiber core,

cyl i ndri caFPpprenepes ahtew fandde psgenblys &ft the track and/pgrhelderens 62

11 um nac s 878/ SE FSERPRl 1EHH e it g7 ot tne' 2860 There, e

97/ 26573 . ; : . . PCEHLES 7 _
fixt t t
-19- llghiéf‘??pt’l'ca ‘;'/Jé apoe ev\,hlenns \ﬂlelv?/gd I A cur %één-gggct%lzgn?n?oﬂ}g a
| ens cont60r (EliGtidy trakki NEEesk t ERei Bbeati idbrefl INeihtghtnsi thin
a narrower field of illumnation. An optical fiber core, wedge

shaped wheoondeitdl2s sudair thatsthre i dilurfinateors Benard GBligned withFthe 12).

It wll be appreciated that other shapes may, be ... used because of
their desi PRENSPY| dB e t¥ack 134 @ndo optipnally, with:apy gptical

e eve. vaPtBREREh KRAER' 28R, afa"BVohet %o qircy Lotk IRIOIR EhEP

achi eve various udi ng”a sep i cal

el ement loﬁpéﬁkﬁgrsnﬂ&heiz&ram. The?| dSHtBUY i Naids Hetdes 880kaep

reflector and the arc 11 formed by the notch 39 on the opposite
si de of thdusptoutfodHrehe illuminditerspsdcalPredfaraibly,Tithilscesnbdbltmenti C,

not ch 39 and hol der ,
10 has notches 39 functioning as illuminators, because the cuts
41 {Figs 1 and 3) tend to close causing a loss of 1light

extraction difficiency with contour f_itting track.

Located adj acent to or in contact with the

15 illuminators 28-30 (Fig. 4), the holder 34 includes a "U”
shaped channel. The holder 34 may include any material that
reflects visible light with minimal absorption to function as

a reflector. Thus, a first surface mirrored material to
produce the greatest light output is desirabl.e, but is less

20 preferred to manufacture due to cost. The presently preferred
light reflecting material for producing the holder 34 is white
pigmented polymeric material because it has shown good
reflective characteristics even though there is some loss in
efficiency. The white polymeric materials are relatively low

| 25 in cost and have the desired flexibility to bend with the
optical fiber core. Any type of white pigmented material may

be used.



and/or reflector 34 are all aligned to direct |ight out of the

optic 22 and into the lens 106. The optical elenent 110 may 15 al so
be formed integrally in the jacketing material (Fig. 11). The

j acket thickness may be adjusted to achieve a desired l'i ghting
effect. - qhﬂaﬁgvely, cylindrically shaped diddrinssG0odl 4 and
116 (Fig. 16 y be included and aligned to gener ate ot her
desired lighting effects. . In one instancé3a 20 first diffuser 114 may

| ower the intensity o nd a

. h
di ffuser 116 nay i ncrérei‘feg?ﬁ?&%ass %d/"rnt Eﬁglt?c{:g#lgﬁ‘lght a?ﬁ agugh
the second Oé&ﬁufda%rd as a threuﬂesim dgfziaéei»ac&;ﬂ?aﬂgr1éﬁaﬁﬁeihu§

descri bed, wou nodi f he 1 ntensity of as it transmts and

di ver ges ameehémornn 3ﬁgs. 3 aha apt | ohle &ebeangulﬂrosme teF hrd hsleeruse
of this kind of application specific optical lighting, it is
necessary toand/or reflestorplin icempiingdiont whtht bhe | cuxved share 3F ¢hed ],

hol der and/ or reflectors 34 alld %ptlcal el ements 106. For_ nost
VWO 9P/ 26573 optical fiber core forms a aps 67p€9/ BS§'7’P609‘F93 holder

;itz)gijt a di ar%?géﬁléééisesdgm;]ﬂ?n% gurenﬁ@?{?% ﬁ’ae?e%erg%nﬁsl e ntt%r Ed
the fiber ophifedcd %ﬁ%ﬁ&ﬂéﬁﬁﬂh@@m/wﬁeméetu forms REARHE Tl %r to
the center of the holder and/or reflector. It is deS|rabIe to
mai nt ai n conts oposfi tiibnedaladjavernt atongpr in conthkt anitilr ethenghirved t he
optical fi besrugé)i{]ggigf' tLgi é;irgzllcl:gllliftiber core tangential to the surface at
10 the core’s greatest diameter, about which is centered the
plurality of illuminators 28-30 such that light refracted off
"the illuminators travels through the optical fiber core in a
direction, ideally, perpendicular to the holder and/or.
reflector bottom surface when viewed from a cross-section as
15 shown by line 70 in Fig. 2. It should be noted that line 70
does not necessarily impart or suggest'the type of beam spread
of the light which may converge or diverge relative to line
70. It has been found that maintﬁining the holder and/or
reflector 34 as close to the illuminatoré 28-30 as possible,
20 without toucfxing, maximizes the efficiency of the 1light
output. However, contact',. especially forceful contact,
between the holder and/or reflector and the illuminators can
be harmful, because a tightly fitting or contour fitting
holder and/o: reflector tends to force the sides of the cuts
25 ﬁo clpse,' thereby degrading the 1light output with cuts
functioning as the illuminators. Thus, with cuts functioning

as illuminators, the rectangular-shaped holder and/or.

reflector 34 may be preferred over a contour fitting



was assuned that the nmanufacturing process inherently

mai nt ai ned the alignment of these conponents. However, it has been
di scovered that even slight variations in the conposition 10 and
structure of the optical fiber conduit along its length can cause
slight tw sting of the various conponents relative to each other
thereby dis ﬂtggfﬁ%:‘ the | engthwi se orientation. PCT/USITOITI| ¢ \\gs
di scovered that by using a nmachine, orzReman 15 readabl e references

mar ks placed_discretely or continuousl along the length of the
fi ber optiellapbi@adhtheldenecand/or reféﬂ%eﬁﬂ% thisifeasamn antalsther and

the reference coul.d be identified and corrected. In_long | ength
condui t vvhg}’ﬁ f%#’éhe ease of aﬁaggg&c_%eé’%g}c’gld@ﬁ Ff'@é?’f Fﬁﬁlﬁ‘éggtt%“

mai ntain t | § e 4 0 ¢4 heswrggﬁ? ) %gea

critical. nﬂl:ﬁ %}ggé 1o flibr?gt gtr:\gé't he refer ncg%ngbégtégg& urranégén’g/or
machi ne regdgbeetor 34 is parttdularighawefudr ahenbil fgfivgsen@ansider! ong
the |l ength of the conduit. The reference ensures that each notch
39 Zut and/or| pe§leptorowithnancioyadi shapedeoptiicad ddidesr axbrab®R t he
same 25 ine nd intercepting the sanme dianeter of the optic.
Aftermards?‘af’ﬁﬁgg?lé%sglb‘é‘h{'}ﬁtqre%) ongd BLonppeRePhthesSides 72
surface as ri.es. | s : S rus. reference
by whi ch ¢ ASTABPECEY el PFERAUCAAIINGS of chll Dy ibEE. Vo

97/ 26573 PCT/ US97/ 00979

-21- el enrent 106 are aligned. O her nachine readabl e ref er ences
The optical fiber conduit is completed with a

10 transparent or translucent jacket 26 is preferably extruded
over the holder and/or reflector 34 and cladding covered
optiéal fiﬁer core 22. It is noted that other methods of
manufacturing the 3jacket will work as well. The Jjacket
isolates the air gaps 48 within the cuts and the air gaps 67

15 and 68 between the holder and/or reflector and the optical
fiber core from the environment in which the conduit is

placed.

In thé enmbodiment where the illuminators are. formed

20 from cuts (Figs. 1 and 3), th:'Ls process prevents the cuts from
being damaged or exposed to dust, while allowing the cuts to

be open containing an air interface. This air interface

appears to cause high angles of light to refract/reflect off

the cut.: surface and bounce out causing greater e-fficiency from

25 . the cut surface than if it had a cladding with a higher index
of refraction which would let the high angle light rays pass

through and not be reflected. Some of this light passing

through the cladding appears to be absorbed, both when leaving



may include a pair of directed |ight beans or |asers projected

t hrough the conduit, magnetic tape or physical marks forned in t he
cl addi ng 24. Each of these indicators alone or in 5 conbi nati on
along with the grease pencil and illum nators 34 or 41 rray be used
as referencea,o_,g&g%reference alone or in conbi nat |!qu.,‘§ ns as
a neans for orienting the conponents of the optic _
conduit during assenbly. Q her -25- eqU| val ents now knovvn or | at er

concei ved of _.as a.reference f [ eada em coul d

al so functi dPe S EnEPRERCHN re'enteri’}qof’g%r Fgﬂ&? 3gt?\€t?% ]\ﬁ?tlng
alignment o %épq:h%ogg(}rig@rﬁvgl gggfacw] the entire | ength of .optical

fi ber condui re the references conprise physical

di npl es 120- 15 122 (Figs. 13 and 14) forned in the cladding
material, the ' references may be used to guide and/or retain the
hol der and/oﬂnw#ﬁhnﬁiNEﬂis(ﬁhirelﬂbeaﬁalmﬁinéﬁbgs ask Logamest the
core 22 and cl addin one enbod nt di npl es

1
121- $22 f or &P B rcl"é?&&l ﬁé‘ Qﬂdfﬁﬁcf‘f’ﬁﬁhﬁ %’?Opgh%o]a%t 26 further; he

"U' shaped |
25 and o addEes ofnft. ELERE Undfep DeBEIGBER 34 4 masHthIndd0 45070,
the outer em%;rmerﬁtheuhﬂ ‘iﬁ& iﬂ.i‘xﬂinators in £Ré | &pt PEaBle iy %Jotr‘ér Rative

enbodi ment (Fig. 13) includes one dinple 120 formed in the
cl addi ng 24 aofd aptibaaldptwith bptital eleiélitsHapoadintatiomnifotnity ofack
124 includes a bracket 126 to attach to a wall or the like. The

i nner surf acdixgctign ofathe light praduced, @langs ther depgth 190 the fiber
recg Ves the dl rrpl € 'é}zgnfagcgeg 26 may furtth 3 CLgddfon&e%A' w:.than /or

& nment , e ref
attached to brackets 132 (Figs. 9, 14 and 16) which secure the

optical fiber conduit to a desired surface. Preferably the
bracket 132 is also in alignment with the holder and/or
reflectors 34, illuminators 39 and optical elements 106. By
15 ensuring the alignment of these elements, the optical fiber
conduit may be used to efficiently direct 1light in a variety.
of application specific lighting arrangements where direct

light is desired.

20 In one embodiment, the bracket is foﬁed integrally
with the jacketing material. An alternative embodiment
includes an external bracket 136 (Fig. 15) having a connector
138 in the form of an alligator c¢clip for attaching the bracket

. 136 to a desired surface 140. The rectilinear shape of the

55 jacket material 26 when formed about the "U" shaped holder _
and/or reflector 34 prbvides the reference or orienting means
for aligning the jacket 26 with a wyU" shaped hook 142 formed

in the bracket. The bracket 136 may include a connector 138



WD 97/ 26573 PCT/ US97/ 00979 .

-22- conponents allow for the assenbly of the track and/or hol der
and/or reflector 124 with the optic 22 at the site where the

lighting fixture is to be installed. The dinple 120 and the

contour fitting track 124 1ock the optic core 22 into the 5 condui t

124 such t h¥P¥RE8P| | uninators 39 are aligned with the PCT/USYWEN ng i n
the track 124 and, optionally, wth any2epti cal el'enents which are
all aligned to direct light through the opening in the track. The

contour fitofal s%‘lr'serqqutll@@er} tYPe: adgheought anh tAdligaternacdis 39.

Preferably, .thi odr not ches 39 functioning as
i |l um nat oraéztt @uté"r mc""’"‘e’“"41°’i Fr%ﬁe’i A pesnentR) t9 Ehese

causing a l%%%ﬂ on 'thtr_he optlcaleéélﬁé’&{‘% od 2 acen?acy’e%ggﬁgggigaﬂ Wi't h

fitting tra to or

the 15  aaverti®ingt Olaispiags (bhered) vair'ﬂ&th]éhﬁ'er1§4 !Lik?llxt'flﬁé Aard

shaped channel . The hol der 34 may include any material tha

ref bects vidssilrablieght - wi th m ni mal absorption to function as a
reflector. Thus, a first surface mrrored material to ' pr oduce
the greatest light output is desirable, but is less 20 preferred to

manuf acture due to cqst. The_pre LIy preferred flecting
mat erial for produci%“rtiﬁg hﬁg ?‘Eg %towﬁfr'}e optical §rIBﬁ‘Ent88 5 Bt meric

?ﬁgﬁékal hgfigﬂ:hsiﬁzsoat#eeh?;igftﬁ‘#&r@%d the claddifbl eolb¥8aCBRERCLET ESheFS even:
core includes a portion 74 that extends out beyond the end of
io0 the holder and/or reflector. A second cladding 76 preferably
about 4 inches in length surrounds the uncovered free end 74
of the optical fiber conduit and the end portion 78 of the
holder and/or reflector 34. . The portion of cladding
surrounding the leading edge 80 of the holder and/or reflector
15 is heated to shrink about the holder and/or reflector end.
This process is repeated at each- end of the optical conduit
and secures the-holder and/or reflector to the optical fiber
cere;in preparation for e#truding the jacket 26 over the
holder and/or reflector and optical fiber core assembly. The
- 20 second cladding 76 prevents the hoider and/or reflector 34 and
optical fiber core 22 from shifting in their alignment during

the formation of the surrounding jacket 26 by extrusion.

In the process of manufacturing the optical' fiber

25 conduit, it is desirable to.control the felative orientetion
-of components. One method (Fig. 17) to ensure the erientation
includes the step 150 of first marking the optic along its

length, with for example a grea'se pencil, to set a reference



efficiency. The white polyneric materials are relatively low 25 - I n

cost and have the desired flexibility to bend with the opti cal
fiber core. Any type of white pignented material may be used.

WD 97/ 26573 PCT/ US97/ 00979

-23- ' The hol der and/or reflector 34 is pr

construct ed WO%2¥HPee sided 64-66 rect angul ar channel as 6;8196947)60 7%wn I n
Figs. 3 and 7. The rectangul ar shape of2fke hol der ' and/ or
reflector in conbination with the curved shape of the 5 optical fiber

core forns %9 @&berwings the wedacemenko|fer each of 1'-Q1‘F0I/ 1 1ympinakeys. 34

dth al The b 65 of the, hol
and/or el SR I T G qEeEraBLe that e 1 THp RSEeRS Sre AftoRed O]
in contact %ﬂﬁé%f‘ﬁﬁ@Qn a stra:.g%ﬁffﬁ?e Cgl&llflf G | B&hg tf.tibeﬁoﬁé’&@%but

tangential to the surface at 10 the core's greatest dianmeter

whi ch is cenésiiechggldcations mapl teqhitey tHe idligrimenttots 28r30depehainmt
light refracted off the illum nators travel s through the opti cal
fiberS core iwpen the desigededdigbtingd@ppiicatdgrendi Baeacptdct Hes Mdierer
and/ or reflector bottom surface when vjewed frQqm g cross-section

as 15 nokshedyat; fiFem 172 £ preferaply gkl fe Iedadd vedy FReRthO
does not necgg %ﬂé&y IrRALA R o g:gﬂeﬁ tﬁ@e éy&eag a Qﬁ%n};ﬁ&r ffﬂumzn%-)ors

the |light which may converge or diverge re
has been f ouggle t fién il easﬂﬂﬂ& ragehender féﬂdéQ&gn:mg the 6pEi8CHPEN M as

close to the illumnators 28-30 as possible, .
holder and/or reflector at step 154. The aligned holder
10 | and/or reflector and optic are then _J.nput to an extruder.
During this extrusion step, the extruder forms a jacket
material over the components, théreby fixing their relative
orientation at step 156. The jackeﬁ may contain optical
elements in which case the jacket wouid also be aligned with
15 the illuminators and the holder and/or reflector. The jacket
may also contaih fire retardant and/ or flame ré.sistant
material that may be included alone or in combination with the
optical elements. Additionally, a. second Jjacket may
optionally be extruded ovéi- the conduit. The second jacket
20 may contain optical elements and/or flame resistant or fire
retardant materials or both at step 158. An ocuter jacket may

include brackets which are also aligned with the holder and/or

reflector and illuminators.

25 Alternatively, after the optic is aligned with the holder |
and/or reflector, optical elements including lenses, filter
diffusers, holographic £ilm may be aligned -with the

illuminators and holder and/or reflector at step 160. The



20 wi t hout touching, nmaximzes the efficiency of the |ight

out put . However, contact, especially forceful contact, bet ween
t he hol der and/or reflector and the illum nators can be harnful,
because a tightly fitting or contour fitting hol der and/ or
reflector tends to force the sides of the cuts 25 to cl ose, thereby
degradi ng tW@2RE output with cuts functi oni ng BSTAURY00979
illumnators. Thus, with cuts functi onizg- as illumnators, the
rectangular-shaped hol der and/ or reflector 34 may be preferred
over a contaddgnid hohder and/or reflector \\OFFA/c2B8VEng illuminators and

PCT/ US97/ 00979 - 24- elli pt I cal

hol der andPBticad &yehents ang sthenssprykqty &9 extruder Rra t haeket ease

f mbl | f h |
P o> eor e hateriBd, 08 S60r @il Uy UhCkohpdilents tnesell K4S AREAS®
particul ar lpeiaedivdl oviientatian wioeRi1e the %Exeé at stéf'de2’. "REIEEHPE W LD

an oval shaped optical fiber core 22 havi ng the illum nators
posst i oned Jalcamgsomyofbet ddeddad frovide addittidbnaddopyibht gleménts
di anmeter of  the eli The optical fiber conduit is

conpl et ed \ﬁi“@hf 591' ire regiskanir and/ oprt £aAne uretarfankeproperties,

referably ,ex he hql der nd/ reflector 34 and
EI addi ng >c/ e’ mg an outgr P@&F‘% E’?P’legrg Eacgf‘f' f lﬂﬁf‘gd"’cmtﬂb? her

met hods of gpeical edBHUEHERS! WTiRGhidRorRCKS tiid loﬂﬁ& &¥a "Bhd - no1dde

j acket
and/or reflector at step 164.

10 _

After the jacket 26 has been extruded the eonduit is
ready for installation. For shorter lengths of conduit oi
high wattage light sources, the conduit is attached to a light
source 38 (FIG. 1) such that the cuts extend preferaibly 45

15 degrees from horizontal away from the light source (FIG. 1)
and path of the light illustrated as line 82 in Figure 4.
Other angle_s between 0 | and 90 degrees may be dsed, but 45
degrees is mo'et preferred for most applications. A reflective
first surface mirror 40 is placed at the distal end away from
20 the light source haviﬁg surface preferably offset 10 to 20
degrees from perpendicular to the longitudinal axis of the
conduit (not shown). Although no offset is reguired to
perform' adequately, the offset changes the angles of the
returxring reflected-returning 1light +to increase the
25 opportunity for the recycled 1light to intersecf an
illuminator. For 1longer lengths of cable a second light

source may be placed at the opposite end to increase the



I solates the air gaps 48 within the cuts and the air gaps 67
68 between the holder and/or reflector and the optical

fromthe environment in which the conduit is pl aced.

In the enbodi ment where the illumnators are formed 20

15 and
fiber core

fromcuts

(Figs. 1 and hS process prevents the cuts from ' Famaged
Jﬂnk 5 PCHE%97 0?8

or exposed to

st, while allowing the cuts to be open contal ni ng

an air interface. This air interface =29- appears to cause high

angles of light.tqrefract/reflecgt off . t he, cut suyrface and, pounce
out causi ng %Faé’a]tag’rleef#’r% %ng?‘fﬁésf’ng’ég“tl"“ Hhzougp l=s‘%‘?ef gela‘fﬁ?aﬁalﬂp % had
a cl addi ng wdd gddgher index - of refraction which would let the

hi gh angle |light rays pass t hrough and not be reflected. Sone of

_this light passing t hrough the cl addi ng appears to be absorbed,

both when | eaving - WD 97/ 26573
PCT/ US97/ 00979 It has been found that a first spyface mirrort4Q ist

surface and

-entering the cladding after refl.ect.ing off the
. refléhtive §é§%é§k§ile‘%° a“white s fa?e'I?FHﬁﬁiﬁ%%#b%P?"mﬁBFeePﬂels cut
11 um nat or s,@ar e, fQLIRL Because f1d" G idEe sy av et P lrleiéqgghg% éagssthe

j acket. 26 further ensures that hol der and/or re

mai nt ai ned i
core 22

dut the end) i gaEEBeryi tthd hEight UBnaat L1$o | AbkbeLRPI Lt f i ber

and optionally with optical elements to nmaintain

uni fornity oéhereas the ;nirror reflects a higher percentage of light back

10

15

into the optic where it is reflected/refracted as described
above. The mirror surface reflgcts the 1ight' rays back into
the optic with less diffusion than the white surface and
thereby helps to create a more even light rather than a bright
spot at the end. A retro holder and/or reflector was tried
with similar effects to the mirrored surface, but the heat

from the infrared radiation transmitted through the optic from

‘the light soﬁ_rce caused failure of the retro holder and/or

20

25

reflector.

In some uses the optiéal fiber conduit may be
located near combustible br explosive materials or
incorporated into the engine compartment of an automobile.
When used in these types of applications, the conduit must be
capable of meeting various governmental and industry
standards. For example, in military applicatioAs where
indirect fiber optic light is preferred over conventional
1ight.fixtures, the fiber conduit ideally should be capable of
meeting the governmental standards for flammability, toxicity

and smoke. An example of a flammability standard is the



direction of the light produced along the Ilength of the fiber 10

core. The jacket 26 nmay further be forned with and/or attached
to brackets 132 (Figs. 9, 14 and 16) which secure the _ opti cal
fiber conduit to a desired surface. Preferably the bracket 132 is
also in alignnent with the hol der and/or ' reflectors 34,

i |l um nat o™O%@6313d optical el enents 106. By 15 ens RGTFTE79
alignnent of these el enents, the optiealo-fiber conduit may be used
to efficiently direct light in a variety . of application specific

| i ghting afnshijowest Pihdlecgrical and Eledtngimici sEdgsheexis (IERE)
I n one enbodi nent, the bracket is forned inte with the

|
j acketing PEARAIER 383 P LY ¢ c AT EAPPIR OF ﬁeg{’g'!i"’i/ty standanq, diss the

ext er nal t ElLga1 i n r . 1 ' he form
of an all P’g}g‘tg%f ?ﬂ’?g"% Eir’.gg?t ac a??\gék?%eag@kgép the Unlffg t%gi Aagrhtfténs’i red
surface l4€eard@rd aftsd71Ranns BaRAMpee b ca siivke stahaakal i88¢es iNdvadb When

formed about the "U' shaped hol der and/ or reflector 34 provides .
t hé r ef er cEngineening $tanfaxmts(NES) for ther Unlitgdi Ringdem, steridad@ Wit h a
. "U" shaped hook 142 forned in the bracket. The bracket 136 may

i ncl ude a BBRNétior ThegUnited States Deparyyment/ 9fhe Navy has adopted
PCT/ US97/ 00979

Pomvont 1 ouahe "TFEE 383283440 NES72R A0k JPES-Jt, standaras for, £iler °"
al | ows forogpyeMeidnadfit! k" eRfhH818RNprdo? toms such as shipboara

magazine compartments. Light producing materials for these
10 applications are tested within the temperature range of -60°F

to +300°F.

In addition, separate standards exist for fiber

optic conduit when used in the engine compartment of an

15 automobi.le. A set of proposed standards for such an
application are discussed@ in General Motors specification

_ entitléd “Fiber Optics For Underhood Applications".

It has béen discovered that use of flame retardent

20 and/or fire resistant materials in fiber optic conduit of the
type described herein may be manufactured and used generally

in such enviromments where flame retardant properties are
desirable. In one sﬁch_ embodiment the jacket 26 may be
manufactured .from a flame retardant and/ or fire resistant

25 material. The flame retardant properties will vary according
to jacket 26 thickness but generally it is desired that the

material shield, the underlying core 22, cladding 24 and



| ocation of the optical conduit. This woul d be desirable in

advertising displays where variations in lighting are 5 desirabl e.
During assenbly of the optical fiber conduit illustrated in Figure
5, the cl addi ng covered optical fiber core includes a portion 74
that extendsygy ’9% gyond the end of 10 t he hol der and/ eerRé7gesdsor. A
second claddlng preferably about 4 inches in length surrounds

t he uncovered free end 74 of thloptical fiber conduit and the end

portion 78 of .t d/or | ector grti.on
of cladding‘Older and/?ﬁrf&%ﬁ& ﬁﬁrtﬁg FH%Le8g§“§8°SF i ﬁgfggfreﬁd/or
reflector ]ch_}_(ht thicRBakedmby ¥ n&é@f&&n%% haldl Hlatard/agr ughl. ect or
end. I'S process is Tepeated at each end of the optical conduit
and.secures the holder and/or reflector to the optical fiber - core
in preparation for extruding the jacket 26 over the hol der and/ or
reflector and optical Af mgmrsal@ﬁmme Fudtabde for i parrplosedilsg 76
prevents the hqgl der _and/or reflector optical fiber core 22

from®shiftif§ L1on®EEP - pFTHE AR HEFFﬁﬁ 1°° or 1003, .ipgrade #Pq% bedng
sur roundi ng cgr% 6 L a by Du P tggE
manuf act ur| %g%lt'l ca?%\g?&%ge o (?nac?t olﬂngps' esi rg%ﬁgatgk
control the :fml athaer e MMt aRd its propeftiéonapacehslyOaeseribed Ghi g
17) to ensure the orientation i ncl udes the step 150 of first
mar ki ng t he oypont: Bhbhjcation No. H-2846hy2 rentwtﬂte& 8Extxusponr GuiglteeFor -
pencil, to set a reference
Melt-Processible Fluoropolymers"
10
Assembly of a jacket 26 formed from Teflon® FEP is .
suitable for conventional cross-head extrusion techniques.
Although in the presently preferred assembly of FEP jackets,
.the jacket is not extruded rather the material is ordered to
15 a desired size and length. The jacketing material is then
pPlaced over the core 22, cladding 24 and holder and/or

reflector 34. The jacket 26 may then be heat shrunk onto the

fiber optic using conventional heat shrinking techniques.

20 o Another material of the type suitable for a flame
retardant jacket 26 is tetrafluorethyléne, hexafluoropropylene
and vinylidene fluoride (THV) terpolymer manufactured by 3M
.specialty Fluoropolymers Department of St. Paul, MN. THV
grades 200 and 500 and 300 are useful although grade 500 is

25 preferred. THV jackets may be manufactured using conventional
cross head extrusion technigues. THV and its pfoperties are

disclosed in the "3M THV Fluoroplastic Product Information®.



VO 97/ 26573 PCT/ US97/ 00979

-27- to determ ne the placenent of each of the illum nators.
Generally, it is desirable that the illum nators are aligned

uniformy and in a straight line along the |ength; however, sone
applications reqU|re the alignment to vary dependi ng 5 upon the
desired Ii ghwlor?é 8991 i cati on. The optic is then - RETLISEH0RTY St ep
152, preferably with a relatively snpoth3z- surface. The mark -on t he
optic is erased and the illum nators are then used as the .
reference for al iXniigy bﬁéiepeﬂc Watth silicon -havimgder rdml odegwsdd esfor at
step 154. The al i gned hol der and/or reflector and optic are then

input to an WEANSRAEEncY is also B&lsilﬁ'éhﬁlm as gacketipg nateriah Loy fianer
forms a jac material over the conponents, thereby fixing their
relative ation at step 156. The jacket nmay contain optical
el ements in which case the jacket would alsa be aligned with 15 t he .
illum nators and the holder and/or reflector. The jacket may al so
cont&in fire retardanThaodghoexpérimentstidmmiit has been diictviedled! BRALMRY
be i ncluded alone or .in conbination wth the optical elenents.

Addi ti onal | wheng fsla%lbnept}aek@tloneawre exposedpttioorfliameshe the r apibiicover

th dui t h t t | | t
e SO e 2oL st P peaBiaES L SATEL B SIS o
158. An out gid aé‘ﬁﬁad'fyf_ flames a%,fi‘?t%ufifb@f a&ﬁ* V%Ctﬂsaagsﬂé@lgl ¢gned

with the hol der and/ or tor and fihators
Al ternativemanutfdcturehehehoIdes @id/Biedefilebtbbeshplifti/or jacket 26,

l%%ttardencye nt

10 for example, using flame retardant material. Such materials
may desirably include halon gas or other oxygen inhibiting.

materials to help prevent the spread of flames.

A material of the type suitable for this purpose,

15 for example the holder, is Solef® Polyvinylidene Fluoride
(PVDF)l manufactured by Solvay Polymers, Inc. of Houston,

Texas. Solef® PVDF grades preferred are 31508 and 32008,

useful grades include Solvay -Solef® PVDF data sheets 32008-

0009, main properties and 31508/0009.

20
The jacketing, holder and/or reflector or optical
elements when included as individual components or any
combination thereof, and integrated into the system, are
preferably selected to 1mpart fire resistancy and flame
25 retardancy. Materials are also selected to impart moderate

and most preferably low smoke emission. Materials are
selected to impart gross calorific value (GCV) of less than

41.5 Kj/kg and preferably 14.7 Kj/kg and most preferably less



and/or reflector, optical elements including | enses, filter

di ffusers, holographic filmnmay be aligned with the i 1lum nators
and hol der and/or reflector at step 160. The WO 97/ 26573
PCT/ US97/ 00979 - 28- al i gned
hol der and/ ogolehésgst or, optic having illum nators and PCT/USIRGoo R

el ements are then I nput to an extruder and jacket ' material 1Is
extruded over the conponents thereby fix3#g their relative

tat thin th ck t St, Kk b
added o protiar T oL “(astioeR S sdorinBteic ponp spSE Bk B O°
resi stant ang qadd Ay Gl dorb@p W ork City podkldili i A o

j acket having a 1 gned w th~t he tical eI enent s,

i |1 um nat or sand Agpeadd i (@sang .t he hol der and/ or reflector at step

164. 10 After the jacket 26 has been extruded the

conduit S ready for installation. For shorter |engths of conduit
hi gh wattage |ight sources, the conduit is attached to a | i ght

sour@e 38 (FI G ﬂa"ﬁ]@rﬁlﬁ OF hel e 188y e rRP I eP&BV?MSreﬁ_%ECt"r G’é’gr ees
fromhorlzont y Jfrom.th sQur at

the light i I‘?‘ﬁ c} emeqtlsnga QE% Fgéu%lé&e% f@r flrﬁ ﬁﬁsif%ﬁrg:g (¥t ween
0 and 90 degil?@%fﬁéﬂ%nuﬁ?dliﬂﬂhﬁé oxygen indE@29' 6fife ixiatESia il SRhngd for
nost applications. A reflective first surface mrror 40 1s pI aced
at the di st dawnchrvinddx @h at least 19 (thickness: 3mm), preferably 44

and most preferably 93 and higher.
10 _

Materials for jacketing, holder and/or reflector or
optical elements can a_lé,o be selected for lower or no smoke
emission in accordancy with ASTM D 662 NBS Chamber test with
or without flame. For a 2 mm sample, a Maximum Specific

15 Optical Density (Dm) of 25 without flame, and 270 or lower

with flame is most preferable.

FINISHED OPTICAL FIB_ER CONDUIT EXAMPLES
A couple of samples of optical fiber conduit of the
20 present invention were prepared in accordance with the
description set forth above and were snbjected- to various
tests as will be described. |
EXAMPLE 1
A six (6') feet 1long 1/2 inch diameter oval optic as
25 illustrated in Fig. 2,,- placed in a white "U" channel holder
and/or reflector, coated on the assembly’s exterior with clear
butyrate plastic, was prepared and photometries were taken.

A first surface mirror was put on the end (cut at a nominal 15



20 the light source having surface preferably offset 10 to 20

degrees from perpendicular to the | ongi tudi nal axis of the condui t
(not shown). Al t hough no offset is required to perform
adequately, the offset changes the angles of the returning
reflected-return light to Increase the ortunlt for
t he recycl‘g{]”’F 5 to intersect an | I I um natd’% TUSPHO Tonger

| engt hs of cable a second'light '=3430urce may be placed at the
opposite end to increase the WO 97/ 26573

PCT/ US97/ 0g®Bree angle) of the optic and llght from ;&) General Elegkxiikcabl e

light for distrihution thr h .t ol and/ o reflectors.

I't..has bee%D SR Ry lﬁ% %%f*g 9??1“%‘5?5 E°F'§se% into  fpg: dAPRE. (o 5
white surfagm, egaesi 8 Hun.wr@\&s Reas ] 073 5C Yhch deep and!s Bihtd !4t apecause
the white surface all ows light to pass ut  the end, scatters the

| i ght and almyaealsords dégries from the vlmfgiaﬂxdﬂmlmaerwemahbeeifs thehi gher
per centage of |ight back into the optic whefe it is

ref Pect ed/ o®tdget ed as described 10 above. The mirror surface
reflects the light rays back into the optic with | ess diffusion
than the white surface and thereby helps to create a nore even

light rather than a Q.bﬂﬂtmeasuremeﬁﬂgﬂw (ﬁfégﬁéﬁmhsAﬁﬁgﬁEQ nggekhgnd/or

reflector was tried th siml ar S to e mrrored surface

but th}g: heaptitd surface’ Bﬁbhhﬁlaﬂflﬁ)ﬁd ﬂame&tbanorfaﬂs@ﬁcsmi-zt e t he
optic from
reflector back through the optic and out with a beam angle of

10 approximately 22 degrees along the optic’s longitudinal axis.

The spacing variations were made as- groups of

progressively closer cuts from 6 inches long groups to 18

inches long groups in an attempt to create even light output

15 along the optic edge. A reading of 60 foot candles was found
" at 6 inches from the inpﬁt end; SO fbot-candles at the center

of the optic; and 60 foot candles at the end.

EXAMPLE 2

20 Cuts were made in an optic identical to example #1,
but in which the depth of the cuts were increased to 0.125

inches. Photometric readings were taken and the following

results were achieved: The bean paﬁtern was approximately 26

degrees along the optic’s longitudinal axis. A reading of 85

25 foot candles was found at € inches from the inpﬁt end; 50 foot
| candies at the center of the optic; and 90 foot candles at the

end.



the Iight source caused failure of .the retro hol der and/or

refl ector. ' In sone uses the optical fiber conduit may
be 20 | ocated near conbustible or explosive materials or

i ncorporated into the engi ne conpartnent of an-.autonobile. . Wen
used in theseyhwhgsss9f applications, the conduit nust be pCT/USOTRPAD! €
of neeting various governnental and industry st andar ds. For
example, in nmilitary applications where 395 indirect fiber optic

light is preferred over conventi onal i ght fixtures, the fiber
conduit ideally should be capabl e of meeting the governnenta
standards for flammbiljtygahQ¥eCib¥ swnNso0 s . opBiexanpl el a
flammability standard is the . WO 97/°26573

PCT/ US97/ 0097Ranufactured by Lumenyte International Corddration was notshiedut e
of Electrical and El ectronic Engineers (IEEE) ~Standard 383-1974.
An exanpl e of by hand @ndythe opkic was phaced in a “qlyshared holding grack

e T s
NES) for th ' | : E The Uni
L S T o <o eSS M,

NES- 711 st andaitisoff @hef bpeh side of thePhéId€PNdThiis AssapbIfiwil RoUtedoONs
such as shi pboard magazi ne conpartnents. Light producing materials
for these to the edge of a craps table such that light was cast onto the

EXAMPLE 3

table surface. It was found that by rotating the opti'cal

10 fiber within the "c" shaped holder that the beam pattern of
light cast onto the table surface ﬂras changed. | Through
experimentation it was discovered that 1light could be

- relatively and evenly distributre.d' across the table surface by

proper alignment and affixing the relative position of the

15 ~ optic to the holder.

COMPARATIVE EXAMPLE

A 1-foot section of a WN-SOb optic manufactured by

Luményte International corporation was notched to propagate

20 light and was exposed to an open flame. The optic céught on
fire and the flame spread rapidly. A same optic with the same

notched configuration was placed in a track manufactured from

Solvay PVDF and jacketed by E.I. DuPont FEP Teflon® and
exposed to the same testing conditions. The latter assembly

25 did not catch on fire as rapidly, and the track and jacketing

imparted a fire retardancy to the optiec.



10 applications are tested within the tenperature range of -60[err]F

to + 300[err]F. In addition, separate standards exi st
for fiber optic conduit when used in the engine conmpartnent of an
15 aut onobi | e. A set of proposed standards for such an
application_are discussed in General Mtors specification ntitled
"EPber Cptﬂﬂg'ﬁgﬁzbnderhood Appl i cations". P PCTUSSTR, s heen
di scovered that use of flanme retardent-386 and/or fire resistant
materials in fiber optic conduit of the ' type described herein may
be manufactured and used gener al | yMPPLICATIONS sych environnments where

flame retardant prop rtEl desi rabl e. I.n Qne such enbodi nent

the jacket 26 may be®PP %1°ﬂ§n§P§cttﬁ‘Fed’rﬂdbﬁfaWar?é‘%'dm or
fire resi sty li%é.ted to”ﬁk?&' %k?ﬁtgﬁﬁeé gié‘éga ef’fﬂfé‘fi d&g SMJ vary

accordi ng acke ener al irTed that
t he 1igiong; alixﬁ-.hsxeloé dfhe:wdmdrwm ;C ML &Ebonclmjﬂmifl v

WO 97/ 26573 PCT/ US97/ 00979

-318 washigigje coyrdl bght iy p step Idahdingickxplpaipnsprode grexlsgr r ed

j acket thickness ma varlylq according to the material used.

A materi al “ertathefa} i shack) ganel @isplay pbightingy and ﬂ‘éﬁmﬁie‘rer]
FEP, usefulm_nraaq'r %q._% 1(19-93’&1'-!1189‘]’ in grade 100J being

While the present invention has been described in

10 connection with what are presently considered to be the most
practiéal, and preferred embodiments, it is to be understood

that the invention is not to be limited to the disclosed
embodiments, but to the contrary, is intended to cover various
modifications and eguivalent Arrangements included within the

15 spirit of the invention, which are set forth in the appended
claims, and which scope is to be accorded the broadest
interpretation so as to encompass all such modifications and

eguivalent structures.



preferred, and manufactured-by Dupont Polymers, of WIm ng”m“”"m“mumum]
Teflon[err] FEP and its properties are fully described in
Publication No. H 28461-2 entitled "Extrusion Guide For * torom s

Mel t - Processi bl e Fl uoropol yners". 10 Assenbly of a
jacket 26 fogimdnisrem Teflon[err] FEP is sui t abl e pegrageieest | onal
cross- head extrusion techni ques. Al t hough in the presently
preferred assenbly of FEP jackets, =37= the jacket is not extruded

rather the material is ordered to 15 §%§§!%Vd68ired size and length. The
j acketing material is then I er the core 22, cladding 24

and hol der and/ory, a 1ind#f i3 bonpesiingket 26 may then be heat

shrunk onto the f1ber optic using conventional heat shrinking
t echni ques. 20 a2 monofilamehqt bpticalefiberpf the type suitable for
a flame : - retardant jacket 26 is tetrafl uorethylene,

hexaf | uor opropyl ene 2 cladding sprapunddng sridrPpeicalfihenrhol yner
manuf act ured by 3M , eci.al t.y Fl yor Lyners rtment of St.
Paul ,>W.  THV - saldgr"égg‘sc%(f’é’r?d' %Bﬁgﬁaaxgoﬁtafég%se‘ﬂﬁ al t hough

grade 500 is 25 PiRLE" égéf;THV j ackets may be manufactured using’
convent i onal Cross hea 'extrusion techniques. THV and its
properties are - a KEXgdropiiticned iaVcoiabt ueiew! sid CR¥ddwy
| nf or mati on". WO 97/ 26573

PCT/ US97/ 00979 and adjacent to said illuminatof?-
. said holder including a light scattering portion
10 positioned in spaced apart relation to said
cladding to form an air gap between said cladding
and said light scattering portion; and
a jacket surrouhding said optical fiber, cladding
and holder.
15 2. The linear 1ight conduit of claim 1 wherein said
jacket is fire resistant.
3. The linear light conduit of claim 1 wherein said
holder is fire resistant.
4. The linear light conduit of claim 1 wherein said
20 holder is flame resistant.
5. The linear light conduit of claim 1 wherein said
jacket is flame resistant.
6. A method for preéisely aiigning'optical elemenﬁs
in an optical conduit comprising the steps of:
25 | ~ positioning a fiber core and holder to direct

light in a predetermined direction;



It is believed that silicon having a high degree of f
Is al so desirable as jacketing material for flane ' : H“lmmnmmg"m”“i
Through experinmentation it has been di scovered that *wh [ *

optics alone are exposed to flames, the optic conmbusts and the
firel/fl ames grc;%a ate rapidly. To prevent the spread of flanes

al ong fi ber"OpHFe is desirable to manuf act ur e PERUSHANE,

and/ or reflector 34_ and/ or j acket 26,-3d-0 ' for exanple, using flane
retardant material. Such materials may desirably include hal on
gas or other oxygen hakhbaining the alignmant jand nmedatdive prevent the
spread of flanes. A material of the.type suitable for
thi s purpose, 15 p°s%5+°%x%5pf%}?r£}?ﬁﬁcﬁﬁr jands 5 éFéFerlyV|nyI|dene

Fl uori de $Q§H [ eghdy Sol vay Polyners I nc. of Houston
Texas. Solef[err] %%ﬁgg es pr%ferﬁgd are 31508 and 32008,
useful grades incl udeoPRinNgysaphcidaxet DAt dalim Hiahs c%&%oﬁnd

0009, main properties and 31508/ 0009. 20 The j acketi ng,

hol gler and/ or reflecholder.optlcal el ements when incl uded as

I ndi vi dual conponents or g combi nati on thereof, and integrated
into the system/-ared metho fﬁ?e?‘é?ﬁb?‘!/ adIqledn @ ifiken opti€ resi st ancy
and flame 25 reagrgaﬂggd b % régu B re alsa selectgi to inpart

noder at e ang hOSt pref TR K S BHE S SE " *Material s are

sel ected to inpart gfaegitfaﬁpﬁgfesidaﬂse:& Fplidipl fiSimatiito saia 415
Ki/ kg and preferably 14.7 Kj/kg and npst preferably | ess
cutter;
10 aligning said cutter at a first angle relative to
said fiber optic surface.
rolling said cutter about a circumference of said
fiber optic causing a first cut;
aligning said cutter at a second angle relative to
15 said fiber optic surface;
rolling said cutter about the circumference of
said fiber optic causing a second cut;
removing a notch of material formed by first and
second cuts. _
20 8. A fiber optic comprising:
a fiber optic core;
said fiber optic including a plurality of
con51stently notches;
at least one of a plurality of optical elements
25 . from the group including lenses, color filters,

intensity filters and holographic filters;



Y\g3?7/26573 than 14.7 Kj/ kg (according to cal orpﬂ{e'?rslgzl 88'3““‘1““"“'““[“'“
900 part 3 as published by New York City Board of Standards * ¢ bt *“nd *

Appeal s (USA)). 5 Materials for jacketing, holder and/or
reflector orgog.06s73 OPtical elenents can also be sel ected, épﬁ’§§7;°6ﬁ9
resi stancy by the criteri.on of limting oxygen index he

mat erial s shoul d have an index~®~at |east 19 (thickness: 3nmm),

preferably 44 and st preferably 93.and .higher. 1 ,

Mat erial s for jacketiﬁ&lghgnggF §ﬁ§;8r°?§ I2ﬂ9(3(¥ al eleme"goﬁf?ﬁgl
el.enents .can al so be f Qf 3 r &R QN in
accordancy with ASTNI%QE%%E%% g%léggg ?gg?r%atf1 ches to Prﬁﬁ?ﬁguf flame.

For-a 2 mmsanple, a Wesiwem Bpghtfeefedd; ana Optical Density (Dm of 25
wi thout flame, and 270 or | ower with flame is nost preferable.
FI Nl SHED OPTI CAL- FI BER GaNREET sExzhvrhé&bng said fiber optic cAreoapfle of

sanpl es of optical fiber conduit of the present _invention were
prep&red in accor dancSPficARL gdement to “ﬂ%%&ﬁ*QNQRﬁ¥QQ$:aﬂéﬁpﬁeabove and

&ﬁpilébiect ed t % var 'T?xlés fiber optlaeé% Scfguw A _lwhe%'eq.%s Céraligegacket

includes optical elements formed therein.
10. The fiber optic of claim 8 wherein said jacket
includes a flame retardant material.

10 11. The fiber optic of claiﬁ 8 wherein said jacket

. material includes a fire rosistant material.
12. The fiber optic of claim 8 wherein said jacket
includes mounting brackets formed thereon;
13. The fiber optic of-claim s.wherein'said jacket is

15 formed with multiple layers of jacket material.

14. A linear light conduit comprising:
a monofilament, optical fiber;
a cladding surrounding said optical fiber;
said optical fiber including at- least one cut;

20 . a holder positioned in contact with said cladding
and adjacent to said illuminator, said holder -
including a light scattering portion positioned in
spaced apart relation to said cladding to form an
air gap between said claddlng and said llght

25 scattering portion, and
means for securing sald holder against said
cladding to main said holder adjacent to

illuminator.



A six (6') feet long 1/2 inch dianeter oval optic as 25 - "m “

in Fig. 2, placed in a white "U" channel hol der and/““ H ﬂ |B I””“I
coated on the assenbly's exterior with clear but yr at e* plcasttic® was *
prepared and photonetries were taken. ~Afirst surface mrror was

put on the C at a nomnal 15 WO 97/ 26573

PCT/ US97/ 008%”(’2‘% - -34-  PCTUSONNRS e
angle) of the optic and light froma Ge@-al Electric 60 watt
xenon-netal halide |anp was focused into the input end. Each of

the cuts was 0.0%35 iAchingap Hehk|eanddtgcomprising: angle of 45

degrees fromthe | ongitudin centerl| of. t 5 optic.

Li ght measurenents we? "N aﬂf’ﬁ'{cﬁ?}%ﬁ%nf{iﬁﬁr' optic surface

such that |1 ght ref | egt efadfnd R IR Yadls ppticar giBLkECtor back

t hrough the optic-and out wth a beam angl™e o approki mately 22
degrees along the optésis ¢pnipdliditer dficduding a plurality of The
spaci ng variations were made as groups of progressively closer
cutsdfrom 6 inches | ohllymingkons, Each of said AdAuvwihatgrgrivaping m an

attenpt to create even |light output 15 along the optic edge. A
readi ng of 60 foot ca®al r%&%;?&iﬁﬂfm size andthgPFﬁches from the input

end; 50 .foot candles gtpifige Colld/or refiectod pbBTt2BhES: 8 Toblad0t

candl es at the end.
with said cladding and adjacent to said

illuminator, said holder including a light

10 .. scattering portion positioned in spaced apart
relation to said cladding to form an air gap
between said cladding and said light scattering
portion; and
means for securing said holder against said

15 . cladding to_main sgid holder adjacent to
illuminator.

16. A linear light conduit attached to at least one
light source, said conduit cdmprising:
a_monofilament, optiéal fiber;

20 a cladding surrounding said optical fiber;
said optical fiber including a plurality of
illuminators along a first side and a light
transmitting second side, each of said
illuminators having a generally uniform size and
25 _ shape to intersect light generatéd from said light
source; N
each of said illuminators being positioned in

spaced apart relation along said first side of



EXAMPLE 2 20 Cuts were made in an optic id

exanpl e #1, but in which the depth of the cuts \/\/eim‘mmmmuull”u“l
0.125 i nches. Photonetric readi ngs were taken and t*hecf ot

results were achieved: The beam pattern was approxi mately 26

degrees al og@dhgsaptic' s longitudinal axis. A reading of 8pcr@&meesre f oot
candl es was found at 6 inches fromthe |€£ut end; 50 foot candi es
at the center of the optic; and 90 foot indl es at the end.

WD 97/ 26573 I§E¥|i

- 35. | said optical fiber E%&\I\%’ %r:et:léD %%y %9:%3.% from
sanmple of SWNS00 LHgRRYbRtaPPhéfhingi delight path fmufs&qumqnlty
Lunenyte International Corporation was notched by hand and the
opti ¢ was pl aced i n asbatcehtpedadh| df ngpid atkludinators emdeticosadidt h t he
not ches: al i gned al ong the back side of the hol der thereby all ow ng
Ilght to pass throughsﬁﬁenépﬁiéeanﬂ“d out of the open si-de of the

hol'd Thi s assenbly_was npunt to the e af cr abl e
such that i ght was c 88t RTE e lde haVLn?eﬁH%f (¥L éa p%é? ound

that by rotating the eaakseheri&m tol 406Ini 1 e fdwey ' shaped hol der

that the beam pattern of i ght cast onto the table surface was
changed. Thr ough illumin&kpeni nentation it was discovered that
light could be relatively and evenly distributred across the

tabl e surface byl7. The linear light conduit as set forth in claim 16
further comprising: ‘

10 a holder positioned in contact with said cladding
and adjacent to said illuminators, said holder
including a light scattering portion positioned in
spaced apart relétion to said cladding to formed
from an air gap between said cladding and said

15 light scattering portion; and
means for securing said holder against said
cladding to.main.said holder adjacent to
illuminator.

18. A linear optical conduit comprising:

20 _ a clad core having a predetermined length.along a
longitudinal axis, $ radius extending from the
axis to the circumferential periperhy of the clad
core, a first light input end and a second end;

- a reflector extending 1ongitudina11y along the

25 | length of the clad core and extending radially
through a arc which is less than 360 degrees about

the circumferential perifphery of the clad core;



proper alignment and affixing the relative position of the '
to the hol der. COVPARATI VE EHHMI_"H" “m"m “ |“|
A 1-foot section of a WN-500 optic manufactured by Lunenyte n s »
I nternational corporation was notched to propagate 20 ~ light and was
exposed to an open flame. The optic caught on fire and the flame
spread rapi MQ2"2858ane optic with the sane not che®CTZHPTHEPat i on
was placed in a track manufactured fromga- Sol vay PVDF and j acket ed

by E.I. DuPont FEP Teflon[err] and exposed to the sanme testing
conditions. The | atter phbeeaidity ofs cuts igi g¢aidt ctadchooem d4tre as rapidly,

d the t k- and j acket | ' ted a fi tard toth
ggt ic. € track and] acngeéﬂyqn Q}ﬂ%:}oéa@.aérnse alzcimgI g.‘gsrfer%tﬁ,ncgt © ©
PCT/ US97/ 00979 . e « 2 -36a .
APPLI CATI ONS predetermineg depths into Sral?h‘éf%‘r’ oREE TRSP i35S ude,
but are N0t & binfrbrdhiiac ddiaibhieRy ShANSE BEasStenElHder at or
case lighting; interior of t?us Iti?_‘gﬁi ng; 'I\/Rlﬁ#oomTl g t‘% ng; wall
5 s washing; cove angiés nEtwderp 0 iderices; andpbosdedrepeopisai®as;
water falls; back panel display |ighting; and autonobile ' w ndow
break |ighting. predetermined angjgs being peasered; betweémrthes been

described in edge of each cut toward the first end of the clad

core and longitudinal axis of the clad core, each
cut forming a illuminator.

10 19. The conduit of claim 18 in which the cuts are
symmetrical about a plane which extends from the
reflector through the longitudinal axis and in a
predetermined direction orthogonal to the
longitudinal axis of the clad core.

15 ' 20. A linear optical conduit éomprising:
a clad core having a predetermined length along a
longitudinal axie, a radius extending from the
axis to the circumferential periperhy of the clad
core, a first light input end and a second end;

20 a reflector extending longitudinélly along the
length of the cléd core and extending radially
through a arc which is less than 360 degrees about
the circumferential perifphery of the clad core;
a predtermihed portion of clad core material

25 : removed from said clad core by a plurality of

| pairs of cuts in said clad core at predetermined

locations along its length, af prédetermined

depths into said clad core from its



10 - connection with what are presently considered to be
practical, and preferred enmbodinents, it is to be understoo nﬂ‘ “"HHHHI“
the invention is not to be limted to the disclosed

but to the contrary, is intended to cover various nDdlflcatlons
and equi val Qb odeemN0eents included within the 15 SppE&xiusPinobioe
i nvention, which are set forth in the aQPended clainms, and which

scope is to be accorded the broadest interpretation so as to

encompass al | such mogs (L3 e0Re 841 periphery S FlleslidiGhiness

WD 97/ 26573

-37- . angles between 0 degrddd\d¥ 90 degrees, sala A |inear
conduit conprising: a nonofil anent, optical fiber;
a cl addi ng surroundi ngredetierpinedl ahgbes ;being measured from thied cuptl cal
fiber including at |east one illum nator;
a hol der positioned |ﬁfc6ﬂ?%cPa%Wt%P%§?ﬁ thedoirgt end and between theyng
adjacent to said illum,nato hql.de ing a
T ne scat ter ng por{ FRRS 9b satd nearer cut sovasd ehe'RivEs SN 481}
relation to said *  tpe clad core afrd oWl Ntby 4&&6&fﬂé¥1&§ﬂ’ Q&ptggtmeen
sai d cl addi ng and said light scattering portion; and
a jacket surroundi ng saad oeterakadh bpdir dAditY forming a and
hol der .

illunminator.

21. The conduit of élaim 20 in which the pairs of cuts
10 are symmetrical about a plane which extends from
the reflector through the longitudiﬁal axis and in
a predetermined directidn orthogonai to the

longitudinal axis of the clad core.



15 : 2. The linear light conduit of claim1 wherein said

jacket is fire resistant. 3. The linear light conduit of
claiml wherein said hol der is fire resistant.
4. The linear light conduit of claiml wherein said 20
hol der is flgng,besistant. : 5. The linear I|i 9%’1‘/69%5‘}9 of
claim1 wherein said jacket is flane resistant.
6. A nmethod for precisely aligning optical glenents in
an optical conduit conprising the steps of 1 /€5 posi ti oni hg
a fiber core and hol der to direct light in a '
predeterm ned direction; WO 97/ 26573
PCT/ US97/ 00979 _ - 38-
mai ntai ning the alignnent and relativ position of said
fi ber core and sai d hol der : '|n a jacketing; and
formng said jacket about said fiber Lore and 5 44 : hoﬂ'@ r. :
7. "A nethodl for cuttihg a notch in YFer optic '
" surrounded H)y fl uoropof yner using afcutter: _ . rﬁQg
said fiber ¢ptic proxi ' - ) — oo 8
al i gni ng saifd cutter a ""‘“’ﬁ""‘f’"”‘ ,,””,,””gg,,ﬂ‘%
N \“Q§§§ %
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said fiber optic surface. rolling said cutter about a
circunference of said ' fiber optic causing a first cut;

aligning said cutter at a second angle relative to 15 sai d
fiber optic surface; rolling said cutter about the
circunferen said fiber optic causin cut;
‘renoving a ﬁg?gﬁa%?snaterial formed by first and q’Cq‘_’l%(;‘lﬁ&ggi!’tacond
cuts. 20 8. A fiber optic conprising: a
fiber optic core; saidzygxw optic including a plurality
of consi stently notches; at | east one
of a plurality of optical elenents 25 fromthe group
i ncluding |l enses, color filters, intensity filters and
hol ographic filters; WO 97/ 26573
PCT/ US97/ 00979 ‘ - - 39-
said fiber optic M gi cal el enment being
preci sely ali gned=#ni @i ¥ not ches to produce a " desired
i ght -effect; and_ < <a Jagk ur goundi-ng.sajd.fiber optic
core and 5 N\ N bt,g‘ Ql ¢lvpent e% N NI Opt al\ @ gnment .
9. The fi ber22ptN\c Qf\cMaix QI e Msai d Et‘\k O\ a
i ncl udes optica | &qE f 8d X heg ein.
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10. The fiber optic of claim8 wherein said jacket

i'ncludes a flane retardant materi al . 10

claim 8 wherein said jacket
resistant material .

said jacket wqgemnes73

11. The fiber optic of
material includes a fire

12. The fiber optic of claim8 wherein
i ncl udes nounting brackets fgidfhiboddtRsE£ON:

13. The fiber optic of claim8 wherein said jacket is 15

formed with nmultiple |ayers of jacket material.

| i ght conduit conprising:

a cl addi ng surroundi ng said optical fiber;

fiber including at |east one cut; 20
contact with said cladding
illum nator, said hol der
portion positioned in
cladding to form an

said light 25

14. A l'i near
optical fiber;
said optical
a hol der -positioned in

and adj acent to said
including a light scattering

3/Ba monof i | ament,

spaced apart relation to said
air gap between said claddi ng and
scattering portion; and

means for securing sajd'holder agai nst said g? cladding to
mai n sai d hol der adjacent to iIIuninator.gg
WD 97/ 26573 6% PCT/ US97) 009/9
- 40- 15. A line ight conduit c&ﬁﬁ&'sin :
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a nonofil anment, optical fiber; a cl addi ng surroundi ng

said optical fiber; ~said optical fiber including a
plurality of 5 illum nators, each of said illum nators
havi ng a ~generally uniform size and shape;

a hol der and ector positioned in contact WA

sai d cl addi né%%’%’%é4aj acent to said i 11 uni ]F]%-lt.nc{srg,w-ds“g%d

hol der -including a light 10 scattering portion positioned

i n spaced apart rel ati o4 said cladding to forman air
gap ' bet ween said cl'adding and said |light scattering
portion; and means for securing said hol der against said
15 cl adding to nmain said holder adjacent to

i1l um nator. ‘ 16. A | ight conduit attached to at | east
one | i ght sour g N conduit conpri sing:

a nonofil anment, optical fiber; 2
said optical fiber;
plurality of . [

transmtting second side, each of § | mn
having a generally uniformsize andg= agﬂggg | it ect”

: a cl addi ng surrounding
sai A optical fiber including a

| i ght generated fromsaid |ight. SOur<cCe;

each of said illum nators being posit spaced
apart relation along said first side o
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WO 97/ 26573 ' PCT/ US97/ 00979

-41- said optical fiber at a predeterm ned angle from
horizontal defining a |ight path fromsaid |ight source
to each of said illumnators and to said second si de;
and 5 sai d second side having a predeterm ne |
characterist M V6@t ine the field of il _Ig%ﬂﬁgaét@g;n?
17. The linear light conduit as set forth in claim16
further comprising: 10 | a hbl/r positioned in contact -with
said cl adding . : and adjacent to said illumnators, said
hol der S I ncluding a |ight scattering portion pasitioned
in spaced apart relation to said cladding to forned
froman air gap between said cladding and said 15 | i ght
scattering portion; and ' means for ~securing said hol der
agai nst said "cladding to main said hol der adjacent to
i1l um nator. 1?. A linear optical conduit cppgrising: 20
a clad core having a, gnedetefm |l ength along a- )
| ongi tudi nal axis, a12Qdius nﬁ ng fromthe , 24 axis to
the circunferential per of thg clad zpre, a first
| i ght input end & 2,0 129 /7 ctor_extendi ng
| ongi tudi nal Iy al ong LRSI 122

1 Sy

34




25

through a arc which is | ess than 360 degrees about

circunferenti al
PCT/ US97/ 00979
a plurality Qo 3i N said clad core at
| ocations along its length, at

said clad core fromits
pr edet er m ned 5

sai d

perifphery of the clad core;

angl es be

| ength of the clad core and extending radially

t he
WD 97/ 26573
-42-
%ﬁg EH:]H ned
pr edet er m ne %%p s into

circunferenti al

tnéén

peri phery and at

O degrees and 90 degr ees,
predeterni ned angl es being measured between the

edge of each cut toward the first end of the clad core
and | ongitudinal axis of the clad core, each cut formng
aillumnator. 10 - 19. i cl ai m i e cuts
are- ' symet ghcal about a plane whi chlextends frgg1 he
refl ector through the |ongitudpnal ax5§ and g R >
predeterm ned direction ortho @J@'i—( ' ' D_lmolggi%u i nal
axis of the clad core. 15 E @ A Wnkar Gpt i 44l 0 fHaui 1
conpri si ng: I hvi hg &—QL? 'ngﬂége gth
al ong a | ongi t B4 radius ng koo t he
axis to the circunferential peripgr (ﬂ)f{t'ﬁé?l pd <N OWlcore,
a first light input end and a sec¢ri® &hd> <@ = < 3 reffeft or
extending longitudinally along the )
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(54) Title: SIDE LIGHTING OPTICAL CONDUIT
{57) Abstract

An optical fiber conduit (32) comprising an optical fiber core (22)
surrounded by a cladding (24) with a reflective material or holder and/or reflector
(34) attached adjacent to or in contact with the cladding (24) covered optical fiber
core (22) along its longitudinal length and includes a plurality of illuminators
(28-30) that are formed by uniform cuts (41) in the optical fiber core (22)
emit reasonably even light perpendicularly along the length of the conduit (32)
outwardly. The light pattem can be made to emit various beam pattems from
very narrow to very wide by altering the shape of the optical fiber core (22).
The cut optical fiber is embedded in a clear environmentally protective coating
to protect the cuts (41) from dust and moisture and to maintain the alignment
of the holder and/er reflector (34) with optical elements (106) and the optical N
fiber core (22). \
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