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PCT/ US96/ 20535 1 CONSPI CUI TY MARKI NG SYSTEM FI ELD OF THE | NVENTI ON The
ptesent invention relates to conspicuity marking systens. Mre 5
particularly, the present invention relates to a conspicuity marking system

that extracts [ opagating through a Iight guide and tha
retroreflects M‘gﬁr’%om an external ligh{ source which is i n%F’c‘i’é’ﬁ%‘.’%’%”t he

| i ght* gui de. BACKGROUND 10 Retrorefl ective conspicuity marking

systenms are used widely in tCONSPMICUITYMARIINGSYSTEM personal safety
systens to increase the visibility of objects in poor lighting conditions
such as, for exanple, night lighting conditions or conditions of inclenent

weat her. Common exanpl es i ncl udeygEh OF Fik eRVEXGIOReet i ng for hi ghway
signing applications, construction work zone markers such as 15 traffic

cones, and retr or ef [The present inoronsion melates:tokconspienjty marking systehasr Morer ef | ect i ve
conspicuity mar[gw F;@ masﬁ | der | stens .in that they
serve only ?o e rglra;e\%ﬁféeg I g Q@ﬂgfég‘gﬁqggﬁc%%@%%&ﬁ s&oﬁqméir'laqexternal'

| i ght source. lextrachsilight proipagating thnoughta lighy/ guide shdshat atitorefleotsightfréte aan acti ve
conspicuity markjn temwhj.ch il lyni nates .an gbject to increase its
conspicuity in %”%lﬁé'zﬂ‘ﬁfe‘ﬂgﬂﬁsm&éﬁ% ﬁ%‘?@“ fid whi ch al so provides
retrorefl ective conspicuity marking. Commonly assi gned, co-pendi ng patent

application U S. Serial No. 08/518,337 discloses and clains a |ight
di stribution system which conpri ses BACKGROUWNR de and at | east one |ight

LS PV Y, Al Ui i s Vil S
control systems and personal safety systems to increase the visibility of objects in
poor lighting conditions such as, for example, night lighting conditions or
conditions of inclement weather. Common examples include retroreflective
sheeting for highway signing applications, construction work zone markers such as

15 traffic cones, and retroreflective pavement marking systems.

Such retroreflective conspicuity marking systems may be considered passive
systems in that they serve only to retroreflect light incident on the object from an
external light source. In some applications it may be desirable to provide an active
conspicuity marking system which illuminates an object to increase its conspicuity in

20  typical daylight conditions and which also provides retroreflective conspicuity
marking.

Commonly assigned, co-pending patent application U.S. Serial No.
08/518,337 discloses and claims a light distribution system which comprises a light
guide and at least one light extraction overlay optically coupled with the light guide

25  for extracting light from the light guide.

SUMMARY OF THE INVENTION
The present invention provides a conspicuity marking system which
comprises a light guide having at least one optically reflective surface for
30  propagating light through the light guide and retroreflective light extraction means
optically coupled with a portion of the reflective surface of the light guide. The
retroreflective light extraction means functions to (1) reflect a portion of the light
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SUMVARY OF THE | NVENTI ON The present invention provides a conspicuity
mar ki ng system whi ch conprises a |ight guide having at |east one optically
reflective surface for 30 propagating light through the |ight guide and
retroreflective light extraction nmeans optically coupled with a portion of

the reflective surface of the |ight guide. The retroreflective |ight
extraction m3¥%A87374Fctions to (1) reflect a portion of the |BCIAIS9620538D
97/ 27423 2 PCT/ US96/ 20535

2 propagating_through. the,l] ui,de such . that .the |iLght.is transmtted
e - Sur  acRroBREAAE ¥ gt he i, UlaE Sagh if s ighy Pyl friep R
retrorefl ecti yfthé light guids bf flokitivn dispRBEd fréif the(rétroreflectioé light eXtrg2tibn | | ght from
an external |ight squrce which is  ncident on ilgg | i ght guide. 5

In one enmbodi e add2)sodetEorefioch light fropansama) lisht spurpewhich isdneidant ca) i ber

to transport Hﬂn@flightlﬁﬁ{dl? core optical fibers are to be distinguished from
smal | dianeter optical fibers commonly used in data conmunication
applicati 8ns and tipne smbgdimentshe present invention employs a largeworeroptical fibetet er, and

preferably neags e . WL [ Sy i er.

According to %%"2‘?‘% prggc)?#%ggﬂ%mb%’?uf Ae"épéfgésn n%heidnq‘f/og?\%?on, t he base
surface of a diameter aiticaldiberscomoaly used indatapbmemhicgtioncapplicatongdnd a porti on
of the surface of the optica |$§ﬂ cor.e. Prefergbl the refractive index

| f . ,
of the retr pr@ﬂcél@tq“??é“ giRblenst qge 'aﬁpfr'aﬂam&%wy BEftE bly eaure,; gher t han
the refracti vgerivBabo@l3 dMd20qRilinfefers inl ddffer&rO Q\Qc&afgﬁ k @ brefétredlpkddiicd OF

efficient light transm ssion between these two nedira. In use, a portion of
t he |i ght10pr opfthepresast invention, the base surface of a retroreflective sheeting is optically

coupled with a portion of the surface of the optical fiber core. Preferably, the
refractive index of the retroreflective sheeting is approximately equal to or higher
than the refractive index of the optical fiber core material to allow for efficient light
_ transmission between these two media. In use, a portion of the light propagating
15  through the optical fiber is transmitted from the fiber into the retroreflective
sheeting, is retroreflected by the sheeting back into the optical fiber and is
transmitted from the surface of the fiber at a location displaced from the sheeting.
Additionally, light from a remote light source which is incident on the fiber may be
transmitted through the optical fiber core, into the retroreflective sheeting and be
20  retroreflected back toward light source. Accordingly, the present invention
provides both active and passive conspicuity enhancement.
In a preferred embodiment, the retroreflective sheeting is such that it can be
flexed through a relatively small radius of curvature without significantly distorting
the optical properties of the cube corner elements.

25
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic, cross-sectional view of a portion of one embodiment
of a conspicuity enhancement system in accordance with the present invention,
taken along a longitudinal axis, which illustrates the principles of its operation,
30 Fig. 2 is a schematic, cross-sectional view of a portion of a conspicuity

enhancement system in accordance with Fig. 1, taken in a plane perpendicular to its

longitudinal axis, which further illustrates the principles of its operation;
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15 through the optical fiber is transmtted fromthe fiber into the
retroreflective sheeting, is retroreflected by the sheeting back into the
optical fiber and is transmtted fromthe surface of the fiber at a

| ocatton displaced fromthe sheeting. Additionally, light froma renote

l'ight source WRjghyhagsl NCident on the fiber may be transm ttegﬁ&}b&mpﬁt he

optical fiber core, 1nto the retroreflectihve sheeting and be
retrorefl ected back toward |ight source. Accordingly, the present invention

provi des both acti veFigrids R phfiivietr sFaRSivetirddsufidedTonBBnbodithintaf Pr ef err ed
enbodi ment, the retroreflective sheeting is such that it can be flexed

t hrough a r el atfetrareflectiva sheeting suitable for ugg ip aceprdange with the presentjinveation; | v
distorti th ti ' ; - BRI EF
Istorting the opti ﬂﬁlggﬁﬁnghﬁé fmss-E&ﬂo@Ebi@wcoﬂi{E%e&ing_'{ﬂgxg%@ed ¥

DESCRI PTI ON OF THE WY 'S a schematic, Cros lonal~'vi ew of
a portion of on¥ enbodi nent of a conspicuity enhancenent systemin

accordance with the nt, i nventd t aken, al,on | onai t udi.nal s,
which illustrates tk@'%ﬁ?ﬁgkﬂl"gy‘gﬁqﬁ @%é?da?rtg?#ﬁa cond em%"‘!hmﬁ?tgo. 2is a
schenmatic, cr osmtroreflective sheetingstitable for D&Y ih iatddrdincEwith tHeprésenttidveftidiancement

systemin accordance,with Fig. 1, taken in a plane perpendicular to its
| ongi t udi nal axi s, 'QSFQPM‘F‘Y‘WB !h‘&{‘]‘ﬁ%}'@ﬁﬂﬁﬁrﬁ?@gnﬁﬁ its

P Usoe) 20535 3 ety SIS QR BT AT e of one
enbodi ment of r et r oig. |78 & perepestivecxiéw of s highwdy vehiclerincosporatingaaoospitmitge Wi t h
the presengoi NVGRLdcOent system in accordance with the present invention;

Fig. 8 is a schematic, cross-sectional view of a portion of a second
embodiment of a conspicuity enhancement system in accordance with the present
invention, taken perpendicular to a longitudinal axis, which illustrates the principles
of its operation.

15 _
DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

In describing preferred embodiments of the invention, specific terminology will
be used for the sake of clarity. The invention, however, is not intended to be limited to
the specific terms so selected, and it is to be understood that each term so selected

20  includes all technical equivalents that operate similarty.

The ﬁresent invention provides a conspicuity marking system useful on a wide
variety of objects and in a wide variety of environments. One aspect of the present
invention is the ability to provide both active marking (e.g. illumination) and passive
marking (e.g. retroreflection) of an article. An active conspicuity marking system

25  improves the daytime conspicuity of an object. The combination of both active and
passive conspicuity marking also provides a redundancy in the conspicuity marking
system, if the active system fails due to, for example, a failure of the light source, the
passive system remains effective to provide conspicuity marking,

The present invention addresses these and other issues by providing a

30  conspicuity marking system which includes a light guide that has at least one optically
reflective surface which allows light to propagate through the light guide. As used
herein, the term light guide refers generally to optically transmissive media which are
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Fig. 4 is a schematic, cross-sectional view of the sheeting illustrated in
Fig. 3; 5 Fig. 5is a plan view of a the structured surface of a
second enbodi nent of retroreflective sheeting suitable for use in
accordance with the present invention; Fig. 6 is a front plan view of a

hi ghway traffic sign incorporating a conspicuity enhancenent systemin
accordance WMOHPT2P@3 present invention; Fig. 7 is a perspect PGRUSHRIIDHf a
hi ghway vehicle incorporating a conspichity 10 enhancenent systemin

accordance with th rresent. jnveption; Fig. 8 ig a,sgchepati

cross-secti o@“@@%&%’?ﬁ%”ﬁ‘?@gBm%_ ﬁﬁ?‘ﬁ%‘ﬂﬁy""conspi cuity
enhancenment  sdfa€Comfhod e4afipits BEIRNYhides IndiBdPsiea fibers MdPhirAiaveguidesn
perpendi cul ar to a |ongitudinal axis, which_illustrates the_ principles of

i ts operati orccardingtoroneembodipentof theringstioy-the lighygridainriydes an prtjorINIdATS | n
describing p I Qa@?m%glbr@# niiliMEiRdsh ?lmaae .feui:t&ntﬁﬁ]mi.'ﬂﬂl ogy wi ||
be used for t e‘ﬁ&'g{e clari ;@“W?nven |orl1'?£ ovve'vg?, I's mot 1 ntended to
be limtéed t dhetfiber, apenticillysettorefletive surfacé is optixelly eonpled to aiportion oftheunder st ood

t hat each term.sp sel ect ed, 20 i ncl udes t echni cal yi val ent s t hat
operate sini Pﬁ?&%%ﬁf@ﬁﬂ%ﬂ%@hﬁ%%@%i PIRPRERNIR ki ng
syst em usef ulaxiflfy througlfiie ftRf @y bectrhe ki@ bf tha Retrordfieivimificd/adiifdrived

environnments. (ne aspect of the present invention is the ability to provide
both active Rfadialy frgmthe i -inﬂmm%omM%ﬁw@@mwhﬁhp ident

| pr oves, { he O o e giRe ay bttty 0t e TRRTRIGE et B Lt
active alfdl psseirsflective suface and spdiresteil kowprdithe bight sareed decardinglylasystencp i n t he
CONSP! OUL Y B HHIHE hchtpfion 3l i 50 SR A asbechiculef” X!
marking
Figs. 1 and 2 schematically illustrate the basic principles of construction and
operation of a conspicuity marking system in accordance with the present invention.
15 Referring to Figs. 1 and 2 there is shown a conspicuity marking system 10 which
includes an optical fiber 12 having a segment of retroreflective sheeting 20 optically
coupled along a portion of its length. Optical fiber 12 includes an optical fiber core
14 formed from an optically transmissive material and a cladding layer 16 formed
from a material having a lower refractive index than the optical fiber core 14.
20  Cladding layer 16 serves to protect optical fiber core 14. Further, the interface
between the optical fiber core 14 and the interior surface of cladding material 16
defines a substantially optically smooth reflective surface which enables light to be
transmitted through optical fiber core 14 according to principles of total internal
reflection. It will be understaod by those of ordinary skill in the optical arts that
25  optical fibers may include additional protective jacketing layers. Additionally, it will
be understood by those of ordinary skill in the optical arts that an optical fiber does
not require a cladding layer. In such a fiber the ambient medium, typically air,
performs the optical function of the cladding layer.
Briefly, a portion of cladding 16 is removed from optical fiber 12 and a strip
30  of retroreflective sheeting 20 is secured to a portion of the surface of optical fiber
core 14 such that the base surface of sheeting 20 is optically coupled with optical
fiber core 14. Importantly, retroreflective sheeting 20 comprises materials having a
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passi ve systemremains effective to provide conspicuity marking. The
present invention addresses these and other issues by providing a 30
conspi cuity marking system which includes a |light guide that has at |east
one aptically reflective surface which allows |ight to propagate through

the Iight guid ed herein, the termlight guide refers st 0
optically trangvn?é@lﬂ\gfé" medi a which are ?]V\D 97/ 27423 SRSt dolis

PCT/ US96/ 20535 4 capable of receiving light froma |ight source and
propagat i ng t haefragibé indé equgitoloh greatesithan tiisxefativeindepdfithe optichl fifiet carai des

i nclude optical fibers and, pl anar, wayegui des. Accor.di ng to, one enhodi ment
of t he inventi orf“‘!"ﬁé"‘il f‘b‘ﬁ? @8‘@&*&%5@%“‘&@8’ ‘?"ééﬁ‘%?ti ‘érFemtéll"E“EBef erably
measures at 'egp%p@m%ngtﬂe l&:{gtﬂflﬁftﬁé fibér s GisiiRidAbovel Sofellightiays,i ght from 5

t he fi ber, ptically retroreflective surface is optically ctoupled to a
portion of the ithstriated by yays 52 traversethe interfagebetweenithe:opsisal fiber corepad areuch t hat

a portion ofthe li 0 i | . ' y becone

i nci dent ongt h?ﬁ%@?‘%?@??%@?ﬁ@éa@&%ﬁ@%%ﬁ%ﬁ%‘b@ﬁ’é?gﬁﬁhg‘yﬂ fromthe
fiber. Advant agentrefisctive sugfate 6f sheating 20 shddne aéflesied back imbioptical fiberri2iaient on
the Iight guide may, be transmtt t brough. | i ght guide, tetroreflected
rom the 10 OGS epmeS roth a4 be Haminranh et gt porcah 659 g
sour ce. Accor digiglidcaflodispifed from3hisding QO.PAd&itiéﬂhlly,h@hWE?m}b ah @xtefial On may
provi de both active and passive consprcuity marki nga |Lg_?2. 1 and 2

JRYSLACY

schemmti cal | y ilightsourcgrwhichiase igidens op the-ystomeiljusgmted #16 frapsweittetber at i on
3L TSGRy T BRI Il SRR 00,
10 which through the fiber toward the light source. Accordingly, a conspicuity marking

system in conformity with the 15resent invention provides both active illumination of

an object by directing light rays from optical fiber 12 and passive conspicuity

marking of an object by retroreflection of light rays from an external light source.

15 As used herein, the term optically coupled refers to media which are in
intimate optical contact. For the purposes of this disclosure, two media shall be
considered optically coupled if a light ray passing through one media may be
transmitted directly into the second media. According to the present invention,
retroreflective sheeting 20 may be optically coupled to optical fiber core 14 using

20  conventional chemical or mechanical processes. For example, optically clear
adhesives including acrylate transfer adhesives are commercially available and are
particularly useful for securing retroreflective sheeting 20 to optical fiber core 14,
Cladding 16 may be removed by conventional mechanical or chemical processes.
Alternatively, optical fiber 12 may be manufactured with portions of cladding 16

25  missing at predetermined locations along its length.

Without wishing to be bound by a specific theory, applicants believe that
light extraction in accordance with the present invention is attributable to the
divergence profile assumed by light which is retroreflected by retroreflective
sheeting 20. One would expect that light which is transmitted from optical fiber

30  core 14 into retroreflective sheeting 20 would be retroreflected by shéeting 20 and
would propagate along its original path, but in the opposite direction, in optical
fiber core 14. Light which is incident on a retroreflective sheeting along an axis at a
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I ncludes an optical fiber 12 having a segnent of retroreflective sheeting
20 optically coupled along a portion of its length. Optical fiber 12
includes an optical fiber core 14 forned froman optically transm ssive

mat er.i al and a cladding |ayer 16 fornmed froma material having a | ower
refractive index than the optical fiber core 14. 20 Cl addi ng | ayer 16
serves to proWe@dm2WE i cal fiber core 14. Further, the inter USSR EN t he
optical fiber core 14 and the interior sérface of cl adding material 16

defines a substant.i a ({ é’f :ﬁie i.cal t flectlve surf ace whi ch enabl es
light to be t rEfEHIUYREE redd "‘%‘Iﬂ?f' 'F‘l ghecting i @Paf@'w'reﬂl ng to
principles of appio&imatayewmtheﬁm‘d@eém T!ie‘brd&k—kéctab&lﬂlﬁﬁi&bﬁﬁﬁ@dn&)&gt hose of

ordinary skill 1n the opticg artstht 25 optjcal fibers y include
addi tional pr d!’%é‘f’?’ﬁ@“?ﬂ‘@ﬁ “h‘g thecybe cOrReT-H L’W‘“Sidﬁ“mmd under st ood

by those of or a%ﬁ" Wﬁ.}ﬁ”ﬁ %gd‘lhﬂﬂfgh Ler does
not require a lg%g%/n 'a@%ﬁ'ﬁﬁ]&ﬁ% er 't l;e&g I ent Q’gilum typically
air, perfofns wlhieh n’ptmmﬁnédjntumboreﬂéctwmheeﬁm retrofeflpeted inBy & cdriey a

P Lo oL S g BN A Bl S G L
opti ca: | fiber reﬁéxeﬂéeaedsighh hra | s}}ﬁl%&hbﬂﬁﬁcemﬁmmdfﬁbehmlciu anGingle wmﬁ:fhI _
optically coup t a | ber cqre ortant y, refroreflective
sheeting 20 cdh%ﬂ'gé’?s "Frﬁ’g%‘?‘f '°“1W‘$ i9g. ‘Accordingly,

PCT/ US96/ 2053%&&&&%@@1&@&/%&%%&&&@&fr&mwsu f%guw'ﬁﬂertl'ie refractive

I ndex of the optical fiber Core material. use, rays I njected into

the fiber ¥roma | @hm%nwtémnmﬂmlﬁpa@awem#gofmm#gt h of the
fiber as disc Lﬁﬁl@t@on@ﬁ%\ﬂgdﬂﬁ%ﬁg ulml'l %fcaﬁya&'e%nmne the type of light guide used in a

particular conspicuity marking application. - Although Figs. 1-2 illustrate an optical
fiber having a substantially circular cross-section, it will be appreciated that optical
fibers having different cross sectional shapes (e.g. square, rectangular, polygonal,
15 elliptical) are contemplated by present invention. Additionally, planar waveguides.
- should be considered within the scope of the present invention.

Referring to Figs. 1-2, optical fiber 12 includes a core 14 which may
comprise any suitable optical fiber core material known to the art, including both
inorganic glass and synthetic resin fibers, although core materials having a refractive

20  index of from 1.4 to 1.66 are generally preferred. Core 14 is preferably
substantially free from impurities which may cause light propagating through optical
fiber 12 to disperse. Common optical fiber materials include
polymethylmethacrylate and polycarbonate (refractive index 1.58). Cladding layer
16 (where present) may comprise any suitable material known in the art having a

25  refractive index appropriate for the chosen core material. Common optical fiber
cladding materials include polyvinylidene fluoride (refractive index 1.42),
perfluoroacrylate (refractive index 1.35) and polytetrafuloroethylene (refractive
index 1.40), and tetrafluoroethylene-hexafluoropropylene-vinylidene fluoride, the
refractive index of which varies with the relative concentration of its constituents,

30  but may generally considered as approximately 1.36.

The dimensions of optical fiber 12 may vary depending upon its intended

use. For conspicuity marking purposes in accordance with the present invention,
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il lustrated by rays 52 traverse the interface between the optical fiber
core and are 5 transmtted into retroreflective sheeting 20, where they
i mpi nge upon the retroreflective surface of sheeting 20 and are reflected
back iFnto optical fiber 12 at an angle which enables rays 52 to be

transmtted fr urface of optical fiber 12 at a locatio ' d
from sheeting g@%ﬁt ionally, light rays froman external | Pﬁﬂ)ﬁggﬁ%ge
which are incident on the system illustrated by rays 54, are transmtted

10  through offibefsHavihg B @fambter tﬂ?ﬂglﬁ%ﬁrt &ppedximatbly BanilkiRfird HROAiNlRMeral €
retrorefl ected back through the tiber toward the |ight source. Accordingly,
a conspicuity A Ko topengefl Hawsnerdt wilk be apprepiated ghap fikers havinglessenaron

provi des both [t lid ' | | : | '-ﬂ-&wi' o ays from
optical fiber 1 éaif:md %%é?%%%‘%@ﬁ@%W%ﬁf“ﬁg@ﬁb‘gn&%fec lﬁ,%ﬁe

retrorefl ecti orthefiberidepicted infigs 1-2rhasna ciroufariateral drosyksectionyit will bel 5 As

i mat e opt i cAPPisBa B offal feck Heling yutc s skl bhes (i decHoRelet i o
shal | be consi cquare etiipticalpare gqually apptidabld toahé present inddntidd.s The'desirbd lehigth one
medi a may be tr‘gﬂ?r’?tte di r,eé{ l%i nto the s;_!csiond nmedi a. According to the
present inventiBH® fbéﬂng {ermined b © SonsRIcHy marsing Applisations dt iskpewyn thetipl ed to
optical fiber %@ﬂeﬂ%ﬁ%@ﬁhﬁiﬂgﬂ@momqmﬁﬁf&dﬁgﬁ}esﬁw_@b@ﬁ& ly DRal &y cal

processes. For exanpl optically clear adhesSives™including acrylate
transfer adhesiiljumination pyrnesesr dnpioved opticall effisiencwduld aliow fortthevseaf| y usef ul

for securigg rq&&g@gﬂdcgﬁbieyse sheeting 20 to optical fiber core 14. C adding
16 may be renove conventional mechani cal or chem cal processes.

Al ternatively, opti dawideiviristy dfretrorgfiéativersheetimpadesipashreuseful RDEdnbpielityOf

cl addi ng 16 25 rkirrp ss%gg at _predetermned | ocat|ons al og& its |ength.

Wt hout wi shi ng"¥ 6% &S00 AR S 1OIPE Present Invention,, The, present inNentioge| | eve t hat
light extracti eoniemplacs tedas 6feither YeadddrePorefctive SHAYERES 0P Bubleoftel {yipbgt abl e

to the divergence of.ile assuned by light which is retroreflected by
retrorefl ectiyd&etroreflective sheetings. Fig. 3 is a schematic, cross-sectional view of one

15  embodiment of cube-corner retroreflective sheeting 20 useful in conspicuity
marking applications in accordance with the present invention. Fig. 4 is a plan view
of the structured surface of the sheeting 20 depicted in Fig. 3. Referring to Figs. 3
and 4, sheetihg 20 comprises a substantially optically transparent substrate 22
having a base surface 24 and a structured surface 26 opposite base surface 24.

20  Structured surface 26 comprises an array of cube corner elements 28. Each cube
corner element 28 is in the shape of a trihedral prism having three substantially
mutually perpendicular faces 30 which intersect at a point to define the apex 32 of
the cube corner element 28. The cube corner elements 28 may be canted to
improve the retroreflective performance of the sheeting as disclosed in U.S. Pat.

25  No. 4,588,258, incorporated herein by reference. Additionally, the cube comer
elements may be formed such that the faces 30 intersect at angles which deviate
slightly from orthogonal angles, as disclosed in U.S. Pat. No. 4,775,219,
incorporated herein by reference.

Retroreflective sheeting 20 may be of a single layer construction, wherein

30  substrate 22 and cube corner elements 28 are composed of the same materials.
Alternatively, retroreflective sheeting 20 may be of a multi-layer construction,

wherein substrate 22 and cube comer elements 28 are composed of materials having
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sheeting 20. One woul d expect that light which is transmtted fromoptical
fiber 30 core 14 into retroreflective sheeting 20 woul d be

rretrorefl ected by sheeting 20 and woul d propagate along its original path,
but i:n the opposite direction, in optical fiber core 14. Light which is
incident on a retroreflective sheeting along an axis at a WO 97/ 27423
PCT/ US96/ 2053%0872f#28en i nci dence angle is retroreflected fr ®GTUIe6208¥%et i ng
in cone centered approxi mately about thé incidence axis. The

- tiongl,_sh f. th .g. the di fil [
Funti onof 1 RECETOMoRSHeAcchER® 1 goe eubafiment e Brescnt FBHRSS: tng) o

Appl i cant s betdtyedliettialshéetifig20 is ManufdEaRAIA héddtdahde WilDD SOPhd, 8l fiber 5
which are transnmtted into retroreflective_sheeting are retroreflected into

a cone havi ng>45¢23% incerpogatesd hersin by tofarence; In erbgdimenthr oad to cause
sonme portion Feifectivelshedt 'bﬂfﬂd' czﬁinhl’ | cipﬁb?. face ofthe
optical fi ber% at téﬁ ang ﬁ%f“g‘ﬂ“if‘s es’é%?ﬁﬂt e céiﬁ [ caIO?g{r?gl e

necessary 5f or inveritiah disclpsediml.S. Setial MNumber 08%472,444] ingbrporatedrhereirf by hese | i ght
rays are transmitted,fromthe surface of optical fiber L 10 The
pr esent invenﬁli%ﬂ'csomwwm%“@%fa g” WV&?W@'P?"W&?% gui des.
Functional colgésdekcrefiéttive ilettinglcpmitrislions viiieh ik Bsbsirkte id ffifedfforh aONt  gui de

used in a particul ar conspicujty marking application. Al though Figs. 1-2
illustrate anf%'ﬁ’F]ZQF’“WFH@F""H‘eﬂF%H& cnbe Pracraigments age formed drom adF‘é%‘Se?BSect i on,

it will be apRsigeiapdaf cd?n?&ni | dabtivdl r N sect i onal
shapes (e.qg. ignggﬂ; e, r'eit;l%’égéngu ar@a%soér?ggﬁgr#QXS %Isf'éleg'?f%cﬁcgfge

cont enpl dPed figred oecugmed througha relstiveliatall radivsiof gyrvgiirerwithoubeanging des shoul d
be consi der ed gk Ol aibiBRion 6PBE oplical Propkities Sthe bHRdG! ' 0N

According to an embodiment disclosed in U.S. Pat. No. 5,450,235, a

 retroreflective sheeting for use in accordance with the present invention comprises a
body layer which contains a light transmissible polymeric material having an elastic
15  modulus less than 7 x 10* pascals and a plurality of cube corner elements
comprising a light transmissible polymeric materiat having an elastic modulus
greater than 18 x 10* pascals. According to the embodiment disclosed in U.S.
Serial Number 08/472,444, retroreflective sheeting for use in accordance with the -
present invention comprises an overlay film comprising a flexible material and an
20  amray of cube corner elements formed from a relatively rigid material bonded to the
overlay film. Preferably, the material composing the overlay film has an elastic
modulus of less than about 13 x 10" pascals and the cube comer elements have and
elastic modulus greater than about 25 x 10® pascals.
ustrative examples of thermoplastic polymers that may be used in the cube-
25  comer elements include acrylic polymers such as poly(methyl methacrylate);
polycarbonates; cellulosics such as cellulose acetate, cellulose (acetate-co-butyrate),
cellulose nitrate; epoxies; polyesters such as poly(butylene terephthalate), poly(ethylene
terephthalate); fluoropolymers such as poly(chloroflucroethylene), poly(vinylidene
fluororide); polyamides such as poly(caprolactam), poly(amino caproic acid),
30  poly(hexamethylene diamine-co-adipic acid), poly(amide-co-imide), and poly(ester-co-
imide); polyetherketones; poly(etherimide); polyolefins such as poly(methylpentene);
poly(phenylene ether); poly(phenylene sulfide); poly(styrene) and poly(styrene)
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Referring to Figs. 1-2, optical fiber 12 includes a core 14 which may
conprise any suitable optical fiber core material known to the art,
i ncl udi ng both inorganic glass and synthetic resin fibers, although core

materiral s having a refractive 20 index of from1l.4 to 1.66 are generally
preferred. Cor l.S5..Pr ef erably substantially free from i npugijd.} E?@g,jch
may cause Iighﬁ&pé.’(%gﬁati ng through opticgl fiber 12 to di spe?’g‘g}.‘g§ m"rgn

optical fiber materials include pol ynethylnmethacryl ate and pol ycarbonate

(refractive i ndepol Such @} pollitirend-cy@syldditrile)polyGtyrenessairylofiiile-conpr i se any

suitable material known in the_art having a 25, refractive index

appropri ate f orbutadienglpolvsifons siliconemqdified polymers ;5. Bplymers that cosain asmall §i ng
materials incl ?E%éﬂt ' ‘(QVEW joN & sili8fe polyathide

per fl uoroacryl g?ggr(a efra t+\t}§ﬁ?§ e .35 )gf;]sgif:%% %icgf%r af ul or oet hyrue“}le
grsfr?lctive iﬂcﬂicomm)cvbm;ﬂuodnemodiﬁedpqumergmchas I _ - R
etrafl uorogt hy - ] A e i de, e refractive
i ndex of WhIgCh @%@@W@ﬁéﬁ@%@n@%%@% smcchoﬁgt ituents,
30 Fu; lr;ay gmMéwdr)mdpdy@uﬂd : ﬁ:taﬁegld biasd, asba fuoropo tyﬂieiydmgila&ﬂicﬁﬁmﬁbmsions of
optica I ber 12 may r ependi ng .upon its intende se. For copspicuity
mar ki ng pur poses in %@Bﬁﬂm@@m&%ﬁé%ﬂ@gm&w%ﬂmmw/ 27423
PCT/ US96/ 20535 rési kysfein§ cdpabié Hitbeig foRdliflked'by a HeSallidal poRibARGs HLNRES) ¥ 3

mllimeters to 20 millineters are known to be useful” However it wll be
appr eci at ed t halty expesuredo petinic mliation; Serrexample; electranybeain,atpaviotet light,cor visiblee np| at ed

D e P35 Py e il oy o by o B " 1 5
addition of a thermal initiator such as benzoyl peroxide. Radiation-initiated cationically
polymerizable resins also may be used.

Reactive resins suitable for forming the cube-corner elements may be blends of
photoinitiator and at least one compound bearing an acrylate group. Preferably the resin

15 blend contains a difunctional or polyﬁxhctional compound to ensure formation of a
crosslinked polymeric network upon irradiation.

Hiustrative examples of resins that are capable of being polymerized by a free
radical mechanism include acrylic-based resins derived from epoxies, polyesters,
polyethers and urethanes, ethylenically unsaturated compounds, aminoplast derivatives

20  having at least one pendant acrylate group, isocyanate derivatives having at least one
pendant acrylate group, epoxy resins other than acrylated epoxies, and mixtures and
combinations thereof. The term acrylate is used here to encompass both acrylates and
methacrylates. U.S. Patent No. 4,576,850 to Martens (disclosure incorporated herein in
its entirety by reference) discloses examples of crosslinked resins that may be used in the

25  cube-comer elements of the present invention.

Ethylenically unsaturated resins include both monomeric and polymeric
compounds that contain atoms of carbon, hydrogen and oxygen, and optionally
nitrogen, sulfur and the halogens. Oxygen or nitrogen atoms or both are generally
present in ether, ester, urethane, amide and urea groups. Ethylenically unsaturated

30 compounds preferably have a molecular weight of less than about 4,000 and preferably
are esters made from the reaction of compounds containing aliphatic monohydroxy

groups or aliphatic polyhydroxy groups and unsaturated carboxylic acids, such as acrylic
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5 appreci ated that optical fibers having varied cross-sectional shapes
(e.g. rectangular, square, elliptical) are equally applicable to the
present invention. The desired length of the fiber is determ ned by the
conspicuity marking application. It is known that fiber |engths ranging
fromO to 100 neters are presently commercially useful for illum nation
purposes. | m¥@¥¥F4¥ptical efficiency would allow for the uPETERIGWSIS

| onger opti caI fibers. A wide variety olOretroreflective sheeting designs

vent on.  ThESHAEOEYG HLTePHn i FOT RS HEmC A, Bl A B o

retrorefl ect | M. Sheeti ngs or cube-corner type retroreflective sheetings.
Fig. 3 is a schematic, cross-sectional view of one 15 enbodi nent of
cube- cor ner r et r or S9mexamples WWQSW&%W icior medassylic grqupyaradistedi ng

applications CoRY l%éﬂ gﬂuﬁﬁs 1!%ﬁ‘ﬁ rm%y on. Fig. 4 is a plan

vi ew of the st%‘gture SS&P ce #bt e sheeting depicted in Fig. 3.

Referring %t o Fi gs.({3Mondfurictiondl compowgd®®0 conpri ses a substantially optically

transparent s [ te 2 having. se . Surf 24 a tnu red surface

26 opposite b &W%'W@%%@WW e’%’%@gﬁﬁ# %85 an array

of cube cornebqgh@yma,t@baﬁﬁl fe&h@dfbﬁﬁﬁgﬂaﬁ&lﬂﬁ;mﬁ?heﬁ&ybtﬁyna&ylahe shape of
ree substantially mutual

a trihedral prismhavin y perpendi cul ar faces
30 which i nt eARELN-G ?‘“Ham’ﬁ{“ d¢;0 define the apex 32 of the cube corner

el ement 28. The c Diicissal & s 28 may be canted to inprove the
retroreflective performnce of e sheeting as disclosed in U.S. Pat. 25

No. 4, 5880258 ],4ibutanedinl dambtehbﬁﬁmn@;ol Mn@n@epenmwopi digenylate; ethyleme cube

corner el enen h t gl at angl es
wh oh dovi at o2 a‘ﬁ?‘%"f‘%‘ﬁﬁ%‘r‘?‘ﬁ&'%&% a’ng ﬁaéeng%lgﬁqggmi h U.S. Pat.
No. 4,775,219, i ncbbpdyﬁhadnﬂeampounﬂw r ef erence Retrorefl ective sheeting

20 may be of as S| n% e g{w&&gsgﬁ,ﬁcuc ul']:(l)c[nylate, pentaerythntol triacrylate,

pentaeqnhntol tetraacrylate, and tris(2-acryloyloxyethyl)isocyanurate.

15 Some representative examples of other ethylenically unsaturated compounds
and resins include styrene, divinylbenzene, vinyl toluene, N-vinyl pyrrolidone, N-vinyl
caprolactam, monoallyl, polyallyl, and polymethallyl esters such as diallyl phthalate and
diallyl adipate, and amides of carboxylic acids such as and N,N-diallyladipamide.

Tllustrative examples of photopolymerization initiators which can be blended

20 with the acrylic compounds include the following: benzil, methyl o-benzoate, benzoin,
benzoin ethyl ether, benzoin isopropyl ether, benzoin isobutyl ether, etc.,
benzophenone/tertiary amine, acetophenones such as 2,2-diethoxyacetophenone, benzil
methy] ketal, 1-hydroxycyclohexyl phenyl ketone, 2-hydroxy-2-methyl-1-phenylpropan-
1-one, 1-(4-isopropylphenyl)-2-hydroxy-2-methylpropan-1-one,

25  2-benzyl-2-N,N-dimethylamino-1-(4-morpholinophenyl)-1-butanone, 2,4,6-
trimethylbenzoyldiphenylphosphine oxide, 2-methyl-1-4-(methylthio)phenyi-2-
morpholino-1-propanone, et cetera. These compounds may be used individually or in
combination.

Cationically polymerizable materials include but are not limited to materials

30  containing epoxy and vinyl ethers functional groups. These systems are photoinitiated by

onium salt initiators such as triarylsulfonium, and diaryliodonjum salts.
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30 substrate 22 and cube corner elenents 28 are conposed ofthe sane
materials. Alternatively, retroreflective sheeting 20 may be of a

mil ti-layer construction, wherein substrate 22 and cube corner elenments 28
are conposed of materials having WD 97/ 27423

PCT/ US96/ 20535\!96“/?/& nt properties. According to one enbodi ”Sﬁtmﬁ%liogﬁ
present invention; rtetroreflective sheeti 20 is manufactured I n

accordance with U S. Pat. No. 5,450,235, 1ncorporated herein by reference.

I'n anot her enmbodi Menprefefred polyrfcrs BEThe tisbeoRRE dlétientilndhide poiNcaBOlas)ed | n

accordance wth principles of the 5 i nvention disclgsed in U S. _Serial

Nunber 08/ 472, 4pdly(metty late)| pplu(ettyiensisrephtialate) and cro perylates fHch pS, |
these di scl osur gayad,geitlhdi 1&&&%&aﬁwméﬁmﬂM$$|mMWﬁﬁmom-md

retroreflective sheeting constru ons erein the substrate is fornmed from
a relatively f| switifhectiond svonarhers: rkheseipolymstsarapefersed for enswnmorenfhef or ned from

a relatively rigid material, These.consiructjons.provi.de a retroreflective
Sheet | ng. vihiich TR ahns e REHS. SRl P, A R epBg

radi us of curvafgmehevobling ot moldLdnideshable Offebdiviiy ¥ refléctivexoafiigd of the opti cal
properties of the sheeting. According to an enbodi ment, di scl.osed in U S.
Pat. No. 5,450,235, Bustefivesmanplesafpolumens that mayperemplayedinthe bodyBy&ance wit h
t he present invgﬁﬁlké?n conprises a body |ayer which contains a |ight
transm ssi ble polyneric material having an elastic 15 nodul us | ess than

7 x 10[err] pascal s Sundingtedipalymaers such asf paly{ehloretifinerpetbylenak: fitr sxamplgifelsi ng a
eV e i
Serial Nunber ORédffibreptdpylene)} fopexaimple Bxao FERY awdlablgfrém NotteePérformancer dance
with the Brampton, Massachusetts; poly(tetrafluoroethylene-co-perfluoro(alkyl)vinylether), for
example, Exac PEA™ also available from Norton Performance; and poly(vinylidene
 fhuoride-co-hexafluoropropylene), for example, Kynar Flex-2800™ available from
15  Pennwalt Corporation, Philadelphia, Pennsylvania;
ionomeric ethylene copolymers such as: poly(ethylene-co-methacrylic acid) with
sodium or zinc ions such as Surlyn-8920™ and Surlyn-9910™ available from E.I
duPont Nemours, Wilmington, Delaware;
low density polyethylenes such as: low density polyethylene; linear low density
20 polyethylene; and very low density polyethylene;
plasticized vinyl halide polymers such as plasticized poly(vinyichloride);
polyethylene copolymers including: acid functional polymers such as
poly(ethylene-co-acrylic acid) and poly(ethylene-co-methacrylic acid) poly(ethylene-co-
maleic acid), and poly(ethylene-co-fumaric acid); acrylic functional polymers such as
25  poly(ethylene-co-alkylacrylates) where the alkyl group is methyl, ethyl, propyl, butyl, et
cetera, or CH;(CHa)n- where n is 0-12, and poly(ethylene-co-vinylacetate); and
aliphatic and aromatic polyurethanes derived from the following monomers
(1)-(3): (1) diisocyanates such as dicyclohexylmethane-4,4'-diisocyanate, isophorone
diisocyanate, 1,6-hexamethylene diisocyanate, cyclohexyl diisocyanate, diphenylmethane
30 diisocyanate, and combinations of these diisocyanates, (2) polydiols such as
polypentyleneadipate glycol, polytetramethylene ether glycol, polyethylene glycol,
polycaprolactone diol, poly-1,2-butylene oxide glycol, and combinations of these
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present invention conprises an overlay filmconprising a flexible materi al

and an 20 array of cube corner elenents fornmed froma relatively rigid

rmat eri al bonded to the overlay film Preferably, the nmaterial conposing the
overl.ay filmhas an el astic nodul us of |ess than about 13 x 10[err] pascals
and the cube corner elenents have and el astic nodul us greater than about 25
x 10[err] pas¥@PE3733 | ustrative exanpl es of thernopl astic p&CFHSPE20535at nay
be used in the cube- 25 corner eleneMs include acrylic polyners such as

pol y( met hyl | a 0 rbo IIu 0si ch 35 el | ul ose
acetate, cell m&%@@y(ﬂi@gy@\ %‘ﬁ’"@ﬁﬁ?&mmﬁi 1‘%‘%'&%1’?? tsclf~I oxi es;
pol yesters suwmmﬂhﬂkbvmﬁhﬂuﬂem bﬁiﬂbﬁmeMlﬁtehﬂh@ﬁHm.,
terepht hal ate ngmg such as pol y(chl orof | uoroet hyl ene),

pol y(vinyl i deﬁ@bf@ ‘BY ol yani des such as pol y(capr ol act am),

pol y(ani o capr of cogbishtions tthe bV i ol be Bl 16 1
pol y(am de-co-imde), and poly(ester-co- imde); c@gl yet her kef ones
W

pol y( et hei ni the podyperticsi Mmdgm&fphﬂbp@nb}'ﬁ eitherathyleng ol y( phenyl ene
th |
87/ §r72123p0 Y ( RS Ress e ﬁé‘runkgﬁt)sthapgonﬁnsé}ﬁogﬁi}ouipgr&Qt%%f‘&r%x?%&,dﬁs%/ 20535
9 f:o?ol ymer s mbhsﬂﬂy(ﬂb}l I : ﬁg(eﬂbmmwm}ld;caad), .
ol y(styrene-c oni tril e-co-, butadiene sul f qn i cone
Pmdiyf i eé pol yH@Y@(‘ "WQ’ yiﬁ“ﬁp“é""g’ﬁﬁl" pl eFﬁﬁ'lt percent (| ess

than 10 wei ghpol amddepwu@mhm& qmélpblyﬁ.a@aremf&%neaﬂ

silicone pol ycarbonate; quorlne nmodi fi ed pol yners such

per f | uor dfol y{“@telﬁf the el  guitable meghanical prpperties, W@#Gs'%w&ﬂlp@ﬂ yNer s
such as a pol ? bcflﬁ%aﬁd‘é?w?&ﬁﬁéﬁﬁ?&ﬁﬁ%at e) blend, and a fluoropol yner and

acrylic polyne
A seal film can be applied to the backside of the cube-comer elements; see, for
example, U.S. Patent Nos. 4,025,159 and 5,117,304, The sealing film maintains an air
interface at the backside of the cubes to provide retroreflectivity according to the

({fIC aci d),

15 principles of total internal reflection. Alternatively, a specular reflective coating such as
a metallic coating (not shown) can be placed on the backside of the cube-corner
elements 28 to promote retroreflection by specular reflection. Metallic coatings also
prevent light leakage from the retroreflective sheeting. The metallic coating can be
applied by known techniques such as vapor depositing or chemically depositing a metal

20 such as aluminum, silver, or nickel. A primer layer may be applied to the backside of the
cube-comer elements to promote the adherence of the metallic coating. A backing
and/or an adhesive layer also can be disposed behind the cube-comer elements to enable
the cube-comer retroreflective sheeting 20 to be secured to a substrate.

Anocther aspect of the present invention relates to the ability to design a

25  conspicuity marking system for particular viewing and lighting geometries. The optical
profile of light retrorefiected from retroreflective sheeting is a function of the geometry
of the retroreflective elements on the sheeting. A wide variety of cube comer sheeting
optics are presently commercially available. By selecting a retroreflective sheeting
having the appropriate retroreflective element geometry, the system may be tailored to

30  exhibit its optimal performance at predetermined illumination and viewing angles.

For example, Fig. 5 is a plan view of the structured surface of a second

embodiment of a cube corner retrareflective sheeting 40 which may be used in
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Addi tional materials suitable for form ng the cube-corner elenents are
reactive resin systens capable of being crosslinked by a free radi cal

pol ymeri zati on mechani sm by exposure to actinic radiation. for exanple,

el ectron beam ultraviolet light, or visible 10 l'ight. Additionally,

t hese material s e polynerized by thermal neans with the adgit.i a
thermal initi at‘gg%zig"é?‘f’oasybenz_oyl pgroxi di-z3 Radi ation-initiat g%}rﬁ}s%}zo%s
cationically polynerizable resins also may be used. Reactive resins

sui tabl e for foggspiuity Rarking Syst@hd ieEording i8 tHepré¥Bit i@ntidrt Kikrodflective
photoi nitiator and at ‘| east "one conpound bearing an acryl ate_ group.

Preferably the shesting 405is designed tp retrareflectdight incidenhen sheeting 46 at highyeniancei onal

conmpound to ens f (o g | ' on

T radiati on. 11 EhlesShIb 3 sk pRehia* Rk Ao HHERE oS THRE SBCT

pol ynmeri zed by &#1.8.rRaeent Noli4;938,563¢ ineorporatedrheteinthy referepte. cA bemspiuitiesi ns
derived from epoxi.es, polyesters, polyethers and ur.ethanes,, ethy Lcally
unsat ur at ed r?c 0 nﬁﬁﬂﬂ%s,ygtﬁﬁxﬁﬁ %@%&HW&PF&@%‘“’E Gh“{’%\'ﬁ ?‘fﬁmgfnﬁee‘éb}ep ne
pendant acryl at § jgpariidulariy Wl idapédfosl fiée i dbrspiedity aatking applichsts whivharg endant

acryl ate group, epoxy, resins other than_acrylated epoxies, and m xtures and
conbi nati ons t hehasestéripad by highinsidence angle Jighting conditions. Exaraplesingludesjeswy n

acryl ates and - Ll %Iﬁ%ﬂwﬂ. 4 : . ns

(di sclosure i n%ﬁg@?@kﬁéﬂﬂ%,fﬂ? SoentITe ?ﬁﬁ?‘”?@é@r’%@@i scl oses
exanpl es of cr oadvantagedf the present inlventionss/thb ebility ¢ol select 8 hatropdflectiveshéating or ner
el ements offhe present i.nvention.. Ethylenically unsatuyrated resins include
bot h nononef'dlﬁ'c WFVH@F?%%@%‘S@%?'W&“%@X%?W '31%8”’5 of carbon,
hydrogen and oxygen, Inyitlaridilier emBbdidentiof & eassPicuitythirking 3yterh Recokdih@ans ..

Oxygen or nitrogen atons. or both_are geperall resent in ethe ester, '
ur et hane, ami de mtﬂw&‘&‘°§ﬁdﬁﬁ?9ﬂﬁ'ﬁ?3{5ﬁF%ﬁF¥§/Fﬁﬁgegt'W&R?E"%’U’gthe conpounds

preferably have réebileQGHicaof MRITight guide. IFP &x inthO8yisteth d¥piicAng Figs ef-er abl y
are esters made fromthe reaction of conpounds containing aliphatic
nonohydr oxy 2, a retroreflective surface may be formed into a portion of optical fiber core 14.

15 Fig. 6 is a schematic plan view of a highway traffic sign 60 which
incorporates a conspicuity marking system 10 in accordance with aspects of the
present invention. Referring to Fig. 6 a conspicuity marking system 10 in
accordance with the present invention may extend substantially entirely around the
perimeter of the sign 60. Light source 62 injects light into optical fiber 12 to

20  provide active illumination of the Stop sign. Advantageously, conspicuity marking
system 10 will retroreflect light incident on sign 60 from an external Jight source
such as, for example, automobile headlights. Light source 62 is preferably capable
of injecting light into optical fiber 12 in a cone which is less than the acceptance
angle of the optical fiber. The acceptance angle of a light guide is a function of the

25  difference in refractive indices of the optical fiber core 14 and the cladding16, if
any. Commercially available light sources suitable for injecting light into large
diameter optical fibers include qﬁartz—halogen lamps, metal halide lamps, and
xenon-metal halide lamps.

Another aspect of the present invention is the ability to provide conspicuity

30  marking along a length or following a contour of an article. For example, a conspicuity

marking system in accordance with the present invention may be positioned along the

entire length of a vehicle such as, for example, an automobile, a school bus or a semi- '
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groups or aliphatic polyhydroxy groups and unsaturated carboxylic acids,

such as acryl
PCT/ US96/ 2053
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conpounds ar
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mé”ﬁbeﬁﬁa)ben&m%{ﬁﬂ the full contour of the surface of the vehicle. Opucal
fiber 12 may be formed from a substantially transparent material or, if desired, may
include colorants, pigments, or dyes to change the color of the system.
Additionally, optical fiber 12 may be supplied with white light or with colored light
to change the color of the system.

As discussed briefly above, another aspect of the present invention is the
ability to incorporate a wide variety of configurations of light guides. Fig. 8 depicts
an embodiment of a conspicuity marking system 80 in accordance with the present
invention in which one surface of a substantially rectangular light guide 82 is
optically coupled with retroreflective sheeting 84. Optical fiber 82 is shown
without a cladding layer surrounding fiber 82, however it will be appreciated that
optical fiber 82 could include a cladding layer in accordance with the discussion
pertaining to Figs. 1-2 above. Retroreflective sheeting 84 comprises a single layer
substrate 86 which comprises a base surface 87 and structured surface including an
array of cube corner elements 88 opposite base surface 88. Additionally, a seal film
90 is connected to the structured surface to provide an air interface such that cube
comner elements reflect light according to the principles of total internal reflection.
Conspicuity marking system 80 functions according to the same principles discussed
in conjunction with Figs. 1-2.

The above discussion disﬁloses a conspicuity marking system which
comprises at least one optically reflective surface and retroreflective light extraction
means optically coupled with a portion of the surface. Although multiple
embodiments of the present invention has been illustrated and described, it will be

appreciated by those of ordinary skill in the art that insubstantial changes calculated
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20 with the acrylic conpounds include the follow ng: benzil, nethyl
o-benzoate, benzoin, benzoin ethyl ether, benzoin isopropyl ether, benzoin
i sobutyl ether, etc., benzophenone/tertiary am ne, acetophenones such as
2,2-drethoxyacetophenone benzil nmethyl ketal, 1-hydroxycycl ohexyl phenyl
ket one, 2-hydr hyl - 1- phenyl pr opan- 1-one,

1-(4-isopropylp eny - 2- hydr oxy- 2- met hyl prygpan- 1- one, 25 FCT/USH6/20535
2- benyl - 2- N, N- di net hyl am no- 1- (4- nDrphollnophenyI) 1- but anone, 2,4, 6-

trimet hyl benzoyltd laati@athadaﬁﬁpémn a§ be SbstititddEbNhe specific eibbdiyiehts hﬁﬁ phenyl -
ra. These conpounds may be used |nd|V|duaIIy

nor phol i no- 1- propan t, cet
or in conbinati aﬁ'ﬁwﬁ@b‘a‘fe} W‘F@P?&'&U}t@‘dﬁﬁf‘b‘l"?"ﬂ any;sueh adaptations ofr e not
limted to mat erv‘aﬁitﬁm@@f the pfeS& fivestda, TRerekoréids lﬂtéﬁ\l{ad bt Vhis Snvehitidi Beonal

groups. These systems are photoinitiated by oniumsalt initiators such as
triaryl sul f oni ulimitgd @nlyiby thel appended claimsand squivalenyshergef 7423

PCT/ US96/ 20585 11 Preferred polyners for the cube-corner elenents include
pol y(carbonate), poly(nethylmethacrylate), poly(ethyleneterephthal ate), and
crosslinked acryl ates such as nul ti - f UBKAMPLES acryl ates or epoxies and

acryl ated urethanes bl en %ﬁéwﬁ&&%@é‘f [.Q nononers. These
T Eb
polyners are preferred fo ot reasons:
thermal stability, eRvionSHcHRY i hﬁ% &d:ﬁimo?&aﬁéé&%fhtlﬁ%ﬁ&kﬂt%nﬁ&ﬂﬁ&se from
abl e

the tooling or nold, and caB receiving a reflective coatin

IITustrative ex&Apuctedat the BYConterimSt. Pﬁ‘dym"%ﬂb%éd Aﬁml'rmbbwbmleayer

i ncl ude: 10 film (commerically available as 3M Scotch™ brand polyurethane protective tape)

was laminated to a polyester siliconized release liner. This film was used as an
overlay film to which an array of cube corner elements could be cured. A resin
blend of 25 percent by weight trishydroxyethyl isocyanurate triacrylate, 50 percent
by weight trimethylolpropane triacrylate, and 25 percent by weight

15 tetrahydrofurfuryl acrylate containing 6.62 x 10-2 mol/kg of photoinitiator CGI-
1700, commercially available from Ciba-Geigy Corporation, was coated into the
cavities of a cube corner mold having a cube corner geometry as disclosed in U.S.
Patent No. 4,588,258. The polyurethane surface of the adhesive laminate was then
laminated onto the resin, using an ink roller to minimize the resin thickness. The

20  sheeting was cured using high intensity UV-visible light from a Fusion-EPIQ 6000
“V” lamp (oberating at 600W/in). The replicated laminate was stripped from the
tool and annealed in an oven at 200 degrees Fahrenheit for five minutes.

A one inch section of cladding was removed from a 13.5” (343 millimeter)

length of 3/8” (9.5 millimeter) diameter optical fiber, exposing the optical fiber core.

25  The fiber used is commercially available as Lumenyte Optical Fiber EL-400 from
Lumenyte International Corporation in Costa Mesa, California, U.S.A. A 1/4” x 2”
(6.35 millimeter x 50.8 millimeter) piece of the retroreflective sheeting discussed
above was adhered to the surface of the optical fiber core such that the base surface
of the sheeting was optically coupled with the surface of the optical fiber core.

30 Light was injected into one end of the optical fiber using a tungsten-halogen
light source equipped with a fiber optic light guide. The opposing end of the fiber

was covered with a reflective coating. The optical fiber emitted light from its
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fluorinated polynmers such as: poly(chlorotrifluoroethylene), for exanple
Kel - 10 F800[err] available from3M St. Paul, M nnesota;

pol y(tetrafl uoroet hyl ene-co- hexafl uoropropyl ene), for exanple Exac

FEP[ err] available from Norton Performance, Branpton, Massachusetts;

pol y(tetrafl uoroethyl ene-co-perfluoro(al kyl)vinylether), for_exanple, Exac
PEA[ err] alsd“@N%??%ble from Norton Perfgrmance; and pol y(Vi %@ﬁ@ﬁs |

fl uori de- co- hexaf | uor opr opyl ene), for ext npl e, Kynar Fl ex-2800[err]

avai | abl e fromdicein E@%mmaﬂyg@&gwg%&a&%m ferofeigftig! vani a;

I ononeric ethylene copoly S suc (ethyl ene-co-nethacrylic acid)
wi th sodi um orshedting. Tonest theattraxefieSlive capatdlities pEhe shesting Slight sonre©wes er r |

ilable f . E. duP: W | i ngt I £; it
or yet hyl enes deeia HoUEhhe SRR tosfard R oheEienclive e  ThEinriRa, ¥
pol yet hyl ene; lighthwasefiectively rdporeflécredrowiithy lighteourgd. ast i ci zed vinyl halide

pol ymers such as plasticized poly(vinylchloride); polyethylene copol yners
including:sacid functional polyners such as pol y(ethyl ene-co-acrylic acid)

and pol y(et hyl ene-co-neth ' ' mal ei ¢ acid), and
)gﬁmwmm@

pol y(et hyl ene-co-funaric aci _acrylic functional polymers such as 25
pol y( et hyl ene- co- alAkganapicyityanasking systenviniapeprdanie with thepgesent inventign wast hyl |

propyl, butyl, 8 A - re s O-1 apd
pol y(et hyl ene_cg@%tr\yfé%ﬁaggi&ig{ g%l?&dﬁ?%ﬁéﬂ%oq%r%vg% o‘?r&f‘{’ E“"S%ﬁgfﬁ? 8{3 hanes
ger i vledhf r olm tdxﬁdfnglwaevémemﬁmrenss%(ln ﬁﬁlﬁlﬁetér))enﬂié:i of G£8 {9 Strhillinfeted)y as

I cycl ohe nmej, hane- 4, 4' - di i socyanate, i or on I.] socyanate,
1,6- hexanﬁ/hyl t?]'iqu‘_fﬂ!? ﬂa?’@?z‘ﬂ%gﬂe(?ﬂgiiggﬂi”@o%?&ﬁb?ré’,’g‘g?pheny! met hane 30
di i socyanate, c3hfhej 'aOﬁiabl@%Lﬁ’rBeﬂﬁte@?ﬁddl FibQBLANGS Sm Lusmbnye! ydi ol s such .
as pol ypentyl eneadi pate gl ycol, polytetranethyl ene ether glycol,

pol yet hyl ene dFarperptions|GostaMes iforaia . SIA. AST¥6"1(152 Homu nyR) de gl ycol ,
and conbi nat i QRige 3F3OFEB Adhesive (FO460PC) was laminated onto the front surface of a
7" x 7’ (177.8mm x 177.8mm) sheet of 3M Reflecto-Lite retroreflective sheeting.
15 A 1/4” x 1” piece was cut from the the retroreflective sheeting laminate and adhered
to the surface of the optical fiber core.
Light was injected into one end of the optical fiber using a tungsten-halogen
light source equipped with a fiber optic light guide. The opposing end of the fiber
was covered with a reflective coating. The retroreflective laminate extracted light

20  from the fiber in a region approximately opposite the fiber from the sheeting. The
light source was removed from the fiber and a separate light source was directed at
the through the fiber from a position approximately opposite the retroreflective
laminate. The retroreflective laminate effectively retroreflected the light toward the
light source.

25
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PCT/ US96/ 20535 12 pol ydi ol s, and [hSBwchla ers such as butanedi ol or
hexanedi ol . Commercially avallabl mers include: PN-03, or
3429 Fron1Nbrton | nt er nat i onal Inc w Hanpshire. Conbi nati ons
of the above pgy S22 SO may be- enployed |n t he body | ayer @brRisesdodss
body portion. Pre erred polyners for the ledy | ayer include: the ethylene
copol ymers that contain units that contain carboxyl groups or esters of

~ carboxylic aci dWhatdstlehtedis] y( et hyl ene-co-acrylic acid),

pol y(et hyl ene-co-nethacrylic acid), poly(ethylene-co-vinylacetate); the

I ononeric ethyl ene copol yners; plasticized poly(vinylchloride); and the

al i phati c urethanes. 1Thesgcgggpm§§, g sy§teeh SonPisihg@r one or 10 nor e
ofthe foll ow ng reasons: suitable nechanical prop ertles, good adhesion to

the land layer, clarity, #light@videhaingsatilegst ‘H‘FQB?“F“F’YSPﬂe%W%B'Ifaq"lme can be
applied to tde backs ts; see, for exanple, U. S
Pat ent Nos. 31 4,025, 158“% %‘??@%@Wﬁﬂa{stﬁ??%Eﬂ | m mai ntains an air
interface at the backsi dereubtelﬂectwelhglnMaqﬁoomemapecaibmﬁpleﬂbw:thaty
according to the 15 pripci pl es..of .t L.t ernal. reflectiqn. .
Alternatively, a spegﬁ‘fng E\Z‘FBB'M‘W“ ﬂ‘f&cgﬂtﬁ hght&u}é? ﬁ?’éeﬂﬁ‘?}ﬁ'gi ng
(not shown) can be pk@ﬁﬂﬂn@ﬂm&mguwmﬂ@&fauilemigheha%ﬂahd@mms 28 to

pronote retroreflection by specular reflection. Mtal I|c coatings al so

prevent |ight | eakagthedishtis transmitind,feara p purface ofthe light gpidg at aasatinn o) | ¢
coating camge appl | gy RAe KRARIeRR ight indion WARE PRSI L1 NG OF

chem cally depositing a netal 20 such as al umnum silver, or nickel. A
primer layer nmay be storéflectingdight-feom a permal light sohese wibish-iioeident oplthsrent s t o
pronote the adherencg iﬁfg{:ﬂg metal lic coating. A backing

2. A conspicuity marking system according to claim 1, wherein:
15 ~ the light guide comprises an optical fiber having a length extending
along a longitudinal axis of the fiber.

-3 A conspicuity marking system according to claim 1, wherein the
optical fiber includes:
20 an optical fiber core measuring between at least about 3.0 millimeters in
diameter and comprising a substantially optically transparent material; and
a cladding layer surrounding the optical fiber core, the cladding formed from
a material having a refractive index less than the refractive index of the optical core
such that ight injected into one end of the optical fiber propagates through the fiber

25  according to the principles of total internal reflection.

4, A conspicuity marking system according to claim 3, wherein:
the optical fiber core comprises a material having a refractive index of
between 1.46 and 1.6; and |
30 the cladding Iayer is formed from a material having a refractive index of
between 1.35 and 1.42.
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and/ or an adhesive | ayer also can bé di sposed behind the cube-cor ner

el ements to enabl e the cube-corner refyuhes haEeenRepbiedet i ng 20 to be
secured to a substrate. Another aspect i | i nvention relates to
the ability to design a 25 conspi cuilm‘! i temfor particular
viewing and lighting geonetries. The o al-profirle of Iight

retrorefl ect WO} etrorefl ective sheeting is a functi on NCHUR6RZE3%et ry
of the retroreflective elenents on the sWeeting. A wide variety of cube
op

ot rorel active shiett nak FoRgnyaieting SRR e B YA St SFCTT MO

ra etroreflective el enent
geonetry, the syst ahe opticalfibet eork osmesind palfiner seleotd ot the groop tomsizting

performance at predetermned illum nation and viewi ng angl es. For exanple,
Fig. 5is a pl‘gﬁ’qewﬁby “FW‘@?P’%%‘@’&%H ace of a second enbodi nent of a
cube corner retroreflective sheeting 40 which may be used in WO 97/ 27423

PCT/ US96/ 20535 13 conspi cuity marking systenms according to the present
i nvent i on. SRet r or eff ect iAseonspieuityimpagking systempucsordingdo clgim diwherein ect | i ght

ext endi ng.nor a1y 5 SRidg P St PRERAARREAR f6h 4Bl Bl
4,938,563, incorporated herein by reference. A conspicuity 5 mar ki ng
system whi ch incorpprates retrqreflactive sheeting in. accordance with Fig.
5is particularly \%I I 31%‘?@&’@6‘?"@@%%??“&%}9‘"@3?f(}]'“hgrr‘%?"ﬁ?j“'appl i cati ons
whi ch are charact erhggpticRbfiber Bi3 al ciéss-deutional 3hipe Selbdtad fror thed?Bap t i ons.

Exanpl es i ncl ude:, jerg‘gy barrier marking applications, pavenent mnarking
appl i cati dfs. camsistingof ciptaroellinticals gad pelygamal. pr esent i nvention is the
ability to select a retroreflective sheeting :

8. A conspicuity marking system according to claim 2, wherein:

the light guide comprises a planar wave guide.

15 9, A conspicuity marking system according to claim 1, wherein:
the retroreflective light extraction means comprises a microstructured
retroreflective surface formed in the optically reflective surface.

10. A conspicuity marking system according to claim 1, wherein:
20 the retroreflective light extraction means comprises a thin, flexible strip of
beaded retroreflective sheeting.

11. A conspicuity marking system according to claim 1, wherein:
the retroreflective light extraction means comprises a thin, flexible strip of

25  cube-corner retroreflective sheeting.

12. A conspicuity marking system according to claim 11, wherein the
dube-comer retroreflective sheeting comprises:
a body layer comprising a ﬁrét material having an elastic modulus less than 7
30  x 10" pascals; and
a plurality of cube comer elements comprising a second material having an

elastic modulus greater than about 18 x 10° pascals.
N

0
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10 desi gn according to the particular r'_éqIUi rerrentg_of an application. In

yet anot her enbodi ment of a conspi cuiThis Sheet HasBgenRepketh according to the
present invention a retroreflective su V([ ormed into a portion of
the reflective surface of the |ight gu le, in the system

depicted in Fi %0?;,%-74 , a retroreflective surtace nay be for npgyiydbérodss
portion of optica I ber core 14. 15 9 Fig. 6 is a schematic plan

view of a highway traffic sign 60 which incCorporates a conspicuity nmarking

system 10 in accordange Walddnspikit§ aridig syremiicesiamng 1o Eantl, ohereffaherring to
Fig. 6 a conspicuity marking system 10 1 n accordance with the present
i nvention may exubsepraensetrerafiective sheetingicomplisesy ound t he perineter of the

sign 60. Light sourcg bddy gg&ggﬁ;?ﬁiﬁwﬁmi Rhferif Rhbifighn {hshe moligiuk Rsthan

provi de active iIIunknat e stop sign. Advantageously, conspicuity
mar ki ng syst em 16 x\M0 pascalsyandef | ect |i ght incident on sign 60 from an

external |ight source _su a faor ex | e, aut.o i .J.ght.s I ght
source 62 is preferaBI@"@gfgé?"geS?m?rnﬁ?%%tnﬁncﬁ P’g’ﬁ?gf‘lf‘f?%&]%&%lﬂ@g'ﬂ“f‘ge'l& 12 in
a cone which is dagtembiiis gresteraharidbarRsx Wlgasalsf the optical fiber. The

acceptance angle of a light guide is a function of the 25 difference in
refractive indices of the optical fiber core 14 and the cladding 16, if

any. Commercially avgjl ablagohi SRAHG el EaPrBingOr i njecting light into
| arge di aneter opti call fibers l:P"tralﬁc!?,ude u ?t.zﬁilgal ogé_‘% | anps, netal halide

| anps, and xenon- et allightguidechavingptdeaspons dpticallysplestivesurfacafoppropagating

I nvention ig,the abili . | d onspicuity 30 mar ki ng al ong a

| ength or fz?l O%ﬁ%ﬁ@u@éﬁl{eﬁgﬁ(@d%ﬁmﬂ;” icle. For exanple, a conspicuity

mar ki ng system i n aceeratefiectiveshtdting bptically ssuplediwithenpartion ofithe Gsticalhsi t i oned
along the entire length of vehicl e, such as, for exanple, an autonpbile, a
schogl bus or argépﬁp\?e surioace c?f the light guide. P

15. A conspicuity marking system according to claim 14, wherein the

15  retroreflective sheeting comprises a retroreflective structured surface.

16. A conspicuity marking system according to claim 14, wherein the
retroreflective sheeting comprises a plurality of retroreflective beads.

20 17. A conspicuity marking system, comprising:
a light guide having at least one optically reflective surface for propagating
light through the light guide, wherein at least a portion of the optically reflective

surface includes an array of retroreflective cube comer elements formed therein.

25 18. A method of making a conspicuity marking system, comprising:
providing a light guide, the light guide having at least one optically reflective
surface for propagating light through the light guide; and
- | optically coupling a retroreflective light extractor to a portion of the
optically reflective surface of the light guide.
30
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VO 97/ 27423 e
PCT/ US96/ 20535 14 truck trailer, bodhisShes {Eﬂ‘i‘mﬁf‘% etc. Alternatively,

d conspicuity marking system may exte full contour of the side
or rear wall of a vehicle or around t: Il ari8f a road sign or traffic
cone. Additionally, retro-fitting a vehicle wi'th a conspicuity systemin
accor dance vm"Yﬂ"{’i/? resent invention requires relatively mpﬁ\:‘ﬁ‘@”s
expense and relatively little physical teration ofthe vehicle. Fig. 7 is
a perspective view,gf a,h I, : j ' r .conspi cuity
mar ki ng system 10 ilg' acégb%g%}@}e&%ﬂ{&hqég%!é&%@{h@ﬁﬁsg‘getﬁ{ a?%\%nti on.
Because both the opptically chipling a lightl sixree focthe lighe ighide suchaha liglettaycbear e
relatively flexible, the fiber may extend around the full contour of the
surface of thé“J%Tﬁe’epe‘RewﬁgE‘QP' 10 fiber 12 may be forned froma
substantially transparent material or, if desired, may include col orants,

pi gnents, or dyes to change the color of the system Additionally, optical

fiber 12 ray be supP i ed mgthod ofimarking papbiecs to ephancedtsiconspiguity,ght t o change

t he col or of @Ems i scussed briefly above, another aspect of the
pr esent inventclhg’ﬁﬁﬁé eteﬁ%ofi ability to incorporate a wide variety of

configurations of hffising agonspicnity matkingsystemito the abject; tliecdnspinuity afarking .

W oh one. sur FERER BomiRUEN A R ReaE A ol antceRERegF gumsatirg O

optically coumrqﬁfmgghighmwwemm gidesdne Qtréticreffettivelipht &dtaciorber 82 is
cla

shown without a ing |ayer surrounding fiber 82, however it wll be

appr eci at Bt ippticaily coupledfojapertion;of the reflective,swiface;andide a cl adding | ayer in
accordance with thg,gl ga?'- RéH: sGirBd 3% Retltl h4had il
Retroreflective shggﬁaﬂg 8 'géc:?rp I ses aﬁgi nig?§ élgﬁigflggc guﬁsg?ig{wgb% whi ch
conpri ses a banjecteslinfoctbelight guidel st ructured surface including an

21. A method according to claim 20, wherein:
15 the retroreflective light extractor comprises retroreflective sheeting.

22. A method according to claim 20, wherein:
the retroreflective light extractor comprises a microstructured retroreflective
surface formed in the optically reflective surface.

AL
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array of cube corner elenents 88 opposite base surface 88. Additionally, a
seal film90 is connected to the structured surface to provide an air
i'nterface such that cube 25 corner elenents reflect light according to
the principles of total internal reflection. Conspicuity nmarking system 80
functions accgili;Rss 0 the same principles discussed in corpctnsoémess th
Figs. 1-2. The above di scussion discloses a conspicuity marking system

whi ch conprises at |least one optically reflective surface and
retroreflective light extraction 30 ans optically coupled with a
portion of the surface. Although nultiprgéenbodinents of the present

I nvention has been illustrated and descri¥ed, it will be appreciated by
those of ordinary skill in the art that insubstantial changes cal cul ated
WD 97/ 27423 2 10

PCT/ US96/ 20535 15 to achleve the sane resul -=y be %stlbﬂfed for the
speci fi ¢ enbodi nept ' '

i ntended to cover 1% “Ellr ~‘ "‘ v- 7 pyesent

i nvention. Therefope %\, @» f% ted only by
t he appended cl aifis X {alogye ATl 2T n-445 BH~CORWER
RETROREFLECTI| W& . i /’/’/’/////I////”AC‘W ///3”///”//// ar dance with

t he present inventio structed t e
M nnesota, U S A A é-pgtyur et hanea§%
3M Scotch[err] brand pol yuret hane protective




-

was |am nated to a pol yester siliconized release liner. This filmwas used
as an overlay filmto which an array of cube corner elenents could be
cured. Aresin blend of 25 percent by weight trishydroxyethyl isocyanurate
triacrylate, 50 percent by weight trinethylol propane triacrylate, and 25
percent by wei @il oal3gs tetrahydrofurfuryl acryl ate contai ni ngpérgseresss- 2
nol / kg of photoinitrator Cd- 1700, comercially avail able from G ba- Gei gy
Corporation, was coated into the cavities of a cube corner nold having a
cube corner geonetry as disclosed in U S. Patent No. 4,588, 258. The

pol yur et hane surface of the adhesive |am nate was then | am nated onto the
resin, using an ink roller to mnimze the resin thickness. The 20
sheeting was cured using high intensity W-visible light froma Fusion-EPIQ
6000 "V' lanp (operating at 600Win). Theﬁgeplicated | am nate was stri pped
fromthe tool and annealed in an oven at 200 degrees Fahrenheit for five
m nutes. A one inch section of cladding was renoved froma 13.5" (343
mllimeter) length of 3/8" (9.5 mlIlineter) dianmeter optical fiber,
exposing the optical fiber core. 25 The fiber used is commercially
avai l abl e as Lunenyte Optical Fiber EL-400 from Lunenyte |nternational
Corporation in Costa Mesa, California, U S A A 1/4" x 2" (6.35 mllineter
x 50.8 mllinmeter) piece of the retroreflective sheeting di scussed above
was adhered to the surface of the optical fiber core such that the base
surface of the sheeting was optically coupled with the surface of the
optical fiber core. 30 Light was injected into one end of the
optical fiber using a tungsten-hal ogen |ight source equipped with a fiber
optic light guide. The opposing end of the fiber was covered with a
reflective coating. The optical fiber emtted Iight fromits SUBSTI TUTE
SHEET ( RULE 26)
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PCT/ US96/ 20535 16 surface in a region approximtely opposite the |ocation
of the retroreflective sheeting. To test the retroreflective capabilities
of the sheeting a |ight source was directed through the optical fiber
toward the ret w;,;zyggti ve sheeting. The incident |ight was ep&potdseesss
retroreflected toward the |ight source. 5 BEADED RETROREFLECTI VE SHEETI NG A
conspicuity marking systemin accordance with the present invention was
constructed at the 3MCenter in St. Paulg M nnesota, U S. A A one inch
section of cladding was renoved from a 1@5" (343 mllimeter) |l ength of
3/8" (9.5 mlIlinmeter10 di aneter optical fiber, exposing the optical
fiber core. The fibeused is commercial | y ayaj | abl e as Lunenyte Opti cal

Fi ber EL-400 from Lunenyte Corwrati oA in Cogtk Mesa, California, US A A
6" x6" (152.4mm x 152.4 sheethf SMIVHB Adhegi ve (F9460PC) was | am nat ed

onto the front surface er a 7" " . 1Y7. 8mm) sheet of 3M

Refl ecto-Lite retrgeflmcti i " piece was cut from
the the retrogefl ect\velshedtfng | nate and pdhered ffo the surface of the
optical fiber®cege 7,9)7; 0 T AT LT A AL FEptical fiber

ugi ng a tungsten- @'*JW 4 ,%%fﬂ/mz&g’ c light
gui de. The OppOSi =‘\:@:&‘\\ \ \\"{‘f\\\"/\'\\f({\{“\\{(\‘\\{‘\w ective coati ng.
The retroreflect%ve AT o s 20 ol Fomtne tiber in a

regi on approxi mat el yppposi teoﬁe fiber fromthe sheeting. The |ight source
was renoved fromtheofiber an separate |ight source was directed aF t he
through the fiber froma positj approxi mately opposite the
retroreflective ot

=
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The retrore ct ive | aninate, effect i vely re,ref:{@ct;ed g_\_e-,-ll.,\jﬂt
A@aﬁﬁm Caim.1 . A conspi cUtty. ik M@VS‘WL
‘h

ggg)rlglmza@;rle ongat ed Ilght gui de tehd:a. rgtd or?,f.T.ectlvP..Surgﬁ' o st
Ilght gui de having a first portion for propagatihg il i gl et \h gjif;:\;
gui t+n that the retroreflective surface |s optlcal =
‘coupled to -a ortion of the light guide to extract |ight carrled by
the im\“‘ !&ﬁﬁﬁ!ﬁ ﬂ The systemof claim1, wherein the retroreflective
.surf on the light guide to (1) reflect a portion of I|ight
propagat| ng axially along th I_%,ght gui de such that the light is
transmtted froma surface o e |ight guide at a | ocation displaced from
the retroreflective surface, and (2) retroreflect |light froman external

| i ght source which is incident on the |ight guide. 3. A conspicuity

. mar kilng s yAconsphauityrmarking sysiehpeomptising@r etongatédlight iggite agdiad@trofuflREii®es an
opt i cal fi ber haV| n&ﬁ a l.ength extending along a_longitudinal axis of the

.f | besurface, th m@aﬁaﬁmﬁ@wgpwmﬂaﬂm ong the ighthgyidesherein t he

SEZL%ﬁémB%H ﬁ’eﬁﬁl?ﬁeﬁ&%ﬂ%ﬁi\%ecﬁ%ﬂaﬁ%%e@&Eﬂys?%‘é@*g St S PY O et
trangaﬂfeqatexmaeﬁgmlcamcbyam @gt(boﬁﬂ)d ayer surroundl ng the. opt | cal fiber
core, the cladding formed froma material having a refractive index |ess

than the refractive index of the optical core such that light injected into

one_ond Ofyihg, Bt bFakid i DeheRLORAYEL AL R LIR (CLRBLeASS Bt lilte'sh

princCipl es
. (1) reflect a portion of light propagating axially along the light guide such that the light is transmitted

from a surface of the light guide at a location displaced from the retroreflective surface, and (2)

retroreflect light from an external light source which is incident on the light guide.

3. A conspicuity marking system according to claim 2, wherein: _
the light guide comprises an optical fiber having a length extending along a longitudinal axis
of the fiber. | |

4. A conspicuity marking system accofding to claim 3, wherein ihe optical fiber includes:
an optical fiber core measuring between at least about 3.0 millimeters in diameter and
comprising a substantially optically transparent material; and
- a cladding layer surrounding the optical fiber core, me cladding formed from a material .
héving a refractive index less than the refractive index of the optical core such that light injected
into one end of the optical fiber propagates through the fiber according to the principles of total

internal reflection.

5. A conspicuity marking system'according to claim 4, wherein:

the optical fiber core comprises a material having a refractive index of between 1.46 and 1.6;
and | |

the cladding layer is formed from a material having a refractive index of between 1.35 and |
1.42. -

1
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- L,Ullbpl Cth Lyﬁ | ng system accord| ng to claim wherein: the
ises a material havi'ng a rgfe jvesindex @i .. ..
bngWH lmnmm 6 and the cladding |ayer is fqrm; d fyo 0% ‘e RREET i%al "eul "oe®
having aLre ractl i ndex of between 1.35 and 1.42. & ecBse” “A%elee o0 u.®

conspi cuity marki ng system according to claim4, wherein: the optical fiber
core contai ns a polyner selected fromthe group consisting of :

pol ymeghyl ngt l.ycarbonate. 7, A .conspicuity marking
syst em accor d| ngb%@uﬂ&ﬁéa?%gﬁeg%xﬁla‘é?%gmgﬁ%c{?mé&dP”rl?ﬁ%yer contains a
mater | al selinobyiitaf fiben dote catliPa GERHer 518 EroRAY KId Sl bioT | de-
perfl uoroacryl ate, polytetraflul oroét hyl ene { 6CT afl Horoer yl ene-
hexaf | HBWHE“EQF’GB‘?P@’MCW¢1W yeasbenats.uor i de. 8. A conspicuity marking
system according to claim3, wherein: the optical fiber has a
Cross-sectional shape selected fromthe group consisting of circular,

el L iptycal . soshspiehitg anaking ystem ol Chlic ¥, WALl Yt em according to

cl ai m 3, vvherel n: the gui de conprises a planar wave guide. 10. A
conspi cui t y thea¢lkdding tayer ewnmnsmMergd selectédhfromahe W®818ﬁﬁ$0f lyvinylidene
retror fletlve surfac nB'& S a mcrostructured retroref i ve Surface
f or modth RﬁS{"P‘&’QPW ?tra?@kgeethﬂs@,@ d tetmflupmpethylenede. 11. A

conspi ﬁ&%o%rkb&%yﬁﬁéma&ﬁ%&ﬁa& to claim?2, wherein:

. 8. A conspicuity marking system according to claim 3, wherein:
the optical fiber has a cross-sectional shape selected from the group consisting of circular,
elliptical, and polygonal.

9. A conspicuity marking system according to claim 3, wherein:

the light guide comprises a planar wave guide.

10. A conspicuity marking system according to claim 2, wherein:
the retroreflective surface comprises a microstructured retroreflective surface formed in an
optically reflective surface of the light guide.

., 11. A conspicuity marking system according to claim 2, wherein:
' the retroreflective surface is part of a thin, flexible strip of beaded retroreflective sheeting.

12. A conspicuity marking system according to claim 2, wherein:

the retroreflective surface is part of a thin, flexible strip of cube-corner retroreflective
sheeting.

13. A conspicuity marking system according to claim 12, wherein the cube-corner retroreflective

sheeting comprises:

2
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uthe retroreflective s ce is part of a thin, flexibl trip of beaded
r I 1 mg. 12. A conspi clii t'y mar k;i.ng 6t @n aceordi Ng (O .o
cl.aj Chui e retroreflective surface is rgaf't- ofs &et'hi 13, of &L BLE %..°
st‘r“nlm "mmgﬂmmm retroreflective sheeting. 13.c <A eonsgi clid®yesimr kidlde."
‘systemeacoorai ng te claim 12, wherein the cube-corner retroreflective
sheeting conprises: 2 “a body layer conprising a first material having an

el astic nodulus less than 7 x 10[err] pascals; and a plurality of cube
corner elenents conprising a second material having an el astic nodul us

greater tha : f 14, A.conspicuity. mapki system
accor di ng tgbgpg#rxeﬁg?mgégbg:’arﬁr ftﬂlgﬁtgﬁ%@agmgﬁgrelqsg{: rr%q(g'llhfsg]ﬁg than é H%g&l ng
conpr i passalspambdy | ayer conprising a first material having an elastic

nodul e less than 13 x 10[err] pascals; and a plurality of cube corner

el ement s cofplyrdlitypiube comer plamentssomprising@ secons! matetial having ars elgstixamedulus
than a ] s. 15. The system of claim1l, wherein the
ret rorgﬁgee&%?a\#e(abégg ?%E:(emlagg%grst of a retroreflective sheeting, and the
retroreflective sheeting is optically coupled to an optically reflective
surface of the light guide. 16. A conspicuity marking system according to
clai m 1%, wAecanspicuity magking systém according he claim d2c whereirs the aube-ebrmer eétrareflective

SUTUCt Ygfn g W8RG |

a body layer comprising a first material having an elastic module less than 13 x 10° pascals;

. and
a plurality of cube comer elements comprising a second material having an elastic modulus
greater than about 25 x 10® pascals. -

15.  The system of claim 1, wherein the retroreflective surface is partof a retroreﬂective. sheeting,

and the retroreflective sheeting is optically coupled to an optically reflective surface of the light
guide. '

16. A conspicuity marking system according to claim 15, wherein the retroreflective sheeting
comprises a retroreflective structured surface.

. 17, A conspicuity marking system according to claim 15, wherein the retroreflective Ssheeting
comprises a plurality of retroreflective beads.

18. The system of clajm 1, wherein the retroreflective surface includes an 'array of retroreflective
cube corner elements formed in an optically reflective surface of the light guide.

19. - A method of making a conspicuity marking system, comprising:
providing an elongated light guide having a first portion for propagating light 'along the light
guide; and R '

providing a retroreflective surface;
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A7:" A conspicuity MStem according to clai mild, wherein the
retroreflective sheeti ses a—m—m”orl‘l ty of orewromefLgctiye heads,, .,
18, © The systemof claim etroref R8I v& Syf ade di*ngl pdgs °,.°
an array of retroreflecti “‘Eﬁmj T‘g‘ ement s feor FededelTedn dn.t'l.CaIIy ..
reflective surface of th 1 A met hod of making a

‘conspicuity marking system conpri si ng provi ding an el ongated |ight guide

having a first portiaon for propagati ng | ight along the |ight guide; and
provi di ng ac}laé?‘rgﬁ‘i‘@d etive surface; characterized by: optically

Lo Bt act “ﬁ%ﬁwﬁéﬁf?ﬁ%ﬁ*ﬁ%ﬁ‘éﬂéﬁﬁtﬁﬁsﬁ B RGP o8 B e HHE it ot
claimi téanﬁé&&y ﬂmfpéﬂubﬂ the step of optically coupling a |light source
to the light guide such that Iight may be injected into the Iight guide.

21. A nmet hod of marking an object to enhance its conspi cuity, conprising
t he stgps of i ding. a sSpiQui.ty. markin tem cordln tQ the
ot hod28r crambinbd Skt B 2R 15 nirthel orpating Jic ek prapuSLY Savelirk s, ekt

obj ect soutée to thé light Egde@g&pﬂﬂ mthﬁycgeth&%a,mm ﬁgﬂ guti&e retroreflective

surface is part of a retroreflecticve sheeting. 23. A met hod according to’
claim21 wherein: the retroreflecti ve surface conprises a mcrostructured
retror ective rfaceforma optically reflective, sufface of the

| i ght g& deA M method of marking an %Jec{' ahce ifs co icuity, comprising ‘the steps of:

providing a conspicuity markmg system made according to the method of claim 19; and
. afﬁxmg the conspicuity marking system to the object. '

22. A method according to claim 21, wherein:

the retroreflective surface is part of a retroreflecticve sheeting.
23. A method according to claim 21 wherein:

the retroreflective surface compnses a microstructured retroreflective surface formed in an

'opucally reflective surface of the light guide.
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(57) Abstract

A conspicuity marking system (10, 80) includes a light guide (12, 82) which has
at least one optically reflective surface for propagating light through the light guide and
a retroreflective: light extractor (20, 84) for extracting light (52) propagating through the

light guide and for retrorefecting light (54) from an extemal light source incident upon 86

the system. Light propagating through the light guide (20, 82) which is transmitted into
the light extractor (20, 84) is reflected back through the light guide such that it exits
the light guide at a location displaced from the retroreflective light extractor, Light (54)
from an external light source which is incident on the system passes through the light
guide (12, 82) and is retroreflected toward the light source by the retroreflective light

extractor (20, 84).
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